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MODIFIED CD47 PROTEINS AND THEIR USES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of United States Provisional Application No.
63/534,134, filed August 23, 2023, and United States Provisional Application No. 63/534,136, filed August 23, 2023; the

contents of which are incorporated herein by reference in their entirety.

FIELD OF INVENTION
[0002] The present disclosure generally relates to engineered CD47 proteins and uses thereof. Also disclosed
are polynucleotides encoding the engineered CD47 proteins, vectors comprising the polynucleotides, cells comprising the
engineered proteins and/or the vectors, and compositions comprising the engineered CD47 proteins.
[0003] International application PCT/US2021/065157 and US applications 63/282,961, 63/270,956, and
63/222,954 are incorporated by reference in their entireties. International application PCT/US2023/013364 and L&

application 63/311%,143 are incorporated by reference in their entireties.

SUMMARY
[0004] CDA47 is a transmembrane protein that, in humans, is encoded by the CD47 gene (Fig. 1). Itis a
member of the immunoglobulin (Ig) superfamily. CD47 has a molecular weight of about ~50 kDa. It is glycosylated and
ubiquitously expressed by virtually all cells in the human body (Fig. 2). It has a single IgV-like domain at its N-terminus,
a highly hydrophobic stretch with five membrane-spanning segments, and an alternatively spliced cytoplasmic tail at its
C-terminus (Fig. 4). In addition, it has two extracellular regions and two intracellular regions between neighboring
membrane-spanning segments. The signal peptide, when it exists on a CD47 isoform, is located at the N-terminus of the
IgV-like domain. The human CD47 gene has six naturally-occurring transcripts, five of which each encode a protein
isoform of CD47 (Ensembl, Gene: CD47). As such, there are five protein isoforms of human CD47, each with differential
expression across various cell and tissue types.
[0005] CD47 is involved in a range of cellular processes, including apoptosis, proliferation, adhesion, and
migration. CD47 interacts with multiple extracellular ligands, such as TSP-1, integrins, other CD47 proteins, and SIRPa.
The CD47/SIRPa interaction regulates a multitude of intercellular interactions in many body systems, such as the
immune system where it regulates lymphocyte homeostasis, dendritic cell (DC) maturation and activation, proper
localization of certain DC subsets in secondary lymphoid organs, and cellular transmigration. CD47 on cells, including on
donor cells in the context of transplantation or cell therapy applications, can function as a “marker of self” and regulate
phagocytosis by binding to SIRPa on the surface of circulating immune cells to deliver an inhibitory “dont kill me” signal.
CD47-SIRPa binding results in phosphorylation of immunoreceptor tyrosine-based inhibition motifs (ITIMs) on SIRPq,
which triggers recruitment of the SHP1 and SHP2 Src homology phosphatases. These phosphatases, in turn, inhibit
accumulation of myosin II at the phagocytic synapse, preventing phagocytosis (Fujioka et al., 1996). Phagocytosis of
target cells by macrophages is ultimately regulated by a balance of activating signals (e.g, FcyR, CRT, LRP-1) and
inhibitory signals (e.g., SIRPa-CD47). Elevated expression of CD47 can help the cell evade immune surveillance,
subsequent destruction, and innate immune cell killing. Thus, CD47 can be used as a tolerogenic factor to induce
immune tolerance when there is pathological or undesirable activation of an otherwise normal immune response. This

can occur, for example, when a patient develops an immune reaction to donor antigens after receiving an allogeneic
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transplantation or an allogeneic cell therapy, or when the body responds inappropriately to self-antigens implicated in
autoimmune diseases. However, there is a need in the art to improve on such uses of CD47.

[0006] In one aspect, the present disclosure provides engineered CD47 proteins comprising one or more
amino acid substitutions and/or insertions relative to a wild-type human CD47 protein. In some embodiments, an
engineered CD47 protein of the present disclosure exhibits decreased binding with TSP-1 relative to a wild-type human
CD47 protein. In some embodiments, an engineered CD47 protein of the present disclosure exhibits decreased
CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein.

[0007] In another aspect, an engineered CD47 protein of the present disclosure exhibits improved binding
with SIRPa relative to a wild-type CD47 protein.

[0008] The present disclosure provides, in another aspect, engineered CD47 proteins that have fewer amino
acids than the wild-type full-length human CD47 protein. Such engineered proteins afford more efficient cell engineering
approaches, including delivery via integrating gene therapy vectors.

[0009] In one aspect, the present disclosure provides genetically engineered cells comprising an engineered
CD47 protein, wherein the engineered CD47 protein exhibits: decreased binding with TSP-1 relative to a wild-type CD47
protein; and/or decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein.

[0010] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein the genetically engineered cells: exhibit decreased CD47/TSP-1-mediated undesirable
effects relative to a control cell; and/or exhibit decreased CD47/TSP-1-mediated exhaustion relative to a control cell;
and/or exhibit decreased CD47-mediated undesirable effects relative to a control cell; and/or exhibit increased CD47-
mediated desirable effects relative to a control cell; and/or exhibit increased longevity relative to a control cell; and/or
exhibit increased persistence relative to a control cell; and/or exhibit increased expansion relative to a control cell,
and/or exhibit increased response to its intended therapeutic target, and/or exhibit increased hypoimmunity relative to a
control cell; and/or exhibit increased immune evasion relative to a control cell; and/or exhibit increased ability to evade a
host immune response relative to a control cell; and/or exhibit increased ability to evade a natural killer (NK) cell,
monocyte, or macrophage response relative to a control cell; and/or express the engineered CD47 protein at a first
expression level, wherein a control cell expressing a wild-type CD47 protein at the first expression level would experience
one or more unwanted effects.

[0011] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein the engineered CD47 protein exhibits improved binding with SIRPa relative to a wild-
type CD47 protein.

[0012] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein contacting a cell expressing SIRPa with the genetically engineered cell increases
CD47/SIRPa-mediated signaling in the cell expressing SIRPa relative to contacting the cell expressing SIRPa with a
control cell.

[0013] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein contacting a cell expressing SIRPa with the genetically engineered cell increases
CD47/SIRPa-mediated signaling in the cell expressing the engineered CD47 relative to contacting the cell expressing
SIRPa with a control cell.

[0014] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein contacting a cell expressing SIRPa with the genetically engineered cell increases
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CD47/SIRPa-mediated signaling in both the cell expressing SIRPa and the cell expressing CD47 relative to contacting the
cell expressing SIRPa with a control cell.

[0015] In another aspect, the present disclosure provides genetically engineered cells comprising an
engineered CD47 protein, wherein the genetically engineered cells: exhibit decreased CD47-mediated undesirable effects
relative to a control cell; and/or exhibit increased CD47-mediated desirable effects relative to a control cell; and/or
exhibit increased longevity relative to a control cell; and/or exhibit increased persistence relative to a control cell; and/or
exhibit increased expansion relative to a control cell; and/or exhibit increased response to its intended therapeutic
target, and/or exhibit increased hypoimmunity relative to a control cell; and/or exhibit improved immune evasion relative
to a control cell; and/or exhibit increased ability to evade a host immune response relative to a control cell; and/or
exhibit increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a control cell;
and/or express the engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type
CD47 protein at the first expression level would be killed by one or more immune cells.

[0016] In one aspect, the present disclosure provides genetically engineered cells comprising an engineered
CD47 protein, wherein the engineered CD47 protein exhibits: decreased binding with TSP-1 relative to a wild-type CD47
protein; decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein; and improved binding with
SIRPa relative to a wild-type CD47 protein; and wherein the genetically engineered cells: exhibit decreased CD47/TSP-1-
mediated undesirable effects relative to a control cell; exhibit decreased CD47-mediated undesirable effects relative to a
control cell; exhibit decreased CD47/TSP-1-mediated exhaustion relative to a control cell; exhibit decreased CD47-
mediated undesirable effects relative to a control cell; exhibit increased CD47-mediated desirable effects relative to a
control cell; exhibit increased longevity relative to a control cell; exhibit increased persistence relative to a control cell;
exhibit increased expansion relative to a control cell; exhibit increased response to its intended therapeutic target;
exhibit increased hypoimmunity relative to a control cell; exhibit increased immune evasion relative to a control cell;
exhibit increased ability to evade a host immune response relative to a control cell; exhibit increased ability to evade a
natural killer (NK) cell, monocyte, or macrophage response relative to a control cell; express the engineered CD47
protein at a first expression level, wherein a control cell expressing a wild-type CD47 protein at the first expression level
would experience one or more unwanted effects and would be killed by one or more immune cells; and wherein
contacting a cell expressing SIRPa with the genetically engineered cell increases CD47/SIRPa-mediated signaling in both
the cell expressing SIRPa and the cell expressing CD47 relative to contacting the cell expressing SIRPa with a control
cell.

[0017] In another aspect, the present disclosure provides compositions comprising genetically engineered
cells of the present disclosure.

[0018] In another aspect, the present disclosure provides pharmaceutical compositions comprising (i) a
genetically engineered cell of the present disclosure, and (ii) a pharmaceutically acceptable excipient.

[0019] In another aspect, the present disclosure provides methods of treating a disease in a subject, the
method comprising administering to the subject a genetically engineered cell of the present disclosure, a composition of
the present disclosure, or a pharmaceutical composition of the present disclosure.

[0020] In another aspect, the present disclosure provides populations of cells comprising a genetically
engineered cell of the present disclosure for use in treating a disease in a subject.

[0021] In another aspect, the present disclosure provides uses of a genetically modified cell of the present
disclosure, a population of cells of the present disclosure, a composition of the present disclosure, or a pharmaceutical
composition of the present disclosure for use in treating a disease in a subject.
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[0022] In another aspect, the present disclosure provides uses of a genetically modified cell of the present
disclosure, a population of cells of the present disclosure, a composition of the present disclosure, or a pharmaceutical
composition of the present disclosure in the manufacture of a medicament for the treatment of a disease.

[0023] In another aspect, the present disclosure provides methods of making a genetically engineered cell
comprising an engineered CD47 protein and a nucleic acid construct encoding the engineered CD47 protein, the method
comprising: delivering to a cell a nucleic acid construct comprising a first transgene encoding the engineered CD47
protein, thereby making a genetically engineered cell.

[0024] In another aspect, the present disclosure provides a nucleic acid construct comprising one or more
nucleic acid sequences encoding an engineered protein, wherein the nucleic acid construct does not comprise a nucleic
acid sequence encoding one or more full-length CD47 intracellular domains. In some embodiments, the one or more
nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ ID NO: 17, SEQ ID NO: 16, or
SEQ ID NO: 15.

[0025] In another aspect, the present disclosure provides an engineered CD47 protein or a nucleic acid
construct comprising one or more nucleic acid sequences encoding an engineered CD47 protein comprising (a) one or
more extracellular domains; and (b) one or more membrane tethers. In some embodiments, the one or more
extracellular domains comprise: an amino acid substitution at position S82 of SEQ ID NO: 2, an amino acid substitution
at position S64 of SEQ ID NO: 3, an amino acid substitution at position S82 of SEQ ID NO: 1, or an amino acid
substitution at position S37 of SEQ ID NO: 6; and/or an amino acid substitution at position S83 of SEQ ID NO: 2, an
amino acid substitution at position S65 of SEQ ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or
an amino acid substitution at position S38 of SEQ ID NO: 6; and/or an insertion of one or more amino acids relative to
SEQ ID NO: 2, SEQ ID NO: 3 SEQ ID NO: 1 or SEQ ID NO: 6; and wherein the nucleic acid construct does not comprise
a nucleic acid sequence encoding one or more full-length CD47 intracellular domains.

[0026] In another aspect, the present disclosure provides an engineered CD47 protein or a nucleic acid
construct comprising one or more nucleic acid sequences encoding an engineered CD47 protein, wherein the engineered
CD47 protein comprises an insertion of three amino acids relative to SEQ ID NO: 4 or SEQ ID NO: 5.

[0027] In another aspect, the present disclosure provides an engineered protein encoded by a nucleic acid
construct as described herein.

[0028] In another aspect, the present disclosure provides an engineered protein, wherein the engineered
protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 5, and wherein the engineered
protein does not comprise one or more full-length CD47 intracellular domains.

[0029] In another aspect, the present disclosure provides an engineered protein, wherein the engineered
protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 4, and wherein the engineered
protein does not comprise one or more full-length CD47 intracellular domains.

[0030] In another aspect, the present disclosure provides an engineered CD47 protein comprising: (a) one or
more extracellular domains; and (b) one or more membrane tethers; wherein the one or more extracellular domains
comprise: an amino acid substitution at position S82 of SEQ ID NO: 2, an amino acid substitution at position S64 of SEQ
ID NO: 3, an amino acid substitution at position S82 of SEQ ID NO: 1, or an amino acid substitution at position S37 of
SEQ ID NO: 6; and/or an amino acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position
S65 of SEQ ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at
position S38 of SEQ ID NO: 6; and/or an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 3
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SEQ ID NO: 1 or SEQ ID NO: 6; and wherein the nucleic acid construct does not comprise a nucleic acid sequence
encoding one or more full-length CD47 intracellular domains.

[0031] In another aspect, the present disclosure provides a genetically engineered cell comprising an
engineered CD47 protein as described herein.

[0032] In another aspect, the present disclosure provides a composition comprising a genetically engineered
cell as disclosed herein.

[0033] In another aspect, the present disclosure provides a method comprising administering to a subject a
genetically engineered cell, a composition, or a pharmaceutical composition described herein.

[0034] In another aspect, the present disclosure provides a method of treating a disease in a subject, the
method comprising administering to the subject a genetically engineered cell, a composition, or a pharmaceutical
composition described herein.

[0035] In another aspect, the present disclosure provides a population of cells comprising a genetically
engineered cell as described herein for use in treating a disease in a subject.

[0036] In another aspect, the present disclosure provides a composition or pharmaceutical composition for
use in treating a disease in a subject.

[0037] In another aspect, the present disclosure provides a use of a genetically engineered cell, a population
of cells, a composition, or a pharmaceutical composition as described herein for use in treating a disease in a subject.
[0038] In another aspect, the present disclosure provides a use of a genetically engineered cell, a population
of cells, a composition, or a pharmaceutical composition as described herein in the manufacture of a medicament for the
treatment of a disease.

[0039] In another aspect, the present disclosure provides a method of making a genetically engineered cell
comprising a nucleic acid construct, the method comprising: delivering to a cell a nucleic acid construct as described

herein, thereby making a genetically engineered cell.

BRIEF DESCRIPTION OF THE DRAWING

[0040] Figure 1 provides a map of the human CD47 gene and illustrates the regions in the human CD47
gene that are protein coding. This map comes from the Ensembl genome database.

[0041] Figure 2A and Figure 2B provide the isoform expression of CD47 ENSG00000196776.14 CD47
molecule (Source: HGNC Symbol;Acc:HGNC: 1682) and illustrate expression of each isoform in various human tissues
and human cell types. This data comes from the Genotype-Tissue Expression (GTEXx) project database.

[0042] Figure 3 provides the predicted CD47 transmembrane domains and the human CD47 protein
topology. In particular, Fig. 3 provides the predicted locations of various domains in the human CD47 protein. This

prediction comes from the Universal Protein Resource (UniProt).

[0043] Figure 4 provides the predicted human CD47 tertiary structure from the AlphaFold Protein Structure
Database.
[0044] Figure 5A, Figure 5B, Figure 5C, and Figure 5D provide a sequence alignment of Isoform 201,

Isoform 202, Isoform 203, Isoform 205, and Isoform 206 of the human CD47 protein.
[0045] Figure 6 provides an exemplary graph showing viral titers, as assessed via the Ella automated

immunoassay system, of LVV comprising exemplary CD47 truncated variants.
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[0046] Figure 7 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). Various CD47 variants,
including several comprising GPI anchors, were tested.

[0047] Figure 8 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). Various CD47 variants,
including several comprising truncated intracellular domains and alternative transmembrane domains, were tested.
[0048] Figure 9 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). Various CD47 variants,
including those comprising truncated intracellular domains and alternative hinge domains, were tested.

[0049] Figure 10 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). Various CD47 variants,
including those comprising truncated intracellular domains and alternative hinge domains, were tested.

[0050] Figure 11 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CDA47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). Various CD47 variants,
including those comprising truncated intracellular domains and alternative hinge domains, were tested.

[0051] Figure 12A, Figure 12B, Figure 12C, Figure 12D, and Figure 12E provide exemplary graphs
showing the percentage of CD47KO HEK293T cells expressing CD47 after treatment with truncated CD47 LVV (as
assessed by anti-CD47 flow cytometry).

[0052] Figure 13 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry).

[0053] Figure 14 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CDA47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry).

[0054] Figure 15 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by SIRPa-FC flow cytometry).

[0055] Figure 16 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by SIRPa-FC flow cytometry).

[0056] Figure 17 provides an exemplary graph showing the percentage of CD47KO HEK293T cells expressing
CD47 after treatment with truncated CD47 LVV (as assessed by SIRPa-FC flow cytometry).

[0057] Figure 18A provides an exemplary graph showing the percentage of CD47KO HEK293T cells
expressing CD47 after treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry).

[0058] Figure 18B provides an exemplary graph showing the percentage of CD47KO HEK293T cells
expressing CD47 after treatment with truncated CD47 LVV (as assessed by SIRPa-FC flow cytometry).

[0059] Figure 19 provides schematics of various exemplary CD47 variants tested, including several variants
comprising truncated intracellular domains and alternative transmembrane domains.

[0060] Figure 20 provides graphs showing Gibco iPSC expression of CD47 (left) and isotype control (right)
after treatment with control or with truncated CD47 LVV, as assessed by flow cytometry.

[0061] Figure 21A and Figure 21B provide exemplary graphs showing Gibco iPSC surface expression of
HLA-I (top row), HLA-II (middle row), and CD47 (bottom row) after treatment with control or with truncated CD47 LVV
(as assessed by anti-HLA-I, anti-HLA-II, or anti-CD47 flow cytometry, respectively, relative to isotype control). Surface
expression of CD47 was also assessed with Quantibrite.
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[0062] Figure 22A and Figure 22B provide exemplary graphs showing killing of Gibco iPSC target cells
expressing CD47 LVV by natural killer (NK) effector cells (top row), in the absence of effector cells (middle row), or after

treatment with TritonX (bottom row), as assessed by XCELLIGENCE assay.

DETAILED DESCRIPTION

I. Definitions

[0063] All publications, patents, and patent applications referred to herein are incorporated by reference in
their entirety to the same extent as if each individual publication, patent, or patent application was specifically and
individually indicated to be incorporated by reference in its entirety.

[0064] In the present disclosure, unless otherwise specified, the scientific and technical terms used herein
have the meanings generally understood by a person skilled in the art. Although any methods and materials similar or
equivalent to those described herein find use in the practice of the present disclosure, the preferred methods and
materials are described herein. Accordingly, the terms defined herein are more fully described by reference to the
Specification as a whole.

"W

[0065] As used herein, the singular terms “a,” “an,” and “the"” include the plural reference unless the context
clearly indicates otherwise.

[0066] As used herein, “and/or” refers to and encompasses any and all possible combinations of one or more
of the associated listed items, as well as the lack of combinations when interpreted in the alternative (“or”). Moreover,
the present invention also contemplates that in some embodiments of the invention, any feature or combination of
features set forth herein can be excluded or omitted.

[0067] The term “about,” as used herein when referring to a measurable value such as a sequence length and
the like, is meant to encompass variations of 5%, 1 %, 0.5%, or even 0.1 % of the specified amount.

AN

[0068] Unless the context requires otherwise, the terms “comprise,” “comprises,” and “comprising,” or similar
terms are intended to mean a non-exclusive inclusion, such that a recited list of elements or features does not include
those stated or listed elements solely, but may include other elements or features that are not listed or stated.

[0069] Unless otherwise indicated, nucleic acids are written left to right in the 5' to 3' orientation; and amino
acid sequences are written left to right in amino to carboxy orientation, respectively.

[0070] It is to be understood that this disclosure is not limited to the particular methodology, protocols, and
reagents described, as these may vary, depending upon the context in which they are used by those skilled in the art.
[0071] As used herein, “affinity” refers to the strength of the sum total of noncovalent interactions between a
single binding site of @ molecule (e.g., a receptor) and its binding partner (e.g., a ligand). The affinity of a molecule for
its partner can generally be represented by the equilibrium dissociation constant (Kp) (or its inverse equilibrium
association constant, Ka). Affinity can be measured by common methods known in the art, including those described
herein. See, for example, Pope M.E., Soste M.V., Eyford B.A., Anderson N.L., Pearson T.W., (2009) J. Immunol. Methods.
341(1-2):86-96 and methods described therein.

[0072] As used herein, the terms “percent identity” and “% identity,” as applied to nucleic acid or
polynucleotide sequences, refer to the percentage of residue matches between at least two nucleic acid or
polynucleotide sequences aligned using a standardized algorithm. Such an algorithm may insert, in a standardized and
reproducible way, gaps in the sequences being compared in order to optimize alignment between two sequences, and

therefore achieve a more meaningful comparison of the two sequences.
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[0073] Percent identity between nucleic acid or polynucleotide sequences may be determined using a suite of
commonly used and freely available sequence comparison algorithms provided by the National Center for Biotechnology
Information (NCBI) Basic Local Alignment Search Tool (BLAST) (Altschul, S. F. et al. (1990) J. Mol. Biol. 215:403-410),
which is available from several sources, including the NCBI, Bethesda, Md., and on the Internet at

http: //www.ncbi.nlm.nih.gov/BLAST/.

[0074] Nucleic acid or polynucleotide sequences that do not show a high degree of identity may nevertheless
encode similar amino acid sequences due to the degeneracy of the genetic code. It is understood that changes in a
nucleic acid sequence can be made using this degeneracy to produce multiple nucleic acid sequences that all encode
substantially the same protein. Specifically, degenerate codon substitutions may be achieved by generating sequences in
which the third position of one or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine
residues (Batzer et al. (1991) Nucleic Acid Res 19:5081; Ohtsuka et al. (1985) J Biol Chem 260:2605-2608; Cassol et al.
(1992); Rossolini et al. (1994) Mol Cell Probes 8:91-98). The term “nucleic acid” refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or double-stranded form. Unless specifically limited, the term
encompasses nucleic acids containing known analogues of natural nucleotides which have similar binding properties as
the reference nucleic acid and are metabolized in a manner similar to naturally occurring nucleotides. The term nucleic
acid is used interchangeably with polynucleotide, and (in appropriate contexts) gene, cDNA, and mRNA encoded by a
gene.

[0075] As used herein, “percent (%) amino acid sequence identity” with respect to a peptide, polypeptide or
protein sequence is defined as the percentage of amino acid residues in a candidate sequence that are identical with the
amino acid residues in another peptide or polypeptide sequence, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Percent amino acid sequence identity in the current disclosure is measured using BLAST
software. Those skilled in the art can determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the sequences being compared.

[0076] An amino acid substitution refers to the replacement of one amino acid in a polypeptide with another
amino acid. Exemplary substitutions are shown in Table 1. Amino acid substitutions may be introduced into a protein of

interest and the products screened for a desired activity, for example, retained/improved biological activity.

Table 1. Exemplary Amino Acid Substitutions

Original Residue Exemplary Substitutions
Ala (A) Val; Leu; Ile
Arg (R) Lys; GIn; Asn
Asn (N) GIn; His; Asp, Lys; Arg
Asp (D) Glu; Asn
Cys (O) Ser; Ala
GIn (Q) Asn; Glu
Glu (E) Asp; GIn
Gly (G) Ala
His (H) Asn; GIn; Lys; Arg
Ile (D Leu; Val, Met; Ala; Phe; Norleucine
Leu (L) Norleucine; Ile; Val; Met; Ala; Phe
Lys (K) Arg; GIn; Asn
Met (M) Leu; Phe; Ile
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr
Pro (P) Ala
Ser (S) Thr
Thr (T) Val, Ser
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Trp (W) Tyr; Phe

Tyr (Y) Trp; Phe; Thr; Ser

Val (V) lle; Leu; Met; Phe; Ala; Norleucine
[0077] Amino acids may be grouped according to common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, GIn;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.
[0078] Non-conservative substitutions will entail exchanging a member of one of these classes for another
class. The term, “corresponding to” with reference to nucleotide or amino acid positions of a sequence, such as set forth
in the Sequence Listing, refers to nucleotides or amino acid positions identified upon alignment with a target sequence
based on structural sequence alignment or using a standard alignment algorithm, such as the GAP algorithm. For
example, corresponding residues of a similar sequence (e.g., a fragment or species variant) can be determined by
alignment to a reference sequence by structural alignment methods. By aligning the sequences, one skilled in the art can
identify corresponding residues, for example, using conserved and identical amino acid residues as guides.
[0079] As used herein, an isoform of the human CD47 protein refers to a protein that is translated from the
human CD47 gene and is processed by alternative splicing.
[0080] As used herein, a wild-type human CD47 protein refers to a human CD47 protein that is naturally
occurring in vivo, such as a wild-type human CD47 protein encoded in/by the human genome. A wild-type human CD47
protein could be any of the isoforms of the naturally occurring human CD47 protein. The amino acid sequences of the
five currently known naturally occurring isoforms of CD47 (isoforms 201, 202, 203, 205, 206) are set forth in SEQ ID
NOs: 1, 2, 4-5. Isoform CD47-202 (SEQ ID NO:2) is the full-length wild-type human CD47 protein as it is translated
containing its signal sequence. The sequence of the mature CD47-202 isoform lacking its signal sequence is set forth in
SEQ ID NO:3. A wild-type human CD47 protein may or may not have a signal peptide when it is expressed. For instance,
CD47-206 lacks a signal peptide when it is translated. A wild-type human CD47 protein may or may not be glycosylated.
A wild-type human CD47 protein could be a proteoglycan.
[0081] As used herein, an engineered CD47 protein refers to a CD47 protein that is not naturally occurring in
any species. In other words, an engineered CD47 protein is not a wild-type CD47 protein in any species. In some
embodiments, the engineered CD47 protein is an engineered human CD47 protein, meaning it is engineered by using
the human wild-type CD47 protein as a starting material and making one or more of the modifications described herein.
In some embodiments, the engineered CD47 protein is an engineered humanized CD47 protein, meaning it is engineered
by using a non-human (e.g., murine) CD47 protein as a starting material and by humanizing the non-human CD47
sequence in addition to making one or more of the other modifications described herein. In some embodiments, the
engineered CD47 protein is an engineered partially-humanized CD47 protein, meaning it is engineered by using a non-
human (e.g., murine) CD47 protein as a starting material and by humanizing a portion of the non-human CD47
sequence in addition to making one or more of the other modifications described herein.
[0082] As used herein, an engineered CD47 protein refers to a protein that is not a CD47 protein encoded
in/by a native genome, e.g., not a wild-type CD47 protein. Non-limiting examples of engineered CD47 proteins include

an engineered CD47 protein having (i) a human CD47 extracellular domain or a portion thereof, at least one human
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CD47 transmembrane domain or a portion thereof, and a portion of a human CD47 intracellular domain comprising a
deletion of at least one amino acid, wherein the deletion is not a C-terminal deletion of 18 amino acids, (ii) a portion of a
human CD47 extracellular domain, at least one human CD47 transmembrane domain or a portion thereof, and a portion
of a human CD47 intracellular domain comprising a C-terminal deletion of 18 amino acids, (iii) a human CD47
extracellular domain or a portion thereof, at least one and fewer than five human CD47 transmembrane domain(s) or
portion(s) thereof, and a portion of a human CD47 intracellular domain comprising a C-terminal deletion of 18 amino
acids, (iv) a human CD47 extracellular domain or a portion thereof, at least one human CD47 transmembrane domain or
a portion thereof, and a signal peptide, wherein the engineered CD47 protein does not comprise an intracellular domain,
(v) a human CD47 extracellular domain, and at least one human CD47 transmembrane domain or a portion thereof,
wherein the engineered CD47 protein does not comprise an intracellular domain, (vi) a human CD47 extracellular domain
or a portion thereof, and at least one and fewer than five human CD47 transmembrane domain(s) or portion(s) thereof,
wherein the engineered CD47 protein does not comprise an intracellular domain, (vii) a human CD47 extracellular
domain or a portion thereof, and at least one human CD47 transmembrane domain or a portion thereof, no intracellular
domain, or a human CD47 intracellular domain comprising a deletion of at least one amino acid, wherein the engineered
CD47 protein has an amino acid sequence that has at most 99% identity to SEQ ID NO:1 and SEQ ID NO:6.

[0083] As used herein, the term "exogenous" in the context of a polynucleotide or polypeptide being
expressed is intended to mean that the referenced molecule or the referenced polypeptide is introduced into the cell of
interest. The polypeptide can be introduced, for example, by introduction of an encoding nucleic acid into the genetic
material of the cells such as by integration into a chromosome or as non-chromosomal genetic material such as a
plasmid or expression vector. Therefore, the term as it is used in reference to expression of an encoding nucleic acid
refers to introduction of the encoding nucleic acid in an expressible form into the cell. An exogenous polynucleotide can
be inserted into at least one allele of the cell using viral transduction, for example, with a vector. In some embodiments,
the vector is a pseudotyped, self-inactivating lentiviral vector that carries exogenous polynucleotide. In some
embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with a vesicular stomatitis VSV-G envelope,
and which carries the exogenous polynucleotide. In some embodiments, the exogenous polynucleotide is inserted into at
least one allele of the cell using viral transduction. In some embodiments, exogenous polynucleotide is inserted into at
least one allele of the cell using a lentivirus based viral vector. In some embodiments, the exogenous polynucleotide is
inserted into target locus of at least one allele of the cell.

[0084] An "exogenous" molecule is a molecule, construct, factor and the like that is not normally present in a
cell, but can be introduced into a cell by one or more genetic, biochemical or other methods. "Normal presence in the
cell" is determined with respect to the particular developmental stage and environmental conditions of the cell. Thus, for
example, a molecule that is present only during embryonic development of neurons is an exogenous molecule with
respect to an adult neuron cell. An exogenous molecule can comprise, for example, a functioning version of a
malfunctioning endogenous molecule or a malfunctioning version of a normally-functioning endogenous molecule.
[0085] An exogenous molecule or factor can be, among other things, a small molecule, such as is generated
by a combinatorial chemistry process, or a macromolecule such as a protein, nucleic acid, carbohydrate, lipid,
glycoprotein, lipoprotein, polysaccharide, any modified derivative of the above molecules, or any complex comprising one
or more of the above molecules. Nucleic acids include DNA and RNA; can be single- or double-stranded; can be linear,
branched or circular; and can be of any length. Nucleic acids include those capable of forming duplexes, as well as
triplex-forming nucleic acids. See, for example, U.S. Pat. Nos. 5,176,996 and 5,422,251. Proteins include, but are not
limited to, DNA-binding proteins, transcription factors, chromatin remodeling factors, methylated DNA binding proteins,
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polymerases, methylases, demethylases, acetylases, deacetylases, kinases, phosphatases, integrases, recombinases,
ligases, topoisomerases, gyrases, and helicases.

[0086] An exogenous molecule or construct can be the same type of molecule as an endogenous molecule,
€.g., an exogenous protein or nucleic acid. In such instances, the exogenous molecule is introduced into the cell at
greater concentrations than that of the endogenous molecule in the cell. In some instances, an exogenous nucleic acid
can comprise an infecting viral genome, a plasmid or episome introduced into a cell, or a chromosome that is not
normally present in the cell. Methods for the introduction of exogenous molecules into cells are known to those of skill in
the art and include, but are not limited to, lipid-mediated transfer (ie., liposomes, including neutral and cationic lipids),
electroporation, direct injection, cell fusion, particle bombardment, calcium phosphate co-precipitation, DEAE-dextran-
mediated transfer and viral vector-mediated transfer.

[0087] The term “genetic modification” and its grammatical equivalents as used herein can refer to one or
more alterations of a nucleic acid, e.g., the nucleic acid within an organism's genome. For example, genetic modification
can refer to alterations, additions, and/or deletion of genes or portions of genes or other nucleic acid sequences. A
genetically modified cell can also refer to a cell with an added, deleted, and/or altered gene or portion of a gene. A
genetically modified cell can also refer to a cell with an added nucleic acid sequence that is not a gene or gene portion.
Genetic modifications include, for example, both transient knock-in or knock-down mechanisms, and mechanisms that
result in permanent knock-in, knock-down, or knock-out of target genes or portions of genes or nucleic acid sequences.
Genetic modifications include, for example, both transient knock-in and mechanisms that result in permanent knock-in of
nucleic acids sequences. Genetic modifications also include, for example, reduced or increased transcription, reduced or
increased mRNA stability, reduced or increased translation, and reduced or increased protein stability.

[0088] As used herein, a portion of a peptide has fewer amino acids than the reference peptide, and has at
least one amino acid from that peptide.

[0089] As used herein, a composition refers to any mixture of two or more products, substances, or

compounds, including cells.

II. CD47 proteins

Overview of CD47 proteln

[0090] This disclosure relates to engineered CD47 proteins and uses thereof.

[0091] CD47, also known as integrin-associated protein (IAP) or MERS®, is a transmembrane protein that, in
humans, is encoded by the human CD47 gene (SEQ ID NO:19) (Fig. 1). CD47 is a member of the immunoglobulin (Ig)
superfamily and is involved in a range of cellular processes, including apoptosis, proliferation, adhesion, and migration.
[0092] Human CD47 is about ~50 kDa. It is glycosylated and ubiquitously expressed by virtually all cells in the
human body (Fig. 2). Historical literature suggests that isoform 202 (i.e., CD47-202, SEQ ID NO:2) is mainly expressed in
the brain, but recent GTEx expression data do not support this conclusion (Fig. 2). As shown in Example 1 herein,
isoform CD47-202 (SEQ ID NO:2, SEQ ID NO:14) and isoform CD47-201 (SEQ ID NO:1, SEQ ID NO:13) are expressed at
relatively equal levels in Gibco and Rues2 human stem cell lines. Isoforms CD47-206 (SEQ ID NO:6, SEQ ID NO:18), 205
(SEQ ID NO:5, SEQ ID NO:17), 204 (SEQ ID NO:16) also appear to be highly expressed in these stem cell lines. No
evidence of isoform CD47-203 (SEQ ID NO:4, SEQ ID NO:15) in stem cell lines was detected.

[0093] Human CD47 has a single IgV-like domain at its N-terminus, a highly hydrophobic stretch with five

membrane-spanning segments, and an alternatively spliced cytoplasmic tail at its C-terminus (Fig. 4). In addition, it has
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two extracellular regions and two intracellular regions between neighboring membrane-spanning segments. The signal
peptide, when it exists on a CD47 isoform, is located at the N-terminus of the IgV-like domain.

[0094] As used herein, @ human CD47 extracellular domain refers to the IgV-like domain at the N-terminus of
the human CD47 protein. Structurally, the human CD47 extracellular domain is the N-terminal portion of the human
CD47 protein that is located outside a cell when the human CD47 protein is anchored in the cell membrane. In some
embodiments, the human CD47 extracellular domain has an amino acid sequence corresponding to amino acids 19-141
of SEQ ID NO:2, or an amino acid sequence that has at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity with amino acids 19-141 of SEQ ID NO:2. In some embodiments, the human CD47
extracellular domain has an amino acid sequence corresponding to amino acids 19-141 of SEQ ID NO:2, or an amino
acid sequence that has at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity
with amino acids 19-141 of SEQ ID NO:2.

[0095] As used herein, a human CD47 intracellular domain refers to the cytoplasmic tail at the C-terminus of
the human CD47 protein. Structurally, the human CD47 intracellular domain is the C-terminal portion of the human CD47
protein that is located inside a cell when the human CD47 protein is anchored in the cell membrane. The human CD47
intracellular domain is alternatively spliced /n vivo. In some embodiments, the human CD47 intracellular domain has an
amino acid sequence corresponding to amino acids 290-323 of SEQ ID NO:2, or an amino acid sequence that has at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity with amino acids 290-323 of
SEQ ID NO:2. In some embodiments, the human CD47 intracellular domain has an amino acid sequence corresponding
to amino acids 290-323 of SEQ ID NO:2, or an amino acid sequence that has at least about 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity with amino acids 290-323 of SEQ ID NO:2.

[0096] As used herein, a human CD47 transmembrane domain refers to one of the membrane-spanning
segments of the human CD47 protein. In some embodiments, the human CD47 transmembrane domain has an amino
acid sequence corresponding to amino acids 142-162, 177-197, 208-228, 236-257, or 269-289 of SEQ ID NO:2, or an
amino acid sequence that has at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity
with amino acids 142-162, 177-197, 208-228, 236-257, or 269-289 of SEQ ID NO:2. In some embodiments, the human
CD47 transmembrane domain has an amino acid sequence corresponding to amino acids 142-162, 177-197, 208-228,
236-257, or 269-289 of SEQ ID NO:2, or an amino acid sequence that has at least about 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identity with amino acids 142-162, 177-197, 208-228, 236-257, or 269-289
of SEQ ID NO:2.

[0097] As used herein, a signal peptide refers to the short peptide present at the N-terminus of the CD47
protein when the protein is initially translated. Signal peptides are usually cleaved off from a protein by a signal
peptidase during or immediately after insertion into a cell membrane. Signal peptides function to prompt a cell to
translocate the protein, usually to the plasma membrane. In some embodiments, the signal peptide for a human CD47
protein has an amino acid sequence corresponding to amino acids 1-18 of SEQ ID NO:2, or an amino acid sequence that
has at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity with amino acids 1-18 of
SEQ ID NO:2. In some embodiments, the signal peptide for a human CD47 protein has an amino acid sequence
corresponding to amino acids 1-18 of SEQ ID NO:2, or an amino acid sequence that has at least about 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity with amino acids 1-18 of SEQ ID NO:2.

[0098] The human CD47 gene has six transcripts, five of which encode a protein isoform of CD47 (Ensembl,
Gene: CD47). The six transcripts are named CD47-201, CD47-202, CD47-203, CD47-204, CD47-205, and CD47-206
(Ensembl, Gene: CD47, ENSG00000196776). The coding DNA sequence (CDS) of the six transcripts are as set forth in
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SEQ ID NO: 13-18, respectively. The amino acid sequences of the five protein isoforms are as set forth in SEQ ID NO:1,
2, 4,5, 6, respectively (Table 2).

[0099] Transcript CD47-202 (SEQ ID NO:14) encodes isoform CD47-202 (SEQ ID NO:2), which has 323 amino
acids. CD47-202 is the longest transcript of the human CD47 gene. 1t is designated as the representative transcript in
the Ensembl database. In identifying the representative transcript, Ensembl aims to identity the transcript that, on
balance, has the highest coverage of conserved exons, highest expression, longest coding sequence and is represented
in other key resources, such as NCBI and UniProt. All splice junctions of the CD47-202 transcript are supported by at
least one non-suspect mRNA.

[0100] Transcript CD47-201 (SEQ ID NO:13) encodes isoform CD47-201 (SEQ ID NO:1), which has 305 amino
acids. Isoform CD47-201 has a C-terminal truncation of 18 amino acids from isoform CD47-202. All splice junctions of
the CD47-201 transcript are supported by at least one non-suspect mRNA.

[0101] Transcript CD47-203 (SEQ ID NO:15) encodes isoform CD47-203 (SEQ ID NO:4), which has 86 amino
acids. The only support for the transcript model is from a single expressed sequence tag (EST).

[0102]
supported by at least one non-suspect mRNA

[0103] Transcript CD47-205 (SEQ ID NO:17) encodes isoform CD47-205 (SEQ ID NO:5), which has 109 amino
acids. Isoform 205 comprises 3 transmembrane domains and a truncated intracellular domain from isoform CD47-202

Transcript CD47-204 (SEQ ID NO:16) does not encode protein. All splice junctions of this transcript are

(SEQ ID NO:2). The best supporting mRNA for the transcript model is flagged as suspect or the support is from multiple
ESTs.

[0104] Transcript CD47-206 (SEQ ID NO:18) encodes isoform CD47-206 (SEQ ID NO:6), which has 183 amino
acids. Isoform 206 comprises a truncated extracellular domain and 5 transmembrane domains from isoform CD47-202
(SEQ ID NO:2).
[0105]

the various domains in the human CD47 protein are also identified in Table 2 and depicted in Fig. 5. “Intracellular

The amino acid sequences of the five isoforms are listed in Table 2. The amino acids corresponding to

connection” refers to the intracellular region connecting neighboring transmembrane domains, which is positioned inside
of a cell (i.e., not outside the cell and not within the cell membrane) but are not positioned at the N-terminus or the C-
terminus of the engineered CD47 protein. “Extracellular connection” refers to the extracellular region connecting
neighboring transmembrane domains, which is positioned outside of a cell (i.e., not inside the cell and not within the cell
membrane). As used herein, the CD47 “intracellular domain” does not include the intracellular connections. Also as used
herein, the CD47 “extracellular domain” does not include the extracellular connections.

Table 2. Amino Acid SEQ ID NOs for CD47 Domains

CD47-201 CD47-202 CD47-203 CD47-205 CD47-206
SEQ ID NO:1 SEQIDNO:2 | SEQIDNO:4 | SEQID No:5 | SEQID NO:6

Signal peptide 1-18 1-18 N/A N/A N/A
Extracellular domain 19-141 19-141 1-96
Transmembrane 142-162 142-162 97-117
domain 1
Intracellular 163-176 163-176 118-131
connection 1
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Transmembrane 177-197 177-197 132-152
domain 2

Extracellular 198-207 198-207 1-4 153-162
connection 1

Transmembrane 208-228 208-228 5-25 163-183
domain 3

Intracellular 229-235 229-235 26-32

connection 2

Transmembrane 236-256 236-256 33-53

domain 4

Extracellular 257-268 257-268 54-65

connection 2

Transmembrane 269-289 269-289 66-86

domain 5

Intracellular domain 290-305 290-323 87-109

Engineered CD47 proteins

[0106] The present disclosure provides engineered CD47 proteins comprising one or more amino acid
substitutions and/or insertions relative to a wild-type human CD47 protein. In some embodiments, the one or more
amino acid substitutions and/or insertions relative to a wild-type human CD47 protein are described in
WO02016179399A1 (incorporated by reference herein). In some embodiments, the one or more amino acid substitutions
and/or insertions relative to a wild-type human CD47 protein are described Kaur, Sukhbir, et al. "Heparan sulfate
maodification of the transmembrane receptor CD47 is necessary for inhibition of T cell receptor signaling by
thrombospondin-1." Journal of Biological Chemistry 286.17 (2011): 14991-15002 (incorporated by reference herein). In
some embodiments, the one or more amino acid substitutions and/or insertions relative to a wild-type human CD47
protein are described in Ho, Chia Chi M., et al. "Velcro” engineering of high affinity CD47 ectodomain as signal regulatory
protein a (SIRPa) antagonists that enhance antibody-dependent cellular phagocytosis.” Journal of Biological

Chemistry 290.20 (2015): 12650-12663 (incorporated by reference herein).

[0107] In some embodiments, an engineered CD47 protein of the present disclosure exhibits decreased
binding with TSP-1 relative to a wild-type human CD47 protein. In some embodiments, an engineered CD47 protein of
the present disclosure exhibits decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein. In some
embodiments, decreased binding to TSP-1 is due to a lack of a heparan sulfate proteoglycan modification on the
engineered CD47 protein.

[0108] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution at position S82 of SEQ ID NO: 2, an amino acid substitution at position S64 of SEQ ID NO: 3, an amino
acid substitution at position S82 of SEQ ID NO: 1, or an amino acid substitution at position S37 of SEQ ID NO: 6. In
some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid substitution at
position S82 of SEQ ID NO: 2. In some embodiments, the term “an engineered CD47 protein comprising an S64A
mutation” (or grammatical variants of the term) is used to refer to an engineered CD47 protein of the present disclosure

that comprises: an amino acid substitution at position S82 of SEQ ID NO: 2, an amino acid substitution at position S64 of
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SEQ ID NO: 3, an amino acid substitution at position S82 of SEQ ID NO: 1, or an amino acid substitution at position S37
of SEQ ID NO: 6.

[0109] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position S65 of SEQ ID NO: 3, an amino
acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at position S38 of SEQ ID NO: 6. In
some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid substitution at
position S83 of SEQ ID NO: 2.

[0110] In some embodiments, an engineered CD47 protein of the present disclosure comprises: amino acid
substitutions at positions S82 and S83 of SEQ ID NO: 2, amino acid substitutions at positions S64 and S65 of SEQ ID
NO: 3, amino acid substitutions at positions 582 and S83 of SEQ ID NO: 1, or amino acid substitutions at positions S37
and S38 of SEQ ID NO: 6. In some embodiments, an engineered CD47 protein of the present disclosure comprises
amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2.

[0111] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an
amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to SEQ ID NO:
6. In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid substitution of
S82A relative to SEQ ID NO: 2.

[0112] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution of S82V, S82I, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution
of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or an amino acid substitution of S37V, S371, S37L, S37F,
S37W, S37G, or S37P relative to SEQ ID NO: 6.

[0113] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution of S83A relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an
amino acid substitution of S83A relative to SEQ ID NO: 1, or an amino acid substitution of S38A relative to SEQ ID NO:
6. In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid substitution of
S83A relative to SEQ ID NO: 2.

[0114] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution
of S65V, S65I, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831,
S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or an amino acid substitution of S38V, S381, S38L, S38F,
S38W, S38G, or S38P relative to SEQ ID NO: 6. In some embodiments, an engineered CD47 protein of the present
disclosure comprises an amino acid substitution of S83V, S831I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO:
2,

[0115] In some embodiments, an engineered CD47 protein of the present disclosure comprises: a first amino
acid substitution selected from the group consisting of: an amino acid substitution of S82A relative to SEQ ID NO: 2, an
amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1,
and an amino acid substitution of S37A relative to SEQ ID NO: 6; and a second amino acid substitution selected from the
group consisting of: an amino acid substitution of S83A relative to SEQ ID NO: 2, an amino acid substitution of S65A
relative to SEQ ID NO: 3, an amino acid substitution of S83A relative to SEQ ID NO: 1, and an amino acid substitution of
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S38A relative to SEQ ID NO: 6. In some embodiments, an engineered CD47 protein of the present disclosure comprises
amino acid substitutions of S82A and S83A relative to SEQ ID NO: 2.

[0116] In some embodiments, an engineered CD47 protein of the present disclosure comprises: a first amino
acid substitution selected from the group consisting of: an amino acid substitution of S82V, S821, S82L, S82F, S82w,
582G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of 564V, 5641, S64L, S64F, S64W, S64G, or S64P
relative to SEQ ID NO: 3, an amino acid substitution of S82V, S82I, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID
NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6; and a
second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V, S83I, S83L,
S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S65I, S65L, S65F, S65W,
S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P
relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to
SEQ ID NO: 6.

[0117] In some embodiments, an engineered CD47 protein of the present disclosure comprises: a first amino
acid substitution selected from the group consisting of: an amino acid substitution of S82V, S82I, S82L, S82F, S82w,
S82G, or S82P relative to SEQ ID NO: 2; and a second amino acid substitution selected from the group consisting of: an
amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2.

[0118] In some embodiments, an engineered CD47 protein of the present disclosure comprises an elongated
N-terminus, which increases the buried surface area between the engineered CD47 protein and SIRPq, resulting in
increasing affinity. In some embodiments, an engineered CD47 protein of the present disclosure exhibits improved
binding with SIRPa relative to a wild-type CD47 protein.

[0119] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino
acid sequence having at least 80% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO:
6; and an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or
SEQ ID NO: 6. In some embodiments, an engineered CD47 protein of the present disclosure comprises: an amino acid
sequence having at least 80% identity to SEQ ID NO: 2; and an insertion of one or more amino acids relative to SEQ ID
NO: 2.

[0120] In some embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of
three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6. In some
embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of three amino acids relative
to SEQ ID NO: 2.

[0121] In some embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of
the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6. In some
embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of the amino acids WQP
relative to SEQ ID NO: 2.

[0122] In some embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of
the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID NO: 1. In some embodiments, an engineered CD47
protein of the present disclosure comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2.
[0123] In some embodiments, an engineered CD47 protein of the present disclosure comprises an insertion of
the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID NO: 1. In some embodiments, an
engineered CD47 protein of the present disclosure comprises an insertion of the amino acids WQP between A18 and Q19
relative to SEQ ID NO: 2.
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[0124] In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid
substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO: 1. In some embodiments, an engineered CD47
protein of the present disclosure comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2.

[0125] In some embodiments, an engineered CD47 protein of the present disclosure comprises: an insertion
of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an amino acid substitution of Q19P relative to SEQ ID
NO: 2, or an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of
Q19P relative to SEQ ID NO: 1. In some embodiments, an engineered CD47 protein of the present disclosure comprises
an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an amino acid substitution of Q19P relative
to SEQ ID NO: 2.

[0126] In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid
sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO: 2,
SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6. In some embodiments, an engineered CD47 protein of
the present disclosure comprises an amino acid sequence having at least 85%), 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2.

[0127] In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid
sequence comprising SEQ ID NO: 346. In some embodiments, an engineered CD47 protein of the present disclosure
comprises an amino acid sequence comprising SEQ ID NO: 347. In some embodiments, an engineered CD47 protein of
the present disclosure comprises an amino acid sequence comprising, from N-terminus to C-terminus: an amino acid
sequence comprising SEQ ID NO: 20; an amino acid sequence comprising SEQ ID NO: 348; and an amino acid sequence
comprising SEQ ID NO: 3. In some embodiments, an engineered CD47 protein of the present disclosure comprises an
amino acid sequence comprising, from N-terminus to C-terminus: an amino acid sequence comprising SEQ ID NO: 20; an
amino acid sequence comprising SEQ ID NO: 348; and an amino acid substitution of Q1P relative to SEQ ID NO: SEQ ID
NO: 3. In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid sequence
comprising, from N-terminus to C-terminus: an amino acid sequence comprising SEQ ID NO: 348; and an amino acid
sequence comprising SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.

[0128] In some embodiments, an engineered CD47 protein of the present disclosure comprises an amino acid
sequence comprising: an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A
relative to SEQ ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of
S37A relative to SEQ ID NO: 6; an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or
SEQ ID: 1; and an amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1. In some embodiments,
an engineered CD47 protein of the present disclosure comprises an amino acid sequence comprising: an amino acid
substitution of S82A relative to SEQ ID NO: 2; an insertion of the amino acids WQP between A18 and Q19 relative to
SEQ ID NO: 2; and an amino acid substitution of Q19P relative to SEQ ID NO: 2.

[0129] The present disclosure also provides engineered CD47 proteins that have fewer amino acids than the
wild-type full-length human CD47 protein. Such engineered proteins afford more efficient cell engineering approaches,
including delivery via integrating gene therapy vectors.

[0130] The wild-type full-length human CD47 protein, as used herein, refers to the isoform CD47-202 as
disclosed in the Ensembl database as of the filing date of this patent application. The wild-type full-length human CD47
protein has an amino acid sequence of SEQ ID NO:2, wherein amino acids 1-18 are the signal peptide, amino acids 19-
141 are the extracellular domain, amino acids 142-162, 177-197, 208-228, 236-257, 269-289 are the five
transmembrane domains (Fig. 3), and amino acids 290-323 are the intracellular domain. Amino acids 163-176 and 229-
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235 are the two intracellular connections between the transmembrane domains, and amino acids 198-207 and 257-268
are the two extracellular connections between the transmembrane domains (Fig. 3).

[0131] In some embodiments, the engineered CD47 protein is a C-terminally truncated version of isoform 202
(SEQ ID NO:2). For example, in some embodiments, the C-terminal truncation is consecutive andis 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, or 161 amino acid(s) long. Preferably, the C-
terminal truncation is 158, 123, 92, 64, 31, or 95 amino acids long, resulting in an engineered CD47 protein having an
amino acid sequence as set for in SEQ ID NO:7-12, respectively. In some embodiments, the engineered CD47 protein
having a C-terminal truncation of SEQ ID NO:2 further has an N-terminal truncation of 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, or 140 consecutive amino acid(s).

[0132] In some embodiments, the engineered CD47 protein is a C-terminally truncated version of isoform 201
(SEQ ID NO:1). For example, in some embodiments, the C-terminal truncation is consecutive and is 1, 2, 3, 4,5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, or 143 amino acid(s)
long. In some embodiments, the engineered CD47 protein having a C-terminal truncation of SEQ ID NO:1 further has an
N-terminal truncation of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, or 95 consecutive amino acid(s).

[0133] In some embodiments, the engineered CD47 protein is a C-terminally truncated version of isoform 206
(SEQ ID NO:6). For example, in some embodiments, the C-terminal truncation is consecutive andis 1, 2, 3,4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, or 66 amino acid(s)
long. In some embodiments, the engineered CD47 protein having a C-terminal truncation of SEQ ID NO:6 further has an
N-terminal truncation of 1, 2, 3,1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,

138, 139, or 140 consecutive amino acid(s).
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[0134] In some embodiments, the engineered CD47 protein comprises a minimal intracellular domain. As used
herein, a minimal intracellular domain refers to an intracellular domain that has the minimum number of amino acids
required to preserve SIRPa binding of the engineered CD47 protein.

[0135] In some embodiments, the engineered CD47 protein comprises a minimal extracellular domain. As
used herein, a minimal extracellular domain refers to an extracellular domain that has the minimum number of amino
acids required for the engineered CD47 protein to bind to SIRPa.

[0136] In an aspect, the present disclosure provides an engineered CD47 protein that comprises a human
CD47 extracellular domain or a portion thereof and at least one human CD47 transmembrane domain, wherein when an
intracellular domain exists, it is a human CD47 intracellular domain with a deletion of at least one amino acid. In some
embodiments, when there are more than one transmembrane domains in the engineered CD47 protein, each of the
transmembrane domains are interconnected with intracellular and/or extracellular connection(s).

[0137] In an aspect, the present disclosure provides an engineered CD47 protein that consists essentially of a
human CD47 extracellular domain or a portion thereof and at least one human CD47 transmembrane domain. In some
embodiments, when there are more than one transmembrane domain in the engineered CD47 protein, each of the
transmembrane domains are interconnected with intracellular and/or extracellular connection(s). As used herein, the
term “consisting essentially of” includes the specified elements and any additional elements that do not abrogate SIRPa
binding of the engineered CD47 protein.

[0138] In an aspect, the present disclosure provides an engineered CD47 protein that consists of a human
CD47 extracellular domain or a portion thereof and at least one human CD47 transmembrane domain. In some
embodiments, when there are more than one transmembrane domain in the engineered CD47 protein, each of the
transmembrane domains are interconnected with intracellular and/or extracellular connection(s).

[0139] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or
a portion thereof, at least one human CD47 transmembrane domain or a portion thereof, and a portion of a human
CD47 intracellular domain comprising a deletion of at least one amino acid, wherein the deletion is not a C-terminal
deletion of 18 amino acids.

[0140] In some embodiments, the engineered CD47 protein comprises a portion of a human CD47
extracellular domain, at least one human CD47 transmembrane domain or a portion thereof, and a portion of a human
CD47 intracellular domain comprising a C-terminal deletion of 18 amino acids.

[0141] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or
a portion thereof, at least one and fewer than five human CD47 transmembrane domain(s) or portion(s) thereof, and a
portion of a human CD47 intracellular domain comprising a C-terminal deletion of 18 amino acids.

[0142] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or
a portion thereof, at least one human CD47 transmembrane domain or a portion thereof, and a signal peptide, wherein
the engineered CD47 protein does not comprise an intracellular domain.

[0143] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain,
and at least one human CD47 transmembrane domain or a portion thereof, wherein the engineered CD47 protein does
not comprise an intracellular domain.

[0144] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or
a portion thereof, and at least one and fewer than five human CD47 transmembrane domain(s) or portion(s) thereof,
wherein the engineered CD47 protein does not comprise an intracellular domain.
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[0145] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain,
five human CD47 transmembrane domains and a human CD47 intracellular domain with a C-terminal deletion of 18
amino acids, wherein the amino acid sequence of the engineered CD47 protein is not SEQ ID NO:1.

[0146] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain
and five human CD47 transmembrane domain, wherein the amino acid sequence of the engineered CD47 protein is not
SEQ ID NO:6.

[0147] In some embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or
a portion thereof, at least one human CD47 transmembrane domain or a portion thereof, and no intracellular domain or
a human CDA47 intracellular domain comprising a deletion of at least one amino acid, wherein the amino acid sequence
of the engineered CD47 protein has at most 99% identity with SEQ ID NO:1 and SEQ ID NO:6. In other words, in some
embodiments, the engineered CD47 protein comprises a human CD47 extracellular domain or a portion thereof, at least
one human CD47 transmembrane domain or a portion thereof, and no intracellular domain or a human CD47
intracellular domain comprising a deletion of at least one amino acid, wherein the amino acid sequence of the
engineered CD47 protein has 99% identity or less to SEQ ID NO:1 and has 99% identity or less to SEQ ID NO:6.
[0148] In some embodiments, the human CD47 extracellular domain in the engineered CD47 protein is a wild-
type human CD47 extracellular domain. In some embodiments, the wild-type domain has an amino acid sequence
corresponding to amino acids 19-141 of SEQ ID NO:1, or to amino acids 1-96 of SEQ ID NO:6.

[0149] In some embodiments, the human CD47 extracellular domain in the engineered CD47 protein has an
amino acid sequence with at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to amino acids 19-141 of SEQ ID NO:1, or to amino acids 1-96 of SEQ ID NO:6. In some embodiments, the
human CD47 extracellular domain in the engineered CD47 protein has an amino acid sequence with at least about 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to amino acids 19-141 of SEQ ID
NO:1, or to amino acids 1-96 of SEQ ID NO:6.

[0150] In some embodiments, the human CD47 extracellular domain in the engineered CD47 protein is
structurally equivalent to a wild-type human CD47 extracellular domain.

[0151] As used herein, “structurally equivalent” refers to two amino acid sequences having at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity. Preferably, the sequence variation
does not change the engineered CD47 protein’s biological activity. In some embodiments, the sequence variation does
not prevent the engineered human protein from binding to SIRPa. In some embodiments, the sequence variation does
not prevent the engineered human protein from being a tolerogenic factor. In some embodiments, at least a portion of
the sequence variation may occur through conservative amino acid substitution(s).

[0152] In some embodiments, an engineered protein of the present disclosure comprises one or more
membrane tethers. In some embodiments, one or more membrane tethers are or comprise a transmembrane domain.
In some embodiments, a transmembrane domain comprises a GPCR transmembrane domain selected from the group
consisting of: 5-hydroxytryptamine (serotonin) receptor 1A (HTR1A), 5-hydroxytryptamine (serotonin) receptor 1B
(HTR1B), 5-hydroxytryptamine (serotonin) receptor 1D (HTR1D), 5-hydroxytryptamine (serotonin) receptor 1E (HTR1E),
5-hydroxytryptamine (serotonin) receptor 1F (HTR1F), 5-hydroxytryptamine (serotonin) receptor 2A (HTR2A), 5-
hydroxytryptamine (serotonin) receptor 2B (HTR2B), 5-hydroxytryptamine (serotonin) receptor 2C (HTR2C), 5-
hydroxytryptamine (serotonin) receptor 4 (HTR4), 5-hydroxytryptamine (serotonin) receptor 5A (HTR5A), 5-
hydroxytryptamine (serotonin) receptor 5B (HTR5BP), 5-hydroxytryptamine (serotonin) receptor 6 (HTR6), 5-
hydroxytryptamine (serotonin) receptor 7, adenylate cyclase-coupled (HTR7), cholinergic receptor, muscarinic 1
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(CHRM1), cholinergic receptor, muscarinic 2 (CHRM2), cholinergic receptor, muscarinic 3 (CHRM3), cholinergic receptor,
muscarinic 4 (CHRM4), cholinergic receptor, muscarinic 5 (CHRM5), adenosine Al receptor (ADORA1), adenosine A2a
receptor (ADORA2A), adenosine A2b receptor (ADORA2B), adenosine A3 receptor (ADORA3), adhesion G protein-
coupled receptor A1 (ADGRA1), adhesion G protein-coupled receptor A2 (ADGRA2), adhesion G protein-coupled receptor
A3 (ADGRA3), adhesion G protein-coupled receptor B1 (ADGRB1), adhesion G protein-coupled receptor B2 (ADGRB2),
adhesion G protein-coupled receptor B3 (ADGRB3), cadherin EGF LAG seven-pass G-type receptor 1 (CELSR1), cadherin
EGF LAG seven-pass G-type receptor 2 (CELSR2), cadherin EGF LAG seven-pass G-type receptor 3 (CELSR3), adhesion G
protein-coupled receptor D1 (ADGRD1), adhesion G protein-coupled receptor D2 (ADGRD2), adhesion G protein-coupled
receptor E1 (ADGRE1), adhesion G protein-coupled receptor E2 (ADGRE?2), adhesion G protein-coupled receptor E3
(ADGRE3), adhesion G protein-coupled receptor E4 (ADGRE4P), adhesion G protein-coupled receptor E5 (ADGRES),
adhesion G protein-coupled receptor F1 (ADGRF1), adhesion G protein-coupled receptor F2 (ADGRF2), adhesion G
protein-coupled receptor F3 (ADGRF3), adhesion G protein-coupled receptor F4 (ADGRF4), adhesion G protein-coupled
receptor F5 (ADGRF5), adhesion G protein-coupled receptor G1 (ADGRG1), adhesion G protein-coupled receptor G2
(ADGRG2), adhesion G protein-coupled receptor G3 (ADGRG3), adhesion G protein-coupled receptor G4 (ADGRG4),
adhesion G protein-coupled receptor G5 (ADGRG5), adhesion G protein-coupled receptor G6 (ADGRG6), adhesion G
protein-coupled receptor G7 (ADGRG7), adhesion G protein-coupled receptor L1 (ADGRL1), adhesion G protein-coupled
receptor L2 (ADGRL2), adhesion G protein-coupled receptor L3 (ADGRL3), adhesion G protein-coupled receptor L4
(ADGRL4), adhesion G protein-coupled receptor V1 (ADGRV1), adrenoceptor alpha 1A (ADRA1A), adrenoceptor alpha 1B
(ADRA1B), adrenoceptor alpha 1D (ADRA1D), adrenoceptor alpha 2A (ADRA2A), adrenoceptor alpha 2B (ADRA2B),
adrenoceptor alpha 2C (ADRA2C), adrenoceptor beta 1 (ADRB1), adrenoceptor beta 2 (ADRB2), adrenoceptor beta 3
(ADRB3), angiotensin II receptor type 1 (AGTR1), angiotensin II receptor type 2 (AGTR2), apelin receptor (APLNR), G
protein-coupled bile acid receptor 1 (GPBAR1), neuromedin B receptor (NMBR), gastrin releasing peptide receptor
(GRPR), bombesin like receptor 3 (BRS3), bradykinin receptor B1 (BDKRB1), bradykinin receptor B2 (BDKRB2), calcitonin
receptor (CALCR), calcitonin receptor like receptor (CALCRL), calcium sensing receptor (CASR), G protein-coupled
receptor, class C (GPRC6A), cannabinoid receptor 1 (brain) (CNR1), cannabinoid receptor 2 (CNR2), chemerin
chemokine-like receptor 1 (CMKLR1), chemokine (C—C motif) receptor 1 (CCR1), chemokine (C—C motif) receptor 2
(CCR2), chemokine (C—C motif) receptor 3 (CCR3), chemokine (C—C motif) receptor 4 (CCR4), chemokine (C—C motif)
receptor 5 (gene/pseudogene) (CCR5), chemokine (C—C motif) receptor 6 (CCR6), chemokine (C—C motif) receptor 7
(CCR7?), chemokine (C—C motif) receptor 8 (CCR8), chemokine (C—C motif) receptor 9 (CCR9), chemokine (C—C motif)
receptor 10 (CCR10), chemokine (C—X—C motif) receptor 1 (CXCR1), chemokine (C—X—C motif) receptor 2 (CXCR2),
chemokine (C—X—C motif) receptor 3 (CXCR3), chemokine (C—X—C motif) receptor 4 (CXCR4), chemokine (C—X—C
motif) receptor 5 (CXCR5), chemokine (C—X—C motif) receptor 6 (CXCR6), chemokine (C—X3-C motif) receptor 1
(CX3CR1), chemokine (C motif) receptor 1 (XCR1), atypical chemokine receptor 1 (Duffy blood group) (ACKR1), atypical
chemokine receptor 2 (ACKR2), atypical chemokine receptor 3 (ACKR3), atypical chemokine receptor 4 (ACKR4),
chemokine (C—C motif) receptor-like 2 (CCRL2), cholecystokinin A receptor (CCKAR), cholecystokinin B receptor
(CCKBR), G protein-coupled receptor 1 (GPR1), bombesin like receptor 3 (BRS3), G protein-coupled receptor 3 (GPR3), G
protein-coupled receptor 4 (GPR4), G protein-coupled receptor 6 (GPR6), G protein-coupled receptor 12 (GPR12), G
protein-coupled receptor 15 (GPR15), G protein-coupled receptor 17 (GPR17), G protein-coupled receptor 18 (GPR18), G
protein-coupled receptor 19 (GPR19), G protein-coupled receptor 20 (GPR20), G protein-coupled receptor 21 (GPR21), G
protein-coupled receptor 22 (GPR22), G protein-coupled receptor 25 (GPR25), G protein-coupled receptor 26 (GPR26), G
protein-coupled receptor 27 (GPR27), G protein-coupled receptor 31 (GPR31), G protein-coupled receptor 32 (GPR32), G
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protein-coupled receptor 33 (gene/pseudogene) (GPR33), G protein-coupled receptor 34 (GPR34), G protein-coupled
receptor 35 (GPR35), G protein-coupled receptor 37 (endothelin receptor type B-like) (GPR37), G protein-coupled
receptor 37 like 1 (GPR37L1), G protein-coupled receptor 39 (GPR39), G protein-coupled receptor 42 (gene/pseudogene)
(GPR42), G protein-coupled receptor 45 (GPR45), G protein-coupled receptor 50 (GPR50), G protein-coupled receptor 52
(GPR52), G protein-coupled receptor 55 (GPR55), G protein-coupled receptor 61 (GPR61), G protein-coupled receptor 62
(GPR62), G protein-coupled receptor 63 (GPR63), G protein-coupled receptor 65 (GPR65), G protein-coupled receptor 68
(GPR68), G protein-coupled receptor 75 (GPR75), G protein-coupled receptor 78 (GPR78), G protein-coupled receptor 79
(GPR79), G protein-coupled receptor 82 (GPR82), G protein-coupled receptor 83 (GPR83), G protein-coupled receptor 84
(GPR84), G protein-coupled receptor 85 (GPR85), G protein-coupled receptor 87 (GPR87), G protein-coupled receptor 88
(GPR88), G protein-coupled receptor 101 (GPR101), G protein-coupled receptor 119 (GPR119), G protein-coupled
receptor 132 (GPR132), G protein-coupled receptor 135 (GPR135), G protein-coupled receptor 139 (GPR139), G protein-
coupled receptor 141 (GPR141), G protein-coupled receptor 142 (GPR142), G protein-coupled receptor 146 (GPR146), G
protein-coupled receptor 148 (GPR148), G protein-coupled receptor 149 (GPR149), G protein-coupled receptor 150
(GPR150), G protein-coupled receptor 151 (GPR151), G protein-coupled receptor 152 (GPR152), G protein-coupled
receptor 153 (GPR153), G protein-coupled receptor 160 (GPR160), G protein-coupled receptor 161 (GPR161), G protein-
coupled receptor 162 (GPR162), G protein-coupled receptor 171 (GPR171), G protein-coupled receptor 173 (GPR173), G
protein-coupled receptor 174 (GPR174), G protein-coupled receptor 176 (GPR176), G protein-coupled receptor 182
(GPR182), G protein-coupled receptor 183 (GPR183), leucine-rich repeat containing G protein-coupled receptor 4
(LGR4), leucine-rich repeat containing G protein-coupled receptor 5 (LGR5), leucine-rich repeat containing G protein-
coupled receptor 6 (LGR6), MAS1 proto-oncogene (MAS1), MAS1 proto-oncogene like (MAS1L), MAS related GPR family
member D (MRGPRD), MAS related GPR family member E (MRGPRE), MAS related GPR family member F (MRGPRF), MAS
related GPR family member G (MRGPRG), MAS related GPR family member X1 (MRGPRX1), MAS related GPR family
member X2 (MRGPRX2), MAS related GPR family member X3 (MRGPRX3), MAS related GPR family member X4
(MRGPRX4), opsin 3 (OPN3), opsin 4 (OPN4), opsin 5 (OPN5), purinergic receptor P2Y (P2RY8), purinergic receptor P2Y
(P2RY10), trace amine associated receptor 2 (TAAR2), trace amine associated receptor 3 (gene/pseudogene) (TAAR3),
trace amine associated receptor 4 (TAAR4P), trace amine associated receptor 5 (TAARS), trace amine associated
receptor 6 (TAARG), trace amine associated receptor 8 (TAARS), trace amine associated receptor 9 (gene/pseudogene)
(TAAR9), G protein-coupled receptor 156 (GPR156), G protein-coupled receptor 158 (GPR158), G protein-coupled
receptor 179 (GPR179), G protein-coupled receptor, class C (GPRC5A), G protein-coupled receptor, class C (GPRC5B), G
protein-coupled receptor, class C (GPRC5C), G protein-coupled receptor, class C (GPRC5D), frizzled class receptor 1
(FZD1), frizzled class receptor 2 (FZD2), frizzled class receptor 3 (FZD3), frizzled class receptor 4 (FZD4), frizzled class
receptor 5 (FZD5), frizzled class receptor 6 (FZD6), frizzled class receptor 7 (FZD7), frizzled class receptor 8 (FZD8),
frizzled class receptor 9 (FZD9), frizzled class receptor 10 (FZD10), smoothened, frizzled class receptor (SMO),
complement component 3a receptor 1 (C3AR1), complement component 5a receptor 1 (C5AR1), complement component
5a receptor 2 (C5AR2), corticotropin releasing hormone receptor 1 (CRHR1), corticotropin releasing hormone receptor 2
(CRHR2), dopamine receptor D1 (DRD1), dopamine receptor D2 (DRD2), dopamine receptor D3 (DRD3), dopamine
receptor D4 (DRD4), dopamine receptor D5 (DRD5), endothelin receptor type A (EDNRA), endothelin receptor type B
(EDNRB), formyl peptide receptor 1 (FPR1), formyl peptide receptor 2 (FPR2), formyl peptide receptor 3 (FPR3), free
fatty acid receptor 1 (FFAR1), free fatty acid receptor 2 (FFAR2), free fatty acid receptor 3 (FFAR3), free fatty acid
receptor 4 (FFAR4), G protein-coupled receptor 42 (gene/pseudogene) (GPR42), gamma-aminobutyric acid (GABA) B
receptor, 1 (GABBR1), gamma-aminobutyric acid (GABA) B receptor, 2 (GABBR2), galanin receptor 1 (GALR1), galanin
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receptor 2 (GALR2), galanin receptor 3 (GALR3), growth hormone secretagogue receptor (GHSR), growth hormone
releasing hormone receptor (GHRHR), gastric inhibitory polypeptide receptor (GIPR), glucagon like peptide 1 receptor
(GLP1R), glucagon-like peptide 2 receptor (GLP2R), glucagon receptor (GCGR), secretin receptor (SCTR), follicle
stimulating hormone receptor (FSHR), luteinizing hormone/choriogonadotropin receptor (LHCGR), thyroid stimulating
hormone receptor (TSHR), gonadotropin releasing hormone receptor (GNRHR), gonadotropin releasing hormone
receptor 2 (pseudogene) (GNRHR2), G protein-coupled receptor 18 (GPR18), G protein-coupled receptor 55 (GPR55), G
protein-coupled receptor 119 (GPR119), G protein-coupled estrogen receptor 1 (GPER1), histamine receptor H1 (HRH1),
histamine receptor H2 (HRH2), histamine receptor H3 (HRH3), histamine receptor H4 (HRH4), hydroxycarboxylic acid
receptor 1 (HCAR1), hydroxycarboxylic acid receptor 2 (HCAR2), hydroxycarboxylic acid receptor 3 (HCAR3), KISS1
receptor (KISS1R), leukotriene B4 receptor (LTB4R), leukotriene B4 receptor 2 (LTB4R2), cysteinyl leukotriene receptor 1
(CYSLTR1), cysteinyl leukotriene receptor 2 (CYSLTR2), oxoeicosanoid (OXE) receptor 1 (OXER1), formyl peptide
receptor 2 (FPR2), lysophosphatidic acid receptor 1 (LPAR1), lysophosphatidic acid receptor 2 (LPAR2), lysophosphatidic
acid receptor 3 (LPAR3), lysophosphatidic acid receptor 4 (LPAR4), lysophosphatidic acid receptor 5 (LPARS),
lysophosphatidic acid receptor 6 (LPAR6), sphingosine-1-phosphate receptor 1 (S1PR1), sphingosine-1-phosphate
receptor 2 (S1PR2), sphingosine-1-phosphate receptor 3 (S1PR3), sphingosine-1-phosphate receptor 4 (S1PR4),
sphingosine-1-phosphate receptor 5 (S1PR5), melanin concentrating hormone receptor 1 (MCHR1), melanin
concentrating hormone receptor 2 (MCHR2), melanocortin 1 receptor (alpha melanocyte stimulating hormone receptor)
(MC1R), melanocortin 2 receptor (adrenocorticotropic hormone) (MC2R), melanocortin 3 receptor (MC3R), melanocortin
4 receptor (MC4R), melanocortin 5 receptor (MC5R), melatonin receptor 1A (MTNR1A), melatonin receptor 1B
(MTNR1B), glutamate receptor, metabotropic 1 (GRM1), glutamate receptor, metabotropic 2 (GRM2), glutamate
receptor, metabotropic 3 (GRM3), glutamate receptor, metabotropic 4 (GRM4), glutamate receptor, metabotropic 5
(GRMb), glutamate receptor, metabotropic 6 (GRM6), glutamate receptor, metabotropic 7 (GRM7), glutamate receptor,
metabotropic 8 (GRM8), motilin receptor (MLNR), neuromedin U receptor 1 (NMUR1), neuromedin U receptor 2
(NMUR2), neuropeptide FF receptor 1 (NPFFR1), neuropeptide FF receptor 2 (NPFFR2), neuropeptide S receptor 1
(NPSR1), neuropeptides B/W receptor 1 (NPBWR1), neuropeptides B/W receptor 2 (NPBWR2), neuropeptide Y receptor
Y1 (NPY1R), neuropeptide Y receptor Y2 (NPY2R), neuropeptide Y receptor Y4 (NPY4R), neuropeptide Y receptor Y5
(NPY5R), neuropeptide Y receptor Y6 (pseudogene) (NPY6R), neurotensin receptor 1 (high affinity) (NTSR1),
neurotensin receptor 2 (NTSR2), opioid receptor, delta 1 (OPRD1), opioid receptor, kappa 1 (OPRK1), opioid receptor,
mu 1 (OPRM1), opiate receptor-like 1 (OPRL1), hypocretin (orexin) receptor 1 (HCRTR1), hypocretin (orexin) receptor 2
(HCRTR2), G protein-coupled receptor 107 (GPR107), G protein-coupled receptor 137 (GPR137), olfactory receptor
family 51 subfamily E member 1 (OR51E1), transmembrane protein, adipocyte associated 1 (TPRA1), G protein-coupled
receptor 143 (GPR143), G protein-coupled receptor 157 (GPR157), oxoglutarate (alpha-ketoglutarate) receptor 1
(OXGR1), purinergic receptor P2Y (P2RY1), purinergic receptor P2Y (P2RY2), pyrimidinergic receptor P2Y (P2RY4),
pyrimidinergic receptor P2Y (P2RY6), purinergic receptor P2Y (P2RY11), purinergic receptor P2Y (P2RY12), purinergic
receptor P2Y (P2RY13), purinergic receptor P2Y (P2RY14), parathyroid hormone 1 receptor (PTH1R), parathyroid
hormone 2 receptor (PTH2R), platelet-activating factor receptor (PTAFR), prokineticin receptor 1 (PROKR1), prokineticin
receptor 2 (PROKR2), prolactin releasing hormone receptor (PRLHR), prostaglandin D2 receptor (DP) (PTGDR),
prostaglandin D2 receptor 2 (PTGDR2), prostaglandin E receptor 1 (PTGER1), prostaglandin E receptor 2 (PTGER2),
prostaglandin E receptor 3 (PTGER3), prostaglandin E receptor 4 (PTGER4), prostaglandin F receptor (PTGFR),
prostaglandin 12 (prostacyclin) receptor (IP) (PTGIR), thromboxane A2 receptor (TBXA2R), coagulation factor 11
thrombin receptor (F2R), F2R like trypsin receptor 1 (F2RL1), coagulation factor II thrombin receptor like 2 (F2RL2), F2R
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like thrombin/trypsin receptor 3 (F2RL3), pyroglutamylated RFamide peptide receptor (QRFPR), relaxin/insulin-like family
peptide receptor 1 (RXFP1), relaxin/insulin-like family peptide receptor 2 (RXFP2), relaxin/insulin-like family peptide
receptor 3 (RXFP3), relaxin/insulin-like family peptide receptor 4 (RXFP4), somatostatin receptor 1 (SSTR1), somatostatin
receptor 2 (SSTR2), somatostatin receptor 3 (SSTR3), somatostatin receptor 4 (SSTR4), somatostatin receptor 5
(SSTR5), succinate receptor 1 (SUCNR1), tachykinin receptor 1 (TACR1), tachykinin receptor 2 (TACR2), tachykinin
receptor 3 (TACR3), taste 1 receptor member 1 (TAS1R1), taste 1 receptor member 2 (TAS1R2), taste 1 receptor
member 3 (TAS1R3), taste 2 receptor member 1 (TAS2R1), taste 2 receptor member 3 (TAS2R3), taste 2 receptor
member 4 (TAS2R4), taste 2 receptor member 5 (TAS2R5), taste 2 receptor member 7 (TAS2R7), taste 2 receptor
member 8 (TAS2R8), taste 2 receptor member 9 (TAS2R9), taste 2 receptor member 10 (TAS2R10), taste 2 receptor
member 13 (TAS2R13), taste 2 receptor member 14 (TAS2R14), taste 2 receptor member 16 (TAS2R16), taste 2
receptor member 19 (TAS2R19), taste 2 receptor member 20 (TAS2R20), taste 2 receptor member 30 (TAS2R30), taste
2 receptor member 31 (TAS2R31), taste 2 receptor member 38 (TAS2R38), taste 2 receptor member 39 (TAS2R39),
taste 2 receptor member 40 (TAS2R40), taste 2 receptor member 41 (TAS2R41), taste 2 receptor member 42
(TAS2R42), taste 2 receptor member 43 (TAS2R43), taste 2 receptor member 45 (TAS2R45), taste 2 receptor member
46 (TAS2R46), taste 2 receptor member 50 (TAS2R50), taste 2 receptor member 60 (TAS2R60), thyrotropin-releasing
hormone receptor (TRHR), trace amine associated receptor 1 (TAAR1), urotensin 2 receptor (UTS2R), arginine
vasopressin receptor 1A (AVPR1A), arginine vasopressin receptor 1B (AVPR1B), arginine vasopressin receptor 2 (AVPR2),
oxytocin receptor (OXTR), adenylate cyclase activating polypeptide 1 (pituitary) receptor type I (ADCYAP1R1), vasoactive
intestinal peptide receptor 1 (VIPR1), vasoactive intestinal peptide receptor 2 (VIPR2), and any variant thereof. In some
embodiments, a transmembrane domain is or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47,
CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7,
TLRS8, TLR9, or VEGFR transmembrane domain.

[0153] Plasma membrane proteins can be attached to the peripheral membrane or can be integral membrane
proteins. See, for example, a review in Komath SS, Fujita M, Hart GW, et al. Glycosylphosphatidylinositol Anchors. In:
Varki A, Cummings RD, Esko 1D, et al., editors. Essentials of Glycobiology. 4th edition. Cold Spring Harbor (NY): Cold
Spring Harbor Laboratory Press; 2022. Chapter 12. GPI anchorage refers to the attachment of
glycosylphosphatidylinositol, or GPI, to the C-terminus of a protein during posttranslational modification. In some
embodiments, a heterologous membrane attachment sequence is a GPI anchor attachment sequence. Proteins that are
attached to GPI anchors via their C-terminus are typically found in the outer lipid bilayer. GPI anchors are alternatives to
the single transmembrane domain of type-I integral membrane proteins.

[0154] A heterologous GPI anchor attachment sequence can be derived from any known GPI-anchored
protein (reviewed in Ferguson MAJ, Kinoshita T, Hart GW. Glycosylphosphatidylinositol Anchors. In: Varki A, Cummings
RD, Esko ID, et al., editors. Essentials of Glycobiology. 2nd edition. Cold Spring Harbor (NY): Cold Spring Harbor
Laboratory Press; 2009. Chapter 11). In some embodiments, a heterologous GPI anchor attachment sequence is

a GPI anchor attachment sequence from CD14, CD16, CD48, DAF/CD55, CD59, CD80, CD87, or TRAIL-R3. In some
embodiments, a heterologous GPI anchor attachment sequence is derived from DAF/CD55. In some embodiments, a
heterologous GPI anchor attachment sequence is derived from CD59. In some embodiments, a

heterologous GPI anchor attachment sequence is derived from TRAIL-R3. In illustrative embodiments, a

heterologous GPI anchor attachment sequence is derived from DAF/CD55, CD59, or TRAIL-R3. In some embodiments,
one or both of the activation elements include a heterologous signal sequence to help direct expression of the activation
element to the cell membrane. Any signal sequence that is active in the packaging cell line can be used. In some
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embodiments, a signal sequence is a DAF/CD55 signal sequence. In some embodiments, a signal sequence is

a CD59 signal sequence. In some embodiments, a signal sequence is a TRAIL-R3 signal sequence.

[0155] In some embodiments, the engineered CD47 protein comprises one or more wild-type human CD47
transmembrane domains. In some embodiments, the wild-type domain has an amino acid sequence corresponding to
amino acids 142-162, 177-197, 208-228, 236-257, or 269-289 of SEQ ID NO:2.

[0156] In some embodiments, the engineered CD47 protein comprises one or more transmembrane domains
that are structurally equivalent to a wild-type human CD47 transmembrane domain. In some embodiments, the
engineered CD47 protein comprises one or more transmembrane domains having an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to amino acids 142-162, 177-197, 208-228, 236-257, or 269-
289 of SEQ ID NO:2.

[0157] In some embodiments, the human CD47 intracellular domain in the engineered CD47 protein is a wild-
type human CD47 intracellular domain. In some embodiments, the wild-type intracellular domain has an amino acid
sequence corresponding to amino acids 290-323 of SEQ ID NO:2.

[0158] In some embodiments, the human CD47 intracellular domain in the engineered CD47 protein is
structurally equivalent to a wild-type human CD47 intracellular domain. In some embodiments, the human CD47
intracellular domain in the engineered CD47 protein has an amino acid sequence with at least 80%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identity to amino acids 290-323 of SEQ ID NO:2.

[0159] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:7.
[0160] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:8.
[0161] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:9.
[0162] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:12.
[0163] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least

80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:10.

[0164] In some embodiments, the engineered CD47 protein comprises an amino acid sequence with at least
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid sequence set forth in SEQ ID NO:11.
[0165] In some embodiments, the engineered CD47 protein is a transmembrane protein. A transmembrane

protein is an integral membrane protein that spans the entirety of the cell membrane and has both intracellular and
extracellular portions. As used herein, “intracellular portion” can include the CD47 intracellular domain and the
intracellular connections, when present in the molecule. As used herein, “extracellular portion” can include the CD47
extracellular domain and the extracellular connections, when present in the molecule.

[0166] As used herein, a wild-type human CD47 extracellular domain refers to the extracellular domain of any
one of the wild-type human CD47 protein isoforms. A wild-type human CD47 transmembrane domain refers to a
transmembrane domain of any one of the wild-type human CD47 protein isoforms. A wild-type human CD47 intracellular
domain refers to the intracellular domain of any one of the wild-type human CD47 protein isoforms.

[0167] In some embodiments, the engineered CD47 protein is an engineered human CD47 protein, an
engineered humanized CD47 protein, or an engineered partially-humanized CD47 protein.
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[0168] As used herein, “humanized” or “humanization” means that the amino acid sequence of the
engineered CD47 protein is modified to reduce its immunogenicity in humans. As used herein, “partially-humanized” or
“partial humanization” means that a portion of the amino acid sequence of the engineered CD47 protein is modified to
reduce the engineered CD47 protein’s immunogenicity in humans. For example, in some embodiments, the extracellular
domain of the engineered CD47 protein is modified to reduce the engineered CD47 protein’s immunogenicity in humans.
Humanization is usually achieved by modifying a protein sequence from a non-human source to increase its similarity to
its counterpart protein produced naturally in humans. Two major approaches have been used to humanize proteins:
rational design and empirical methods. The rational design methods are characterized by protein structural modeling,
generating a few variants of the protein and assessing their binding or any other property of interest. In contrast to the
rational design methods, empirical methods do not require the structure information of the protein. They depend on the
generation of large combinatorial libraries and selection of the desired variants by enrichment technologies such as
phage, ribosome or yeast display, or by high throughput screening techniques. These methods rest on selection rather
than making assumptions on the impact of mutations on the protein structure. For example, in some embodiments,
humanization of the engineered CD47 protein comprises grafting the SIRP« binding region in the engineered CD47
protein onto a human CD47 protein. In other embodiments, humanization of the engineered CD47 protein comprises
introducing one or more point mutations in the engineered CD47 protein so that one or more residue(s) in the
engineered CD47 protein is substituted with the corresponding residue in a human CD47 protein.

[0169] In some embodiments, an engineered protein of the present disclosure comprises a SIRPa interaction
motif comprising a SIRPa antibody. In some embodiments, a SIRPa antibody is selected from the antibodies listed in
Table 3 of Int'l App. No. PCT/US2023/013364 incorporated herein by reference in its entirety.

Glycosylation

[0170] The human CD47 protein is glycosylated. Protein glycosylation involves the covalent attachment of
glycans (also called carbohydrates, saccharides, or sugars) to a protein. Based on the amino acid side-chain atoms to
which glycans are linked, most protein glycosylations fall within two categories: N-linked glycosylation and O-linked
glycosylation. In N-linked glycosylation, glycans are attached to the side-chain nitrogen atoms of asparagine residues in
a conserved consensus sequence Asn-Xaa-Ser/Thr (Xaa # Pro), whereas in O-linked glycosylation, glycans are attached
to the side-chain oxygen atoms of hydroxyl amino acids, primarily serine and threonine residues.

[0171] The IgV domain of wild type human CD47 protein is N-glycosylated and modified with O-linked
glycosaminoglycans. The human CD47 protein can be expressed as a proteoglycan with a molecular weight of >250kDa,
having both heparan and chondroitin sulfate glycosaminoglycan (GAG) chains at Ser®* and Ser”® (Kaur et al., J. Biological
Chemistry, 2011). Heparan sulfate (HSGAG) and chondroitin sulfate (CSGAG) are synthesized in the Golgi apparatus,
where protein cores made in the rough endoplasmic reticulum are post-translationally modified with O-linked
glycosylation by glycosyltransferases forming proteoglycans. In addition, N-linked glycosylation has been identified at
four of the five potential modification sites (N6, N2, N55, and N) in the human CD47 protein (Hatherley et al., Cell,
2008). The numbering of amino acid in this paragraph is based on SEQ ID NO 3 (i.e., mature, full length, wild type
CD47).

[0172] In some embodiments, the engineered CD47 protein comprises fewer glycosylation modification sites
than a wild-type human CD47 protein. A glycosylation modification site refers to a sequence of consecutive amino acids

in a protein that can serve as the attachment site for a glycan. Glycosylation modification sites are also called sequons.
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In some embodiments, one or more amino acid(s) within the glycosaminoglycan modification site of a wild-type human
CD47 protein is deleted or substituted in the engineered CD47 protein. In some embodiments, the engineered CD47
protein has 0, 1, 2, 3, 4, 5, or 6 glycosylation site(s).

[0173] In some embodiments, the engineered CD47 protein comprises fewer glycosylation modifications than
a wild-type human CD47 protein. The glycosylation modifications include, but are not limited to, N-glycosylation, O
glycosylation, phosphoserine glycosylation, and C-glycosylation. In some embodiments, the engineered CD47 protein has
0, 1, 2, 3, 4, or 5 glycosylation modification(s).

[0174] In some embodiments, the engineered CD47 protein comprises fewer glycosaminoglycan modification
sites than a wild-type human CD47 protein. A glycosaminoglycan modification site refers to a sequence of consecutive
amino acids in a protein that can serve as the attachment site for a glycosaminoglycan. In some embodiments, one or
more amino acid(s) within the glycosaminoglycan modification site of a wild-type human CD47 protein is deleted or
substituted in the engineered CD47 protein. In some embodiments, the engineered CD47 protein has 0 or 1
glycosaminoglycan modification site.

[0175] In some embodiments, the engineered CD47 protein comprises fewer glycosaminoglycan chains than a
wild-type human CD47 protein. Glycosaminoglycan chains include, but are not limited to, heparan sulfate (HSGAG),
chondroitin sulfate (CSGAG), keratan sulfate, and hyaluronic acid. In some embodiments, the engineered CD47 protein
has 0 or 1 glycosaminoglycan side chain.

[0176] In some embodiments, the engineered CD47 protein comprises fewer than two heparan and/or
chondroitin sulfate glycosaminoglycan modification sites. In some embodiments, one or more amino acid(s) within the
glycosaminoglycan modification sites of a wild-type human CD47 protein is deleted or substituted in the engineered
CD47 protein. In some embodiments, the engineered CD47 protein comprises one heparan and/or chondroitin sulfate
glycosaminoglycan modification site. In some embodiments, the engineered CD47 protein comprises no heparan and/or
chondroitin sulfate glycosaminoglycan modification sites.

[0177] In some embodiments, the engineered CD47 protein comprises fewer than two heparan and/or
chondroitin sulfate glycosaminoglycan chains. In some embodiments, the engineered CD47 protein has 0 or 1 heparan
and/or chondroitin sulfate glycosaminoglycan chains.

[0178] In some embodiments, the engineered CD47 protein comprises fewer N-linked glycosylation sites than
a wild-type human CD47 protein. An N-linked glycosylation site is a sequence of consecutive amino acids in a protein
that can serve as the attachment site for a saccharide, particularly an N-glycan. In some embodiments, the engineered
CD47 protein has 0, 1, 2, 3, or 4 N-linked glycosylation site(s).

[0179] In some embodiments, the engineered CD47 protein comprises fewer N-linked glycosylation
modifications than a wild-type human CD47 protein. In some embodiments, the engineered CD47 protein has 0, 1, 2, or
3 N-linked glycosylation modification(s).

Biological Activity of Engineered CD47 protein

[0180] In some embodiments the engineered CD47 protein is functionally equivalent to a wild-type human
CD47 protein. As used herein, “functionally equivalent” refers to having at least one type of biological activity of a wild-
type human CD47 protein. The types of biological activity of a wild-type human CD47 protein include, but are not limited
to, the ability to interact with TSP-1, integrins, another CD47 protein, or SIRPa. Preferably, the engineered CD47 protein
can bind to SIRPa.
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Interaction with TSP-1

[0181] A major secreted ligand for CD47 is thrombospondin-1 (TSP-1). TSP-1 is a homotrimeric glycoprotein,
and its C-terminal domain mediates binding to CD47 (Isenberg et al., 2009). At least two additional members of the
thrombospondin family bind to CD47, albeit with lower affinity. TSP-1 is the prototypic member of the thrombospondin
family of extracellular matrix glycoproteins, which are implicated in regulating cell motility, proliferation, and
differentiation. The extracellular IgV domain of CD47 is a receptor for the C-terminal cell-binding domain (CBD) of TSP-1.
Mutagenesis studies established that heparan sulfate modification of CD47 is required for high affinity interaction of TSP-
1 with CD47 (Kaur et al., 2011).

[0182] In some embodiments, the engineered CD47 protein lacks one or more thrombospondin-1 binding
site(s) compared to a wild-type human CD47 protein. In some embodiments, one or more amino acid(s) within the TSP-
1 site of a wild-type human CD47 protein is deleted or substituted in the engineered CD47 protein. In some
embodiments, the engineered CD47 protein lacking one or more TSP-1 binding sites is not glycosylated by one or more
heparan sulfate.

[0183] In some embodiments, the engineered CD47 protein binds to TSP-1 with lower affinity compared to a
wild-type human CD47 protein. In some embodiments, the engineered CD47 protein binds to TSP-1 with a Kp higher
than about 0.1 pM, 0.2 M, 0.3 pM, 0.4 pM, 0.5 pM, 0.6 pM, 0.7 pM, 0.8 pM, 0.9 pM, 1 pM, 2 pM, 3 M, 4 pM, 5 M, 6
HM, 7 uM, 8 uM, 9 uM, 10 pM, 20 uM, 30 pM, 40 pM, 50 pM, 60 pM, 70 pM, 80 uM, 90 uM, 100 pM. In some

embodiments, the engineered CD47 protein cannot bind to TSP-1.

Interaction with integrins

[0184] Early studies of CD47 were based on the use of monoclonal antibodies (mAbs) raised against the CD47
protein purified from placenta. These studies showed a role of CD47 in enhancing the IgG-mediated phagocytosis
response in the presence of RGD-containing ligands, such as fibronectin, fibrinogen, vitronectin, or collagen type IV. The
same mAbs were also found to block neutrophil transendothelial migration stimulated by interleukin 8 (IL-8) or the
bacterial peptide N-formyl-methionyl-leucyl-phenylalanine (f-Met-Leu-Phe) and to inhibit neutrophil migration across
tumor-necrosis-factor-a- (TNFa-) stimulated endothelial cells. These studies revealed that CD47 on both the neutrophils
and the endothelial cells was important. Generation of other anti-CD47mAbs, raised against epithelial membrane
preparations, showed that CD47 is present at the basolateral membrane of epithelial cell monolayers, that mAbs blocking
CD47 on either neutrophils or the epithelial cells delay neutrophil trans-epithelial migration, and that efficient neutrophil
chemotaxis correlates with an increased neutrophil cell surface expression of CD47. The basement membrane protein
entactin, which contains an RGD sequence, was also found to stimulate neutrophil adhesion and chemotaxis in a CD47-
dependent manner in vitro. Generation of CD47-deficient mice further proved the importance of this protein in regulating
neutrophil inflammatory responses, by showing an increased sensitivity to bacterial infection due to a delayed neutrophil
accumulation in bacterial peritonitis. CD47-deficient neutrophils also show a strongly impaired RGD-stimulated neutrophil
adhesion, phagocytosis, and respiratory burst. For a,; integrin-mediated cellular responses to the extracellular matrix
protein vitronectin, CD47 was found to be required for a.f3-mediated binding to vitronectin-coated beads, but not a.f3-
mediated adhesion to vitronectin-coated surfaces. In addition to its original association with a3 integrins, CD47 has also
been shown to interact with and regulate the integrins a,B:1 and all,Bs on platelets, the a2B; integrin on smooth muscle
cells, the asB; integrin on sickle red blood cells and B lymphocytes, the a¢Bi integrin in microglia, and the as integrin in

chondrocytes.
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[0185] In some embodiments, the engineered CD47 protein lacks one or more integrin binding site(s)
compared to a wild-type human CD47 protein. In some embodiments, one or more amino acid(s) within the integrin
binding site of a wild-type human CD47 protein is deleted or substituted in the engineered CD47 protein.

[0186] In some embodiments, the engineered CD47 protein binds to integrin with lower affinity compared to
a wild-type human CD47 protein. In some embodiments, the engineered CD47 protein binds to integrin with a Kp higher
than about 0.1 uM, 0.2 uM, 0.3 uM, 0.4 uM, 0.5 pM, 0.6 pM, 0.7 pM, 0.8 M, 0.9 uM, 1 M, 2 uM, 3 M, 4 uM, 5 uM, 6
UM, 7 uM, 8 uM, S pM, 10 pM, 20 puM, 30 pM, 40 pM, 50 puM, 60 pM, 70 pM, 80 pM, 90 puM, 100 uM. In some
embodiments, the engineered CD47 protein cannot bind to integrin.

[0187] In some embodiments, the integrin is selected from the group consisting of a,; integrin, all,Bs

integrin, a;B1 integrin, a4B: integrin, asB: integrin, and «as integrin.
Interaction with SIRP proteins

[0188] The signal regulator protein (SIRP) family contains three members, and of these SIRPa and SIRPy are
known CD47 receptors. SIRP proteins belong to the Ig family of cell surface glycoproteins, and the first member
identified was SIRPa (also known as SHPS-1, CD172a, BIT, MFR, or P84). SIRPa is highly expressed in myeloid cells and
neurons, but also in endothelial cells and fibroblasts, and has three extracellular Ig-like domains, one distal IgV-like
domain, and two membrane proximal IgC-like domains. In addition, an alternatively spliced form having only one IgV
domain has also been reported. In its intracellular tail, SIRPa has two immunoreceptor tyrosine-based inhibitory motifs
(ITIMs), which when phosphorylated, can bind the Src homology 2 (SH2) domain-containing protein-tyrosine
phosphatases SHP-1 and SHP-2. Additional cytoplasmic binding partners for SIRPa are the adaptor molecules Src kinase-
associated protein of 55 kDa homolog/SKAP2 (SKAP55hom/R), Fyn-binding protein/SLP-76-associated phosphoprotein of
130 kDa (FYB/SLAP-130), and the tyrosine kinase PYK2. SIRPa is also a substrate for the kinase activity of the insulin,
EGF, and bPDGF receptors. The overexpression of SIRPa in fibroblasts decreases proliferation and other downstream
events in response to insulin, EGF, and bPDGF. Since SIRPa is also constitutively associated with the M-CSF receptor c-
fms, SIRPa overexpression partially reverses the v-fms phenotype.

[0189] CD47 is a ligand for SIRPa. The glycosylation of CD47 or SIRPa does not seem to be necessary for
their interaction, but the level of N-glycosylation of SIRPa has an impact on the interaction, such that over glycosylation
reduces the binding of CD47. The long-range disulfide bond between Cys® in the CD47 IgV domain and Cys?® in the
CD47 transmembrane domain is also important to establish an orientation of the CD47 IgV domain that enhances its
binding to SIRPa. The numbering of amino acids is based on SEQ ID NO:3 in this paragraph (i.e., the mature, wild-type,
full-length CD47 protein).

[0190] The structure of CD47 and the CD47/SIRPa complex have been revealed (Hatherley et al., 2008). Two
B-strands, corresponding to amino acids 92-100 and 103-113 of SEQ ID NO:3, were identified to be at the core of the
CD47/SIRPa interaction. Amino acids 97 (Glu), 99 (Thr), 100 (Glu), 103 (Arg), 104 (Glu), and 106 (Glu) of SEQ ID NO:3
were identified as contact residues in the CD47/SIRPa interaction and play a role in CD47’s binding affinity for SIRPa
(Hatherley et al., 2008). In preferred embodiments, the two B-strands and the six contact residues within them are
retained in the engineered CD47 proteins disclosed herein to maintain SIRPa binding capability.

[0191] In some embodiments, the engineered CD47 protein comprises at least one SIRPa interaction motif in
its extracellular domain. In some embodiments, the amino acids corresponding to amino acids 97, 99, 100, 103, 104,
106 of SEQ ID NO:3 are retained in the engineered CD47 protein. In some embodiments, the two (-strands are retained

in the engineered CD47 protein.
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[0192] In some embodiments, the engineered CD47 protein comprises a disulfide bond between a cysteine
within the human CD47 extracellular domain or portion thereof and a cysteine within or between the human CD47
transmembrane domain(s). In some embodiments, the two cysteines are Cys33 in the extracellular domain and the Cys263
in the transmembrane domain, wherein the numbering is based on SEQ ID NO:3.

[0193] In some embodiments, the engineered CD47 protein can bind to SIRPa. In some embodiments, the
engineered CD47 protein can bind to SIRPa with a binding affinity that is similar to a wild-type human CD47 protein. In
some embodiments, the engineered CD47 protein binds to SIRPa with a Kp lower than about 0.01 pM, 0.02 uM, 0.03 pM,
0.04 pM, 0.05 pM, 0.06 uM, 0.07 pM, 0.08 uM, 0.09 pM, 0.1 pM, 0.2 uM, 0.3 pM, 0.4 pM, 0.5 uM, 0.6 uM, 0.7 uM, 0.8
KM, 0.9 uM, 1 M, 2 uM, 3 uM, 4 pM, 5 pM. In some embodiments, the engineered CD47 protein can bind to SIRPa with
a higher binding affinity than a wild-type human CD47 protein.

[0194] Direct binding studies demonstrate that TSP-1 inhibits SIRPa binding to cells expressing CD47
(Isenberg et al., 2009). This data is consistent with competitive binding of TSP-1 and SIRPa to a single site on CD47,
steric inhibition of binding to distinct but proximal sites, or allosteric inhibition. Glycosylation at Ser® with a heparan
sulfate chain is necessary for TSP-1 binding but not SIRPa binding (Soto-Pantoja et al., 2015). Therefore, in some
embodiments, the engineered CD47 protein that lacks glycosylation at Ser® has enhanced SIRPa binding capacity
because TSP-1 binding is hindered.

[0195] The CD47/SIRPa interaction regulates a multitude of intercellular interactions in many body systems,
such as the immune system where it regulates lymphocyte homeostasis, dendritic cell (DC) maturation and activation,
proper localization of certain DC subsets in secondary lymphoid organs, and cellular transmigration. The CD47/SIRPa
interaction also regulates cells of the nervous system. An interaction between these two proteins also plays an important
role in bone remodeling. Cellular responses regulated by the CD47/SIRPa interaction are often dependent on a
bidirectional signaling through both receptors.

[0196] CD47 on host cells can function as a “marker of self” and regulate phagocytosis by binding to SIRPa
on the surface of circulating immune cells to deliver an inhibitory “don't kill me” signal. As disclosed above, SIRPa
encodes an Ig-superfamily receptor expressed on the surface of macrophages and dendritic cells, whose cytoplasmic
region contains immunoreceptor tyrosine-based inhibition motifs (ITIMs) that can trigger a cascade to inhibit
phagocytosis. CD47-SIRPa binding results in phosphorylation of ITIMs on SIRPa, which triggers recruitment of the SHP1
and SHP2 Src homology phosphatases. These phosphatases, in turn, inhibit accumulation of myosin II at the phagocytic
synapse, preventing phagocytosis (Fujioka et al., 1996). Phagocytosis of target cells by macrophages is ultimately
regulated by a balance of activating signals (FcyR, CRT, LRP-1) and inhibitory signals (SIRPa-CD47). Elevated expression
of CD47 can help the cell evade immune surveillance and subsequent destruction. Elevated expression of CD47 can help
the cell evade innate immune cell killing.

[0197] In some embodiments, the engineered CD47 protein is a tolerogenic factor. As used herein,
tolerogenic factor is an agent that induces immune tolerance when there is pathological or undesirable activation of the
normal immune response. This can occur, for example, when a patient develops an immune reaction to donor antigens
after receiving an allogeneic transplantation or an allogeneic cell therapy, or when the body responds inappropriately to
self-antigens implicated in autoimmune diseases. In some embodiments, "tolerogenic factor" includes hypoimmunity
factors, complement inhibitors, and other factors that modulate or affect the ability of a cell to be recognized by the
immune system of a host or recipient subject upon administration, transplantation, or engraftment. In some
embodiments, the tolerogenic factor is genetically modified to achieve additional functions.
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[0198] In some embodiments, the engineered CD47 protein can inhibit phagocytosis, release of cytotoxic

agents, and/or other mechanisms of cell-mediated killing.

Interactions between CD47 molecules

[0199] It has also been shown that CD47 mediates cell adhesion interactions in the absence of any known
CD47 ligands. This cell-cell adhesion, which requires CD47 but not any of its known ligands, suggests that homotypic
binding can also occur between the IgV domains of CD47 on opposing cells (Rebres et al., 2005). This interaction may
require an unidentified trypsin-sensitive protein (X) to mediate cell-cell adhesion, but the potential should be considered
that this cell-cell interaction and homotypic binding of proteolytically shed CD47 IgV domain (Maile et al., 2010) or CD47
in exosomes (Kaur et al., 2014) to cell surface CD47 could elicit CD47 signal transduction. However, direct evidence for
CD47-CD47 binding and signaling resulting from homotypic CD47 binding is lacking. In some embodiments, the

engineered CD47 protein cannot interact with another CD47 molecule.

III. Polynucleotides

[0200] In another aspect, the present disclosure provides a polynucleotide encoding the engineered CD47
protein disclosed herein.

[0201] A polynucleotide encoding the engineered CD47 protein disclosed herein can be obtained by methods
known in the art. For example, the polynucleotide can be obtained from cloned DNA (e.g., from a DNA library), by
chemical synthesis, by cDNA cloning, or by the cloning of genomic DNA or fragments thereof, purified from the desired
cell. When the polynucleotides are produced by recombinant means, any method known to those skilled in the art for
identification of nucleic acids that encode desired genes can be used. Any method available in the art can be used to
obtain a full length (i.e. encompassing the entire coding region) cDNA or genomic DNA encoding a desired human CD47
protein, such as from a cell or tissue source. Modified or variant polynucleotides, including truncated forms of CD47 such
as provided herein, can be engineered from a wildtype polynucleotide using standard recombinant DNA methods.
Polynucleotides can be cloned or isolated using any available methods known in the art for cloning and isolating nucleic
acid molecules. Such methods include PCR amplification of nucleic acids and screening of libraries, including nucleic acid
hybridization screening, antibody-based screening, and activity-based screening.

[0202] Methods for amplification of polynucleotides can be used to isolate polynucleotides encoding a desired
protein, including for example, polymerase chain reaction (PCR) methods. PCR can be carried out using any known
methods or procedures in the art. Exemplary methods include use of a Perkin-Elmer Cetus thermal cycler and Taq
polymerase (Gene Amp). A nucleic acid containing gene of interest can be used as a source material from which a
desired polypeptide-encoding nucleic acid molecule can be amplified. For example, DNA and mRNA preparations, cell
extracts, tissue extracts from an appropriate source (e.g. testis, prostate, breast), fluid samples (e.g. blood, serum,
saliva), samples from healthy and/or diseased subjects can be used in amplification methods. The source can be from
any eukaryotic species including, but not limited to, vertebrate, mammalian, human, porcine, bovine, feline, avian,
equine, canine, and other primate sources. Nucleic acid libraries also can be used as a source material. Primers can be
designed to amplify a desired polynucleotide. For example, primers can be designed based on expressed sequences from
which a desired polynucleotide is generated. Primers can be designed based on back-translation of a polypeptide amino
acid sequence. If desired, degenerate primers can be used for amplification. Oligonucleotide primers that hybridize to

sequences at the 3" and 5’ termini of the desired sequence can be uses as primers to amplify by PCR from a nucleic acid

31



WO 2025/043172 PCT/US2024/043615

sample. Primers can be used to amplify the entire full-length polynucleotide, or a truncated sequence thereof. Nucleic

acid molecules generated by amplification can be sequenced and confirmed to encode a desired polypeptide.

Iv. Vectors

[0203] In another aspect, the present disclosure provides a vector comprising a polynucleotide that encodes
the engineered CD47 protein disclosed herein.

[0204] Any methods known to those skilled in the art for the insertion of DNA fragments into a vector can be
used to construct expression vectors comprising a polynucleotide disclosed herein. These methods can include in vitro
recombinant DNA and synthetic techniques and in vivo (genetic) recombination. The polynucleotide disclosed herein can
be operably linked to control sequences in the expression vector(s) to ensure the expression of the engineered CD47
protein. Such control sequences may include, but are not limited to, leader or signal sequences, promoters (e.g.,
naturally associated or heterologous promoters), ribosomal binding sites, enhancer or activator elements, translational
start and termination sequences, and transcription start and termination sequences, and are chosen to be compatible
with the host cell chosen to express the engineered CD47 protein. Constitutive or inducible promoters as known in the
art are also contemplated. The promoters may be either naturally occurring promoters, hybrid promoters that combine
elements of more than one promoter, or synthetic promoters. An expression construct may be present in a cell on an
episome, such as a plasmid, or the expression construct may be inserted in a chromosome such as in a gene locus. In
some embodiment, the expression vector includes a selectable marker gene to allow the selection of transformed host
cells. Some embodiments, include an expression vector comprising a nucleotide sequence encoding a variant
polypeptide operably linked to at least one regulatory control sequence. Regulatory control sequence for use herein
include promoters, enhancers, and other expression control elements. In some embodiments, an expression vector is
designed for the choice of the host cell to be transformed, the particular variant polypeptide desired to be expressed, the
vector's copy number, the ability to control that copy number, and/or the expression of any other protein encoded by the
vector, such as antibiotic markers.

[0205] Examples of suitable mammalian promoters include, for example, promoters from the following genes:
elongation factor 1 alpha (EF1a) promoter, CAG promoter, ubiquitin/S27a promoter of the hamster (WO 97/15664),
Simian vacuolating virus 40 (SV40) early promoter, adenovirus major late promoter, mouse metallothionein-I promoter,
the long terminal repeat region of Rous Sarcoma Virus (RSV), mouse mammary tumor virus promoter (MMTV), Moloney
murine leukemia virus Long Terminal repeat region, and the early promoter of human Cytomegalovirus (CMV).
Examples of other heterologous mammalian promoters are the actin, immunoglobulin or heat shock promoter(s). In
additional embodiments, promoters for use in mammalian host cells can be obtained from the genomes of viruses such
as polyoma virus, fowlpox virus (UK 2,211,504 published 5 Jul. 1989), bovine papilloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (SV40). In further embodiments, heterologous
mammalian promoters are used. Examples include the actin promoter, an immunoglobulin promoter, and heat-shock
promoters. The early and late promoters of SV40 are conveniently obtained as an SV40 restriction fragment which also
contains the SV40 viral origin of replication (Fiers et al., Nature 273: 113-120 (1978)). The immediate early promoter of
the human cytomegalovirus is conveniently obtained as a HindIII restriction enzyme fragment (Greenaway et al., Gene

18: 355-360 (1982)). The foregoing references are incorporated by reference in their entirety.
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[0206] In some embodiments, the vector is a pseudotyped, self-inactivating lentiviral vector that carries the
exogenous polynucleotide. In some embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with a
vesicular stomatitis VSV-G envelope, and which carries the exogenous polynucleotide.

[0207] The vector can include, but is not limited to, viral vectors and plasmid DNA. Viral vectors can include,
but are not limited to, adenoviral vectors, lentiviral vectors, retroviral vectors, and adeno-associated viral vectors.
Commonly, expression vectors contain selection markers such as ampicillin-resistance, hygromycin-resistance,
tetracycline resistance, kanamycin resistance, or neomycin resistance to permit detection of those cells transformed with
the desired DNA sequences. Suitable vectors, promoter, and enhancer elements are known in the art; many are
commercially available for generating subject recombinant constructs. In some embodiments, the vector is a
polycistronic vector. In some embodiments, the vector is a bicistronic vector or a tricistronic vector. Bicistronic or
multicistronic expression vectors may include (1) multiple promoters fused to each of the open reading frames; (2)
insertion of splicing signals between genes; (3) fusion of genes whose expressions are driven by a single promoter; and
(4) insertion of proteolytic cleavage sites between genes (self-cleavage peptide) or insertion of internal ribosomal entry
sites (IRESs) between genes.

[0208] A polycistronic vector is used to co-express multiple genes in the same cell. Two strategies are most
commonly used to construct a multicistronic vector. First, an Internal Ribosome Entry Site (IRES) element is typically
used for bi-cistronic vectors. The IRES element, acting as another ribosome recruitment site, allows initiation of
translation from an internal region of the mRNA. Thus, two proteins are translated from one mRNA. IRES elements are
quite large (usually 500-600 bp) (Pelletier et al., 1988; Jang et al., 1988). The engineered CD47 proteins disclosed
herein have a smaller size compared to the wild-type full-length human CD47, and thus could be used with IRES element
in a multicistronic vectors having limited packaging capacity.

[0209] The second strategy relies on “self-cleaving” 2A peptides. These peptides, first discovered in
picornaviruses, are short (about 20 amino acids) and produce equimolar levels of multiple genes from the same mRNA.
The term "self-cleaving" is not entirely accurate, as these peptides are thought to function by making the ribosome skip
the synthesis of a peptide bond at the C-terminus of a 2A element, leading to separation between the end of the 2A
sequence and the next peptide downstream (Kim et al., 2011). The "cleavage" occurs between the glycine and proline
residues found on the C-terminus. Thus, the upstream cistron will have a few additional residues added to the end, while
the downstream cistron will start with the proline.

[0210] In some embodiments, the polycistronic vectors used in the context of this disclosure are the
polycistronic vectors described in US applications 63/270,956 and 63/222,954.

[0211] In some embodiments, the vector herein is a nucleic acid molecule capable of transferring or
transporting another nucleic acid molecule, including into the cell or into the genome of a cell. The transferred nucleic
acid is generally linked to, e.g., inserted into, the vector nucleic acid molecule. A vector may include sequences that
direct autonomous replication in a cell or may include sequences sufficient to allow integration into host cell DNA. Useful
vectors include, for example, plasmids (e.g., DNA plasmids or RNA plasmids), transposons, cosmids, bacterial artificial
chromosomes, and viral vectors. Useful viral vectors include, e.g., replication defective retroviruses and lentiviruses. Non-
viral vectors may require a delivery vehicle to facilitate entry of the nucleic acid molecule into a cell.

[0212] A viral vector can comprise a nucleic acid molecule that includes virus-derived nucleic acid elements
that typically facilitate transfer of the nucleic acid molecule or integration into the genome of a cell or to a viral particle
that mediates nucleic acid transfer. Viral particles will typically include various viral components and sometimes also host
cell components in addition to nucleic acid(s). A viral vector can comprise, e.g., a virus or viral particle capable of
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transferring a nucleic acid into a cell, or to the transferred nucleic acid (e.g., as naked DNA). Viral vectors and transfer
plasmids can comprise structural and/or functional genetic elements that are primarily derived from a virus. A retroviral
vector can comprise a viral vector or plasmid containing structural and functional genetic elements, or portions thereof,
that are primarily derived from a retrovirus.

[0213] In some vectors described herein, at least part of one or more protein coding regions that contribute
to or are essential for replication may be absent compared to the corresponding wild-type virus. This makes the viral
vector replication-defective. In some embodiments, the vector is capable of transducing a target non-dividing host cell
and/or integrating its genome into a host genome.

[0214] In some embodiments, the retroviral nucleic acid comprises one or more of (e.g., all of): a 5' promoter
(e.g., to control expression of the entire packaged RNA), a 5’ LTR (e.g., that includes R (polyadenylation tail signal)
and/or U5 which includes a primer activation signal), a primer binding site, a psi packaging signal, a RRE element for
nuclear export, a promoter directly upstream of the transgene to control transgene expression, a transgene (or other
exogenous agent element), a polypurine tract, and a 3’ LTR (e.g., that includes a mutated U3, a R, and U5). In some
embodiments, the retroviral nucleic acid further comprises one or more of a cPPT, a WPRE, and/or an insulator element
(e.g., as described in Browning et al., “Insulators to Improve the Safety of Retroviral Vectors for HIV Gene Therapy,”
Biomedicines, 4(1):4 (2016)).

[0215] A retrovirus typically replicates by reverse transcription of its genomic RNA into a linear double-
stranded DNA copy and subsequently covalently integrates its genomic DNA into a host genome. The structure of a wild-
type retrovirus genome often comprises a 5' long terminal repeat (LTR) and a 3' LTR, between or within which are
located a packaging signal to enable the genome to be packaged, a primer binding site, integration sites to enable
integration into a host cell genome and gag, pol and env genes encoding the packaging components which promote the
assembly of viral particles. More complex retroviruses have additional features, such as rev and RRE sequences in HIV,
which enable the efficient export of RNA transcripts of the integrated provirus from the nucleus to the cytoplasm of an
infected target cell. In the provirus, the viral genes are flanked at both ends by regions called long terminal repeats
(LTRs). The LTRs are involved in proviral integration and transcription. LTRs also serve as enhancer-promoter sequences
and can control the expression of the viral genes. Encapsidation of the retroviral RNAs occurs by virtue of a psi sequence
located at the 5' end of the viral genome.

[0216] The LTRs themselves are typically similar (e.g., identical) sequences that can be divided into three
elements, which are called U3, R and U5. U3 is derived from the sequence unique to the 3' end of the RNA. R is derived
from a sequence repeated at both ends of the RNA and U5 is derived from the sequence unique to the 5' end of the
RNA. The sizes of the three elements can vary considerably among different retroviruses.

[0217] For the viral genome, the site of transcription initiation is typically at the boundary between U3 and R
in one LTR and the site of poly (A) addition (termination) is at the boundary between R and U5 in the other LTR. U3
contains most of the transcriptional control elements of the provirus, which include the promoter and multiple enhancer
sequences responsive to cellular and in some cases, viral transcriptional activator proteins. Some retroviruses comprise
any one or more of the following genes that code for proteins that are involved in the regulation of gene expression: tot,
rev, tax and rex.

[0218] With regard to the structural genes gag, pol and env themselves, gag encodes the internal structural
protein of the virus. Gag protein is proteolytically processed into the mature proteins MA (matrix), CA (capsid) and NC
(nucleocapsid). The pol gene encodes the reverse transcriptase (RT), which contains DNA polymerase, associated RNase
H and integrase (IN), which mediate replication of the genome. The env gene encodes the surface (SU) glycoprotein and
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the transmembrane (TM) protein of the virion, which form a complex that interacts specifically with cellular receptor
proteins. This interaction promotes infection, e.g., by fusion of the viral membrane with the cell membrane.

[0219] In a replication-defective retroviral vector genome gag, pol and env may be absent or not functional.
The R regions at both ends of the RNA are typically repeated sequences. U5 and U3 represent unique sequences at the
5" and 3' ends of the RNA genome respectively. Retroviruses may also contain additional genes which code for proteins
other than gag, pol and env. Examples of additional genes include (in HIV), one or more of vif, vpr, vpx, vpu, tat, rev
and nef. EIAV has (amongst others) the additional gene S2.

[0220] Tllustrative retroviruses suitable for use in particular embodiments, include, but are not limited to:
Moloney murine leukemia virus (M-MuLV), Moloney murine sarcoma virus(MoMSV), Harvey murine sarcoma virus
(HaMuSV), murine mammary tumor virus (MuMTV), gibbon ape leukemia virus (GaLV), feline leukemia virus (FLV),
spumavirus, Friend murine leukemia virus, Murine Stem Cell Virus (MSCV) and Rous Sarcoma Virus (RSV) and human
immunodeficiency virus (HIV).

[0221] In some embodiments the retrovirus is a Gammretrovirus. In some embodiments the retrovirus is an
Epsilonretrovirus. In some embodiments the retrovirus is an Alpharetrovirus. In some embodiments the retrovirus is a
Betaretrovirus. In some embodiments the retrovirus is a Deltaretrovirus. In some embodiments the retrovirus is a
Spumaretrovirus. In some embodiments the retrovirus is an endogenous retrovirus. In some embodiments the retrovirus
is a lentivirus.

[0222] In some embodiments, a retroviral or lentivirus vector further comprises one or more insulator
elements, e.g., an insulator element described in Browning et al., “Insulators to Improve the Safety of Retroviral Vectors
for HIV Gene Therapy,” Biomedicines, 4(1):4 (2016). In various embodiments, the vectors comprise a promoter operably
linked to a polynucleotide encoding an exogenous agent. The vectors may have one or more LTRs, wherein either LTR
comprises one or more modifications, such as one or more nucleotide substitutions, additions, or deletions. The vectors
may further comprise one of more accessory elements to increase transduction efficiency (e.g., a cPPT/FLAP), viral
packaging (e.g., a Psi (Y) packaging signal, RRE), and/or other elements that increase exogenous gene expression (e.g.,
poly (A) sequences), and may optionally comprise a WPRE or HPRE. In some embodiments, a lentiviral nucleic acid
comprises one or more of, e.g., all of, e.g., from 5" to 3’, a promoter (e.g., CMV), an R sequence (e.g., comprising TAR),
a U5 sequence (e.g., for integration), a PBS sequence (e.g., for reverse transcription), a DIS sequence (e.g., for genome
dimerization), a psi packaging signal, a partial gag sequence, an RRE sequence (e.g., for nuclear export), a cPPT
sequence (e.g., for nuclear import), a promoter to drive expression of the exogenous agent, a gene encoding the
exogenous agent, a WPRE sequence (e.g., for efficient transgene expression), a PPT sequence (e.g., for reverse
transcription), an R sequence (e.g., for polyadenylation and termination), and a U5 signal (e.g., for integration).

[0223] Tllustrative lentiviruses include, but are not limited to: HIV (human immunodeficiency virus; including
HIV type 1, and HIV type 2); visna-maedi virus (VMV) virus; the caprine arthritis-encephalitis virus (CAEV); equine
infectious anemia virus (EIAV); feline immunodeficiency virus (FIV); bovine immune deficiency virus (BIV); and simian
immunodeficiency virus (SIV). In some embodiments, HIV based vector backbones (i.e., HIV cis-acting sequence
elements) are used. A lentivirus vector can comprise a viral vector or plasmid containing structural and functional genetic
elements, or portions thereof, including LTRs that are primarily derived from a lentivirus.

[0224] In embodiments, a lentivirus vector (e.g., lentiviral expression vector) may comprise a lentiviral
transfer plasmid (e.g., as naked DNA) or an infectious lentiviral particle. With respect to elements such as cloning sites,
promoters, regulatory elements, heterologous nucleic acids, etc., it is to be understood that the sequences of these
elements can be present in RNA form in lentiviral particles and can be present in DNA form in DNA plasmids.
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[0225] In embodiments, a lentivirus vector is a vector with sufficient retroviral genetic information to allow
packaging of an RNA genome, in the presence of packaging components, into a viral particle capable of infecting a
target cell. Infection of the target cell can comprise reverse transcription and integration into the target cell genome. The
recombinant lentivirus vector (RLY) typically carries non-viral coding sequences which are to be delivered by the vector
to the target cell. In embodiments, an RLV is incapable of independent replication to produce infectious retroviral
particles within the target cell. Usually the RLV lacks a functional gag-pol and/or env gene and/or other genes involved in
replication. The vector may be configured as a split-intron vector, e.g., as described in PCT patent application WO
99/15683, which is herein incorporated by reference in its entirety.

[0226] In some embodiments, the lentivirus vector comprises a minimal viral genome, e.g., the viral vector
has been manipulated so as to remove the non-essential elements and to retain the essential elements in order to
provide the required functionality to infect, transduce and deliver a nucleotide sequence of interest to a target host cell,
e.g., as described in WO 98/17815, which is herein incorporated by reference in its entirety.

[0227] A minimal lentiviral genome may comprise, e.g., (5")R-U5-one or more first nucleotide sequences-U3-
R(3"). However, the plasmid vector used to produce the lentiviral genome within a source cell can also include
transcriptional regulatory control sequences operably linked to the lentiviral genome to direct transcription of the
genome in a source cell. These regulatory sequences may comprise the natural sequences associated with the
transcribed retroviral sequence, e.g., the 5' U3 region, or they may comprise a heterologous promoter such as another
viral promoter, for example the CMV promoter. Some lentiviral genomes comprise additional sequences to promote

efficient virus production. For example, in the case of HIV, rev and RRE sequences may be included.

V. Cells

[0228] In another aspect, the present disclosure provides a cell comprising a polynucleotide encoding an
engineered CD47 protein as disclosed herein, and/or a vector comprising a polynucleotide that encodes an engineered
CDA47 protein as disclosed herein.

[0229] In another aspect, the present disclosure provides a cell comprising an engineered CD47 protein as
disclosed herein. In some embodiments, the engineered CD47 protein is introduced into a cell in the form of a nucleic
acid molecule encoding the engineered CD47 protein. The process of introducing the nucleic acid molecule into the cell
can be achieved by any suitable technique. Suitable techniques include calcium phosphate or lipid-mediated transfection,
electroporation, and transduction or infection using a viral vector. In some embodiments, the nucleic acid molecule
comprises DNA. In some embodiments, the nucleic acid molecule comprises a modified DNA. In some embodiments, the
nucleic acid molecule comprises mRNA. In some embodiments, the nucleic acid molecule comprises a modified mRNA.
[0230] In some embodiments, the engineered CD47 protein is delivered using viral transduction, for example,
with a vector. In some embodiments, the vector is a pseudotyped, self-inactivating lentiviral vector that carries the
exogenous polynucleotide. In some embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with a
vesicular stomatitis VSV-G envelope, and which carries the exogenous polynucleotide.

[0231] In some embodiments, the engineered CD47 protein is delivered using one or more gene editing
systems. In some embodiments, the gene editing system is CRISPR/Cas. In some embodiments, the gene editing system
is one or more of the CRISPR/Cas systems described herein. In some embodiments, the engineered CD47 protein is
delivered using Transcription Activator-Like Effector Nucleases (TALEN) methodologies. In some embodiments, the gene

editing system is one or more of the TALEN methodologies described herein.
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[0232] In some embodiments, the engineered CD47 protein is delivered using zinc finger nuclease (ZFN). In
some embodiments, the gene editing system is one or more of the ZFN methodologies described herein.

[0233] In some embodiments, the engineered CD47 protein is delivered using a meganuclease. In some
embodiments, the gene editing system is one or more of the meganuclease methodologies described herein.

[0234] In some embodiments, the cell is a stem cell.

[0235] In some embodiments, the cell is a pluripotent stem cell. Pluripotent stem cells are cells that have the
capacity to self-renew by dividing and to develop into the three primary germ cell layers of the early embryo and
therefore into all cells of the adult body, but not extra-embryonic tissues such as the placenta. Embryonic stem cells and
induced pluripotent stem cells are pluripotent stem cells.

[0236] In some embodiments, the cell is an embryonic stem cell (ESC). Embryonic stem cells are pluripotent
stem cells derived from the inner cell mass of a blastocyst, an early-stage pre-implantation embryo.

[0237] In some embodiments, the cell is an induced pluripotent stem cell (iPSC). iPSCs are derived from adult
somatic cells that have been genetically reprogrammed back into an embryonic-like pluripotent state that enables the
development of an unlimited source of any type of cell needed for therapeutic purposes.

[0238] "Pluripotent stem cells" as used herein have the potential to differentiate into any of the three germ
layers: endoderm (e.g., the stomach lining, gastrointestinal tract, lungs, etc.), mesoderm (e.g., muscle, bone, blood,
urogenital tissue, etc.) or ectoderm (e.g., epidermal tissues and nervous system tissues). The term "pluripotent stem
cells," as used herein, also encompasses induced pluripotent stem cells (iPSCs or iPS cells), or a type of pluripotent stem
cell derived from a non-pluripotent cell. In some embodiments, a pluripotent stem cell is produced or generated from a
cell that is not a pluripotent cell. In other words, pluripotent stem cells can be direct or indirect progeny of a non-
pluripotent cell. Examples of parent cells include somatic cells that have been reprogrammed to induce a pluripotent,
undifferentiated phenotype by various means. Such "iPS" or "iPSC" cells can be created by inducing the expression of
certain regulatory genes or by the exogenous application of certain proteins. Methods for the induction of iPS cells are
known in the art and are further described below. (See, e.g., Zhou et al., Stem Cells 27 (11): 2667-74 (2009); Huangfu
et al,, Nature Biotechnol. 26 (7): 795 (2008); Woltjen et a/., Nature 458 (7239): 766-770 (2009); and Zhou et al, Cell
Stem Cell 8:381-384 (2009); each of which is incorporated by reference herein in their entirety.) As used herein,
"hiPSCs" are human induced pluripotent stem cells. In some embodiments, "pluripotent stem cells," as used herein, also
encompasses mesenchymal stem cells (MSCs), and/or embryonic stem cells (ESCs).

[0239] In some embodiments, the cell is a pancreatic islet cell. In some embodiments, the cell is a primary
pancreatic islet cell.

[0240] In some embodiments, the cell is differentiated from a pluripotent stem cell. In some embodiments,
the pluripotent stem cell is an iPSC or an ESC.

[0241] In some embodiments, the cellis a T cell. In some embodiments, the cell is a primary T cell. In some
embodiments, the cell is a T cell comprising a chimeric antigen receptor (CAR), such as comprising a polynucleotide
encoding a CAR and/or comprising the CAR, or otherwise expressing the CAR from the polynucleotide. In some
embodiments, the cell is a CAR-T cell. In some embodiments, the T cell is differentiated from a pluripotent stem cell. In
some embodiments, the pluripotent stem cell is an iPSC or an ESC.

[0242] AT cell is a type of lymphocyte. T cells are one of the white blood cells of the immune system and
play a central role in the adaptive immune response. CAR-T cells are T cells that have been genetically engineered to
produce an artificial T cell receptor. Chimeric antigen receptors (CARs, also known as chimeric immunoreceptors,
chimeric T cell receptors or artificial T cell receptors) are receptor proteins that have been engineered to give T cells the
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ability to target a specific protein. The receptors are chimeric because they combine both antigen-binding and T cell
activating functions into a single receptor. CAR-T cells can be both CD4+ and CD8+, with a 1-to-1 ratio of both cell types
providing synergistic antitumor effects. CAR-T cells can be derived from T cells in a patient's own blood (autologous) or
derived from the T cells of another healthy donor (allogeneic). T cells can be obtained from a humber of sources
including, but not limited to, peripheral blood mononuclear cells, bone marrow, lymph nodes tissue, cord blood, thymus
issue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain embodiments, T cells
can be obtained from a unit of blood collected from a subject using any number of techniques known to the skilled
person, such as sedimentation, e.g., FICOLL™ separation, antibody-conjugated bead-based methods such as MACS™
separation (Miltenyi).

[0243] In some embodiments, the cell is selected from, but not limited to, cardiac cells, cardiac progenitor
cells, neural cells, glial progenitor cells, endothelial cells, T cells, B cells, pancreatic islet cells, retinal pigmented
epithelium cells, hepatocytes, thyroid cells, skin cells, blood cells, plasma cells, platelets, renal cells, epithelial cells, CAR-
T cells, NK cells, and CAR-NK cells.

[0244] In some embodiments, the cell is a primary cell. Primary cells are isolated directly from human or
animal tissue using enzymatic or mechanical methods. Once isolated, they are placed in an artificial environment in
plastic or glass containers supported with specialized medium containing essential nutrients and growth factors to
support proliferation. Primary cells could be of two types: adherent or suspension. Adherent cells require attachment for
growth and are said to be anchorage-dependent cells. Adherent cells are usually derived from tissues of organs.
Suspension cells do not require attachment for growth and are said to be anchorage-independent cells. Most suspension
cells are isolated from the blood system, but some tissue-derived cells can also be used in suspension, such as
hepatocytes or intestinal cells. Although primary cells usually have a limited lifespan, they offer a number of advantages
compared to cell lines. Primary cell culture enables researchers to study donors and not just cells. Several factors such as
age, medical history, race, and sex can be considered when building an experimental model. With a growing trend
towards personalized medicine, such donor variability and tissue complexity can be achieved with use of primary cells,
but are difficult to replicate with cell lines that are more systematic and uniform in nature and do not capture the true
diversity of a living tissue.

[0245] In some embodiments, the cell is a differentiated cell. Differentiated cells are cells that have
undergone differentiation. They are mature cells that perform a specialized function. Some examples of differentiated
cells are epithelial cells, skin fibroblasts, endothelial cells lining the blood vessels, smooth muscle cells, liver cells, nerve
cells, human cardiac muscle cells, etc. Generally, these cells have a unique morphology, metabolic activity, membrane

potential, and responsiveness to signals facilitating their function in a body tissue or organ.

Hypolmmunogenlc cells

[0246] In some embodiments, the cells described herein are hypoimmunogenic cells. As used herein to
characterize a cell, the term "hypoimmunogenic” generally means that such cell is less prone to innate or adaptive
immune rejection by a subject into which such cells are transplanted, e.g., the cell is less prone to allorejection by a
subject into which such cells are transplanted. For example, in some embodiments, relative to a cell of the same cell
type that does not comprise the modifications, such a hypoimmunogenic cell may be about 2.5%, 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, 97.5%, 99%, 100%, or any amount in hetween, less prone to innate or
adaptive immune rejection by a subject into which such cells are transplanted. In some embodiments, genome editing
technologies are used to modulate the expression of MHC I and MHC II genes, and thus, contribute to generation of a
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hypoimmunogenic cell. In some embodiments, a hypoimmunogenic cell evades immune rejection in an MHC-mismatched
allogeneic recipient. In some embodiments, differentiated cells produced from the hypoimmunogenic stem cells outlined
herein evade immune rejection when administered (e.g., transplanted or grafted) to an MHC-mismatched allogeneic
recipient. In some embodiments, a hypoimmunogenic cell is protected from T cell-mediated adaptive immune rejection
and/or innate immune cell rejection. Detailed descriptions of hypoimmunogenic cells, methods of producing such cells,
and methods of using such cells are found in W02016183041 filed May 9, 2015; W02018132783 filed January 14, 2018;
W02018176390 filed March 20, 2018; W02020018615 filed July 17, 2019; W02020018620 filed July 17, 2019;
PCT/US2020/44635 filed July 31, 2020; US62/881,840 filed August 1, 2019; US62/891,180 filed August 23, 2019;
US63/016,190, filed April 27, 2020; and US63/052,360 filed July 15, 2020, W02023158836, filed February 2023, the
disclosures including the examples, sequence listings, and figures of which are incorporated herein by reference in their
entirety.

[0247] Hypoimmunogenicity of a cell can be determined by evaluating the immunogenicity of the cell such as
the cell’s ability to elicit adaptive and innate immune responses or to avoid eliciting such adaptive and innate immune
responses. Such immune response can be measured using assays recognized by those skilled in the art. In some
embodiments, an immune response assay measures the effect of a hypoimmunogenic cell on T cell proliferation, T cell
activation, T cell killing, donor specific antibody generation, NK cell proliferation, NK cell activation, and macrophage
activity. In some cases, hypoimmunogenic cells and derivatives thereof undergo decreased killing by T cells and/or NK
cells upon administration to a subject. In some instances, the cells and derivatives thereof show decreased macrophage
engulfment compared to an unmodified or wild-type cell. In some embodiments, a hypoimmunogenic cell elicits a
reduced or diminished immune response in a recipient subject compared to a corresponding unmodified wild-type cell. In
some embodiments, a hypoimmunogenic cell is nonimmunogenic or fails to elicit an immune response in a recipient
subject.

[0248] In some embodiments, the expression of major histocompatibility (MHC) class I and MHC class I1
proteins are disrupted in the cell. MHC class I and class II proteins play a role in the adaptive branch of the immune
system. Both classes of proteins share the task of presenting peptides on the cell surface for recognition by T cells.
Immunogenic peptide—MHC class I (pMHCI) complexes are presented on nucleated cells and are recognized by cytotoxic
CD8+ T cells. The presentation of peptide-MHC class II (pMHCII) by antigen-presenting cells (e.g., dendritic cells (DCs),
macrophages, or B cells), on the other hand, can activate CD4+ T cells, leading to the coordination and regulation of
effector cells. In all cases, it is a clonotypic T cell receptor that interacts with a given pMHC complex, potentially leading
to sustained cell-cell contact formation and T cell activation.

[0249] In some embodiments the cells described herein express reduced levels of MHC class I proteins
relative to a wild-type or control cell. In some embodiments, the cells express reduced levels of MHC class II proteins
relative to a wild-type or control cell. In some embodiments, the cells express reduced levels of both MHC class I and
class II proteins relative to a wild-type or control cell.

[0250] In some embodiments, the cells do not express any MHC class I proteins. In some embodiments, the
cells do not express any MHC class II proteins. In some embodiments, the cells do not express any MHC class I and do
not express any MHC class II proteins.

[0251] In some embodiments, the MHC proteins discussed herein are HLA proteins.

[0252] "HLA" or "human leukocyte antigen" complex is a gene complex encoding the MHC proteins in
humans. The cell-surface proteins that make up the HLA complex are responsible for the regulation of the immune
response to antigens. In humans, there are two MHCs, class I and class II, or "HLA-I" and "HLA-IL." HLA-I includes three
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proteins, HLA-A, HLA-B, and HLA-C, which present peptides from the inside of the cell, and antigens presented by the
HLA-I complex attract killer T-cells (also known as CD8+ T-cells or cytotoxic T cells). The HLA-I proteins are associated
with B-2 microglobulin (B2M). HLA-II includes five proteins, HLA-DP, HLA-DM, HLA-DOB, HLA-DQ, and HLA-DR, which
present antigens from outside the cell to T lymphocytes. The HLA-II proteins are associated with Class II transactivator
(CIITA). This stimulates CD4+ cells (also known as T-helper cells). It should be understood that the use of either "MHC"
or "HLA" is not meant to be limiting, though the term “HLA” typically indicates that the genes are from humans. Thus, as
it relates to mammalian cells, these terms may be used interchangeably herein.

[0253] In some embodiments, the expression of MHC class II proteins is reduced by knocking out or by
reducing expression of CIITA. In some embodiments, the expression of MHC II genes is modulated (e.g., reduced or
eliminated) by targeting and modulating (e.g., reducing or eliminating) Class II transactivator (CIITA) expression. In
some embodiments, the modulation occurs using a CRISPR/Cas system. CIITA is a member of the LR or nucleotide
binding domain (NBD) leucine-rich repeat (LRR) family of proteins and regulates the transcription of MHC II by
associating with the MHC enhanceosome. In some embodiments, the polynucleotide sequence being targeted for

modulation is a variant of CIITA, a homolog of CIITA, or an ortholog of CIITA.

[0254] In some embodiments, reduced or eliminated expression of CIITA reduces or eliminates expression of
one or more of the following MHC class IT molecules: HLA-DP, HLA-DM, HLA-DOA, HLA-DOB, HLA-DQ, and HLA-DR.
[0255] In some embodiments, the cells described herein comprise gene modifications at the gene locus

encoding the CIITA protein. In other words, the cells comprise a genetic modification at the CIITA locus. In some
instances, the nucleotide sequence encoding the CIITA protein is set forth in RefSeq. No. NM_000246.4 and NCBI
Genbank No. U18259. In some instances, the CIITA gene locus is described in NCBI Gene ID No. 4261. In certain cases,
the amino acid sequence of CIITA is depicted as NCBI GenBank No. AAA88861.1. Additional descriptions of the CIITA
protein and gene locus can be found in Uniprot No. P33076, HGNC Ref. No. 7067, and OMIM Ref. No. 600005.

[0256] In some embodiments, the hypoimmunogenic cells outlined herein comprise a genetic modification
targeting the CIITA gene. In some embodiments, the genetic modification targeting the CIITA gene is generated by a
rare-cutting endonuclease comprising a Cas protein or a polynucleotide encoding a Cas protein, and at least one guide
ribonucleic acid sequence for specifically targeting the CIITA gene. In some embodiments, the at least one guide
ribonucleic acid sequence for specifically targeting the CIITA gene is selected from the group consisting of SEQ ID
NOS:5184-36352 of Table 12 of WO02016183041, which is herein incorporated by reference. In some embodiments, the
cell has a reduced ability to induce an innate and/or an adaptive immune response in a recipient subject. In some
embodiments, an exogenous nucleic acid encoding a polypeptide as disclosed herein (e.g., a chimeric antigen receptor,
CD47, or another tolerogenic factor disclosed herein) is inserted at the CIITA gene.

[0257] Assays to test whether the CIITA gene has been inactivated are known and described herein. In some
embodiments, the resulting genetic modification of the CIITA gene can be confirmed by PCR and the reduction of HLA-II
expression can be confirmed by FACS analysis. In another embodiment, CIITA protein expression is detected using a
Western blot of cells lysates probed with antibodies to the CIITA protein. In another embodiment, reverse transcriptase
polymerase chain reactions (RT-PCR) are used to confirm the presence of the inactivating genetic modification. In some
embodiments, the exogenous polynucleotide is inserted into at least one allele of the cell by viral transduction, for
example, with a vector. In some embodiments, the vector is a pseudotyped, self-inactivating lentiviral vector that carries
the exogenous polynucleotide. In some embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with
a vesicular stomatitis VSV-G envelope, and which carries the exogenous polynucleotide. In some embodiments, the
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exogenous polynucleotide is inserted into at least one allele of the cell using viral transduction. In some embodiments,
the exogenous polynucleotide is inserted into at least one allele of the cell using a lentivirus based viral vector.

[0258] In some embodiments, the expression of MHC class I proteins is reduced by knocking out or by
reducing expression of B2ZM. In some embodiments, the expression of MHC-I genes is modulated (e.g., reduced or
eliminated) by targeting and modulating (e.g., reducing or eliminating) expression of the accessory chain B2M. In some
embodiments, the modulation occurs using a CRISPR/Cas system. By modulating (e.g., reducing or deleting) expression
of B2M, surface trafficking of MHC-I molecules is blocked and the cell rendered hypoimmunogenic. In some
embodiments, the cell has a reduced ability to induce an innate and/or an adaptive immune response in a recipient
subject.

[0259] In some embodiments, the polynucleotide sequence being targeted for modulation is a variant of B2M,
a homolog of B2M, or an ortholog of B2M.

[0260] In some embodiments, decreased or eliminated expression of B2M reduces or eliminates expression of
one or more of the following MHC I molecules: HLA-A, HLA-B, and HLA-C.

[0261] In some embodiments, the cells described herein comprise gene modifications at the gene locus
encoding the B2M protein. In other words, the cells comprise a genetic modification at the B2M locus. In some instances,
the nucleotide sequence encoding the B2M protein is set forth in RefSeq. No. NM_004048.4 and Genbank No.
AB021288.1. In some instances, the B2M gene locus is described in NCBI Gene ID No. 567. In certain cases, the amino
acid sequence of B2M is set forth in NCBI GenBank No. BAA35182.1. Additional descriptions of the B2M protein and gene
locus can be found in Uniprot No. P61769, HGNC Ref. No. 914, and OMIM Ref. No. 109700.

[0262] In some embodiments, the hypoimmunogenic cells outlined herein comprise a genetic modification
targeting the B2M gene. In some embodiments, the genetic modification targeting the B2M gene is generated by a rare-
cutting endonuclease comprising a Cas protein or a polynucleotide encoding a Cas protein, and at least one guide
ribonucleic acid sequence for specifically targeting the B2M gene. In some embodiments, the at least one guide
ribonucleic acid sequence for specifically targeting the B2M gene is selected from the group consisting of SEQ ID
NOS:81240-85644 of Table 15 of W02016183041, which is herein incorporated by reference. In some embodiments, an
exogenous nucleic acid encoding a polypeptide as disclosed herein (e.g., a chimeric antigen receptor, CD47, or another
tolerogenic factor disclosed herein) is inserted at the B2M gene. In some embodiments, the exogenous polynucleotide is
inserted into at least one allele of the cell using viral transduction, for example, with a vector. In some embodiments, the
vector is a pseudotyped, self-inactivating lentiviral vector that carries the exogenous polynucleotide. In some
embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with a vesicular stomatitis VSV-G envelope,
and which carries the exogenous polynucleotide. In some embodiments, the exogenous polynucleotide is inserted into at
least one allele of the cell using viral transduction. In some embodiments, the exogenous polynucleotide is inserted into
at least one allele of the cell using a lentivirus based viral vector.

[0263] Assays to test whether the B2M gene has been inactivated are known and described herein. In some
embodiments, the resulting genetic modification of the B2M gene can be confirmed by PCR and the reduction of HLA-I
expression can be confirmed by FACS analysis. In another embodiment, B2M protein expression is detected using a
Western blot of cells lysates probed with antibodies to the B2M protein. In another embodiment, reverse transcriptase
polymerase chain reactions (RT-PCR) are used to confirm the presence of the inactivating genetic modification.

[0264] In some embodiments of the T cells, iPSCs, or ESCs described herein, T cell receptor alpha chain
(TRAC) and/or T cell receptor beta chain (TRBC) genes are knocked out, or their expression is reduced in the cells.
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[0265] The T-cell receptor (TCR) is a protein complex found on the surface of T cells that is responsible for
recognizing fragments of antigen as peptides bound to MHC molecules. The TCR is a disulfide-linked membrane-
anchored heterodimeric protein normally consisting of the highly variable alpha (a) and beta (B) chains (encoded by
TRAC and TRBC genes, respectively) expressed as part of a complex with the invariant CD3 chain molecules. T cells
expressing this receptor are referred to as a: (or aB) T cells, though a minority of T cells express an alternate receptor,
formed by variable gamma (y) and delta (8) chains, referred as yd T cells. Each chain is composed of two extracellular
domains: a variable region and a constant region, both of these immunoglobulin superfamily (IgSF) domains forming
antiparallel B-sheets. The constant region is proximal to the cell membrane, followed by a transmembrane region and a
short cytoplasmic tail, while the variable region binds to the peptide/MHC complex. It has been reported that knockout of
endogenous TRAC and/or TRBC genes could increase expression and function of T cells expressing transgenic T cell
receptor. In some embodiments the cells described herein express reduced levels of MHC class I proteins and /or MHC
class II proteins relative to a wild-type or control cell.

[0266] In some embodiments, the cells comprise increased expression of wild-type and/or engineered CD47
protein relative to a wild-type cell or a control cell of the same cell type. In some embodiments, the wild-type cell or the
control cell is a starting material. As used herein, a starting material refers to a raw material upon which one or more of
the modifications described herein are made in order to produce the engineered CD47 protein as described herein, the
polynucleotide encoding the engineered CD47 protein as described herein, the vector as described herein, the cell
comprising the engineered CD47 protein as described herein, or the composition comprising the engineered CD47
protein or the cell as described herein.

[0267] As used herein, a “wild-type cell” or a “wt cell” means any cell found in nature. In some embodiments,
wild-type cells include primary cells and T cells found in nature. As used herein, a “control cell” is a cell whose CD47
gene is unaltered, but in which other modifications may be made. In some embodiments, the control cell is an
engineered cell that may contain nucleic acid changes resulting in reduced expression of MHC I protein and/or MHC II
protein and/or T-cell receptors. In some embodiments, the control cell is an engineered cell that has B2M knocked out,
or comprises reduced expression of B2M. In some embodiments, the control cell is an engineered cell that has CIITA
knocked out, or comprises reduced expression of CIITA. In some embodiments, the control cell is an engineered cell that
has TRAC and/or TRBC knocked out, or comprises reduced expression of TRAC and/or TRBC.

[0268] In some embodiments, the control cell is an iPSC, an ESC, or a progeny that contains nucleic acid
changes resulting in pluripotency. In some embodiments, the control cell is an iPSC, an ESC, or a progeny that has B2M
knocked out, or comprises reduced expression of B2M. In some embodiments, the control cell is an iPSC, an ESC, or a
progeny that has CIITA knocked out, or comprises reduced expression of CIITA. In some embodiments, the control cell
is an iPSC, an ESC, or a progeny that has TRAC and/or TRBC knocked out, or comprises reduced expression of TRAC
and/or TRBC.

[0269] In some embodiments, the control cell is a primary T cell or a progeny that contains nucleic acid
changes resulting in reduced expression of MHC I protein and/or MHC II protein and/or T-cell receptors. In some
embodiments, the control cell is a primary T cell or a progeny that has B2M knocked out, or comprises reduced
expression of B2M. In some embodiments, the control cell is a primary T cell or a progeny that has CIITA knocked out,
or comprises reduced expression of CIITA. In some embodiments, the control cell is a primary T cell or a progeny that
has TRAC and/or TRBC knocked out, or comprises reduced expression of TRAC and/or TRBC.

[0270] In some embodiments, the starting material is a primary cell collected from a donor. In some
embodiments, the starting material is a primary blood cell collected from a donor, e.g., via a leukopak. For example, in
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some embodiments, the starting material are unmodified T cells obtained from a donor. In some embodiments, the
starting material is an iPSC cell line. In some embodiments, the starting material is otherwise modified or engineered to
have altered expression of one or more genes other than human CD47 gene.

[0271] In some embodiments, the engineered and hypoimmunogenic cells described are derived from an iPSC
or a progeny thereof. As used herein, the term “derived from an iPSC or a progeny thereof” encompasses the initial iPSC
that is generated and any subsequent progeny thereof. As used herein, the term “progeny” encompasses, e.g., a first-
generation progeny, /.e., the progeny is directly derived from, obtained from, obtainable from or derivable from the initial
iPSC by, e.g., traditional propagation methods. The term “progeny” also encompasses further generations such as
second, third, fourth, fifth, sixth, seventh, or more generations, ie., generations of cells which are derived from,
obtained from, obtainable from or derivable from the former generation by, e.g., traditional propagation methods. The
term “progeny” also encompasses modified cells that result from the modification or alteration of the initial iPSC or a
progeny thereof.

[0272] In some embodiments, knocking down (e.g., decreasing, eliminating, or inhibiting) gene expression
can be achieved by RNA silencing or RNA interference (RNAi). Useful RNAi methods include those that utilize synthetic
RNAi molecules, short interfering RNAs (siRNAs), PIWI-interacting NRAs (piRNAs), short hairpin RNAs (shRNAs),
microRNAs (miRNAs), and other transient knock down methods recognized by those skilled in the art. Reagents for RNAi
including sequence specific ShRNAs, siRNA, miRNAs and the like are commercially available.

[0273] The term "engineered cell" as used herein refers to a cell that has been altered in at least some way
by human intervention, including, for example, by genetic alterations or modifications such that the engineered cell
differs from a wild-type cell.

[0274] The terms "decrease," "reduced," "reduction," and "decreased" are all used herein generally to mean a

lowering by a statistically significant amount. However, for avoidance of doubt, "decrease,” "reduced," "reduction,"
"decreased" means a lowering by at least 10% as compared to a reference level, for example a lowering by at least
about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least
about 70%, or at least about 80%, or at least about 90%, or up to and including a 100% lowering (/.e. absent level as
compared to a reference sample), or any lowering between 10-100% as compared to a reference level. In some
embodiments, the cells are engineered to have reduced expression of one or more targets relative to an unaltered or
unmodified wild-type cell.

[0275] In some embodiments, the provided modified cells are modified such that they are able to evade
immune recognition and responses when administered to a patient (e.qg., recipient subject). The cells can evade killing
by immune cells in vitro and in vivo. In some embodiments, the cells evade killing by macrophages and NK cells. In
some embodiments, the cells are ignored by immune cells or a subject’s immune system. In other words, the cells
administered in accordance with the methods described herein are not detectable by immune cells of the immune
system. In some embodiments, the cells are cloaked and therefore avoid immune rejection.

[0276] Methods of determining whether a modified cell provided herein evades immune recognition include,
but are not limited to, IFN-y Elispot assays, microglia killing assays, cell engraftment animal models, cytokine release
assays, ELISAs, killing assays using bioluminescence imaging or chromium release assay or Xcelligence analysis, mixed-
lymphocyte reactions, immunofluorescence analysis, etc.

[0277] In some embodiments, the immunogenicity of the cells is evaluated in a complement-dependent
cytotoxicity (CDC) assay. CDC can be assayed in vitro by incubating cells with IgG or IgM antibodies targeting an HLA-
independent antigen expressed on the cell surface in the presence of serum containing complement and analyzing cell
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killing. In some embodiments, CDC can be assayed by incubating cells with ABO blood type incompatible serum, wherein
the cells comprise A antigens or B antigens, and the serum comprises antibodies against the A antigens and/or B
antigens of the cells.

[0278] In some embodiments, once the modified cells have been modified or generated as described herein,
they may be assayed for their hypoimmunogenicity. Any of a variety of assays can be used to assess if the cells are
hypoimmunogenic or can evade the immune system. Exemplary assays include any as is described in WO2016183041
and W02018132783.

[0279] In some embodiments, the modified cells described herein survive in a host without stimulating the
host immune response for one week or more (e.g., one week, two weeks, one month, two months, three months, 6
months, one year, two years, three years, four years, five years or more, e.g., for the life of the cell and/or its progeny).
The cells maintain expression of the transgenes and/or are deleted or reduced in expression of target genes for as long
as they survive in the host. In some aspects, if the transgenes are no longer expressed and/or if target genes are
expressed the modified cells may be removed by the host's immune system. In some embodiments, the persistence or
survival of the modified cells may be monitored after their administration to a recipient by further expressing a transgene
encoding a protein that allows the cells to be detected in vivo (e.g., a fluorescent protein, such as GFP, a truncated
receptor or other surrogate marker or other detectable marker).

[0280] The hypoimmunogenic cells are administered in a manner that permits them to engraft to the intended
tissue site and reconstitute or regenerate the functionally deficient area. In some embodiments, the hypoimmunogenic
cells are assayed for engraftment (e.qg., successful engraftment). In some embodiments, the engraftment of the
hypoimmunogenic cells is evaluated after a pre-selected amount of time. In some embodiments, the engrafted cells are
monitored for cell survival. For example, the cell survival may be monitored via bioluminescence imaging (BLI), wherein
the cells are transduced with a luciferase expression construct for monitoring cell survival. In some embodiments, the
engrafted cells are visualized by immunostaining and imaging methods known in the art. In some embodiments, the
engrafted cells express known biomarkers that may be detected to determine successful engraftment. For example, flow
cytometry may be used to determine the surface expression of particular biomarkers. In some embodiments, the
hypoimmunogenic cells are engrafted to the intended tissue site as expected (e.g., successful engraftment of the
hypoimmunogenic cells). In some embodiments, the hypoimmunogenic cells are engrafted to the intended tissue site as
needed, such as at a site of cellular deficiency. In some embodiments, the hypoimmunogenic cells are engrafted to the
intended tissue site in the same manner as a cell of the same type not comprising the modifications.

[0281] In some embodiments, administering the populations of modified cells (e.g., modified beta islet cells
comprising modifications including reduced CD142 expression) or combinations (e.g., administering a population of
modified cells in combination with an anti-coagulant agent) improves survival and engraftment by allowing cells to avoid
or reduce IBMIR that occurs as a result of exposure of the cells to blood during transplant. In some embodiments, the
reduction in IBMIR reduces the amount of cell loss (e.g., loss of transplanted islets) that occurs during transplant.
[0282] In some embodiments, the hypoimmunogenic cells are assayed for function. In some embodiments,
the hypoimmunogenic cells are assayed for function prior to their engraftment to the intended tissue site. In some
embodiments, the hypoimmunogenic cells are assayed for function following engraftment to the intended tissue site. In
some embodiments, the function of the hypoimmunogenic cells is evaluated after a pre-selected amount. In some
embodiments, the function of the engrafted cells is evaluated by the ability of the cells to produce a detectable
phenotype. For example, engrafted beta islet cells function may be evaluated based on the restoration of lost glucose
control due to diabetes. In some embodiments, the function of the hypoimmunogenic cells is as expected (e.g.,
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successful function of the hypoimmunogenic cells while avoiding antibody-mediated rejection). In some embodiments,
the function of the hypoimmunogenic cells is as needed, such as sufficient function at a site of cellular deficiency while
avoiding antibody-mediated rejection. In some embodiments, the modified cells function in the same manner as a non-
modified cell of the same type.

[0283] In some embodiments, genetically engineered cells of the present disclosure comprise an engineered
CD47 protein of the present disclosure, wherein the engineered CD47 protein exhibits: decreased binding with TSP-1
relative to a wild-type CD47 protein; and/or decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47
protein. In some embodiments, genetically engineered cells of the present disclosure comprise an engineered CD47
protein of the present disclosure and: exhibit decreased CD47/TSP-1-mediated undesirable effects relative to a control
cell; and/or exhibit decreased CD47/TSP-1-mediated exhaustion relative to a control cell; and/or exhibit decreased CD47-
mediated undesirable effects relative to a control cell; and/or exhibit increased CD47-mediated desirable effects relative
to a control cell; and/or exhibit increased longevity relative to a control cell; and/or exhibit increased persistence relative
to a control cell; and/or exhibit increased expansion relative to a control cell, and/or exhibit increased response to its
intended therapeutic target, and/or exhibit increased hypoimmunity relative to a control cell; and/or exhibit increased
immune evasion relative to a control cell; and/or exhibit increased ability to evade a host immune response relative to a
control cell; and/or exhibit increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response
relative to a control cell; and/or express the engineered CD47 protein at a first expression level, wherein a control cell
expressing a wild-type CD47 protein at the first expression level would experience one or more unwanted effects. In
some embodiments, a control cell comprises a wild-type cell, an unmodified cell, a cell that has not been engineered to
express CD47 or a cell that has been engineered to express wild-type CD47. In some embodiments, a first expression
level comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x%,
8x, 8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in
an unmodified cell. In some embodiments, CD47/TSP-1-mediated signaling and/or CD47/TSP-1-mediated exhaustion
comprises autocrine signaling. In some embodiments, CD47/TSP-1-mediated signaling and/or CD47/TSP-1-mediated
exhaustion comprises paracrine signaling. In some embodiments, CD47/TSP-1-mediated signaling and/or CD47/TSP-1-
mediated exhaustion comprises both autocrine signaling and paracrine signaling. In some embodiments, increased
longevity, increased persistence, increased expansion, increased response to its intended therapeutic target, increased
immune evasion, increased ability to evade a host immune response, and/or increased ability to evade a natural killer
(NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via autocrine
signaling. In some embodiments, increased longevity, increased persistence, increased expansion, increased response
to its intended therapeutic target, increased immune evasion, increased ability to evade a host immune response, and/or
increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-
mediated exhaustion via paracrine signaling. In some embodiments, increased longevity, increased persistence,
increased expansion, increased response to its intended therapeutic target, increased immune evasion, increased ability
to evade a host immune response, and/or increased ability to evade a natural killer (NK) cell, monocyte, or macrophage
response comprises reduced CD47/TSP-1-mediated exhaustion via both autocrine signaling and paracrine signaling. In
some embodiments, exhaustion comprises increased expression of PD1, LAG3, TIM3, CD39, CD101, or a combination
thereof. In some embodiments, exhaustion comprises decreased or eliminated cytokine expression.

[0284] In some embodiments, genetically engineered cells of the present disclosure comprise an engineered
CD47 protein of the present disclosure, wherein the engineered CD47 protein exhibits improved binding with SIRPa
relative to a wild-type CD47 protein. In some embodiments, genetically engineered cells of the present disclosure
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comprise an engineered CD47 protein of the present disclosure, wherein contacting a cell expressing SIRPa with a
genetically engineered cell increases CD47/SIRPa-mediated signaling in the cell expressing SIRPa relative to contacting
the cell expressing SIRPa with a control cell. In some embodiments, genetically engineered cells of the present
disclosure comprise an engineered CD47 protein of the present disclosure, wherein contacting a cell expressing SIRPa
with a genetically engineered cell increases CD47/SIRPa-mediated signaling in the cell expressing the engineered CD47
relative to contacting the cell expressing SIRPa with a control cell. In some embodiments, genetically engineered cells of
the present disclosure comprise an engineered CD47 protein of the present disclosure, wherein contacting a cell
expressing SIRPa with a genetically engineered cell increases CD47/SIRPa-mediated signaling in both the cell expressing
SIRPa and the cell expressing CD47 relative to contacting the cell expressing SIRPa with a control cell. In some
embodiments, genetically engineered cells of the present disclosure comprise an engineered CD47 protein of the present
disclosure, wherein the genetically engineered cells: exhibit decreased CD47-mediated undesirable effects relative to a
control cell; and/or exhibit increased CD47-mediated desirable effects relative to a control cell; and/or exhibit increased
longevity relative to a control cell; and/or exhibit increased persistence relative to a control cell; and/or exhibit increased
expansion relative to a control cell; and/or exhibit increased response to its intended therapeutic target, and/or exhibit
increased hypoimmunity relative to a control cell; and/or exhibit improved immune evasion relative to a control cell;
and/or exhibit increased ability to evade a host immune response relative to a control cell; and/or exhibit increased
ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a control cell; and/or express the
engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type CD47 protein at the first
expression level would be killed by one or more immune cells. In some embodiments, a control cell comprises a wild-
type cell, an unmodified cell, a cell that has not been engineered to express CD47 or a cell that has been engineered to
express wild-type CD47. In some embodiments, a first expression level comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x,
2.75x, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x, 8%, 8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x,
60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in an unmodified cell.

[0285] In some embodiments, genetically engineered cells of the present disclosure comprise an engineered
CD47 protein of the present disclosure, wherein the engineered CD47 protein exhibits: decreased binding with TSP-1
relative to a wild-type CD47 protein; decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein; and
improved binding with SIRPa relative to a wild-type CD47 protein; and wherein the genetically engineered cells: exhibit
decreased CD47/TSP-1-mediated undesirable effects relative to a control cell; exhibit decreased CD47-mediated
undesirable effects relative to a control cell; exhibit decreased CD47/TSP-1-mediated exhaustion relative to a control cell;
exhibit decreased CD47-mediated undesirable effects relative to a control cell; exhibit increased CD47-mediated
desirable effects relative to a control cell; exhibit increased longevity relative to a control cell; exhibits increased
persistence relative to a control cell; exhibit increased expansion relative to a control cell; exhibit increased response to
its intended therapeutic target; exhibit increased hypoimmunity relative to a control cell; exhibit increased immune
evasion relative to a control cell; exhibit increased ability to evade a host immune response relative to a control cell;
exhibit increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a control cell;
express the engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type CD47
protein at the first expression level would experience one or more unwanted effects and would be killed by one or more
immune cells; and wherein contacting a cell expressing SIRPa with the genetically engineered cell increases
CD47/SIRPa-mediated signaling in both the cell expressing SIRPa and the cell expressing CD47 relative to contacting the
cell expressing SIRPa with a control cell. In some embodiments, a control cell comprises a wild-type cell, an unmodified
cell, a cell that has not been engineered to express CD47 or a cell that has been engineered to express wild-type CD47.
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In some embodiments, a first expression level comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x, 3x, 3.25x, 3.5x,
3.75x%, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x, 8x, 8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or
100x the level of wild-type CD47 protein in an unmodified cell. In some embodiments, CD47/TSP-1-mediated signaling
and/or CD47/TSP-1-mediated exhaustion comprises autocrine signaling. In some embodiments, CD47/TSP-1-mediated
signaling and/or CD47/TSP-1-mediated exhaustion comprises paracrine signaling. In some embodiments, CD47/TSP-1-
mediated signaling and/or CD47/TSP-1-mediated exhaustion comprises both autocrine signaling and paracrine signaling.
In some embodiments, increased longevity, increased persistence, increased expansion, increased response to its
intended therapeutic target, increased immune evasion, increased ability to evade a host immune response, and/or
increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-
mediated exhaustion via autocrine signaling. In some embodiments, increased longevity, increased persistence,
increased expansion, increased response to its intended therapeutic target, increased immune evasion, increased ability
to evade a host immune response, and/or increased ability to evade a natural killer (NK) cell, monocyte, or macrophage
response comprises reduced CD47/TSP-1-mediated exhaustion via paracrine signaling. In some embodiments, increased
longevity, increased persistence, increased expansion, increased response to its intended therapeutic target, increased
immune evasion, increased ability to evade a host immune response, and/or increased ability to evade a natural killer
(NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via both autocrine
signaling and paracrine signaling. In some embodiments, exhaustion comprises increased expression of PD1, LAG3,
TIM3, CD39, CD101, or a combination thereof. In some embodiments, exhaustion comprises decreased or eliminated
cytokine expression.

Instant blood-mediated inflammatory reaction

[0286] In some embodiments, the modified cells provided herein evade an instant blood-mediated
inflammatory reaction. A major contributor to the poor outcome of clinical islet transplantation is the occurrence of the
destructive instant blood mediated inflammatory reaction (IBMIR), which leads to loss of transplanted tissue when the
islets encounter the blood in the portal vein (Bennet et al., (1995) Diabetes 48:1907-1914; Moberg et al., (2002) Lancet
360:2039-2045). This reaction is triggered by tissue factor (TF) expression by the endocrine cells of the islets, combined
with an array of other proinflammatory events, such as the expression of MCP-1 (Piemonti et al., (2002) Diabetes 51:55-
65), IL-8, and MIF (Waeber et al., (1997) Proc Natl Acad Sci USA 94:4782-4787; Johansson et al., (2006) Am ]
Transplantation 6(2):305).

[0287] Instant blood-mediated inflammatory reaction (IBMIR) is a nonspecific inflammatory and thrombotic
reaction that can occur when cells expressing CD142 come into contact with blood. IBMIR is initiated rapidly by exposure
to human blood in the portal vein. It is characterized by activation of complement, platelets, and the coagulation
pathway, which in turn leads to the recruitment of neutrophils. IBMIR causes significant loss of transplanted islets. In
some embodiments, provided herein are compositions (e.g., modified cells comprising reduced expression of CD142 in
combination with one or more of the other modifications described herein), combinations (e.g., a combination
comprising any of the populations of modified cells described herein and an anti-coagulant agent that reduces
coagulation), and methods (e.g., methods of treating a patient comprising administering any of the populations of
modified cells described herein and anti-coagulant agent that reduces coagulation) that reduce an IBMIR associated with
transplantation of the cells or exposure of the cells to blood.

[0288] In some embodiments, IBMIR can be assayed in vitro, for example, in an in vitro tubing loop model of
IBMIR, which has been previously described in U.S. Pat. No. 7,045,502, which is herein incorporated by reference in its
entirety.
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[0289] In some embodiments, IBMIR can be assayed in vivo (e.g., in @ mammal or in a human patient) by
drawing blood samples during the peritransplant period and evaluating plasma levels of thrombin-anti-thrombin III
complex (TAT), C-peptide, factor XIa-antithrombin (FXIa-AT), factor XIla-antithrombin (FXIIa-AT), thrombin-
antithrombin (TAT) plasmin-alpha 2 antiplasmin (PAP), and/or complement C3a. sIn some embodiments, IBMIR is
associated with increased levels of TAT, C-peptide, FXIa-AT, FXIIa-AT, PAP, and/or complement C3a during infusion of
transplanted cells and/or in a period of time following transplant (e.g., up to 3, 5, 10, or more than 10 hours after
transplant). In some embodiments, IBMIR can be assayed by monitoring counts of free circulating platelets, wherein a
decrease in the counts of platelets during or following transplantation is associated with IBMIR (e.g., with platelet
consumption due to IBMIR).

Complement-dependent cytotoxicity

[0290] In some embodiments, the modified cells (e.g., beta islets) provided herein evade complement
dependent cytotoxicity (CDC). In some embodiments, the CDC is secondary to a thrombotic reaction of IBMIR. In some
embodiments, the CDC occurs independently of IBMIR.

[0291] In some embodiments, susceptibility of cells to CDC can be analyzed in vitro according to standard
protocols understood by one of ordinary skill in the art. In some embodiments, CDC can be analyzed in vitro by mixing
serum comprising the components of the complement system (e.g., human serum), with target cells bound by an
antibody (e.g., an IgG or IgM antibody), and then to determine cell death. In some embodiments, susceptibility of cells
to CDC can be analyzed in vitro by incubating cells in the presence of ABO-incompatible or Rh factor incompatible serum,
comprising the components of the complement system and antibodies against ABO type A, ABO type B, and/or Rh factor
antigens of the cells.

[0292] A common CDC assay determines cell death via pre-loading the target cells with a radioactive
compound. As cells die, the radioactive compound is released from them. Hence, the efficacy of the antibody to mediate
cell death is determined by the radioactivity level. Unlike radioactive CDC assays, non-radioactive CDC assays often
determine the release of abundant cell components, such as GAPDH, with fluorescent or luminescent determination. In

some embodiments, cell killing by CDC can be analyzed using a label-free platform such as xCELLigence™ (Agilent).

VI. Compositions

[0293] In another aspect, the present disclosure provides a composition comprising the engineered CD47
protein disclosed herein.

[0294] In another aspect, the present disclosure provides a composition comprising the cell that comprises a
polynucleotide encoding the engineered CD47 protein disclosed herein, and/or a vector comprising the polynucleotide.
[0295] As used herein, the term “composition” includes, but is not limited to, a pharmaceutical composition. A
“pharmaceutical composition” refers to an active pharmaceutical agent formulated in pharmaceutically acceptable or
physiologically acceptable solutions for administration to a cell or an animal, either alone, or in combination with one or
more other modalities of therapy. It will also be understood that, if desired, the compositions of the invention may be
administered in combination with other agents, such as, e.g., cytokines, growth factors, hormones, small molecules,
chemotherapeutics, pro-drugs, drugs, antibodies, or other various pharmaceutically active agents. There is virtually no
limit to other components that may also be included in the compositions, provided that the additional agents do not
adversely affect the ability of the composition to deliver the intended therapy. The phrase “pharmaceutically acceptable”

is used herein to refer to those compounds, materials, compositions, and/or dosage forms which are, within the scope of
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sound medical judgment, suitable for use in contact with the tissues of human beings and animals without excessive
toxicity, irritation, allergic response, or other problem or complication, commensurate with a reasonable benefit/risk
ratio.

[0296] The compositions may also comprise a pharmaceutically acceptable carrier, diluent, or excipient. As
used herein “pharmaceutically acceptable carrier, diluent, or excipient” includes, without limitation, any adjuvant, carrier,
excipient, glidant, sweetening agent, diluent, preservative, dye/colorant, flavor enhancer, surfactant, wetting agent,
dispersing agent, suspending agent, stabilizer, isotonic agent, solvent, surfactant, or emulsifier which has been approved
by the United States Food and Drug Administration as being acceptable for use in humans or domestic animals.
Exemplary pharmaceutically acceptable carriers include, but are not limited to, to sugars, such as lactose, glucose, and
sucrose; starches, such as corn starch and potato starch; cellulose, and its derivatives, such as sodium carboxymethyl
cellulose, ethyl cellulose, and cellulose acetate; tragacanth; malt; gelatin; talc; cocoa butter; waxes; animal and
vegetable fats; paraffins; silicones; bentonites; silicic acid; zinc oxide; oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil, and soybean oil; glycols, such as propylene glycol; polyols, such as glycerin, sorbitol,
mannitol, and polyethylene glycol; esters, such as ethyl oleate, and ethyl laurate; agar; buffering agents, such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl
alcohol; phosphate buffer solutions; and any other compatible substances employed in pharmaceutical formulations.
[0297] The liquid pharmaceutical compositions, whether they be solutions, suspensions or other like form,
may include one or more of the following: sterile diluents such as water for injection, saline solution, preferably
physiological saline; Ringers solution; isotonic sodium chloride; fixed oils such as synthetic mono or diglycerides which
may serve as the solvent or suspending medium; polyethylene glycols; glycerin; propylene glycol or other solvents;
antibacterial agents, such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents, such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates, or phosphates; and agents
for the adjustment of tonicity, such as sodium chloride or dextrose. The parenteral preparation can be enclosed in
ampoules, disposable syringes, or multiple dose vials made of glass or plastic. An injectable pharmaceutical composition
is preferably sterile.

[0298] The composition may be suitably developed for intravenous, intratumoral, oral, rectal, vaginal,

parenteral, topical, pulmonary, intranasal, buccal, ophthalmic, or another route of administration.

VII. Methods of gene editing

[0299] In some embodiments, the methods for genetically modifying cells to knock out, knock down, or
otherwise modify one or more genes comprise using a site-directed nuclease, including, for example, zinc finger
nucleases (ZFNs), transcription activator-like effector nucleases (TALENS), meganucleases, transposases, and clustered
regularly interspaced short palindromic repeat (CRISPR)/Cas systems, as well as nickase systems, base editing systems,
prime editing systems, and any other gene editing systems known in the art.

[0300] ZFNs are fusion proteins comprising an array of site-specific DNA binding domains adapted from zinc
finger-containing transcription factors attached to the endonuclease domain of the bacterial FokI restriction enzyme. A
ZFN may have one or more (e.g., 1, 2, 3, 4,5, 6,7, 8,9, 10, or more) DNA binding domains or zinc finger domains. See,
e.g., Carroll et al., Genetics Society of America (2011) 188:773-782; Kim et al., Proc. Natl. Acad. Sci. USA (1996)
93:1156-1160. The individual DNA binding domains are typically referred to as "fingers” or “zinc fingers." Each zinc

finger domain is a small protein structural motif stabilized by one or more zinc ions and usually recognizes a 3- to 4-bp

49



WO 2025/043172 PCT/US2024/043615

DNA sequence. Tandem domains can thus potentially bind to an extended nucleotide sequence that is unique within a
cell's genome. Each finger binds from two to four base pairs of DNA, typically three or four base pairs of DNA. A DNA
binding domain binds to a nucleic acid sequence called a target site or target segment. Each finger typically comprises
an approximately 30 amino acid, zinc-chelating, DNA-binding subdomain. Studies have demonstrated that a single zinc
finger of this class consists of an alpha helix containing the two invariant histidine residues coordinated with zinc along
with the two cysteine residues of a single beta turn (see, e.g., Berg & Shi, Science 271:1081-1085 (1996)).

[0301] Various zinc fingers of known specificity can be combined to produce multi-finger polypeptides which
recognize about 6, 9, 12, 15, or 18-bp sequences. Various selection and modular assembly techniques are available to
generate zinc fingers (and combinations thereof) recognizing specific sequences, including phage display, yeast one-
hybrid systems, bacterial one-hybrid and two-hybrid systems, and mammalian cells. Zinc fingers can be engineered to
bind a predetermined nucleic acid sequence. Criteria to engineer a zinc finger to bind to a predetermined nucleic acid
sequence are known in the art. See, e.g., Sera et al., Biochemistry (2002) 41:7074-7081; Liu et al., Bioinformatics
(2008) 24:1850-1857.

[0302] ZFNs containing FokI nuclease domains or other dimeric nuclease domains function as a dimer. Thus,
a pair of ZFNs are required to target non-palindromic DNA sites. The two individual ZFNs must bind opposite strands of
the DNA with their nucleases properly spaced apart. See Bitinaite et al., Proc. Natl. Acad. Sci. USA (1998) 95:10570-
10575. To cleave a specific site in the genome, a pair of ZFNs are designed to recognize two sequences flanking the
site, one on the forward strand and the other on the reverse strand. Upon binding of the ZFNs on either side of the site,
the nuclease domains dimerize and cleave the DNA at the site, generating a DSB with 5" overhangs. HDR can then be
utilized to introduce a specific mutation, with the help of a repair template containing the desired mutation flanked by
homology arms. The repair template is usually an exogenous double-stranded DNA vector introduced to the cell. See
Miller et al., Nat. Biotechnol. (2011) 29:143-148; Hockemeyer et al., Nat. Biotechnol. (2011) 29:731-734.

[0303] TALENSs are another example of an artificial nuclease which can be used to edit a target gene. A
"TALE-nuclease" (TALEN) is a fusion protein consisting of a nucleic acid-binding domain typically derived from a
Transcription Activator Like Effector (TALE) and one nuclease catalytic domain to cleave a nucleic acid target sequence.
The catalytic domain is preferably a nuclease domain and more preferably a domain having endonuclease activity, for
instance I-Tevl, ColE7, NucA and Fok-I. In numerous embodiments, the TALE domain can be fused to a meganuclease,
for instance I-Crel and I-Onul or functional variant thereof. In a more preferred embodiment, said nuclease is a
monomeric TALE-Nuclease. A monomeric TALE-Nuclease is a TALE-Nuclease that does not require dimerization for
specific recognition and cleavage, such as the fusions of engineered TAL repeats with the catalytic domain of I-Tevl
described in W02012138927.

[0304] Transcription Activator like Effector (TALE) are proteins from the bacterial species Xanthomonas and
comprise a plurality of repeated sequences. Each repeat is 33 to 35 amino acids in length, with two adjacent amino acids
(termed the repeat-variable di-residue, or RVD) in position 12 and 13 that are specific to each nucleotide base of the
nucleic acid targeted sequence. Binding domains with similar modular base-per-base nucleic acid binding properties
(MBBBD) can also be derived from new modular proteins recently discovered in a different bacterial species. The new
modular proteins have the advantage of displaying more sequence variability than TAL repeats. Preferably, RVDs
associated with recognition of the different nucleotides are HD for recognizing C, NG for recognizing T, NI for recognizing
A, NN for recognizing G or A, NS for recognizing A, C, G or T, HG for recognizing T, IG for recognizing T, NK for
recognizing G, HA for recognizing C, ND for recognizing C, HI for recognizing C, HN for recognizing G, NA for recognizing
G, SN for recognizing G or A and YG for recognizing T, TL for recognizing A, VT for recognizing A or G and SW for
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recognizing A. In another embodiment, critical amino acids 12 and 13 can be mutated towards other amino acid
residues in order to modulate their specificity towards nucleotides A, T, C and G and in particular to enhance this
specificity. TALEN kits are sold commercially.

[0305] TALENSs are produced artificially by fusing one or more TALE DNA binding domains (e.g., 1, 2, 3, 4, 5,
6, 7, 8,9, 10 or more) to a nuclease domain, for example, a FokI endonuclease domain. See Zhang, Nature Biotech.
(2011) 29:149-153. Several mutations to FokI have been made for its use in TALENSs; these, for example, improve
cleavage specificity or activity. See Cermak et al., Mucl. Acids Res. (2011) 39:e82; Miller et al., Nature Biotech. (2011)
29:143-148; Hockemeyer et al., Nature Biotech. (2011) 29:731-734; Wood et al., Science (2011) 333:307; Doyon et al.,
Nature Methods (2010) 8:74-79; Szczepek et al., Nature Biotech (2007) 25:786-793; Guo et al., J. Mol. Biol. (2010)
200:96. The FokI domain functions as a dimer, requiring two constructs with unique DNA binding domains for sites in
the target genome with proper orientation and spacing. Both the number of amino acid residues between the TALE DNA
binding domain and the FokI nuclease domain and the number of bases between the two individual TALEN binding sites
appear to be important parameters for achieving high levels of activity. Miller et al., Nature Biotech. (2011) 29:143-148.
[0306] By combining engineered TALE repeats with a nuclease domain, a site-specific nuclease can be
produced specific to any desired DNA sequence. Similar to ZFNs, TALENs can be introduced into a cell to generate DSBs
at a desired target site in the genome, and so can be used to knock out genes or knock in mutations in similar, HDR-
mediated pathways. See Boch, Nature Biotech. (2011) 29:135-136; Boch et al., Science (2009) 326:1509-1512; Moscou
et al,, Science (2009) 326:3501.

[0307] Meganucleases are sequence-specific enzymes in the endonuclease family which are characterized by
their capacity to recognize and cut large DNA sequences (from 14 to 40 base pairs). (Chevalier, B. S. and B. L.
Stoddard, Nucleic Acids Res., 2001, 29, 3757-3774). They can cleave unique sites in living cells, thereby enhancing gene
targeting by 1000-fold or more in the vicinity of the cleavage site (Puchta et al., Nucleic Acids Res., 1993, 21, 5034-
5040; Rouet et al., Mol. Cell. Biol., 1994, 14, 8096-8106; Choulika et al., Mol. Cell. Biol., 1995, 15, 1968-1973; Puchta et
al., Proc. Natl. Acad. Sci. USA, 1996, 93, 5055-5060; Sargent et al., Mol. Cell. Biol., 1997, 17, 267-77; Donoho et al.,
Mol. Cell. Biol, 1998, 18, 4070-4078; Elliott et al., Mol. Cell. Biol., 1998, 18, 93-101; Cohen-Tannoudji et al., Mol. Cell.
Biol., 1998, 18, 1444-1448).

[0308] Meganucleases are grouped into families based on their structural motifs which affect nuclease activity
and/or DNA recognition. The most widespread and best known meganucleases are the proteins in the LAGLIDADG
family, which owe their name to a conserved amino acid sequence. See Chevalier et al., Nucleic Acids Res. (2001)
29(18): 3757-3774. On the other hand, the GIY-YIG family members have a GIY-YIG module, which is 70-100 residues
long and includes four or five conserved sequence motifs with four invariant residues, two of which are required for
activity. See Van Roey et al., Nature Struct. Biol. (2002) 9:806-811. The His-Cys family meganucleases are
characterized by a highly conserved series of histidines and cysteines over a region encompassing several hundred
amino acid residues. See Chevalier et al., Nucleic Acids Res. (2001) 29(18):3757-3774. Members of the NHN family are
defined by motifs containing two pairs of conserved histidines surrounded by asparagine residues. See Chevalier ef a/,,
Nucleic Acids Res. (2001) 29(18):3757-3774.

[0309] Because the chance of identifying a natural meganuclease for a particular target DNA sequence is low
due to the high specificity requirement, various methods including mutagenesis and high throughput screening methods
have been used to create meganuclease variants that recognize unique sequences. Strategies for engineering a
meganuclease with altered DNA-binding specificity, e.g., to bind to a predetermined nucleic acid sequence are known in
the art. See, e.g., Chevalier et al, Mol. Cell. (2002) 10:895-905; Epinat et a/., Nucleic Acids Res (2003) 31:2952-2962;
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Silva et al., J Mol. Biol. (2006) 361:744-754; Seligman et al., Nucleic Acids Res (2002) 30:3870-3879; Sussman et al, J
Mol Biol (2004) 342:31-41; Doyon et al., 7 Am Chem Soc (2006) 128:2477-2484; Chen et al., Protein Eng Des Sel (2009)
22:249-256; Arnould et al., J Mol Biol. (2006) 355:443-458; Smith et al., Nucleic Acids Res. (2006) 363(2):283-294.
[0310] Like ZFNs and TALENs, Meganucleases can create DSBs in the genomic DNA, which can create a
frame-shift mutation if improperly repaired, e.g., via NHEJ, leading to a decrease in the expression of a target gene in a
cell. Alternatively, foreign DNA can be introduced into the cell along with the meganuclease. Depending on the
sequences of the foreign DNA and chromosomal sequence, this process can be used to modify the target gene. See
Silva et al., Current Gene Therapy (2011) 11:11-27.

[0311] Transposases are enzymes that bind to the end of a transposon and catalyze its movement to another
part of the genome by a cut and paste mechanism or a replicative transposition mechanism. By linking transposases to
other systems such as the CRISPER/Cas system, new gene editing tools can be developed to enable site specific
insertions or manipulations of the genomic DNA. There are two known DNA integration methods using transposons
which use a catalytically inactive Cas effector protein and Tn7-like transposons. The transposase-dependent DNA
integration does not provoke DSBs in the genome, which may guarantee safer and more specific DNA integration.
[0312] The CRISPR system was originally discovered in prokaryotic organisms (e.g., bacteria and archaea) as
a system involved in defense against invading phages and plasmids that provides a form of acquired immunity. Now it
has been adapted and used as a popular gene editing tool in research and clinical applications.

[0313] CRISPR/Cas systems generally comprise at least two components: one or more guide RNAs (gRNAS)
and a Cas protein. The Cas protein is a nuclease that introduces a DSB into the target site. CRISPR-Cas systems fall
into two major classes: class 1 systems use a complex of multiple Cas proteins to degrade nucleic acids; class 2 systems
use a single large Cas protein for the same purpose. Class 1 is divided into types I, III, and 1V; class 2 is divided into
types I1, V, and V1. Different Cas proteins adapted for gene editing applications include, but are not limited to, Cas3,
Cas4, Casb, Cas8a, Cas8b, Cas8¢, Cas9, Cas10, Cas12, Casi2a (Cpfl), Cas1i2b (C2c1), Casl2c (C2c3), Casi2d (CasY),
Cas12e (CasX), Cas12f (C2c10), Casi2g, Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Casi3c,
Cas13d, C2c4, C2c8, C2¢9, Cmr5, Csel, Cse2, Csfl, Csm2, Csn2, Csx10, Csx11, Csyl1, Csy2, Csy3, and Mad7. The most
widely used Cas9 is described herein as illustrative. These Cas proteins may be originated from different source species.
For example, Cas9 can be derived from S. pyogenes or S. aureus.

[0314] In the original microbial genome, the type II CRISPR system incorporates sequences from invading
DNA between CRISPR repeat sequences encoded as arrays within the host genome. Transcripts from the CRISPR repeat
arrays are processed into CRISPR RNAs (crRNAs) each harboring a variable sequence transcribed from the invading DNA,
known as the “protospacer” sequence, as well as part of the CRISPR repeat. Each crRNA hybridizes with a second
transactivating CRISPR RNA (tracrRNA), and these two RNAs form a complex with the Cas9 nuclease. The protospacer-
encoded portion of the crRNA directs the Cas9 complex to cleave complementary target DNA sequences, provided that
they are adjacent to short sequences known as “protospacer adjacent motifs” (PAMS).

[0315] Since its discovery, the CRISPR system has been adapted for inducing sequence specific DSBs and
targeted genome editing in a wide range of cells and organisms spanning from bacteria to eukaryotic cells including
human cells. In its use in gene editing applications, artificially designed, synthetic gRNAs have replaced the original
crRNA:tracrRNA complex. For example, the gRNAs can be single guide RNAs (sgRNAs) composed of a crRNA, a
tetraloop, and a tracrRNA. The crRNA usually comprises a complementary region (also called a spacer, usually about 20
nucleotides in length) that is user-designed to recognize a target DNA of interest. The tracrRNA sequence comprises a
scaffold region for Cas nuclease binding. The crRNA sequence and the tracrRNA sequence are linked by the tetraloop
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and each have a short repeat sequence for hybridization with each other, thus generating a chimeric sgRNA. One can
change the genomic target of the Cas nuclease by simply changing the spacer or complementary region sequence
present in the gRNA. The complementary region will direct the Cas nuclease to the target DNA site through standard
RNA-DNA complementary base pairing rules.

[0316] In order for the Cas nuclease to function, there must be a PAM immediately downstream of the target
sequence in the genomic DNA. Recognition of the PAM by the Cas protein is thought to destabilize the adjacent genomic
sequence, allowing interrogation of the sequence by the gRNA and resulting in gRNA-DNA pairing when a matching
sequence is present. The specific sequence of PAM varies depending on the species of the Cas gene. For example, the
most commonly used Cas9 nuclease derived from S. pyogenes recognizes a PAM sequence of 5'-NGG-3’ or, at less
efficient rates, 5-NAG-3’, where “N” can be any nucleotide. Other Cas nuclease variants with alternative PAMs have also
been characterized and successfully used for genome editing, which are summarized in Table 3 below.

Table 3. Exemplary Cas nuclease variants and their PAM sequences

CRISPR Nuclease Source Organism PAM Sequence (5'—3")
SpCas9 Streptococcus pyogenes NGG or NAG

SaCas9 Staphylococcus aureus NGRRT or NGRRN
NmeCas9 Neisseria meningitidis NNNNGATT

CjCas9 Campylobacter jejuni NNNNRYAC

StCas9 Streptococcus thermophilus NNAGAAW

TdCas9 Treponema denticola NAAAAC

LbCas12a (Cpfl) Lachnospiraceae bacterium 111V

AsCasi12a (Cpf1) Acidaminococcus sp. TV

AacCasi2b Alicyclobacillus acidiphilus TTN

BhCas12b v4 Bacillus hisashif ATTN, TTTN, or GTTN

R=AorG,Y=CorT,W=AorT,V=AorCorG; N = any base

[0317] In some embodiments, Cas nucleases may comprise one or more mutations to alter their
activity, specificity, recognition, and/or other characteristics. For example, the Cas nuclease may have one or more
mutations that alter its fidelity to mitigate off-target effects (e.g., eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and
evoSpCas9 high-fidelity variants of SpCas9). For another example, the Cas nuclease may have one or more mutations
that alter its PAM specificity.

[0318] Nuclease domains of the Cas, in particular the Cas9, nuclease can be mutated independently to
generate enzymes referred to as DNA “nickases”. Nickases are capable of introducing a single-strand cut with the same
specificity as a regular CRISPR/Cas nuclease system, including for example CRISPR/Cas9. Nickases can be employed to
generate double-strand breaks which can find use in gene editing systems (Mali et al,, Nat Biotech, 31(9):833-838
(2013); Mali et al. Nature Methods, 10:957-963 (2013); Mali et al., Science, 339(6121):823-826 (2013)). In some
instances, when two Cas nickases are used, long overhangs are produced on each of the cleaved ends instead of blunt
ends which allows for additional control over precise gene integration and insertion (Mali et a/., Nat Biotech, 31(9):833-
838 (2013); Mali et al. Nature Methods, 10:957-963 (2013); Mali et al., Science, 339(6121):823-826 (2013)). As both
nicking Cas enzymes must effectively nick their target DNA, paired nickases can have lower off-target effects compared
to the double-strand-cleaving Cas-based systems (Ran et a/., Cell, 155(2):479-480(2013); Mali et al., Nat Biotech,
31(9):833-838 (2013); Mali et al. Nature Methods, 10:957-963 (2013); Mali et al,, Science, 339(6121):823-826 (2013)).
[0319] The molecular machinery of such Cas proteins that allows the CRISPR/Cas system to alter target
polynucleotide sequences in cells include RNA binding proteins, endo- and exo-nucleases, helicases, and polymerases. In
some embodiments, the CRISPR/Cas system includes a Cas protein and at least one to two ribonucleic acids that are
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capable of directing the Cas protein to and hybridizing to a target motif of a target polynucleotide sequence. As used
herein, "protein" and "polypeptide" are used interchangeably to refer to a series of amino acid residues joined by peptide
bonds (i.e., a polymer of amino acids) and include modified amino acids (e.g., phosphorylated, glycated, glycosylated,
etc.) and amino acid analogs. Exemplary polypeptides or proteins include gene products, naturally occurring proteins,
homologs, paralogs, fragments and other equivalents, variants, and analogs of the above.

[0320] In some embodiments, a Cas protein comprises one or more amino acid substitutions or modifications.
In some embodiments, the one or more amino acid substitutions comprises a conservative amino acid substitution. In
some instances, substitutions and/or modifications can prevent or reduce proteolytic degradation and/or extend the half-
life of the polypeptide in a cell. In some embodiments, the Cas protein can comprise a peptide bond replacement (e.g.,
urea, thiourea, carbamate, sulfonyl urea, etc.). In some embodiments, the Cas protein can comprise a naturally
occurring amino acid. In some embodiments, the Cas protein can comprise an alternative amino acid (e.g., D-amino
acids, beta-amino acids, homocysteine, phosphoserine, etc.). In some embodiments, a Cas protein can comprise a
modification to include a moiety (e.g., PEGylation, glycosylation, lipidation, acetylation, end-capping, etc.).

[0321] In some embodiments, a Cas protein comprises a core Cas protein, isoform thereof, or any Cas-like
protein with similar function or activity of any Cas protein or isoform thereof. In some embodiments, a Cas protein
comprises a core Cas protein. Exemplary Cas core proteins include, but are not limited to Cas1, Cas2, Cas3, Cas4, Cas5,
Casb, Cas7, Cas8 and Cas9. In some embodiments, a Cas protein comprises type V Cas protein. In some embodiments,
a Cas protein comprises a Cas protein of an E. coli subtype (also known as CASS2). Exemplary Cas proteins of the E. Coli
subtype include, but are not limited to Csel, Cse2, Cse3, Cse4, and Cas5e. In some embodiments, a Cas protein
comprises a Cas protein of the Ypest subtype (also known as CASS3). Exemplary Cas proteins of the Ypest subtype
include, but are not limited to Csy1, Csy2, Csy3, and Csy4. In some embodiments, a Cas protein comprises a Cas protein
of the Nmeni subtype (also known as CASS4). Exemplary Cas proteins of the Nmeni subtype include, but are not limited
to Csn1 and Csn2. In some embodiments, a Cas protein comprises a Cas protein of the Dvulg subtype (also known as
CASS1). Exemplary Cas proteins of the Dvulg subtype include Csd1, Csd2, and Cas5d. In some embodiments, a Cas
protein comprises a Cas protein of the Tneap subtype (also known as CASS7). Exemplary Cas proteins of the Tneap
subtype include, but are not limited to, Cst1, Cst2, Cas5t. In some embodiments, a Cas protein comprises a Cas protein
of the Hmari subtype. Exemplary Cas proteins of the Hmari subtype include, but are not limited to Csh1, Csh2, and
Cas5h. In some embodiments, a Cas protein comprises a Cas protein of the Apern subtype (also known as CASS5).
Exemplary Cas proteins of the Apern subtype include, but are not limited to Csal, Csa2, Csa3, Csa4, Csa5, and Cas5a. In
some embodiments, a Cas protein comprises a Cas protein of the Mtube subtype (also known as CASS6). Exemplary Cas
proteins of the Mtube subtype include, but are not limited to Csm1, Csm2, Csm3, Csm4, and Csm5. In some
embodiments, a Cas protein comprises a RAMP module Cas protein. Exemplary RAMP module Cas proteins include, but
are not limited to, Cmr1, Cmr2, Cmr3, Cmr4, Cmr5, and Cmr6. See, e.g., Klompe et al., Nature 571, 219-225 (2019);
Strecker et al., Science 365, 48-53 (2019). Examples of Cas proteins include, but are not limited to: Cas3, Cas8a, Cas5,
Cas8b, Cas8c, Cas10d, Csel, Cse2, Csyl, Csy2, Csy3, and/or GSU0054. In some embodiments, a Cas protein comprises
Cas3, Cas8a, Cas5, Cas8b, Cas8c, Cas10d, Csel, Cse2, Csy1, Csy2, Csy3, and/or GSU0054. Examples of Cas proteins
include, but are not limited to: Cas9, Csn2, and/or Cas4. In some embodiments, a Cas protein comprises Cas9, Csn2,
and/or Cas4. In some embodiments, Examples of Cas proteins include, but are not limited to: Cas10, Csm2, Cmr5,
Cas10, Csx11, and/or Csx10. In some embodiments, a Cas protein comprises a Cas10, Csm2, Cmr5, Cas10, Csx11,
and/or Csx10. In some embodiments, examples of Cas proteins include, but are not limited to: Csfl. In some
embodiments, a Cas protein comprises Csf1.In some embodiments, examples of Cas proteins include, but are not limited
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to: Cas12a, Cas12b, Casl2c, C2c4, C2c8, C2c5, C2¢10, and C2¢9; as well as CasX (Cas12e) and CasY (Cas12d). Also see,
e.g., Koonin et al., Curr Opin Microbiol. 2017; 37:67-78: “Diversity, classification and evolution of CRISPR-Cas systems.”
In some embodiments, a Cas protein comprises Cas12a, Cas12b, Cas12c, Cas12d, Casl12e, Cas12d, and/or Cas12e. In
some embodiments, a Cas protein comprises Cas13, Casl13a, C2c2, Cas13b, Cas13c, and/or Cas13d. In some
embodiments, the CRISPR/Cas system comprises a Cas effector protein selected from the group consisting of: a) Cas3,
Cas8a, Cas5, Cas8b, Cas8c, Cas10d, Csel, Cse2, Csyl, Csy2, Csy3, and GSU0054; b) Cas9, Csn2, and Cas4; c) Casl10,
Csm2, Cmr5, Cas10, Csx11, and Csx10; d) Csfl; e) Cas12a, Cas12b, Casl2c, C2c4, C2c8, C2c5, C2c10, C2¢c9, CasX
(Cas12e), and CasY (Casl12d); and f) Cas13, Cas13a, C2c2, Cas13b, Cas13c, and Cas13d.

[0322] In some embodiments, a Cas protein comprises any one of the Cas proteins described herein or a
functional portion thereof. As used herein, "functional portion" refers to a portion of a peptide which retains its ability to
complex with at least one ribonucleic acid (e.g., guide RNA (gRNA)) and cleave a target polynucleotide sequence. In
some embodiments, the functional portion comprises a combination of operably linked Cas9 protein functional domains
selected from the group consisting of a DNA binding domain, at least one RNA binding domain, a helicase domain, and
an endonuclease domain. In some embodiments, the functional portion comprises a combination of operably linked
Cas12a (also known as Cpfl) protein functional domains selected from the group consisting of a DNA binding domain, at
least one RNA binding domain, a helicase domain, and an endonuclease domain. In some embodiments, the functional
domains form a complex. In some embodiments, a functional portion of the Cas9 protein comprises a functional portion
of a RuvC-like domain. In some embodiments, a functional portion of the Cas9 protein comprises a functional portion of
the HNH nuclease domain. In some embodiments, a functional portion of the Cas12a protein comprises a functional
portion of a RuvC-like domain.

[0323] In some embodiments, the exogenous Cas protein can be introduced into the cell in polypeptide form.
In certain embodiments, the Cas proteins can be conjugated to or fused to a cell-penetrating polypeptide or cell-
penetrating peptide. As used herein, "cell-penetrating polypeptide" and "cell-penetrating peptide" refers to a polypeptide
or peptide, respectively, which facilitates the uptake of molecule into a cell. The cell-penetrating polypeptides can
contain a detectable label.

[0324] In many embodiments, Cas proteins can be conjugated to or fused to a charged protein (e.g., that
carries a positive, negative or overall neutral electric charge). Such linkage may be covalent. In some embodiments, the
Cas protein can be fused to a superpositively charged GFP to significantly increase the ability of the Cas protein to
penetrate a cell (Cronican et al. ACS Chem Biol. 2010; 5(8):747-52). In certain embodiments, the Cas protein can be
fused to a protein transduction domain (PTD) to facilitate its entry into a cell. Exemplary PTDs include Tat, oligoarginine,
and penetratin. In some embodiments, the Cas9 protein comprises a Cas9 polypeptide fused to a cell-penetrating
peptide. In some embodiments, the Cas9 protein comprises a Cas9 polypeptide fused to a PTD. In some embodiments,
the Cas9 protein comprises a Cas9 polypeptide fused to a tat domain. In some embodiments, the Cas9 protein comprises
a Cas9 polypeptide fused to an oligoarginine domain. In some embodiments, the Cas9 protein comprises a Cas9
polypeptide fused to a penetratin domain. In some embodiments, the Cas9 protein comprises a Cas9 polypeptide fused
to a superpositively charged GFP. In some embodiments, the Cas12a protein comprises a Cas12a polypeptide fused to a
cell-penetrating peptide. In some embodiments, the Cas12a protein comprises a Cas12a polypeptide fused to a PTD. In
some embodiments, the Cas12a protein comprises a Cas12a polypeptide fused to a tat domain. In some embodiments,
the Cas12a protein comprises a Cas12a polypeptide fused to an oligoarginine domain. In some embodiments, the
Cas12a protein comprises a Cas12a polypeptide fused to a penetratin domain. In some embodiments, the Casi2a
protein comprises a Casl12a polypeptide fused to a superpositively charged GFP.
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[0325] In some embodiments, the Cas protein can be introduced into a cell containing the target
polynucleotide sequence in the form of a nucleic acid encoding the Cas protein. The process of introducing the nucleic
acids into cells can be achieved by any suitable technique. Suitable techniques include those described herein.

[0326] In some embodiments, the Cas protein is complexed with one to two ribonucleic acids. In some
embodiments, the Cas protein is complexed with two ribonucleic acids. In some embodiments, the Cas protein is
complexed with one ribonucleic acid. In some embodiments, the Cas protein is encoded by a modified nucleic acid, as
described herein (e.g., a synthetic, modified mRNA).

[0327] The methods of the present disclosure contemplate the use of any ribonucleic acid that is capable of
directing a Cas protein to and hybridizing to a target motif of a target polynucleotide sequence. In some embodiments,
at least one of the ribonucleic acids comprises tracrRNA. In some embodiments, at least one of the ribonucleic acids
comprises CRISPR RNA (crRNA). In some embodiments, a single ribonucleic acid comprises a guide RNA that directs the
Cas protein to and hybridizes to a target motif of the target polynucleotide sequence in a cell. In some embodiments, at
least one of the ribonucleic acids comprises a guide RNA that directs the Cas protein to and hybridizes to a target motif
of the target polynucleotide sequence in a cell. In some embodiments, both of the one to two ribonucleic acids comprise
a guide RNA that directs the Cas protein to and hybridizes to a target motif of the target polynuclectide sequence in a
cell. The ribonucleic acids of the present disclosure can be selected to hybridize to a variety of different target motifs,
depending on the particular CRISPR/Cas system employed, and the sequence of the target polynucleotide, as will be
appreciated by those skilled in the art. The one to two ribonucleic acids can also be selected to minimize hybridization
with nucleic acid sequences other than the target polynucleotide sequence. In some embodiments, the one to two
ribonucleic acids hybridize to a target motif that contains at least two mismatches when compared with all other genomic
nucleotide sequences in the cell. In some embodiments, the one to two ribonucleic acids hybridize to a target motif that
contains at least one mismatch when compared with all other genomic nucleotide sequences in the cell. In some
embodiments, the one to two ribonucleic acids are designed to hybridize to a target motif immediately adjacent to a
deoxyribonucleic acid motif recognized by the Cas protein. In some embodiments, each of the one to two ribonucleic
acids are designed to hybridize to target motifs immediately adjacent to deoxyribonucleic acid motifs recognized by the
Cas protein which flank a mutant allele located between the target motifs.

[0328] In some embodiments, each of the one to two ribonucleic acids comprises guide RNAs that directs the
Cas protein to and hybridizes to a target motif of the target polynucleotide sequence in a cell.

[0329] In some embodiments, one or two ribonucleic acids (e.g., guide RNAs) are complementary to and/or
hybridize to sequences on the same strand of a target polynucleotide sequence. In some embodiments, one or two
ribonucleic acids (e.g., guide RNAs) are complementary to and/or hybridize to sequences on the opposite strands of a
target polynucleotide sequence. In some embodiments, the one or two ribonucleic acids (e.g., guide RNAs) are not
complementary to and/or do not hybridize to sequences on the opposite strands of a target polynucleotide sequence. In
some embodiments, the one or two ribonucleic acids (e.g., guide RNAs) are complementary to and/or hybridize to
overlapping target motifs of a target polynucleotide sequence. In some embodiments, the one or two ribonucleic acids

(e.g., guide RNAs) are complementary to and/or hybridize to offset target motifs of a target polynucleotide sequence.

VIII. Methods of expressing engineered CD47 proteins
[0330] The engineered CD47 protein provided herein can be produced by any method known to those of skill

in the art including /n vivo and in vitro methods. Desired proteins can be expressed in any organism suitable to produce
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the required amounts and forms of the proteins. Expression hosts include prokaryotic and eukaryotic organisms such as
E. colj, yeast, plants, insect cells, mammalian cells, including human cell lines and transgenic animals. Expression hosts
can differ in their protein production levels as well as the types of post-translational modification that are present on the
expressed proteins. The choice of expression host can be made based on these and other factors, such as regulatory
and safety considerations, production costs and the need and methods for purification.

[0331] In some embodiments, introducing the polynucleotides encoding the engineered CD47 protein
described herein into cells can be achieved by any suitable technique. Suitable techniques include calcium phosphate,
lipid-mediated transfection, electroporation, fusogens, and transduction or infection using a viral vector, as discussed
herein. In some embodiments, the polynucleotides are introduced into a cell via viral transduction (e.g., AAY
transduction, lentiviral transduction) or otherwise delivered on a viral vector (e.g., fusogen-mediated delivery). In some
embodiments, the polynucleotides are introduced into a cell via a fusogen-mediated delivery or a transposase system
selected from the group consisting of conditional or inducible transposases, conditional or inducible PiggyBac
transposons, conditional or inducible Sleeping Beauty (SB11) transposons, conditional or inducible Mos1 transposons,
and conditional or inducible Tol2 transposons.

[0332] Many expression vectors are available and known to those of skill in the art and can be used for
expression of proteins. The choice of expression vector will be influenced by the choice of host expression system. In
general, expression vectors can include transcriptional promoters and optionally enhancers, translational signals, and
transcriptional and translational termination signals. Expression vectors that are used for stable transformation typically
have a selectable marker which allows selection and maintenance of the transformed cells. In some cases, an origin of
replication can be used to amplify the copy number of the vector.

[0333] Expression vectors can be introduced into host cells via, for example, transformation, transfection,
transduction, infection, electroporation, and sonoporation. A skilled artisan is able to select methods and conditions
suitable for introducing an expression vector into host cells.

[0334] In some embodiments, the engineered CD47 protein is delivered using viral transduction, for example,
with a vector. In some embodiments, the vector is a pseudotyped, self-inactivating lentiviral vector that carries the
exogenous polynucleotide. In some embodiments, the vector is a self-inactivating lentiviral vector pseudotyped with a
vesicular stomatitis VSV-G envelope, and which carries the exogenous polynucleotide.

[0335] In some embodiments, the engineered CD47 protein is delivered using one or more gene editing
systems. In some embodiments, the gene editing system is CRISPR/Cas. In some embodiments, the gene editing system
includes a TALEN. In some embodiments, the gene editing system includes a zinc finger nuclease. In some
embodiments, the gene editing system includes a meganuclease.

[0336] Following the introduction of a vector comprising a selectable marker, cells can be allowed to grow for
1-2 days in an enriched media before they are switched to selective media. The purpose of the selectable marker is to
confer resistance to selection, and its presence allows growth and recovery of cells that successfully express the
introduced sequences. Resistant cells of stably transformed cells can be proliferated using tissue culture techniques
appropriate to the cell types. In some embodiments, the engineered CD47 protein is expressed in a mammalian
expression system. Expression constructs can be transferred to mammalian cells by viral infection, such as by adenovirus
constructs, or by direct DNA transfer, such as liposomes, calcium phosphate, DEAE-dextran, and by physical means such
as electroporation and microinjection. In some embodiments, the engineered CD47 protein is delivered using viral
transduction, for example, with a vector. In some embodiments, the vector is a pseudotyped, self-inactivating lentiviral
vector that carries the exogenous polynucleotide. In some embodiments, the vector is a self-inactivating lentiviral vector
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pseudotyped with a vesicular stomatitis VSV-G envelope, and which carries the exogenous polynucleotide. In some
embodiments, the engineered CD47 protein is delivered using one or more gene editing systems. In some embodiments,
the gene editing system is CRISPR/Cas. In some embodiments, the gene editing system includes a TALEN. In some
embodiments, the gene editing system includes a zinc finger nuclease. In some embodiments, the gene editing system

includes a meganuclease.

[0337] In some embodiments, the expression system used in the context of this disclosure is disclosed in the
US application 63/270,454.
[0338] Expression vectors for mammalian cells typically include an mRNA cap site, a TATA box, a translational

initiation sequence (Kozak consensus sequence), and polyadenylation elements. IRES elements also can be added to
permit bicistronic expression with another gene, such as a selectable marker. Such vectors often include transcriptional
promoter-enhancers for high-level expression, for example the SV40 promoter-enhancer, the human cytomegalovirus
(CMV) promoter and the long terminal repeat of Rous sarcoma virus (RSV). These promoter-enhancers are active in
many cell types. Tissue and cell-type promoters and enhancer regions also can be used for expression. Exemplary
promoter/enhancer regions include, but are not limited to, those from genes such as elastase I, insulin, immunoglobulin,
mouse mammary tumor virus, albumin, alpha fetoprotein, alpha 1 antitrypsin, beta globin, myelin basic protein, myosin
light chain 2, and gonadotropic releasing hormone gene control. Selectable markers can be used to select for and
maintain cells with the expression construct. Examples of selectable marker genes include, but are not limited to,
hygromycin B phosphotransferase, adenosine deaminase, xanthine-guanine phosphoribosyl transferase, aminoglycoside
phosphotransferase, dihydrofolate reductase (DHFR) and thymidine kinase. For example, expression can be performed in
the presence of methotrexate to select for only those cells expressing the DHFR gene.

[0339] Once the vector has been incorporated into the appropriate host cell, the host cell is maintained under
conditions suitable for expression of the engineered CD47 proteins encoded by the incorporated polynucleotides. A

skilled artisan is able to select conditions suitable for expression of the engineered CD47 proteins.

IX. Other Features

[0340] It will be understood that, in the process of manufacturing a cell therapy, certain modifications may be
introduced to the cell that are considered desirable for the cell therapy product. Cells that are profiled for donor
capability can be edited or unedited cells. Profiling cells can take place before or after cell editing. Edited cells include
one or more modifications such as HIP modifications (hypoimmune gene modifications that enable immune evasion).
When transplanted in vivo without immunosuppression, HIP-modified cells have reduced expression of one or more
molecules of the MHC class I and/or MHC class II molecules and thus there may be no evidence of a systemic immune
response, such as no T cell activation, antibody production, or NK cell activity. Disclosure relating to edited cells is
provided herein. Such disclosure is applicable to the methods, uses and cells described herein. The methods for profiling
a population of cells for donor capability disclosed herein are advantageous for many cell types as described herein. In
some embodiments, the cells are T cells (e.g., CAR-T cells).

Engineered Cells and Methods of Engineering Cells

[0341] One modification considered desirable for the cell therapy product is that the engineered cells and
populations thereof exhibit reduced expression of one or more molecules of the MHC class I and/or MHC class II
molecules. A further modification considered desirable for the cell therapy product is that the engineered cells and
populations thereof exhibit increased expression of at least one tolerogenic factor, such as tolerogenic factors described
herein.
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[0342] Provided herein are methods and compositions for alleviating and/or evading the effects of immune
system reactions to allogenic transplants. To overcome the problem of immune rejection of cell-derived and/or tissue
transplants, disclosed herein is an engineered immune-evasive cell (e.g., an engineered primary hypo-immunogenic cell),
or population or pharmaceutical composition thereof, that represents a viable source for any transplantable cell type.
The engineered cells disclosed herein provide for reduced recognition the recipient subject's immune system, regardless
of the subject's genetic make-up, or any existing response within the subject to one or more previous allogeneic
transplants, previous autologous chimeric antigen receptor (CAR) T rejection, and/or other autologous or allogenic
therapies wherein a transgene is expressed. The engineered cells may include, but are not limited to, beta islet cells, B
cells, T cells, NK cells, retinal pigmented epithelium cells, glial progenitor cells, endothelial cells, hepatocytes, thyroid
cells, skin cells, and blood cells (e.g., plasma cells or platelets).

[0343] In some embodiments, the engineered cells described herein further comprise increased expression
and/or overexpression of one or more complement inhibitors. In some embodiments, the one or more complement
inhibitors are selected from CD46, CD59, and DAF/CD55. In some embodiments, the engineered cells comprise increased
expression of two or more complement inhibitors in combination, such as increased expression of CD46 and CD59 or
increased expression of CD46, CD59, and CD55.

[0344] The engineered cells provided herein utilize expression of tolerogenic factors and can also modulate
(e.g., reduce or eliminate) one or more MHC class I molecules and/or one or more MHC class II molecules expression
(e.qg., surface expression). In some embodiments, genome editing technologies utilizing rare-cutting endonucleases
(e.g., the CRISPR/Cas, TALEN, zinc finger nuclease, meganuclease, and homing endonuclease systems) are also used to
reduce or eliminate expression of critical immune genes (e.g., by deleting genomic DNA of critical immune genes) in
human cells. In certain embodiments, genome editing technologies or other gene modulation technologies are used to
insert tolerance-inducing (tolerogenic) factors in human cells, (e.g., CD47), thus producing engineered cells that can
evade immune recognition upon engrafting into a recipient subject. Therefore, the engineered cells provided herein
exhibit modulated expression (e.g., reduced or eliminated expression) of one or more genes and factors that affect one
or more MHC class I molecules and/or one or more MHC class II molecules, modulated expression (e.g., reduced or and
modulated expression (e.g., overexpression) of tolerogenic factors, such as CD47, and provide for reduced recognition
by the recipient subject’s immune system. In some embodiments, the engineered cells provided herein exhibit
modulated expression (e.g., reduced expression) of CD142. In some embodiments, the engineered cells provided herein
exhibit modulated expression (e.g., increased expression) of one or more complement inhibitors selected from CD46,
CD59, and DAF/CD55.

[0345] In some aspects, engineered cells provided herein exhibit reduced innate immune cell rejection and/or
adaptive immune cell rejection (e.g., hypo-immunogenic cells). For example, in some embodiments, the engineered
cells exhibit reduced susceptibility to NK cell-mediated lysis and/or macrophage engulfment. In some embodiments, the
engineered cells are useful as a source of universally compatible cells or tissues (e.g., universal donor cells or tissues)
that are transplanted into a recipient subject with little to no immunosuppressant agent needed. Such hypo-
immunogenic cells retain cell-specific characteristics and features upon transplantation.

[0346] Also provided herein are methods for treating a disorder comprising administering the engineered cells
(e.g., engineered primary cells) that evade immune rejection in an MHC-mismatched allogenic recipient. In some
embodiments, the engineered cells produced from any one of the methods described herein evade immune rejection
when repeatedly administered (e.g., transplanted or grafted) to MHC-mismatched allogenic recipient.
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[0347] The practice of the embodiments described herein will employ, unless indicated specifically to the
contrary, conventional methods of chemistry, biochemistry, organic chemistry, molecular biology, microbiology,
recombinant DNA techniques, genetics, immunology, and cell biology that are within the skill of the art, many of which
are described below for the purpose of illustration. Such techniques are explained fully in the literature. See e.g.,
Sambrook, et al., Molecular Cloning: A Laboratory Manual (3rd Edition, 2001); Sambrook, et al., Molecular Cloning: A
Laboratory Manual (2nd Edition, 1989); Maniatis et al., Molecular Cloning: A Laboratory Manual (1982); Ausubel et al.,
Current Protocols in Molecular Biology (John Wiley and Sons, updated July 2008); Short Protocols in Molecular Biology: A
Compendium of Methods from Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-Interscience;
Glover, DNA Cloning: A Practical Approach, vol. I & II (IRL Press, Oxford, 1985); Anand, Techniques for the Analysis of
Complex Genomes, (Academic Press, New York, 1992); Transcription and Translation (B. Hames & S. Higgins, Eds.,
1984); Perbal, A Practical Guide to Molecular Cloning (1984); Harlow and Lane, Antibodies, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1998) Current Protocols in Immunology Q. E. Coligan, A. M. Kruisbeek, D. H.
Margulies, E. M. Shevach and W. Strober, eds., 1991); Annual Review of Immunology; as well as monographs in journals
such as Advances in Immunology.

[0348] All publications, including patent documents, scientific articles, and databases, referred to in this
application are incorporated by reference in their entirety for all purposes to the same extent as if each individual
publication were individually incorporated by reference. If a definition set forth herein is contrary to or otherwise
inconsistent with a definition set forth in the patents, applications, published applications and other publications that are
herein incorporated by reference, the definition set forth herein prevails over the definition that is incorporated herein by
reference.

[0349] The section headings used herein are for organizational purposes only and are not to be construed as
limiting the subject matter described. Those skilled in the art will recognize that several embodiments are possible
within the scope and spirit of the present disclosure. The following description illustrates the disclosure and, of course,
should not be construed in any way as limiting the scope of contemplated embodiments described herein.

[0350] Described here are engineered cells that comprise one or more modifications. In some embodiments,
the provided engineered cells also contain a modification of one or more target polynucleotide sequences that regulates
the expression of one or more MHC class 1 molecules, one or more MHC class II molecules, or one or more MHC class I
molecules and one or more MHC class II molecules.

[0351] In some embodiments, the provided engineered cells also include a modification to increase expression
of one or more tolerogenic factor. In some embodiments, the tolerogenic factor is one or more of A20/TNFAIP3, B2M-
HLA-E, CD16, CD16 Fc receptor, CD24, CD27, CD35, CD39, CD46, CD47, CD52, CD55, CD59, CD64, CD200, CCL21,
CCL22, CTLA4-Ig, C1 inhibitor, CR1, DUX4, FASL, HLA-C, HLA-E, HLA-E heavy chain, HLA-F, HLA-G, H2-M3, IDO1, IL-10,
IL15-RF, IL-35, IL-39, MANF, Mfge8, PD-L1, Serpinb9, or any combination thereof. In some embodiments, the
modification to increase expression of one or more tolerogenic factor is or includes increased expression of CD47. In
some embodiments, the modification to increase expression of one or more tolerogenic factor is or includes increased
expression of PD-L1. In some embodiments, the modification to increase expression of one or more tolerogenic factor is
or includes increased expression of HLA-E. In some embodiments, the modification to increase expression of one or
more tolerogenic factor is or includes increased expression of HLA-G. In some embodiments, the modification to
increase expression of one or more tolerogenic factor is or includes increased expression of CCL21, PD-L1, FasL,
Serpinb9, H2-M3 (HLA-G), CD47, CD200, and Mfge8.
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[0352] In some embodiments, the cells include one or more genomic modifications that reduce expression of
one or more MHC class I molecules and a modification that increases expression of CD47. In other words, the
engineered cells comprise exogenous CD47 proteins and exhibit reduced or silenced surface expression of one or more
MHC class I molecules. In some embodiments, the cells include one or more genomic modifications that reduce
expression of one or more MHC class II molecules and a modification that increases expression of CD47. In some
instances, the engineered cells comprise exogenous CD47 nucleic acids and proteins, and exhibit reduced or silenced
surface expression of one or more MHC class I molecules. In some embodiments, the cells include one or more genomic
modifications that reduce or eliminate expression of one or more MHC class II molecules, one or more genomic
modifications that reduce or eliminate expression of one or more MHC class II molecules, and a modification that
increases expression of CD47. In some embodiments, the engineered cells comprise exogenous CD47 proteins, exhibit
reduced or silenced surface expression of one or more MHC class I molecules and exhibit reduced or lack surface
expression of one or more MHC class II molecules. In many embodiments, the cells are B2M #ee//indel CIITAde/indel,

CD47¢g cells.
1. Chimeric Antigen Receptor
[0353] In some embodiments, a provided engineered cell is further modified to express a chimeric antigen

receptor (CAR). It will be understood that embodiments concerning CAR modified cells may be readily applied to any
suitable cell type as described herein, as well as HIP cells, safety switches and other modified/ gene edited cells as
described herein.

[0354] In some embodiments, a provided cell contains a genetic modification of one or more target
polynucleotide sequences that regulates the expression of one or more MHC class I molecules, one or more MHC class 11
molecules, or one or more MHC class I molecules and one or more MHC class II molecules overexpresses a tolerogenic
factor as described herein (e.g., CD47), and expresses a CAR. In some embodiments, the cell is one in which: B2M is
reduced or eliminated (e.g., knocked out), CIITA is reduced or eliminated (e.g., knocked out), CD47 is overexpressed, and
a CAR is expressed. In some embodiments, the cell is B2M7, CIITA”-, CD47tg, CAR+. In some embodiments, the cell
(e.g., T cell) may additional be one in which TRAC is reduced or eliminated (e.g., knocked out). In some embodiments,
the cell is B2, CIITA, CD47tg, TRAC” CAR+.

[0355] In some embodiments, a polynucleotide encoding a CAR is introduced into the cell. In some
embodiments, the cellis a T cell, such as a primary T cell or a T cell differentiated from a pluripotent cell (e.g., iPSC). In
some embodiments, the cell is a Natural Killer (NK) cell, such as a primary NK cell or an NK cell differentiated from a
pluripotent cell (e.g., iPSC).

[0356] In some embodiments, the CAR is selected from the group consisting of a first generation CAR, a second
generation CAR, a third generation CAR, and a fourth generation CAR. In some embodiments, the CAR is or comprises a
first generation CAR comprising an antigen binding domain, a transmembrane domain, and at least one signaling domain
(e.g., one, two or three signaling domains). In some embodiments, the CAR comprises a second generation CAR
comprising an antigen binding domain, a transmembrane domain, and at least two signaling domains. In some
embodiments, the CAR comprises a third generation CAR comprising an antigen binding domain, a transmembrane domain,
and at least three signaling domains. In some embodiments, a fourth generation CAR comprising an antigen binding
domain, a transmembrane domain, three or four signaling domains, and a domain which upon successful signaling of the
CAR induces expression of a cytokine gene. In some embodiments, the antigen binding domain is or comprises an
antibody, an antibody fragment, an scFv or a Fab.
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[0357] In some embodiments, any one of the cells described herein comprises a nucleic acid encoding a CAR
or a first generation CAR. In some embodiments, a first generation CAR comprises an antigen binding domain, a
transmembrane domain, and signaling domain. In some embodiments, a signaling domain mediates downstream signaling
during T cell activation.

[0358] In some embodiments, any one of the cells described herein comprises a nucleic acid encoding a CAR
or a second generation CAR. In some embodiments, a second generation CAR comprises an antigen binding domain, a
transmembrane domain, and two signaling domains. In some embodiments, a signaling domain mediates downstream
signaling during T cell activation. In some embodiments, a signaling domain is a costimulatory domain. In some
embodiments, a costimulatory domain enhances cytokine production, CAR T cell proliferation, and/or CAR T cell persistence
during T cell activation.

[0359] In some embodiments, any one of the cells described herein comprises a nucleic acid encoding a CAR
or a third generation CAR. In some embodiments, a third generation CAR comprises an antigen binding domain, a
transmembrane domain, and at least three signaling domains. In some embodiments, a signaling domain mediates
downstream signaling during T cell activation. In some embodiments, a signaling domain is a costimulatory domain. In
some embodiments, a costimulatory domain enhances cytokine production, CAR T cell proliferation, and or CAR T cell
persistence during T cell activation. In some embodiments, a third generation CAR comprises at least two costimulatory
domains. In some embodiments, the at least two costimulatory domains are not the same.

[0360] In some embodiments, any one of the cells described herein comprises a nucleic acid encoding a CAR
or a fourth generation CAR. In some embodiments, a fourth generation CAR comprises an antigen binding domain, a
transmembrane domain, and at least two, three, or four signaling domains. In some embodiments, a signaling domain
mediates downstream signaling during T cell activation. In some embodiments, a signaling domain is a costimulatory
domain. In some embodiments, a costimulatory domain enhances cytokine production, CAR T cell proliferation, and or
CAR T cell persistence during T cell activation.

[0361] In some embodiments, an engineered cell provided herein (e.g., primary or iPSC-derived T cell or primary
or iPSC-derived NK cell) includes a polynucleotide encoding a CAR, wherein the polynucleotide is inserted in a genomic
locus. In some embodiments, the polynucleotide is inserted into a safe harbor locus, such as but not limited to, an AAVS1,
CCR5, CLYBL, ROSA26, SHS231, F3 (also known as CD142), MICA, MICB, LRP1 (also known as CD91), HMGB1, ABO, RHD,
FUT1, or KDM5D gene locus. In some embodiments, the polynucleotide is inserted in a B2M, CIITA, TRAC, TRB, PD1 or
CTLA4 gene. Any suitable method can be used to insert the CAR into the genomic locus of the hypoimmunogenic cell
including the gene editing methods described herein (e.g., a CRISPR/Cas system).

[0362] In some embodiments, a first, second, third, or fourth generation CAR further comprises a domain which
upon successful signaling of the CAR induces expression of a cytokine gene. In some embodiments, a cytokine gene is
endogenous or exogenous to a target cell comprising a CAR which comprises a domain which upon successful signaling of
the CAR induces expression of a cytokine gene. In some embodiments, a cytokine gene encodes a pro-inflammatory
cytokine. In some embodiments, a cytokine gene encodes IL-1, IL-2, IL-9, IL-12, IL-18, TNF, or IFN-gamma, or functional
fragment thereof. In some embodiments, a domain which upon successful signaling of the CAR induces expression of a
cytokine gene is or comprises a transcription factor or functional domain or fragment thereof. In some embodiments, a
domain which upon successful signaling of the CAR induces expression of a cytokine gene is or comprises a transcription
factor or functional domain or fragment thereof. In some embodiments, a transcription factor or functional domain or
fragment thereof is or comprises a nuclear factor of activated T cells (NFAT), an NF-kB, or functional domain or fragment
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thereof. See, e.g., Zhang. C. et al., Engineering CAR-T cells. Biomarker Research. 5:22 (2017); WO 2016126608; Sha, H.

et al. Chimaeric antigen receptor T-cell therapy for tumour immunotherapy. Bioscience Reports Jan 27, 2017, 37 (1).

[0363] A skilled artisan is familiar with CARs and different components and configurations of CARs. Any
known CAR can be employed in connection with the provided embodiments. In addition to the CARs described herein,
various CARs and nucleotide sequences encoding the same are known in the art and would be suitable for engineering
cells as described herein. See, e.g., W02013040557; W02012079000; W02016030414; Smith T, et al., Nature
Nanotechnology. 2017. DOI: 10.1038/NNANOQ.2017.57, the disclosures of which are herein incorporated by reference.
Exemplary features and components of a CAR are described in the following subsections.

a. Antigen Binding Domain

[0364] In some embodiments, a CAR antigen binding domain (ABD) is or comprises an antibody or antigen-
binding portion thereof. In some embodiments, a CAR antigen binding domain is or comprises an scFv or Fab.

[0365] In some embodiments, an antigen binding domain binds to a cell surface antigen of a cell. In some
embodiments, a cell surface antigen is characteristic of (e.g., expressed by) a particular or specific cell type. In some
embodiments, a cell surface antigen is characteristic of more than one type of cell.

[0366] In some embodiments, the antigen may be an antigen that is exclusively or preferentially expressed on
tumor cells, or an antigen that is characteristic of an autoimmune or inflammatory disease. In some embodiments, the
antigen binding domain (ABD) targets an antigen characteristic of a neoplastic cell. For instance, the antigen binding
domain targets an antigen expressed by a neoplastic or cancer cell. In some embodiments, the ABD binds a tumor
associated antigen. In some embodiments, the antigen characteristic of a neoplastic cell (e.g., antigen associated with a
neoplastic or cancer cell) or a tumor associated antigen is selected from a cell surface receptor, an ion channel-linked
receptor, an enzyme-linked receptor, a G protein-coupled receptor, receptor tyrosine kinase, tyrosine kinase associated
receptor, receptor-like tyrosine phosphatase, receptor serine/ threonine kinase, receptor guanylyl cyclase, histidine kinase
associated receptor.

[0367] In some embodiments, the target antigen is an antigen that includes, but is not limited to, Epidermal
Growth Factor Receptors (EGFR) (including ErbB1/EGFR, ErbB2/HER2, ErbB3/HER3, and ErbB4/HER4), Fibroblast Growth
Factor Receptors (FGFR) (including FGF1, FGF2, FGF3, FGF4, FGF5, FGF6, FGF7, FGF18, and FGF21) Vascular Endothelial
Growth Factor Receptors (VEGFR) (including VEGF-A, VEGF-B, VEGF-C, VEGF-D, and PIGF), RET Receptor and the Eph
Receptor Family (including EphAl, EphA2, EphA3, EphA4, EphA5, EphA6, EphA7, EphA8, EphA9, EphA10, EphB1, EphB2.
EphB3, EphB4, and EphB6), CXCR1, CXCR2, CXCR3, CXCR4, CXCR6, CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCRS, CFTR,
CIC-1, CIC-2, CIC-4, CIC-5, CIC-7, CIC-Ka, CIC-Kb, Bestrophins, TMEM16A, GABA receptor, glycin receptor, ABC
transporters, NAV1.1, NAV1.2, NAV1.3, NAV1.4, NAV1.5, NAV1.6, NAV1.7, NAV1.8, NAV1.9, sphingosin-1-phosphate
receptor (S1P1R), NMDA channel, transmembrane protein, multispan transmembrane protein, T-cell receptor motifs; T-
cell alpha chains; T-cell B chains; T-cell y chains; T-cell d chains, CCR7, CD3, CD4, CD5, CD7, CD8, CD11b, CD11c, CD16,
CD19, CD20, CD21, CD22, CD25, CD28, CD34, CD35, CD40, CD45RA, CD45R0, CD52, CD56, CD62L, CD68, CD80, CD95,
CD117, CD127, CD133, CD137 (4-1 BB), CD163, F4/80, IL-4Ra, Sca-1 , CTLA-4, GITR, GARP, LAP, granzyme B, LFA-1,
transferrin receptor, NKp46, perforin, CD4+, Thl, Th2, Th17, Th40, Th22, Th9, Tfh, Canonical Treg, FoxP3+, Tr1, Th3,
Tregl7, TreG, CDCP, NT5E, EpCAM, CEA, gpA33, Mucins, TAG-72, Carbonic anhydrase IX, PSMA, Folate binding protein,
Gangliosides (e.g., CD2, CD3, GM2), Lewis-y?, VEGF, VEGFR 1/2/3, aVB3, a5B1, ErbB1/EGFR, ErbB1/HER2, ErB3, c-MET,
IGF1R, EphA3, TRAIL-R1, TRAIL-R2, RANKL, FAP, Tenascin, PDL-1, BAFF, HDAC, ABL, FLT3, KIT, MET, RET, IL-1B, ALK,
RANKL, mTOR, CTLA-4, IL-6, IL-6R, JAK3, BRAF, PTCH, Smoothened, PIGF, ANPEP, TIMP1, PLAUR, PTPRJ, LTBR, or

63



WO 2025/043172 PCT/US2024/043615

ANTXR1, Folate receptor alpha (FRa), ERBB2 (Her2/neu), EphA2, IL-13Ra2, epidermal growth factor receptor (EGFR),
Mesothelin, TSHR, CD19, CD123, CD22, CD30, CD171, CS-1, CLL-1, CD33, EGFRVIII , GD2, GD3, BCMA, MUC16 (CA125),
L1CAM, LeY, MSLN, IL13Rx1, L1-CAM, Tn Ag, prostate specific membrane antigen (PSMA), ROR1, FLT3, FAP, TAG72,
CD38, CD44v6, CEA, EPCAM, B7H3, KIT, interleukin-11 receptor a (IL-11Ra), PSCA, PRSS21, VEGFR2, LewisY, CD24,
platelet-derived growth factor receptor-beta (PDGFR-beta), SSEA-4, CD20, MUC1, NCAM, Prostase, PAP, ELF2ZM, Ephrin
B2, IGF-1 receptor, CAIX, LMP2, gplOO, bcr-abl, tyrosinase, Fucosyl GM1, sLe, GM3, TGS5, HMWMAA, o-acetyl-GD2, Folate
receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D, CXORF61, CD97, CD179a, ALK, Polysialic acid, PLACI, GloboH, NY-
BR-1, UPK2, HAVCR1, ADRB3, PANX3, GPR20, LY6K, OR51E2, TARP, WT1, NY-ESO-1, LAGE-la, MAGE-A1, legumain, HPV
E6, E7, ETV6-AML, sperm protein 17, XAGE1, Tie 2, MAD-CT-1, MAD-CT-2, Major histocompatibility complex class I-related
gene protein (MR1), urokinase-type plasminogen activator receptor (UPAR), Fos-related antigen 1, p53, p53 mutant,
prostein, survivin, telomerase, PCTA-1/Galectin 8, MelanA/MART1, Ras mutant, hTERT, sarcoma translocation breakpoints,
ML-IAP, ERG (TMPRSS2 ETS fusion gene), NA17, PAX3, Androgen receptor, Cyclin B1, MYCN, RhoC, TRP-2, CYPIB I,
BORIS, SART3, PAX5, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human telomerase reverse transcriptase, RU1, RU2, intestinal
carboxyl esterase, mut hsp70-2, CD79a, CD79b, CD72, LAIR1, FCAR, LILRA2, CD300LF, CLEC12A, BST2, EMR2, LY75,
GPC3, FCRLS5, IGLL1, a neoantigen, CD133, CD15, CD184, CD24, CD56, CD26, CD29, CD44, HLA-A, HLA-B, HLA-C, (HLA-
A,B,C) CD49f, CD151 CD340, CD200, tkrA, trkB, or trkC, or an antigenic fragment or antigenic portion thereof.

[0368] In some embodiments, exemplary target antigens include, but are not limited to, CDS, CD19, CD20,
CD22, CD23, CD30, CD70, Kappa, Lambda, and B cell maturation agent (BCMA) (associated with leukemias); CS1/SLAMF7,
CD38, CD138, GPRC5D, TACI, and BCMA (associated with myelomas); GD2, HER2, EGFR, EGFRvIIl, B7H3, PSMA, PSCA,
CAIX, CD171, CEA, CSPG4, EPHA2, FAP, FRa, IL-13Ra, Mesothelin, MUC1, MUC16, and ROR1 (associated with solid
tumors).

[0369] In some embodiments, the CAR is a CD19 CAR. In some embodiments, the extracellular binding domain
of the CD19 CAR comprises an antibody that specifically binds to CD19, for example, human CD19. In some embodiments,
the extracellular binding domain of the CD19 CAR comprises an scFv antibody fragment derived from the FMC63
monoclonal antibody (FMC63), which comprises the heavy chain variable region (VH) and the light chain variable region
(VL) of FMC63 connected by a linker peptide. In some embodiments, the linker peptide is a "Whitlow" linker peptide.
FMC63 and the derived scFv have been described in Nicholson et al., Mal. Immun. 34(16-17):1157-1165 (1997) and PCT
Application Publication No. WO2018/213337 A 1, the entire content of each of which is incorporated by reference herein.
[0370] In some embodiments, the extracellular binding domain of the CD19 CAR comprises an antibody derived
from one of the CD19-specific antibodies including, for example, SJ25C1 (Bejcek et al., Cancer Res. 55:2346-2351 (1995)),
HD37 (Pezutto et al., J. Immunol. 138(9):2793-2799 (1987)), 4G7 (Meeker et al., Hybridoma 3:305-320 (1984)), B43
(Bejcek (1995)), BLY3 (Bejcek (1995)), B4 (Freedman et al., 70:418-427 (1987)), B4 HB12b (Kansas & Tedder, J. Immunol.
147:4094-4102 (1991); Yazawa et al., Proc. Natl. Acad. Sci. USA 102:15178-15183 (2005); Herbst et al., J. Pharmacol.
Exp. Ther. 335:213-222 (2010)), BU12 (Gallard et al., J. Immunology, 148(10): 2983-2987 (1992)), and CLB-CD19 (De
Rie Cell. Inmunol. 118:368-381(1989)).

[0371] In some embodiments, the CAR is CD22 CAR. CD22, which is a transmembrane protein found mostly
on the surface of mature B cells that functions as an inhibitory receptor for B cell receptor (BCR) signaling. CD22 is
expressed in 60-70% of B cell ymphomas and leukemias (e.g., B-chronic lymphocytic leukemia, hairy cell leukemia, acute
lymphocytic leukemia (ALL), and Burkitt's lymphoma) and is not present on the cell surface in early stages of B cell
development or on stem cells. In some embodiments, the CD22 CAR comprises an extracellular binding domain that
specifically binds CD22, a transmembrane domain, an intracellular signaling domain, and/or an intracellular costimulatory

64



WO 2025/043172 PCT/US2024/043615

domain. In some embodiments, the extracellular binding domain of the CD22 CAR comprises an scFv antibody fragment
derived from the m971 monoclonal antibody (m971 ), which comprises the heavy chain variable region (VH) and the light
chain variable region (VL) of m971 connected by a linker. In some embodiments, the extracellular binding domain of the
CD22 CAR comprises an scFv antibody fragment derived from m971-L7, which an affinity matured variant of m971 with
significantly improved CD22 binding affinity compared to the parental antibody m971 (improved from about 2 nM to less
than 50 pM). In some embodiments, the scFv antibody fragment derived from m971-L7 comprises the VH and the VL of
m971-L7 connected by a 3xG4S linker. In some embodiments, the extracellular binding domain of the CD22 CAR comprises
immunotoxins HA22 or BL22. Immunotoxins BL22 and HA22 are therapeutic agents that comprise an scFv specific for
CD22 fused to a bacterial toxin, and thus can bind to the surface of the cancer cells that express CD22 and kill the cancer
cells. BL22 comprises a dsFv of an anti-CD22 antibody, RFB4, fused to a 38-kDa truncated form of Pseudomonas exotoxin
A (Bang et al., Clin. Cancer Res., 11:1545-50 (2005)). HA22 (CAT8015, moxetumomab pasudotox) is a mutated, higher
affinity version of BL22 (Ho et al., J. Biol. Chem., 280(1): 607-17 (2005)). Suitable sequences of antigen binding domains
of HA22 and BL22 specific to CD22 are disclosed in, for example, U.S. Patent Nos. 7,541,034; 7,355,012; and 7,982,011,
which are hereby incorporated by reference in their entirety.

[0372] In some embodiments, the CAR is BCMA CAR. BCMA is a tumor necrosis family receptor (TNFR) member
expressed on cells of the B cell lineage, with the highest expression on terminally differentiated B cells or mature B
lymphocytes. BCMA is involved in mediating the survival of plasma cells for maintaining long-term humoral immunity. The
expression of BCMA has been recently linked to a number of cancers, such as multiple myeloma, Hodgkin's and
non-Hodgkin's lymphoma, various leukemias, and glioblastoma. In some embodiments, the BCMA CAR comprises an
extracellular binding domain that specifically binds BCMA, a transmembrane domain, an intracellular signaling domain,
and/or an intracellular costimulatory domain. In some embodiments, the extracellular binding domain of the BCMA CAR
comprises an antibody that specifically binds to BCMA, for example, human BCMA. CARs directed to BCMA have been
described in PCT Application Publication Nos. W02016/014789, WO2016/014565, W02013/154760, and WO 2015/128653.
BCMA-binding antibodies are also disclosed in PCT Application Publication Nos. W02015/166073 and W02014/068079. In
some embodiments, the extracellular binding domain of the BCMA CAR comprises an scFv antibody fragment derived from
a murine monoclonal antibody as described in Carpenter et al., Clin. Cancer Res. 19(8):2048-2060 (2013). In some
embodiments, the scFv antibody fragment is a humanized version of the murine monoclonal antibody (Sommermeyer et
al., Leukemia 31:2191-2199 (2017)). In some embodiments, the extracellular binding domain of the BCMA CAR comprises
single variable fragments of two heavy chains (VHH) that can bind to two epitopes of BCMA as described in Zhao et al., J.
Hematol. Oneal. 11(1):141 (2018). In some embodiments, the extracellular binding domain of the BCMA CAR comprises a
fully human heavy-chain variable domain (FHVH) as described in Lam et al., Nat. Commun. 11(1):283 (2020).

[0373] In some embodiments, the antigen binding domain targets an antigen characteristic of an autoimmune
or inflammatory disorder. In some embodiments, the ABD binds an antigen associated with an autoimmune or
inflammatory disorder. In some instances, the antigen is expressed by a cell associated with an autoimmune or
inflammatory disorder. In some embodiments, the autoimmune or inflammatory disorder is selected from chronic graft-
vs-host disease (GVHD), lupus, arthritis, immune complex glomerulonephritis, goodpasture, uveitis, hepatitis, systemic
sclerosis or scleroderma, type I diabetes, multiple sclerosis, cold agglutinin disease, Pemphigus vulgaris, Grave's disease,
autoimmune hemolytic anemia, Hemophilia A, Primary Sjogren's Syndrome, thrombotic thrombocytopenia purrpura,
neuromyelits optica, Evan's syndrome, IgM mediated neuropathy, cyroglobulinemia, dermatomyositis, idiopathic
thrombocytopenia, ankylosing spondylitis, bullous pemphigoid, acquired angioedema, chronic urticarial, antiphospholipid
demyelinating polyneuropathy, and autoimmune thrombocytopenia or neutropenia or pure red cell aplasias, while
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exemplary non-limiting examples of alloimmune diseases include allosensitization (see, for example, Blazar et al., 2015,
Am. J. Transplant, 15(4):931-41) or xenosensitization from hematopoietic or solid organ transplantation, blood
transfusions, pregnancy with fetal allosensitization, neonatal alloimmune thrombocytopenia, hemolytic disease of the
newborn, sensitization to foreign antigens such as can occur with replacement of inherited or acquired deficiency disorders
treated with enzyme or protein replacement therapy, blood products, and gene therapy. Allosensitization, in some
instances, refers to the development of an immune response (such as circulating antibodies) against human leukocyte
antigens that the immune system of the recipient subject or pregnant subject considers to be non-self antigens. In some
embodiments, the antigen characteristic of an autoimmune or inflammatory disorder is selected from a cell surface
receptor, an ion channel-linked receptor, an enzyme-linked receptor, a G protein-coupled receptor, receptor tyrosine
kinase, tyrosine kinase associated receptor, receptor-like tyrosine phosphatase, receptor serine/ threonine kinase, receptor
guanylyl cyclase, or histidine kinase associated receptor.

[0374] In some embodiments, an antigen binding domain of a CAR binds to a ligand expressed on B cells,
plasma cells, or plasmablasts. In some embodiments, an antigen binding domain of a CAR binds to CD10, CD19, CD20,
CD22, CD24, CD27, CD38, CD45R, CD138, CD319, BCMA, GPRC5D, CD28, TNF, interferon receptors, GM-CSF, ZAP-70,
LFA-1, CD3 gamma, CD5 or CD2. See, US 2003/0077249; WO 2017/058753; WO 2017/058850, the contents of which are
herein incorporated by reference. In some embodiments, the CAR is an anti-CD19 CAR. In some embodiments, the CAR
is an anti-BCMA CAR.

[0375] In some embodiments, the antigen binding domain targets an antigen characteristic of senescent cells,
e.g., urokinase-type plasminogen activator receptor (UPAR). In some embodiments, the ABD binds an antigen associated
with a senescent cell. In some instances, the antigen is expressed by a senescent cell. In some embodiments, the CAR
may be used for treatment or prophylaxis of disorders characterized by the aberrant accumulation of senescent cells, e.g.,
liver and lung fibrosis, atherosclerosis, diabetes and osteoarthritis.

[0376] In some embodiments, the antigen binding domain targets an antigen characteristic of an infectious
disease. In some embodiments, the ABD binds an antigen associated with an infectious disease. In some instances, the
antigen is expressed by a cell affected by an infectious disease. In some embodiments, wherein the infectious disease is
selected from HIV, hepatitis B virus, hepatitis C virus, Human herpes virus, Human herpes virus 8 (HHV-8, Kaposi sarcoma-
associated herpes virus (KSHV)), Human T-lymphotrophic virus-1 (HTLV-1), Merkel cell polyomavirus (MCV), Simian virus
40 (Sv40), Epstein-Barr virus, CMV, human papillomavirus. In some embodiments, the antigen characteristic of an
infectious disease is selected from a cell surface receptor, an ion channel-linked receptor, an enzyme-linked receptor, a G
protein-coupled receptor, receptor tyrosine kinase, tyrosine kinase associated receptor, receptor-like tyrosine phosphatase,
receptor serine/ threonine kinase, receptor guanylyl cyclase, histidine kinase associated receptor, HIV Env, gpl20, or CD4-
induced epitope on HIV-1 Env.

[0377] In any of these embodiments, the extracellular binding domain of the CAR can be codon-optimized for
expression in a host cell or have variant sequences to increase functions of the extracellular binding domain.

[0378] In some embodiments, the CAR is bispecific to two target antigens. In some embodiments, the target
antigens are different target antigens. In some of any such embodiments, the two different target antigens are any two
different antigens described above. In some embodiments, the extracellular binding domains are different and bind two
different antigens from (i) CD19 and CD20, (ii) CD20 and L1-CAM, (iii) L1-CAM and GD2, (iv) EGFR and L1-CAM, (v) CD19
and CD22, (vi) EGFR and C-MET, (vii) EGFR and HER2, (viii) C-MET and HER2, or (ix) EGFR and ROR1. In some
embodiments, each of the two different antigen binding domains is an scFv. In some embodiments, the C-terminus of
one variable domain (VH or VL) of a first scFv is tethered to the N-terminus of the second scFv (VL or VH, respectively)
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via a polypeptide linker. In some embodiments, the linker connects the N-terminus of the VH with the C-terminus of VL
or the C-terminus of VH with the N-terminus of VL. These scFvs lack the constant regions (Fc) present in the heavy and
light chains of the native antibody. The scFvs, specific for at least two different antigens, are arranged in tandem and
linked to the co-stimulatory domain and the intracellular signaling domain via a transmembrane domain. In some
embodiments, an extracelluar spacer domain may be linked between the antigen-specific binding region and the
transmembrane domain.

[0379] In some embodiments, each antigen-specific targeting region of the CAR comprises a divalent (or
bivalent) single-chain variable fragment (di-scFvs, bi-scFvs). In CARs comprising di-scFVs, two scFvs specific for each
antigen are linked together by producing a single peptide chain with two VH and two VL regions, yielding tandem scFvs.
(Xiong, Cheng-Yi; Natarajan, A; Shi, X B; Denardo, G L; Denardo, S J (2006). “Development of tumor targeting anti-MUC-
1 multimer: effects of di-scFv unpaired cysteine location on PEGylation and tumor binding”. Protein Engineering Design
and Selection 19 (8): 359-367; Kufer, Peter; Lutterblse, Ralf; Baeuerle, Patrick A. (2004). “A revival of bispecific
antibodies”. Trends in Biotechnology 22 (5): 238-244). CARs comprising at least two antigen-specific targeting regions
would express two scFvs specific for each of the two antigens. The resulting antigen-specific targeting region, specific for
at least two different antigens, is joined to the co-stimulatory domain and the intracellular signaling domain via a
transmembrane domain. In some embodiments, an extracelluar spacer domain may be linked between the antigen-specific
binding domain and the transmembrane domain.

[0380] In some embodiments, each antigen-specific targeting region of the CAR comprises a diabody. In a
diabody, the scFvs are created with linker peptides that are too short for the two variable regions to fold together, driving
the scFvs to dimerize. Still shorter linkers (one or two amino acids) lead to the formation of trimers, the so-called triabodies
or tribodies. Tetrabodies may also be used.

[0381] In some embodiments, the cell is engineered to express more than one CAR, such as two different CARs,
in which each CAR has an antigen-binding domain directed to a different target antigen. In some of any such embodiments,
the two different target antigens are any two different antigens described above. In some embodiments, the extracellular
binding domains are different and bind two different antigens from (i) CD19 and CD20, (ii) CD20 and L1-CAM, (iii) L1-CAM
and GD2, (iv) EGFR and L1-CAM, (v) CD19 and CD22, (vi) EGFR and C-MET, (vii) EGFR and HER2, (viii) C-MET and HER2,
or (ix) EGFR and ROR1.

[0382] In some embodiments, two different engineered cells are prepared that contain the provided
modifications with each engineered with a different CAR. In some embodiments, each of the two different CARs has an
antigen-binding domain directed to a different target antigen. In some of any such embodiments, the two different
target antigens are any two different antigens described above. In some embodiments, the extracellular binding domains
are different and bind two different antigens from (i) CD19 and CD20, (ii) CD20 and L1-CAM, (iii) L1-CAM and GD2, (iv)
EGFR and L1-CAM, (v) CD19 and CD22, (vi) EGFR and C-MET, (vii) EGFR and HER2, (viii) C-MET and HER2, or (ix) EGFR
and ROR1. In some embodiments, a population of engineered cells (e.g., hypoimmunogenic) expressing a first CAR
directed against a first target antigen and a population of engineered cells (e.g., hypoimmunogenic) expressing a second
CAR directed against a second target antigen are separately administered to the subject. In some embodiments, the
first and second population of cells are administered sequentially in any order. For instance, the population of cells
expressing the second CAR is administered a after administration of the population of cells expressing the first CAR.

b. Spacer
[0383] In some embodiments, the CAR further comprises one or more spacers, e.g., wherein the spacer is a

first spacer between the antigen binding domain and the transmembrane domain. In some embodiments, the first spacer
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includes at least a portion of an immunoglobulin constant region or variant or modified version thereof. In some
embodiments, the spacer is a second spacer between the transmembrane domain and a signaling domain. In some
embodiments, the second spacer is an oligopeptide, e.g., wherein the oligopeptide comprises glycine and serine residues
such as but not limited to glycine-serine doublets. In some embodiments, the CAR comprises two or more spacers, e.g.,
a spacer between the antigen binding domain and the transmembrane domain and a spacer between the
transmembrane domain and a signaling domain.

(o Transmembrane Domain
[0384] In some embodiments, the CAR transmembrane domain comprises at least a transmembrane region of
the alpha, beta or zeta chain of a T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD28,
CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, or functional variant thereof. In some embodiments, the
transmembrane domain comprises at least a transmembrane region(s) of CD8a, CD8B, 4-1BB/CD137, CD28, CD34, CD4,
FceRly, CD16, OX40/CD134, CD3{, CD3¢, CD3y, CD3d, TCRa, TCRB, TCRY, CD32, CD64, CD64, CD45, CD5, CD9, CD22,
CD37, CD80, CD86, CD40, CD40L/CD154, VEGFR2, FAS, and FGFR2B, or functional variant thereof.

d. Signaling Domain(s)

[0385] In some embodiments, a CAR described herein comprises one or at least one signaling domain selected
from one or more of B7-1/CD80; B7-2/CD86; B7-H1/PD-L1; B7-H2; B7-H3; B7-H4; B7-H6; B7-H7; BTLA/CD272; CD28;
CTLA-4; Gi24/VISTA/B7-H5; I1COS/CD278; PD-1; PD-L2/B7-DC; PDCD6); 4-1BB/TNFSF9/CD137; 4-1BB Ligand/TNFSF9;
BAFF/BLyS/TNFSF13B; BAFF R/TNFRSF13C; CD27/TNFRSF7; CD27 Ligand/TNFSF7; CD30/TNFRSF8; CD30
Ligand/TNFSF8; CD40/TNFRSF5; CD40/TNFSF5; CD40 Ligand/TNFSF5; DR3/TNFRSF25; GITR/TNFRSF18; GITR
Ligand/TNFSF18;  HVEM/TNFRSF14; LIGHT/TNFSF14; Lymphotoxin-alpha/TNF-beta; = OX40/TNFRSF4; OX40
Ligand/TNFSF4;  RELT/TNFRSF19L; TACI/TNFRSF13B;  TL1A/TNFSF15; TNF-alpha; TNF  RII/TNFRSF1B);
2B4/CD244/SLAMF4;  BLAME/SLAMF8; CD2; CD2F-10/SLAMF9; CD48/SLAMF2; CD58/LFA-3; CD84/SLAMFS5;
CD229/SLAMF3; CRACC/SLAMF7; NTB-A/SLAMF6; SLAM/CD150); CD2; CD7; CD53; CD82/Kai-1; CD90/Thyl; CD96;
CD160; CD200; CD300a/LMIR1; HLA Class I, HLA-DR; Ikaros; Integrin alpha 4/CD49d; Integrin alpha 4 beta 1; Integrin
alpha 4 beta 7/LPAM-1; LAG-3; TCL1A; TCL1B; CRTAM; DAP12; Dectin-1/CLEC7A; DPPIV/CD26; EphB6; TIM-1/KIM-
1/HAVCR; TIM-4; TSLP; TSLP R; lymphocyte function associated antigen-1 (LFA-1); NKG2C, a CD3 zeta domain, an
immunoreceptor tyrosine-based activation motif (ITAM), CD27, CD28, 4-1BB, CD134/0X40, CD30, CD40, PD-1, ICOS,
lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically binds with
CD83, or functional fragment thereof.

[0386] In some embodiments, the at least one signaling domain comprises a CD3 zeta domain or an
immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof.

[0387] In some embodiments, a CAR comprises a signaling domain which is a costimulatory domain. In some
embodiments, a CAR comprises a second costimulatory domain. In some embodiments, a CAR comprises at least two
costimulatory domains. In some embodiments, a CAR comprises at least three costimulatory domains. In some
embodiments, a CAR comprises a costimulatory domain selected from one or more of CD27, CD28, 4-1BB, CD134/0X40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand
that specifically binds with CD83. In some embodiments, if a CAR comprises two or more costimulatory domains, two
costimulatory domains are different. In some embodiments, if a CAR comprises two or more costimulatory domains, two
costimulatory domains are the same.

[0388] In other embodiments, the at least one signaling domain comprises (i) a CD3 zeta domain, or an

immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof; and (ii) a CD28 domain, or a 4-1BB
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domain, or functional variant thereof. In yet other embodiments, the at least one signaling domain comprises a (i) a CD3
zeta domain, or an immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof; (ii) a CD28
domain or functional variant thereof; and (iii) a 4-1BB domain, or a CD134 domain, or functional variant thereof. In some
embodiments, the at least one signaling domain comprises a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based
activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain or functional variant thereof; (iii) a 4-1BB domain,
or a CD134 domain, or functional variant thereof; and (iv) a cytokine or costimulatory ligand transgene.

[0389] In some embodiments, the at least two signaling domains comprise a CD3 zeta domain or an
immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof. In other embodiments, the at least
two signaling domains comprise (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based activation motif (ITAM), or
functional variant thereof; and (ii) a CD28 domain, or a 4-1BB domain, or functional variant thereof. In yet other
embodiments, the at least one signaling domain comprises a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based
activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain or functional variant thereof; and (iii) a 4-1BB
domain, or a CD134 domain, or functional variant thereof. In some embodiments, the at least two signaling domains
comprise a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based activation motif (ITAM), or functional variant
thereof; (ii) a CD28 domain or functional variant thereof; (iii) a 4-1BB domain, or a CD134 domain, or functional variant
thereof; and (iv) a cytokine or costimulatory ligand transgene.

[0390] In some embodiments, the at least three signaling domains comprise a CD3 zeta domain or an
immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof. In other embodiments, the at least
three signaling domains comprise (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based activation motif (ITAM),
or functional variant thereof; and (ii) a CD28 domain, or a 4-1BB domain, or functional variant thereof. In yet other
embodiments, the least three signaling domains comprises a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based
activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain or functional variant thereof; and (iii) a 4-1BB
domain, or a CD134 domain, or functional variant thereof. In some embodiments, the at least three signaling domains
comprise a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based activation motif (ITAM), or functional variant
thereof; (ii) a CD28 domain or functional variant thereof; (iii) a 4-1BB domain, or a CD134 domain, or functional variant
thereof; and (iv) a cytokine or costimulatory ligand transgene.

[0391] In some embodiments, the CAR comprises a CD3 zeta domain or an immunoreceptor tyrosine-based
activation motif (ITAM), or functional variant thereof. In some embodiments, the CAR comprises (i) a CD3 zeta domain,
or an immunoreceptor tyrosine-based activation motif (ITAM), or functional variant thereof; and (ii) a CD28 domain, or a
4-1BB domain, or functional variant thereof.

[0392] In some embodiments, the CAR comprises a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-
based activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain or functional variant thereof; and (jii) a 4-
1BB domain, or a CD134 domain, or functional variant thereof.

[0393] In some embodiments, the CAR comprises (i) a CD3 zeta domain, or an immunoreceptor tyrosine-based
activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain, or a 4-1BB domain, or functional variant thereof,
and/or (iii) a 4-1BB domain, or a CD134 domain, or functional variant thereof.

[0394] In some embodiments, the CAR comprises a (i) a CD3 zeta domain, or an immunoreceptor tyrosine-
based activation motif (ITAM), or functional variant thereof; (ii) a CD28 domain or functional variant thereof; (iii) a 4-1BB

domain, or a CD134 domain, or functional variant thereof; and (iv) a cytokine or costimulatory ligand transgene.

e. Exemplary CARs
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In some embodiments, the CAR comprises an extracellular antigen binding domain (e.g., antibody or

antibody fragment, such as an scFv) that binds to an antigen (e.g., tumor antigen), a spacer (e.g., containing a hinge

domain, such as any as described herein), a transmembrane domain (e.g., any as described herein), and an intracellular

signaling domain (e.g., any intracellular signaling domain, such as a primary signaling domain or costimulatory signaling

domain as described herein). In some embodiments, the intracellular signaling domain is or includes a primary cytoplasmic

signaling domain. In some embodiments, the intracellular signaling domain additionally includes an intracellular signaling

domain of a costimulatory molecule (e.g., a costimulatory domain). Any of such components can be any as described

above.

[0396]

sequences of each component in a CAR can include any combination listed in Table 4.

Table 4. CAR Components and Exemplary Sequences

Examples of exemplary components of a CAR are described in Table 4. In provided aspects, the

Component
Extracellular binding domain Sequence SEQID NO

Anti-CD19 scFv (FMC63) DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYH 208
TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGG
GTKLEITGSTSGSGKPGSGEGSTKGEVKLQESGPGLVAPSQSLSVTCTVS
GVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSK
SQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS

Anti-CD19 scFv (FMC63) DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYH 209
TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGG
GTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGV
SLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQ
VFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS

Spacer (e.g., hinge)

IgG4 Hinge ESKYGPPCPPCP 210

CD8 Hinge TTTPAPRPPTPAPTIASQPLSLRPE 211

CD28 IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP 212

Transmembrane

CD8 ACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC 213

CD28 FWVLVVVGGVLACYSLLVTVAFIIFWV 214

Costimulatory domain

CD28 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS 215

4-1BB KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 216

Primary Signaling Domain

CD3zeta RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGK 217
PRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR

CD3zeta RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGK 218
PRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR

[0397] In certain embodiments, the CAR may comprise a signal peptide at the N-terminus. Non-limiting

examples of signal peptides include CD8a signal peptide, IgK signal peptide, and granulocyte-macrophage colony-

stimulating factor receptor subunit alpha (GMCSFR-q, also known as colony stimulating factor 2 receptor subunit alpha

(CSF2RA)) signal peptide, and variants thereof, the amino acid sequences of which are provided in Table 5 below.
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Table 5. Exemplary Sequences of Signal Peptides

SEQ ID NO: Sequence Description
219 MALPVTALLLPLALLLHAARP CD8a signal peptide
220 METDTLLLWVLLLWVPGSTG IgK signal peptide
221 MLLLVTSLLLCELPHPAFLLIP GMCSFR-a (CSF2RA) signal peptide
[0398] In certain embodiments, the extracellular binding domain of the CAR may comprise one or more

antibodies specific to one target antigen or multiple target antigens. The antibody may be an antibody fragment, for
example, an scFv, or a single-domain antibody fragment, for example, a VHH. In certain embodiments, the scFv may
comprise a heavy chain variable region (Vy) and a light chain variable region (V.) of an antibody connected by a linker.
The Vy and the V. may be connected in either order, i.e., Vu-linker-V. or Vi -linker-V4. Non-limiting examples of linkers
include Whitlow linker, (G4S), (n can be a positive integer, e.g., 1, 2, 3, 4, 5, 6, etc.) linker, and variants thereof. In certain
embodiments, the antigen may be an antigen that is exclusively or preferentially expressed on tumor cells, or an antigen
that is characteristic of an autoimmune or inflammatory disease. Exemplary target antigens include, but are not limited
to, CD5, CD19, CD20, CD22, CD23, CD30, CD33, CD70, Kappa, Lambda, B cell maturation agent (BCMA), and G-protein
coupled receptor family C group 5 member D (GPRC5D) (associated with leukemias); CS1/SLAMF7, CD38, CD138, GPRC5D,
TACI, and BCMA (associated with myelomas); CD123, LeY, NKG2D ligand, and WT1 (associated with other hematological
cancers); GD2, HER2, EGFR, EGFRVIII, B7H3, PSMA, PSCA, CAIX, CD171, CEA, CSPG4, EPHA2, FAP, FRa, IL-13Rq,
Mesothelin, MUC1, MUC16, ROR1, C-Met, CD133, Ep-CAM, GPC3, HPV16-E6, IL13Ra2, MAGEA3, MAGEA4, MART1, NY-
ESO-1, VEGFR2, a-Folate receptor, CD24, CD44v7/8, EGP-2, EGP-40, erb-B2, erb-B 2,3,4, FBP, Fetal acethylcholine e
receptor, Gpz, Gps, HMW-MAA, IL-11Ra, KDR, Lewis Y, L1-cell adhesion molecule, MAGE-A1, Oncofetal antigen (h5T4),
and TAG-72 (associated with solid tumors); A*02 (associated with organ transplantation); fibroblast activation protein
(FAP)(associated with fibrosis); urokinase-type plasminogen activator receptor (UPAR) (associated with senescence). In
certain embodiments, the CAR can be re-engineered as a chimeric autoantibody receptor (CAAR) to selectively deplete
autoreactive immune cells. In certain embodiments, CAARs are engineered to target autoantibodies present on immune
cells. Exemplary target antigens for CAARs include, but are not limited to, DSG3 (associated with pemphigus volgaris);
factor VIII (FVIII)(associated with haemophilia). In any of these embodiments, the extracellular binding domain of the
CAR can be codon-optimized for expression in a host cell or have variant sequences to increase functions of the extracellular
binding domain.

[0399] In certain embodiments, the CAR may comprise a hinge domain, also referred to as a spacer. The
terms “hinge” and “spacer” may be used interchangeably in the present disclosure. Non-limiting examples of hinge
domains include CD8a hinge domain, CD28 hinge domain, IgG4 hinge domain, IgG4 hinge-CH2-CH3 domain, and variants

thereof, the amino acid sequences of which are provided in Table 6 below.

Table 6. Exemplary Sequences of Hinge Domains

SEQ ID NO: Sequence Description
222 TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD CD8a hinge domain
223 IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP CD28 hinge domain
224 AAAIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP CD28 hinge domain
225 ESKYGPPCPPCP IgG4 hinge domain
226 ESKYGPPCPSCP IgG4 hinge domain
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ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGK

227 EYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCL 19G4 hinge-CH2-CH3

VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQ domain
EGNVFSCSVMHEALHNHYTQKSLSLSLGK
[0400] In certain embodiments, the transmembrane domain of the CAR may comprise a transmembrane region

of the alpha, beta, or zeta chain of a T cell receptor, CD28, CD3¢, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37,
CD64, CD80, CD86, CD134, CD137, CD154, or a functional variant thereof, including the human versions of each of these
sequences. In other embodiments, the transmembrane domain may comprise a transmembrane region of CD8a, CD83,
4-1BB/CD137, CD28, CD34, CD4, FceRly, CD16, 0X40/CD134, CD3(, CD3¢, CD3y, CD3d, TCRa, TCRB, TCR{, CD32, CD64,
CD64, CD45, CD5, CD9, CD22, CD37, CD80, CD86, CD40, CD40L/CD154, VEGFR2, FAS, and FGFR2B, or a functional variant
thereof, including the human versions of each of these sequences. Table 7 provides the amino acid sequences of a few

exemplary transmembrane domains.

Table 7. Exemplary Sequences of Transmembrane Domains

SEQ ID NO: Sequence Description
228 TIYIWAPLAGTCGVLLLSLVITLYC CD8a transmembrane domain
229 FWVLVVVGGVLACYSLLVTVAFIIFWV CD28 transmembrane domain
230 MFWVLVVVGGVLACYSLLVTVAFIIFWV CD28 transmembrane domain
[0401] In certain embodiments, the intracellular signaling domain and/or intracellular costimulatory domain of

the CAR may comprise one or more signaling domains selected from B7-1/CD80, B7-2/CD86, B7-H1/PD-L1, B7-H2, B7-H3,
B7-H4, B7-H6, B7-H7, BTLA/CD272, CD28, CTLA-4, Gi24/VISTA/B7-H5, 1COS/CD278, PD-1, PD-L2/B7-DC, PDCD6, 4-
1BB/TNFSF9/CD137, 4-1BB Ligand/TNFSF9, BAFF/BLyS/TNFSF13B, BAFF R/TNFRSF13C, CD27/TNFRSF7, CD27
Ligand/TNFSF7, CD30/TNFRSF8, CD30 Ligand/TNFSF8, CD40/TNFRSF5, CD40/TNFSF5, CD40 Ligand/TNFSF5,
DR3/TNFRSF25, GITR/TNFRSF18, GITR Ligand/TNFSF18, HVEM/TNFRSF14, LIGHT/TNFSF14, Lymphotoxin-alpha/TNF3,
0OX40/TNFRSF4, OX40 Ligand/TNFSF4, RELT/TNFRSF19L, TACI/TNFRSF13B, TL1A/TNFSF15, TNFa, TNF RII/TNFRSF1B,
2B4/CD244/SLAMF4, BLAME/SLAMF8, CD2, CD2F-10/SLAMF9, CD48/SLAMF2, CD58/LFA-3, CD84/SLAMF5,
CD229/SLAMF3, CRACC/SLAMF7, NTB-A/SLAMF6, SLAM/CD150, CD2, CD7, CD53, CD82/Kai-1, CD90/Thy1, CD96, CD160,
CD200, CD300a/LMIR1, HLA Class I, HLA-DR, Ikaros, Integrin alpha 4/CD49d, Integrin alpha 4 beta 1, Integrin alpha 4
beta 7/LPAM-1, LAG-3, TCL1A, TCL1B, CRTAM, DAP12, Dectin-1/CLEC7A, DPPIV/CD26, EphB6, TIM-1/KIM-1/HAVCR, TIM-
4, TSLP, TSLP R, lymphocyte function associated antigen-1 (LFA-1), NKG2C, CD3{, an immunoreceptor tyrosine-based
activation motif (ITAM), CD27, CD28, 4-1BB, CD134/0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83, and a functional variant
thereof including the human versions of each of these sequences. In some embodiments, the intracellular signaling domain
and/or intracellular costimulatory domain comprises one or more signaling domains selected from a CD3{ domain, an
ITAM, a CD28 domain, 4-1BB domain, or a functional variant thereof. Table 8 provides the amino acid sequences of a
few exemplary intracellular costimulatory and/or signaling domains. In certain embodiments, as in the case of
tisagenlecleucel as described below, the CD3 signaling domain of SEQ ID NO:233 may have a mutation, e.g., a glutamine
(Q) to lysine (K) mutation, at amino acid position 14 (see SEQ ID NO:234).
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Table 8. Exemplary Sequences of Intracellular Co-Stimulatory and/or Signaling Domains

SEQ ID NO: Sequence Description

231 KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 4-1BB costimulatory domain

232 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS CD28 costimulatory domain
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG

233 KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS CD3{ signaling domain
TATKDTYDALHMQALPPR
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG | CD3( signaling domain (with

234 KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS Q to K mutation at position
TATKDTYDALHMQALPPR 14)

f. CD19 CAR

[0402] In some embodiments, the CAR is a CD19 CAR, and in these embodiments, the second transgene

comprises a nucleotide sequence encoding a CD19 CAR. In some embodiments, the CD19 CAR may comprise a signal
peptide, an extracellular binding domain that specifically binds CD19, a hinge domain, a transmembrane domain, an
intracellular costimulatory domain, and/or an intracellular signaling domain in tandem.

[0403] In some embodiments, the signal peptide of the CD19 CAR comprises a CD8a signal peptide. In some
embodiments, the CD8a signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:219 or an
amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID
NO:219. In some embodiments, the signal peptide comprises an IgK signal peptide. In some embodiments, the IgK signal
peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:220 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:220. In some embodiments,
the signal peptide comprises a GMCSFR-a or CSF2RA signal peptide. In some embodiments, the GMCSFR-a or CSF2RA
signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:221 or an amino acid sequence
that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%), at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:221.

[0404] In some embodiments, the extracellular binding domain of the CD19 CAR is specific to CD19, for
example, human CD19. The extracellular binding domain of the CD19 CAR can he codon-optimized for expression in a
host cell or to have variant sequences to increase functions of the extracellular binding domain. In some embodiments,
the extracellular binding domain comprises an immunogenically active portion of an immunoglobulin molecule, for example,
an scFv.

[0405] In some embodiments, the extracellular binding domain of the CD19 CAR comprises an scFv derived
from the FMC63 monoclonal antibody (FMC63), which comprises the heavy chain variable region (Vi) and the light chain
variable region (V) of FMC63 connected by a linker. FMC63 and the derived scFv have been described in Nicholson et al.,
Mol. Immun. 34(16-17):1157-1165 (1997) and PCT Application Publication No. W02018/213337, the entire contents of
each of which are incorporated by reference herein. In some embodiments, the amino acid sequences of the entire FMC63-
derived scFv (also referred to as FMC63 scFv) and its different portions are provided in Table 9 below. In some
embodiments, the CD19-specific SCFv comprises or consists of an amino acid sequence set forth in SEQ ID NO: 235, 236,
or 241, or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in

SEQ ID NO: 235, 236, or 241. In some embodiments, the CD19-specific scFv may comprise one or more CDRs having
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amino acid sequences set forth in SEQ ID NOs: 237, 238, 239 and 241, 243, 244. In some embodiments, the CD19-
specific scFv may comprise a light chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs:
237, 238, 239. In some embodiments, the CD19-specific scFv may comprise a heavy chain with one or more CDRs having
amino acid sequences set forth in SEQ ID NOs: 242, 243, 244. In any of these embodiments, the CD19-specific sCFv may
comprise one or more CDRs comprising one or more amino acid substitutions, or comprising a sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical), to any of the sequences identified. In some embodiments, the extracellular binding domain
of the CD19 CAR comprises or consists of the one or more CDRs as described herein.

[0406] In some embodiments, the linker linking the Vi and the V| portions of the scFv is a Whitlow linker having
an amino acid sequence set forth in SEQ ID NO:240. In some embodiments, the Whitlow linker may be replaced by a
different linker, for example, a 3xGsS linker having an amino acid sequence set forth in SEQ ID NO:246, which gives rise
to a different FMC63-derived scFv having an amino acid sequence set forth in SEQ ID NO:245. In certain of these
embodiments, the CD19-specific scFv comprises or consists of an amino acid sequence set forth in SEQ ID NO:245 or an
amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID
NO:245.

Table 9. Exemplary Sequences of anti-CD19 scFv and Components

SEQ ID NO: Amino Acid Sequence Description
235 DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKL | Anti-CD19 FMC63 scFv entire
LIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNT sequence, with Whitlow
LPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVKLQESGPGLVAPS linker
QSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYN
SALKSRLTIIKDNSKSQVFLKMNSLQTDDTALYYCAKHYYYGGSYA
MDYWGQGTSVTVSS
236 DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKL | Anti-CD19 FMC63 scFv light
LIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNT chain variable region
LPYTFGGGTKLEIT
237 QDISKY Anti-CD19 FMC63 scFv light
chain CDR1
238 HTS Anti-CD19 FMC63 scFv light
chain CDR2
239 QQGNTLPYT Anti-CD19 FMC63 scFv light
chain CDR3
240 GSTSGSGKPGSGEGSTKG Whitlow linker
241 EVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLE | Anti-CD19 FMC63 scFv heavy
WLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAI chain variable region
YYCAKHYYYGGSYAMDYWGQGTSVTVSS
242 GVSLPDYG Anti-CD19 FMC63 scFv heavy
chain CDR1
243 IWGSETT Anti-CD19 FMC63 scFv heavy
chain CDR2
244 AKHYYYGGSYAMDY Anti-CD19 FMC63 scFv heavy
chain CDR3
245 DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKL | Anti-CD19 FMC63 scFv entire
LIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNT | sequence, with 3xGs4S linker
LPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQS
LSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSAL
KSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDY
WGQGTSVTVSS
246 GGGGSGGGGSGGGGS 3xG4S linker
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[0407] In some embodiments, the extracellular binding domain of the CD19 CAR is derived from an antibody
specific to CD19, including, for example, S125C1 (Bejcek et al., Cancer Res. 55:2346-2351 (1995)), HD37 (Pezutto et al.,
J. Immunol. 138(9):2793-2799 (1987)), 4G7 (Meeker et al., Hybridoma 3:305-320 (1984)), B43 (Bejcek (1995)), BLY3
(Bejcek (1995)), B4 (Freedman et al., 70:418-427 (1987)), B4 HB12b (Kansas & Tedder, J. Immunol. 147:4094-4102
(1991); Yazawa et al., Proc. Natl. Acad. Sci. USA 102:15178-15183 (2005); Herbst et al., J. Pharmacol. Exp. Ther. 335:213-
222 (2010)), BU12 (Callard et al., J. Immunology, 148(10): 2983-2987 (1992)), and CLB-CD19 (De Rie Cell. Immunol.
118:368-381(1989)). In any of these embodiments, the extracellular binding domain of the CD19 CAR can comprise or
consist of the Vy, the V|, and/or one or more CDRs of any of the antibodies.

[0408] In some embodiments, the hinge domain of the CD19 CAR comprises a CD8a hinge domain, for example,
a human CD8a hinge domain. In some embodiments, the CD8a hinge domain comprises or consists of an amino acid
sequence set forth in SEQ ID NO:222 or an amino acid sequence that is at least 80% identical (e.qg., at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino
acid sequence set forth in of SEQ ID NO:222. In some embodiments, the hinge domain comprises a CD28 hinge domain,
for example, a human CD28 hinge domain. In some embodiments, the CD28 hinge domain comprises or consists of an
amino acid sequence set forth in SEQ ID NO:223 or an amino acid sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical)
to the amino acid sequence set forth in of SEQ ID NO:223. In some embodiments, the hinge domain comprises an 1gG4
hinge domain, for example, a human IgG4 hinge domain. In some embodiments, the IgG4 hinge domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:225 or SEQ ID NO:226, or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:225 or SEQ ID NO:226. In
some embodiments, the hinge domain comprises a IgG4 hinge-Ch2-Ch3 domain, for example, a human IgG4 hinge-Ch2-
Ch3 domain. In some embodiments, the IgG4 hinge-Ch2-Ch3 domain comprises or consists of an amino acid sequence
set forth in SEQ ID NO:227 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid
sequence set forth in of SEQ ID NO:227.

[0409] In some embodiments, the transmembrane domain of the CD19 CAR comprises a CD8a transmembrane
domain, for example, a human CD8a transmembrane domain. In some embodiments, the CD8a transmembrane domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:228 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:228. In some embodiments, the
transmembrane domain comprises a CD28 transmembrane domain, for example, a human CD28 transmembrane domain.
In some embodiments, the CD28 transmembrane domain comprises or consists of an amino acid sequence set forth in
SEQ ID NO:229 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:229.

[0410] In some embodiments, the intracellular costimulatory domain of the CD19 CAR comprises a 4-1BB
costimulatory domain. 4-1BB, also known as CD137, transmits a potent costimulatory signal to T cells, promoting
differentiation and enhancing long-term survival of T lymphocytes. In some embodiments, the 4-1BB costimulatory domain
is human. In some embodiments, the 4-1BB costimulatory domain comprises or consists of an amino acid sequence set
forth in SEQ ID NO:231 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least
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90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence
set forth in SEQ ID NO:231. In some embodiments, the intracellular costimulatory domain comprises a CD28 costimulatory
domain. CD28 is another co-stimulatory molecule on T cells. In some embodiments, the CD28 costimulatory domain is
human. In some embodiments, the CD28 costimulatory domain comprises or consists of an amino acid sequence set forth
in SEQ ID NO:232 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:232. In some embodiments, the intracellular costimulatory domain of the CD19 CAR comprises a 4-
1BB costimulatory domain and a CD28 costimulatory domain as described.

[0411] In some embodiments, the intracellular signaling domain of the CD19 CAR comprises a CD3 zeta (()
signaling domain. CD3( associates with T cell receptors (TCRs) to produce a signal and contains immunoreceptor tyrosine-
based activation motifs (ITAMs). The CD3( signaling domain refers to amino acid residues from the cytoplasmic domain
of the zeta chain that are sufficient to functionally transmit an initial signal necessary for T cell activation. In some
embodiments, the CD3( signaling domain is human. In some embodiments, the CD3( signaling domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:233 or an amino acid sequence that is at least 80% identical
(e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical) to the amino acid sequence set forth in SEQ ID NO:233.

[0412] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD19 CAR,
including, for example, a CD19 CAR comprising the CD19-specific scFv having sequences set forth in SEQ ID NO:235 or
SEQ ID NO:245, the CD8a hinge domain of SEQ ID NO:222, the CD8a transmembrane domain of SEQ ID NO:228, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%), at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof. In any of these embodiments,
the CD19 CAR may additionally comprise a signal peptide (e.g., a CD8a signal peptide) as described.

[0413] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD19 CAR,
including, for example, a CD19 CAR comprising the CD19-specific scFv having sequences set forth in SEQ ID NO:235 or
SEQ ID NO:245, the IgG4 hinge domain of SEQ ID NO:225 or SEQ ID NO:226, the CD28 transmembrane domain of SEQ
ID NO:229, the 4-1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or
variants (i.e., having a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof. In any
of these embodiments, the CD19 CAR may additionally comprise a signal peptide (e.g., a CD8a signal peptide) as described.
[0414] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD19 CAR,
including, for example, a CD19 CAR comprising the CD19-specific scFv having sequences set forth in SEQ ID NO:235 or
SEQ ID NO:245, the CD28 hinge domain of SEQ ID NO:223, the CD28 transmembrane domain of SEQ ID NO:229, the
CD28 costimulatory domain of SEQ ID NO:232, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof. In any of these embodiments,
the CD19 CAR may additionally comprise a signal peptide (e.g., a CD8a signal peptide) as described.

[0415] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD19 CAR
as set forth in SEQ ID NO:247 or is at least 80% identical (e.qg., at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the nucleotide sequence set forth in SEQ ID
NO:247 (see Table 10). The encoded CD19 CAR has a corresponding amino acid sequence set forth in SEQ ID NO:248
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or is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:248, with the following
components: CD8a signal peptide, FMC63 scFv (V -Whitlow linker-Vy), CD8a hinge domain, CD8a transmembrane domain,
4-1BB costimulatory domain, and CD3( signaling domain.

[0416] In some embodiments, the second transgene comprises a nucleotide sequence encoding a commercially
available embodiment of CD19 CAR. Non-limiting examples of commercially available embodiments of CD19 CARs
expressed and/or encoded by T cells include tisagenlecleucel, lisocabtagene maraleucel, axicabtagene ciloleucel, and
brexucabtagene autoleucel.

[0417] In some embodiments, the second transgene comprises a nucleotide sequence encoding tisagenlecleucel
or portions thereof. Tisagenlecleucel comprises a CD19 CAR with the following components: CD8a signal peptide, FMC63
scFv (V1-3xGs4S linker-Vy), CD8a hinge domain, CD8a transmembrane domain, 4-1BB costimulatory domain, and CD3(
signaling domain. The nucleotide and amino acid sequence of the CD19 CAR in tisagenlecleucel are provided in Table
10, with annotations of the sequences provided in Table 11.

[0418] In some embodiments, the second transgene comprises a nucleotide sequence encoding lisocabtagene
maraleucel or portions thereof. Lisocabtagene maraleucel comprises a CD19 CAR with the following components: GMCSFR-
a or CSF2RA signal peptide, FMC63 scFv (V -Whitlow linker-Vy), IgG4 hinge domain, CD28 transmembrane domain, 4-1BB
costimulatory domain, and CD3C signaling domain. The nucleotide and amino acid sequence of the CD19 CAR in
lisocabtagene maraleucel are provided in Table 10, with annotations of the sequences provided in Table 12.

[0419] In some embodiments, the second transgene comprises a nucleotide sequence encoding axicabtagene
ciloleucel or portions thereof. Axicabtagene ciloleucel comprises a CD19 CAR with the following components: GMCSFR-a
or CSF2RA signal peptide, FMC63 scFv (V -Whitlow linker-Vy), CD28 hinge domain, CD28 transmembrane domain, CD28
costimulatory domain, and CD3{ signaling domain. The nucleotide and amino acid sequence of the CD19 CAR in
axicabtagene ciloleucel are provided in Table 10, with annotations of the sequences provided in Table 13.

[0420] In some embodiments, the second transgene comprises a nucleotide sequence encoding
brexucabtagene autoleucel or portions thereof. Brexucabtagene autoleucel comprises a CD19 CAR with the following
components: GMCSFR- a signal peptide, FMC63 scFv, CD28 hinge domain, CD28 transmembrane domain, CD28
costimulatory domain, and CD3( signaling domain.

[0421] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD19 CAR
as set forth in SEQ ID NO: 249, 251, or 253, or is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the nucleotide sequence set
forth in SEQ ID NO: 249, 251, or 253. The encoded CD19 CAR has a corresponding amino acid sequence set forth in SEQ
ID NO: 250, 252, or 254, respectively, or is at least 80% identical (e.g., at least 80%), at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in
of SEQ ID NO: 250, 252, or 254, respectively.

Table 10. Exemplary Sequences of CD19 CARs

SEQ ID NO: Sequence Description
247 atggccttaccagtgaccgcecttgetectgecgetggecttgetgetccacgecgecaggecg | Exemplary CD19 CAR
gacatccagatgacacagactacatcctcectgtctgectctctgggagacagagtcaccate | nucleotide sequence
agttgcagggcaagtcaggacattagtaaatatttaaattggtatcagcagaaaccagatg
gaactgttaaactcctgatctaccatacatcaagattacactcaggagtcccatcaaggttca
gtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaagaagatatt
gccacttacttttgccaacagggtaatacgcttccgtacacgttcggaggggggaccaagcet
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ggagatcacaggctccacctctggatccggcaageccggatctggcgagggatccaccaa

gggcgaggtgaaactgcaggagtcaggacctggectggtggcegecctcacagagectgtc
cgtcacatgcactgtctcaggggtctcattacccgactatggtgtaagctggattcgecagec
tccacgaaagggtctggagtggctgggagtaatatggggtagtgaaaccacatactataat
tcagctctcaaatccagactgaccatcatcaaggacaactccaagagccaagttttcttaaaa
atgaacagtctgcaaactgatgacacagccatttactactgtgccaaacattattactacggt

ggtagctatgctatggactactggggccaaggaacctcagtcaccgtctcctcaaccacgac
gccagegecgegaccaccaacaccggegeccaccatcgegtegeageccctgteectgege
ccagaggcgtgccggecageggeggggggcgcagtgcacacgagggggcetggactteg

cctgtgatatctacatctgggcgeccttggecgggacttgtggggtecttctectgtcactggtt
atcaccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatg

agaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaagaa

gaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgegtacca
gcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgt
tttggacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaac
cctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgag
attgggatgaaaggcgagcgccggaggggcaaggggcacgatggcectttaccagggtct

cagtacagccaccaaggacacctacgacgcccttcacatgcaggecctgeccectege

248

MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLGDRVTISCRASQDIS
KYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLE
QEDIATYFCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK
LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIW
GSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYG
GSYAMDYWGQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQ
LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

Exemplary CD19 CAR
amino acid sequence

249

atggccttaccagtgaccgccttgctectgecgetggecttgetgctccacgecgecaggecg
gacatccagatgacacagactacatcctccctgtctgectctctgggagacagagtcaccatc
agttgcagggcaagtcaggacattagtaaatatttaaattggtatcagcagaaaccagatg
gaactgttaaactcctgatctaccatacatcaagattacactcaggagtcccatcaaggttca
gtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaagaagatatt
gccacttacttttgccaacagggtaatacgcettccgtacacgttcggaggggggaccaagcet
ggagatcacaggtggcggtggctcgggcggtggtgggtcgagtggcggeggatctgagg
tgaaactgcaggagtcaggacctggcctggtggcegecctcacagagectgtccgtcacatg
cactgtctcaggggtctcattacccgactatggtgtaagctggattcgccagectccacgaaa
gggtctggagtggctgggagtaatatggggtagtgaaaccacatactataattcagctctca
aatccagactgaccatcatcaaggacaactccaagagccaagttttcttaaaaatgaacagt
ctgcaaactgatgacacagccatttactactgtgccaaacattattactacggtggtagctatg
ctatggactactggggccaaggaacctcagtcaccgtctcctcaaccacgacgccagegec
gcgaccaccaacaccggcegeccaccategegtegecageccctgteectgegeccagagge
gtgccggecageggeggggggcgeagtgcacacgagggggctggacttcgectgtgatat
ctacatctgggcegcececttggecgggacttgtggggtecttctectgtcactggttatcacecttt
actgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagta
caaactactcaagaggaagatggctgtagctgccgatttccagaagaagaagaaggagg
atgtgaactgagagtgaagttcagcaggagcgcagacgcccccgegtacaagcagggec
agaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaa
gagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaa
ggcctgtacaatgaactgcagaaagataagatggcggaggcectacagtgagattgggatg
aaaggcgagcgccggaggggcaaggggcacgatggcectttaccagggtctcagtacage
caccaaggacacctacgacgcccttcacatgcaggecctgeccectege

Tisagenlecleucel
CD19 CAR nucleotide
sequence

250

MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLGDRVTISCRASQDIS
KYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLE
QEDIATYFCQQGNTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQ
ESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGS
ETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGS
YAMDYWGQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLY

Tisagenlecleucel
CD19 CAR amino acid
sequence
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NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

251

atgctgctgctggtgaccagectgctgetgtgcgagetgecccacceegectttctgetgatee
ccgacatccagatgacccagaccacctccagectgagegecagectgggegaccgggtga
ccatcagctgccgggcecagecaggacatcagcaagtacctgaactggtatcagcagaagce
ccgacggcaccgtcaagetgctgatctaccacaccagecggcetgcacageggegtgeccag
ccggtttagcggcageggctceggcaccgactacagectgaccatctccaacctggaacag
gaagatatcgccacctacttttgccagcagggcaacacactgecctacacctttggeggegg
aacaaagctggaaatcaccggcagcacctccggcagcggcaagcectggcagcggcgagg
gcagcaccaagggcgaggtgaagctgcaggaaagcggcecctggectggtggeccccage
cagagcctgagcgtgacctgcaccgtgageggegtgagectgeccgactacggegtgage
tggatccggcagcecccccaggaagggectggaatggetgggegtgatctggggeagega
gaccacctactacaacagcgccctgaagagccggctgaccatcatcaaggacaacagcaa
gagccaggtgttcctgaagatgaacagcectgcagaccgacgacaccgecatctactactge
gccaagcactactactacggcggcagctacgecatggactactggggcecagggceaccage
gtgaccgtgagcagcgaatctaagtacggaccgecctgecccecttgeectatgttctgagtg
ctggtggtggtcggaggegtgctggcectgctacagectgctggtcaccgtggecttcatcate
ttttgggtgaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagacc
agtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaagaagaagg
aggatgtgaactgcgggtgaagttcagcagaagcgccgacgceccctgectaccagcaggg
ccagaatcagctgtacaacgagctgaacctgggcagaagggaagagtacgacgtcctgg
ataagcggagaggccgggaccctgagatgggcggcaagectcggcggaagaaccccca
ggaaggcctgtataacgaactgcagaaagacaagatggccgaggcctacagcgagateg
gcatgaagggcgagcggaggcggggcaagggcecacgacggcctgtatcagggectgtec
accgccaccaaggatacctacgacgecctgcacatgcaggecctgeccccaagg

Lisocabtagene
maraleucel CD19 CAR
nucleotide sequence

252

MLLLVTSLLLCELPHPAFLLIPDIQMTQTTSSLSASLGDRVTISCRASQDIS
KYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLE
QEDIATYFCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK
LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIW
GSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYG
GSYAMDYWGQGTSVTVSSESKYGPPCPPCPMFWVLVVVGGVLACYSLL
VTVAFIIFWVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR

Lisocabtagene
maraleucel CD19 CAR
amino acid sequence

253

atgcttctcctggtgacaagecttctgctctgtgagttaccacacccagceattectectgatece
agacatccagatgacacagactacatcctccctgtctgectctctgggagacagagtcacca
tcagttgcagggcaagtcaggacattagtaaatatttaaattggtatcagcagaaaccagat
ggaactgttaaactcctgatctaccatacatcaagattacactcaggagtcccatcaaggttc
agtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaagaagatat
tgccacttacttttgccaacagggtaatacgcttccgtacacgttcggaggggggactaagtt
ggaaataacaggctccacctctggatccggcaageccggatctggegagggatccaccaa
gggcgaggtgaaactgcaggagtcaggacctggectggtggegecctcacagagectgte
cgtcacatgcactgtctcaggggtctcattacccgactatggtgtaagetggattcgecagec
tccacgaaagggtctggagtggctgggagtaatatggggtagtgaaaccacatactataat
tcagctctcaaatccagactgaccatcatcaaggacaactccaagagccaagttttcttaaaa
atgaacagtctgcaaactgatgacacagccatttactactgtgccaaacattattactacggt
ggtagctatgctatggactactggggtcaaggaacctcagtcaccgtctcctcageggecge
aattgaagttatgtatcctcctccttacctagacaatgagaagagcaatggaaccattatccat
gtgaaagggaaacacctttgtccaagtcccctatttcccggaccttctaageccttttgggtge
tggtggtggttgggggagtcctggcettgctatagettgctagtaacagtggcectttattattttc
tgggtgaggagtaagaggagcaggctcctgcacagtgactacatgaacatgactccccge
cgeeccgggeccacccgcaagcattaccagecctatgecccaccacgegacttcgeagecta
tcgctccagagtgaagttcagcaggagegcagacgeccccgegtaccagcagggecaga
accagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagag
acgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaagge
ctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaa
ggcgagcgcecggaggggcaaggggcacgatggcectttaccagggtctcagtacagecac
caaggacacctacgacgceccttcacatgcaggcecctgecccctege

Axicabtagene
ciloleucel CD19 CAR
nucleotide sequence
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254 MLLLVTSLLLCELPHPAFLLIPDIQMTQTTSSLSASLGDRVTISCRASQDIS | Axicabtagene
KYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLE | ciloleucel CD19 CAR
QEDIATYFCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK | amino acid sequence
LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIW
GSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTALYYCAKHYYYG
GSYAMDYWGQGTSVTVSSAAAIEVMYPPPYLDNEKSNGTIIHVKGKHLC
PSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDY
MNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQ
LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

Table 11. Annotation of Tisagenlecleucel CD19 CAR sequences

Nucleotide Sequence Amino Acid Sequence

Feature - .
Position Position

CD8a signal peptide 1-63 1-21

FMC63 scFv

(Vi-3xGaS linker-Viy) 64-789 s
CD8a hinge domain 790-924 264-308
CD8a transmembrane domain 925-996 309-332
4-1BB costimulatory domain 997-1122 333-374
CD3( signaling domain 1123-1458 375-486

Table 12. Annotation of Lisocabtagene Maraleucel CD19 CAR Sequences

Nucleotide Sequence Amino Acid Sequence

Feature - .
Position Position

GMCSFR-a signal peptide 1-66 1-22

FMC63 scFv

(V.-Whitlow linker-Vi;) 67-801 23-267
1gG4 hinge domain 802-837 268-279
CD28 transmembrane domain 838-921 280-307
4-1BB costimulatory domain 922-1047 308-349
CD3( signaling domain 1048-1383 350-461

Table 13. Annotation of Axicabtagene Ciloleucel CD19 CAR Sequences

Nucleotide Sequence

Amino Acid Sequence

Feature Position Position
CSF2RA signal peptide 1-66 1-22
FMC63 scFv

(Vi-Whitlow linker-Vi) 67-801 23-267

CD28 hinge domain 802-927 268-309

CD28 transmembrane domain 928-1008 310-336

CD28 costimulatory domain 1009-1131 337-377

CD3 signaling domain 1132-1467 378-489

[0422] In some embodiments, the second transgene comprises a nucleotide sequence encoding CD19 CAR as

set forth in SEQ ID NO: 244, 246, or 248, or at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the nucleotide sequence set
forth in SEQ ID NO: 244, 246, or 248. The encoded CD19 CAR has a corresponding amino acid sequence set forth in

SEQ ID NO: 245, 247, or 249, respectively, is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at

least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set

forth in of SEQ ID NO: 245, 247, or 249, respectively.
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0. CD20 CAR

[0423] In some embodiments, the CAR is a CD20 CAR, and in these embodiments, the second transgene
comprises a nucleotide sequence encoding a CD20 CAR. CD20 is an antigen found on the surface of B cells as early at the
pro-B phase and progressively at increasing levels until B cell maturity, as well as on the cells of most B-cell neoplasms.
CD20 positive cells are also sometimes found in cases of Hodgkin's disease, myeloma, and thymoma. In some
embodiments, the CD20 CAR may comprise a signal peptide, an extracellular binding domain that specifically binds CD20,
a hinge domain, a transmembrane domain, an intracellular costimulatory domain, and/or an intracellular signaling domain
in tandem.

[0424] In some embodiments, the signal peptide of the CD20 CAR comprises a CD8a signal peptide. In some
embodiments, the CD8a signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:219 or an
amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID
NO:219. In some embodiments, the signal peptide comprises an IgK signal peptide. In some embodiments, the IgK signal
peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:220 or an amino acid sequence that is at
least 80% identical (e.qg., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:220. In some embodiments,
the signal peptide comprises a GMCSFR-a or CSF2RA signal peptide. In some embodiments, the GMCSFR-a or CSF2RA
signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:221 or an amino acid sequence
that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%), at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:221.

[0425] In some embodiments, the extracellular binding domain of the CD20 CAR is specific to CD20, for
example, human CD20. The extracellular binding domain of the CD20 CAR can be codon-optimized for expression in a
host cell or to have variant sequences to increase functions of the extracellular binding domain. In some embodiments,
the extracellular binding domain comprises an immunogenically active portion of an immunoglobulin molecule, for example,
an scFv.

[0426] In some embodiments, the extracellular binding domain of the CD20 CAR is derived from an antibody
specific to CD20, including, for example, Leul6, IF5, 1.5.3, rituximab, obinutuzumab, ibritumomab, ofatumumab,
tositumumab, odronextamab, veltuzumab, ublituximab, and ocrelizumab. In any of these embodiments, the extracellular
binding domain of the CD20 CAR can comprise or consist of the Vy, the V|, and/or one or more CDRs of any of the
antibodies.

[0427] In some embodiments, the extracellular binding domain of the CD20 CAR comprises an scFv derived
from the Leul6 monoclonal antibody, which comprises the heavy chain variable region (Vi) and the light chain variable
region (V) of Leul6 connected by a linker. See Wu et al., Protein Engineering. 14(12):1025-1033 (2001). In some
embodiments, the linker is a 3xG4S linker. In other embodiments, the linker is a Whitlow linker as described herein. In
some embodiments, the amino acid sequences of different portions of the entire Leu16-derived scFv (also referred to as
Leul6 scFv) and its different portions are provided in Table 14 below. In some embodiments, the CD20-specific scFv
comprises or consists of an amino acid sequence set forth in SEQ ID NO: 255, 256, or 260, or an amino acid sequence
that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO: 255, 256, or 260. In
some embodiments, the CD20-specific scFv may comprise one or more CDRs having amino acid sequences set forth in
SEQ ID NOs: 257, 258, 259, 261, and 262. In some embodiments, the CD20-specific scFv may comprise a light chain with
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one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 257, 258, 259. In some embodiments, the
CD20-specific scFv may comprise a heavy chain with one or more CDRs having amino acid sequences set forth in SEQ ID
NOs: 261, 262. In any of these embodiments, the CD20-specific scFv may comprise one or more CDRs comprising one or
more amino acid substitutions, or comprising a sequence that is at least 80% identical (e.g., at least 80%, at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical), to any of the
sequences identified. In some embodiments, the extracellular binding domain of the CD20 CAR comprises or consists of

the one or more CDRs as described herein.

Table 14. Exemplary Sequences of anti-CD20 scFv and Components

SEQ ID NO: Amino Acid Sequence Description
255 DIVLTQSPAILSASPGEKVTMTCRASSSYVNYMDWYQKKPGSSPKPWI | Anti-CD20 Leul6 scFv entire
YATSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSFNP sequence, with Whitlow
PTFGGGTKLEIKGSTSGSGKPGSGEGSTKGEVQLQQSGAELVKPGAS linker
VKMSCKASGYTFTSYNMHWVKQTPGQGLEWIGAIYPGNGDTSYNQ
KFKGKATLTADKSSSTAYMQLSSLTSEDSADYYCARSNYYGSSYWFF
DVWGAGTTVTVSS
256 DIVLTQSPAILSASPGEKVTMTCRASSSVNYMDWYQKKPGSSPKPWI | Anti-CD20 Leul6 scFv light
YATSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSFNP chain variable region
PTFGGGTKLEIK
257 RASSSVNYMD Anti-CD20 Leu16 scFv light
chain CDR1
258 ATSNLAS Anti-CD20 Leu16 scFv light
chain CDR2
259 QQWSFNPPT Anti-CD20 Leu16 scFv light
chain CDR3
260 EVQLQQSGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGQGL | Anti-CD20 Leu16 scFv heavy
EWIGAIYPGNGDTSYNQKFKGKATLTADKSSSTAYMQLSSLTSEDSA chain
DYYCARSNYYGSSYWFFDVWGAGTTVTVSS
261 SYNMH Anti-CD20 Leu16 scFv heavy
chain CDR1
262 AIYPGNGDTSYNQKFKG Anti-CD20 Leu16 scFv heavy
chain CDR2
[0428] In some embodiments, the hinge domain of the CD20 CAR comprises a CD8a hinge domain, for example,

a human CD8a hinge domain. In some embodiments, the CD8a hinge domain comprises or consists of an amino acid
sequence set forth in SEQ ID NO:222 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino
acid sequence set forth in of SEQ ID NO:222. In some embodiments, the hinge domain comprises a CD28 hinge domain,
for example, a human CD28 hinge domain. In some embodiments, the CD28 hinge domain comprises or consists of an
amino acid sequence set forth in SEQ ID NO:223 or an amino acid sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical)
to the amino acid sequence set forth in of SEQ ID NO:223. In some embodiments, the hinge domain comprises an 19G4
hinge domain, for example, a human IgG4 hinge domain. In some embodiments, the IgG4 hinge domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:225 or SEQ ID NO:226, or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%), at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:225 or SEQ ID NO:226. In
some embodiments, the hinge domain comprises a IgG4 hinge-Ch2-Ch3 domain, for example, a human IgG4 hinge-Ch2-

Ch3 domain. In some embodiments, the IgG4 hinge-Ch2-Ch3 domain comprises or consists of an amino acid sequence
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set forth in SEQ ID NO:227 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid
sequence set forth in of SEQ ID NO:227.

[0429] In some embodiments, the transmembrane domain of the CD20 CAR comprises a CD8a transmembrane
domain, for example, a human CD8a transmembrane domain. In some embodiments, the CD8a transmembrane domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:228 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:228. In some embodiments, the
transmembrane domain comprises a CD28 transmembrane domain, for example, a human CD28 transmembrane domain.
In some embodiments, the CD28 transmembrane domain comprises or consists of an amino acid sequence set forth in
SEQ ID NO:229 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:229.

[0430] In some embodiments, the intracellular costimulatory domain of the CD20 CAR comprises a 4-1BB
costimulatory domain, for example, a human 4-1BB costimulatory domain. In some embodiments, the 4-1BB costimulatory
domain comprises or consists of an amino acid sequence set forth in SEQ ID NO:231 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:231. In some embodiments,
the intracellular costimulatory domain comprises a CD28 costimulatory domain, for example, a human CD28 costimulatory
domain. In some embodiments, the CD28 costimulatory domain comprises or consists of an amino acid sequence set forth
in SEQ ID NO:232 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:232.

[0431] In some embodiments, the intracellular signaling domain of the CD20 CAR comprises a CD3 zeta (()
signaling domain, for example, a human CD3( signaling domain. In some embodiments, the CD3( signaling domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:233 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:233.

[0432] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
CD8a hinge domain of SEQ ID NO:222, the CD8a transmembrane domain of SEQ ID NO:228, the 4-1BB costimulatory
domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99 identical to the disclosed sequence) thereof,

[0433] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
CD28 hinge domain of SEQ ID NO:223, the CD8a transmembrane domain of SEQ ID NQO:228, the 4-1BB costimulatory
domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,

at least 98%, or at least 99 identical to the disclosed sequence) thereof.

83



WO 2025/043172 PCT/US2024/043615

[0434] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
1gG4 hinge domain of SEQ ID NO:225 or SEQ ID NO:226, the CD8a transmembrane domain of SEQ ID NO:228, the 4-1BB
costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a
sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0435] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
CD8a hinge domain of SEQ ID NO:222, the CD28 transmembrane domain of SEQ ID NO:229, the 4-1BB costimulatory
domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0436] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
CD28 hinge domain of SEQ ID NO:223, the CD28 transmembrane domain of SEQ ID NO:229, the 4-1BB costimulatory
domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,

at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0437] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD20 CAR,
including, for example, a CD20 CAR comprising the CD20-specific scFv having sequences set forth in SEQ ID NO:255, the
IgG4 hinge domain of SEQ ID NO:225 or SEQ ID NO:226, the CD28 transmembrane domain of SEQ ID NO:229, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

h. CD22 CAR

[0438] In some embodiments, the CAR is a CD22 CAR, and in these embodiments, the second transgene
comprises a nucleotide sequence encoding a CD22 CAR. CD22, which is a transmembrane protein found mostly on the
surface of mature B cells that functions as an inhibitory receptor for B cell receptor (BCR) signaling. CD22 is expressed in
60-70% of B cell ymphomas and leukemias (e.g., B-chronic lymphocytic leukemia, hairy cell leukemia, acute lymphocytic
leukemia (ALL), and Burkitt's lymphoma) and is not present on the cell surface in early stages of B cell development or on
stem cells. In some embodiments, the CD22 CAR may comprise a signal peptide, an extracellular binding domain that
specifically binds CD22, a hinge domain, a transmembrane domain, an intracellular costimulatory domain, and/or an
intracellular signaling domain in tandem.

[0439] In some embodiments, the signal peptide of the CD22 CAR comprises a CD8a signal peptide. In some
embodiments, the CD8a signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:219 or an
amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID
NO:219. In some embodiments, the signal peptide comprises an IgK signal peptide. In some embodiments, the IgK signal
peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:220 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:220. In some embodiments,
the signal peptide comprises a GMCSFR-a or CSF2RA signal peptide. In some embodiments, the GMCSFR-a or CSF2RA
signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:221 or an amino acid sequence
that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:221.

[0440] In some embodiments, the extracellular binding domain of the CD22 CAR is specific to CD22, for
example, human CD22. The extracellular binding domain of the CD22 CAR can be codon-optimized for expression in a
host cell or to have variant sequences to increase functions of the extracellular binding domain. In some embodiments,
the extracellular binding domain comprises an immunogenically active portion of an immunoglobulin molecule, for example,
an scFv.

[0441] In some embodiments, the extracellular binding domain of the CD22 CAR is derived from an antibody
specific to CD22, including, for example, SM03, inotuzumab, epratuzumab, moxetumomab, and pinatuzumab. In any of
these embodiments, the extracellular binding domain of the CD22 CAR can comprise or consist of the Vy, the V|, and/or
one or more CDRs of any of the antibodies.

[0442] In some embodiments, the extracellular binding domain of the CD22 CAR comprises an scFv derived
from the m971 monoclonal antibody (m971), which comprises the heavy chain variable region (V4) and the light chain
variable region (V.) of m971 connected by a linker. In some embodiments, the linker is a 3xGsS linker. In other
embodiments, the Whitlow linker may be used instead. In some embodiments, the amino acid sequences of the entire
m971-derived scFv (also referred to as m971 scFv) and its different portions are provided in Table 15 below. In some
embodiments, the CD22-specific scFv comprises or consists of an amino acid sequence set forth in SEQ ID NO: 263, 264,
or 268, or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in
of SEQ ID NO: 263, 264, or 268. In some embodiments, the CD22-specific scFv may comprise one or more CDRs having
amino acid sequences set forth in SEQ ID NOs: 265, 266, 267 and 269, 270, 271. In some embodiments, the CD22-
specific scFv may comprise a heavy chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs:
265, 266, 267. In some embodiments, the CD22-specific scCFv may comprise a light chain with one or more CDRs having
amino acid sequences set forth in SEQ ID NOs: 269, 270, 271. In any of these embodiments, the CD22-specific SCFv may
comprise one or more CDRs comprising one or more amino acid substitutions, or comprising a sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical), to any of the sequences identified. In some embodiments, the extracellular binding domain
of the CD22 CAR comprises or consists of the one or more CDRs as described herein.

[0443] In some embodiments, the extracellular binding domain of the CD22 CAR comprises an scFv derived
from m971-L7, which is an affinity matured variant of m971 with significantly improved CD22 binding affinity compared to
the parental antibody m971 (improved from about 2 nM to less than 50 pM). In some embodiments, the scFv derived
from m971-L7 comprises the Vy and the V. of m971-L7 connected by a 3xG4S linker. In other embodiments, the Whitlow
linker may be used instead. In some embodiments, the amino acid sequences of the entire m971-L7-derived scFv (also
referred to as m971-L7 scFv) and its different portions are provided in Table 15 below. In some embodiments, the CD22-
specific scFv comprises or consists of an amino acid sequence set forth in SEQ ID NO: 272, 273, or 277, or an amino acid
sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO: 272,
273, or 277. In some embodiments, the CD22-specific SCFv may comprise one or more CDRs having amino acid sequences
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set forth in SEQ ID NOs: 274, 275, 276 and 278, 279, 280. In some embodiments, the CD22-specific scFv may comprise
a heavy chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 274, 275, 276. In some
embodiments, the CD22-specific scFv may comprise a light chain with one or more CDRs having amino acid sequences set
forth in SEQ ID NOs: 278, 279, 280. In any of these embodiments, the CD22-specific SCFv may comprise one or more
CDRs comprising one or more amino acid substitutions, or comprising a sequence that is at least 80% identical (e.g., at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical), to any of the sequences identified. In some embodiments, the extracellular binding domain of the CD22 CAR

comprises or consists of the one or more CDRs as described herein.

Table 15. Exemplary Sequences of anti-CD22 scFv and Components

SEQ ID NO: Amino Acid Sequence Description
263 QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLE Anti-CD22 m971 scFv
WLGRTYYRSKWYNDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAV entire sequence, with
YYCAREVTGDLEDAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSDIQ 3xG4S linker
MTQSPSSLSASVGDRVTITCRASQTIWSYLNWYQQRPGKAPNLLIYAA
SSLQSGVPSRFSGRGSGTDFTLTISSLQAEDFATYYCQQSYSIPQTFGQ
GTKLEIK
264 QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLE Anti-CD22 m971 scFv
WLGRTYYRSKWYNDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAV heavy chain variable
YYCAREVTGDLEDAFDIWGQGTMVTVSS region
265 GDSVSSNSAA Anti-CD22 m971 scFv
heavy chain CDR1
266 TYYRSKWYN Anti-CD22 m971 scFv
heavy chain CDR2
267 AREVTGDLEDAFDI Anti-CD22 m971 scFv
heavy chain CDR3
268 DIQMTQSPSSLSASVGDRVTITCRASQTIWSYLNWYQQRPGKAPNLLI Anti-CD22 m971 scFv
YAASSLQSGVPSRFSGRGSGTDFTLTISSLQAEDFATYYCQQSYSIPQT light chain
FGQGTKLEIK
269 QTIWSY Anti-CD22 m971 scFv
light chain CDR1
270 AAS Anti-CD22 m971 scFv
light chain CDR2
271 QQSYSIPQT Anti-CD22 m971 scFv
light chain CDR3
272 QVQLQQSGPGMVKPSQTLSLTCAISGDSVSSNSVAWNWIRQSPSRGL | Anti-CD22 m971-L7 scFv
EWLGRTYYRSTWYNDYAVSMKSRITINPDTNKNQFSLQLNSVTPEDTA entire sequence, with
VYYCAREVTGDLEDAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSDI 3xG4S linker
QMIQSPSSLSASVGDRVTITCRASQTIWSYLNWYRQRPGEAPNLLIYAA
SSLQSGVPSRFSGRGSGTDFTLTISSLQAEDFATYYCQQSYSIPQTFGQ
GTKLEIK
273 QVQLQQSGPGMVKPSQTLSLTCAISGDSVSSNSVAWNWIRQSPSRGL | Anti-CD22 m971-L7 scFv
EWLGRTYYRSTWYNDYAVSMKSRITINPDTNKNQFSLQLNSVTPEDTA heavy chain variable
VYYCAREVTGDLEDAFDIWGQGTMVTVSS region
274 GDSVSSNSVA Anti-CD22 m971-L7 scFv
heavy chain CDR1
275 TYYRSTWYN Anti-CD22 m971-L7 scFv
heavy chain CDR2
276 AREVTGDLEDAFDI Anti-CD22 m971-L7 scFv
heavy chain CDR3
277 DIQMIQSPSSLSASVGDRVTITCRASQTIWSYLNWYRQRPGEAPNLLLY | Anti-CD22 m971-L7 scFv
AASSLQSGVPSRFSGRGSGTDFTLTISSLQAEDFATYYCQQSYSIPQTF | light chain variable region
GQGTKLEIK
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278 QTIWSY Anti-CD22 m971-L7 scFv
light chain CDR1

279 AAS Anti-CD22 m971-L7 scFv
light chain CDR2

280 QQSYSIPQT Anti-CD22 m971-L7 scFv
light chain CDR3

[0444] In some embodiments, the extracellular binding domain of the CD22 CAR comprises immunotoxins HA22
or BL22. Immunotoxins BL22 and HA22 are therapeutic agents that comprise an scFv specific for CD22 fused to a bacterial
toxin, and thus can bind to the surface of the cancer cells that express CD22 and kill the cancer cells. BL22 comprises a
dsFv of an anti-CD22 antibody, RFB4, fused to a 38-kDa truncated form of Pseudomonas exotoxin A (Bang et al., Clin.
Cancer Res., 11:1545-50 (2005)). HA22 (CAT8015, moxetumomab pasudotox) is a mutated, higher affinity version of
BL22 (Ho et al., J. Biol. Chem., 280(1): 607-17 (2005)). Suitable sequences of antigen binding domains of HA22 and BL22
specific to CD22 are disclosed in, for example, U.S. Patent Nos. 7,541,034; 7,355,012; and 7,982,011, which are hereby
incorporated by reference in their entirety.

[0445] In some embodiments, the hinge domain of the CD22 CAR comprises a CD8a hinge domain, for example,
a human CD8a hinge domain. In some embodiments, the CD8a hinge domain comprises or consists of an amino acid
sequence set forth in SEQ ID NO:222 or an amino acid sequence that is at least 80% identical (e.qg., at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino
acid sequence set forth in of SEQ ID NO:222. In some embodiments, the hinge domain comprises a CD28 hinge domain,
for example, a human CD28 hinge domain. In some embodiments, the CD28 hinge domain comprises or consists of an
amino acid sequence set forth in SEQ ID NO:223 or an amino acid sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical)
to the amino acid sequence set forth in of SEQ ID NO:223. In some embodiments, the hinge domain comprises an 1gG4
hinge domain, for example, a human IgG4 hinge domain. In some embodiments, the IgG4 hinge domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:225 or SEQ ID NO:226, or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:225 or SEQ ID NO:226. In
some embodiments, the hinge domain comprises a IgG4 hinge-Ch2-Ch3 domain, for example, a human IgG4 hinge-Ch2-
Ch3 domain. In some embodiments, the IgG4 hinge-Ch2-Ch3 domain comprises or consists of an amino acid sequence
set forth in SEQ ID NO:227 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid
sequence set forth in of SEQ ID NO:227.

[0446] In some embodiments, the transmembrane domain of the CD22 CAR comprises a CD8a transmembrane
domain, for example, a human CD8a transmembrane domain. In some embodiments, the CD8a transmembrane domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:228 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:228. In some embodiments, the
transmembrane domain comprises a CD28 transmembrane domain, for example, a human CD28 transmembrane domain.
In some embodiments, the CD28 transmembrane domain comprises or consists of an amino acid sequence set forth in
SEQ ID NO:229 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:229.
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[0447] In some embodiments, the intracellular costimulatory domain of the CD22 CAR comprises a 4-1BB
costimulatory domain, for example, a human 4-1BB costimulatory domain. In some embodiments, the 4-1BB costimulatory
domain comprises or consists of an amino acid sequence set forth in SEQ ID NO:231 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:231. In some embodiments,
the intracellular costimulatory domain comprises a CD28 costimulatory domain, for example, a human CD28 costimulatory
domain. In some embodiments, the CD28 costimulatory domain comprises or consists of an amino acid sequence set forth
in SEQ ID NO:232 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:232.

[0448] In some embodiments, the intracellular signaling domain of the CD22 CAR comprises a CD3 zeta (()
signaling domain, for example, a human CD3( signaling domain. In some embodiments, the CD3( signaling domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:233 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:233.

[0449] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
SEQ ID NO:272, the CD8a hinge domain of SEQ ID NO:222, the CD8a transmembrane domain of SEQ ID NO:228, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%), at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0450] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
SEQ ID NO:272, the CD28 hinge domain of SEQ ID NO:223, the CD8a transmembrane domain of SEQ ID NO:228, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0451] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
SEQ ID NO:272, the IgG4 hinge domain of SEQ ID NO:225 or SEQ ID NO:226, the CD8a transmembrane domain of SEQ
ID NO:228, the 4-1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or
variants (i.e., having a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0452] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
SEQ ID NO:272, the CD8a hinge domain of SEQ ID NO:222, the CD28 transmembrane domain of SEQ ID NO:229, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0453] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
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SEQ ID NO:272, the CD28 hinge domain of SEQ ID NO:223, the CD28 transmembrane domain of SEQ ID NO:229, the 4-
1BB costimulatory domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having
a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least

96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

[0454] In some embodiments, the second transgene comprises a nucleotide sequence encoding a CD22 CAR,
including, for example, a CD22 CAR comprising the CD22-specific scFv having sequences set forth in SEQ ID NO:263 or
SEQ ID NO:272, the IgG4 hinge domain of SEQ ID NO:225 or SEQ ID NO:226, the CD28 transmembrane domain of SEQ
ID NO:229, the 4-1BB costimulatory domain of SEQ ID NO:231, the CD3{ signaling domain of SEQ ID NO:233, and/or
variants (i.e., having a sequence that is at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99 identical to the disclosed sequence) thereof.

i BCMA CAR

[0455] In some embodiments, the CAR is a BCMA CAR, and in these embodiments, the second transgene
comprises a nucleotide sequence encoding a BCMA CAR. BCMA is a tumor necrosis family receptor (TNFR) member
expressed on cells of the B cell lineage, with the highest expression on terminally differentiated B cells or mature B
lymphocytes. BCMA is involved in mediating the survival of plasma cells for maintaining long-term humoral immunity. The
expression of BCMA has been recently linked to a number of cancers, such as multiple myeloma, Hodgkin's and non-
Hodgkin's lymphoma, various leukemias, and glioblastoma. In some embodiments, the BCMA CAR may comprise a signal
peptide, an extracellular binding domain that specifically binds BCMA, a hinge domain, a transmembrane domain, an
intracellular costimulatory domain, and/or an intracellular signaling domain in tandem.

[0456] In some embodiments, the signal peptide of the BCMA CAR comprises a CD8a signal peptide. In some
embodiments, the CD8a signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:219 or an
amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID
NO:219. In some embodiments, the signal peptide comprises an IgK signal peptide. In some embodiments, the IgK signal
peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:220 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:220. In some embodiments,
the signal peptide comprises a GMCSFR-a or CSF2RA signal peptide. In some embodiments, the GMCSFR-a or CSF2RA
signal peptide comprises or consists of an amino acid sequence set forth in SEQ ID NO:221 or an amino acid sequence
that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:221.

[0457] In some embodiments, the extracellular binding domain of the BCMA CAR is specific to BCMA, for
example, human BCMA. The extracellular binding domain of the BCMA CAR can be codon-optimized for expression in a
host cell or to have variant sequences to increase functions of the extracellular binding domain.

[0458] In some embodiments, the extracellular binding domain comprises an immunogenically active portion of
an immunoglobulin molecule, for example, an scFv. In some embodiments, the extracellular binding domain of the BCMA
CAR is derived from an antibody specific to BCMA, including, for example, belantamab, erlanatamab, teclistamab, LCAR-
B38M, and ciltacabtagene. In any of these embodiments, the extracellular binding domain of the BCMA CAR can comprise

or consist of the Vy, the V|, and/or one or more CDRs of any of the antibodies.
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[0459] In some embodiments, the extracellular binding domain of the BCMA CAR comprises an scFv derived
from C11D5.3, a murine monoclonal antibody as described in Carpenter et al., Clin. Cancer Res. 19(8):2048-2060 (2013).
See also PCT Application Publication No. W02010/104949. The C11D5.3-derived scFv may comprise the heavy chain
variable region (Vy) and the light chain variable region (V|) of C11D5.3 connected by the Whitlow linker, the amino acid
sequences of which is provided in Table 16 below. In some embodiments, the BCMA-specific extracellular binding domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:281, 282, or 286, or an amino acid sequence that
is at least 80% identical (e.qg., at least 80%, at least 85%), at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:281, 282, or 286. In some
embodiments, the BCMA-specific extracellular binding domain may comprise one or more CDRs having amino acid
sequences set forth in SEQ ID NOs: 283, 284, 285 and 287, 288, 289. In some embodiments, the BCMA-specific
extracellular binding domain may comprise a light chain with one or more CDRs having amino acid sequences set forth in
SEQ ID NOs: 283, 284, 285. In some embodiments, the BCMA-specific extracellular binding domain may comprise a heavy
chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 287, 288, 289. In any of these
embodiments, the BCMA-specific scFv may comprise one or more CDRs comprising one or more amino acid substitutions,
or comprising a sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% identical), to any of the sequences identified. In some
embodiments, the extracellular binding domain of the BCMA CAR comprises or consists of the one or more CDRs as
described herein.

[0460] In some embodiments, the extracellular binding domain of the BCMA CAR comprises an scFv derived
from another murine monoclonal antibody, C12A3.2, as described in Carpenter et al., Clin. Cancer Res. 19(8):2048-2060
(2013) and PCT Application Publication No. W02010/104949, the amino acid sequence of which is also provided in Table
16 below. In some embodiments, the BCMA-specific extracellular binding domain comprises or consists of an amino acid
sequence set forth in SEQ ID NO:290, 291, or 295, or an amino acid sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical)
to the amino acid sequence set forth in of SEQ ID NO:290, 291, or 295. In some embodiments, the BCMA-specific
extracellular binding domain may comprise one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 292,
293, 294 and 296, 297, 298. In some embodiments, the BCMA-specific extracellular binding domain may comprise a light
chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 292, 293, 294. In some embodiments,
the BCMA-specific extracellular binding domain may comprise a heavy chain with one or more CDRs having amino acid
sequences set forth in SEQ ID NOs: 296, 297, 298. In any of these embodiments, the BCMA-specific scFv may comprise
one or more CDRs comprising one or more amino acid substitutions, or comprising a sequence that is at least 80% identical
(e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical), to any of the sequences identified. In some embodiments, the extracellular binding domain of the BCMA
CAR comprises or consists of the one or more CDRs as described herein.

[0461] In some embodiments, the extracellular binding domain of the BCMA CAR comprises a murine
monoclonal antibody with high specificity to human BCMA, referred to as BB2121 in Friedman et al., Hum. Gene Ther.
29(5):585-601 (2018)). See also, PCT Application Publication No. W02012163805.

[0462] In some embodiments, the extracellular binding domain of the BCMA CAR comprises single variable
fragments of two heavy chains (VHH) that can bind to two epitopes of BCMA as described in Zhao et al., J. Hematol. Oncol.
11(1):141 (2018), also referred to as LCAR-B38M. See also, PCT Application Publication No. W02018/028647.
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[0463] In some embodiments, the extracellular binding domain of the BCMA CAR comprises a fully human
heavy-chain variable domain (FHVH) as described in Lam et al., Nat. Commun. 11(1):283 (2020), also referred to as
FHVH33. See also, PCT Application Publication No. W02019/006072. The amino acid sequences of FHVH33 and its CDRs
are provided in Table 16 below. In some embodiments, the BCMA-specific extracellular binding domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:299 or an amino acid sequence that is at least 80% identical
(e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical) to the amino acid sequence set forth in of SEQ ID NO:299. In some embodiments, the BCMA-specific
extracellular binding domain may comprise one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 300,
301, 302. In any of these embodiments, the BCMA-specific extracellular binding domain may comprise one or more CDRs
comprising one or more amino acid substitutions, or comprising a sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical),
to any of the sequences identified. In some embodiments, the extracellular binding domain of the BCMA CAR comprises
or consists of the one or more CDRs as described herein.

[0464] In some embodiments, the extracellular binding domain of the BCMA CAR comprises an scFv derived
from CT103A (or CAR0085) as described in U.S. Patent No. 11,026,975 B2, the amino acid sequence of which is provided
in Table 16 below. In some embodiments, the BCMA-specific extracellular binding domain comprises or consists of an
amino acid sequence set forth in SEQ ID NO:303, 304, or 308, or an amino acid sequence that is at least 80% identical
(e.qg., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical) to the amino acid sequence set forth in of SEQ ID NO: 303, 304, or 308. In some embodiments, the
BCMA-specific extracellular binding domain may comprise one or more CDRs having amino acid sequences set forth in SEQ
ID NOs: 305, 306, 307 and 309, 310, 311. In some embodiments, the BCMA-specific extracellular binding domain may
comprise a light chain with one or more CDRs having amino acid sequences set forth in SEQ ID NOs: 305, 306, 307. In
some embodiments, the BCMA-specific extracellular binding domain may comprise a heavy chain with one or more CDRs
having amino acid sequences set forth in SEQ ID NOs: 309, 310, 311. In any of these embodiments, the BCMA-specific
scFv may comprise one or more CDRs comprising one or more amino acid substitutions, or comprising a sequence that is
at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical), to any of the sequences identified. In some embodiments, the extracellular binding
domain of the BCMA CAR comprises or consists of the one or more CDRs as described herein.

[0465] Additionally, CARs and binders directed to BCMA have been described in U.S. Application Publication
Nos. 2020/0246381 A1 and 2020/0339699 A1, the entire contents of each of which are incorporated by reference herein.

Table 16. Exemplary Sequences of anti-BCMA Binder and Components

SEQ ID NO: Amino Acid Sequence Description
281 DIVLTQSPASLAMSLGKRATISCRASESVSVIGAHLIHWYQQKPGQPP Anti-BCMA C11D5.3 scFv
KLLIYLASNLETGVPARFSGSGSGTDFTLTIDPVEEDDVAIYSCLQSRIF entire sequence, with
PRTFGGGTKLEIKGSTSGSGKPGSGEGSTKGQIQLVQSGPELKKPGET Whitlow linker

VKISCKASGYTFTDYSINWVKRAPGKGLKWMGWINTETREPAYAYDF
RGRFAFSLETSASTAYLQINNLKYEDTATYFCALDYSYAMDYWGQGT

SVTVSS

282 DIVLTQSPASLAMSLGKRATISCRASESVSVIGAHLIHWYQQKPGQPP Anti-BCMA C11D5.3 scFv
KLLIYLASNLETGVPARFSGSGSGTDFTLTIDPVEEDDVAIYSCLQSRIF | light chain variable region
PRTFGGGTKLEIK

283 RASESVSVIGAHLIH Anti-BCMA C11D5.3 scFv

light chain CDR1
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284 LASNLET Anti-BCMA C11D5.3 scFv
light chain CDR2
285 LQSRIFPRT Anti-BCMA C11D5.3 scFv
light chain CDR3
286 QIQLVQSGPELKKPGETVKISCKASGYTFTDYSINWVKRAPGKGLKW Anti-BCMA C11D5.3 scFv
MGWINTETREPAYAYDFRGRFAFSLETSASTAYLQINNLKYEDTATYF | heavy chain variable region
CALDYSYAMDYWGQGTSVTVSS
287 DYSIN Anti-BCMA C11D5.3 scFv
heavy chain CDR1
288 WINTETREPAYAYDFRG Anti-BCMA C11D5.3 scFv
heavy chain CDR2
289 DYSYAMDY Anti-BCMA C11D5.3 scFv
heavy chain CDR3
290 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWYQQKPGQPPT | Anti-BCMA C12A3.2 scFv
LLIQLASNVQTGVPARFSGSGSRTDFTLTIDPVEEDDVAVYYCLQSRTI entire sequence, with
PRTFGGGTKLEIKGSTSGSGKPGSGEGSTKGQIQLVQSGPELKKPGET Whitlow linker
VKISCKASGYTFRHYSMNWVKQAPGKGLKWMGRINTESGVPIYADDF
KGRFAFSVETSASTAYLVINNLKDEDTASYFCSNDYLYSLDFWGQGTA
LTVSS
291 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWYQQKPGQPPT | Anti-BCMA C12A3.2 scFv
LLIQLASNVQTGVPARFSGSGSRTDFTLTIDPVEEDDVAVYYCLQSRTI | light chain variable region
PRTFGGGTKLEIK
292 RASESVTILGSHLIY Anti-BCMA C12A3.2 scFv
light chain CDR1
293 LASNVQT Anti-BCMA C12A3.2 scFv
light chain CDR2
294 LQSRTIPRT Anti-BCMA C12A3.2 scFv
light chain CDR3
295 QIQLVQSGPELKKPGETVKISCKASGYTFRHYSMNWVKQAPGKGLKW |  Anti-BCMA C12A3.2 scFv
MGRINTESGVPIYADDFKGRFAFSVETSASTAYLVINNLKDEDTASYFC | heavy chain variable region
SNDYLYSLDFWGQGTALTVSS
296 HYSMN Anti-BCMA C12A3.2 scFv
heavy chain CDR1
297 RINTESGVPIYADDFKG Anti-BCMA C12A3.2 scFv
heavy chain CDR2
298 DYLYSLDF Anti-BCMA C12A3.2 scFv
heavy chain CDR3
299 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW | Anti-BCMA FHVH33 entire
VSSISGSGDYIYYADSVKGRFTISRDISKNTLYLQMNSLRAEDTAVYYC sequence
AKEGTGANSSLADYRGQGTLVTVSS
300 GFTFSSYA Anti-BCMA FHVH33 CDR1
301 ISGSGDYI Anti-BCMA FHVH33 CDR2
302 AKEGTGANSSLADY Anti-BCMA FHVH33 CDR3
303 DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLI Anti-BCMA CT103A scFv
YAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQKYDLLTF entire sequence, with
GGGTKVEIKGSTSGSGKPGSGEGSTKGQLQLQESGPGLVKPSETLSLT Whitlow linker
CTVSGGSISSSSYYWGWIRQPPGKGLEWIGSISYSGSTYYNPSLKSRV
TISVDTSKNQFSLKLSSVTAADTAVYYCARDRGDTILDVWGQGTMVT
VSS
304 DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLI Anti-BCMA CT103A scFv
YAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQKYDLLTF | light chain variable region
GGGTKVEIK
305 QSISSY Anti-BCMA CT103A scFv
light chain CDR1
306 AAS Anti-BCMA CT103A scFv

light chain CDR2
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307 QQKYDLLT Anti-BCMA CT103A scFv
light chain CDR3
308 QLQLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLE Anti-BCMA CT103A scFv
WIGSISYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC | heavy chain variable region
ARDRGDTILDVWGQGTMVTVSS
309 GGSISSSSYY Anti-BCMA CT103A scFv
heavy chain CDR1
310 ISYSGST Anti-BCMA CT103A scFv
heavy chain CDR2
311 ARDRGDTILDV Anti-BCMA CT103A scFv
heavy chain CDR3

[0466] In some embodiments, the hinge domain of the BCMA CAR comprises a CD8a hinge domain, for example,
a human CD8a hinge domain. In some embodiments, the CD8a hinge domain comprises or consists of an amino acid
sequence set forth in SEQ ID NO:222 or an amino acid sequence that is at least 80% identical (e.qg., at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino
acid sequence set forth in of SEQ ID NO:222. In some embodiments, the hinge domain comprises a CD28 hinge domain,
for example, a human CD28 hinge domain. In some embodiments, the CD28 hinge domain comprises or consists of an
amino acid sequence set forth in SEQ ID NO:223 or an amino acid sequence that is at least 80% identical (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical)
to the amino acid sequence set forth in of SEQ ID NO:223. In some embodiments, the hinge domain comprises an 1gG4
hinge domain, for example, a human IgG4 hinge domain. In some embodiments, the IgG4 hinge domain comprises or
consists of an amino acid sequence set forth in SEQ ID NO:225 or SEQ ID NO:226, or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:225 or SEQ ID NO:226. In
some embodiments, the hinge domain comprises a I1gG4 hinge-Ch2-Ch3 domain, for example, a human 1gG4 hinge-Ch2-
Ch3 domain. In some embodiments, the 1gG4 hinge-Ch2-Ch3 domain comprises or consists of an amino acid sequence
set forth in SEQ ID NO:227 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid
sequence set forth in of SEQ ID NO:227.

[0467] In some embodiments, the transmembrane domain of the BCMA CAR comprises a CD8a transmembrane
domain, for example, a human CD8a transmembrane domain. In some embodiments, the CD8a transmembrane domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:228 or an amino acid sequence that is at least
80% identical (e.qg., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:228. In some embodiments, the
transmembrane domain comprises a CD28 transmembrane domain, for example, a human CD28 transmembrane domain.
In some embodiments, the CD28 transmembrane domain comprises or consists of an amino acid sequence set forth in
SEQ ID NO:229 or an amino acid sequence that is at least 80% identical (e.qg., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:229.

[0468] In some embodiments, the intracellular costimulatory domain of the BCMA CAR comprises a 4-1BB
costimulatory domain, for example, a human 4-1BB costimulatory domain. In some embodiments, the 4-1BB costimulatory
domain comprises or consists of an amino acid sequence set forth in SEQ ID NO:231 or an amino acid sequence that is at
least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:231. In some embodiments,
the intracellular costimulatory domain comprises a CD28 costimulatory domain, for example, a human CD28 costimulatory
domain. In some embodiments, the CD28 costimulatory domain comprises or consists of an amino acid sequence set forth
in SEQ ID NO:232 or an amino acid sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the amino acid sequence set
forth in SEQ ID NO:232.

[0469] In some embodiments, the intracellular signaling domain of the BCMA CAR comprises a CD3 zeta (()
signaling domain, for example, a human CD3{ signaling domain. In some embodiments, the CD3( signaling domain
comprises or consists of an amino acid sequence set forth in SEQ ID NO:233 or an amino acid sequence that is at least
80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence set forth in SEQ ID NO:233.

[0470] In some embodiments, the second transgene comprises a nucleotide sequence encoding a BCMA CAR,
including, for example, a BCMA CAR comprising any of the BCMA-specific extracellular binding domains as described, the
CD8a hinge domain of SEQ ID NO:222, the CD8a transmembrane domain of SEQ ID NO:228, the 4-1BB costimulatory
domain of SEQ ID NO:231, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99 identical to the disclosed sequence) thereof. In any of these embodiments, the BCMA CAR
may additionally comprise a signal peptide (e.g., a CD8a signal peptide) as described.

[0471] In some embodiments, the second transgene comprises a nucleotide sequence encoding a BCMA CAR,
including, for example, a BCMA CAR comprising any of the BCMA-specific extracellular binding domains as described, the
CD8a hinge domain of SEQ ID NO:222, the CD8a transmembrane domain of SEQ ID NO:228, the CD28 costimulatory
domain of SEQ ID NO:232, the CD3( signaling domain of SEQ ID NO:233, and/or variants (i.e., having a sequence that is
at least 80% identical, for example, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99 identical to the disclosed sequence) thereof. In any of these embodiments, the BCMA CAR
may additionally comprise a signal peptide as described.

[0472] In some embodiments, the second transgene comprises a nucleotide sequence encoding a BCMA CAR
as set forth in SEQ ID NO:312 or is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical) to the nucleotide sequence set forth in SEQ ID
NO:312 (see Table 17). The encoded BCMA CAR has a corresponding amino acid sequence set forth in SEQ ID NO:313
or is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical) to the amino acid sequence set forth in of SEQ ID NO:313, with the following
components: CD8a signal peptide, CT103A scFv (V -Whitlow linker-Vy), CD8a hinge domain, CD8a transmembrane domain,
4-1BB costimulatory domain, and CD3( signaling domain.

[0473] In some embodiments, the second transgene comprises a nucleotide sequence encoding a commercially
available embodiment of BCMA CAR, including, for example, idecabtagene vicleucel (ide-cel, also called bb2121). In some
embodiments, the second transgene comprises a nucleotide sequence encoding idecabtagene vicleucel or portions thereof.
Idecabtagene vicleucel comprises a BCMA CAR with the following components: the BB2121 binder, CD8a hinge domain,

CD8a transmembrane domain, 4-1BB costimulatory domain, and CD3{ signaling domain.
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Table 17. Exemplary Sequences of BCMA CARs

SEQ ID NO: Sequence Description

312 atggccttaccagtgaccgcecttgetectgecgetggecttgetgetecacgecgecaggee | Exemplary BCMA CAR
ggacatccagatgacccagtctccatcctecctgtctgcatctgtaggagacagagtcacca nucleotide sequence
tcacttgccgggcaagtcagagcattagcagctatttaaattggtatcagcagaaaccagg
gaaagcccctaagctectgatctatgetgcatccagtttgcaaagtggggteccatcaaggt
tcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagat
tttgcaacttactactgtcagcaaaaatacgacctcctcacttttggcggagggaccaaggt
tgagatcaaaggcagcaccagcggctccggcaagectggcetctggecgagggceageaca
aagggacagctgcagctgcaggagtcgggeccaggactggtgaagecttcggagaccct
gtccctcacctgcactgtctctggtggctccatcagcagtagtagttactactggggcetggat
ccgcecageccccagggaaggggctggagtggattgggagtatctectatagtgggagea
cctactacaacccgtccctcaagagtcgagtcaccatatccgtagacacgtccaagaacca
gttctccctgaagetgagttctgtgaccgecgecagacacggeggtgtactactgegecaga
gatcgtggagacaccatactagacgtatggggtcagggtacaatggtcaccgtcagctca
ttcgtgcccgtgttectgecegecaaacctaccaccaccectgecectagaccteccacccca
gccccaacaatcgecagecagectetgtetctgeggeccgaagectgtagacctgetgecg
gcggagecgtgcacaccagaggectggacttcgectgegacatctacatctgggecectct
ggccggcacctgtggegtgetgctgctgagectggtgatcaccctgtactgcaaccaccgg
aacaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagta
caaactactcaagaggaagatggctgtagctgccgatttccagaagaagaagaaggagg
atgtgaactgagagtgaagttcagcagatccgecgacgcccectgectaccagcagggaca
gaaccagctgtacaacgagctgaacctgggcagacgggaagagtacgacgtgctggac
aagcggagaggcecgggaccccgagatgggcggaaagceccagacggaagaaccccca
ggaaggcctgtataacgaactgcagaaagacaagatggccgaggcectacagcgagatc
ggcatgaagggcgagcggaggegcggcaagggcecacgatggectgtaccagggectg
agcaccgccaccaaggacacctacgacgccctgcacatgcaggecctgecceccaga
313 MALPVTALLLPLALLLHAARPDIQMTQSPSSLSASVGDRVTITCRASQSI | Exemplary BCMA CAR
SSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSL amino acid sequence
QPEDFATYYCQQKYDLLTFGGGTKVEIKGSTSGSGKPGSGEGSTKGQL
QLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWI
GSISYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
RGDTILDVWGQGTMVTVSSFVPVFLPAKPTTTPAPRPPTPAPTIASQPL
SLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCN
HRNKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF
SRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

j. Multiple CARs
[0474] In some embodiments, the second transgene comprises two or more nucleotide sequences, each
encoding a CAR targeting a specific target antigen. In these embodiments, the second transgene encodes two or more
different CARSs specific to different target antigens (e.g., a CD19 CAR and a CD22 CAR). The two or more CARs may
each comprise an extracellular binding domain specific to a specific target antigen, and may comprise the same, or one
or more different, non-antigen binding domains. For example, the two or more CARs may comprise different signal
peptides, hinge domains, transmembrane domains, costimulatory domains, and/or intracellular signaling domains, in
order to minimize the risk of recombination due to sequence similarities. Or, alternatively, the two or more CARs may
comprise the same non-antigen binding domains. In the cases where the same non-antigen binding domain(s) and/or
backbone are used, it is optional to introduce codon divergence at the nucleotide sequence level to minimize the risk of
recombination. As one non-limiting example, the second transgene may comprise a nucleotide sequence encoding a
CD19 CAR and a nucleotide sequence encoding a CD22 CAR. The CD19 CAR may comprise one transmembrane domain
(e.g., CD28 transmembrane domain) while the CD22 CAR comprises a different transmembrane domain (e.g., CD8a
transmembrane domain), or vice versa. As another non-limiting example, the CD19 CAR may comprise one
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costimulatory domain (e.g., 4-1BB costimulatory domain) while the CD22 CAR comprises a different costimulatory
domain (e.g., CD28 costimulatory domain), or vice versa. Or, alternatively, the CD22 CAR and the CD19 CARs may
comprise the same non-antigen binding domains but have codon divergence introduced at the nucleotide sequence level
to minimize the risk of recombination. In any of these embodiments, the two or more nucleotide sequences of the
second transgene may be connected by one or more cleavage sites as described (e.g., a 2A site and/or a furin site), in
the form of polycistronic constructs as described herein.

2. Regulatory Elements
[0475] In some embodiments, the second transgene encoding a CAR may comprise additional regulatory
elements operatively linked to the CAR encoding sequence as described, including, for example, promoters, insulators,
enhancers, polyadenylation (poly(A)) tails, and/or ubiquitous chromatin opening elements.

3. Genomic Insertion
[0476] In some embodiments, the second transgene encoding a CAR may be delivered into a host cell in the
form of a vector for insertion into the host genome. The insertion may be random (i.e., insertion into a random genomic
locus of the host cell) or targeted (i.e., insertion into a specific genomic locus of the host cell), using any of the random or
site-directed insertion methods described herein.
[0477] In some embodiments, the first transgene encoding a tolerogenic factor and the second transgene
encoding a CAR may be introduced into a host for genomic insertion separately. In some embodiments, the first
transgene encoding a tolerogenic factor and the second transgene encoding a CAR may be introduced into a host for
genomic insertion at the same time, via a single vector or multiple vectors. In cases where the first and the second
transgene are delivered into a host cell together in a single vector, the first and the second transgene may be designed
as a polycistronic construct as described below.

4. Polycistronic Constructs
[0478] In some embodiments, the first transgene encoding a tolerogenic factor and the second transgene
encoding a CAR, and/or the multiple CAR encoding sequences of the second transgene, may be in the form of polycistronic
constructs. Polycistronic constructs have two or more expression cassettes for co-expression of two or more proteins of
interest in a host cell. In some embodiments, the polycistronic construct comprises two expression cassettes, i.e., is
bicistronic. In some embodiments, the polycistronic construct comprises three expression cassettes, i.e., is tricistronic. In
some embodiments, the polycistronic construct comprises four expression cassettes, i.e., is quadcistronic. In some
embodiments, the polycistronic construct comprises more than four expression cassettes. In any of these embodiments,
each of the expression cassettes comprises a nucleotide sequence encoding a protein of interest (e.g., a tolerogenic or a
CAR). In certain embodiments, the two or more genes being expressed are under the control of a single promoter and
are separated from one another by one or more cleavage sites to achieve co-expression of the proteins of interest from
one transcript. In other embodiments, the two or more genes may be under the control of separate promoters.
[0479] In some embodiments, the two or more expression cassettes of the polycistronic construct may be
separated by one or more cleavage sites. As the name suggests, a polycistronic construct allows simultaneous expression
of two or more separate proteins from one mRNA transcript in a host cell. Cleavage sites can be used in the design of a
polycistronic construct to achieve such co-expression of multiple genes.
[0480] In some embodiments, the one or more cleavage sites comprise one or more self-cleaving sites. In
some embodiments, the self-cleaving site comprises a 2A site. 2A peptides are a class of 18-22 amino acid-long
peptides first discovered in picornaviruses and can induce ribosomal skipping during translation of a protein, thus
producing equal amounts of multiple genes from the same mRNA transcript. 2A peptides function to “cleave” an mRNA
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transcript by making the ribosome skip the synthesis of a peptide bond at the C-terminus, between the glycine (G) and
proline (P) residues, leading to separation between the end of the 2A sequence and the next peptide downstream.
There are four 2A peptides commonly employed in molecular biology, T2A, P2A, E2A, and F2A, the sequences of which
are summarized in Table 18. A glycine-serine-glycine (GSG) linker is optionally added to the N-terminal of a 2A peptide
to increase cleavage efficiency. The use of *()” around a sequence in the present disclosure means that the enclosed

sequence is optional.

Table 18. Sequences of 2A Peptides

SEQ ID NO: Amino Acid Sequence 2A Peptide
314 (GSG) EGRGSLLTCGDVEENPGP T2A
315 (GSG) ATNFSLLKQAGDVEENPGP P2A
316 (GSG) QCTNYALLKLAGDVESNPGP E2A
317 (GSG) VKQTLNFDLLKLAGDVESNPGP F2A
[0481] In some embodiments, the one or more cleavage sites additionally comprise one or more protease sites.

The one or more protease sites can either precede or follow the self-cleavage sites (e.g., 2A sites) in the 5’ to 3’ order.
The protease site may be cleaved by a protease after translation of the full transcript or after translation of each expression
cassette such that the first expression product is released prior to translation of the next expression cassette. In these
embodiments, having a protease site in addition to the 2A site, especially preceding the 2A site in the 5’ to 3’ order, may
reduce the number of extra amino acid residues attached to the expressed proteins of interest. In some embodiments,
the protease site comprises a furin site, also known as a Paired basic Amino acid Cleaving Enzyme (PACE) site. There are
at least three furin cleavage sequences, FC1, FC2, and FC3, the amino acid sequences of which are summarized in Table
19. Similar to the 2A sites, one or more optional glycine-serine-glycine (GSG) sequences can be included for cleavage

efficiency.

Table 19. Sequences of Furin Sites

SEQ ID NO: Amino Acid Sequence Furin site
318 RRRR (GSG) FC1
319 RKRR (GSG) FC2
320 RKRR (GSG) TPDPW (GSG) FC3
[0482] In some embodiments, the one or more cleavage sites comprise one or more self-cleaving sites, one or

more protease sites, and/or any combination thereof. For example, the cleavage site can include a 2A site alone. For
another example, the cleavage site can include a FC2 or FC3 site, followed by a 2A site. In these embodiments, the one
or more self-cleaving sites may be the same or different. Similarly, the one or more protease sites may be the same or
different.

[0483] In some embodiments, the polycistronic construct may be in the form of a vector. Any type of vector
suitable for introduction of nucleotide sequences into a host cell can be used, including, for example, plasmids, adenoviral
vectors, adenoviral-associated vectors, retroviral vectors, lentiviral vectors, phages, and homology-directed repair (HDR)-

based donor vectors.

97



WO 2025/043172 PCT/US2024/043615

X. Populations of Engineered Cells and Pharmaceutical Compositions

[0484] As described elsewhere herein, in the process of manufacturing a cell therapy, certain modifications may
be introduced to the cell. Provided herein are populations of cells containing a plurality of the provided engineered cells.
Provided herein are also populations of cells containing a plurality of engineered cells.

[0485] Also provided herein are compositions comprising the engineered cells or populations of engineered
cells. In some embodiments, the compositions are pharmaceutical compositions.

[0486] In some embodiments, the pharmaceutical composition provided herein further include a
pharmaceutically acceptable excipient or carrier. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients
at the dosages and concentrations employed, and include buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
(less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents such
as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as polysorbates (TWEEN™), poloxamers
(PLURONICS™) or polyethylene glycol (PEG). In some embodiments, the pharmaceutical composition includes a
pharmaceutically acceptable buffer (e.g., neutral buffer saline or phosphate buffered saline). In some embodiments, the
pharmaceutical composition can contain one or more excipients for modifying, maintaining or preserving, for example, the
pH, osmolarity, viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption, or
penetration of the composition. In some aspects, a skilled artisan understands that a pharmaceutical composition
containing cells may differ from a pharmaceutical composition containing a protein.

[0487] The term “pharmaceutical formulation” refers to a preparation which is in such form as to permit the
biological activity of an active ingredient contained therein to be effective, and which contains no additional components
which are unacceptably toxic to a subject to which the formulation would be administered.

[0488] A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical formulation, other
than an active ingredient, which is nontoxic to a subject. A pharmaceutically acceptable carrier includes, but is not limited
to, a buffer, excipient, stabilizer, or preservative.

[0489] The pharmaceutical composition in some embodiments contains engineered cells as described herein in
amounts effective to treat or prevent the disease or condition, such as a therapeutically effective or prophylactically
effective amount. In some embodiments, the pharmaceutical composition contains engineered cells as described herein in
amounts effective to treat or prevent the disease or condition, such as a therapeutically effective or prophylactically
effective amount. Therapeutic or prophylactic efficacy in some embodiments is monitored by periodic assessment of
treated subjects. For repeated administrations over several days or longer, depending on the condition, the treatment is
repeated until a desired suppression of disease symptoms occurs. However, other dosage regimens may be useful and
can be determined. The desired dosage can be delivered by a single bolus administration of the composition, by multiple
bolus administrations of the composition, or by continuous infusion administration of the composition.

[0490] In some embodiments, engineered cells as described herein are administered using standard
administration techniques, formulations, and/or devices. In some embodiments, engineered cells as described herein are

administered using standard administration techniques, formulations, and/or devices. Provided are formulations and
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devices, such as syringes and vials, for storage and administration of the compositions. Engineered cells can be
administered via localized injection, including catheter administration, systemic injection, localized injection, intravenous
injection, or parenteral administration. When administering a therapeutic composition (e.g., a pharmaceutical composition
containing an engineered cell), it will generally be formulated in a unit dosage injectable form (solution, suspension,
emulsion).

[0491] Formulations include those for intravenous, intraperitoneal, or subcutaneous, administration. In some
embodiments, the cell populations are administered parenterally. The term “parenteral,” as used herein, includes
intravenous, intramuscular, subcutaneous, rectal, vaginal, and intraperitoneal administration. In some embodiments, the
cell populations are administered to a subject using peripheral systemic delivery by intravenous, intraperitoneal, or
subcutaneous injection.

[0492] Compositions in some embodiments are provided as sterile liquid preparations, e.g., isotonic aqueous
solutions, suspensions, emulsions, or dispersions, which may in some aspects be buffered to a selected pH. Liquid
compositions are somewhat more convenient to administer, especially by injection. Liquid compositions can comprise
carriers, which can be a solvent or dispersing medium containing, for example, water, saline, phosphate buffered saline,
polyol (for example, glycerol, propylene glycol, liquid polyethylene glycol) and suitable mixtures thereof. Sterile injectable
solutions can be prepared by incorporating the cells in a solvent, such as in admixture with a suitable carrier, diluent, or
excipient such as sterile water, physiological saline, glucose, dextrose, or the like.

[0493] In some embodiments, a pharmaceutically acceptable carrier can include all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration (Gennaro, 2000, Remington: The science and practice of pharmacy, Lippincott, Williams &
Wilkins, Philadelphia, PA). Examples of such carriers or diluents include, but are not limited to, water, saline, Ringer's
solutions, dextrose solution, and 5% human serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may
also be used. Supplementary active compounds can also be incorporated into the compositions. The pharmaceutical carrier
should be one that is suitable for the engineered cells, such as a saline solution, a dextrose solution or a solution comprising
human serum albumin. In some embodiments, the pharmaceutically acceptable carrier or vehicle for such compositions is
any non-toxic aqueous solution in which the engineered cells can be maintained, or remain viable, for a time sufficient to
allow administration of live cells. For example, the pharmaceutically acceptable carrier or vehicle can be a saline solution
or buffered saline solution.

[0494] In some embodiments, the composition, including pharmaceutical composition, is sterile. In some
embodiments, isolation, enrichment, or culturing of the cells is carried out in a closed or sterile environment, for example
and for instance in a sterile culture bag, to minimize error, user handling and/or contamination. In some embodiments,
sterility may be readily accomplished, e.g., by filtration through sterile filtration membranes. In some embodiments,
culturing is carried out using a gas permeable culture vessel. In some embodiments, culturing is carried out using a
bioreactor.

[0495] In some embodiments, the cells and compositions provided herein may be stored. In some
embodiments, the cells and compositions provided herein may be stored for 1-72 hours. In some embodiments, the cells
and compositions provided herein may be stored for 1-7 days. In some embodiments, the cells and compositions provided
herein may be stored for 1-5 weeks. In some embodiments, the cells and compositions provided herein may be stored for
1-12 months. In some embodiments, the cells and compositions provided herein may be stored for 1-30 years.

[0496] In some embodiments, the cells and compositions provided herein may be stored after they have been
collected from a donor or pool of donors. In some embodiments, the cells and compositions provided herein may be stored
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before manufacturing. In some embodiments, the cells and compositions provided herein may be stored after starting
manufacturing. In some embodiments, the cells and compositions provided herein may be stored after completing 1, 2, 3,
4,5,6,7,8,9,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 steps of the manufacturing process. In some embodiments, the
cells and compositions provided herein may be stored after completing 1 or more steps of the manufacturing process. In
some embodiments, the cells and compositions provided herein may be stored after completing the manufacturing process.
In some embodiments, the cells and compositions provided herein may be stored before modification. In some
embodiments, the cells and compositions provided herein may be stored after starting modification. In some embodiments,
the cells and compositions provided herein may be stored after completing 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 modifications. In some embodiments, the cells and compositions provided herein may be stored after
completing 1 or more modifications. In some embodiments, the cells and compositions provided herein may be stored
after completing modification. In some embodiments, the cells and compositions provided herein may be stored before
gene-editing. In some embodiments, the cells and compositions provided herein may be stored after starting gene-editing.
In some embodiments, the cells and compositions provided herein may be stored after completing 1, 2, 3,4, 5,6, 7, 8,9,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 gene-edits. In some embodiments, the cells and compositions provided herein
may be stored after completing 1 or more gene-edits. In some embodiments, the cells and compositions provided herein
may be stored after completing gene-editing. In some embodiments, the cells and compositions provided herein may be
stored before viral transduction. In some embodiments, the cells and compositions provided herein may be stored after
starting viral transduction. In some embodiments, the cells and compositions provided herein may be stored after
completing 1, 2, 3,4,5,6,7,8,9,11,12, 13, 14, 15, 16, 17, 18, 19, or 20 viral transductions. In some embodiments, the
cells and compositions provided herein may be stored after completing 1 or more viral transductions. In some
embodiments, the cells and compositions provided herein may be stored after completing viral transduction.

[0497] In some embodiments, the cells and compositions may be stored in liquid nitrogen. In some
embodiments, the cells and compositions may be stored in a freezer at -80 9C. In some embodiments, the cells and
compositions may be stored in a freezer at -20 °C. In some embodiments, the cells and compositions may be stored on
ice. In some embodiments, the cells and compositions may be stored on dry ice. In some embodiments, the cells and
compositions may be stored in refrigerator at 4 °C.

[0498] Also provided herein are compositions that are suitable for cryopreserving the provided engineered cells.
In some embodiments, the provided engineered cells are cryopreserved in a cryopreservation medium. In some
embodiments, the cryopreservation medium is a serum free cryopreservation medium. In some embodiments, the
composition comprises a cryoprotectant. In some embodiments, the cryoprotectant is or comprises DMSO and/or s
glycerol. In some embodiments, the cryopreservation medium is between at or about 5% and at or about 10% DMSO
(v/v). In some embodiments, the cryopreservation medium is at or about 5% DMSO (v/v). In some embodiments, the
cryopreservation medium is at or about 6% DMSO (v/v). In some embodiments, the cryopreservation medium is at or
about 7% DMSO (v/v). In some embodiments, the cryopreservation medium is at or about 7.5% DMSO (v/v). In some
embodiments, the cryopreservation medium is at or about 8% DMSO (v/v). In some embodiments, the cryopreservation
medium is at or about 9% DMSO (v/v). In some embodiments, the cryopreservation medium is at or about 10% DMSO
(v/v). In some embodiments, the cryopreservation medium contains a commercially available cryopreservation solution
(CryoStor™ CS10). CryoStor™ CS10 is a cryopreservation medium containing 10% dimethyl sulfoxide (DMSO). In some
embodiments, compositions formulated for cryopreservation can he stored at low temperatures, such as ultra-low
temperatures, for example, storage with temperature ranges from -40 °C to -150 ©C, such as or about 80 °C + 6.0 ° C,
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[0499] It will be understood that following cryo preservation some cells in the population may be dead, such as
up to 10%, up to 5%, up to 1%, up to 0.5% or up to 0.1% of cells. Alternatively, cell recovers after cryo preservation may
be up to 20% or up to 10%.In some embodiments, the pharmaceutical composition comprises engineered cells described
herein and a pharmaceutically acceptable carrier comprising 31.25 % (v/v) Plasma-Lyte A, 31.25 % (v/v) of 5%
dextrose/0.45% sodium chloride, 10% dextran 40 (LMD)/5% dextrose, 20% (v/v) of 25% human serum albumin (HSA),
and 7.5% (v/v) dimethylsulfoxide (DMSO).

[0500] In some embodiments, the cryopreserved engineered cells are prepared for administration by thawing.
In some cases, the engineered cells can be administered to a subject immediately after thawing. In some such
embodiments, the composition is ready-to-use without any further processing. In other cases, the engineered cells are
further processed after thawing, such as by resuspension with a pharmaceutically acceptable carrier, incubation with an
activating or stimulating agent, or are activated washed and resuspended in a pharmaceutically acceptable buffer prior

to administration to a subject.

XI. Kits, Components, and Articles of Manufacture

[0501] In some aspects, provided herein are kits, components, and compositions (such as consumables) of the
methods, devices, and systems described herein. In some embodiments, the kit comprises instructions for use according
to the disclosure herein.

[0502] In some embodiments, provided herein is a kit comprising a population of engineered cells described
herein. In some embodiments, provided herein is a kit comprising: (a) a population of cells comprising a plurality of
engineered cells, , and (ii) reduce expression of one or more MHC class I molecules and/or one or more MHC class II
molecules (e.g., one or more MHC class I human leukocyte antigens and/or one or more MHC class II human leukocyte
antigens), wherein the increased expression of (i) and the reduced expression of (ii) is relative to a cell of the same cell
type that does not comprise the modifications. In some embodiments, provided herein is a kit or combination, comprising
a population of cells comprising a plurality of engineered cells,; (ii) increase expression of CD47, and (iii) reduce expression
of one or more MHC class I molecules and/or one or more MHC class II molecules (e.g., one or more MHC class I human
leukocyte antigens and/or one or more MHC class II human leukocyte antigens), wherein the increased expression of (i)
and (ii) and the reduced expression of (iii) is relative to a cell of the same cell type that does not comprise the modifications.
[0503] In some embodiments, there is provided an article of manufacture containing materials useful for clinical
transplantation therapies, including cell therapies. In some embodiments, the articles of manufacture contain material
useful for the treatment of cellular deficiencies, such as but not limited to diabetes (e.g., Type I diabetes), vascular
conditions or disease, autoimmune thyroiditis, live disease (e.g., cirrhosis of the liver), corneal disease (e.g., Fuchs
dystrophy or congenital hereditary endothelial dystrophy), kidney disease, and cancer (e.g., B cell acute lymphoblastic
leukemia (B-ALL), diffuse large B-cell ymphoma, liver cancer, pancreatic cancer, breast cancer, ovarian cancer, colorectal
cancer, lung cancer, non-small cell lung cancer, acute myeloid lymphoid leukemia, multiple myeloma, gastric cancer, gastric
adenocarcinoma, pancreatic adenocarcinoma, glioblastoma, neuroblastoma, lung squamous cell carcinoma, hepatocellular
carcinoma, and bladder cancer). The article of manufacture can comprise a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials, syringes, etc. (e.g., glass or plastic
containers) Generally, the container holds a composition which is effective for allogenic cell therapy and may have a sterile
access port (for example the container may be an intravenous solution bag or a vial having a stopper pierceable by a

hypodermic injection needle).
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[0504] In some aspects, a kit or article of manufacture provided herein comprises a population of engineered
cells, such as any of the engineered cells provided herein. In some embodiments, a kit or article of manufacture comprises
a composition comprising a population of engineered cells, wherein the engineered cells comprise: (i) a transgene
comprising an exogenous polynucleotide encoding an engineered CD47, (ii) a, and (iii) inactivation or disruption of both
alleles of a B2M gene. In some embodiments, the engineered beta cells further comprise inactivation or disruption of both
alleles of a CIITA gene.

[0505] The label or package insert indicates that the composition is used for treating the particular condition.
The label or package insert will further comprise instructions for administering the pharmaceutical composition to the

patient. In some embodiments, the article of manufacture comprises a combination treatment.

[0506] The article of manufacture and/or kit may further comprise a package insert. The insert refers to
instructions customarily included in commercial packages of therapeutic products that contain information about the
indications, usage, dosage, administration, contraindications and/or warnings concerning the use of such therapeutic

products.

XII. Methods of Treatment

[0507] Provided herein are compositions and methods relating to the provided cell compositions comprising a
population of engineered cells described herein for use in treating diseases or conditions in a subject. Provided herein is
a method of treating a patient by administering a population engineered cells described herein. In some embodiments,
the population of cells are formulated for administration in a pharmaceutical composition, such as any described here.
Such methods and uses include therapeutic methods and uses, for example, involving administration of the population of
engineered cells, or compositions containing the same, to a subject having a disease, condition, or disorder. It is within
the level of a skilled artisan to choose the appropriate engineered cells as provided herein for a particular disease indication.
In some embodiments, the cells or pharmaceutical composition thereof is administered in an effective amount to effect
treatment of the disease or disorder. Uses include uses of the engineered cells or pharmaceutical compositions thereof in
such methods and treatments, and in the preparation of a medicament in order to carry out such therapeutic methods.
In some embodiments, the methods thereby treat the disease or condition or disorder in the subject.

[0508] The engineered cells provided herein can be administered to any suitable patients including, for example,
a candidate for a cellular therapy for the treatment of a disease or disorder. Candidates for cellular therapy include any
patient having a disease or condition that may potentially benefit from the therapeutic effects of the subject engineered
cells provided herein. In some embodiments, the patient is an allogenic recipient of the administered cells. In some
embodiments, the provided engineered cells are effective for use in allogeneic cell therapy. A candidate who benefits from
the therapeutic effects of the subject engineered cells provided herein exhibit an elimination, reduction or amelioration of
ta disease or condition.

[0509] In some embodiments, the engineered cells as provided herein, including those produced by any of the
methods provided herein, can be used in cell therapy. Therapeutic cells outlined herein are useful to treat a disorder such
as, but not limited to, a cancer, a genetic disorder, a chronic infectious disease, an autoimmune disorder, a neurological
disorder, and the like.

[0510] In some embodiments, the patient has a cellular deficiency. As used herein, a “cellular deficiency” refers
to any disease or condition that causes a dysfunction or loss of a population of cells in the patient, wherein the patient is

unable to naturally replace or regenerate the population of cells. Exemplary cellular deficiencies include, but are not limited
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to, autoimmune diseases (e.g., multiple sclerosis, myasthenia gravis, rheumatoid arthritis, diabetes, systemic lupus and
erythematosus), neurodegenerative diseases (e.g., Huntington's disease and Parkinson’s disease), cardiovascular
conditions and diseases, vascular conditions and diseases, corneal conditions and diseases, liver conditions and diseases,
thyroid conditions and diseases, and kidney conditions and diseases. In some embodiments, the patient administered the
engineered cells has a cancer. Exemplary cancers that can be treated by the engineered cells provided herein include, but
are not limited to, B cell acute lymphoblastic leukemia (B-ALL), diffuse large B-cell lymphoma, liver cancer, pancreatic
cancer, breast cancer, ovarian cancer, colorectal cancer, lung cancer, non-small cell lung cancer, acute myeloid lymphoid
leukemia, multiple myeloma, gastric cancer, gastric adenocarcinoma, pancreatic adenocarcinoma, glioblastoma,
neuroblastoma, lung squamous cell carcinoma, hepatocellular carcinoma, and bladder cancer. In certain embodiments, the
cancer patient is treated by administration of an engineered CAR T-cell provided herein.

[0511] In some embodiments, provided herein is a method of administering a population of engineered cells to
a patient in need thereof, wherein the engineered cells come into contact with the blood during or after administration,
and wherein the engineered cells comprise modifications that prevent or attenuate an IBMIR when the engineered cells
come into contact with the blood. In some embodiments, the engineered cells are administered intravenously or via
intramuscular injection. In some embodiments, the engineered cells overexpress a tolerogenic factor (e.g., CD47), have
reduced expression or lack expression of one or more MHC class I molecules. In some embodiments, the engineered cells
are beta islet cells or hepatocytes. In some embodiments, the engineered cells further comprise overexpression of one or
more complement inhibitor.

[0512] In some embodiments, the cellular deficiency is associated with diabetes or the cellular therapy is for
the treatment of diabetes, optionally wherein the diabetes is Type I diabetes. In some embodiments, the population of
engineered cells is a population of islet cells, including beta islet cells. In some embodiments, the islet cells are selected
from the group consisting of an islet progenitor cell, an immature islet cell, and a mature islet cell. In some embodiments,
the method comprises administering to the patient a composition comprising a population of engineered beta islet cells,
wherein the engineered cells comprise: (i) a multicistronic vector comprising an exogenous polynucleotide encoding an
engineered CD47, and (ii) inactivation or disruption of both alleles of a B2M gene. In some embodiments, the method
comprises administering to the patient a composition comprising a population of engineered beta islet cells, wherein the
engineered beta islet cells comprise: (i) a transgene comprising an exogenous polynucleotide encoding an engineered
CD47. In some embodiments, the engineered beta cells comprise inactivation or disruption of both alleles of a CZ7/7A gene.
In some embodiments, the transgene comprising the polynucleotide encoding an engineered CD47 is the transgene is a
multicistronic vector.

[0513] In some embodiments, the cellular deficiency is associated with a liver disease or the cellular therapy is
for the treatment of liver disease. In some embodiments, the liver disease comprises cirrhosis of the liver. In some
embodiments, the population of cells is a population of hepatocytes or hepatic progenitor cells. In some embodiments, the
method comprises administering to the patient a composition comprising a population of engineered hepatocyte cells,
wherein the engineered hepatocyte cells comprise: (i) a transgene comprising an exogenous polynucleotide encoding an
engineered CD47, and (iii) inactivation or disruption of both alleles of a B2M gene. In some embodiments, the method
comprises administering to the patient a composition comprising a population of engineered hepatocyte cells, wherein the
engineered hepatocyte cells comprise: (i) a transgene comprising an exogenous polynucleotide encoding an engineered
CD47 and (ii) inactivation or disruption of both alleles of a B2M gene. In some embodiments, the engineered hepatocyte
cells comprise inactivation or disruption of both alleles of a CI77A gene. In some embodiments, the transgene comprising
the polynucleotide encoding an engineered CD47 is the transgene is a multicistronic vector.
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[0514] In some embodiments, the engineered cells, or a composition containing the same, provided herein are
useful for the treatment of a patient sensitized from one or more antigens present in a previous transplant such as, for
example, a cell transplant, a blood transfusion, a tissue transplant, or an organ transplant. In certain embodiments, the
previous transplant is an allogeneic transplant and the patient is sensitized against one or more alloantigens from the
allogeneic transplant. Allogeneic transplants include, but are not limited to, allogeneic cell transplants, allogeneic blood
transfusions, allogeneic tissue transplants, or allogeneic organ transplants. In some embodiments, the patient is sensitized
patient who is or has been pregnant (e.g., having or having had alloimmunization in pregnancy). In certain embodiments,
the patient is sensitized from one or more antigens included in a previous transplant, wherein the previous transplant is a
modified human cell, tissue or organ. In some embodiments, the modified human cell, tissue or organ is a modified
autologous human cell, tissue or organ. In some embodiments, the previous transplant is a non-human cell, tissue or
organ. In exemplary embodiments, the previous transplant is a modified non-human cell, tissue, or organ. In certain
embodiments, the previous transplant is a chimera that includes a human component. In certain embodiments, the
previous transplant is a CAR T-cell. In certain embodiments, the previous transplant is an autologous transplant and the
patient is sensitized against one or more autologous antigens from the autologous transplant. In certain embodiments, the
previous transplant is an autologous cell, tissue or organ. In certain embodiments, the sensitized patient has an allergy
and is sensitized to one or more allergens. In exemplary embodiments, the patient has a hay fever, a food allergy, an
insect allergy, a drug allergy or atopic dermatitis.

[0515] In some embodiments, the patient undergoing a treatment using the provided engineered cells, or a
composition containing the same, received a previous treatment. In some embodiments, the engineered cells, or a
composition containing the same, are used to treat the same condition as the previous treatment. In certain embodiments,
the engineered cells, or a composition containing the same, are used to treat a different condition from the previous
treatment. In some embodiments, the engineered cells, or a composition containing the same, administered to the patient
exhibit an enhanced therapeutic effect for the treatment of the same condition or disease treated by the previous
treatment. In certain embodiments, the administered engineered cells, or a composition containing the same, exhibit a
longer therapeutic effect for the treatment of the condition or disease in the patient as compared to the previous treatment.
In exemplary embodiments, the administered cells exhibit an enhanced potency, efficacy and/or specificity against the
cancer cells as compared to the previous treatment. In embodiments, the engineered cells are CAR T-cells for the treatment
of a cancer.

[0516] The methods provided herein can be used as a second-line treatment for a particular condition or disease
after a failed first line treatment. In some embodiments, the previous treatment is a therapeutically ineffective treatment.
As used herein, a “therapeutically ineffective” treatment refers to a treatment that produces a less than desired clinical
outcome in a patient. For example, with respect to a treatment for a cellular deficiency, a therapeutically ineffective
treatment may refer to a treatment that does not achieve a desired level of functional cells and/or cellular activity to
replace the deficient cells in a patient, and/or lacks therapeutic durability. With respect to a cancer treatment, a
therapeutically ineffective treatment refers to a treatment that does not achieve a desired level of potency, efficacy and/or
specificity. Therapeutic effectiveness can be measured using any suitable technique known in the art. In some
embodiments, the patient produces an immune response to the previous treatment. In some embodiments, the previous
treatment is a cell, tissue or organ graft that is rejected by the patient. In some embodiments, the previous treatment
included a mechanically assisted treatment. In some embodiments, the mechanically assisted treatment included a
hemodialysis or a ventricle assist device. In some embodiments, the patient produced an immune response to the
mechanically assisted treatment. In some embodiments, the previous treatment included a population of therapeutic cells
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that include a safety switch that can cause the death of the therapeutic cells should they grow and divide in an undesired
manner. In certain embodiments, the patient produces an immune response as a result of the safety switch induced death
of therapeutic cells. In certain embodiments, the patient is sensitized from the previous treatment. In exemplary
embodiments, the patient is not sensitized by the administered engineered cells as provided herein.

[0517] In some embodiments, the provided engineered cells, or compositions containing the same, are
administered prior to providing a tissue, organ or partial organ transplant to a patient in need thereof. In embodiments,
the patient does not exhibit an immune response to the engineered cells. In certain embodiments, the engineered cells
are administered to the patient for the treatment of a cellular deficiency in a particular tissue or organ and the patient
subsequently receives a tissue or organ transplant for the same particular tissue or organ. In such embodiments, the
engineered cell treatment functions as a bridge therapy to the eventual tissue or organ replacement. For example, in some
embodiments, the patient has a liver disorder and receives an engineered hepatocyte treatment as provided herein, prior
to receiving a liver transplant. In certain embodiments, the engineered cells are administered to the patient for the
treatment of a cellular deficiency in a particular tissue or organ and the patient subsequently receives a tissue or organ
transplant for a different tissue or organ. For example, in some embodiments, the patient is a diabetes patient who is
treated with engineered pancreatic beta cells as provided herein prior to receiving a kidney transplant. In some
embodiments, the method is for the treatment of a cellular deficiency. In exemplary embodiments, the tissue or organ
transplant is a heart transplant, a lung transplant, a kidney transplant, a liver transplant, a pancreas transplant, an intestine
transplant, a stomach transplant, a cornea transplant, a bone marrow transplant, a blood vessel transplant, a heart valve
transplant, or a bone transplant.

[0518] The methods of treating a patient are generally through administrations of engineered cells, or a
composition containing the same, as provided herein. As will be appreciated, for all the multiple embodiments described
herein related to the cells and/or the timing of therapies, the administering of the cells is accomplished by a method or
route that results in at least partial localization of the introduced cells at a desired site. The cells can be implanted directly
to the desired site, or alternatively be administered by any appropriate route which results in delivery to a desired location
in the subject where at least a portion of the implanted cells or components of the cells remain viable. In some
embodiments, the cells are administered to treat a disease or disorder, such as any disease, disorder, condition, or
symptom thereof that can be alleviated by cell therapy.

[0519] In some embodiments, the population of engineered cells, or a composition containing the same, is
administered at least 1 day, at least 2 days, at least 3 days, at least 4 days, at least 5, days, at least 6 days, at least 1
week, or at least 1 month or more after the patient is sensitized. In some embodiments, the population of engineered
cells, or a composition containing the same, is administered at least 1 week (e.g., 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks, 16 weeks,
17 weeks, 18 weeks, 19 weeks, 20 weeks, or more) or more after the patient is sensitized or exhibits characteristics or
features of sensitization. In some embodiments, the population of engineered cells, or a composition containing the same,
is administered at least 1 month (e.g., 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months,
9 months, 10 months, 11 months, 12 months, 13 months, 14 months, 15 months, 16 months, 17 months, 18 months, 19
months, 20 months, or more) or more after the patient has received the transplant (e.g., an allogeneic transplant), has
been pregnant (e.g., having or having had alloimmunization in pregnancy) or is sensitized or exhibits characteristics or
features of sensitization.

[0520] In some embodiments, the patient who has received a transplant, who has been pregnant (e.qg., having
or having had alloimmunization in pregnancy), and/or who is sensitized against an antigen (e.g., alloantigens) is

105



WO 2025/043172 PCT/US2024/043615

administered a dosing regimen comprising a first dose administration of a population of engineered cells described herein,
a recovery period after the first dose, and a second dose administration of a population of engineered cells described. In
some embodiments, the composite of cell types present in the first population of cells and the second population of cells
are different. In certain embodiments, the composite of cell types present in the first population of engineered cells and
the second population of engineered cells are the same or substantially equivalent. In many embodiments, the first
population of engineered cells and the second population of engineered cells comprises the same cell types. In some
embodiments, the first population of engineered cells and the second population of engineered cells comprises different
cell types. In some embodiments, the first population of engineered cells and the second population of engineered cells
comprises the same percentages of cell types. In other embodiments, the first population of engineered cells and the
second population of cells comprises different percentages of cell types.

[0521] In some embodiments, the recovery period begins following the first administration of the population of
engineered cells or a composition containing the same, and ends when such cells are no longer present or detectable in
the patient. In some embodiments, the duration of the recovery period is at least 1 week (e.g., 1 week, 2 weeks, 3 weeks,
4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks,
16 weeks, 17 weeks, 18 weeks, 19 weeks, 20 weeks, or more) or more after the initial administration of the cells. In some
embodiments, the duration of the recovery period is at least 1 month (e.g., 1 month, 2 months, 3 months, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, 13 months, 14 months, 15 months,
16 months, 17 months, 18 months, 19 months, 20 months, or more) or more after the initial administration of the cells.
[0522] In some embodiments, the administered population of engineered cells, or a composition containing the
same, is hypoimmunogenic when administered to the subject. In some embodiments, the engineered cells are
hypoimmune. In some embodiments, an immune response against the engineered cells is reduced or lower by at least
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% lower compared to the level of the immune response produced by the
administration of immunogenic cells (e.g., a population of cells of the same or similar cell type or phenotype but that do
not contain the modifications, e.g., genetic modifications, of the engineered cells). In some embodiments, the administered
population of engineered cells, or a composition containing the same, fails to elicit an immune response against the
engineered cells in the patient.

[0523] In some embodiments, the administered population of engineered cells, or a composition containing the
same, elicits a decreased or lower level of systemic TH1 activation in the patient. In some instances, the level of systemic
TH1 activation elicited by the cells is at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% lower compared to the level of
systemic TH1 activation produced by the administration of immunogenic cells (e.g., a population of cells of the same or
similar cell type or phenotype but that do not contain the modifications, e.g., genetic modifications, of the engineered
cells). In some embodiments, the administered population of engineered cells, or a composition containing the same, fails
to elicit systemic TH1 activation in the patient.

[0524] In some embodiments, the administered population of engineered cells, or a composition containing the
same, elicits a decreased or lower level of immune activation of peripheral blood mononuclear cells (PBMCs) in the patient.
In some instances, the level of immune activation of PBMCs elicited by the cells is at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% lower compared to the level of immune activation of PBMCs produced by the administration of immunogenic
cells (e.g., a population of cells of the same or similar cell type or phenotype but that do not contain the modifications,
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e.g., genetic modifications, of the engineered cells). In some embodiments, the administered population of engineered
cells, or a composition containing the same, fails to elicit immune activation of PBMCs in the patient.

[0525] In some embodiments, the administered population of engineered cells, or a composition containing the
same, elicits a decreased or lower level of donor-specific IgG antibodies in the patient. In some instances, the level of
donor-specific IgG antibodies elicited by the cells is at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% lower compared
to the level of donor-specific IgG antibodies produced by the administration of immunogenic cells (e.g., a population of
cells of the same or similar cell type or phenotype but that do not contain the modifications, e.g., genetic modifications,
of the engineered cells). In some embodiments, the administered population of engineered cells fails to elicit donor-specific
IgG antibodies in the patient.

[0526] In some embodiments, the administered population of engineered cells, or a composition containing the
same, elicits a decreased or lower level of IgM and IgG antibody production in the patient. In some instances, the level of
IgM and IgG antibody production elicited by the cells is at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%), 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% lower compared
to the level of IgM and IgG antibody production produced by the administration of immunogenic cells (e.g., a population
of cells of the same or similar cell type or phenotype but that do not contain the modifications, e.g., genetic modifications,
of the engineered cells). In some embodiments, the administered population of engineered cells, or a composition
containing the same, fails to elicit IgM and IgG antibody production in the patient.

[0527] In some embodiments, the administered population of engineered cells, or a composition containing the
same, elicits a decreased or lower level of cytotoxic T cell killing in the patient. In some instances, the level of cytotoxic T
cell killing elicited by the cells is at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% lower compared to the level of
cytotoxic T cell killing produced by the administration of immunogenic cells (e.g., a population of cells of the same or
similar cell type or phenotype but that do not contain the modifications, e.g., genetic modifications, of the engineered
cells). In some embodiments, the administered population of engineered cells, or a composition containing the same, fails
to elicit cytotoxic T cell killing in the patient.

[0528] As discussed above, provided herein are cells that in certain embodiments can be administered to a
patient sensitized against alloantigens such as human leukocyte antigens. In some embodiments, the patient is or has
been pregnant, e.g., with alloimmunization in pregnancy (e.g., hemolytic disease of the fetus and newborn (HDFN),
neonatal alloimmune neutropenia (NAN) or fetal and neonatal alloimmune thrombocytopenia (FNAIT)). In other words,
the patient has or has had a disorder or condition associated with alloimmunization in pregnancy such as, but not limited
to, hemolytic disease of the fetus and newborn (HDFN), neonatal alloimmune neutropenia (NAN), and fetal and neonatal
alloimmune thrombocytopenia (FNAIT). In some embodiments, the patient has received an allogeneic transplant such as,
but not limited to, an allogeneic cell transplant, an allogeneic blood transfusion, an allogeneic tissue transplant, or an
allogeneic organ transplant. In some embodiments, the patient exhibits memory B cells against alloantigens. In some
embodiments, the patient exhibits memory T cells against alloantigens. Such patients can exhibit both memory B and

memory T cells against alloantigens.

[0529] Upon administration of the cells described, the patient exhibits no systemic immune response or a
reduced level of systemic immune response compared to responses to cells that are not hypoimmunogenic. In some
embodiments, the patient exhibits no adaptive immune response or a reduced level of adaptive immune response

compared to responses to cells that are not hypoimmunogenic. In some embodiments, the patient exhibits no innate
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immune response or a reduced level of innate immune response compared to responses to cells that are not
hypoimmunogenic. In some embodiments, the patient exhibits no T cell response or a reduced level of T cell response
compared to responses to cells that are not hypoimmunogenic. In some embodiments, the patient exhibits no B cell
response or a reduced level of B cell response compared to responses to cells that are not hypoimmunogenic.

A. Dose and Dosage Regimen

[0530] Any therapeutically effective amount of cells described herein can be included in the pharmaceutical
composition, depending on the indication being treated. Non-limiting examples of the cells include primary cells (e.g.,
primary beta islet cells) and cells differentiated from engineered induced pluripotent stem cells as described (e.g., beta
islet cells or hepatocytes differentiated from iPSCs). In some embodiments, the pharmaceutical composition includes at
least about 1 x 102, 5 x 102, 1 x 103, 5 x 103, 1 x 10%, 5x 10%, 1 x 105, 5 x 10°, 1 x 105, 5 x 105, 1 x 107, 5 x 107, 1 x 108,
5x 108 1 x 109 5 x 109 1 x 109, or 5 x 100 cells. In some embodiments, the pharmaceutical composition includes up
to about 1 x 102, 5 x 102, 1 x 103, 5 x 103, 1 x 104, 5 x 104, 1 x 105, 5 x 105, 1 x 105, 5 x 106, 1 x 107, 5 x 107, 1 x 108, 5
x 108, 1 x 10°% 5 x 10° 1 x 10!%, or 5 x 10!° cells. In some embodiments, the pharmaceutical composition includes up to
about 6.0 x 108 cells. In some embodiments, the pharmaceutical composition includes up to about 8.0 x 108 cells. In
some embodiments, the pharmaceutical composition includes at least about 1 x 102-5 x 102, 5 x 102-1 x 10°, 1 x 103-5 x
103, 5 x 10%-1 x 10%, 1 x 10*-5 x 10*, 5 x 10*-1 x 10°, 1 x 10°-5 x 10°, 5 x 10%>-1 x 10%, 1 x 106-5 x 106, 5 x 105-1 x 107, 1
x 107-5 x 107, 5 x 107-1 x 108, 1 x 108-5 x 108, 5 x 108-1 x 10°, 1 x 10°5 x 10°, 5 x 10°-1 x 10°, or 1 x 10%° - 5 x 100
cells. In exemplary embodiments, the pharmaceutical composition includes from about 1.0 x 10° to about 2.5 x 108 cells.
[0531] In some embodiments, the pharmaceutical composition has a volume of at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350,
400, or 500 ml. In exemplary embodiments, the pharmaceutical composition has a volume of up to about 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, or 500 ml. In exemplary embodiments, the pharmaceutical composition has a volume of about 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, or 500 ml. In some embodiments, the pharmaceutical composition has a volume of from about 1-50 ml,
50-100 ml, 100-150 ml, 150-200 ml, 200-250 ml, 250-300 ml, 300-350 ml, 350-400 ml, 400-450 ml, or 450-500 ml. In
some embodiments, the pharmaceutical composition has a volume of from about 1-50 ml, 50-100 ml, 100-150 ml, 150-
200 ml, 200-250 ml, 250-300 ml, 300-350 ml, 350-400 ml, 400-450 ml, or 450-500 ml. In some embodiments, the
pharmaceutical composition has a volume of from about 1-10 ml, 10-20 ml, 20-30 ml, 30-40 ml, 40-50 ml, 50-60 ml, 60-
70 ml, 70-80 ml, 70-80 ml, 80-90 ml, or 90-100 ml. In some embodiments, the pharmaceutical composition has a volume
that ranges from about 5 ml to about 80 ml. In exemplary embodiments, the pharmaceutical composition has a volume
that ranges from about 10 ml to about 70 ml. In many embodiments, the pharmaceutical composition has a volume that
ranges from about 10 ml to about 50 ml.

[0532] The specific amount/dosage regimen will vary depending on the weight, gender, age and health of the
individual, the formulation, the biochemical nature, bioactivity, bioavailability and the side effects of the cells and the
number and identity of the cells in the complete therapeutic regimen.

[0533] In some embodiments, a dose of the pharmaceutical composition includes about 1.0 x 10> to about 2.5
x 108 cells at a volume of about 10 mL to 50 mL and the pharmaceutical composition is administered as a single dose.
[0534] In many embodiments, the cells are T cells and the pharmaceutical composition includes from about 2.0
x 106 to about 2.0 x 108 cells, such as but not limited to, primary T cells, T cells differentiated from engineered induced

pluripotent stem cells. In some cases, the dose includes about 1.0 x 10° to about 2.5 x 108 primary T cells described herein
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at a volume of about 10 ml to 50 ml. In several cases, the dose includes about 1.0 x 10° to about 2.5 x 108 primary T
cells that have been described above at a volume of about 10 ml to 50 ml. In various cases, the dose includes about 1.0
x 105 to about 2.5 x 108 T cells differentiated from engineered induced pluripotent stem cells described herein at a volume
of about 10 ml to 50 ml. In other cases, the dose is at a range that is lower than about 1.0 x 10° to about 2.5 x 108 T
cells, including primary T cells or T cells differentiated from engineered induced pluripotent stem cells. In yet other cases,
the dose is at a range that is higher than about 1.0 x 10° to about 2.5 x 108 T cells, including primary T cells and T cells
differentiated from engineered induced pluripotent stem cells.

[0535] In some embodiments, the pharmaceutical composition is administered as a single dose of from about
1.0 x 105 to about 1.0 x 107 engineered cells (such as primary cells or cells differentiated from engineered induced
pluripotent stem cells) per kg body weight for subjects 50 kg or less. In some embodiments, the pharmaceutical
composition is administered as a single dose of from about 0.5 x 10° to about 1.0 x 107, about 1.0 x 105 to about 1.0 x
107, about 1.0 x 10° to about 1.0 x 107, about 5.0 x 10° to about 1 x 107, about 1.0 x 10° to about 1 x 107, about 5.0 x
10° to about 1.0 x 107, about 1.0 x 10° to about 5.0 x 10°, about 1.0 x 10° to about 1.0 x 108, about 1.0 x 10° to about
5.0 x 105, about 1.0 x 10° to about 5.0 x 108, about 2.0 x 10° to about 5.0 x 10°, about 3.0 x 10° to about 5.0 x 108, about
4.0 x 10° to about 5.0 x 10°, about 5.0 x 10° to about 5.0 x 106, about 6.0 x 10° to about 5.0 x 106, about 7.0 x 10° to
about 5.0 x 105, about 8.0 x 10° to about 5.0 x 108, or about 9.0 x 10° to about 5.0 x 10° cells per kg body weight for
subjects 50 kg or less. In some embodiments, the dose is from about 0.2 x 10° to about 5.0 x 106 cells per kg body weight
for subjects 50 kg or less. In many embodiments, the dose is at a range that is lower than from about 0.2 x 10° to about
5.0 x 10 cells per kg body weight for subjects 50 kg or less. In many embodiments, the dose is at a range that is higher
than from about 0.2 x 106 to about 5.0 x 10° cells per kg body weight for subjects 50 kg or less. In exemplary embodiments,
the single dose is at a volume of about 10 ml to 50 ml. In some embodiments, the dose is administered intravenously.
[0536] In exemplary embodiments, the cells are administered in a single dose of from about 1.0 x 106 to about
5.0 x 108 cells (such as primary cells and cells differentiated from engineered induced pluripotent stem cells) for subjects
above 50 kg. In some embodiments, the pharmaceutical composition is administered as a single dose of from about 0.5 x
10° to about 1.0 x 10°, about 1.0 x 108 to about 1.0 x 10°, about 1.0 x 10° to about 1.0 x 10°, about 5.0 x 10° to about
1.0 x 10°, about 1.0 x 107 to about 1.0 x 10°, about 5.0 x 107 to about 1.0 x 10°, about 1.0 x 10° to about 5.0 x 107, about
1.0 x 106 to about 1.0 x 107, about 1.0 x 10° to about 5.0 x 107, about 1.0 x 107 to about 5.0 x 108, about 2.0 x 107 to
about 5.0 x 108, about 3.0 x 107 to about 5.0 x 108, about 4.0 x 107 to about 5.0 x 108, about 5.0 x 107 to about 5.0 x 108,
about 6.0 x 107 to about 5.0 x 108, about 7.0 x 107 to about 5.0 x 108, about 8.0 x 107 to about 5.0 x 108, or about 9.0 x
107 to about 5.0 x 108 cells per kg body weight for subjects 50 kg or less. In many embodiments, the cells are administered
in a single dose of about 1.0 x 107 to about 2.5 x 108 cells for subjects above 50 kg. In some embodiments, the cells are
administered in a single dose of a range that is less than about 1.0 x 107 to about 2.5 x 108 cells for subjects above 50 kg.
In some embodiments, the cells are administered in a single dose of a range that is higher than about 1.0 x 107 to about
2.5 x 108 cells for subjects above 50 kg. In some embodiments, the dose is administered intravenously. In exemplary
embodiments, the single dose is at a volume of about 10 ml to 50 ml. In some embodiments, the dose is administered
intravenously.

[0537] In exemplary embodiments, the dose is administered intravenously at a rate of about 1 to 50 ml per
minute, 1 to 40 ml per minute, 1 to 30 ml per minute, 1 to 20 ml per minute, 10 to 20 ml per minute, 10 to 30 ml per
minute, 10 to 40 ml per minute, 10 to 50 ml per minute, 20 to 50 ml per minute, 30 to 50 ml per minute, 40 to 50 ml per
minute. In numerous embodiments, the pharmaceutical composition is stored in one or more infusion bags for intravenous
administration. In some embodiments, the dose is administered completely at no more than 10 minutes, 15 minutes, 20
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minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 60 minutes, 70 minutes,
80 minutes, 90 minutes, 120 minutes, 150 minutes, 180 minutes, 240 minutes, or 300 minutes.

[0538] In some embodiments, a single dose of the pharmaceutical composition is present in a single infusion
bag. In other embodiments, a single dose of the pharmaceutical composition is divided into 2, 3, 4 or 5 separate infusion
bags.

[0539] In some embodiments, the cells described herein are administered in a plurality of doses such as 2, 3,
4, 5, 6 or more doses. In some embodiments, each dose of the plurality of doses is administered to the subject ranging
from 1 to 24 hours apart. In some instances, a subsequent dose is administered from about 1 hour to about 24 hours
(e.g.,about 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or about 24 hours) after an initial
or preceding dose. In some embodiments, each dose of the plurality of doses is administered to the subject ranging from
about 1 day to 28 days apart. In some instances, a subsequent dose is administered from about 1 day to about 28 days
(e.g., about 1, 2, 3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or about 28
days) after an initial or preceding dose. In many embodiments, each dose of the plurality of doses is administered to the
subject ranging from 1 week to about 6 weeks apart. In certain instances, a subsequent dose is administered from about
1 week to about 6 weeks (e.g., about 1, 2, 3, 4, 5, or 6 weeks) after an initial or preceding dose. In several embodiments,
each dose of the plurality of doses is administered to the subject ranging from about 1 month to about 12 months apart.
In several instances, a subsequent dose is administered from about 1 month to about 12 months (e.g., about 1, 2, 3, 4,
5,6,7,8,9, 10, 11, or 12 months) after an initial or preceding dose.

[0540] In some embodiments, a subject is administered a first dosage regimen at a first timepoint, and then
subsequently administered a second dosage regimen at a second timepoint. In some embodiments, the first dosage
regimen is the same as the second dosage regimen. In other embodiments, the first dosage regimen is different than the
second dosage regimen. In some instances, the number of cells in the first dosage regimen and the second dosage
regimen are the same. In some instances, the number of cells in the first dosage regimen and the second dosage regimen
are different. In some cases, the number of doses of the first dosage regimen and the second dosage regimen are the

same. In some cases, the number of doses of the first dosage regimen and the second dosage regimen are different.

[0541] In some embodiments, the cells are engineered T cells (e.g., primary T cells or T cells differentiated
from engineered induced pluripotent stem cells) and the first dosage regimen includes engineered T cells expressing a
first CAR and the second dosage regimen includes engineered T cells expressing a second CAR such that the first CAR
and the second CAR are different. For instance, the first CAR and second CAR bind different target antigens. In some
cases, the first CAR includes an scFv that binds an antigen and the second CAR includes an scFv that binds a different
antigen. In some embodiments, the first dosage regimen includes engineered T cells expressing a first CAR and the
second dosage regimen includes engineered T cells or primary T cells expressing a second CAR such that the first CAR
and the second CAR are the same. The first dosage regimen can be administered to the subject at least 1 month, 2
months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months,
1-3 months, 1-6 months, 4-6 months, 3-9 months, 3-12 months, or more months apart from the second dosage
regimen. In some embodiments, a subject is administered a plurality of dosage regimens during the course of a disease
(e.g., cancer) and at least two of the dosage regimens comprise the same type of engineered T cells described herein.
In other embodiments, at least two of the plurality of dosage regimens comprise different types of engineered T cells
described herein.
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B. Immunosuppressive Agent

[0542] In some embodiments, an immunosuppressive and/or immunomodulatory agent is not administered to
the patient before the first administration of the population of engineered cells, or in a composition containing the same.
[0543] In some embodiments, an immunosuppressive and/or immunomodulatory agent may be administered
to a patient received administration of engineered cells. In some embodiments, the immunosuppressive and/or
immunomodulatory agent is administered prior to administration of the engineered cells. In some embodiments, the
immunosuppressive and/or immunomodulatory agent is administered prior to administration of a first and/or second
administration of engineered cells.

[0544] Non-limiting examples of an immunosuppressive and/or immunomodulatory agent include cyclosporine,
azathioprine, mycophenolic acid, mycophenolate mofetil, corticosteroids such as prednisone, methotrexate, gold salts,
sulfasalazine, antimalarials, brequinar, leflunomide, mizoribine,  15-deoxyspergualine, = 6-mercaptopurine,
cyclophosphamide, rapamycin, tacrolimus (FK-506), OKT3, anti-thymocyte globulin, thymopentin, thymosin-a and similar
agents. In some embodiments, the immunosuppressive and/or immunomodulatory agent is selected from a group of
immunosuppressive antibodies consisting of antibodies binding to p75 of the IL-2 receptor, antibodies binding to, for
instance, MHC, CD2, CD3, CD4, CD7, CD28, B7, CD40, CD45, IFN-gamma, TNF-.alpha., IL-4, IL-5, IL-6R, IL-6, IGF, IGFR1,
IL-7, IL-8, IL-10, CD11a, or CD58, and antibodies binding to any of their ligands. In some embodiments where an
immunosuppressive and/or immunomodulatory agent is administered to the patient before or after the first administration
of the cells, the administration is at a lower dosage than would be required for cells with MHC class I and/or MHC class II
expression and without exogenous expression of CD47.

[0545] In some embodiments, such an immunosuppressive and/or immunomodulatory agent may be selected
from soluble IL-15R, IL-10, B7 molecules (e.g., B7-1, B7-2, variants thereof, and fragments thereof), ICOS, and 0X40, an
inhibitor of a negative T cell regulator (such as an antibody against CTLA-4) and similar agents.

[0546] In some embodiments, an immunosuppressive and/or immunomodulatory agent can be administered to
the patient before the first administration of the population of engineered cells. In some embodiments, an
immunosuppressive and/or immunomodulatory agent is administered at least 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14
days or more before the first administration of the cells. In some embodiments, an immunosuppressive and/or
immunomodulatory agent is administered at least 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks, 9 weeks, 10 weeks or more before the first administration of the cells.

[0547] In embodiments, an immunosuppressive and/or immunomodulatory agent is not administered to the
patient after the first administration of the cells, or is administered at least 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 days
or more after the first administration of the cells. In some embodiments, an immunosuppressive and/or
immunomodulatory agent is administered at least 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks, 9 weeks, 10 weeks or more after the first administration of the cells.

[0548] In some embodiments, an immunosuppressive and/or immunomodulatory agent is not administered to
the patient before the administration of the population of engineered cells. In many embodiments, an immunosuppressive
and/or immunomodulatory agent is administered to the patient before the first and/or second administration of the
population of engineered cells. In some embodiments, an immunosuppressive and/or immunomodulatory agent is
administered at least 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14 days or more before the administration of the cells. In
some embodiments, an immunosuppressive and/or immunomodulatory agent is administered at least 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks or more before the first and/or second

administration of the cells. In embodiments, an immunosuppressive and/or immunomodulatory agent is administered at
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least 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14 days or more after the administration of the cells. In some embodiments,
an immunosuppressive and/or immunomodulatory agent is administered at least 1 week, 2 weeks, 3 weeks, 4 weeks, 5

weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks or more after the first and/or second administration of the cells.

[0549] In some embodiments where an immunosuppressive and/or immunomodulatory agent is administered
to the patient before or after the administration of the cells, the administration is at a lower dosage than would be
required for immunogenic cells (e.g., a population of cells of the same or similar cell type or phenotype but that do not
contain the modifications, e.g., genetic modifications, of the engineered cells, e.g., with endogenous levels of, MHC class
1, and/or MHC class II expression and without increased (e.g., exogenous) expression of CD47).

XIII. Conclusion

[0550] The above detailed description of embodiments of the technology are not intended to be exhaustive or
to limit the technology to the precise forms disclosed above. Although specific embodiments of, and examples for, the
technology are disclosed herein for illustrative purposes, various equivalent modifications are possible within the scope of
the technology as those skilled in the relevant art will recognize. For example, although steps are presented in a given
order, alternative embodiments may perform steps in a different order. The various embodiments disclosed herein may
also he combined to provide further embodiments.

[0551] From the foregoing, it will be appreciated that specific embodiments of the technology have been
disclosed herein for purposes of illustration, but well-known components and functions have not been shown or disclosed
in detail to avoid unnecessarily obscuring the description of the embodiments of the technology. Where the context
permits, singular or plural terms may also include the plural or singular term, respectively. Further, while advantages
associated with some embodiments of the technology have been disclosed in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily exhibit such advantages to
fall within the scope of the technology. Accordingly, the disclosure and associated technology can encompass other

embodiments not expressly shown or disclosed herein.

EXAMPLES

[0552] The present disclosure may be further described by the following non-limiting examples, in which
standard techniques known to the skilled artisan and techniques analogous to those described in these examples may be
used where appropriate. It is understood that the skilled artisan will envision additional embodiments consistent with the

disclosure provided herein.

Example 1. Measurement of CD47 Isoform Expression with RNA-seq

[0553] Expression of each CD47 isoform was measured by RNA-seq in two human stem cell samples, Gibco
WT and RUES2 WT. Specifically, RNA was extracted from 1x10/6 cells per sample using the Qiagen AllPrep DNA/RNA
isolation kit. Qiashredder was used to homogenize the lysates during the extraction process. Bioanalyzer was used to
quantify RNA and assess RNA quality. 500ng of RNA from the RUES2 WT sample, and 100ng of RNA from the Gibco WT
sample was used for library generation (because less than 500ng of RNA was extracted from the Gibco WT sample).
Libraries were generated using the Illumina TruSeq Stranded mRNA kit. The manufacturer’s protocol was used. IDT for
Illumina Truseq Indices (96 samples, 96 indices) plate was used for adapters. Libraries were run on the Bioanalyzer to

check for quality and were quantified using qPCR (Kappa quantification kit).
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[0554] The RNA-seq results were summarized in Table 20. According to the RNA-seq results, CD47-202 and

CD47-201 were expressed at relatively equal levels in Gibco and Rues2 human stem cell lines. CD47-206, 205, 204 also

appeared to be highly expressed in these stem cell lines. No evidence of CD47-203 expression was detected in these

stem cell lines.
Table 20. RNA-seq Results

Tr?\ll;iizpt Transcript ID (Length in bp) TIZSMS* A‘I::(ﬁllg;gﬁv;, T TF(’;’ISZ:/IF:)L:)E)SBEKT
CD47-202 ENST00000361309 (5292) 0.21 1.07
CD47-201 ENST00000355354 (5228) 1.90 0.84
CD47-206 ENST00000644850 (766) 3.38 5.96
CD47-205 ENST00000517766 (538) 4.68 2.81
CD47-204 ENST00000471694 (6796) 0.90 2.46

* TPM refers to transcripts per million.
**CD47-203 had no read support
Example 2. Expressing Truncated CD47 Variants in CD47K0 Cells
[0555] The overall goal of these experiments was to design truncation variants of CD47 that could be

delivered to target cells and achieve functional interaction with SIRPa. Table 21 below shows the truncated CD47

variants that were designed as part of this study.

Table 21. Truncated CD47 Variants

Truncated CD47 Variants Designed l;lE“(:zlelll‘): ﬁ‘(:;d Amir}%‘:f(i)d: SEQ

Wild-type hCD47 19 N/A
CD47-202 14 2

CD47-201 13 1

CD47-206 w/o N-Terminus 133 80
CD47-206 w/ restored N-Terminus 134 81
deleted TMD3 135 82
deleted EC + TMD3 136 83
deleted TMD2 + EC + TMD3 137 84
deleted last IC 138 85
deleted TMD5 + last IC 139 86
deleted EC + TMD5 + Last IC 140 87
deleted TMD4 141 88
CD47 ECD w/ DAF/CD55 GPI Anchor 142 89
CD47 ECD w/ Long TRAILR3- GPI Anchor 143 90
CD47 ECD w/ Short TRAILR3- GPI Anchor 144 91
CD47 ECD with CD8a TMD and Short ICD (9aa) 145 92
CD47 ECD with CD28 TMD and Short ICD (9aa) 146 93
CD47 ECD with PDGFR TMD and Short ICD (9aa) 147 94
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CD47 IgV, 3aa from Hinge Region, with PDGFR Hinge, TMD and Short 148 o5
ICD (9aa)

CD47 IgV, 3aa from Hinge Region, IgG4 Hinge - CD28 TM 149 96
CD47 IgV, 3aa from Hinge Region, 1gG4 Hinge - CD8a TM 150 97
CD47 IgV, 3aa from Hinge Region, CD28 Hinge - CD28 TM 151 98
CD47 IgV, 3aa from Hinge Region, CD28 Hinge - CD8a TM 152 99
CD47 IgV, 3aa from Hinge Region, CD8a Hinge - CD28 TM 153 100
CD47 IgV, 3aa from Hinge Region, CD8a Hinge - CD8a TM 154 101
Cod Opt CD47 derived from CDA Bicistronic 200 199
hCD47 N361 Mutant 171 118
hCD47 N362 Mutant 172 119
hCD47 N363 Mutant 173 120
hCD47 N364 Mutant 174 121
hCD47 N366 Mutant 175 122
hCD47 N368 Mutant 176 123
hCD47 N369 Mutant 177 124
hCD47 N3610 Mutant 178 125
hCD47 N3612 Mutant 179 126
hCD47 N3614 Mutant 180 127
hCD47 N3617 Mutant 181 128
hCD47 N3618 Mutant 182 129
hCD47 N3621 Mutant 183 130
hCD47 N3623 Mutant 184 131
hCD47 N3624 Mutant 185 132

[0556] The following experiments were conducted to generate LVV for each of the truncated CD47 variants

(described in Table 21 above) and determine if there are differences in CD47 extra cellular domain (ECD) expression as
measured by anti-CD47 antibody staining and SIRPa-Fc staining.
Methods

Lentiviral vector (LWV) production

[0557] In the present example, lentiviral vector (LVV) was produced using a 3™generation lentiviral production
method. One of ordinary skill would understand that other methods known in the art for producing LVV could be used
with the methods described herein. Exemplary methods are available through the world wide web at
addgene.org/guides/lentivirus. Briefly, on day 1, 293T were plated in tissue cultures plates. The next day, the cells
were transfected with a lentiviral transfer vector encoding one of the CD47 variants described in Table 29 (see above),
a lentiviral envelope plasmid, and lentiviral packaging plasmid. 2 days later, the cell media containing the LVV was
harvested and frozen for later use.

LWV titer via p24 ELISA

[0558] In the present example, LVV titer was assessed via p24 ELISA on the Ella automated immunoassay
system. One of ordinary skill would understand that other methods known in the art for assessing LVV titer could be

used with the methods described herein. Briefly, LVV samples were thawed and aliquots of each were added to wells of
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a 96-well plate. Next, an equal volume of lysis buffer (protease inhibitor diluted in RIPA buffer) was added to each well
and the mixture was incubated on a shaker at 4°C for 30 minutes. After the incubation, the mixtures were diluted and

added to a p24 Ella cartridge and run on the Ella automated immunoassay system.

Infecting CD47KO HEK293T with truncated CD47 LVV

[0559] HEK293T cells that have been modified such that they no longer express CD47 (CD47KO HEK293T)
were plated on tissue culture plates and incubated at 37°C and 5% CO,. Next, LVV samples were thawed, mixed via
gentle pipetting, and applied to the wells containing CD47KO HEK293T cells and spinoculate plate at 1000xg for 30
minutes at room temperature. Next, all recipient cell plates were placed into a cell culture incubator 37°C and 5% CO;
to grow for 3 days.

Staining CD47KO HEK293T with anti-CD47

[0560] CD47KO HEK293T cells treated with truncated CD47 LVV were harvested and re-suspended in cell
staining buffer (BioLegend catalog number 420201). Cells were then centrifuged and re-suspended in cell staining buffer
with cell viability dye (eBiosciences catalog number 65-0865-14), incubated on ice for 30 minutes, washed, and re-
suspended in cell staining buffer. Next, cells were centrifuged and re-suspended in cell staining buffer with either PE
anti-human CD47 antibody clone CC2C6 (BioLegend catalog number 323108) or FITC anti-human CD47 antibody clone
CC2C6 (BioLegend catalog number 323106), incubated on ice for 30 minutes, washed, and re-suspended in cell staining

buffer. Finally, CD47 expression was assessed via flow cytometry.
Staining CD47K0 HEK293T with SIRPa-FC

[0561] CD47KO HEK293T cells treated with truncated CD47 LVV were harvested and re-suspended in cell
staining buffer (BioLegend catalog number 420201). Cells were then centrifuged and re-suspended in cell staining buffer
with cell viability dye (eBiosciences catalog number 65-0865-14), incubated on ice for 30 minutes, washed, and re-
suspended in cell staining buffer. Next, cells were centrifuged and re-suspended in cell staining buffer with PE SIRPa-Fc-
PE (AcroBiosystems catalog number SIA-HP252), incubated on ice for 30 minutes, washed, and re-suspended in cell

staining buffer. Finally, CD47 expression was assessed via flow cytometry.
Results

[0562] Figure 6 shows viral titers, as assessed via the Ella automated immunoassay system, of LVV
comprising exemplary CD47 truncated variants.

[0563] Figures 7-14 and Figure 18A show the percentage of CD47KO HEK293T cells expressing CD47 after
treatment with truncated CD47 LVV (as assessed by anti-CD47 flow cytometry). The data demonstrate that many
truncated CD47 variants (e.g., CAG-CD47 ECD - CD59 GPI and CAG-CD47 ECD - DAF/CD55 GPI) are expressed at similar
levels to an overexpressed WT CD47.

[0564] Figures 15-17 and Figure 18B show the percentage of CD47KO HEK293T cells expressing CD47
after treatment with truncated CD47 LVV (as assessed by SIRPa-FC flow cytometry). The data demonstrate that many
truncated CD47 variants (e.g., CAG-CD47 ECD - CD59 GPI and CAG-CD47 ECD - DAF/CD55 GPI) are expressed at similar
levels to overexpressed WT CD47.
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Example 3. Determining Expresslon Levels of Truncated CD47 Varlants

[0565] The following experiments are conducted to generate LVV for each of the truncated CD47 variants
(described in Table 21 above) and determine the relative exogenous expression levels of the CD47 variants compared
to exogenous wild-type CD47 expression in different cell types, as measure by anti-CD47 antibody staining and SIRPa-Fc
staining.

[0566] These experiments can include any cell types disclosed herein, including (but not limited to) islet cells,
beta islet cells, pancreatic islet cells, immune cells, B cells, T cells, natural killer (NK) cells, natural killer T (NKT) cells,
macrophage cells, endothelial cells, muscle cells, cardiac muscle cells, smooth muscle cells, skeletal muscle cells,
dopaminergic neurons, retinal pigmented epithelium cells, optic cells, hepatocytes, thyroid cells, skin cells, glial
progenitor cells, neural cells, cardiac cells, stem cells, hematopoietic stem cells, induced pluripotent stem cells (iPSCs),
mesenchymal stem cells (MSCs), embryonic stem cells (ESCs), pluripotent stem cell (PSCs), and/or blood cells.

[0567] Exemplary methods include those described in Example 2, including transfecting cells with a lentiviral
transfer vector encoding one of the CD47 variants described in Table 21 (see above), a lentiviral envelope plasmid, and
lentiviral packaging plasmid.

[0568] Exemplary results include achieving exogenous expression levels at or above the exogenous
expression levels achieved with wild-type CD47 in a cell after delivering (e.g., transfecting) cells with a 0.25x, 0.5x,
0.75x, 1x, 1.25x, 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 9x, or 10x dose (e.g., lentiviral titer) of a truncated CD47
variant.

Example 4. Determining Expression Levels of Truncated CD47 Variants to Achieve Hypoimmunity

[0569] The following experiments are conducted to determine the level of truncated CD47 variant (described
in Table 21 above) expression required to achieve hypoimmunity.

[0570] These experiments can include any cell types disclosed herein, including (but not limited to) islet cells,
beta islet cells, pancreatic islet cells, immune cells, B cells, T cells, natural killer (NK) cells, natural killer T (NKT) cells,
macrophage cells, endothelial cells, muscle cells, cardiac muscle cells, smooth muscle cells, skeletal muscle cells,
dopaminergic neurons, retinal pigmented epithelium cells, optic cells, hepatocytes, thyroid cells, skin cells, glial
progenitor cells, neural cells, cardiac cells, stem cells, hematopoietic stem cells, induced pluripotent stem cells (iPSCs),
mesenchymal stem cells (MSCs), embryonic stem cells (ESCs), pluripotent stem cell (PSCs), and/or blood cells.

[0571] NK cell killing assays and macrophage killing assays are performed on the XCELLIGENCE SP platform
and MP platform (ACEA BioSciences, San Diego, CA.). 96-well E-plates (ACEA BioSciences) are coated with collagen
(Sigma-Aldrich) and 4 x 10° MHC-I knockout, MHC-II knockout, or MHC-I and MHC-II knockout cells expressing
exogenous wild type CD47 or truncated CD47 are plated in 100 pL cell specific media. After the Cell Index value reaches
0.7, human NK cells or human macrophages are added with an effector cell to target cell (E:T) ratio of 0.5:1, 0.8:1 or
1:1 with or without 1 ng/ml human IL-2 or human IL-15 (both Peprotech). As a negative control, cells are treated with
2% Triton™ X-100. Data are standardized and analyzed with the RTCA software (ACEA). Using both NK cells and
macrophages, MHC-I knockout, MHC-II knockout, or MHC-I and MHC-II knockout cells without exogenously expressed
CD47 are rapidly killed. If successful, exogenous expression of truncated CD47 reverses the killing effect. Exemplary
results include achieving hypoimmunity levels at 0.5x, 0.75x, 1x, 1.25x, 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 9x, or 10x
the level achieved with exogenous expression of wild-type.

[0572] In vivo killing of cells by NK cells and macrophages is measured by adoptive transfer. 5 x 106 wild-
type cells are mixed with 5 x 106 truncated CD47 expressing cells and the mixture is stained with 5 uM CFSE

(ThermoFisher). Cells in saline with human IL-2 (1 ng/mL, Peprotech) and 2.5 x 10® human primary NK cells (StemCell
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Technologies) or 2.5 x 10 human macrophages (differentiated from PBMCs) are injected i.p. into immunodeficient NSG-
SGM3 mice (013062, Jackson Laboratory). Human primary NK cells are pretreated with human IL-2 in vitro 12 hours
before injection. After 48 hours, cells are collected from the abdomen and stained with APC-conjugated anti-HLA-A,B,C
antibody (clone G46_2.6,BD Biosciences) for 45 minutes at 4 °C. The CFSE-positive and HLA-A, B,C-negative population
is analyzed by flow cytometry (FACS Calibur, BD Bioscience) and compared between the wild-type cells and cells
expressing exogenous truncated CD47. If successful, no reduction in the CSFE+/HLA- population is seen for the
truncated CD47 cells.

[0573] Macrophage phagocytosis is also measured by BLI. Luciferase-expressing cells that express
exogenous truncated CD47 cells or wild-type cells are counted and plated at a concentration of 1 x 10° cells per 24-well.
After 16 hours, human macrophages are added to at an E:T ratio of 1:1. After 120 minutes, luciferase expression is
confirmed by adding D-luciferin (Promega, Madison, WI). As controls, target cells are untreated or treated with 2%
TRITON X100. Signals are quantified with Ami HT (Spectral Instruments Imaging, Tucson, AZ) in maximum photons per
second per centimeter square per steridian (p/s/cm?/sr). If successful, phagocytosis levels will be similar for wild-type
cells and cells expressing exogenous truncated CD47.

[0574] For NK cell-specific Elispot assays, human primary NK cells are co-cultured with wild-type cells and
cells expressing exogenous truncated CD47 and their IFN-y release is measured. K562 cells (Sigma-Aldrich) are used as
positive control. Mitomycin-treated (50 pg/mL for 30 minutes) stimulator cells are incubated with NK cells (stimulated
with 1 ng/mL human IL-2) at an E:T ratio of 1:1 for 24 hours and IFN-y spot frequencies are enumerated using an
Elispot plate reader. If successful, NK cell activation levels will be similar for wild-type cells and cells expressing
exogenous truncated CD47.

[0575] Transplant studies are performed in humanized CD34+ hematopoietic stem cell-engrafted NSG-SGM3
mice (Wunderlich et al., 2010, Leukemia 24:1785-88), which are allogeneic to the test cells. Since no syngeneic controls
are available in this humanized mouse model, background measurements are collected in naive mice. If successful, after
5 days, recipients of wild-type cells show a high splenocyte IFN-y spot frequency and elevated IgM levels whereas
recipients of cells expressing exogenous truncated CD47 do not mount a detectable cellular IFN-y response or antibody

response or mount a significantly lesser cellular IFN-y response or antibody response.
Example 5. Reduct/on of Binding Between Mutant CD47 Proteln and TSP-1

[0576] The present Example demonstrates that exemplary cells as described herein comprising an engineered
CD47 protein have decreased TSP-1 binding relative to a control cell.

[0577] SUPT1 cell lines with endogenous CD47 knocked out will be genetically engineered to over-express
either wild-type CD47 protein or engineered CD47 protein comprising an S64A mutation. SUPT1 CD47 KO cells will be
transduced with VSV-G viral vector encoding either wild-type CD47 or the CD47-S64A variant.

[0578] Tested cell lines will be co-cultured with recombinant TSP-1 protein comprising a HIS tag. TSP-1
binding will be determined via flow staining of CD47 and anti-HIS. Signal in a gate of CD47+ > anti HIS (TSP-1) will
indicate if TSP-1 is bound to CD47.

[0579] If the S64A mutation in the engineered CD47 protein disrupts CD47 binding to TSP-1, then the cells
expressing the engineered CD47 protein will exhibit decreased TSP-1 binding relative to control cells over expressing
wild-type CD47.
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Example 6. Immune Evasion by T Cells Comprising Mutant CD47 Protein

[0580] The present example demonstrates that exemplary cells as described herein comprising an engineered
CD47 protein (e.g., comprising an S64A variant) can evade cells of the innate immune system.

[0581] In vitro assays involving killing by natural killer (NK) cells and macrophages will be performed with the
Xcelligence system to measure killing of engineered cells comprising an engineered CD47 protein (e.g., comprising an
S564A variant). The Xcelligence system measures electrical impedance changes as adherent target cells detach following
cell death. A drop in electrical impedance below an initial starting cell index will be used as an indicator of innate
immune cell-mediated killing of target T cells by NK cells and macrophages after an extended co-culture.

[0582] If the S64A mutation in the engineered CD47 protein supports immune evasion, then the cells
expressing the engineered CD47 protein will exhibit similar levels of killing by NK cells and macrophages relative to
control cells over-expressing wild-type CD47.

Example 7. Enhanced Function of T cells Comprising Mutant CD47 Protein

[0583] The present Example demonstrates that engineered T cells as described herein with reduced binding
to TSP-1 (e.g., comprising a CD47 S64A variant protein) may have enhanced function as compared to a wild-type T cell.
[0584] T cell exhaustion and cytolytic activity will be tested via a serial tumor challenge assay. Donor-
matched Mock (untransduced) T cells, EGFRt and CD19CAR transduced, CD47 and CD19CAR transduced, or CD47 S64A
and CD19CAR transduced T cells will be generated. CD4 and CD8 T cells are stimulated with CD3/CD28 beads,
transduced with one of the above constructs, and expanded.

[0585] T cells, as described above, will be co-cultured with NALM6 or RAJI iRFP713 cells at various Effector
(E) to Target (T) ratios (e.g. 1:1, 1:4, 1:8), in the presence or absence of soluble TSP-1. Then, co-cultures will be
placed inside an IncuCyte SX5 Imaging system for serial imaging analysis every 4-hours. On Day 1, an aliquot of culture
supernatant will be harvested for cytokine analysis. On Day 5, co-cultures will be divided into two groups and tested.
Group 1 will be analyzed for tumor re-challenge and Group 2 will be analyzed with flow cytometry using a T cell
exhaustion panel. In this panel, differences in phenotypic markers (CD45RA, CD62L) and exhaustion markers (PD1,
LAG3, TIM3, CD39, CD101) will be analyzed to demonstrate differences in T cell phenotype (e.g. Tn, Tcm, Tem) and
exhaustion marker expression between the various T cell conditions. Tumor re-challenge will be performed on Day 5,
Day 8, and Day 11 in the presence or absence of TSP-1. Correlate exhaustion panel flow analysis will also be performed
on the same days of tumor re-challenge, and culture supernatant will be harvested for future analysis 24 hours after
each tumor re-challenge.

[0586] To identify differences in cytolytic activity, tTumor iRFP713 fluorescence will be analyzed throughout a
serial tumor challenge assay. Correlate supernatant analysis by Meso-scale discovery cytokine analysis will be analyzed
to determine if there are differences in cytokine production (e.g. IL2, IFNy, TNFa, Granzyme B) between T cells that
overexpress wild-type CD47 and T cells that express a CD47 S64A variant protein, in the presence or absence of TSP-1.
Furthermore, phenotypic and exhaustion panel analysis will be compared between treatment groups. Improved cytolytic
activity will be identified by the control of tumor fluorescence at low E:T ratios by the S64A/CD19CAR T cells comprising
a CD47 S64A variant protein relative to the wtCD47/CD19CAR T cells.

[0587] This Example demonstrates that a T cell comprising a CD47-S64A mutation may have reduced binding
to TSP-1 and enhanced function (relative to a T cell engineered to overexpress wild-type CD47). In some embodiments,
a T cell comprising a CD47-S64A mutation may demonstrate differences in T cell phenotype (e.g. Tn, Tcm, Tem) and

decreased expression of one or more exhaustion markers as compared to a control T cell engineered to overexpress
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wild-type CD47. In some embodiments, a T cell comprising a CD47-S64A mutation may have decreased T cell
exhaustion and/or improved cancer killing ability (e.g., cytolytic activity) as compared to a control T cell engineered to
overexpress wild-type CD47. In some embodiments, a T cell comprising a CD47-S64A mutation may have decreased T
cell exhaustion and/or improved cancer Killing ability as compared to a control T cell engineered to overexpress wild-type
CD47. In some embodiments, a T cell comprising a CD47-S64A mutation may have differences in cytolytic activity over
time (e.g., demonstrated using the IncuCyte SX5 imaging system) as compared to a control T cell engineered to
overexpress wild-type CD47.

[0588] In addition, the present Example demonstrates that a T cell comprising a CD47-S64A mutation may
overexpress a CD47 variant comprising a S64A mutation. In some embodiments, a T cell comprising a CD47-S64A
mutation may have differences in cytokine production (e.g. IL2, IFNy, TNFa, Granzyme B) as compared to a control T
cell (e.g., a T cell engineered to overexpress wild-type CD47) in the presence or absence of TSP-1.

[0589] Thus, the present Example demonstrates that S64A/CD19CAR T cells may be less susceptible to
activity inhibition by TSP-1. Without wishing to be bound by any particular theory, CD19CAR T cells comprising a CD47
S64A variant protein may have a reduction to cytokine responses in the presence of TSP-1 as compared to a control T

cell (e.g., a T cell engineered to overexpress wild-type CD47).
Example 8. Increased CD47 Expression In T Cells without Increasing T Cell Exhaustion

[0590] The present Example demonstrates that T cells with reduced binding to TSP-1 may have higher
exogenous CD47 expression without increasing T cell exhaustion.

[0591] T cell exhaustion will be measured using an IncuCyte serial tumor challenge assay. CD47-
overexpressing population of cells will be gated by flow analysis during different tumor re-challenges. Then, CD47-
overexpressing populations will be sub-gated for expression of exhaustion markers PD1, LAG3, TIM3, CD39, and CD101.
Exhaustion marker expression will be compared between a CAR+ population of the EGFRt and CD19CAR transduced
cells, a wt CD47 and CD19CAR overexpressing population of cells, and/or a CD47 S64A and CD19CAR overexpressing
population of cells.

[0592] In addition, donor-matched Mock (untransduced) T cells, EGFRt and CD19CAR transduced, CD47 and
CD19CAR transduced, and/or CD47 S64A and CD19CAR transduced T cells will be co-cultured with K562 tumor cells that
express a membrane tethered OKT3 scFv. OKT3scFv is an anti CD3 epsilon scFv able to non-specifically stimulate T
cells. In this assay, T cells and tumor cells will undergo co-culture similar to the IncuCyte serial tumor challenge assay
described above. For flow analysis, wt CD47/CD19CAR transduced cells and CD47 S64A/CD19CAR transduced cells will
be gated for CD47-overexpression and endogenous CD47 expression. These gated populations will then be analyzed for
differences in phenotypic and exhaustion marker profiles.

[0593] This Example demonstrates that a T cell comprising a CD47-S64A mutation may have higher
exogenous CD47 expression without increasing T cell exhaustion as compared to a control T cell (e.g., WT T cell). In
some embodiments, a T cell comprising a CD47-S64A mutation may have higher exogenous CD47 expression without

increasing T cell exhaustion as determined by an IncuCyte serial tumor challenge assay.
Example 9. Improved Binding Between CD47 Proteln Varlant and SIRPa

[0594] The present Example demonstrates that cells comprising a CD47 protein variant (e.g., comprising a

WQP insertion) have may have improved SIRPa binding.
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[0595] SUPT1 cell lines with endogenous CD47 knocked out will be genetically engineered to over-express
either wild-type CD47 protein or engineered CD47 protein comprising a WQP insertion. SUPT1 CD47 KO cells will be
transduced with VSV-G viral vector encoding either wild-type CD47 or the CD47 WQP insertion variant. SUPT1 cell lines
expressing a CD47 WQP insertion variant are stained with a soluble SIRPa protein conjugated with PE. Flow staining will
be done via a titration protocol using flow cytometry.

[0596] If the CD47 WQP insertion variant improves CD47 binding to SIRPq, then the cells expressing the
CD47 WQP insertion variant will exhibit improved SIRPa binding relative to control cells over expressing wild-type CD47.
Example 10. Immune Evaslon by T Cells Comprising CD47 Proteln Varlant

[0597] The present example demonstrates that exemplary cells as described herein comprising a CD47
protein variant (e.g., comprising a WQP insertion) can evade cells of the innate immune system.

[0598] In vitro assays involving killing by natural killer (NK) cells and macrophages will be performed with the
Xcelligence system to measure killing of engineered T cells comprising a CD47 protein variant (e.g., comprising a WQP
insertion). The Xcelligence system measures electrical impedance changes as adherent target cells detach following cell
death. A drop in electrical impedance below an initial starting cell index will be used as an indicator of innate immune
cell-mediated killing of target T cells by NK cells and macrophages after an extended co-culture.

[0599] If the CD47 WQP insertion variant supports immune evasion, then the cells expressing the CD47 WQP
insertion variant will exhibit similar levels of killing by NK cells and macrophages relative to control cells over expressing
wild-type CD47. Alternatively, if the CD47 WQP insertion variant improves immune evasion, then the cells expressing
the CD47 WQP insertion variant will exhibit decreased levels of killing by NK cells and macrophages relative to control

cells over expressing wild-type CD47.
Example 11. Functionality of T Cells Comprising CD47 Protein Variant

[0600] The present Example demonstrates that engineered cells as described herein comprising a CD47
protein variant (e.g., comprising a WQP insertion) can exhibit immune evasion.

[0601] Engineered T cells will be generated and tested for their ability to evade allogeneic human immune
cells. In order to generate the engineered T cells, T cells transduced with wtCD47 or CD47 WQP insertion variant will be
engineered to knock-out B2M, and CIITA genes. Transduced T cells will be further sorted by flow cytometry for HLA-
ABC and HLA-DR knock-out and different levels of CD47 expression (e.g., creating T cell populations with low, medium,
or high CD47 expression). Unedited, Mock T cells and/or control EGFRt engineered T cells will be used as controls in the
assay. Controls and the sorted populations of interest will then be tested using an xCelligence NK and macrophage
protection assay. In this assay, T cells are initially plated as adherent target cells in xCelligence 96-well plates using a
specialized coating mix to allow for cell adhesion to 96-well plates. After T cell adherence is demonstrated by increased
electrical impedance using xCelligence equipment, human allogeneic NK cells or macrophages are then added as non-
adherent effector cells. Real time monitoring of T cell viability will then be measured by changes in electrical impedance
over time. Maintenance or improvement of immune evasion by the engineered T cells comprising a CD47 protein variant
(e.g., comprising a WQP insertion) will be evaluated.

This Example demonstrates that engineered T cells comprising a CD47 protein variant (e.g., comprising a WQP insertion)
can have maintained or improved T cell viability and/or immune evasion. In some embodiments, engineered T cells
comprising a CD47 protein variant (e.g., comprising a WQP insertion) can have maintained or improved T cell viability
and/or immune evasion as compared to a control T cell (e.g., Mock T cell and/or control EGFRt engineered T cell). In

some embodiments, engineered T cells comprising a CD47 protein variant (e.g., comprising a WQP insertion) can have
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changes in electrical impedance over time during a xCelligence NK and macrophage protection assay as compared to a
control T cell (e.g., Mock T cell and/or control EGFRt engineered T cell). Without wishing to be bound by any particular
theory, impedance loss may indicate innate immune mediated killing of the target T cell populations. In some
embodiments, engineered T cells comprising a CD47 protein variant (e.g., comprising a WQP insertion) can maintain
impedance signal during an xCelligence NK and macrophage protection assay. In some embodiments, engineered T cells
comprising a CD47 protein variant (e.g., comprising a WQP insertion) can maintain impedance signal during an
xCelligence NK and macrophage protection assay at low CD47 expression levels as compared to a control T cell (e.g.,
Mock T cell and/or control EGFRt engineered T cell).

Example 12. Expression Levels of Truncated CD47 Variants and Resulting Immune Evasion

[0602] This Example describes /n vitro expression of truncated CD47 variants in hypoimmune iPSCs after
treatment with lentiviral vectors (LVV) and resulting evasion of killing by natural-killer cells.

Methods

[0603] Human Gibco iPSCs were treated with truncated CD47 lentiviral vectors (LVV) encoding the CD47
variants described in Figure 19 and Table 21. Control cells were treated with LVV encoding wild-type (WT) human
CD47 (LV1) or with HDR knock-in of WT CD47 (HDR1). Resulting CD47 overexpression was assessed with flow
cytometry as described herein. CD47 (staining CC2C6; 20ug/mL) fluorescence (FITC-A) was quantified and compared to
(i) isotype control expression fluorescence (staining MOPC-21; 20ug/mL) to calculate fold change over isotype or (ii) to a
double (HLA-I and HLA-II) knockout control (dKO) without a CD47 transgene to calculate fold change over dKO.

[0604] Expression of each of HLA-I, HLA-II, and CD47 relative to isotype control was assessed with flow
cytometry as described herein. Cells were plated in 6-well plates with a density of 100,000 per well. IFNy and TNFa
(both 100ng/ml) were used for cell stimulation for 48h. Cells were harvested and labeled with a mouse anti-human
antibody (HLA-I: 562006, APC clone G46_2.6; HLA-II: 563591, AF647 clone Tu3a; CD47: 561261, PerCP-Cy5.5 clone
B6H12; all BD Biosciences) and k isotype control (HLA-I: APC Mouse IgG1, 555751; HLA-II: AF647 Mouse IgG2a,
557715; CD47: PerCP-Cy5.5 Mouse IgG1, 550795; all BD Biosciences). CD47 expression was further assessed using
BDQuantibrite™ Beads (Cat. No. 340495) with a mouse anti-human CD47 antibody (Biolegend, 323108), according to
manufacturer instructions.

[0605] NK cell killing assays and macrophage killing assays were performed on the XCELLIGENCE MP platform
(ACEA BioSciences, San Diego, CA.). 96-well E-plates (ACEA BioSciences) were coated with laminin (Gibco), and 4 x 104
MHC-I and MHC-II knockout cells (i) without a CD47 transgene (“dKO"), (ii) with exogenous WT CD47 or (iii) with
exemplary truncated CD47 variants were plated in 100 pL cell specific media. After the Cell Index value reached 0.7,
human NK cells or human macrophages were added with an effector cell to target cell (E:T) ratio of 1:1 with 1 ng/ml
human IL-2 (Peprotech). As controls, cells were untreated or treated with 2% Triton™ X-100. All assays were
performed for 50h. Data were standardized and analyzed with the RTCA software (ACEA).

Results

Table 22. CD47 Overexpression

SEQ ID i %CD47 Fold Change Fold Change over
LvID NO: Description Overexpression over dKO Isotype
dKO - dKO 0% 1 3.9
Lvi 19 CAG-hCD47 100% 45 186
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HDR1 19 CAG-CD47_CLYBL 99.9% 131 555
Lv2 14 CAG-CD47(202) 99.9 245 829
Lv3 13 CAG-CD47(201) 100% 153 564
Lv4 133 CAG-CD47(206) — w/o N- 0% 1 2

Terminus
LV5 142 CAG-CD47 ECD w/ DAF/CD55 99.7% 60 190
GPI Anchor
LV6 144 CAG-CD47 w/ Short TRAILR3- 99.9% 271 892
GPI Anchor
Lv7 341 CAG CD47 ECD w/ CD59 GPI 99.9% 112 340
Anchor
v | 134 CDA47-206 w/ restored N- 99.9% 176 518
erminus
LVO 200 Cod Opt CD47 derived from CDA 99 8% 300 786

Bicistronic

CD47 ECD with CD8a TMD and o
LvV1io 145 Short ICD (9aa) 99.9% 283 932

[0606] Figure 20 provides graphs showing Gibco iPSC expression of CD47 (left) and isotype control (right)
after treatment with truncated CD47 LVV, as assessed by flow cytometry. These data demonstrate that the majority of
the truncated CD47 variants tested (e.g., LV2, LV3, LV5-LV10) are expressed at a similar level to overexpressed WT
CD47 (LV1, HDR1) and at a higher level than a control not expressing a CD47 transgene (dKO) and a truncated CD47
variant lacking an N-terminus (LV4). By contrast, expression of isotype control was similar across all CD47 variants
tested. Table 22 provides further quantification of CD47 surface expression across CD47 variants, including percent
CD47 overexpression and computed fold change relative to dKO or to isotype control. Some truncated CD47 variants
(e.g., LV2, LV9, LV10) demonstrated fold change over dKO or isotype greater than that of the WT CD47 variants tested
(LV1 and HDR1). Amino acid sequences corresponding to the variants in Figure 19 and Table 22 and expressed with
LVV are described in Table 23.

[0607] Figure 21A and Figure 21B provide exemplary graphs showing Gibco iPSC surface expression of
HLA-I (top row), HLA-II (middle row), and CD47 (bottom row) after treatment with control or truncated CD47 LVV (as
assessed by anti-HLA-I, anti-HLA-II, or anti-CD47 flow cytometry, respectively, relative to isotype control). Surface
expression of HLA-I and HLA-II was similar for treated cells compared to isotype controls, demonstrating successful
knock-out of HLA-I and HLA-II. These data further demonstrate that surface expression of CD47 was increased for the
truncated CD47 variants compared to isotype controls at levels ranging from 62-fold to 300-fold.

[0608] Figure 22A and Figure 22B provide exemplary graphs showing killing of Gibco iPSC target cells
expressing CD47 LVV by natural-killer (NK) effector cells (top row), in the absence of effector cells (middle row), or after
treatment with TritonX (bottom row), as assessed by XCELLIGENCE assay. These data demonstrate that the majority of
the clones exhibit sufficient CD47 expression to protect from NK-cell killing. By contrast, a dKO control lacking CD47
transgene and a truncated CD47 lacking an N-terminus (LV4) did not exhibit sufficient CD47 expression to evade NK cell

killing.
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EXEMPLARY SEQUENCES
Table 23. Exemplary Amino Acid Sequences for CD47 Proteins
Description SilQofD Amino Acid Sequence
CD47-201 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:1 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRNN
CD47-202 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:2 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
CD47-202 SEQ ID QLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGRDIYTFDGALNKSTVPTDF
without signal NO:3 SSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIV
peptide IFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLI
VTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLISGLSILALAQ
LLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
CD47-203 SEQ ID XWTESLYCGVYTNAWPSSDFRFEYLSSSTITWTSLYEICGVQRDTYSQLKGKKRQASNQKTIQ
NO:4 PPRKAVEEPLNAFKESKGMMNDE
CD47-205 SEQ ID XKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLI
NO:5 SGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNE
CD47-206 SEQ ID MEAQNTTEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSH
NO:6 TGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDE
KTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVF
CD47t-1 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:7 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTL
CD47t-2 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:8 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPG
CD47t-3 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:9 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTA
CD47t-4 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:10 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLC
CD47t-5 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:11 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHGPLLISGLSILALAQLLGLVYMKFV
CD47t-6 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:12 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVF
CD47-206 w/o SEQ ID MEAQNTTEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSH
N-Terminus NO:80 TGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDE
KTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVF
CD47-206 w/ SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
restored N- NO:81 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Terminus ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVF
Deleted TMD3 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:82 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
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ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNA

Deleted EC + SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
TMD3 NO:83 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILF
Deleted TMD2 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
+ EC + TMD3 NO:84 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKT
Deleted last IC SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:85 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHGPLLISGLSILALAQLLGLVYM
Deleted TMDS SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
+ last IC NO:86 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHG
Deleted EC + SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
TMDS + Last NO:87 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
IC ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGL
Deleted TMD4 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
NO:88 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA
ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLT
CD47 ECD w/ SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
DAF/CD55 GPI NO:89 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Anchor ELKYRVVSWFSPNEPNKGSGTTSGTTRLLSGHTCFTLTGLLGTLVTMGLLT

CD47 ECD w/ SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR

Long TRAILR3- NO:90 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
GPI Anchor ELKYRVVSWFSPNEATVETPAAEETMNTSPGTPAPAAEETMNTSPGTPAPAAEETMTTSPGTP

APAAEETMTTSPGTPAPAAEETMITSPGTPASSHYLSCTIVGIIVLIVLLIVFV
CD47 ECD w/ SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
Short NO:91 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
TRAILR3- GPI ELKYRVVSWFSPNEMITSPGTPASSHYLSCTIVGIIVLIVLLIVFV
Anchor
CD47 ECD with SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
CD8a TMD and NO:92 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Short ICD ELKYRVVSWFSPNEIYIWAPLAGTCGVLLLSLVITLYCNHRNRR
(9aa)
CDA47 ECD with SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
CD28 TMD and NO:93 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Short ICD ELKYRVVSWFSPNEFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLH
(9aa)

CD47 ECD with SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
PDGFR TMD NO:94 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII

and Short ICD ELKYRVVSWFSPNEVVISAILALVVLTIISLIILIMLWQKKPRY

(9aa)

CDA47 IgV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:95 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, with ELKAVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPRY

PDGFR Hinge,

TMD and Short

ICD (9aa)

CD47 IgV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR

from Hinge NO:96 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII

Region, 1gG4

ELKESKYGPPCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLH
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Hinge - CD28
™
CD47 IgV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:97 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, 1gG4 ELKESKYGPPCPPCPIYIWAPLAGTCGVLLLSLVITLYCNHRNRR
Hinge - CD8a
™
CD47 1gV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:98 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, CD28 ELKIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIL
Hinge - CD28 FWVRSKRSRLLH
™
CD47 1gV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:99 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, CD28 ELKIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYC
Hinge - CD8a NHRNRR
™
CD47 IgV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:100 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, CD8a ELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSL
Hinge - CD28 LVTVAFIIFWVRSKRSRLLH
™
CD47 IgV, 3aa SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
from Hinge NO:101 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
Region, CD8a ELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLS
Hinge - CD8a LVITLYCNHRNRR
™
WT, C15G SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWKFKG
NO:102 RDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETI
IELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVG
AILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAA
CIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
N361, C15G SEQ ID MWPLVAALLLGSACCGSAWQRPLRFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:103 FKGRDIYTFDGWANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
N362, C15G SEQ ID MWPLVAALLLGSACCGSAWAPPLRFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:104 FKGRDIYTFDGYTNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
N363, C15G SEQ ID MWPLVAALLLGSACCGSAWQLPLLFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:105 FKGRDIYTFDGDKNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
N364, C15G SEQ ID MWPLVAALLLGSACCGSAWQPLLAFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:106 FKGRDIYTFDGAMNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNOKTIQPPRKAVEEPLNAFKESKGMMNDE
N366, C15G SEQ ID MWPLVAALLLGSACCGSAWQTPLKFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:107 FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
N368, C15G SEQ ID MWPLVAALLLGSACCGSAWQFPLRFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:108 FKGRDIYTFDGAENKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE

GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
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VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N369, C15G SEQ ID MWPLVAALLLGSACCGSAWQIPLNFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:109 FKGRDIYTFDGAWNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3610, C15G SEQ ID MWPLVAALLLGSACCGSAWQPLLLFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:110 FKGRDIYTFDGASNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE

GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3612, C15G SEQ ID MWPLVAALLLGSACCGSAWQPPLLFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:111 FKGRDIYTFDGQANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNOQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3614, C15G SEQ ID MWPLVAALLLGSACCGSAWQPLLKFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:112 FKGRDIYTFDGAANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE

GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3617, C15G SEQ ID MWPLVAALLLGSACCGSAWQRPLRFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:113 FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3618, C15G SEQ ID MWPLVAALLLGSACCGSAWQLPLLFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:114 FKGRDIYTFDGAINKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3621, C15G SEQ ID MWPLVAALLLGSACCGSAWQIPLEFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK

NO:115 FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3623, C15G SEQ ID MWPLVAALLLGSACCGSAWQMPLVFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:116 FKGRDIYTFDGVTNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

N3624, C15G SEQ ID MWPLVAALLLGSACCGSAWQIPLRFNKTKSVEFTFGNDTVVIPCFVTNMEAQNTTEVYVKWK
NO:117 FKGRDIYTFDGQVNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N361 SEQ ID MWPLVAALLLGSACCGSAWQRPLRFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK

Mutant NO:118 FKGRDIYTFDGWANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNOQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N362 SEQ ID MWPLVAALLLGSACCGSAWAPPLRFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
Mutant NO:119 FKGRDIYTFDGYTNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N363 SEQ ID MWPLVAALLLGSACCGSAWQLPLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
Mutant NO:120 FKGRDIYTFDGDKNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
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VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N364
Mutant

SEQ ID
NO:121

MWPLVAALLLGSACCGSAWQPLLAFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGAMNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N366
Mutant

SEQ ID
NO:122

MWPLVAALLLGSACCGSAWQTPLKFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N368
Mutant

SEQ ID
NO:123

MWPLVAALLLGSACCGSAWQFPLRFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGAENKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNOQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N369
Mutant

SEQ ID
NO: 124

MWPLVAALLLGSACCGSAWQIPLNFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGAWNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3610
Mutant

SEQ ID
NO:125

MWPLVAALLLGSACCGSAWQPLLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGASNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3612
Mutant

SEQ ID
NO:126

MWPLVAALLLGSACCGSAWQPPLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGQANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3614
Mutant

SEQ ID
NO:127

MWPLVAALLLGSACCGSAWQPLLKFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGAANKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE

GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3617
Mutant

SEQ ID
NO:128

MWPLVAALLLGSACCGSAWQRPLRFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3618
Mutant

SEQ ID
NO:129

MWPLVAALLLGSACCGSAWQIPLEFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKF
KGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3621
Mutant

SEQ ID
NO:130

MWPLVAALLLGSACCGSAWQIPLEFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKF
KGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3623
Mutant

SEQ ID
NO:131

MWPLVAALLLGSACCGSAWQMPLVFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGVTNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE

GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

hCD47 N3624
Mutant

SEQ ID
NO:132

MWPLVAALLLGSACCGSAWQIPLRFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
FKGRDIYTFDGQVNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTRE
GETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVI
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VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSL
CIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE

CAG-CD47 SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
(202) - NO:199 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
CodOpt ELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGA

ILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAAC
IPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
CD47 ECD- SEQ ID MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGR
CD59 GPI NO:340 DIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
ELKYRVVSWFSPNEQLENGGTSLSEKTVLLLVTPFLAAAWSLHP*

Table 24. Exemplary Nucleotide Sequences for CD47 Proteins

SEQ ID

Description NO:

Nucleotide Sequence

CD47-201 CDS SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
NO:13 CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCA
TGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTT
ATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAATAACTGA
CD47-202 CDS SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
NO:14 CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCA
TGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTT
ATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGA
ACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

CD47-203 CDS SEQ ID TGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCATGGCCCTCTTCTGATTTCAGGT
NO:15 TTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTTATATGAAATTTGTGGGGTTCAG
AGGGACACCTACAGTCAGTTGAAAGGCAAGAAGAGACAAGCTTCCAATCAGAAGACTATAC
AACCTCCTAGGAAAGCTGTAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGAT
GAATGATGAATAA
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CD47-204 CDS SEQ ID AGATATTTTCTTGTTCAATTTAAGGAGAGGTAAATTTGGTATCAATAGAAAAAATGTTTCTG
NO:16 AAAAATTTAAACCCTGGAAATGTATTTATGGCATGGAGTCAGATGTTTCAGGGAGAGAAGA
ACAAATCAAGAAGCATTGCAAGTATGCTCATATGGAATGCTTAAGGCTTGTGGTTAAAAAA

TATATATATATGGCTGTCAATGTCTTAGGCTCATGGTAGCAGCAGAAATCGTAATAATTCTT
TTGTCACATGGGTTATATCCATATTGGAGAGAATTAACTCAGGTGAAATTAACTTGTACACT
GTTTGGTTTTATAATATTTAGAGGGATCACAACTGACTGATGTCCCTTTGAAGTACCATTCT
TCATAAATCTTTTTTTTTCAGAATGGGCCAGCCAACTGTGACATCCCTTGGATCGGAGATTT
AGAACTAGAAAGTATTCTTTCTACATTATTAGGGAAGAAAAGGAGTTACTTGGCGGTTAGC
AATATTCTATTTTGTTTTGTTTTGTTTTTAGAGACAGGGTCTCATTATGTTGACCAGGCTGG
CCTCGAGCTCCTGGGCTCAAGCAATGCTCCCACCTCAGCCTCCCAAGTAGCTGGGACTACA
GGCATGTGCCACTACACCTGGCAGTGTTTATTCTGATAAATACATTTATGAGCTCAAAAATG
TAACTCTAAAACCTTATCTCTGAACTTCCATATTACCATCAGAAATTTAGATAGTTGTTTAG

TTCTCTTTTTCTTTGTAGAACATAGATATAAGGCATGGTTTCATTGAAGTCAGTTGTATATA
CATGTAACTATCCTGATGTTCCCAAATAAAGCTCTGTATTTCTGCTTAGTTTATTGGGGAGG
CTGCTAAATGTAGTGCATCCCAACCCATTTTACCCTGTTCTACTTTAAAAAGAGGTTGGCTT
CTTGTTTGGATACAAGGACCAAGTCACTCCCCCAGGTTCCTCCACAGTAAGGGAGGCCTAT
TTAAAGCCGCCCATGGCACTAACAGAAACTGGACTCCTATGAGCTCAGATACATAACTGGG

CCTCACAGGGGTGGGACAGTATGTAGTCTAGGAATTGGAAGGATCCATTCCATATCAAAGA
ACTGAAGCATCGTGTTGCCCTCTCAGCAGCAAGAGTAAGGTGATGCCCCTGTCAGTTATAG
TTCCTGAGTTCCTCTGTCTTTGATTCTTTGCCTATTAGCCAGCTAGCTCACCCTCTTGTTTA
TGCCACTGTTTTTTATCCTATTCATGCCTTCTCACAGACAACTTTTCTTACCTACAGCTTTG

GACTCATCCTTGTCTCCTTTCTGTTTCTTTTTCACTTTCCCTTCCCATCACCAACTTTCTGGG
TTTTTTTCTGTTTCTTCTTAGAGTCCAGTGGCAGGGAGAAACTTGTCAGTCCAGTCTGTTG

CCATTTTTCCTGTTTGAGAAAGACTCACCAGCTTTTGGCTGGCTCACAGATTGGCTTTCCTT
GGGTCAGGACCCACCCTTTTCCCTGCCAGCTTTGGAAGCTTGACAGAATTCGAGTGTGCAG
TGGTGGTAAATAAATAGTAAGGAACACAGAGCAGTCCTGGAGGCGTGCCTCCATCTGCTGA
TGAGAAAATCCAGTGCTGTCATCCAGCCCAGGTCCCAGCGGAATGGGCCTCTCTGTTCAGT
AGGATCCCCCTCCTGCTGAGTGGTTCATGGCATGTTTCTGTTCAACGCTTTTCCATCTGTAG
GATTCTTATTCTGTATTTATTTGTTTTTTTGGGTTTTTTTATTTTTTGAGATGGAGTCTCGC
TCTGTCGCCCAGGCTGGAGTGCAGTGGCACGACCCCAGCTCGCTGCAGCCTCTGCCTCCCA
GGACGAGGGAGATCCTCCCACCTCAGCCTTCCACGTAGCTGGGACTACAGGCATGCACCAC
AGGCATGCACCACCACGCCAGCTAATTTTTGTATTTTTGGTAGAGACAGGGTTGCATCATG

TTGCCCAGGCTGGTCTTGAATGCCTGAGCTCAAGCAATCTATTTGCCTTGGCCTCCCAAAG

TGCTGGGATTACAGGCATGAGCCACCACGGCCAGCCTTCTCATTTGTTTTTTTTATAAGGA

AGCTATCTCTTCTTCCCTCCCCAACTAGGGTATTCTTTTTCCCTTTCGTCACTTTGCTCATG

TACTGTATTCCTTCAACTTCATTAATGAATCCATTTGGAAGCAGTGAAAAAGGCAACTCAGA
AAGCTAAGAAGAAATAGATAGAGGAATACTCAGAGCTATCTGAGTATTTTCTTTAGTTTGTT
AGCTCTTTGGAGCTTTGAAACTGGAAAGACCCAGGGAGTGATGTGGAGAAAGAGACTGAG

CTTGTAAGACACAGGAGCAGTGAGCTAAGGGAGATGGAGTAGTGGGGACAAATTCTGGCA

CATTCTGTCTACACTCTGGGTAGATAGAGGAGGGAGGATGGAGCACCCATGGTGGGGGTA

TGTTGGTGACAGCATTTTCCCACCAGCCAGTGTAACAAGTGGCTGATTTGGGGGAAAGATG
GCATAAACAAATGAGAGAATGTGTTTACTATTTGATGTAGATGGGTTATTTGCTTCATTTTT
CAAATCAGTGTATATAATCAAGAATATTCAGCATGTTTGAATAGACTGTCAGAGCTGGAACT
CTTTCATTAACATCTCTGGCACCTTTAGTTTTAGCCCTGAACATTTTATCTTAAAATTAAACA
TTACCAAATGCCTTAGTTTATTTCATTTATTAAATTTATATTCTTATTTGTTATTTATATCAG
CTTCCAATCAGAAGACTATACAACCTCCTAGGAATAACTGAAGTGAAGTGATGGACTCCGAT
TTGGAGAGTAGTAAGACGTGAAAGGAATACACTTGTGTTTAAGCACCATGGCCTTGATGAT
TCACTGTTGGGGAGAAGAAACAAGAAAAGTAACTGGTTGTCACCTATGAGACCCTTACGTG
ATTGTTAGTTAAGTTTTTATTCAAAGCAGCTGTAATTTAGTTAATAAAATAATTATGATCTA

TGTTGTTTGCCCAATTGAGATCCAGTTTTTTGTTGTTATTTTTAATCAATTAGGGGCAATAG
TAGAATGGACAATTTCCAAGAATGATGCCTTTCAGGTCCTAGGGCCTCTGGCCTCTAGGTA

ACCAGTTTAAATTGGTTCAGGGTGATAACTACTTAGCACTGCCCTGGTGATTACCCAGAGA

TATCTATGAAAACCAGTGGCTTCCATCAAACCTTTGCCAACTCAGGTTCACAGCAGCTTTGG
GCAGTTATGGCAGTATGGCATTAGCTGAGAGGTGTCTGCCACTTCTGGGTCAATGGAATAA
TAAATTAAGTACAGGCAGGAATTTGGTTGGGAGCATCTTGTATGATCTCCGTATGATGTGA
TATTGATGGAGATAGTGGTCCTCATTCTTGGGGGTTGCCATTCCCACATTCCCCCTTCAACA
AACAGTGTAACAGGTCCTTCCCAGATTTAGGGTACTTTTATTGATGGATATGTTTTCCTTTT
ATTCACATAACCCCTTGAAACCCTGTCTTGTCCTCCTGTTACTTGCTTCTGCTGTACAAGAT
GTAGCACCTTTTCTCCTCTTTGAACATGGTCTAGTGACACGGTAGCACCAGTTGCAGGAAG

GAGCCAGACTTGTTCTCAGAGCACTGTGTTCACACTTTTCAGCAAAAATAGCTATGGTTGTA
ACATATGTATTCCCTTCCTCTGATTTGAAGGCAAAAATCTACAGTGTTTCTTCACTTCTTTT
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CTGATCTGGGGCATGAAAAAAGCAAGATTGAAATTTGAACTATGAGTCTCCTGCATGGCAA
CAAAATGTGTGTCACCATCAGGCCAACAGGCCAGCCCTTGAATGGGGATTTATTACTGTTG
TATCTATGTTGCATGATAAACATTCATCACCTTCCTCCTGTAGTCCTGCCTCGTACTCCCCT
TCCCCTATGATTGAAAAGTAAACAAAACCCACATTTCCTATCCTGGTTAGAAGAAAATTAAT
GTTCTGACAGTTGTGATCGCCTGGAGTACTTTTAGACTTTTAGCATTCGTTTTTTACCTGTT
TGTGGATGTGTGTTTGTATGTGCATACGTATGAGATAGGCACATGCATCTTCTGTATGGAC
AAAGGTGGGGTACCTACAGGAGAGCAAAGGTTAATTTTGTGCTTTTAGTAAAAACATTTAA
ATACAAAGT TCTTTATTGGGTGGAATTATATTTGATGCAAATATTTGATCACTTAAAACTTT
TAAAACTTCTAGGTAATTTGCCACGCTTTTTGACTGCTCACCAATACCCTGTAAAAATACGT
AATTCTTCCTGTTTGTGTAATAAGATATTCATATTTGTAGTTGCATTAATAATAGTTATTTC
TTAGTCCATCAGATGTTCCCGTGTGCCTCTTTTATGCCAAATTGATTGTCATATTTCATGTT
GGGACCAAGTAGTTTGCCCATGGCAAACCTAAATTTATGACCTGCTGAGGCCTCTCAGAAA
ACTGAGCATACTAGCAAGACAGCTCTTCTTGAAAAAAAAAATATGTATACACAAATATATAC
GTATATCTATATATACGTATGTATATACACACATGTATATTCTTCCTTGATTGTGTAGCTGT
CCAAAATAATAACATATATAGAGGGAGCTGTATTCCTTTATACAAATCTGATGGCTCCTGCA
GCACTTTTTCCTTCTGAAAATATTTACATTTTGCTAACCTAGTTTGTTACTTTAAAAATCAGT
TTTGATGAAAGGAGGGAAAAGCAGATGGACTTGAAAAAGATCCAAGCTCCTATTAGAAAAG
GTATGAAAATCTTTATAGTAAAATTTTTTATAAACTAAAGTTGTACCTTTTAATATGTAGTA
AACTCTCATTTATTTGGGGTTCGCTCTTGGATCTCATCCATCCATTGTGTTCTCTTTAATGC
TGCCTGCCTTTTGAGGCATTCACTGCCCTAGACAATGCCACCAGAGATAGTGGGGGAAATG
CCAGATGAAACCAACTCTTGCTCTCACTAGTTGTCAGCTTCTCTGGATAAGTGACCACAGAA
GCAGGAGTCCTCCTGCTTGGGCATCATTGGGCCAGTTCCTTCTCTTTAAATCAGATTTGTA
ATGGCTCCCAAATTCCATCACATCACATTTAAATTGCAGACAGTGTTTTGCACATCATGTAT
CTGTTTTGTCCCATAATATGCTTTTTACTCCCTGATCCCAGTTTCTGCTGTTGACTCTTCCA
TTCAGTTTTATTTATTGTGTGTTCTCACAGTGACACCATTTGTCCTTTTCTGCAACAACCTT
TCCAGCTACTTTTGCCAAATTCTATTTGTCTTCTCCTTCAAAACATTCTCCTTTGCAGTTCCT
CTTCATCTGTGTAGCTGCTCTTTTGTCTCTTAACTTACCATTCCTATAGTACTTTATGCATC
TCTGCTTAGTTCTATTAGTTTTTTGGCCTTGCTCTTCTCCTTGATTTTAAAATTCCTTCTATA
GCTAGAGCTTTTCTTTCTTTCATTCTCTCTTCCTGCAGTGTTTTGCATACATCAGAAGCTAG
GTACATAAGTTAAATGATTGAGAGTTGGCTGTATTTAGATTTATCACTTTTTAATAGGGTGA
GCTTGAGAGTTTTCTITCTTTCTGTTITITIITITITGTITITITTITITITITITITITITIT
TTTTTTGACTAATTTCACATGCTCTAAAAACCTTCAAAGGTGATTATTTTTCTCCTGGAAAC
TCCAGGTCCATTCTGTTTAAATCCCTAAGAATGTCAGAATTAAAATAACAGGGCTATCCCGT
AATTGGAAATATTTCTTTTTTCAGGATGCTATAGTCAATTTAGTAAGTGACCACCAAATTGT
TATTTGCACTAACAAAGCTCAAAACACGATAAGTTTACTCCTCCATCTCAGTAATAAAAATT
AAGCTGTAATCAACCTTCTAGGTTTCTCTTGTCTTAAAATGGGTATTCAAAAATGGGGATCT
GTGGTGTATGTATGGAAACACATACTCCTTAATTTACCTGTTGTTGGAAACTGGAGAAATG
ATTGTCGGGCAACCGTTTATTTTTTATTGTATTTTATTTGGTTGAGGGATTTTTTTATAAAC
AGTTTTACTTGTGTCATATTTTAAAATTACTAACTGCCATCACCTGCTGGGGTCCTTTGTTA
GGTCATTTTCAGTGACTAATAGGGATAATCCAGGTAACTTTGAAGAGATGAGCAGTGAGTG
ACCAGGCAGTTTTTCTGCCTTTAGCTTTGACAGTTCTTAATTAAGATCATTGAAGACCAGCT
TTCTCATAAATTTCTCTTTTTGAAAAAAAGAAAGCATTTGTACTAAGCTCCTCTGTAAGACA
ACATCTTAAATCTTAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAAAACATTTTGTTTTT
ATTAAATGGAGCATTATTTACAAAAAGCCATTGTTGAGAATTAGATCCCACATCGTATAAAT
ATCTATTAACCATTCTAAATAAAGAGAACTCCAGTGTTGCTATGTGCAAGATCCTCTCTTGG
AGCTTTTTTGCATAGCAATTAAAGGTGTGCTATTTGTCAGTAGCCATTTTTTTGCAGTGATT
TGAAGACCAAAGTTGTTTTACAGCTGTGTTACCGTTAAAGGTTTTTTITTTTTATATGTATTA
AATCAATTTATCACTGTTTAAAGCTTTGAATATCTGCAATCTTTGCCAAGGTACTTTTTTAT
TTAAAAAAAAACATAACTTTGTAAATATTACCCTGTAATATTATATATACTTAATAAAACATT
TTAAGCTAT

CD47-205 CDS SEQ ID AAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTA
NO:17 CTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGG
TGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAAT
GCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAG
TTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAG
GAACCCCTTAATGAATAA

CD47-206 CDS SEQ ID ATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAGGAAGAGATATTT
NO:18 ACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATT
GAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCTGTCT
CACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGGTGAAACGATCAT
CGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTCTTATTGTTATTT
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TCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACACTTAAATATAGA
TCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAGTGATCACTGTCA

TTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAGAATGCTACTGGC
CTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTATGTGTTT

Human CD47 SEQ ID CTCATTCTATTTATTCTTTTAACAACGATTTGTTGAGTACATACTATGTGTCAGGCAAAGGG
gene NO:19 GCTAGCAGTAAAGAAGACTCATATGGTCCCTCCCCTCATTGAGCTTACAGTATAGGAAACA
GTTATTACTGAACACGAAGACAGCTATATAAACATAATTTCAATAAAAGATGGTAACTGATA
TGCACCAAAGTAAGACTAAAACACAGAGAAGTGCACTTAACTTATACTGGCATTATCATGGG
CCTTGATTTACTGTGGGATCCTTTGCTGTTATGTTCCCTTACGTTGAAAGATGCATCTGGCC
CTACACAAAGCACAGACTATGAGTAGGTAGGCACATACAGTTCTAAGCCAACCCCTTGGGG
CACCAGGAGACAGCACTGTCTCATGTCGTTGCATGACACACCACCATGGGGCAAAACATTT
GCTGAATGAAGTTACAATAAGGATACAATTGTATCTACATAAACATTTAAAGATACTATCAT
ATCAATACCTACTATGTGGCAGGATCTTGATGTTGTGTGGGGAGGAAGATAAAAGTAGATG
TATCGTTGAGACAGAAATGAGGGCAAGGGAAATTTTTTATGCATTGAGAGAGGAAGTTTGT
GAATTTTTTCGCTGGCCATGGAGTCAGGGAGACTTCAGTCCAACCACCGTCCCTCCCTGAG
CTTGTGACCAAGCCTCACTTTCCTTATCTATAAAGGTGACAAGAGTGATTTTTTTAAGTTTA
TTTATCTGTAAAGGGGAAACTGTAGCAACTTTGCTATTATAGGGTAAAAAGAAAAAAGGAT
GAAAACCAGAACAAGGGAGAGAGACAAGAGAGAGAGCAGTGTCACTTATAACTGTGGGCAA
AGTGCTCACCATTCCTCTTTCCCTTTGTTTCCTCATCTCAAAAAGGGAGATCATAACATTTA
TCCTTTCTGAGGTTGTTATGAAGATTAACTTAGGTGATATAGCTAATGTGTACTTCCTGTGT
TCAAAACATTCTAATATGTATTATCCCCTCCCTCTCTACCCAAGAAACTCCTTACATACAGAT
AAGATGAGCTCAACATCCAAATTAAAATGCTTTGAAAAGTTAAAAGGCAAACCTTTAAAATG
ATTAAATACTGAAAAGAGCTTAAGGTTATCTCAGAGAGAGGATAATCAAACCTAGGCAGGC
TGCTTTGGACTGTCTCTCCTGGGATATGCCTGCTTTTGCCCCACCACCAAAACATACCCCAG
CTAGATTCCCAAGAGCAGCAGTGGTCACCCAGGTGGCCTCTCATTCCATTTTCTGCACAAAA
AGACGTTAAGCATATAGCTCAGTAGCTCCCAGTGTAAAACAGAACATCACCCGATCTCCACC
TCTGAAGGTTGGGGACAGTCCTTTCTAGTCACTCTTCAGCTTTAGGGGGGTTGGTTGGTAT
CAGGGACAGCTGACAGCCTTATTTAGCCAACCAGCTGCTCTGTGATACACAATGTCCCTAAT
GCTCAAAGTCTGGTGGATGATTCTTTTGTATCCACATAAGCAGCAGTTGGAGGAGAATCGA
TGAGTCCCTTTGGTTGCCTCGGGGTGTCAAGGCTGCCATTCAAATCATTACCACCATAATTA
TTAACCATTGTTTTAGTGAGATGTCTGCCAGGCAATTGTTTTTATTTTTCAATCATTAAAAA
AGCAATCAAATTTCACTAGAGCAATGCCTGCCTCACGCCGCATCAACACATTTATTAAACCC
CTTCTGTTTGCCGAGCTCAATGGAAAGTCTTGGAGGAGGGAATACTTAAAATGCTCTCGGA
TTTAAAAGAATTGATAATGCTGTGGGGAAGAGGTTCACACAAAAAAGCAATTACAGGAAGA
AGCTCGATAGTATACAATACACTGGTACAGAGTGTCATAGACAGTGCCACTTTCATACGCT
GGATTTTATTTCTGTGGCAATGGGATGCTTGGGAGGAGCCGCACTGTGTAGAGGATTTGG
AGAAGTGGGGTATTGTGGTGGGAAATTGCTTTCTTTCCCAGGAGGTAGGAGGAAAACAATC
AAGGAGGTGGACAGGATGTGCACTCCATTAGAGCAGCCACCAGAGCCTGACTTTTTGATAA
GAGAGTACATCAGTTAGGATAACGGTTAAAAGTATCTTTAAAAGACTTTTGCTTCAGGATG
AATGATGTGGCCTGTGTGATTCAGCGATAAATTCAAAAGCCTTGTCCCTATTGTGGCTTGC
GGCCACATTTCGAACCCATTTTTCAAGCATGTTAAACCCAAGCGCAGCGCAGAGGGCTGCA
CATGGGGCAGTCACAAACCAAGCTCAATAACCTTGCTGGTGGGGATGTGTTGGATACGCTG
CTAATGCCTGTTTGCGACAATGCTCGCTAGTCCCGGTGGTGGCGGTGTTCACAGGTAACAA
TGTTTACCACCGTGAATGGAACTTGTTTGATTAACCCTGATCAGAGGATGAAAACACTAAA
GAACCAAGTGAGAAAGAGGGAAGAGAACCGCATAGGGAAGAGCAGAGCGAGTAGACGAGC
CGAACGCAGAGCCCGCGAGGGGCGAGTGGAAGCTCCCTGCGGGCAGGTACCCGACCACCG
CCCTGCCCTGGGCGTGGCGGCCTCGGGCTCAGGGACCGCTTCGGCGCTAGACGGCCGCGT
CCGGAGGAAACGGGCGCTGGTGAAAGCCTAGGTGTCCTGGTCCACGCGCGCAGCCGGACG
TCGGGTCCAGGGAGAGACGCGGGCTGGGGCGGGACGGGACCCGGCCCCTGAAGCGCGAG
GGTGGGAGTGAAAGCAAAGAGGAGAAAAGTAGAGAGAGAGGACAGTGGGGCCCAGCGCCG
CGCGAAAGGCAGGAACCGACCCGCGGACAGGAACGGGTGCAATGAGGTCCCCGGCGAGCG
TGGGAACACAGGGTTCAGCCTCCTGCGGCGGGCGAGCACGCGGACCCCAGGGGCGGGCGG
GTGCGACAGGACGTGACCTGGAAGCGCGGCGCGTGCCACCGCCCTGGAGCAGGCATCCGG
CCTCCGTGGAGCGGGCAGGCGGGCCCCGGGTCTGGAGCCTGCGACTGGGGAGGGCGCCG
CGTCAACAGCAGCGGTTGCGGGGCGGGGCCGAGTGCGCGTGCGCGGCTCTCGCGGGCGG
GGAGCAGGCGGGGGAGCGGGCGGGAAGCAGTGGGAGCGCGCGTGCGCGCGGCCGTGCAG
CCTGGGCAGTGGGTCCTGCCTGTGACGCGCGGCGGCGGTCGGTCCTGCCTGTAACGGCGG
CGGCGGCTGCTGCTCCGGACACCTGCGGCGGCGGCGGCGACCCCGCGGCGGGCGCGGAG
ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGTGAGTGGCTCCTC
GCTCCCAGCCCTGCGGCTGCTGTCGCTTCGCCCCCGCGGGCGTGTGGGCTGCGCCCCAGC
CAGCCCGGCGGCGCCCTGAAGAGGGTGGCCGGGGCGCAGAACACTCGGGCCCTGAGCGCC
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CGAAGTGCAGACGTGGGAGGGCCCCACGGGGAATCGGGCGCCCCCCTTCTTCCTCCCTTCC
TTTCCCTGGTCGTCTTCTTCCCCCTGGGTGAGAGCGGGGCTCATCTCCTCCACCCGGTTCT
CCATCTCCAAATGCACACACACAGGAAGACTCCAAACCGCGCACCTCGCGCAAAAATTAACT
AGCAAGAAAGGGCGCGATCAGAGGCAAGGGGCTGCAGCTGCTAGGGATCCCCTTCTTTCG

CACCCCTCTCCCTTCTCAGTGCTTAGACGCATTTGGGGTTGAGGGAGGGAGAGTGGGAGG

GCCCGGGCCTCTTGCGATGGAAGTGCGCATTTTGGCGAAGTCGGTGAGAAGGGGTTTCTG

CCGTTTGCCTCCCACATGAACATAGGAGCGAAGAGGACGTAAAGGACACAATTAAGTTTCA
TTTTCAACTCAGCATTCAATCAGAAGAATCTTCCGGCCGTGTAATTTTTIGCTGTCGTTTTTA
ATCCTAAAAATAAGCTTGCTGGAAACTCTTCCTTTCTCGTGACCCTCACGCCCCATCAGCCA
CTTGCATACATTCTAAATTGTACGTTGAAGTTTTTCCCACTTTATTTGGGGGAACCGTTTTA
AAAGTAATCTGGTTTTCGCCTGAAATAGGAAGACAGTAACCTCCAGTCAAAACATGTGCAG

CAGAATGGGATTTGGTGTTTTTCGACGCCAAAGAACCTCCACCCCCCCACCCCCACCCCGA

GCTTTTGGAATCCATTTCGCTTTTGTAAAACGTGTGCTTCGTCTGTAAAAACTGAGCAAGG

AATAGAAACATTCGTAGCTCTACAGTGAGTGCCTGTCACACTTCACATCCATAGAGCCTTTT
GTGAACTTTTATAAGATTCAGAATTCAGCTTGAGCACCAGTGACAGCAATTGTTACATTTAT
TCTAGAATGCTAAATTAATTCGATTTTAAACTGATTATTAGCCTCGGTGTGCCGTTCCTAAA
GGCTTGTGACTTTAGGTATTTCCAAGATGCCCTTAAGTCTCTGCTTACCACTTTCCTCCCTC
CCCGAGCATCCTGGATGTTGGGACTGTGAATCCAGGTCTCCGTTATCTAAATGGTTGATGT
TAGTGTTTCCTGTCATCACGTTTAGTATGCTTGTTGCCTTTACTATCATTATAGCTAAAATA
ATACTGCTTTCAGAGATGTGTTGTATAATCGCATAATAATTTCAGAACGCCTTCATATTGAA
CCAGATATGAAGTGATACAGTATCATTTATTCAAACTGCCTAAAAAGTAAAAAGTATAAACC
ATATACTATTTTTAAAACAGGTAGGTTAGATTTAAATCACGTAGTTTAGAACTGTTGGAATG
GTACTTTGAGTGATAGGATTTATGTTAGGCCTTCTTTAGTAATAGT TAATATCATGTAATTA
GCACTCGTTTACACACAATTTTAATGTGTTCGAATCCCTAGAGTCATCGAATTCAGAATTTA
TAGTATTTTATTTTACTTAGTTAATATTAACCTAAAAAAAAAGCAAAATACAGGCATTATGC

AGTTGAGTTGTGTTAAGTGTGGACTGTAAAACAGGATAGTATTTGTTATAAAATATGTTTTT
GTATGTGTTTAATATATAGCTTCAAAAGGACATGTATGAAGAAAGATGTCTCAGCACATAG

GTAGTTATAAACCAAGGGTTTGAGAGACTGACTTTAGAATCTAGAATGAGTAAGAAAGTGA
TGGATCTGTACATTCATTTGTATTGAAGTTTGATTTTGCTTTCAGTTTCGTTAATTAAGCCC
CGGGAATCAGGGACCTTTCCTGGCACCCTCTACAGTGTTAGTGGCCTTTGTGGTAAAAGAA
GTTATCTCAGATACTCATTTCATGCAATTACAGGCAAACTGGAAGGCACCTTAATGGTATGC
AAGATGTGAAATGAATTACTATGTTGCATTCCACTCTGCCCCCACTCATGTACAATTATACT
TTGTTTAAAAGTGCATAGTTTCAGTGGTATTTATTAGCTAGCAAATAAAACTTTAAATAAAT
AATGATGGTGTTGTGAACTGTCTTTTCAGTGGTTGAATGATTCCTCTTTGTTCAAAATGAGT
TGTTTTTTTTTTTAAATCAGGGTACATATGATTAAATAAAATTTTTTTCCATCGTCTAAGTCT
AGTAGTAATTTGGCTTGTTTAAATAAAAATGTTTTCTCTTAAAGAATATATTATTTTTAATTA
CAAGTTGCCATTTTAAGGAAGTAAATGCCTATTTAAAAGTACGTATTTATGGGGCCGCCCCA
GCAGTCTAGAGGCAGTGTTTTTTAAAGCATTACACTAAATGCCTACCATTAGGACACTTGCT
CATGCTGTCATCTGTGTTTTGGCAGATGTTTTATCTTTGTCACTGAGTTGTTCATGGAGATT
TGAAAGGCCAAGTTCTAAAGATGAGAGATAGATGACTTTCCCCCCAAATTGATACATATTCT
AAATCCAAAATAATCACGCATATTCGCAAAACTAGATTTGCATTTCATAGTATGAATTCAGC
TATAGCTAGTATATAGGCATTGCTTTTAATATAGTAATGTTCTTTTTGTGGCATAATTTTCA
ATCACTTTCCCTGTCTTAGGTTTCTGCCTACCTTTTTATACAAGATAAACATTTCTATTTTCA
TATCTTATCTCTCAGTCTGATTTTAATAATATCGTCTTGGGTTATCATAAAGTTACTTTCAC

TTTGTATACTAGTGTAGATATTTCTTCTGTGATAAAAAGAACAAGAATAATAGTGTAGGATC
AGTTTTGTTAAACTCATTGTAGTACTAAAGTAGAAAATACAGAGCACCCAGGAAATTTGATT
CTGATATACCTAGACTAAGACAATAGAATCTGGGTTTTTCCTCTTTACGATTATACAGTGTT
GAAACAGAAATCAAGCTACACCCACCTCTGAATATTTCATTCCAAATCCATGGAGCAGTTGC
ATAAGACTCAGAATCTGGTCAATCTCATGGTTTGAGATTCAGATTAGGAGAATTAATGTGC

ATATTTGAATATATATCACACTTGTAGGTTAAAAGGTAAAGCAAGGGGTTTGGCTAGTTCA

AGGCCTGTCAAAACCACTTTTTTCCATTTCAAGCAAGTATGAGCCTATACTACACACCAAGC
AGTTTGCAAAGCCCTCTTTGGCATATAGACAAATTTCAGACAGTATGTCAGTATGTCTCTTA
ATGACTTAAGATGTAGTATATAGACAGTAGGGATATCTTGTTTTTATTCCCTCATGGTACTT
AGGTGCTTGTTAAGGCCATAATTCTGGATGTTATTGACTTTAAACTGCCCTGCCCTTTTTAA
TTCTAAGTTGGCCTCTTCCATTCTTATAAGGCCACTTTTAAATTCATTAGGGGGATTGCGTT
GGGTCAGAACTAAGTACAACTTGTGGACACCCCACTCTACCCCAGACCTTTATTTTAGTGTC
CATTGAGGAGAGATCTGACTTCATCCTTTTTGTACGTAACCCAGTGTAGCTAGAGACTCCA

GTTCTTCAAGCCAGACACTAGTTCTAAGGGGCAAAAGTAGGTAGGATTGCTTTCTGGCATG
TGTCTTTACTGATGATCTTTGCTTCTTTACCTAAGAGGCTGCTGAGACTTCTTACTCCATTC
CTGAACATCCATTCCCAGCAGATAATTAACTTCCTACTCTACTGCAAAAAATAGTGGTGTGT
GGTTTGGACTCCCTCTGCTTCCCTCCCACCATTACTAAACTGATCTATAACATCTTAGATAA
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CCTTCGTCTCATTCTCTTCCGTCATCCAGCTTCAGAAGAAAACCTACTCACTTTTCCAACGA
AAGGACAACCTGTCTACCACCTTTTCACTTCTACCATCTTGGAGACCTGCTCAGTCAGCATA
ATTCTTCAGTCTTGCATCTTAGATCTTTCCCTCTCCATTGACTCCTTCCCCGTAGCTTGCAC
ACATGATCAAATTTTACCCCATATTAAAAAATAAAACAAAAAACCTCAAGAACCAAAATGTCC
TTGCCCTTGTTCCTGCCTGCACATTGTCAGTTGTTGCCTTCTCTGCTTTCTTACACTGCCAA
ATTTATTGTAAAAGAATCACTGCCACTTAATATATTTTAAGTGCTTGATAAAGCCATCTTGT
TTCTCTCTCATTTCTCAAACATAGTGTGCATCAGATCTCACTAGTCCATTGACAGATGGAAA
GATATTCTCCCCAAATATTTAAGCCTCTTTTCTCTATAATTAGCCTACCATCTAACTAGCTAC
ACATACTATTTTGGTTCACAATTTTAATTTTCCCCTCTTTATCTCCCCTGCTTCCCACAACTA
ACTTCTGTTGATTACTGTAAGTTTTAGGTCTTCTCTCCAGTTGTTCTTTACCTGGACTATTG
CAGTAGTCTGTTAACGGATCTCCCTTTCTCTTTTCCCTTGCTGCCCTCAGTCCTTCCTTTAC
ACTGCTGTCAATGTTTTTTTTTTAATGAAATTAAATCTGAGTGGTTTACAGTTGTTTATGTT
ATCAAGTCTAAACTCAGCATGACATTCAAGGAAGCCCTTTAGAATTTTTCTTATTCATCTTT
TCCAACCTCATTTCCTAGAGCTCACCTAAATAATTCTCTGCTTTCAGTTCTTCACTTTCTTTA
TCTGGCTGTACACGTTACTCTGCCTAGAAAGCCCCTTCTTTCCCATAACATTCTTACTCATC
CTTTAAGACCCAGTTTAAACATCACCCTCTAGGAAGATCATTCATAGACACATTCTTGTGAT
TTTTAAGGAACTTTTCTATCCAACCATACAAGTGACTTGAGATTTTCCATGAAAATATGCAG
CTTCATGATTTCATAATCAAGTCTATACAAGTGAGAAGCAGTGGCAGGTTCTCTTGAAATAC
AGAAGAAAAATCTATCTTCTCCCACATGATTTTTAGATTTTTCTTCTATGGAATTTATACTTT
AAACTTTTTACATTCACAAGGAAGGTATTGAATCCTACTTTCTGGACCCTGTGTTAGATTCT
TAGGATACCAAATGAAGACAGTGTCTTACTTTCTGAGCCTGGAGAGATCAGTTAAGTAAAA
TAGTAATTACACAGTAGTAGGTACAGTGACAACATTTGAACACAAGGCAATGGGAGCAATA
AGGAGGGGAAGAATACAATTGAGTAATGGTAGGGAAGGGGAACAAGATTGAACAACTCAAC
TGTGCTTTAGTAGGAAGAGCAAAAGTTAGCAAACTGTAGCTGCCATTTATTGAGTACTTGC
TGTATATGTGAAAGGTGATACAAAAACATGTTATCTTATTAAATCTTAACAATATCTCTATG
AGGTATATACCATCACTATGCACATTTTATAGATGAGGAAACTGAGGAGCAGAGGTAAGTA
ACTTGCCTAAGGTTATACAGCTAAGAAGTACATGAGGTGAATCTTAAACTAGGGTCGACCC
CTTAATGTGTGCACTTAACTATTATACACCCTATGTACTCAGTGGGGTAATAGTGTATAACA
GTTAAGAGGCTATTTAGGTTTGAGGAACAGTATGTGCTAAGGCATGGGGATGAGAGTGCA
TTTGCATAGTCATGGAATTGCAATAACGTCATTATGATTGGAGCTTAGTGTGGAAATGAGG
GAGTACAGGAGGTGGGGCTGGAAAGGATCTTGAAGGACCTCGTTTGTATTCCATGCTAATG
TACTTAGAATTTAGCCTGAAAAGGGTTGAGGGTGTTGTTAAAGTATCTTAGGCAAAGGAGT
GCACATTTGCATTTAGAACAGTTATTTTGGGAACTGTAGAAAATACATCAGGGCCAGGATG
GAGAAACCTTGAGGATGGAGGCAGGGAGCTGGTTAGAAGGGTATGGCAGTAGTTCGAGGG
GGGAGGATGAGTGTCTAATTCATTCATTCAACAGACATTGGATTTAGGAACTATTAATTAG
GTTGAACCTACTAAGAATTCTCCATGGCTAAGGAGAGGGAGTAATCTAATGTGATTCTTAG
GTCCAGGTCTGGTTCACTGGTAGATGATAGAAAATACTTTAGCAAAGTGATTTAGGCTGAG
GGTAAGAAGTGGGGGTACGTAAGTTTTTGGACATACTGACTTTGAAGTAACTGTATTACAT
CCAAGTGGAAGTGCACAGCAGACAGTTGGCTGTCCAACATCTGCAGTTTAGAAGAAAGGCA
GTGCATGATTCAGTTTTTTATTTAAAAGT TTGCAGGTGAAGAAAACCATGGGAGTCAGGGA
AAATACTAGGGGGCAGAGGGTACTGAATCTGAAGCCCTTAGGGACACTAACATTTAGTGTG
AGTCAAGGAATAGATTTCAACAAAGAAAGCAAACTAGGATGGGGTGGACAAAGCAGGAGGA
AATTCGTAATCAGGAGATACCATGGAGGCCAAGAGAGAAGAGCAAGAAAGAGACTGCCCAC
TGGCTCAAGAACTGTGGAAAAGTCAAGACAGAAAGTGAACCATGCATATTTGATTTTTCAC
AAGGGATTGGTGGTGACTTTGGCAAGAGCTGTAGTAATGAAGAAGTAGGGGTGAATGGGT
GGAGGCCACGTAACAGATTTAAGGAGTGAATTGGAAGTGAGGAAATGCTTATAGATTGTTA
ATTTGGGATGCTAGGGAGAGAGAAAGTATGAGGGATTTTTTTTAAGTTGGCAAATATTCAA
GCAATTTTTAAAGACACACACAAAAACAACACCTTGTAAATGGAATGGGGGATGTGGGAGG
CTGATAATCAACTAAGGAAAGTCGTTGAGGAGACTGATGGGTATGGAGGCAGAAATGGAAA
CTAGCTTTCAGGTGATGGGATTCATTTCAGAAAAGGAAGCAAAAAAAAAAAAAAGGTGTGG
ATAGTTGGGGTTACAGGTAGGTTTATAGGGAAGGAGTATTGGAAGCTTCAGGATTCTCCTC
TGAAGGTTTCAGTTTGTATTAAGAAATAGGGAGAGAGGACTGTTGGAGAGTATGGGATAAA
GGGCAGAAGGGAGTAATTTAAGAGTTGTTAAAAAGAAGCGAACATTTACATGAAATATGTA
AAATGGTAAAGATTGAAGGCCCGGAGGAGCAGGGACTATGACATTCTTCTGTTTTTGCCTA
TTAGCAACATGAATTTTCTTAGAAATCTGTAAGACCAATTACTCTTCTGCCCATCCATAAGG
ACGTTGTCCATGCAGAAAAGATAACACTTGTAACCTTGTATTATATACTTATCATCGCCCAT
TTGAGAATTGTAAGCTCCTAAAAGATAATAACTATATTTTTTCATCACTATATCCCCACATCC
TATCACAATATTTCATCACAGGTAATTCTTGACAAATGTTGATTGCATTTTTAAAATTTCTAA
CCTGAACTTGTGTGCTGTGACCACCATGGATTGAGTCTTCTCTGCCACTACAAAGCTCTTTT
CTAGACTATGATATGAGATGGTTTGGGCTGATAGTCTATATTCACCAATACTTGTACAGTTC
CAATGAAGGTTTCAAGTCTAATACTTTTGGCATTTGATATAAAATCATTTTCCCATTTTATT
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TGCTAATTTATCTATAACTCTGGCATTACTCTTGGTTACATTTGTCTGCTGCTATCTGATTT
AGACTGCTATAAGCATATCTTGTTTATTCAGAGTTTTCTTATTCATGTTAATTATCTGTGTT
TCTTTATTTGCTCTCTACATTTTAAATAGTTTCTTCACTTTGCTGTTTTATGAGAAGGGAGT
AGGCAAAAGGAAAAAACCCCAAATCAGACAGTTTTACTACTTAATAGTTTTTTAATGCATCT
TTATAGAGATTGAAGTTGTAGTTAACAGCTAGAGTGATATTTTTGGCCTGCCCTTATTTATT
AATTACTAGTGCAAAGGTTATTCAAATTGTGGTTTATCCAGGTCAATTTTACTGTTATTTTT
ACTAATAGCATTTATTCTACTTAAATTGCTTCAGCTATAAAATGTTTTTATTGTAACAAATAA
TGCAGTATAATTATTGCTTTCTGTATTCCTTTGAAAATTCATTCTCTAAACATATGTTATGA
AATGGTGGATTGTTCACCAACTACTTCTTACTTACTTAATTAAAGCCTTTGCAAAAAGTTTC
ATAGGATGACTGAGTTCTTCATTCGTACCTCTTTTTTTTAAGAATAATCTCTTGAAAGTCAA
ACCATGATTCATACAAATATAAAATGAACATGTGTCAAAGATTTTATTTCACTAATTAATTAA
CAAGCAAACTAGCAAGAAGGCAAAACCCTTTTAAAAGAAAATTGGAAAAACAGACACATTTA
TAGGCAATCAAGAATGCCTAAATGAATTTGCTAATAAATGCAAAATTGGTCAATATCCTCAG
GGCAGTAAAATGTAGTCTTTTGGAATCCTCTCTTCCACCAGGTGGAAATCAATTGCAGAAC
AAGATTTATTTTTATCTGTATGGACAGCAATCCATTTGAATTACTCTCAGTTTTCTACAACT
TATGAAACTGTAAAACAGCCCAGTCAAAGTCAGTGAAAGGCACAGGCTTCTATAGAGTCAG
ATAATTCCAAAGCGTCTGTTAGACATTGCCCAGCACTTGACTGAAAGGATACCCAGTAGTCT
TTGTATCCCTTTCAAAATCTTCACCATATTTTCTGATACTTTCCTTCCTTTATAATTTGAACA
TCTTCACCCCTTTATTCTTCTCTGGTATACTATGTCCTCTCTCCCTCAGTGTTTCTCTCTCAG
GGGAAATAATTCACAATTCCAAAGTTTTAAAGAATGCAACGGAAGTCCAGGTTTTGCCTTG
GGCTTCCTAGTATTTGGGTGGCTAGAAATGTAGAAAACTGGGAAGAGGTGAGCTGTGGAT
GCCCACAATATAGGTTCAGACTGCAATTTCCCAGAAATATAACAATTTGGACTAGTCAAAGA
GGGCCCATATCATTACATTAAAATGCCAGATTATCTAGTTTTTATAGTATCACCCTACATTT
TTACAGCATAGTATTGTTTAGAGAGCACTTGCCGCTATGTTTTCCATGTTAATGCTCAACAC
AGTTCTGTGAAGTAGCCCGGTGTTTGTTTTTGATCCTCCTACTTAAGAGATCCTCCTATTTT
AGAGAGTAAACCAAGGCATAGAAAAGTGAGTTGCTTAAGGCAGCATATTAAAAAGGGGCAG
AAATAGTATTTTTACTCAGGTGTTTTGAACATTGTCCAGTACCTATATTCCAGTATGCATCC
TTGCATTCAATTCATGGGGTATTTATTGAGTAAACATAGTGTTCTTACAATAGAAACATTCT
ATGCCTCTGATTTTTATTCCAGTTTATGTAGAAGTAAATCTTAAGTGTGAACTATTAACAAA
GTTGATATTTTATTTATATTTGTTAGTAATTTGTGTTTTGTTTTTGTTTATGTTTTGAGGGG
AAGGCCAAGTAGCTACTTAGGTAAAAGAGT TGCTGAGTGGCTGAAGAATATGGAAGACAAC
TACAATTCCTACACATTCTTGTACATTTTAGTTGAACAATGAGTGATTACATTTATTTACCC
AGTGCCTCTTCTATAAGGCAACAACTGGTAGTTTATCCTATTGAGAAGCGTAGATAGGATG
CTTATTAGCAGTAACTGCTCTTGGTTTCAACTTGCATCTTACTTAGCTTTTTCACCGTTTTG
TGGTTTCTTGGAGGAAGAATACCCATAATATACATTTGGAGACTGTTGTTCTGTAGTGTCA
ATGAAATGTGGGGGTGGGAAAATGTCATTCAAGACTCCCATACAAAATGTCTATTGCTGCC
TATATTTTGCTATGGGAAAGTAGCCACAGATAATGTTTTTTTTTTCCTCATTAGTATTTTAA
GATTTTCCATCCTAGTGGAAAGATATGATTTGATTCATCCTATTTACTTTGTATATTAAAGT
ACAGTAGAACCTGCCACTTTTTTTGGAAATGCAGCATAAGGATAAAGATAAATTTCATATCA
GTTCAGCAAGTTCTATTTAGCAGTGTGTTGAAGTTGAGACTGAATAAAATATTTGGTTTGG
TTTTCTGTTCAAAATTTTACCTTGATAAGGACAATATTTTTCTACATATATCAGTAGGCAGT
AATGATTACTTCAAAGCTTCCAAAGCCAGATACTACACCTGCATGTTCCAACATAGTTGCTG
AATTTATTCCCAAGATGCATGTAATGTATACTTTGTATTATTGAGAATGAATAAAGAAAAGT
CATAATGATGCCTTCCAGCTGTGCAAGTTAATATTAAAATATAATTTGTTTGCATATTTCAC
CTAATAGGTCTTCTTCATTGCTATACTGTTTACTTAAGTGAACAATGGAAATGTTGCTGTTT
ATCTTAAGGATTTGTAACATGCCTAAGATCTTACAGTACAGACTTCTATAATTAATGAAACA
TTTTTCTTTTTCCTTTCCAGGATCAGCTCAGCTACTATTTAATAAAACAAAATCTGTAGAATT
CACGTTTTGTAATGACACTGTCGTCATTCCATGCTTTGTTACTAATATGGAGGCACAAAACA
CTACTGAAGTATACGTAAAGTGGAAATTTAAAGGAAGAGATATTTACACCTTTGATGGAGC
TCTAAACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTAC
TAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCTGTCTCACACACAGGAAACTA
CACTTGTGAAGTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCTAAAATATCGT
GTTGGTAAGACTTCTATGAAAGCTTCTTTTTTTATTTGTCCTGGTGCAACCTGATCCTCTTT
CGAGAGGAGGCCAAATGGGGATAGGTACTCCTTTGAATCAAAAAGCAGGCTGTTATTAATA
AATGTTGATGTAATGTTTAGCAAGTTTAAGATTGTGATTTCTATCCTATTTGTTAATCTACT
CTTCATGGTAAAACACATTTACTATTTAATTTGTATTACTTGTTAATTTGTATATTGTGTGG
TTCTCAAACTTTTGGTCTAAGGACCATTTTATTTGGCTGATTGGTCCTGGGGTAATGTACTC
TTCATTTCTGTTTGCTGCCATCCAAGTGCTTTCTTTCCTGTGACTAATTTTCAAGTCTCTTT
CCAATTATTCAGCCTTCTGTTTTTTGTGTTITTTTTTITTITTITITTITTITITITITTITTITAACCTTA
CACTTTGACCAAGGGATGACAAGTCCCAGCCATGCTCCCTCTGGAGAGAATAGAGGAGAGT
CAGGAGATTAAATCACGTTATCATGGATGATTTCTTCAGATTTTCTGTGCTTAGCCTTACTT
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TGGTCTTCTTTTTGTTGGCCAAAATATGAGAGAACTAGAGATTCAAATTCATTTATTCAAAT
TCAGACTTGATGATAGCACCATGATTCTGCCCTTTTTATCACAAACTTGGGTTGCTGAGGT
GTAGAAGGTAGTAAAATTAGCTGAAGTAAATAGTCTCCTCTCCTTGCTGTTTCCTGCTGTG
CTAGCTGAGTTCTTCAACCCCATATGAGTATGTTCTTTCTGTTTTGAAATCTCTATTTAGAA
TTACCTGTCATATTACCGATCATGGCTTAACCACATTTTGAGAACCTTAACTCTAGATAGGT
TCAGTTCTGTTCAGTTGGATCAACTATTTGCCTAGCTTTTATAAAATAATCTACTACCAGAT
TAGGAATGGGGTGTTTGGTTTGATGAAATGTTTGCACATTACTTAGGATTGAGAATCAGGA
GGTCTGAGTTACAGCCCCTGTTCAGCAACTTACTATTCACCTGTGTGATCTTGAGAAGGTG
CTTAACCGAGTCCAAGTTACCTCATGTCCGAAATGGAGATGACAATAGATACTTGCTTTTAT
GTATTCTACAGTCTAATGAGCATAAACCAAAGTGTGTTGTAAATGTTAGTTGTTTTCCTGGG
ATGTTTATTTTATGAAGTAAGGTATCAAGT TGTTGAAGTTAGCCTAGAGCATTGTGAGAGG
GATTTGTGTGCAGTGAGGAATGGGCAAGGGATGGCTCCGAGTAGGCAAGGAGAATTTGAA
AGGTCTTTCTGCTCAGAAATCTCTCTTACATTGTAGCTTTTACTATTGATATTAATTTGGGC
AAAGGAGCTTTTTTTGTTGTTGTTAAGTATACCTTTAATGAAGGGTGTAATCAGTCAGTCAT
ATCCACTGCAACTAACTGGTATTAGATCATCTAATACCTAGTTGAAATTTTTCTGAGGTAAT
GTACAATTTTGTGGAAATGAAAGAATAAGATATGGGGGAACAGTAACTTTTGGGGGGTAAT
GCAGGTCACTGAGAGGTAAACTGGAAAACTCAAAATATGAGATTTGAAAGGCCAGAAGATG
AAATGAAGATGGAAGAGAAAGGAATGCCAGGATCTGAGATAAAAACAGTTTATTATTTTGC
GTGTGATTGAAAGACTGTTTTATCTTTGTTTGCAAAATACCCTATAAAAATAAAAACTAGAC
TTATTTTGGGAGCCATTAAAAGGAGAAAGTATTGTTTTATTATAGAGAATGTAGAAAATTCT
ACCAGAGGTTTGAGACATTTGGCTTTGCATCCATTTTAATTTTTTGAAATAATTATTGATTT
ACAGGACGATTCAAAGATAGAGAGCTTCCATGTGCCCTTCACCCAGTCCCCCCAATGGTTTC
CTCTTATGTGACACAATATGAAAATCAGGAAGTTCACAATGGTGCAGTGTGTGTTAATGGT
TCGCTCTCATTTTATCACGTGTTTATTTGCGTAACTACCTACACAATCAGGACATAGACCTA
TCCATCATAACAAACATCTCCCTCATGCTTATTCTTACTAGTCATACCGCCACCTCCCACTGT
CCCTAACCTGGCAAGCACCAATTTGTCCTCCATATCTATAATTTTGTCATTTCAACAATGCT
ATATAAATGGAATGATACAAGATGTGACCTTTTGAGAAGGGCTTTTTCACTAAGCACAATGC
CCTTGAGATCTATCCAAGTTTTTGCATCTATCAATAGTTCTTTTTTCCTTACTTTTITTITITIG
CTGAGTAGTAGTCCATAGTATGAATATATCACAGTTTGTTTAACCACTTACCTATAGTAGGA
CATTTTGGTTGTTTCCAAGTTTGGGCTGTTACAAATGAAACTGCTCTGAACAATTGTGTACA
GGTTCTTGTGTAGACACAGTTTTCATTTCTCTGGGATAAATGCTCAGAAGTATGGTTACTG
GGCTGTATGGTAAGTATATGCTTAGTTTTTAAAGAAACTGCCAGACTTTTCCAGAGTGGCT
ATTTCATTTTACATTTCCATCAACAATGTAAGAGTGATCTGGTTTCTCCACATCCTCACCAG
TATCTGGTGCCACTATGTTGTAACCATTTTTAACTGAAAAAAACAACAAACAAACAAAAACC
AGTTAAAAAGTTATCTGCACAAAAAGGTTAAATGGGGCAGGACTCTTACTATGGAGTATAA
GTTCTTTTCTAATAAGAATACTTACTTGTCACGGACTTTGAGGATTTAAGCATTAGAAACCA
TTTTTACTATGTCGTGATTTTTGCAAATACAGGCATAAATGAGAAACAGAATTTGCTCAATA
GAGAAGTGAATTCTACTTAATAGAATGCAGATAATAGTGACCATTCTTTGTGCCTTTTTAAA
TTTTTTGGAGGACTAGGACTGAATACATGGAAACACTATAAGATATAGT TTTATATACCTCT
GTGCCTATGTATGATATAGTCCATTAGAAGGAGCACTGGACTTGAAATTAGAAAGCTGTTT
TCTAGACTTCACTGTTTAATAGCTTAAGAAAAGTTGGATAAAAAACTCAACCTATCTGTCCC
TCAAATTCTTCTTAGTACAGTAAAGATGGCATCACCATCATGGAAATGTTTGAGATATAAAT
AATACCTCTCTTACTTAACAAAATTTTACTAAGTGCCTACCATGTGCCAGTCACCGTACTAG
GCATCACAGATTCTGTGATGAATAAGACATTATTGCTGATTTCAAGGAAGTGGTTGCAGTA
CAAATATGAAGAGTGAAGTGACCTAACATTTATTTGCACATGTGCCACATACTTTATGTAAG
TCGTGTCCTGTTATCCTCTCAAGAACTCTAGGAGATAGATGGAGTTCTTACCATTTAACAAA
TAGGGAAGCAAAAGAGATTCAAGGTATTGTTCAAGGTCAGAGTAATAGCCAAGAATTAAAC
CTAGATCTCTTTGGCATCAAAACCCAGTATTTTTACCACCGTAATATGTGGTTCATGTGAAA
ACACCTTGTAAATAACTAAATACTGAATGCAAATACTAGTAATCATAAAATTTATCATTAATA
TTTCTGTTCTATTAGCAATACAAAAACTTGAAAACTTAAAGTTTATTTTTCTCTAAGCTATTA
GAGTTTTGTTTAGAAAGGTCAGTTCAAGTTCCGCAGTGTTGCCAATTCCATTATTATCAACA
GGACATATGGTCTGTTTATAATGAAGACATGAAGGCATTGCAAGATCTTTGTATTAGTTTTC
TAGTGCTGCATAACAACTACAAATATAGCAGCTTAAAACACTACCCATTTTTTAGCTCAAAG
TTTTGTAGGTGGCAAGCCTGGTCATGGCATGACTGGGTTCTCTGATCAAAGTCTTAAAAGA
CTAAAATCAAGGTGTTGCCCAGGGCATACTTTATTTGGAGTTTGGGGTCTTGTTCTAGGCT
CACATAATTGTGACAGAATTCAATTCCTTGTGATTGTAAGACTGGGGTCCCTGTTTCTTTGC
TAAGTATCTGCCAAGGAATTGTAGCAGCTCCTAGAGATTGCCCTCATTTCTTGCCCCATGGC
CCCTTGCATATTTAAAGCCAGCAAAGGAGAATCTTCCTCTTGTTGAATCCCTCTCACATATT
GAGTTTATTTTGCCAGGAAGAACCCAGACCCTTTTAAGAGACCACTTGGTTAGGTCAGCTC
TCTCTCCCTCAAAAATAATCTCTCTTTCTTAAAGTCAGCTGATTTGGGATCTTAATTACATC
AGCAAACTCCCTTTTGCTGGGTGATATAATCATGAAAATGAAATCCAATACATTCACAGTCC
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TAGTCTCCCACACACAAGGGGAGGGAATTATAAAAGATGCATGGCTAGGGCAGGGGTTTTG
GGACCACCTTAGAATTCTGGGTTTGATTAAATAAATAATGGGACTGTAGCCTAGCAAGTCG
ACACATCAGAAAAGCCATCACAATCCTGAAACATCAAGTAAAAATTTGGTTTGCATTTTAGG
ATTGTAAATGTTACTGTGGTGTATGCGTGTGTGTGTGTGTGTAACCTGGTGTTCCCTATGT
TTGTGGGAGTTTGAAGGAGACACTTTGTTGATAGGAATGGTGTCTTCACTTTTITAGGTTG
TCTCATTTTTGTACAGTGATAAGACAAATGAGGTCCTGGGTTTTAATAACACTTCAGCTTGA
AAGCAAAAATTAAACACTTATTCATTGACTACACCCTTGTAATATCACTTCTTTGCCTTTCCA
CTAGCAAGAAGTTCATTTTCGTGGAAGCCATTCTGCCTGTCCAGGAATTGGAGGAGAGTGA
TAGACACAGTTGTCAGCCATAGCTTGGGTAGAATAAGGATGTGAATGTCCTTGGCTTATCT
TTATTAATCTTGTGATGGAAAAATATCTGACATTGTTCTTAGTCCATTTTAAGCTTAATTTA
TGTTCTTAGTGGCATAGAAATTCAGAGCTGAAAGAAGTATCATGTCTCACTCTCCCCTTGAG
GAACAAGAGTTAACGTCATCTGACAGTACTACCATAACAAATCAATAGCTTAATAGGCATAT
AAGTGGCTTTATATAAAATGTTGGTTTTTTTCCCCCAGCATCTCAGTTGGTTCTTAAATATC
TAATTCCATGATCCTCAAACTTTTCCCACTGTAACAAATTAGAGAGAGGAGGAACATGTTCA
TCAGTGACTGTAGTTCAAATACAGCAGAAATGTGCAGCAGTGATTTCAAACTGAGAGAATC
CTGGATGCCCTTCTCCATTGTGTGCCCCCCCCCCCCACCCGCCCCACATATCAGGGAACAAT
TTAAAATCCTGGCACAATAATGAGAAGGGAGAGTGACAAACTGATAAGTTCCAGTTAAGAA
TCACTTAGACAGGCCAGGTGTGGCAGCCCACGCCTGTAATACCAGCACTTTGGGAGGCTGA
GGCAGGTGGATCACCTGAGGTCAGGAATTTGAGACCAGCCTGGCCAACATGATAAAACCCT
GTCTCTACCAAAATTACAAAATTTAGCTGGGCATGGTGGCGCCTGCCTATAATCCCAGCTAC
TTGGGAGGCTGAGACAGGAGAATTGCTTGAACCCGGGAGGTGGAGGTTGCAGTGAGCTGA
GACCACACCACTGCACTCCAGCCTGGGCAACAGAGTGAGACTCCATCTCAAAAATAAAAAAA
AAAGAATCACTTAGACAGTATTTTTTGTTCTGTAATCTTCCTCTCTGTCATTGAAATGTCTC
ATATTTCTTGTTTCACATAGAATCTGGGAGTCATCAAGTAGTCATCTAGTCTATCTCATCAT
CTAATTTACGAATTATTTCTATCACACCCCAAGTAGCTGGCGATTCAGATTTTTTACTGAAA
GCTTGACATGATGAGACATTATTACTTCCCAGAGGATCTTGGTCTGTTATCAGGCAATTTCA
GTTCTTCCTTAAATCAAGCTAAAACTTGCTACTATTCTCACTCACTGGGAGGGCTGTAGTAT
TTCTCTCAAGTTTATACCTCTCTGTGATGAAAATCTCTGTTCTTTTAGCCATTGCTCATGGT
TTCGGGATCCCCATTCTAGTCATCTTCCTTTGGAGCAATTCCCTGTTAGATCTTCAAATGTG
ATGAGTAAAACTGAGCTCAGGACTGCGTTTGTTGGTCACACCCTTCTCCCTTCCAAATGACT
GCTGCTGTAACTTTCTGACAGGTCCTGCTTCCCTGTAATCCATTCTCCATGTGGCTGCCAAA
GAAGATTTGAAATAAGTCAGGTTATTTTTCTTCCCTATTTAAAGCCTTCCAGCCGCTTGTCA
TTGCTCTTAGAATAAAATCCAAACTCTCCCAACAAGCTTTTAAGACTCTACATGGTCTTGCC
CCAGCAAACTCTTCCCATTTGATCTCATCACTGAATTCCAGTCACAATGGCCATCCTTTGGT
TTCTCAAAGTTGCCGTTCCTTTGGCATCTCTTCCTCCCTGTCTTCACAATGTAGGCTCCTTC
CCATCCTAGGCTTAGTTTCGTTCCTCTCCCTAGAGGCCTTTCCTTACTGCCTCAGCTTCTCC
CACTCTGCACACTCAGGGTCCTCTGCATTGTTCACTGCTGGCCTTCAAGAGCCTAGAGGAG
TTCCTCCCCATGGTGGGCTTTCAATAAGTGTTTGTGGAATAAGTGAAAAATGAGTGGTCAC
ACCAGGATCGAATGCACCTCTTACTTTTGTTAATATATTCAAATTAATATTAATATATTAATA
TTCTATTAATATATCCTAAAATTTTGTTGTGTATAGGGGCAGGGACCAATGAAAGAACATTT
CATTGTCAGCTCATCTTGACTATGAGATCAGATATTGGCTATATTTTGAAGGTAGAGTCAG
CAGGATTTGCTGTTTAACTAGAGTGGGATGTGGGAGAAATCAGGGAGTCAGGTATAACTCC
AAGGTTTTCAGCCTCAAGCAACTGAAGAAATGGGGTCACCACGACTGAAATGAGGAAAATG
AGAGGGGGAGTTTAGTGGGGGATGGGGTGATGAAAATATCAGGATTCATTGTGGAACATG
AACAGTTAAGATTAACTGAAGAGCCTGAATTCACTGTTCCTCAGTTTCTACAACTATAAGGA
GGGGTTAATAATTTCTCACATCATAATTGTGAGGATTTGAGGAGTTGAGGTACACAATTAA
AAACAAAAGCACAGGGGAAGTAAGGAAAAATACATCAATTAAGCATGGCTATTAGACCATA
CAGCCTTACCAAATCCATTGGGGATTAGATACAAAAATCCAAGCATGATCTCCAAAATTTTT
TCCTGGTAGGGTTTTAGGCTATACTGAAGTGACTTTTCTTTGGCATAAGAAGATATTCAGT
TATACAGTTGGAAATAAAGGTATTGATTTGGAGTATCCAAAAACATCTCTCAGTAGAGATCC
ACAACCAAAGAAGCATAAAAAAAAGTCTTCCATTCACTCGCAAAACTGTCTTATGACCATTG
CAACCCTCAACAGCAAACATATGGAGTCTCTACTACATATAGAGGAAAATGCTAGATTCTGA
AAAGCTAATATCTATAAAACAGAGTTTATGATGTTGTTATATTCTGGGGATTGATGTAAGCA
TTTTACCAGGACTTATTATAGCATTATAAGCTTAACACAAGAAATATGTGGCTATCATTATG
GAGTGAAAGGCTGGAAAATTCCTCACCTGTGACCTGAGAGATAGTGCGTGGTAGAATTTGA
AAGAAGTGTTGATTTCAGAGGAATGCTAGTGCTTGCTTAGGGCAGTATTCAGAAGAACTCT
TCCAATCACACAGCCCCTTGTACAGGCAAACTCCGGAATACTTTCAGTACATTTACTTGGCT
TTATTGTTAGAGCAGAAACTTCACAGCTAAAATTATGGTCTTAGGGGTTTATAAGATGCAAT
TAAACTTAATTTTTAAAAGTTCTCACAAATCTTATTTGAAGTCTTAATATCTTAATTTCCTTT
ATATAGGATATGTGGATATATTTTTATGATAAAAGTAACATGTGACCAACTTAATAACAGCT
TCGTTAATATCCTAAAGCCACTCATCTTACTTTACATATAAACAGTCCTTCTGAAGCCTAATT
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ATGCATGGATAATTGCAGAGTGAGT TTGGGAAAAGACCAACCGGGCACATCTCTCTCCATT
TTAACCACAATGAGAAGAGAGTACCTAGTGGTGCATCTTCCTCGCTTAGGTTCCCTGAGTC

TGTCTTTACAGGAAGACTTCATTGTTACTTGAAGGTACATTCTTGGAACTTTACACACCCAG
CCACTCAACACATGAATACATACTTATTTTAGTTAACTGAGTACTTAGTGAGTGCTAAGCTT
TGTTTTAAGCCCTTTGCATGTAGTTTATTAACTTTGTTAATAGTTACAACAGTCCTTCAAGA
TACATGTACTGTGTTATACTAGTGTAACAGTTGAGGACACCAAAGAACAAAGAGGTGTTGA
CACGTGGTCACGGTTCCATAGAGTGTTAAGTTAGAGTTGGGTTCAAACCCTGGCAGTGTGG
CCACAGAGCCTTGTTCTCAGCCACTGCACTGCACTACCTCCTCCCGTGAAACATAAGAAAAA
TGTGAGAAATGCTTAAGTAAGTGTAGTTTTTATTCATAAATAAAATTTACATAAGTACATTA
TGTGTAATTTGTTTTATGTATATGTGTGTATGTATAAATAAATACATGTAAAAATAAGGCCA
CAGTTTTAATTTTTTTCCATCTCTATAATAAAGCATGTATTATAGACCATTAGCAGAATTTAA
AGTGTTATAGTAAATATTAATTGTGACTTTTGTTTTCTTCTTCCCCAGTTTCATGGTTTTCT
CCAAATGAAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACA
GTTTGGTATTAAAAGTAAGTATTATTTCTACTTTTCATTTATGTTTCAGTGATGATATAGTT
ATTTCTACGAGACATTGTCAGCGAAATATTTAAAGTTGTACTAGGAAAAGTGCTATTATGAT
AAATATGAGTATGTAATTTGAATACTACTAGTCTCCTTGAAGTATATGTTGTCGCCCACATT
TTGCTGCAGTTCACTTTTAATTCCTAAGAAGGTTGTTTTCACTTGGTGTTTTTTTAATCTCT
TAAGAATGAATAGTAGGAATATTAGTACCAACACCTTAAACTCATGTCACATTTTAATATTC
ACAGAACATCTACACACACATTATGTTATTAGGTAAACAGGTGGTGACAGCCTGCATTAGTT
TTAAGGTAGGACGTTATACTTTGGAGCATTTAGATTCCCCTCTTTTTATTTTCCCAGTTTGA
TTTTCTCTGTGTACACGTGTTCACCCTTGGAAAAGTCCAGTCGGAACTATGTTTTGTCATCC
TCTGCGTGCAGTTCTGCAGCCTCTAAAGAAGCAGCCACCAGAGAGTTAGGTTCTTTGATCT
TGCTTTCCTATAATAGTAACGTAACCAGACTTCTGAAGGCAGATCTTGATGCTGCATTAGAT
TTAGCTTCAACAACACAGAATTGTCATTACTAGGCAAATAGGTAATATGCATTACGGTTAAT
GTTTAATCAACCATATTTTCATATTTTGGTAAAGAAAATTTACAAAATTAATGAAGTTCTGA

GGTGACAGTCTAAACTTTTAAGCTTTTTAAATACAAGATTTATTCCTTCTTTCCTTGTAGCA
TCCTGAAGACCAGTAAACATTTATATAAGCAAGGAATAAATACTGCTTATTTAATTTATTCT
GCAACCTTTAAACACACAAAAGCTAGTAAACTATTGCAGTGGATTGCCCTGTTGTATATTTT
ATGAATTTTACTTTTACTCAGCAGTTTAAGCTGTCTATATCTATGGTGGTGTATAAACATGG
AAGGGAGATGACTGATTGATTATATGTTTTAAGCGCTTTTCTCAGTGTATGGCATTCTGGA

AATGCTTAGTGATTTCAGAAATGTTCTCAACTTTTGTCTGAAAGGAAAAAAGGGGGAAGAA
AGGGGTGGCAGTGGCAACTGTCAAGACATTTTATAACTTTTACTTTCAAGATAGTGTCTAG

ACTTCTTTTGGAAATTTTCTTATAATCTCTTAGTTTTTTATGTCAAGAAAAGGACTGGTGTA
GCATTAAGACCTATTCTGGCATCAATGATATTAGGGAAAGCTTTTAACCATATTGGCAGAGC
CAGACTTTAAGGGCTAAGTCATATGACTTGGGCAGGGAACAGCCTTTTTCAAAGATCATGA

AATTATTTCACATAGTGCGATTTTTTGAGTTTGGCTTGATGGATGTTTGCTGATCCAGACGT
TATCATTGGTGACATTATTTTTAGTGAAATGAACCAGGAGTGAGTTTGTTCACTGTTGGCT

GTATTTTTACAAAATGAGCTTTACAATATTTTTTCTGACTTAAAAAAGTCATACATATCACTT
TAGAACACCTCGTACAAAGTAGGGAGTTATTTAAAAAAAAAAAAAAAAAACTCATCTGTAGT
CCCCAAACCTAGAAATAAACTATTGGTATATTCTGGTGAATTTCCTGTTTCCCTTTCTGTCT
TTTTCTATTCATTTTTGTTATCTTTTTTTTAAAAAAAGGTAACCATAAATGGACTCGTACAG

CTTATATGCTTGTACGTTCTGATGTTCCCCCATGTCTTCAGAAATCTTGTTATAGCTGCCTG
TGTTCTACTTTTGTGGATGCACTATAATTTACTTAACTCTCATCTTGATGGATTTTAAGGAT
GTTTCCAATTTTTTTGATACTATGAAAATAACTCTGCTAAAGATATGAAGCCTGGAATTGGC
AGAGATATTTTAAGACTCTAGATACATACTGGCAAAATGTTTTCCAGAAACGTTTGTATCAA
CTACTATTGCAGATGAGAATACCTGTCTTTCACCTCAGTTATAATTCTGATATTATAACGCT
AAAATCTCTGCAAATTTGATGGGTGAAAAAGCATCTTATTGTAATTGTAATTTTIGTGTTAG
TAAGGTGGAATGTTCTTTTTTATATTTTTTGTACTGGTCATATTTTAAGGAACGTGCTTATA
AACCTAAAGAAATATTTTGGTGGGAATTTTTTGTTTTGGCTCATCTTGAAACAGGTAGATGT
GTGTGTATGTGCATGGAAGAGGTATGTCTATACATGATTCACCCAGCCTGCGCTCACATTT

AAAGGTGTTGATGATAATAGTAGCTAACCATTTGTGGAGCTCTTGCTCTGCTTGACAGGTT

CTGTGCAAAGTACTCTATATCTGAAATGACATTTATTTCTCCCAGAAACTCTATGGGCATAG
ACACTGTTGTTATTCCCGTTTTGTAGATAAGAAACAGGCACAGATAGATTAGGCAATTTGCC
CGCAATCACCCAGCCGTTTCCTGATAGTACTGGGATTTGAACTAGTACTGTTTACCACTGCA
CTGTACTGCCTCCCCGTTTTGCATTTATTTTGAGGATTTTATTTCCATGAAGGGTGAACCTA
TATCTAAGCACATAATACTGAGTAGCTAAAACTTATTAGGAGAGCAGAATGTTGACCTGATT
TGTTTACTTATTCTGCAAATACCTAGTGACAGGGTGCCTACTGATTGCTGGACACCAAGCTA
CATGCCTGAAATGTGGGTGTGATGTGCATATTGCCCTGGTTTTGTAGCACCCACATTTAAG

CCAGGGAGACACGAATGTATGTGCATCCCATGCCTTGTCACATCTTTGAGATAGTCATGGA

TCCAAATCTAACTTTTCTGTTAGTGCCTCTGTTGATGGCCTGAGCATTCCACCAAATAGAAA
TAGAAAGCACCTCTATTCTCCACCTGCTTAGATGTATATTTTTTAGAATCCAGTATGGTAAA

137



WO 2025/043172

PCT/US2024/043615

TCTTCTAAAGCATTCATAATAACTCAGACCCATGACTTTTATTTTATAGATTTCTAGTTCTGC
TTAACTTTTCCTGATTACCATTTATGGTCTGTACTTGGCTACAGGGGATTTCTCTCAGTGGT
TTTTCCAGCTCTGCATGTGAGTCTTTGTGGTCCAAGACAAACCTGGACCTTTACCAGGCTAA
ACTTTCAGTAAAGACAGCAGGTTATGCCCTCATTTGCTCACTCTGAGGAGAAAGAGTTTCTT
TATACCAGAGCTGTATCTTGAAAGATGTCTCAGGATGCCATTGGTCCTACTGAGGAAGAAG
CCTGAGAAGACTCTTAAACTCCCAGAGCCCAGCCAGCACTTGGTGAGCCCTGGACCACGTT
TCAAAGATAAAGGCCTCTTACAGGGAAATGTTCCTAAATACCTTCACCTTTAGCTTAGCTTT
AACTTAGGAACTTTTAAGCAGAATCTCTATGCTTAGCAAACAGCTCAGAGATTGCTAGAATC
AAACACCAAGGCTTAACTGATAGTATTGAATTTCAGACGCTTTGTTTGTGTTCTGAAAACTA
CACCAACTCACAGTTTGCCACTCTACTGACAATTAAGTTCCTGGCTGATTTTCAGGATTCTT
CTTTCTCACTCTGATATCATTTTAAGTGCTGTCCACCTAGTCCTCCAGTTCCTGCAGGATTA
AGGTCCAACTGTATGTAAAGAACTGGCTAACATTTTGAAATTCTTTGAGATAGGCCTATCTG
TTCTTTCTTTGCCTTTGTAACTTTGTTTTATACAGGCAATACTGGCTTCGCACAAAACCGCA
AGACCATAAACATGACCATGTAAGCTGAAATTCTGCAAAACAATCTTCATGATGAATGGGAA
AAACTATTATTATATTGTTCCATGACCTTTAAAATTTTTTTTGTTGTTAAAACCTTAAAAACT
CTGTTATTATCAATAACAACGGCATTGGGAAATGAAAAATAGTAAAGCTAGTATTTAGTATG
TGGTAAATTAAATCATTAGAAACATCGAGAATGAAAGTGTGTTATCAAGAGTAGTTTGAACA
ACACTTGTGTGTTCTTCTTGCATAACTTTGGATACAGAGCAAGCATCTTCTCTATGGCTTGG
TGAATTGTCATACCCCTTTCTAAGTTTGGATCGGTTTCTACCGTTTTATCCTTTGCACTCTC
AATGTCATGAAAGAATTCCTTTAATGTTTTTTTGAATGTTTAAAGTTTATTTTATTGCCAGT
CACTTCCTCTGGGACATCTTTATTCTTTTTGTTACATCCTCCTCACTTTCCTCATTTATATCA
GTAAGTCCACCTTCGCTGAGTTCTTCTGGCTTCATCTCTAGAGTTTCTTGCATTGCAGTAAT
GTCGACATTCGCACAATCAGCTATTTCTTCTCTTACTCCATTTATGGTCTATTCAAATTTCA
CTCCTAGCATTTGTCAGTTTTTATTTCTTTACTCTTTCATCTTTCTTGCCTAGTTTCCTCTTT
TGATTTATCCATTATAAAATGTCACATGGGTTTATCACTGGGAAACAAGGAGGTAACAAAAC
TCCATACTTTGCTGTCTGTGCATGACCTAAATATCAGATGTACAGTGACTAGTCACCAACAG
TCTTCAAAAGAAGTGACATGGTTGATCACTGATCATGATGGGACATCTGCTATTTACATAGT
TATTTTTGAACTGAAGAAATAGCAGTGAAGTTGTACTTTATGCAGTTACTCAGTTAATATAT
TGTGGTAATTGAAATTTGGACTGTTTATGAGGGATTTATTTGATTAAACCATGGTAACTGG
AATTCATATCAGAATAGTGCAAAGTGAGGACTGCTGTACTTGATTCCAAATTTAAAACTGTA
TTCTAGGCATCTTTAATTTTITTITTTTTCAACTTTCCCCTCCCTGCTCAAAATTACTCCACAGA
GATTTTGGTTACGGCTCAGATGTCTTTGAGTAGATGTTCCTGTAGAAATCATTGTTAGAAA
ATTCAAGGAAAAAAGTTCTCATTACACTACCTTGAGATCCTACCAAGTCCTTGAGTTTTGAC
TTGAGGACAGCTTAATAATGAAAGTAATTCAGCCATGAAAGCATATTTAAAATAAGTAATGG
AACAGGAAATTTCTTCATAGATTAGAAAAATTATTCTGAAAAAGTGAAGACATAGCCTATCT
TGGACTAGGAAATTTCCATCCAAGAAAGTAAAATATACAATAAATATTATCACAAAGAATCA
TTCTGTGACCTGGTTGATGGCCCCTGGTAATAAGACTTTGTTATTAAGTTTACTGTGAATTC
TTTTTTITITITITITITITTTITITITITITITGAGACGGAGTCTCGCTCTGTTGCCCAGGC
TGGAGTGCAGTGGCGTGATCTCGGCTCACTGCAACCTCCGCCTCCCAGGTTCAAGCGATTC
TTCTGTCTCAGCCTCCCGAGTAGCTACAGGCTACTGGCGTGCACCACCATGCCTGGGTAAT
TTTTGTATTTTTAGTAGTGATGGGGTTTCACCATATTGGCCAGGCTGGTCTCGAACTCCTG
ACCTCGTGATCCGTCTGTCTCGGCCTCCCAAAGTGCTGAGATTACAGGCATTAGCCACCAT
GCATGGCCCCTTACAGTGAATTCTGTTCAATAATCTTGAACTCCCAGTGCTTTCCCTTGGTC
CTGTCCATATAATGATCACATTCTGTTATTAAATAATGTGCTTATGTGCTGATTTTATTGTA
GGAGGAATTGAACAAATCTATAGCTCAGCATTTTACTCTTTTGTAGAAATCCCTTGACCCTT
TCCAAATCCAGACATCACAACCTTCTCCATATACTCAAAAATTGTGAAATCCACAAGGCAGG
GAAAGTTGATAATGAAAAAAAGGAAGTTTGGTCTGTTGGACATCCTCTTCTTTCATCTTTTA
TGTTCAAAGTACTTGATGCACAAAGCCTGGACTCTTTTATCTCTGTCCTATAGACTGATGTC
TAGTCAGTATTCATTGTGACAAAATTGTTTCATTAGAGCAAGTTGGATAGTGTATGGAGAT
TATTATAAAATGATTTAACTTGTCTTCTGTCAAGTAATTTTATAATTGGTATTAATGTTCATT
TTTTTCCAGTACCAGTTTCAGAAGCTTTCATTTGTGTATGCATGTGTGTGTTAAATAAGTGT
ATTAGATACTTGAAAAATAGTAATTTAAATTTAAACAATTTAAAAAATGAAATTGTAATTTTA
TGTGTAAAGGTGTCTGATGTGCTTTATTCTGCACTGAAAACAATATTCATTTACAGCTCAAC
AGACACCAAATATATTCTAAAATTACTTTCCTAGAGTTATCAGAAAACAGCACTGTAATAAT
GAAATCAAACCCATCTTTCTTTATGATTTATTCTTAGTCTGATACGCATCAGCCTGGTAAGC
CTTCCTGTCTCTCTGCTTACTTACCAATCACTCCAAATGTCATGTCTTTGGGCAGGCATTAA
ATTCTTGGGTTTTGGGTTTTGTTGGATGGACTGCAGTCTGTGTGAGCCTATATGGGTGTGT
CAAATCCAGTCTTTGGGGTGTCATGGAAACTTAGCATGATAGACTTGATTTTATCCCCAAGT
TGACTTGGTAATTTCATTAGATTTCATCAGTCACAACCTGCATTTTATCTTGTATGTGCTGT
CTATTGGTCACAAAATCAGAAAACCTTCTTGTCCATTCATAACATTAGCTGTTTTTTCAGGT
GGCTAGAGGGACATGTCATTGCTTCATCTGCATGAATTTGAAAGATTAAATGCATAAAGGA
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ATTTTCTTAGAGTAGAGTAGGCCTTCACCATCTCTTTAACTGGGAAAGAAGTTTTGGGAGT
AACATACTCATCACTCACACCCCCCTCCCCTCAAACACACACACTCACCCATTAGAATGTAA

GGGCCTTGAGGCAGGCCTTGTGTTTGCTTTTCGTGTTCACTGTCAGCATTTAGAATAGTGA
TAGTCATATAGATGGATAGTGCTCAATCAATTATTGTCAAATAAAGTAATCTACTTGTTCCT
TGATTTAGACTAGCAAAAGGGGCTGGTACATTGTAGGTACACAGTAAATATTTGTAGAACA
GATGAATGAACCAACCCAACAGATTTCTTAGAAGTAGCCTGCTTTTGGTTACTAATTATTTT
ATAGAACATATAAAAGAAAATTTTAGAATACCTAATTTGTTCACAAAAATGTTATATTGTCT
CCCCTGATACTTGGTATTCCTGTGTCAGGCTGAGCACTAAGGTTATACATTTTTTGTTAAGC
ATGTAATTACTGTTATTTCTCATGTACTTTATTTTGTGTATTGATTTCAGTAGTTGTAGCTG
AGGGTAATCCTTAAGAGCATGCAGATTTTAAAAATTACATAGATTGCCTTGCCAAGCCGTCT
GAAAGTCATACTAGAAAATTTGATAAGAGCCTGCTGTTAACAACACATTGAGTTATTTITAT
CTTAATGCTAAGTGGAGAATTACTTGAATTTATTTTTTTTGCTGCATTTAATGTTTTGATAC
ATTCAATAAATAAGGATAAATCCACTTACTGAAGGACAAGAAAAGATCAATAAGAGATCCTT
GAGGTTATTGGGTTCTATGGCATCTATTATATCAAATTCCTTGCCCTTTCACTATACTGAGA
AATTTGACGACTGGGCTAGCAACAAGATACCTACCCCACATTAGCTGTGGTACCTGCTGAA

ATGTGACCATGTGAGCAAAGAAAATGAGCCAAAAGAAACTCTTTCTGAAGATTCACTGAAG

AAAACCTGGAGATACTCTTTCATTAGTAGACCCCACAGAGACAGGTGGAGTGTCCGTTATC

CAGAATGCCTGGGACCAGAAGTGTTTTGGATTTCAGATTTTTTCACACTTGGGATCCTCAA

CATGTGTATTTGTTGGAAATGGCTACTTAATTTAAGGAAAAGTTTAAGGTGGCCTGGAAAA
TAAGTAGTAGTTGAACTAATCAACAGGAACCAAAACTACTTTCAATATATAGTGTACTTATA
CTCAAAGAGAGACGGACCATTTTATGGTGGAACCCTGTCTATGGTAGTATTTTGTGATGTT
TTATTTTTGTTGCTATTGTTTGCACTGTTTTCTCCTATAACAGCTCTTCTAAGCCTTAAGAG
GATAAATTTTATATGAGATTCAAACTCTTATTTTTGTTAAGAAGGATGTAAGTCACCAGGCA
TGGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCGTGGCAGGTGGATCATGAGGTA
AGGAGCTCGAGATCAGCCTGGCCAACAATGTGAAACCCCGTCTCTACTAAAAAAAAAAAAAA
AAGAATTCAAAAATTAGCCAGGCCTGGTGGCGCATGCCTGTAGTCCCAGCTACTCGGGAGG
CTGAGGCAGGAGAATCATTGAACCTGGGAGGCAGAGT TTGCAGTGAGCCGAGATTGTGCC

ACTGCACTCCAGCCTGGGTAACGGAGTGAGAGACTCTGTCTCCAAAAAAAAAAAAAAAGAA
AAGAAAAAGAAAAATATAGAAGAAGAACATAAGTCAACCTTTTTCCATGAAATTATACTGTA
CTCTAAGGCAAATTCTTGTTGCTTGATCTTAGTAGCTTTTTTATGCATTGACTTAAACCTGG
AAGAGTTTCTTATGAATGTTTGATTGACTGTGAGGTGCATTTGAAACAGCTTCTACTTTATA
ACCCTTTGCAGAACTTTCAAGCTCTATTTAGATAACAATATATATGGGATTAAAATGGAAAA
TGTGACATATGTCTAGAGAAAGTTCCTTTTTCTGTGTATGTGCCTTTTGTGACTTATACACT
CAGTTTCATTCTAGCCAGCATTTGAGCCTAGAAAATAGGGAAGTTATGAAAACTCTGTGCCT
TATAAGAAGGCAAGGCTATGACTGAGTATTAGACACATAAGTCCAGGGCTGGGCGGAAGTA
ATGAATCAAATAAAAACTTGGGGAACTTGCCATAGGATGTTTTCTGATTAATATGGGTTTCT
CTTCTCTGATTAATGTGGATTTCAGTTACTCAACTGTGTAACTGAAATCCACATTAATAAAT
TGGTTATTTATTGCTTAGGACTTATCTCCCCATAAAGAGACTAAAATTGAGGTTATAAATTA
TGGGTAGATAGAAATTCCAGAAATATTTAGGTACCTGTCATATACCTTAAACATAGATTTTT
ATCACAATCATTTAGGGGCTTATTTATTGCTTTTACTTTATTTAATGTTTGTCACTGTAGAA

GAAAAAAAACTAAATGCTAAATATAACATTTAAAATATTTTCCCCTTCATGACAGCCACCAAT
TGATTACTGTCATGGAGACTATCTCTATGTGGATGACACACAGCAGCATTTCAATCACACGC
TGTTTCTTTCCGCTACTCAGTTTGCTTTTAGGTTGCCTTAAACAACTTCCTTGGTGAAAAAA
TCAACTTCAATATTAACCAAAATTTAAAAGATTCATATATAGTAAAAGAACTAATATTCGCA

GATTGACCCATTCCATTCTTTCAGAGAAGGTATGAGATACTTGACAGTGGAGCTAGCAGCA

GAAACAATAACATGTATGATGAATCCCATTGAGTCTTTGCAGTTTATTTTTATTAAAATATT
TTAATTGAACAATTTAAGCTTTTTTTCTTCATCAGGATTTCACAAGGGTGTAATCTGCCCAG
TTTTATTCTGTCATTTTTTTCAAAACAAA

CD47-206 w/o SEQ ID ATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAGGAAGAGATATTT
N-Terminus NO:133 | ACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATT
GAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCTGTCT
CACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGGTGAAACGATCAT
CGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTCTTATTGTTATTT
TCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACACTTAAATATAGA
TCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAGTGATCACTGTCA
TTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAGAATGCTACTGGC
CTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTATGTGTTT

CD47-206 w/ SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
restored N- NO:134 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
Terminus CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG

GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
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AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTT

Deleted TMD3 SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
NO:135 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG

AATGCT
Deleted EC + SEQ ID | ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
TMD3 NO:136 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG

CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTC

Deleted TMD2 SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
+ EC + TMD3 NO:137 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACA

Deleted last IC SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
NO:138 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCA
TGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTT

ATATGTAA
Deleted TMD5 SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
+ last IC NO:139 CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG

CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA

140



WO 2025/043172

PCT/US2024/043615

CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCA
TGGCTAA

Deleted EC +
TMDS + Last
IC

SEQ ID
NO:140

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGTAA

Deleted TMD4

SEQ ID
NO:141

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTAA

CD47 ECD w/
DAF/CD55 GPI
Anchor

SEQ ID
NO:142

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAACCAAATA
AAGGAAGTGGAACCACTTCAGGTACTACCCGTCTTCTATCTGGGCACACGTGTTTCACGTT
GACAGGTTTGCTTGGGACGCTAGTAACCATGGGCTTGCTGACTTAA

CD47 ECD w/
Long TRAILR3-
GPI Anchor

SEQ ID
NO:143

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAGCCACTG
TGGAAAccccagctgctgaagagacaatgaacaccagceecggggactectgecccagetgctgaagagacaatga
acaccagcccggggactectgecccagetgctgaagagacaatgaccaccagceecggggactcctgecccagetgcetg
aagagacaatgaccaccagcccggggactectgecccagetgctgaagagacaatgatcaccageceggggactect
gcCTCTTCTCATTACCTCTCATGCACCATCGTAGGGATCATAGTTCTAATTGTGCTTCTGATT
GTGTTTGTTTAA

CD47 ECD w/
Short
TRAILR3- GPI
Anchor

SEQ ID
NO:144

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAatgatcacc
agcceggggactcctgccTCTTCTCATTACCTCTCATGCACCATCGTAGGGATCATAGTTCTAATT
GTGCTTCTGATTGTGTTTGTTTAA
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CD47 ECD with
CD8a TMD and
Short ICD
(9aa)

SEQ ID
NO:145

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAATCTACA
TCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTA
CTGCAACCACAGGAACCGAAGATAA

CD47 ECD with
CD28 TMD and
Short ICD
(9aa)

SEQ ID
NO:146

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAATTTTGGG
TGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTAT
TATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACTAA

CDA47 ECD with
PDGFR TMD
and Short ICD
(9aa)

SEQ ID
NO:147

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAgtggtgatc
tcagccatcctggecctggtggtgctcaccatcatctccct TATCATCCTCATCATGCTTTGGCAGAAGAAG
CCACGTTACTAA

CD47 IgV, 3aa
from Hinge
Region, with

PDGFR Hinge,

TMD and Short

ICD (9aa)

SEQ ID
NO:148

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAGCTGTGGGCCAGGACACGCAGGAGGTCATCGTGGTGCCA
CACTCCTTGCCCTTTAAGGtggtggtgatctcagccatcctggecctggtggtgctcaccatcatctccctTATC
ATCCTCATCATGCTTTGGCAGAAGAAGCCACGTTACTAA

CD47 IgV, 3aa
from Hinge
Region, 1gG4
Hinge - CD28
™

SEQ ID
NO:149

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAGaatctaagtacggaccgccctgeceeccttgeectTTTTGGGTGCTG
GTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTATTATTT
TCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACTAA

CDA47 IgV, 3aa
from Hinge
Region, 1gG4
Hinge - CD8a
™

SEQ ID
NO:150

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAGaatctaagtacggaccgccctgecececttgccctATCTACATCTGG
GCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTACTGCA
ACCACAGGAACCGAAGATAA

CDA47 IgV, 3aa
from Hinge
Region, CD28
Hinge - CD28
™

SEQ ID
NO:151

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGA
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AGAGCAATGGAACCATTATCCATGTGAAAGGGAAACACCTTTGTCCAAGTCCCCTATTTCCC
GGACCTTCTAAGCCCTTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCT
TGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCA
CTAA

CDA47 IgV, 3aa
from Hinge
Region, CD28
Hinge - CD8a
™

SEQ ID
NO:152

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGA
AGAGCAATGGAACCATTATCCATGTGAAAGGGAAACACCTTTGTCCAAGTCCCCTATTTCCC
GGACCTTCTAAGCCCATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCC
TGTCACTGGTTATCACCCTTTACTGCAACCACAGGAACCGAAGATAA

CD47 IgV, 3aa
from Hinge
Region, CD8a
Hinge - CD28
™

SEQ ID
NO:153

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCC
ACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAgLggeggggggegca
GTGCACACGAGGGGGCTGGACTTCGCCTGTGATTTTTGGGTGCTGGTGGTGGTTGGTGGA
GTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTA
AGAGGAGCAGGCTCCTGCACTAA

CD47 IgV, 3aa
from Hinge
Region, CD8a
Hinge - CD8a
™

SEQ ID
NO:154

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAAACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCC
ACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAgeggeggggggegea
gTGCACACGAGGGGGCTGGACTTCGCCTGTGATATCTACATCTGGGCGCCCTTGGCCGGGA
CTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTACTGCAACCACAGGAACCGAAG
ATAA

WT, C15G

SEQ ID
NO:155

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTC
TTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACA
CTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAG
TGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATTAAAG
AATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTA
TGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA
TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCA
TGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTT
ATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGA
ACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N361, C15G

SEQ ID
NO:156

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
AGACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGATGGGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
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TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA

CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N362, C15G

SEQ ID
NO:157

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGGCT
CCACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGATACACAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N363, C15G

SEQ ID
NO:158

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CTACCACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGACAAAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N364, C15G

SEQ ID
NO:159

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTAGCTTTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTATGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N366, C15G

SEQ ID
NO: 160

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ACACCACTAAAATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
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AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N368, C15G

SEQ ID
NO:161

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
TTCCCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTGAGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N369, C15G

SEQ ID
NO:162

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ATTCCACTAAACTTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTTGGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3610, C15G

SEQ ID
NO:163

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTTCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGT TGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3612, C15G

SEQ ID
NO:164

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACCACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
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AATTTAAAGGAAGAGATATTTACACCTTTGATGGACAGGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3614, C15G

SEQ ID
NO:165

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTAAAATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3617, C15G

SEQ ID
NO: 166

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
AGACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGT TTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3618, C15G

SEQ ID
NO: 167

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CTACCACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTATTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGT TGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA
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N3621, C15G SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
NO:168 | ATTCCACTAGAGTTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACT TCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3623, C15G SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
NO:169 | ATGCCACTAGTTTTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGTTACAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

N3624, C15G SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
NO:170 | ATTCCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTGGAAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGACAGGTTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N361 SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG

Mutant NO:171 | AGACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGATGGGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGT TGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
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CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N362
Mutant

SEQ ID
NO:172

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGGCT
CCACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGATACACAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACT TCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N363
Mutant

SEQ ID
NO:173

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CTACCACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGACAAAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N364
Mutant

SEQ ID
NO:174

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTAGCTTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTATGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGT TGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N366
Mutant

SEQ ID
NO:175

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ACACCACTAAAATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
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CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N368
Mutant

SEQ ID
NO:176

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
TTCCCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTGAGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N369
Mutant

SEQ ID
NO:177

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ATTCCACTAAACTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTTGGAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3610
Mutant

SEQ ID
NO:178

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTTCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGT TGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3612
Mutant

SEQ ID
NO:179

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACCACTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGACAGGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
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AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGT TGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGT TGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3614
Mutant

SEQ ID
NO:180

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
CCACTACTAAAATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTGCTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3617
Mutant

SEQ ID
NO:181

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
AGACCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3618
Mutant

SEQ ID
NO:182

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ATTCCACTAGAGTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGT TGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3621
Mutant

SEQ ID
NO:183

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG

ATTCCACTAGAGTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACT
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GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACT TCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3623
Mutant

SEQ ID
NO: 184

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ATGCCACTAGTTTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGAGTTACAAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACT TCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

hCD47 N3624
Mutant

SEQ ID
NO:185

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTTGGCAG
ATTCCACTAAGATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGT
CATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGA
AATTTAAAGGAAGAGATATTTACACCTTTGATGGACAGGTTAACAAGTCCACTGTCCCCACT
GACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGAT
GGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACC
AGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATG
AAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGT
ATTAAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGTTGC
TGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATT
CATTAAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTT
CACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTAT
TCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTATA
CCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGG
ACTAGTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAATAA

CAG-CD47
(202) -
CodOpt

SEQ ID
NO:200

ATGTGGCCCCTGGTCGCCGCCCTGTTGCTGGGCTCGGCTTGCTGCGGATCAGCTCAGCTAC
TGTTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAACGACACTGTCGTGATCCCATGC
TTTGTTACTAATATGGAGGCACAAAACACCACTGAAGTGTACGTGAAGTGGAAATTCAAAG
GCAGAGACATTTACACCTTTGACGGCGCCCTCAACAAGTCCACCGTGCCCACTGACTTTAGT
AGCGCAAAAATTGAGGTCAGCCAATTACTAAAAGGAGATGCCTCTTTGAAGATGGACAAGA
GCGATGCTGTCAGCCACACAGGGAACTACACTTGTGAAGTAACAGAGTTAACCCGCGAAGG
TGAAACGATCATCGAGCTGAAGTATCGAGTGGTGTCCTGGTTTTCTCCGAACGAGAATATC
CTTATCGTAATTTTCCCAATTTTCGCTATCCTCCTGTTCTGGGGCCAGTTTGGTATCAAGAC
ACTCAAATATCGGTCCGGTGGGATGGATGAGAAGACAATTGCCCTGCTTGTTGCTGGACTC
GTGATCACCGTCATCGTGATTGTTGGGGCCATCCTTTTCGTCCCAGGGGAGTACAGCCTGA
AGAATGCTACGGGCCTGGGATTAATTGTGACCTCTACAGGGATACTCATCCTGCTTCACTA
CTATGTGTTCAGTACCGCGATTGGACTGACCTCCTTCGTCATTGCCATATTGGTGATTCAG
GTGATAGCCTACATCCTCGCCGTGGTTGGCCTGAGTCTCTGTATCGCGGCGTGCATACCCA
TGCATGGCCCTCTTCTGATTTCAGGGTTGAGTATCCTCGCACTAGCACAGTTGCTGGGACT
GGTTTATATGAAATTTGTGGCCTCCAACCAGAAGACTATACAGCCTCCTAGGAAGGCTGTA
GAGGAGCCCCTGAATGCATTCAAGGAATCAAAAGGCATGATGAATGATGAATAA
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CD47 ECD- SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTA
CD59 GPI NO:341 | CTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCATG
CTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAAG
GAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGT
AGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGA
GTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGG
TGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAACAGCTTG
AGAACGGGGGCACATCTCTCTCCGAAAAGACTGTCCTGTTACTGGTGACCCCTTTCTTGGC
TGCCGCATGGAGCCTGCACCCCTAA

CAG-CD47 SEQ ID ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCG
ECD-CD59 GPI NO:342 | CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGA
CCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTC
GAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT
GTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCG
CGCGCCAGGCGGGGLGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCG
GCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGG
CGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGCGCTGCCTTCGC
CCCGTGCCCCGCTCCGCCGCCGLCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTAC
TCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTA
ATGACGGCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGGGCCC
TTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCG
CGTGCGGCTCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGT
GCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGG
GTGTGGGCGCGTCGGTCGGGCTGCAACCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCA
CGGCCCGGCTTCGGGTGCGGGGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGG
GCGGGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCTCGGGCCGGGGA
GGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGA
GCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCA
AATCTGTGCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGC
GAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGC
GCCGCCGTCCCCTTCTCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTCG
GGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCT
CTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATT
GTGCTGTCTCATCATTTTGGCAAAGAATTCCGTTTATTAATTAAGTGAACCGTCAGAGCCAC
CATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCT
ACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCCAT
GCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAATTTAAA
GGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAG
TAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAG
AGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAGAAG
GTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAACAGCTT
GAGAACGGGGGCACATCTCTCTCCGAAAAGACTGTCCTGTTACTGGTGACCCCTTTCTTGG
CTGCCGCATGGAGCCTGCACCCCTAA

Table 25. Exemplary Amino Acid Sequences for CD47 Protein Domains and Additional Domains

Description SEN%!D Amino Acid Sequence
CD47 SP SEQ ID MWPLVAALLLGSACCGSA
domain NO:20
CD47 IgVv SEQ ID QLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGRDIYTFDGALNKSTVPTDF
domain NO:21 SSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETII
CD47 EC SEQ ID QLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGRDIYTFDGALNKSTVPTDF
domain NO:22 SSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNE
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CD47 TM1 SEQ ID NILIVIFPIFAILLFWGQFGI
domain NO:23
CD47 IC1 SEQ ID KTLKYRSGGMDEKT
domain NO:24
CD47 TM2 SEQ ID IALLVAGLVITVIVIVGAILF
domain NO:25
CD47 EC1 SEQ ID VPGEYSLKNA
domain NO:26
CD47 TM3 SEQ ID TGLGLIVTSTGILILLHYYVF
domain NO:27
CD47 1C2 SEQ ID STAIGLT
domain NO:28
CD47 TM4 SEQ ID SFVIAILVIQVIAYILAVVGL
domain NO:29
CD47 EC2 SEQ ID SLCIAACIPMHG
domain NO:30
CD47 TM5 SEQ ID PLLISGLSILALAQLLGLVYM
domain NO:31
CD47(202) 1C3 SEQ ID KFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
domain NO:32
CD47(201) 1C3 SEQ ID KFVASNQKTIQPPRNN
Domain NO:33
DAF/CD55 GPI SEQ ID PNKGSGTTSGTTRLLSGHTCFTLTGLLGTLVTMGLLT
NO:34
TRAILR3 GPI SEQ ID ATVETPAAEETMNTSPGTPAPAAEETMNTSPGTPAPAAEETMTTSPGTPAPAAEETMTTSPGT
Long (with NO:35 PAPAAEETMITSPGTPASSHYLSCTIVGIIVLIVLLIVFV
TAPE repeats)
TRAILR3 GPI SEQ ID MITSPGTPASSHYLSCTIVGIIVLIVLLIVFV
Short (without NO:36
TAPE repeats)
CD59 GPI SEQ ID QLENGGTSLSEKTVLLLVTPFLAAAWSLHP
NO:37
CD8a T™M SEQ ID IYIWAPLAGTCGVLLLSLVIT
domain NO:38
CD8a 9AA ICD SEQ ID LYCNHRNRR
NO:39
CD28 TM SEQ ID FWVLVVVGGVLACYSLLVTVAFIIFWV
domain NO:40
CD28 9AA ICD SEQ ID RSKRSRLLH
NO:41
PDGFR TM SEQ ID VVISAILALVVLTIISLIILI
domain NO:42
PDGFR 9AA SEQ ID MLWQKKPRY
ICD NO:43
CD47 3AA SEQ ID ELK
Hinge domain NO:44
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CD8a Hinge SEQ ID TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD
domain NO: 45
CD28 Hinge SEQ ID IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP
domain NO:46
PDGFR Hinge SEQ ID AVGQDTQEVIVVPHSLPFKV
domain NO:47
IgG4 Hinge SEQ ID ESKYGPPCPPCP
domain NO:48
CD47(205) 1C3 SEQ ID KFVASNQKTIQPPRKAVEEPLNE
Domain NO:343
CD47 (205) SEQ ID XKNA
EC1 NO:344
CD47(203) 1C3 SEQ ID ASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
Domain NO:345
CD47(202) SEQ ID MWPLVAALLLGSACCGSAWQPPLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
with “Velcro” NO:346 FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
insertion ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
sequence VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
CD47(202) SEQ ID MWPLVAALLLGSACCGSAWQPQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWK
with alternate NO:347 FKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREG
“Velcro” ETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVI
insertion VGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCI
sequence AACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE
“Velcro” SEQ ID WQP
insertion NO:348
sequence

Table 26. Exemplary Nucleotide Sequences for CD47 Protein Domains and Additional Domains

Description SEN%!D Nucleotide Sequence
CAG promoter SEQ ID ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCG
NO:49 CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG

ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGA
CCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTC
GAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT
GTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCG
CGCGCCAGGCGGGGLGGGGCEGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCG
GCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGG
CGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGCGCTGCCTTCGC
CCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTAC
TCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTA
ATGACGGCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGGGCCC
TTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCG
CGTGCGGCTCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGT
GCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGG
GTGTGGGCGCGTCGGTCGGGCTGCAACCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCA
CGGCCCGGCTTCGGGTGCGGGGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGG
GCGGGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCTCGGGCCGGGGA
GGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGA
GCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCA
AATCTGTGCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGC

154




WO 2025/043172

PCT/US2024/043615

GAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGC
GCCGCCGTCCCCTTCTCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTCG
GGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCT
CTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATT
GTGCTGTCTCATCATTTTGGCAAAGAATTC

EF1a promoter SEQ ID GCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGG
NO:50 GAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTG
ATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGT
AGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTG
TGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTT
CCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGA
GTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGG
GCGCTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGAT
AAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAG
TCTTGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGC
GACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCA
CCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCG
CCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGA
GCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGC
TCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCC
GTCGCTTCATGTGACTCCACTGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGA
GCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCC
ACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGA
ATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTT
TTTTTCTTCCATTTCAGGTGTCGTGA
CD47 SP SEQ ID ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCT
domain NO:51
CD47 IgVv SEQ ID CAGCTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCAT
domain NO:52 TCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAAT
TTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGAC
TTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGA
TAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGA
GAAGGTGAAACGATCATC
CD47 EC SEQ ID CAGCTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCAT
domain NO:53 TCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGTGGAAAT
TTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGAC
TTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGA
TAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGA
GAAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTCTCCAAATGAA
CD47 TM1 SEQ ID AATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTAT
domain NO:54 T
CD47 IC1 SEQ ID AAAACACTTAAATATAGATCCGGTGGTATGGATGAGAAAACA
domain NO:55
CD47 TM2 SEQ ID ATTGCTTTACTTGTTGCTGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTIT
domain NO:56 C
CD47 EC1 SEQ ID GTCCCAGGTGAATATTCATTAAAGAATGCT
domain NO:57
CD47 TM3 SEQ ID ACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTAATATTACTTCACTACTATGTGTT
domain NO:58 T
CD47 1C2 SEQ ID AGTACAGCGATTGGATTAACC
domain NO:59
CD47 TM4 SEQ ID TCCTTCGTCATTGCCATATTGGTTATTCAGGTGATAGCCTATATCCTCGCTGTGGTTGGACT
domain NO:60 G
CD47 EC2 SEQ ID AGTCTCTGTATTGCGGCGTGTATACCAATGCATGGC
domain NO:61
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CD47 TM5 SEQ ID CCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTAGTTTATAT
domain NO:62 G
CD47(202) IC3 SEQ ID AAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGAACCCCT
domain NO:63 TAATGCATTCAAAGAATCAAAAGGAATGATGAATGATGAA
CD47(201) IC3 SEQ ID AAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAATAAC
Domain NO: 64
DAF/CD55 GPI SEQ ID CCAAATAAAGGAAGTGGAACCACTTCAGGTACTACCCGTCTTCTATCTGGGCACACGTGTT
NO:65 TCACGTTGACAGGTTTGCTTGGGACGCTAGTAACCATGGGCTTGCTGACT
TRAILR3 GPI SEQ ID GCCACTGTGGAAAccccagctgctgaagagacaatgaacaccagcccggggactcctgecccagetgctgaaga
Long (with NO: 66 gacaatgaacaccagcccggggactcctgecccagcetgctgaagagacaatgaccaccageccggggactceetgece
TAPE repeats) cagctgctgaagagacaatgaccaccagcccggggactcctgecccagetgctgaagagacaatgatcaccageccg
gggactcctgcc TCTTCTCATTACCTCTCATGCACCATCGTAGGGATCATAGTTCTAATTGTGCT
TCTGATTGTGTTTIGTT
TRAILR3 GPI SEQ ID atgatcaccagcccggggactcctgccTCTTCTCATTACCTCTCATGCACCATCGTAGGGATCATAGT
Short (without NO:67 TCTAATTGTGCTTCTGATTGTGTTTGTT
TAPE repeats)
CD59 GPI SEQ ID CAGCTTGAGAACGGGGGCACATCTCTCTCCGAAAAGACTGTCCTGTTACTGGTGACCCCTT
NO: 68 TCTTGGCTGCCGCATGGAGCCTGCACCCC
CD8a TM SEQ ID ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCA
domain NO:69 CC
CD8a 9AA ICD SEQ ID CTTTACTGCAACCACAGGAACCGAAGA
NO:70
CD28 TM SEQ ID TTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTG
domain NO:71 GCCTTTATTATTTTCTGGGTG
CD28 9AA ICD SEQ ID AGGAGTAAGAGGAGCAGGCTCCTGCAC
NO:72
PDGFR TM SEQ ID gtggtgatctcagccatcctggecectggtggtgctcaccatcatctccct TATCATCCTCATC
domain NO:73
PDGFR 9AA SEQ ID ATGCTTTGGCAGAAGAAGCCACGTTAC
ICD NO:74
CD47 3AA SEQ ID GAGCTAAAA
Hinge domain NO:75
CD8a Hinge SEQ ID ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGT
domain NO:76 CCCTGCGCCCAGAGGCGTGCCGGCCAgeggcggggggegcagTGCACACGAGGGGGCTGGACT
TCGCCTGTGAT
CD28 Hinge SEQ ID ATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGAAGAGCAATGGAACCATTATCCA
domain NO:77 TGTGAAAGGGAAACACCTTTGTCCAAGTCCCCTATTTCCCGGACCTTCTAAGCCC
PDGFR Hinge SEQ ID GCTGTGGGCCAGGACACGCAGGAGGTCATCGTGGTGCCACACTCCTTGCCCTTTAAGGtg
domain NO:78
IgG4 Hinge SEQ ID gaatctaagtacggaccgccctgecccecttgecct
domain NO:79
CD47(205) IC3 SEQ ID AAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGAACCCCT
Domain NO:349 TAATGAATAA
CDA47 (205) SEQ ID AAGAATGCT
EC1 NO:350
CD47(203) IC3 SEQ ID GCTTCCAATCAGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGAACCCCTTAATGCATT
Domain NO:351 CAAAGAATCAAAAGGAATGATGAATGATGAATAA
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Table 27. Exemplary Anti-SIRPa Antibody Amino Acid Sequences

Ab Domain SEN%{D Amino Acid Sequence
VH or HC SEQ ID EVQLQQSGAELVKPGASVKLSCTASGFNIKDYYIHWVQQRTEQGLEWIGRIDPEDGETKYAPK
NO:186 | FQDKATITADTSSNTAYLHLSSLTSEDTAVYYCARWGAYWGQGTLVTVSA
VLor LC SEQ ID | QIVLTQSPAIMSASPGEKVTLTCSASSSVSSSYLYWYQQKPGSSPKLWIYSTSNLASGVPARFS
NO:187 | GSGSGTSYSLTISSMEAEDAASYFCHQWSSYPRTFGAGTKLELK
VH or HC SEQ ID EVQLQQSGAELVKPGASVKLSCTASGFNIKDYYIHWVQQRTEQGLEWIGRIDPEDGETKYAPK
NO:188 | FQDKATITADTSSNTAYLHLSSLTSEDTAVYYCARWGAYWGQGTLVTVSS
scFv SEQ ID EVQLQQSGAELVKPGASVKLSCTASGFNIKDYYIHWVQQRTEQGLEWIGRIDPEDGETKYAPK
NO:189 | FQDKATITADTSSNTAYLHLSSLTSEDTAVYYCARWGAYWGQGTLVTVSGGGGSGGGGSGG
GGSQIVLTQSPAIMSASPGEKVTLTCSASSSVSSSYLYWYQQKPGSSPKLWIYSTSNLASGVPA
RFSGSGSGTSYSLTISSMEAEDAASYFCHQWSSYPRTFGAGTKLELK
scFv SEQ ID | QIVLTQSPAIMSASPGEKVTLTCSASSSVSSSYLYWYQQKPGSSPKLWIYSTSNLASGVPARFS
NO:190 | GSGSGTSYSLTISSMEAEDAASYFCHQWSSYPRTFGAGTKLELKGTTAASGSSGGSSSGAEVQ
LQQSGAELVKPGASVKLSCTASGFNIKDYYIHWVQQRTEQGLEWIGRIDPEDGETKYAPKFQD
KATITADTSSNTAYLHLSSLTSEDTAVYYCARWGAYWGQGTLVTVS
VH or HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYTFTSYWVHWVRQMPGKGLEWIGNIDPSDSDTHYN
NO:191 | QKFKDHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTMAWFAYWGQGTLVTVSS
VLor LC SEQ ID DVVMTQSPLSLPVTLGQPASISCRSSQSLVHSYGNTYLYWYQQRPGQSPRLLIYRVSNRFSGV
NO:192 | PDRFSGSGSGTDFTLKISRVEAEDVGVYFCFQGTHVPYTFGGGTKVEIK
VLorLC SEQ ID DVVMTQSPLSLPVTLGQPASISCRSSQSLVHSYGNTYLYWFQQRPGQSPRLLIYRVSNRFSGV
NO:193 | PDRFSGSGSGTDFTLKISRVEAEDVGVYYCFQGTHVPYTFGGGTKVEIK
VH or HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYSFTSYWVHWVRQMPGKGLEWMGNIDPSDSDTHYN
NO:194 | QKFKDHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTMAWFAYWGQGTLVTVSS
VH or HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYSFTSYWVHWVRQMPGKGLEWMGNIDPSDSDTHYS
NO:195 | PSFQGHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTMAWFAYWGQGTLVTVSS
VH or HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYSFTSYWVHWVRQMPGKGLEWMGNIDPSDSDTHYS
NO:196 | PSFQGHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTLAWFAYWGQGTLVTVSS
VH or HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYSFTSYWVHWVRQMPGKGLEWMGNIDPSDSDTHYS
NO:197 | PSFQGHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTMAYFAYWGQGTLVTVSS
VHor HC SEQ ID EVQLVQSGAEVKKPGESLRISCKASGYSFTSYWVHWVRQMPGKGLEWMGNIDPSDSDTHYS
NO:198 | PSFQGHVTLSVDKSISTAYLQLSSLKASDTAMYYCVRGGTGTLAYFAYWGQGTLVTVSS

Embodiments Section I

[0609]

CERTAIN EMBODIMENTS

Embodiment 1. A genetically engineered cell comprising an engineered CD47 protein, wherein the

engineered CD47 protein exhibits:

decreased binding with TSP-1 relative to a wild-type CD47 protein; and/or

decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein.

[0610]

genetically engineered cell:

Embodiment 2. A genetically engineered cell comprising an engineered CD47 protein, wherein the

exhibits decreased CD47/TSP-1-mediated undesirable effects relative to a control cell; and/or

exhibits decreased CD47/TSP-1-mediated exhaustion relative to a control cell; and/or

exhibits decreased CD47-mediated undesirable effects relative to a control cell; and/or

exhibits increased CD47-mediated desirable effects relative to a control cell; and/or
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exhibits increased longevity relative to a control cell; and/or

exhibits increased persistence relative to a control cell; and/or

exhibits increased expansion relative to a control cell, and/or

exhibits increased response to its intended therapeutic target, and/or

exhibits increased hypoimmunity relative to a control cell; and/or

exhibits increased immune evasion relative to a control cell; and/or

exhibits increased ability to evade a host immune response relative to a control cell; and/or

exhibits increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a
control cell; and/or

expresses the engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type
CD47 protein at the first expression level would experience one or more unwanted effects.
[0611] Embodiment 3. The genetically engineered cell of embodiment 1, wherein the control cell comprises
a wild-type cell, an unmodified cell, a cell that has not been engineered to express CD47 or a cell that has been
engineered to express wild-type CD47.
[0612] Embodiment 4. The genetically engineered cell of embodiment 1, wherein the first expression level
comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x, 8x,
8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x%, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in an
unmodified cell.
[0613] Embodiment 5. The genetically engineered cell of embodiment 1 or embodiment 2, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises autocrine signaling.
[0614] Embodiment 6. The genetically engineered cell of embodiment 1 or embodiment 2, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises paracrine signaling.
[0615] Embodiment 7. The genetically engineered cell of embodiment 1 or embodiment 2, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises both autocrine signaling and
paracrine signaling.
[0616] Embodiment 8. The genetically engineered cell of embodiment 2, wherein the increased longevity,
increased persistence, increased expansion, increased response to its intended therapeutic target, increased immune
evasion, increased ability to evade a host immune response, and/or increased ability to evade a natural killer (NK) cell,
monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via autocrine signaling.
[0617] Embodiment 9. The genetically engineered cell of embodiment 2, wherein the increased longevity,
increased persistence, increased expansion, increased response to its intended therapeutic target, increased immune
evasion, increased ability to evade a host immune response, and/or increased ability to evade a natural killer (NK) cell,
monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via paracrine signaling.
[0618] Embodiment 10. The genetically engineered cell of embodiment 2, wherein the increased longevity,
increased persistence, increased expansion, increased response to its intended therapeutic target, increased immune
evasion, increased ability to evade a host immune response, and/or increased ability to evade a natural killer (NK) cell,
monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via both autocrine signaling
and paracrine signaling.
[0619] Embodiment 11. The genetically engineered cell of any one of embodiments 1-10, wherein exhaustion
comprises increased expression of PD1, LAG3, TIM3, CD39, CD101, or a combination thereof.
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[0620] Embodiment 12. The genetically engineered cell of any one of embodiments 1-10, wherein exhaustion
comprises decreased or eliminated cytokine expression.
[0621] Embodiment 13. The genetically engineered cell of any one of embodiments 1-12, wherein the
engineered CD47 protein comprises:

an amino acid substitution at position S82 of SEQ ID NO: 2,

an amino acid substitution at position S64 of SEQ ID NO: 3,

an amino acid substitution at position S82 of SEQ ID NO: 1, or

an amino acid substitution at position S37 of SEQ ID NO: 6.
[0622] Embodiment 14. The genetically engineered cell of any one of embodiments 1-13, wherein the
engineered CD47 protein comprises an amino acid substitution at position S82 of SEQ ID NO: 2.
[0623] Embodiment 15. The genetically engineered cell of any one of embodiments 1-14, wherein the
engineered CD47 protein comprises:

an amino acid substitution at position S83 of SEQ ID NO: 2,

an amino acid substitution at position S65 of SEQ ID NO: 3,

an amino acid substitution at position S83 of SEQ ID NO: 1, or

an amino acid substitution at position S38 of SEQ ID NO: 6.
[0624] Embodiment 16. The genetically engineered cell of any one of embodiments 1-15, wherein the
engineered CD47 protein comprises an amino acid substitution at position S83 of SEQ ID NO: 2.
[0625] Embodiment 17. The genetically engineered cell of any one of embodiments 1-16, wherein the
engineered CD47 protein comprises:

amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2,

amino acid substitutions at positions S64 and S65 of SEQ ID NO: 3,

amino acid substitutions at positions S82 and S83 of SEQ ID NO: 1, or

amino acid substitutions at positions S37 and S38 of SEQ ID NO: 6.
[0626] Embodiment 18. The genetically engineered cell of any one of embodiments 1-17, wherein the
engineered CD47 protein comprises amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2.
[0627] Embodiment 19. The genetically engineered cell of any one of embodiments 1-18, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S82A relative to SEQ ID NO: 2,

an amino acid substitution of S64A relative to SEQ ID NO: 3,

an amino acid substitution of S82A relative to SEQ ID NO: 1, or

an amino acid substitution of S37A relative to SEQ ID NO: 6.
[0628] Embodiment 20. The genetically engineered cell of any one of embodiments 1-19, wherein the
engineered CD47 protein comprises an amino acid substitution of S82A relative to SEQ ID NO: 2.
[0629] Embodiment 21. The genetically engineered cell of any one of embodiments 1-18, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,

an amino acid substitution of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or

an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.
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[0630] Embodiment 22. The genetically engineered cell of any one of embodiments 1-21, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S83A relative to SEQ ID NO: 2,

an amino acid substitution of S65A relative to SEQ ID NO: 3,

an amino acid substitution of S83A relative to SEQ ID NO: 1, or

an amino acid substitution of S38A relative to SEQ ID NO: 6.

[0631] Embodiment 23. The genetically engineered cell of any one of embodiments 1-22, wherein the
engineered CD47 protein comprises an amino acid substitution of S83A relative to SEQ ID NO: 2.

[0632] Embodiment 24. The genetically engineered cell of any one of embodiments 1-21, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,

an amino acid substitution of S65V, S65I, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,

an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or

an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.

[0633] Embodiment 25. The genetically engineered cell of any one of embodiments 1-24, wherein the
engineered CD47 protein comprises an amino acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P relative
to SEQ ID NO: 2.

[0634] Embodiment 26. The genetically engineered cell of any one of embodiments 1-25, wherein the
engineered CD47 protein comprises:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82A relative
to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A
relative to SEQ ID NO: 1, and an amino acid substitution of S37A relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83A
relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an amino acid substitution of
S83A relative to SEQ ID NO: 1, and an amino acid substitution of S38A relative to SEQ ID NO: 6.

[0635] Embodiment 27. The genetically engineered cell of any one of embodiments 1-26, wherein the
engineered CD47 protein comprises amino acid substitutions of S82A and S83A relative to SEQ ID NO: 2.

[0636] Embodiment 28. The genetically engineered cell of any one of embodiments 1-25, wherein the
engineered CD47 protein comprises:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S821I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of S64V, S641, S64L, S64F,
S64W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821, S82L, S82F, S82w,
582G, or S82P relative to SEQ ID NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or
S37P relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S65I, S65L, S65F,
S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or
S83P relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S381, S38L, S38F, S38W, S38G, or S38P relative
to SEQ ID NO: 6.

[0637] Embodiment 29. The genetically engineered cell of any one of embodiments 1-28, wherein the
engineered CD47 protein comprises:
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a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S82I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2.
[0638] Embodiment 30. A genetically engineered cell comprising an engineered CD47 protein, wherein the
engineered CD47 protein exhibits improved binding with SIRPa relative to a wild-type CD47 protein.
[0639] Embodiment 31. A genetically engineered cell comprising an engineered CD47 protein, wherein
contacting a cell expressing SIRPa with the genetically engineered cell increases CD47/SIRPa-mediated signaling in the
cell expressing SIRPa relative to contacting the cell expressing SIRPa with a control cell.
[0640] Embodiment 32. A genetically engineered cell comprising an engineered CD47 protein, wherein
contacting a cell expressing SIRPa with the genetically engineered cell increases CD47/SIRPa-mediated signaling in the
cell expressing the engineered CD47 relative to contacting the cell expressing SIRPa with a control cell.
[0641] Embodiment 33. A genetically engineered cell comprising an engineered CD47 protein, wherein
contacting a cell expressing SIRPa with the genetically engineered cell increases CD47/SIRPa-mediated signaling in both
the cell expressing SIRPa and the cell expressing CD47 relative to contacting the cell expressing SIRPa with a control
cell.
[0642] Embodiment 34. A genetically engineered cell comprising an engineered CD47 protein, wherein the
genetically engineered cell:

exhibits decreased CD47-mediated undesirable effects relative to a control cell; and/or

exhibits increased CD47-mediated desirable effects relative to a control cell; and/or

exhibits increased longevity relative to a control cell; and/or

exhibits increased persistence relative to a control cell; and/or

exhibits increased expansion relative to a control cell; and/or

exhibits increased response to its intended therapeutic target, and/or

exhibits increased hypoimmunity relative to a control cell; and/or

exhibits improved immune evasion relative to a control cell; and/or

exhibits increased ability to evade a host immune response relative to a control cell; and/or

exhibits increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a
control cell; and/or

expresses the engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type
CD47 protein at the first expression level would be killed by one or more immune cells.
[0643] Embodiment 35. The genetically engineered cell of any one of embodiments 31-34, wherein the
control cell comprises a wild-type cell, an unmodified cell, a cell that has not been engineered to express CD47 or a cell
that has been engineered to express wild-type CD47.
[0644] Embodiment 36. The genetically engineered cell of embodiment 34-35, wherein the first expression
level comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x%, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x%,
8x, 8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in
an unmodified cell.
[0645] Embodiment 37. The genetically engineered cell of any one of embodiments 30-36, wherein the
engineered CD47 protein comprises:
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an amino acid sequence having at least 80% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID
NO: 5 or SEQ ID NO: 6; and

an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5
or SEQ ID NO: 6.
[0646] Embodiment 38. The genetically engineered cell of any one of embodiments 30-37, wherein the
engineered CD47 protein comprises:

an amino acid sequence having at least 80% identity to SEQ ID NO: 2; and

an insertion of one or more amino acids relative to SEQ ID NO: 2.
[0647] Embodiment 39. The genetically engineered cell of embodiment 37, wherein the engineered CD47
protein comprises an insertion of three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO:
5 or SEQ ID NO: 6.
[0648] Embodiment 40. The genetically engineered cell of any one of embodiments 37-39, wherein the
engineered CD47 protein comprises an insertion of three amino acids relative to SEQ ID NO: 2.
[0649] Embodiment 41. The genetically engineered cell of embodiment 37 or 38, wherein the engineered
CD47 protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4,
SEQ ID NO: 5 or SEQ ID NO: 6.
[0650] Embodiment 42. The genetically engineered cell of any one of embodiments 37-41, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2.
[0651] Embodiment 43. The genetically engineered cell of any one of embodiments 37-41, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID
NO: 1.
[0652] Embodiment 44. The genetically engineered cell of any one of embodiments 37-43, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2.
[0653] Embodiment 45. The genetically engineered cell of any one of embodiments 37-43, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2
or SEQ ID NO: 1.
[0654] Embodiment 46. The genetically engineered cell of any one of embodiments 37-45, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO:
2.
[0655] Embodiment 47. The genetically engineered cell of any one of embodiments 37-45, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO:
1.
[0656] Embodiment 48. The genetically engineered cell of any one of embodiments 37-47, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2.
[0657] Embodiment 49. The genetically engineered cell of any one of embodiments 37-47, wherein the
engineered CD47 protein comprises:

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an amino acid substitution of Q19P
relative to SEQ ID NO: 2, or

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of Q19P
relative to SEQ ID NO: 1.
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[0658] Embodiment 50. The genetically engineered cell of any one of embodiments 37-49, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an
amino acid substitution of Q19P relative to SEQ ID NO: 2.
[0659] Embodiment 51. The genetically engineered cell of any one of embodiments 37-49, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0660] Embodiment 52. The genetically engineered cell of any one of embodiments 37-51, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2.
[0661] Embodiment 53. The genetically engineered cell of any one of embodiments 37-52, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 346.
[0662] Embodiment 54. The genetically engineered cell of any one of embodiments 37-51, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 347.
[0663] Embodiment 55. The genetically engineered cell of any one of embodiments 37-54, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 3.
[0664] Embodiment 56. The genetically engineered cell of any one of embodiments 37-54, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid substitution of Q1P relative to SEQ ID NO: SEQ ID NO: 3.
[0665] Embodiment 57. The genetically engineered cell of any one of embodiments 37-54, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0666] Embodiment 58. The nucleic acid construct of any one of embodiments 1-57, wherein the engineered
CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ
ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to
SEQ ID NO: 6;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID: 1; and an
amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1.
[0667] Embodiment 59. The genetically engineered cell of any one of embodiments 1-58, wherein the
engineered CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2; and

an amino acid substitution of Q19P relative to SEQ ID NO: 2.
[0668] Embodiment 60. A genetically engineered cell comprising an engineered CD47 protein, wherein the
engineered CD47 protein exhibits:
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decreased binding with TSP-1 relative to a wild-type CD47 protein;

decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein; and

improved binding with SIRPa relative to a wild-type CD47 protein; and

wherein the genetically engineered cell:

exhibits decreased CD47/TSP-1-mediated undesirable effects relative to a control cell;

exhibits decreased CD47-mediated undesirable effects relative to a control cell;

exhibits decreased CD47/TSP-1-mediated exhaustion relative to a control cell;

exhibits decreased CD47-mediated undesirable effects relative to a control cell;

exhibits increased CD47-mediated desirable effects relative to a control cell;

exhibits increased longevity relative to a control cell;

exhibits increased persistence relative to a control cell;

exhibits increased expansion relative to a control cell;

exhibits increased response to its intended therapeutic target;

exhibits increased hypoimmunity relative to a control cell;

exhibits increased immune evasion relative to a control cell;

exhibits increased ability to evade a host immune response relative to a control cell;

exhibits increased ability to evade a natural killer (NK) cell, monocyte, or macrophage response relative to a
control cell;

expresses the engineered CD47 protein at a first expression level, wherein a control cell expressing a wild-type
CD47 protein at the first expression level would experience one or more unwanted effects and would be killed by one or
more immune cells; and

wherein contacting a cell expressing SIRPa with the genetically engineered cell increases CD47/SIRPa-mediated
signaling in both the cell expressing SIRPa and the cell expressing CD47 relative to contacting the cell expressing SIRPa
with a control cell.
[0669] Embodiment 61. The genetically engineered cell of embodiment 60, wherein the control cell
comprises a wild-type cell, an unmodified cell, a cell that has not been engineered to express CD47 or a cell that has
been engineered to express wild-type CD47.
[0670] Embodiment 62. The genetically engineered cell of embodiment 60, wherein the first expression level
comprises 1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5x, 5.5x, 6x, 6.5x, 7x, 7.5x, 8x,
8.5x, 9x, 9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in an
unmodified cell.
[0671] Embodiment 63. The genetically engineered cell of any one of embodiments 60-62, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises autocrine signaling.
[0672] Embodiment 64. The genetically engineered cell of any one of embodiments 60-62, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises paracrine signaling.
[0673] Embodiment 65. The genetically engineered cell of any one of embodiments 60-64, wherein the
CD47/TSP-1-mediated signaling and/or the CD47/TSP-1-mediated exhaustion comprises both autocrine signaling and
paracrine signaling.
[0674] Embodiment 66. The genetically engineered cell of any one of embodiments 60-65, wherein the
increased longevity, increased persistence, increased expansion, increased response to its intended therapeutic target,
increased immune evasion, increased ability to evade a host immune response, and/or increased ability to evade a
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natural killer (NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via
autocrine signaling.
[0675] Embodiment 67. The genetically engineered cell of any one of embodiments 60-65, wherein the
increased longevity, increased persistence, increased expansion, increased response to its intended therapeutic target,
increased immune evasion, increased ability to evade a host immune response, and/or increased ability to evade a
natural killer (NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via
paracrine signaling.
[0676] Embodiment 68. The genetically engineered cell any one of embodiments 60-65, wherein the
increased longevity, increased persistence, increased expansion, increased response to its intended therapeutic target,
increased immune evasion, increased ability to evade a host immune response, and/or increased ability to evade a
natural killer (NK) cell, monocyte, or macrophage response comprises reduced CD47/TSP-1-mediated exhaustion via
both autocrine signaling and paracrine signaling.
[0677] Embodiment 69. The genetically engineered cell of any one of embodiments 60-68, wherein
exhaustion comprises increased expression of PD1, LAG3, TIM3, CD39, CD101, or a combination thereof.
[0678] Embodiment 70. The genetically engineered cell of any one of embodiments 60-69, wherein
exhaustion comprises decreased or eliminated cytokine expression.
[0679] Embodiment 71. The genetically engineered cell of any one of embodiments 60-70, wherein the
engineered CD47 protein comprises:

an amino acid substitution at position S82 of SEQ ID NO: 2,

an amino acid substitution at position S64 of SEQ ID NO: 3,

an amino acid substitution at position S82 of SEQ ID NO: 1, or

an amino acid substitution at position S37 of SEQ ID NO: 6.
[0680] Embodiment 72. The genetically engineered cell of any one of embodiments 60-71, wherein the
engineered CD47 protein comprises an amino acid substitution at position S82 of SEQ ID NO: 2.
[0681] Embodiment 73. The genetically engineered cell of any one of embodiments 60-72, wherein the
engineered CD47 protein comprises:

an amino acid substitution at position S83 of SEQ ID NO: 2,

an amino acid substitution at position S65 of SEQ ID NO: 3,

an amino acid substitution at position S83 of SEQ ID NO: 1, or

an amino acid substitution at position S38 of SEQ ID NO: 6.
[0682] Embodiment 74. The genetically engineered cell of any one of embodiments 60-73, wherein the
engineered CD47 protein comprises an amino acid substitution at position S83 of SEQ ID NO: 2.
[0683] Embodiment 75. The genetically engineered cell of any one of embodiments 60-74, wherein the
engineered CD47 protein comprises:

amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2,

amino acid substitutions at positions S64 and S65 of SEQ ID NO: 3,

amino acid substitutions at positions S82 and S83 of SEQ ID NO: 1, or

amino acid substitutions at positions S37 and S38 of SEQ ID NO: 6.
[0684] Embodiment 76. The genetically engineered cell of any one of embodiments 60-75, wherein the
engineered CD47 protein comprises amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2.
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[0685] Embodiment 77. The genetically engineered cell of any one of embodiments 60-76, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S82A relative to SEQ ID NO: 2,

an amino acid substitution of S64A relative to SEQ ID NO: 3,

an amino acid substitution of S82A relative to SEQ ID NO: 1, or

an amino acid substitution of S37A relative to SEQ ID NO: 6.

[0686] Embodiment 78. The genetically engineered cell of any one of embodiments 60-77, wherein the
engineered CD47 protein comprises an amino acid substitution of S82A relative to SEQ ID NO: 2.

[0687] Embodiment 79. The genetically engineered cell of any one of embodiments 60-78, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,

an amino acid substitution of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or

an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.
[0688] Embodiment 80. The genetically engineered cell of any one of embodiments 60-79, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S83A relative to SEQ ID NO: 2,

an amino acid substitution of S65A relative to SEQ ID NO: 3,

an amino acid substitution of S83A relative to SEQ ID NO: 1, or

an amino acid substitution of S38A relative to SEQ ID NO: 6.

[0689] Embodiment 81. The genetically engineered cell of any one of embodiments 60-80, wherein the
engineered CD47 protein comprises an amino acid substitution of S83A relative to SEQ ID NO: 2.

[0690] Embodiment 82. The genetically engineered cell of any one of embodiments 60-81, wherein the
engineered CD47 protein comprises:

an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,

an amino acid substitution of S65V, S651, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,

an amino acid substitution of S83V, S831I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or

an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.
[0691] Embodiment 83. The genetically engineered cell of any one of embodiments 60-82, wherein the
engineered CD47 protein comprises an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative
to SEQ ID NO: 2
[0692] Embodiment 84. The genetically engineered cell of any one of embodiments 60-83, wherein the
engineered CD47 protein comprises:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82A relative
to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A
relative to SEQ ID NO: 1, and an amino acid substitution of S37A relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83A
relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an amino acid substitution of
S83A relative to SEQ ID NO: 1, and an amino acid substitution of S38A relative to SEQ ID NO: 6.

[0693] Embodiment 85. The genetically engineered cell of any one of embodiments 60-84, wherein the
engineered CD47 protein comprises amino acid substitutions of S82A and S83A relative to SEQ ID NO: 2
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[0694] Embodiment 86. The genetically engineered cell of any one of embodiments 60-85, wherein the
engineered CD47 protein comprises:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S82I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of S64V, 5641, S64L, S64F,
564W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or
S82P relative to SEQ ID NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative
to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S651, S65L, S65F,
S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or
S83P relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S381, S38L, S38F, S38W, S38G, or S38P relative
to SEQ ID NO: 6.
[0695] Embodiment 87. The genetically engineered cell of any one of embodiments 60-86, wherein the
engineered CD47 protein comprises:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S82I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2.
[0696] Embodiment 88. The genetically engineered cell of any one of embodiments 60-87, wherein the
engineered CD47 protein comprises:

an amino acid sequence having at least 80% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID
NO: 5 or SEQ ID NO: 6; and

an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5
or SEQ ID NO: 6.
[0697] Embodiment 89. The genetically engineered cell of any one of embodiments 60-88, wherein the
engineered CD47 protein comprises:

an amino acid sequence having at least 80% identity to SEQ ID NO: 2; and

an insertion of one or more amino acids relative to SEQ ID NO: 2.
[0698] Embodiment 90. The genetically engineered cell of any one of embodiments 60-89, wherein the
engineered CD47 protein comprises an insertion of three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID
NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0699] Embodiment 91. The genetically engineered cell of any one of embodiments 60-90, wherein the
engineered CD47 protein comprises an insertion of three amino acids relative to SEQ ID NO: 2.
[0700] Embodiment 92. The genetically engineered cell of any one of embodiments 60-91, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ
ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0701] Embodiment 93. The genetically engineered cell of any one of embodiments 60-92, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2
[0702] Embodiment 94. The genetically engineered cell of any one of embodiments 60-93, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID
NO: 1.
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[0703] Embodiment 95. The genetically engineered cell of any one of embodiments 60-94, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2.
[0704] Embodiment 96. The genetically engineered cell of any one of embodiments 60-95, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2
or SEQ ID NO: 1.
[0705] Embodiment 97. The genetically engineered cell of any one of embodiments 60-96, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO:
2.
[0706] Embodiment 98. The genetically engineered cell of any one of embodiments 60-97, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO:
1.
[0707] Embodiment 99. The genetically engineered cell of any one of embodiments 60-98, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2.
[0708] Embodiment 100. The genetically engineered cell of any one of embodiments 60-99, wherein the
engineered CD47 protein comprises:

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an amino acid substitution of Q19P
relative to SEQ ID NO: 2, or

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of Q19P
relative to SEQ ID NO: 1.
[0709] Embodiment 101. The genetically engineered cell of any one of embodiments 60-100, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an
amino acid substitution of Q19P relative to SEQ ID NO: 2.
[0710] Embodiment 102. The genetically engineered cell of any one of embodiments 60-101, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0711] Embodiment 103. The genetically engineered cell of any one of embodiments 60-102, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2.
[0712] Embodiment 104. The genetically engineered cell of any one of embodiments 60-103, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 346.
[0713] Embodiment 105. The genetically engineered cell of any one of embodiments 60-104, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 347.
[0714] Embodiment 106. The genetically engineered cell of any one of embodiments 60-105, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 3.
[0715] Embodiment 107. The genetically engineered cell of any one of embodiments 60-106, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and
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an amino acid substitution of Q1P relative to SEQ ID NO: SEQ ID NO: 3.
[0716] Embodiment 108. The genetically engineered cell of any one of embodiments 60-107, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.
[0717] Embodiment 109. The nucleic acid construct of any one of embodiments 60-108, wherein the
engineered CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ
ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to
SEQ ID NO: 6;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID: 1; and an
amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1.
[0718] Embodiment 110. The genetically engineered cell of any one of embodiments 60-109, wherein the
engineered CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2; and

an amino acid substitution of Q19P relative to SEQ ID NO: 2.
[0719] Embodiment 111. The genetically engineered cell of any one of embodiments 1-110, wherein the
genetically engineered cell has cell surface expression of the engineered CD47 protein.
[0720] Embodiment 112. The genetically engineered cell of any one of embodiments 1-111, wherein the
genetically engineered cell has decreased cell surface expression of a TCR as compared to a comparable cell that has not
been genetically engineered.
[0721] Embodiment 113. The genetically engineered cell of any one of embodiments 1-112, wherein the
genetically engineered cell has decreased cell surface expression of B2M as compared to a comparable cell that has not
been genetically engineered.
[0722] Embodiment 114. The genetically engineered cell of any one of embodiments 1-113, wherein the
genetically engineered cell has decreased expression of CIITA as compared to a comparable cell that has not been
genetically engineered.
[0723] Embodiment 115. The genetically engineered cell of any one of embodiments 1-114, wherein the
genetically engineered cell comprises a modification at a TCR locus, B2M locus, a TAP I locus, a NLRCS locus, a CIITA
locus, an HLA-A locus, an HLA-B locus, an HLA-C locus, an HLA-DP locus, an HLA-DM locus, an HLA-DOA locus, an HLA-
DOB locus, an HLA-DQ locus, an HLA-DR locus, a RFX5 locus, a RFXANK locus, a RFXAP locus, an NFY-A locus, an NFY-B
locus, an NFY-C locus, or a combination thereof.
[0724] Embodiment 116. The genetically engineered cell of any one of embodiments 1-115, wherein the
genetically engineered cell has been genetically engineered to knock-out an HLA-A locus, an HLA-B locus, an HLA-C
locus, or a combination thereof.
[0725] Embodiment 117. The genetically engineered cell of any one of embodiments 1-116, wherein the
genetically engineered cell has been genetically engineered to knock-out an HLA-DM locus, an HLA-DO locus, an HLA-DP
locus, an HLA-DQ locus, an HLA-DR locus, or a combination thereof.
[0726] Embodiment 118. The genetically engineered cell of any one of embodiments 1-117, wherein the
genetically engineered cell has been genetically engineered to knock-out a TCR locus.
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[0727] Embodiment 119. The genetically engineered cell of any one of embodiments 1-118, wherein the
genetically engineered cell has been genetically engineered to knock-out a B2M locus.
[0728] Embodiment 120. The genetically engineered cell of any one of embodiments 1-119, wherein the
genetically engineered cell has been genetically engineered to knock-out a CIITA locus.
[0729] Embodiment 121. The genetically engineered cell of any one of embodiments 1-120, wherein the cell
comprises one or more modifications that inactivate or disrupt one or more alleles of:

(a) one or more major histocompatibility complex (MHC) class I molecules or one or more molecules that
regulate expression of the one or more MHC class I molecules, and/or

(b) one or more MHC class II molecules or one or more molecules that regulate expression of the one or more
MHC class II molecules.
[0730] Embodiment 122. The genetically engineered cell of any one of embodiments 1-121, wherein the cell
comprises one or more modifications that inactivate or disrupt one or more alleles of one or more MHC class I molecules
or one or more molecules that regulate expression of the one or more MHC class I molecules.
[0731] Embodiment 123. The genetically engineered cell of any one of embodiments 1-122, wherein the cell
comprises one or more modifications that inactivate or disrupt one or more alleles of one or more MHC class II molecules
or one or more molecules that regulate expression of the one or more MHC class II molecules.
[0732] Embodiment 124. The genetically engineered cell of any one of embodiments 1-123, wherein the cell
comprises one or more modifications that inactivate or disrupt one or more alleles of:

(a) one or more MHC class I molecules or one or more molecules that regulate expression of the one or more
MHC class I molecules, and

(b) one or more MHC class II molecules or one or more molecules that regulate expression of the one or more
MHC class II molecules.
[0733] Embodiment 125. The genetically engineered cell of any one of embodiments 1-124, wherein the one
or more modifications reduce cell surface protein expression of the one or more MHC class I molecules.
[0734] Embodiment 126. The genetically engineered cell of any one of embodiments 1-125, wherein the one
or more modifications reduce cell surface trafficking of the one or more MHC class I molecules.
[0735] Embodiment 127. The genetically engineered cell of any one of embodiments 1-126, wherein the one
or more modifications reduce a function of the one or more MHC class I molecules, optionally wherein the function is
antigen presentation.
[0736] Embodiment 128. The genetically engineered cell of any one of embodiments 1-127, wherein the one
or more MHC class I molecules are one or more human leukocyte antigen (HLA) class I molecules.
[0737] Embodiment 129. The genetically engineered cell of embodiment 128, wherein the one or more HLA
class I molecules are selected from the group consisting of HLA-A, HLA-B, and HLA-C.
[0738] Embodiment 130. The genetically engineered cell of any one of embodiments 1-127, wherein the one
or more molecules that regulate expression of the one or more MHC class I molecules are selected from the group
consisting of B2ZM, NLRC5 and TAP1.
[0739] Embodiment 131. The genetically engineered cell of any one of embodiments 1-127, wherein the one
or more molecules that regulate cell surface trafficking of the one or more MHC class I molecules are selected from the
group consisting of B2M and TAP1.
[0740] Embodiment 132. The genetically engineered cell of any one of embodiments 1-120, wherein the one
or more modifications reduce cell surface protein expression of the one or more MHC class II molecules.
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[0741] Embodiment 133. The genetically engineered cell of any one of embodiments 1-132, wherein the one
or more modifications reduce cell surface trafficking of the one or more MHC class II molecules.

[0742] Embodiment 134. The genetically engineered cell of any one of embodiments 1-133, wherein the one
or more modifications reduce a function of the one or more MHC class II molecules, optionally wherein the function is
antigen presentation.

[0743] Embodiment 135. The genetically engineered cell of any one of embodiments 1-134, wherein the one
or more MHC class II molecules are one or more human leukocyte antigen (HLA) class II molecules.

[0744] Embodiment 136. The genetically engineered cell of embodiment 135, wherein the one or more HLA
class IT molecules are selected from the group consisting of HLA-DP, HLA-DQ, and/or HLA-DR.

[0745] Embodiment 137. The genetically engineered cell of any one of embodiments 1-134, wherein the one
or more molecules that regulate expression of the one or more MHC class II molecules is/are selected from the group
consisting of CIITA and CD74.

[0746] Embodiment 138. The genetically engineered cell of any one of embodiments 1-137, wherein the
engineered CD47 protein is encoded by a first transgene.

[0747] Embodiment 139. The genetically engineered cell of embodiment 138, comprising, in its genome, the
first transgene at a first insertion site.

[0748] Embodiment 140. The genetically engineered cell of embodiment 139, wherein the first insertion site is
a T-cell receptor (TCR) locus.

[0749] Embodiment 141. The genetically engineered cell of embodiment 140, wherein the TCR locus is or
comprises: a TRAC locus, a TRBC1 locus, or a TRBC2 locus.

[0750] Embodiment 142. The genetically engineered cell of embodiment 140, wherein the first insertion site is
a 2 microglobulin (B2M) locus.

[0751] Embodiment 143. The genetically engineered cell of embodiment 140, wherein the first insertion site is
a class II transactivator (CIITA) locus.

[0752] Embodiment 144. The genetically engineered cell of embodiment 140, wherein the first insertion site is

a safe harbor locus.

[0753] Embodiment 145. The genetically engineered cell of embodiment 144, wherein the safe harbor locus is
an AAVS1, ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.
[0754] Embodiment 146. The genetically engineered cell of any one of embodiments 140-145, wherein the

first insertion site is an exon.

[0755] Embodiment 147. The genetically engineered cell of any one of embodiments 140-145, wherein the
first insertion site is an intron.

[0756] Embodiment 148. The genetically engineered cell of any one of embodiments 140-145, wherein the
first insertion site is between an intron and an exon.

[0757] Embodiment 149. The genetically engineered cell of any one of embodiments 140-145, wherein the
first insertion site is in a regulatory region.

[0758] Embodiment 150. The genetically engineered cell of any one of embodiments 1-149, further
comprising a second transgene encoding a tolerogenic factor.

[0759] Embodiment 151. The genetically engineered cell of embodiment 150, wherein the tolerogenic factor is
or comprises A20/TNFAIP3, B2M-HLA-E, CD16, CD16 Fc receptor, CD24, CD27, CD35, CD39, CD46, CD47, CD52, CD55,
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CD59, CD64, CD200, CCL21, CCL22, CTLA4-Ig, C1 inhibitor, CR1, DUX4, FASL, HLA-C, HLA-E, HLA-E heavy chain, HLA-F,
HLA-G, H2-M3, IDO1, IL-10, IL15-RF, IL-35, IL-39, MANF, Mfge8, PD-L1, or Serpinb9.

[0760] Embodiment 152. The genetically engineered cell of embodiment 150 or 151, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a TCR locus.

[0761] Embodiment 153. The genetically engineered cell of embodiment 150 or 151, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a B2M locus.

[0762] Embodiment 154. The genetically engineered cell of embodiment 150 or 151, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a CIITA locus.

[0763] Embodiment 155. The genetically engineered cell of embodiment 150 or 151, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a safe harbor locus.

[0764] Embodiment 156. The genetically engineered cell of embodiment 155, wherein the safe harbor locus is
an AAVS1, ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SH5231 locus.
[0765] Embodiment 157. The genetically engineered cell of any one of embodiments 150-156, wherein the
genetically engineered cell has cell surface expression of the tolerogenic factor.

[0766] Embodiment 158. The genetically engineered cell of any one of embodiments 1-157, further
comprising a third transgene encoding a chimeric antigen receptor (CAR).

[0767] Embodiment 159. The genetically engineered cell of embodiment 158, wherein the CAR is or comprises
a CD5-specific CAR, a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD23-specific CAR, a CD30-
specific CAR, a CD33-specific CAR, CD38-specific CAR, a CD70-specific CAR, a CD123-specific CAR, a CD138-specific
CAR, a Kappa, Lambda, B cell maturation agent (BCMA)-specific CAR, a G-protein coupled receptor family C group 5
member D (GPRC5D)-specific CAR, a CD123-specific CAR, a LeY-specific CAR, a NKG2D ligand-specific CAR, a WT1-
specific CAR, a GD2-specific CAR, a HER2-specific CAR, a EGFR-specific CAR, a EGFRvIII-specific CAR, a B7H3-specific
CAR, a PSMA-specific CAR, a PSCA-specific CAR, a CAIX-specific CAR, a CD171-specific CAR, a CEA-specific CAR, a
CSPG4-specific CAR, a EPHA2-specific CAR, a FAP-specific CAR, a FRa-specific CAR, a IL-13Ra-specific CAR, a
Mesothelin-specific CAR, a MUC1-specific CAR, a MUC16-specific CAR, a ROR1-specific CAR, a C-Met-specific CAR, a
CD133-specific CAR, a Ep-CAM-specific CAR, a GPC3-specific CAR, a HPV16-E6-specific CAR, a IL13Ra2-specific CAR, a
MAGEA3-specific CAR, a MAGEA4-specific CAR, a MART1-specific CAR, a NY-ESO-1-specific CAR, a VEGFR2-specific CAR,
a a-Folate receptor-specific CAR, a CD24-specific CAR, a CD44v7/8-specific CAR, a EGP-2-specific CAR, a EGP-40-specific
CAR, a erb-B2-specific CAR, a erb-B 2,3,4-specific CAR, a FBP-specific CAR, a Fetal acethylcholine e receptor-specific
CAR, a GD2-specific CAR, a GD3-specific CAR, a HMW-MAA-specific CAR, a IL-11Ra-specific CAR, a KDR-specific CAR, a
Lewis Y-specific CAR, a L1-cell adhesion molecule-specific CAR, a MAGE-A1-specific CAR, a Oncofetal antigen (h5T4)-
specific CAR, a TAG-72-specific CAR, or a CD19/CD22-bispecific CAR.

[0768] Embodiment 160. The genetically engineered cell of embodiment 158 or 159, wherein the CAR is or
comprises a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD38-specific CAR, a CD123-specific CAR, a
CD138-specific CAR, a BCMA-specific CAR, or a CD19/CD22-bispecific CAR.

[0769] Embodiment 161. The genetically engineered cell of any one of embodiments 158-160, wherein the
genetically engineered cell has cell surface expression of the CAR.

[0770] Embodiment 162. The genetically engineered cell of any one of embodiments 1-157, further
comprising a third transgene encoding a chimeric auto antigen receptor (CAAR).

[0771] Embodiment 163. The genetically engineered cell of embodiment 162, wherein the CAAR comprises an
antigen selected from the group consisting of a pancreatic B-cell antigen, synovial joint antigen, myelin basic protein,
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proteolipid protein, myelin oligodendritic glycoprotein, MuSK, keratinocyte adhesion protein desmoglein 3 (Dsg3), Ro-
RNP complex, La antigen, myeloperoxidase, proteinase 3, cardiolipin, citrullinated proteins, carbamylated proteins, and
a3 chain of basement membrane collagen.

[0772] Embodiment 164. The genetically engineered cell of embodiment 162 or 163, wherein the genetically
engineered cell has cell surface expression of the CAAR.

[0773] Embodiment 165. The genetically engineered cell of any one of embodiments 1-157, further
comprising a third transgene encoding a B-cell autoantibody receptor (BAR).

[0774] Embodiment 166. The genetically engineered cell of embodiment 165, wherein the genetically
engineered cell has cell surface expression of the BAR.

[0775] Embodiment 167. The genetically engineered cell of any one of embodiments 158-166, wherein the
third transgene is inserted at a safe harbor locus.

[0776] Embodiment 168. The genetically engineered cell of any one of embodiments 158-167, wherein the
third transgene is inserted at a TRAC locus, a TRBC1 locus, a TRBC2 locus, a B2M locus, a CIITA locus, a MICA locus, a
MICB locus, or a safe harbor locus.

[0777] Embodiment 169. The genetically engineered cell of any one of embodiments 158-168, wherein the
third transgene is inserted at an AAVS1 locus, an ABO locus, a CCR5 locus, a CLYBL locus, a CXCR4 locus, a F3 locus, a
FUT1 locus, a HMGBI1 locus, a KDM5D locus, a LRP1 locus, a RHD locus, a ROSA26 locus, or a SHS231 locus.

[0778] Embodiment 170. The genetically engineered cell of any one of embodiments 138-157, wherein the
first transgene and the second transgene are inserted into the same insertion site.

[0779] Embodiment 171. The genetically engineered cell of any one of embodiments 138-157 or 158-169,
wherein the first transgene and the third transgene are inserted into the same insertion site.

[0780] Embodiment 172. The genetically engineered cell of any one of embodiments 150-169, wherein the
second transgene and the third transgene are inserted into the same insertion site.

[0781] Embodiment 173. The genetically engineered cell of any one of embodiments 138-169, wherein the
first transgene, the second transgene, and the third transgene are inserted into the same insertion site.

[0782] Embodiment 174. The genetically engineered cell of any one of embodiments 138-173, wherein the
first transgene, the second transgene, and the third transgene are encoded by three separate constructs.

[0783] Embodiment 175. The genetically engineered cell of any one of embodiments 138-173, wherein the
first transgene, the second transgene, and the third transgene are encoded by two separate constructs.

[0784] Embodiment 176. The genetically engineered cell of any one of embodiments 138-173, wherein the
first transgene, the second transgene, and the third transgene are encoded by a polycistronic construct.

[0785] Embodiment 177. The genetically engineered cell of any one of embodiments 138-176, wherein the
first transgene and/or the second transgene and/or the third transgene encode a genome editing complex.

[0786] Embodiment 178. The genetically engineered cell of 177, wherein the genome editing complex
comprises a genome targeting entity and a genome modifying entity.

[0787] Embodiment 179. The genetically engineered cell of 178, wherein the genome targeting entity is a
nucleic acid-guided targeting entity.

[0788] Embodiment 180. The genetically engineered cell of embodiment 178 or 179, wherein the genome
targeting entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA
binding protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas
combination), a ribonucleoprotein (RNP) complex comprising a gRNA and a Cas nuclease, a homing endonuclease, a zinc
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finger nuclease (ZF) nucleic acid binding entity, a transcription activator-like effector (TALE) nucleic acid binding entity, a
meganuclease, a Cas nuclease, a core Cas protein, a homing endonuclease, an endonuclease-deficient-Cas protein, an
enzymatically inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, or a
functional portion thereof.

[0789] Embodiment 181. The genetically engineered cell of any one of embodiments 178-180, wherein the
genome targeting entity is selected from the group consisting of: Casl, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a,
Cas8b, Cas8c, Cas9, Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2cl), Cas12c (C2c3), Casl2d (CasY), Casi2e (CasX),
Cas12f (C2c10), Casl2g, Cas12h, Cas12i, Cas12k (C2c5), Cas13, Casl3a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8,
C2c9, Cmr1, Cmr2, Cmr3, Cmr4, Cmr5, Cmr6, Csd1, Csd2, Cas5d, Csel, Cse2, Cse3, Csed, Cas5e, Csfl, Csm1, Csm2,
Csm3, Csm4, Csm5, Csnl, Csn2, Cst1, Cst2, Cas5t, Cshil, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csab, Cas5a, Csx10,
Csx11, Csy1, Csy2, Csy3, Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-
fidelity variants of SpCas9, SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCasl2b, BhCas12b v4,
TnpB, dCas (D10A), dCas (H840A), dCas13a, dCas13b, or a functional portion thereof.

[0790] Embodiment 182. The genetically engineered cell of any one of embodiments 178-181, wherein the
genome modifying entity cleaves, deaminates, nicks, polymerizes, interrogates, integrates, cuts, unwinds, breaks, alters,
methylates, demethylates, or otherwise destabilizes a target locus.

[0791] Embodiment 183. The genetically engineered cell of any one of embodiments 178-182, wherein the
genome modifying entity comprises a recombinase, integrase, transposase, endonuclease, exonuclease, nickase,
helicase, DNA polymerase, RNA polymerase, reverse transcriptase, deaminase, flippase, methylase, demethylase,
acetylase, a nucleic acid modifying protein, an RNA modifying protein, a DNA modifying protein, an Argonaute protein,
an epigenetic modifying protein, a histone modifying protein, or a functional portion thereof.

[0792] Embodiment 184. The genetically engineered cell of any one of embodiments 178-183, wherein the
genome modifying entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid
programmable DNA binding protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a
guide RNA (CRISPR-Cas combination), a ribonucleoprotein (RNP) complex comprising the gRNA and the Cas nuclease, a
homing endonuclease, a zinc finger nuclease (ZFN), a transcription activator-like effector nuclease (TALEN), a
meganuclease, a Cas nuclease, a core Cas protein, a TnpB nuclease, an endonuclease-deficient-Cas protein, an
enzymatically inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, base
editing, prime editing, a Programmable Addition via Site-specific Targeting Elements (PASTE), or a functional portion
thereof.

[0793] Embodiment 185. The genetically engineered cell of any one of embodiments 178-184, wherein the
genome modifying entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a,
Cas8b, Cas8c, Cas9, Cas10, Cas12, Casl2a (Cpfl), Casl2b (C2cl), Cas12c (C2c3), Casi2d (CasY), Casl2e (CasX),
Cas12f (C2¢10), Casl12g, Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8,
C2c9, Cmrl, Cmr2, Cmr3, Cmr4, Cmr5, Cmr6, Csd1, Csd2, Cas5d, Csel, Cse2, Cse3, Cse4, Casbe, Csfl, Csm1, Csm2,
Csm3, Csm4, Csm5, Csnl, Csn2, Cst1, Cst2, Cas5t, Cshl, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Cas5a, Csx10,
Csx11, Csyl1, Csy2, Csy3, Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-
fidelity variants of SpCas9, SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCas12b, BhCas12b v4,
TnpB, Fokl, dCas (D10A), dCas (H840A), dCas13a, dCas13b, a base editor, a prime editor, a target-primed reverse
transcription (TPRT) editor, APOBEC1, cytidine deaminase, adenosine deaminase, uracil glycosylase inhibitor (UGI),
adenine base editors (ABE), cytosine base editors (CBE), reverse transcriptase, serine integrase, recombinase,
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transposase, polymerase, adenine-to-thymine or "ATBE” (or thymine-to-adenine or “TABE") transversion base editor,
ten-eleven translocation methylcytosine dioxygenases (TETs), TET1, TET3, TET1CD, histone acetyltransferase p300,
histone methyltransferase SMYD3, histone methyltransferase PRDM9, H3K79 methyltransferase DOT1L, transcriptional
repressor, or a functional portion thereof.

[0794] Embodiment 186. The genetically engineered cell of any one of embodiments 178-185, wherein the
genome targeting entity and the genome modifying entity are different domains of a single polypeptide.

[0795] Embodiment 187. The genetically engineered cell of any one of embodiments 178-186, wherein the
genome targeting entity and genome modifying entity are two different polypeptides that are operably linked together.
[0796] Embodiment 188. The genetically engineered cell of any one of embodiments 178-186, wherein the
genome targeting entity and genome modifying entity are two different polypeptides that are not linked together.
[0797] Embodiment 189. The genetically engineered cell of any one of embodiments 178-188, wherein the
genome editing complex comprises a guide nucleic acid having a targeting domain that is complementary to at least one
target locus, optionally wherein the guide nucleic acid is a guide RNA (gRNA).

[0798] Embodiment 190. The genetically engineered cell of any one of embodiments 177-187, wherein the
genome editing complex comprises an RNA-guided nuclease.

[0799] Embodiment 191. The genetically engineered cell of embodiment 190, wherein the RNA-guided
nuclease comprises a Cas nuclease.

[0800] Embodiment 192. The genetically engineered cell of embodiment 191, wherein the genome editing
complex comprises a ribonucleoprotein (RNP) complex comprising the Cas nuclease and the gRNA.

[0801] Embodiment 193. The genetically engineered cell of embodiment 191 or 192, wherein the Cas
nuclease is a Type II or Type V Cas protein.

[0802] Embodiment 194. The genetically engineered cell of any one of embodiments 191-193, wherein the
Cas nuclease is selected from the group consisting of Cas3, Cas4, Cas5, Cas8a, Cas8b, Cas8¢, Cas9, Cas10, Cas12,
Cas12a (Cpf1), Cas12b (C2c1), Cas12c (C2c3), Casi2d (CasY), Cas12e (CasX), Cas12f (C2¢10), Cas12g, Cas1i2h, Cas12i,
Cas12k (C2c5), Cas13, Casi3a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8, C2c9, Cmr5, Csel, Cse2, Csfl, Csm2, Csn2,
Csx10, Csx11, Csyl, Csy2, Csy3, and Mad7.

[0803] Embodiment 195. The genetically engineered cell of any one of embodiments 1-194, wherein the
genetically engineered cell is a human cell or a non-human animal cell.

[0804] Embodiment 196. The genetically engineered cell of embodiment 195, wherein the non-human animal
cell is a porcine, bovine or ovine cell.

[0805] Embodiment 197. The genetically engineered cell of embodiment 195, wherein the genetically
engineered cell is a human cell.

[0806] Embodiment 198. The genetically engineered cell of any one of embodiments 1-197, wherein the
genetically engineered cell is a differentiated cell derived from a stem cell or a progenitor cell.

[0807] Embodiment 199. The genetically engineered cell of embodiment 198, wherein the stem cell is a
pluripotent stem cell.

[0808] Embodiment 200. The genetically engineered cell of embodiment 199, wherein the pluripotent stem
cell is an induced pluripotent stem cell (iPSC).

[0809] Embodiment 201. The genetically engineered cell of embodiment 199, wherein the pluripotent stem
cell is an embryonic stem cell (ESC).
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[0810] Embodiment 202. The genetically engineered cell of any one of embodiments 1-201, wherein the cell is
a primary cell isolated from a donor.

[0811] Embodiment 203. The genetically engineered cell of embodiment 202, wherein the donor is healthy
and/or is not suspected of having a disease or condition at the time the primary cell is obtained from the donor.

[0812] Embodiment 204. The genetically engineered cell of any one of embodiments 1-203, wherein the
genetically engineered cell is part of a population of primary cells isolated from multiple donors.

[0813] Embodiment 205. The genetically engineered cell of any one of embodiments 1-204, wherein the
multiple donors are healthy and/or are not suspected of having a disease or condition at the time the primary cells are
obtained from the donors.

[0814] Embodiment 206. The genetically engineered cell of any one of embodiments 1-205, wherein the cell is
an islet cell, beta islet cell, pancreatic islet cell, immune cell, B cell, T cell, natural killer (NK) cell, natural killer T (NKT)
cell, macrophage cell, endothelial cell, muscle cell, cardiac muscle cell, smooth muscle cell, skeletal muscle cell,
dopaminergic neuron, retinal pigmented epithelium cell, optic cell, hepatocyte, thyroid cell, skin cell, glial progenitor cell,
neural cell, cardiac cell, stem cell, hematopoietic stem cell, induced pluripotent stem cell (iPSC), mesenchymal stem cell

(MSC), embryonic stem cell (ESC), pluripotent stem cell (PSC), blood cell, or a combination thereof.

[0815] Embodiment 207. The genetically engineered cell of any one of embodiments 1-206, wherein the cell is
a T-cell.
[0816] Embodiment 208. The genetically engineered cell of embodiment 207, wherein the T-cell is a CD3+ T

cell, CD4+ T cell, CDS+ T cell, naive T cell, regulatory T (Treg) cell, non-regulatory T cell, Th1 cell, Th2 cell, Th9 cell,
Th17 cell, T-follicular helper (Tfh) cell, cytotoxic T lymphocyte (CTL), effector T (Teff) cell, central memory T cell,
effector memory T cell, effector memory T cell expressing CD45RA (TEMRA cell), tissue-resident memory (Trm) cell,
virtual memory T cell, innate memory T cell, memory stem cell (Tse), yd T cell, or a combination thereof.

[0817] Embodiment 209. The genetically engineered cell of embodiment 207 or 208, wherein the T cell is a
cytotoxic T-cell, helper T-cell, memory T-cell, regulatory T-cell, tumor infiltrating lymphocyte, or a combination thereof.
[0818] Embodiment 210. The genetically engineered cell of any one of embodiments 207-209, wherein the
cell is a human T-cell.

[0819] Embodiment 211. The genetically engineered cell of any one of embodiments 207-210, wherein the
cell is an autologous T-cell.

[0820] Embodiment 212. The genetically engineered cell of any one of embodiments 207-210, wherein the
cell is an allogeneic T-cell.

[0821] Embodiment 213. The genetically engineered cell of embodiment 212, wherein the allogeneic T-cell is
a primary T cell.

[0822] Embodiment 214. The genetically engineered cell of 212 or 213, wherein the allogeneic T cell has been
differentiated from an embryonic stem cell (ESC) or an induced pluripotent stem cell (iPSC).

[0823] Embodiment 215. The genetically engineered cell of any one of embodiments 207-209, wherein the
cell is an islet cell, beta islet cell, or pancreatic islet cell.

[0824] Embodiment 216. The genetically engineered cell of embodiment 215, wherein the cell is an
autologous islet cell, an autologous beta islet cell, or an autologous pancreatic islet cell.

[0825] Embodiment 217. The genetically engineered cell of embodiment 216, wherein the cell is an allogeneic
islet cell, an allogeneic beta islet cell, or an allogeneic pancreatic islet cell.
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[0826] Embodiment 218. The genetically engineered cell of embodiment 217, wherein the allogeneic islet cell,
allogeneic beta islet cell, or allogeneic pancreatic islet cell is a primary islet cell, a primary beta islet cell, or a primary
pancreatic islet cell.

[0827] Embodiment 219. The genetically engineered cell of embodiment 217 or embodiment 218, wherein the
allogeneic islet cell, allogeneic beta islet cell, or allogeneic pancreatic islet cell has been differentiated from an embryonic
stem cell (ESC) or an induced pluripotent stem cell (iPSC).

[0828] Embodiment 220. The genetically engineered cell of any one of embodiments 31-214, wherein the cell
expressing SIRPa is an immune cell.

[0829] Embodiment 221. The genetically engineered cell of embodiment 220, wherein the immune cell is a
natural killer (NK) cell, a monocyte, or a macrophage.

[0830] Embodiment 222. The genetically engineered cell of any one of embodiments 31-214, wherein the cell
expressing SIRPa is a neural cell.

[0831] Embodiment 223. The genetically engineered cell of embodiment 222, wherein the neural cell is a
microglia.

[0832] Embodiment 224. A composition comprising the genetically engineered cell of any one of embodiments
1-221.

[0833] Embodiment 225. A pharmaceutical composition comprising (i) the genetically engineered cell of any

one of embodiments 1-221, and (ii) a pharmaceutically acceptable excipient.

[0834] Embodiment 226. A method comprising administering to a subject the genetically engineered cell of
any one of embodiments 1-221, the composition of embodiment 224, or the pharmaceutical composition of embodiment
225.

[0835] Embodiment 227. The method of embodiment 226, wherein the method is a method of treating a
disease in a subject.

[0836] Embodiment 228. A method of treating a disease in a subject, the method comprising administering to
the subject the genetically engineered cell of any one of embodiments 1-221, the composition of embodiment 224, or
the pharmaceutical composition of embodiment 225.

[0837] Embodiment 229. A population of cells comprising the genetically engineered cell of any one of

embodiments 1-221 for use in treating a disease in a subject.

[0838] Embodiment 230. The composition of embodiment 224 for use in treating a disease in a subject.
[0839] Embodiment 231. The pharmaceutical composition of embodiment 225 for use in treating a disease in
a subject.

[0840] Embodiment 232. Use of the genetically modified cell of any one of embodiments 1-221, the

population of cells of embodiment 229, the composition of embodiment 224 or 230, or the pharmaceutical composition
of embodiment 225 or 231 for use in treating a disease in a subject.

[0841] Embodiment 233. Use of the genetically modified cell of any one of embodiments 1-221, the
population of cells of embodiment 229, the composition of embodiment 224 or 124, or the pharmaceutical composition
of embodiment 225 or 231 in the manufacture of a medicament for the treatment of a disease.

[0842] Embodiment 234. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the disease is cancer.
[0843] Embodiment 235. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the cancer is
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associated with CD5, CD19, CD20, CD22, CD23, CD30, CD33, CD70, Kappa, Lambda, B cell maturation agent (BCMA), G-
protein coupled receptor family C group 5 member D (GPRC5D), CD123, LeY, NKG2D ligand, WT1, GD2, HER2, EGFR,
EGFRVIIIL, B7H3, PSMA, PSCA, CAIX, CD171, CEA, CSPG4, EPHA2, FAP, FRa, IL-13Ra, Mesothelin, MUC1, MUC16, ROR1,
C-Met, CD133, Ep-CAM, GPC3, HPV16-E6, IL13Ra2, MAGEA3, MAGEA4, MART1, NY-ESO-1, VEGFR2, a-Folate receptor,
CD24, CD44v7/8, EGP-2, EGP-40, erb-B2, erb-B 2,3,4, FBP, Fetal acethylcholine e receptor, GD2, GD3, HMW-MAA, IL-
11Ra, KDR, Lewis Y, L1-cell adhesion molecule, MAGE-A1, Oncofetal antigen (h5T4), and/or TAG-72 expression.
[0844] Embodiment 236. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the cancer is a
hematologic malignancy.

[0845] Embodiment 237. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the hematologic
malignancy is selected from the group consisting of myeloid neoplasm, myelodysplastic syndromes (MDS),
myeloproliferative/myelodysplastic syndromes, acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL),
acute myeloid leukemia (AML), chronic myelogenous leukemia (CML), blast crisis chronic myelogenous leukemia

(bcCML), B-cell acute lymphoid leukemia (B-ALL), T-cell acute lymphoid leukemia (T-ALL), T-cell lymphoma, and B-cell

lymphoma.

[0846] Embodiment 238. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the cancer is solid
malignancy.

[0847] Embodiment 239. The genetically modified cell, the population of cells, the composition, the

pharmaceutical composition, the method or the use of any of the preceding embodiments, wherein the solid malignancy
is selected breast cancer, ovarian cancer, colon cancer, prostate cancer, epithelial cancer, renal-cell carcinoma,
pancreatic adenocarcinoma, cervical carcinoma, colorectal cancer, glioblastoma, rhabdomyosarcoma, neuroblastoma,
melanoma, Ewing sarcoma, osteosarcoma, mesothelioma and adenocarcinoma.

[0848] Embodiment 240. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any one of embodiments 1-233, wherein the disease is an
autoimmune disease.

[0849] Embodiment 241. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of embodiment 240, wherein the autoimmune disease is selected
from the group consisting of lupus, systemic lupus erythematosus, rheumatoid arthritis, psoriasis, psoriatic arthritis,
multiple sclerosis, Crohn’s disease, ulcerative colitis, Addison’s disease, Graves' disease, Sjogren’s syndrome, Hashimoto's

thyroiditis, and celiac disease.

[0850] Embodiment 242. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any one of embodiments 1-233, wherein the disease is diabetes
mellitus.

[0851] Embodiment 243. The genetically modified cell, the population of cells, the composition, the

pharmaceutical composition or the use of embodiment 242, wherein the diabetes is selected from the group consisting
Type I diabetes, Type II diabetes, prediabetes, and gestational diabetes.

[0852] Embodiment 244. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of any one of embodiments 1-233, wherein the disease is a
neurological disease.
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[0853] Embodiment 245. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the method or the use of embodiment 244, wherein the neurological disease is selected
from the group consisting of catalepsy, epilepsy, encephalitis, meningitis, migraine, Huntington’s, Alzheimer’s,
Parkinson's, Pelizaeus-Merzbacher disease, and multiple sclerosis.
[0854] Embodiment 246. A method of making a genetically engineered cell comprising an engineered CD47
protein and a nucleic acid construct encoding the engineered CD47 protein, the method comprising:

a. delivering to a cell a nucleic acid construct comprising a first transgene encoding the engineered CD47

protein, thereby making a genetically engineered cell.

[0855] Embodiment 247. The method of embodiment 246, wherein the method comprises inserting the first
transgene encoding the engineered CD47 protein into a first insertion site in the genome of the cell.

[0856] Embodiment 248. The method of embodiment 247, wherein the first insertion site is a T-cell receptor
(TCR) locus.

[0857] Embodiment 249. The method of embodiment 248, wherein the TCR locus is or comprises: a TRAC
locus, a TRBC1 locus, or a TRBC2 locus.

[0858] Embodiment 250. The method of embodiment 247, wherein the first insertion site is a 2 microglobulin
(B2M) locus.

[0859] Embodiment 251. The method of embodiment 247, wherein the first insertion site is a class II
transactivator (CIITA) locus.

[0860] Embodiment 252. The method of embodiment 247, wherein the first insertion site is a safe harbor
locus.

[0861] Embodiment 253. The method of embodiment 146, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.

[0862] Embodiment 254. The method of any one of embodiments 247-253, wherein the first insertion site is
an exon.

[0863] Embodiment 255. The method of any one of embodiments 247-253, wherein the first insertion site is
an intron.

[0864] Embodiment 256. The method of any one of embodiments 247-253, wherein the first insertion site is

between an intron and an exon.

[0865] Embodiment 257. The method of any one of embodiments 247-253, wherein the first insertion site is
in a regulatory region.

[0866] Embodiment 258. The method of any one of embodiments 247-257, wherein the step of inserting
comprises insertion using a gene therapy vector, transposase, lentiviral vector, retrovirus, fusosome, PiggyBac
transposon, Sleeping Beauty (SB11) transposon, Mos1 transposon, or Tol2 transposon.

[0867] Embodiment 259. The method of any one of embodiments 247-258, wherein the step of inserting
comprises insertion using a lentiviral vector.

[0868] Embodiment 260. The method of any one of embodiments 247-257, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using a genome-modifying protein.

[0869] Embodiment 261. The method of any one of embodiments 246-260, further comprising introducing
into the cell a genome editing complex.

[0870] Embodiment 262. The method of embodiment 261, wherein the genome editing complex comprises a
genome targeting entity and a genome modifying entity.
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[0871] Embodiment 263. The method of embodiment 262, wherein the genome targeting entity localizes the
genome editing complex to a safe harbor site, optionally wherein the genome targeting entity is a nucleic acid-guided
targeting entity.

[0872] Embodiment 264. The method of 262 or 263, wherein the genome targeting entity is selected from the
group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA binding protein, an RNA guided
nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas combination), a
ribonucleoprotein (RNP) complex comprising a gRNA and a Cas nuclease, a homing endonuclease, a zinc finger nuclease
(ZF) nucleic acid binding entity, a transcription activator-like effector (TALE) nucleic acid binding entity, a meganuclease,
a Cas nuclease, a core Cas protein, a homing endonuclease, an endonuclease-deficient-Cas protein, an enzymatically
inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, or a functional portion
thereof.

[0873] Embodiment 265. The method of any one of embodiments 262-264, wherein the genome targeting
entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a, Cas8b, Cas8¢, Cas9,
Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2c1), Cas12c (C2c3), Cas12d (CasY), Casl2e (CasX), Cas12f (C2¢10), Casl2g,
Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2¢8, C2¢9, Cmrl, Cmr2, Cmr3,
Cmr4, Cmr5, Cmr6, Csd1, Csd2, Cas5d, Csel, Cse2, Cse3, Csed, Cas5e, Csfl, Csm1, Csm2, Csm3, Csm4, Csm5, Csni,
Csn2, Cst1, Cst2, Cas5t, Cshi, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Cas5a, Csx10, Csx11, Csyl, Csy2, Csy3,
Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-fidelity variants of SpCas9,
SaCas9, NmecCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCas12b, BhCas12b v4, TnpB, dCas (D10A), dCas
(H840A), dCas13a, dCas13b, or a functional portion thereof.

[0874] Embodiment 266. The method of any one of embodiments 262-265, wherein the genome modifying
entity cleaves, deaminates, nicks, polymerizes, interrogates, integrates, cuts, unwinds, breaks, alters, methylates,
demethylates, or otherwise destabilizes the target locus.

[0875] Embodiment 267. The method of any one of embodiments 262-266, wherein the genome modifying
entity comprises a recombinase, integrase, transposase, endonuclease, exonuclease, nickase, helicase, DNA polymerase,
RNA polymerase, reverse transcriptase, deaminase, flippase, methylase, demethylase, acetylase, a nucleic acid modifying
protein, an RNA modifying protein, a DNA modifying protein, an Argonaute protein, an epigenetic modifying protein, a
histone modifying protein, or a functional portion thereof.

[0876] Embodiment 268. The method of any one of embodiments 262-267, wherein the genome modifying
entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA binding
protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas
combination), a ribonucleoprotein (RNP) complex comprising the gRNA and the Cas nuclease, a homing endonuclease, a
zinc finger nuclease (ZFN), a transcription activator-like effector nuclease (TALEN), a meganuclease, a Cas nuclease, a
core Cas protein, a TnpB nuclease, an endonuclease-deficient-Cas protein, an enzymatically inactive Cas protein, a
CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, base editing, prime editing, a Programmable
Addition via Site-specific Targeting Elements (PASTE), or a functional portion thereof.

[0877] Embodiment 269. The method of any one of embodiments 262-268, wherein the genome modifying
entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a, Cas8b, Cas8¢, Cas9,
Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2c1), Cas12c (C2c3), Cas12d (CasY), Casl2e (CasX), Cas12f (C2¢10), Casl2g,
Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13bh, Cas13c, Cas13d, C2c4, C2¢8, C2¢9, Cmrl, Cmr2, Cmr3,
Cmr4, Cmr5, Cmr6, Csdl, Csd2, Cas5d, Csel, Cse2, Cse3, Csed, Casbe, Csfl, Csm1, Csm2, Csm3, Csm4, Csm5, Csnl,
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Csn2, Cstl, Cst2, Cas5t, Cshi, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Cas5a, Csx10, Csx11, Csyl, Csy2, Csy3,
Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-fidelity variants of SpCas9,
SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCasl12a, AacCas12b, BhCas12b v4, TnpB, Fokl, dCas (D10A),
dCas (H840A), dCas13a, dCas13b, a base editor, a prime editor, a target-primed reverse transcription (TPRT) editor,
APOBEC]1, cytidine deaminase, adenosine deaminase, uracil glycosylase inhibitor (UGI), adenine base editors (ABE),
cytosine base editors (CBE), reverse transcriptase, serine integrase, recombinase, transposase, polymerase, adenine-to-
thymine or “"ATBE” (or thymine-to-adenine or “"TABE") transversion base editor, ten-eleven translocation methylcytosine
dioxygenases (TETs), TET1, TET3, TET1CD, histone acetyltransferase p300, histone methyltransferase SMYD3, histone
methyltransferase PRDM9, H3K79 methyltransferase DOT1L, transcriptional repressor, or a functional portion thereof.
[0878] Embodiment 270. The method of any one of embodiments 262-269, wherein the genome targeting
entity and the genome modifying entity are different domains of a single polypeptide.

[0879] Embodiment 271. The method of any one of embodiments 262-270, wherein the genome targeting
entity and genome modifying entity are two different polypeptides that are operably linked together.

[0880] Embodiment 272. The method of any one of embodiments 262-271, wherein the genome targeting
entity and genome modifying entity are two different polypeptides that are not linked together.

[0881] Embodiment 273. The method of any one of embodiments 261-272, wherein the genome editing
complex comprises a guide nucleic acid having a targeting domain that is complementary to at least one sequence within

the genomic safe harbor site, optionally wherein the guide nucleic acid is a guide RNA (gRNA).

[0882] Embodiment 274. The method of any one of embodiments 261-273, wherein the genome editing
complex comprises an RNA-guided nuclease.

[0883] Embodiment 275. The method of embodiment 274, wherein the RNA-guided nuclease comprises a Cas
nuclease.

[0884] Embodiment 276. The method of embodiment 275, wherein the genome editing complex comprises a

ribonucleoprotein (RNP) complex comprising the Cas nuclease and the gRNA.

[0885] Embodiment 277. The method of embodiment 275 or 276, wherein the Cas nuclease is a Type II or
Type V Cas protein.

[0886] Embodiment 278. The method of any one of embodiments 275-277, wherein the Cas nuclease is
selected from the group consisting of Cas3, Cas4, Cas5, Cas8a, Cas8b, Cas8c, Cas9, Cas10, Cas12, Cas12a (Cpfl),
Cas12b (C2c1), Cas12c (C2c3), Cas12d (CasY), Casl2e (CasX), Cas12f (C2c10), Casl2g, Casl2h, Cas12i, Cas12k (C2c5),
Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2¢8, C2c9, Cmr5, Csel, Cse2, Csfl, Csm2, Csn2, Csx10, Csx11,
Csy1, Csy2, Csy3, and Mad7.

[0887] Embodiment 279. The method of embodiment 264, wherein the gRNA comprises a complementary
region, wherein the complementary region comprises a nucleic acid sequence that is complementary to a target nucleic
acid sequence within a gene locus, and wherein the target nucleic acid sequence comprises the insertion site.

[0888] Embodiment 280. The method of embodiment 279, wherein the gene locus is a TCR locus.

[0889] Embodiment 281. The method of embodiment 279, wherein the gene locus is a B2M locus.

[0890] Embodiment 282. The method of embodiment 279, wherein the gene locus is a CIITA locus.
[0891] Embodiment 283. The method of any of embodiments 247-282, wherein the first insertion site is 25

nucleotides or less from a protospacer adjacent motif (PAM) sequence, wherein the PAM sequence is ngg, nag, ngrrt,
ngrrn, nnnngatt, nnnnryac, nnagaaw, naaaac, tttv, ttn, attn, tttn, gttn, or yttn and wherein:
(i) r=aorg,
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(i) y=cort,

(i) w=aort,

(iv) v=aorcorg,and

) n=a,ctorg.
[0892] Embodiment 284. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using SpCas9 and the PAM is ngg or nag, wherein n= a, c,
t, org.
[0893] Embodiment 285. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using SaCas9 and the PAM is ngrrt or ngrrn, wherein:

(i) r=aorg, and

(i) n=a,ctorg.
[0894] Embodiment 286. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using NmeCas9 and the PAM is nnnngatt, wherein n = a,
¢, torg.
[0895] Embodiment 287. The method of any one of embodiments 247-283, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using CjCas9 and the PAM is nnnnryac, wherein:
0] r=aorg,
(i) y =cort, and

(i) n=a,ctorg.
[0896] Embodiment 288. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using StCas9 and the PAM is nnagaaw wherein:

(i) w =aort, and

(i) n=a,ctorg.
[0897] Embodiment 289. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TdCas9 and the PAM is naaaac, wherein n= a, ¢, t,
org.
[0898] Embodiment 290. The method of any one of embodiments 247-283, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using LbCas12a and the PAM is tttv, wherein v = a or c or

g.
[0899] Embodiment 291. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using AsCas12a and the PAM is tttv, wherein v = a or c or
g.

[0900] Embodiment 292. The method of any one of embodiments 247-283, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using AacCas12b and the PAM is ttn, wherein n= a, ¢, t,
org.

[0901] Embodiment 293. The method of any one of embodiments 247-283, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using BhCas12b and the PAM is attn., tttn, or gttn,

wherein n= a, ¢, t, or g.

[0902] Embodiment 294. The method of any one of embodiments 247-283, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using MAD7 (ErCas12a) and the PAM is yttn, wherein:
(i) y= cort, and
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(i) n=a,ct org.
[0903] Embodiment 295. The method of any one of embodiments 247, 265, or 284-294, wherein homology-
directed repair (HDR)-mediated insertion using a site-directed nuclease is performed with an HDR efficiency equal to or

greater than HDR insertion using lentivirus.

[0904] Embodiment 296. The method of any one of embodiments 247-260, 262, 263, or 264, wherein the
step of inserting comprises homology-directed repair (HDR)-mediated insertion using ZFN.

[0905] Embodiment 297. The method of any one of embodiments 247-260, 262, 263, 264, or 190, wherein
the first insertion site is 25 nucleotides or less from a zinc finger binding sequence.

[0906] Embodiment 298. The method of any one of embodiments 247-260, 262, 263, or 264, wherein the
step of inserting comprises homology-directed repair (HDR)-mediated insertion using TALEN.

[0907] Embodiment 299. The method of any one of embodiments 247-260, 262, 263, 264, or 298, wherein
the first insertion site is 25 nucleotides or less from a transcription activator-like effectors (TALE) binding sequence.
[0908] Embodiment 300. The method of any one of embodiments 247-262 or 264, wherein the step of
inserting comprises homology-directed repair (HDR)-mediated insertion using a guide RNA (gRNA) and a TnpB
polypeptide.

[0909] Embodiment 301. The method of embodiment 300, wherein the gRNA comprises a complementary
region,

wherein the complementary region comprises a nucleic acid sequence that is complementary to a target nucleic

acid sequence within a gene locus, and wherein the target nucleic acid sequence comprises the insertion site.

[0910] Embodiment 302. The method of embodiment 301, wherein the gene locus is a TCR locus.

[0911] Embodiment 303. The method of embodiment 301, wherein the gene locus is a B2M locus.

[0912] Embodiment 304. The method of embodiment 301, wherein the gene locus is a CIITA locus.

[0913] Embodiment 305. The method of embodiment 301, wherein the gene locus is a safe harbor locus.
[0914] Embodiment 306. The method of embodiment 305, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.

[0915] Embodiment 307. The method of any one of embodiments 300-306, wherein the insertion site is 25

nucleotides or less from a target adjacent motif (TAM) sequence, wherein the TAM sequence is tca, tcac, tcag, tcat, tcaa,
ttcan, ttcaa, ttcag, or ttgat, and wherein:

(i) n=a,ct org.
[0916] Embodiment 308. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tca.
[0917] Embodiment 309. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcac.
[0918] Embodiment 310. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcag.
[0919] Embodiment 311. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcat.
[0920] Embodiment 312. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcaa.
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[0921] Embodiment 313. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcan, wherein n=
a, ¢t org.

[0922] Embodiment 314. The method of any one of embodiments 300-307, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcaa.

[0923] Embodiment 315. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcag.

[0924] Embodiment 316. The method of any one of embodiments 300-307, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttgat.

[0925] Embodiment 317. The method of embodiment 246, wherein the step of delivering the nucleic acid
construct to the cell comprises viral transduction with a retrovirus or an adeno-associated virus (AAV) vector.
[0926] Embodiment 318. The method of embodiment 317, wherein the retrovirus is or comprises Moloney
murine leukemia virus (M-MuLV), Moloney murine sarcoma virus (MoMSV), Harvey murine sarcoma virus (HaMuSV),
murine mammary tumor virus (MuMTYV), gibbon ape leukemia virus (GaLV), feline leukemia virus (FLV), spumavirus,
Friend murine leukemia virus, Murine Stem Cell Virus (MSCV), Rous Sarcoma Virus (RSV), a lentivirus, a Gammretrovirus,

an Epsilonretrovirus, an Alpharetrovirus, a Betaretrovirus, a Deltaretrovirus, or a Spumaretrovirus.

[0927] Embodiment 319. The method of embodiment 317, wherein the AAV vector is an AAV6 vector or an
AAV9 vector.
[0928] Embodiment 320. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-

319, wherein the first transgene encoding the engineered protein at the insertion site at a TCR locus reduces expression
of a functional TCR.

[0929] Embodiment 321. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
320, wherein the first transgene encoding the engineered protein at the insertion site at a TCR locus disrupts expression
of a functional TCR.

[0930] Embodiment 322. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, wherein the first transgene encoding the engineered protein at the insertion site at a B2M locus reduces expression
of a functional B2M.

[0931] Embodiment 323. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 322, wherein the first transgene encoding the engineered protein at the insertion site at a B2M locus reduces
expression of a functional MHC I molecule.

[0932] Embodiment 324. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 322-323, wherein the first transgene encoding the engineered protein at the insertion site at a B2M locus
disrupts expression of a functional B2M.

[0933] Embodiment 325. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 322-324, wherein the first transgene encoding the engineered protein at the insertion site at a B2M gene locus
disrupts expression of a functional MHC I molecule.

[0934] Embodiment 326. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus reduces

expression of a functional CIITA.
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[0935] Embodiment 327. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 326, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus reduces
expression of a functional MHC II molecule.
[0936] Embodiment 328. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 326-327, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus
disrupts expression of a functional CIITA.
[0937] Embodiment 329. The method of any one of embodiments 247, 248, 249, 260-280, 283-302, or 307-
319, or 326-328, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA gene locus
disrupts expression of a functional MHC II molecule.
[0938] Embodiment 330. The method of any one of embodiments 246-329, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of:

one or more major histocompatibility complex (MHC) class I molecules or one or more molecules that regulate
expression of the one or more MHC class I molecules, and/or

one or more MHC class II molecules or one or more molecules that regulate expression of the one or more MHC
class II molecules.
[0939] Embodiment 331. The method of any one of embodiments 246-330, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of one or more MHC class I molecules or one or more
molecules that regulate expression of the one or more MHC class I molecules.
[0940] Embodiment 332. The method of any one of embodiments 246-331, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of one or more MHC class II molecules or one or more
molecules that regulate expression of the one or more MHC class II molecules.
[0941] Embodiment 333. The method of any one of embodiments 246-332, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of:

one or more MHC class I molecules or one or more molecules that regulate expression of the one or more MHC
class I molecules, and

one or more MHC class II molecules or one or more molecules that regulate expression of the one or more MHC

class II molecules.

[0942] Embodiment 334. The method of any one of embodiments 330-333, wherein the one or more
modifications reduce cell surface protein expression of the one or more MHC class I molecules.

[0943] Embodiment 335. The method of any one of embodiments 330-334, wherein the one or more
modifications reduce cell surface trafficking of the one or more MHC class I molecules.

[0944] Embodiment 336. The method of any one of embodiments 330-335, wherein the one or more
modifications reduce a function of the one or more MHC class I molecules, optionally wherein the function is antigen
presentation.

[0945] Embodiment 337. The method of any one of embodiments 330-336, wherein the one or more MHC

class I molecules are one or more human leukocyte antigen (HLA) class I molecules.

[0946] Embodiment 338. The method of embodiment 337, wherein the one or more HLA class I molecules are
selected from the group consisting of HLA-A, HLA-B, and HLA-C.

[0947] Embodiment 339. The method of any one of embodiments 330-338, wherein the one or more
molecules that regulate expression of the one or more MHC class I molecules are selected from the group consisting of
B2M, NLRC5 and TAP1.
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[0948] Embodiment 340. The method of any one of embodiments 330-338, wherein the one or more
molecules that regulate cell surface trafficking of the one or more MHC class I molecules are selected from the group
consisting of B2M and TAP1.

[0949] Embodiment 341. The method of any one of embodiments 330-339, wherein the one or more

modifications reduce cell surface protein expression of the one or more MHC class II molecules.

[0950] Embodiment 342. The method of any one of embodiments 330-341, wherein the one or more
maodifications reduce cell surface trafficking of the one or more MHC class II molecules.

[0951] Embodiment 343. The method of any one of embodiments 330-342, wherein the one or more
modifications reduce a function of the one or more MHC class II molecules, optionally wherein the function is antigen
presentation.

[0952] Embodiment 344. The method of any one of embodiments 330-343, wherein the one or more MHC

class II molecules are one or more human leukocyte antigen (HLA) class II molecules.

[0953] Embodiment 345. The method of embodiment 344, wherein the one or more HLA class II molecules
are selected from the group consisting of HLA-DP, HLA-DQ, and/or HLA-DR.

[0954] Embodiment 346. The method of any one of embodiments 330-345, wherein the one or more
molecules that regulate expression of the one or more MHC class II molecules is/are selected from the group consisting
of CIITA and CD74.

[0955] Embodiment 347. The method of any one of embodiments 247-346, wherein the first transgene
encoding the engineered protein at the insertion site at a safe harbor locus disrupts expression of a functional AAVS1,
ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231.

[0956] Embodiment 348. The method of any one of embodiments 247-346, wherein the first transgene
encoding the engineered protein at the insertion site at a safe harbor locus disrupts expression of a functional AAVS1,
ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 molecule.
[0957] Embodiment 349. The method of any one of embodiments 246-348, wherein the genetically
engineered cell has cell surface expression of the engineered protein.

[0958] Embodiment 350. The method of any one of embodiments 246-349, wherein the nucleic acid construct
further comprises a second transgene encoding a tolerogenic factor.

[0959] Embodiment 351. The method of embodiment 350, wherein the method further comprises inserting
the second transgene into a second insertion site in the genome of the cell.

[0960] Embodiment 352. The method of embodiment 350, wherein the tolerogenic factor is or comprises
A20/TNFAIP3, B2M-HLA-E, CD16, CD16 Fc receptor, CD24, CD27, CD35, CD39, CD46, CD47, CD52, CD55, CD59, CD64,
CD200, CCL21, CCL22, CTLA4-1g, C1 inhibitor, CR1, DUX4, FASL, HLA-C, HLA-E, HLA-E heavy chain, HLA-F, HLA-G, H2-
M3, IDO1, IL-10, IL15-RF, IL-35, IL-39, MANF, Mfge8, PD-L1, or Serpinb9.

[0961] Embodiment 353. The method of any one of embodiments 350-352, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a TCR locus.

[0962] Embodiment 354. The method of any one of embodiments 350-352, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a B2M locus.

[0963] Embodiment 355. The method of any one of embodiments 350-352, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a CIITA locus.

[0964] Embodiment 356. The method of any one of embodiments 350-352, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a safe harbor locus.
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[0965] Embodiment 357. The method of embodiment 356, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.
[0966] Embodiment 358. The method of any one of embodiments 350-357, wherein the genetically

engineered cell has cell surface expression of the tolerogenic factor.

[0967] Embodiment 359. The method of any one of embodiments 246-358, wherein the nucleic acid construct
further comprises a third transgene encoding a chimeric antigen receptor (CAR).

[0968] Embodiment 360. The method of embodiment 359, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[0969] Embodiment 361. The method of embodiment 359, wherein the CAR is or comprises a CD5-specific
CAR, a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD23-specific CAR, a CD30-specific CAR, a
CD33-specific CAR, CD38-specific CAR, a CD70-specific CAR, a CD123-specific CAR, a CD138-specific CAR, a Kappa,
Lambda, B cell maturation agent (BCMA)-specific CAR, a G-protein coupled receptor family C group 5 member D
(GPRC5D)-specific CAR, a CD123-specific CAR, a LeY-specific CAR, a NKG2D ligand-specific CAR, a WT1-specific CAR, a
GD2-specific CAR, a HER2-specific CAR, a EGFR-specific CAR, a EGFRvIII-specific CAR, a B7H3-specific CAR, a PSMA-
specific CAR, a PSCA-specific CAR, a CAIX-specific CAR, a CD171-specific CAR, a CEA-specific CAR, a CSPG4-specific CAR,
a EPHA2-specific CAR, a FAP-specific CAR, a FRa-specific CAR, a IL-13Ra-specific CAR, a Mesothelin-specific CAR, a
MUC1-specific CAR, a MUC16-specific CAR, a ROR1-specific CAR, a C-Met-specific CAR, a CD133-specific CAR, a Ep-CAM-
specific CAR, a GPC3-specific CAR, a HPV16-E6-specific CAR, a IL13Ra2-specific CAR, a MAGEA3-specific CAR, a
MAGEA4-specific CAR, a MART1-specific CAR, a NY-ESO-1-specific CAR, a VEGFR2-specific CAR, a a-Folate receptor-
specific CAR, a CD24-specific CAR, a CD44v7/8-specific CAR, a EGP-2-specific CAR, a EGP-40-specific CAR, a erb-B2-
specific CAR, a erb-B 2,3,4-specific CAR, a FBP-specific CAR, a Fetal acethylcholine e receptor-specific CAR, a GD2-
specific CAR, a GD3-specific CAR, a HMW-MAA-specific CAR, a IL-11Ra-specific CAR, a KDR-specific CAR, a Lewis Y-
specific CAR, a L1-cell adhesion molecule-specific CAR, a MAGE-A1-specific CAR, a Oncofetal antigen (h5T4)-specific
CAR, a TAG-72-specific CAR, or a CD19/CD22-bispecific CAR.

[0970] Embodiment 362. The method of any one of embodiments 359-361, wherein the CAR is or comprises a
CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD38-specific CAR, a CD123-specific CAR, a CD138-
specific CAR, a BCMA-specific CAR, or a CD19/CD22-bispecific CAR.

[0971] Embodiment 363. The method of any one of embodiments 359-362, wherein the genetically
engineered cell has cell surface expression of the CAR.

[0972] Embodiment 364. The method of any one of embodiments 246-358, wherein the nucleic acid construct
further comprises a third transgene encoding a chimeric auto antigen receptor (CAAR).

[0973] Embodiment 365. The method of embodiment 364, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[0974] Embodiment 366. The method of embodiment 364, wherein the CAAR comprises an antigen selected
from the group consisting of a pancreatic B-cell antigen, synovial joint antigen, myelin basic protein, proteolipid protein,
myelin oligodendritic glycoprotein, MuSK, keratinocyte adhesion protien desmoglein 3 (Dsg3), Ro-RNP complex, La
antigen, myeloperoxidase, proteinase 3, cardiolipin, citrullinated proteins, carbamylated proteins, and a3 chain of
basement membrane collagen.

[0975] Embodiment 367. The method of any one of embodiments 364-366, wherein the genetically
engineered cell has cell surface expression of the CAAR.
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[0976] Embodiment 368. The method of any one of embodiments 246-358, wherein the nucleic acid construct
further comprises a third transgene encoding a B-cell autoantibody receptor (BAR).

[0977] Embodiment 369. The method of embodiment 368, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[0978] Embodiment 370. The method of embodiment 368, wherein the genetically engineered cell has cell
surface expression of the BAR.

[0979] Embodiment 371. The method of any one of embodiments 359-370, wherein the third transgene is
inserted at a safe harbor locus.

[0980] Embodiment 372. The method of any one of embodiments 359-371, wherein the third transgene is
inserted at a TRAC locus, a TRBC1 locus, a TRBC2 locus, a B2M locus, a CIITA locus, a MICA locus, a MICB locus, or a
safe harbor locus.

[0981] Embodiment 373. The method of any one of embodiments 359-372, wherein the third transgene is
inserted at an AAVS1 locus, an ABO locus, a CCR5 locus, a CLYBL locus, a CXCR4 locus, a F3 locus, a FUT1 locus, a
HMGB1 locus, a KDM5D locus, a LRP1 locus, a RHD locus, a ROSA26 locus, or a SHS231 locus.

[0982] Embodiment 374. The method of any one of embodiments 246-373, wherein the first transgene and
the second transgene are inserted into the same insertion site.

[0983] Embodiment 375. The method of any one of embodiments 246-356 or 368-266, wherein the first
transgene and the third transgene are inserted into the same insertion site.

[0984] Embodiment 376. The method of any one of embodiments 350-373, wherein the second transgene
and the third transgene are inserted into the same insertion site.

[0985] Embodiment 377. The method of any one of embodiments 246-373, wherein the first transgene, the
second transgene, and the third transgene are inserted into the same insertion site.

[0986] Embodiment 378. The method of any one of embodiments 246-377, wherein the first transgene, the
second transgene, and the third transgene are encoded by three separate constructs.

[0987] Embodiment 379. The method of any one of embodiments 246-377, wherein the first transgene, the
second transgene, and the third transgene are encoded by two separate constructs.

[0988] Embodiment 380. The method of any one of embodiments 246-377, wherein the first transgene, the
second transgene, and the third transgene are encoded by a polycistronic construct.

[0989] Embodiment 381. The method of any one of embodiments 246-380, wherein the genetically
engineered cell is a human cell or a non-human animal cell.

[0990] Embodiment 382. The method of embodiment 381, wherein the non-human animal cell is a porcine,

bovine or ovine cell.

[0991] Embodiment 383. The method of embodiment 381, wherein the genetically engineered cell is a human
cell.
[0992] Embodiment 384. The method of any one of embodiments 246-383, wherein the genetically

engineered cell is a differentiated cell derived from a stem cell or a progenitor cell.

[0993] Embodiment 385. The method of any one of embodiments 246-384, wherein the cell is a stem cell or a
progenitor cell.

[0994] Embodiment 386. The method of any one of embodiments 246-384, wherein the cell is a differentiated
cell derived from a stem cell or a progenitor cell.

[0995] Embodiment 387. The method of embodiment 384, wherein the stem cell is a pluripotent stem cell.
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[0996] Embodiment 388. The method of embodiment 384, wherein the pluripotent stem cell is an induced
pluripotent stem cell (iPSC).

[0997] Embodiment 389. The method of embodiment 387, wherein the pluripotent stem cell is an embryonic
stem cell (ESC).

[0998] Embodiment 390. The method of any one of embodiments 246-389, wherein the cell is a primary cell

isolated from a donor.

[0999] Embodiment 391. The method of embodiment 390, wherein the donor is healthy and/or is not
suspected of having a disease or condition at the time the primary cell is obtained from the donor.

[1000] Embodiment 392. The method of any one of embodiments 246-391, wherein the cells are islet cells,
beta islet cells, pancreatic islet cells, immune cells, B cells, T cells, natural killer (NK) cells, natural killer T (NKT) cells,
macrophage cells, endothelial cells, muscle cells, cardiac muscle cells, smooth muscle cells, skeletal muscle cells,
dopaminergic neurons, retinal pigmented epithelium cells, optic cells, hepatocytes, thyroid cells, skin cells, glial
progenitor cells, neural cells, cardiac cells, stem cells, hematopoietic stem cells, induced pluripotent stem cells (iPSCs),

mesenchymal stem cells (MSCs), embryonic stem cells (ESCs), pluripotent stem cell (PSCs), blood cells, or a combination

thereof.
[1001] Embodiment 393. The method of any one of embodiments 246-392, wherein the cell is a T-cell.
[1002] Embodiment 394. The method of embodiment 393, wherein the T-cell is a CD3+ T cell, CD4+ T cell,

CDS+ T cell, naive T cell, regulatory T (Treg) cell, non-regulatory T cell, Thi cell, Th2 cell, Th9 cell, Th17 cell, T-follicular
helper (Tth) cell, cytotoxic T lymphocyte (CTL), effector T (Teff) cell, central memory T cell, effector memory T cell,
effector memory T cell expressing CD45RA (TEMRA cell), tissue-resident memory (Trm) cell, virtual memory T cell,

innate memory T cell, memory stem cell (Tse), yd T cell, or a combination thereof.

[1003] Embodiment 395. The method of embodiment 393 or 394, wherein the T cell is a cytotoxic T-cell,
helper T-cell, memory T-cell, regulatory T-cell, tumor infiltrating lymphocyte, or a combination thereof.

[1004] Embodiment 396. The method of any one of embodiments 393-395, wherein the cell is a human T-cell.
[1005] Embodiment 397. The method of any one of embodiments 393-396, wherein the cell is an autologous
T-cell.

[1006] Embodiment 398. The method of any one of embodiments 393-396, wherein the cell is an allogeneic
T-cell.

[1007] Embodiment 399. The method of embodiment 398, wherein the allogeneic T-cell is a primary T cell.
[1008] Embodiment 400. The method of 398 or 399, wherein the allogeneic T cell has been differentiated

from an embryonic stem cell (ESC) or an induced pluripotent stem cell (iPSC).

[1009] Embodiment 401. The method of any one of embodiments 246-392, wherein the cell is an islet cell,
beta islet cell, or pancreatic islet cell.

[1010] Embodiment 402. The method of embodiment 401, wherein the cell is an autologous islet cell, an
autologous beta islet cell, or an autologous pancreatic islet cell.

[1011] Embodiment 403. The method of embodiment 401, wherein the cell is an allogeneic islet cell, an
allogeneic beta islet cell, or an allogeneic pancreatic islet cell.

[1012] Embodiment 404. The method of embodiment 403, wherein the allogeneic islet cell, allogeneic beta
islet cell, or allogeneic pancreatic islet cell is a primary islet cell, a primary beta islet cell, or a primary pancreatic islet
cell.
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[1013] Embodiment 405. The method of embodiment 403 or 404, wherein the allogeneic islet cell, allogeneic
beta islet cell, or allogeneic pancreatic islet cell has been differentiated from an embryonic stem cell (ESC) or an induced

pluripotent stem cell (iPSC).

Embodiments Section II
[1014] Embodiment 1. A nucleic acid construct comprising one or more nucleic acid sequences encoding an
engineered protein,

wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 17, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-
length CD47 intracellular domains.
[1015] Embodiment 2. A nucleic acid construct comprising one or more nucleic acid sequences encoding an
engineered protein,

wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 16, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-
length CD47 intracellular domains.
[1016] Embodiment 3. A nucleic acid construct comprising one or more nucleic acid sequences encoding an
engineered protein,

wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 15, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-
length CD47 intracellular domains.
[1017] Embodiment 4. The nucleic acid construct of any one of the preceding embodiments, wherein the
engineered protein comprises one or more membrane tethers.
[1018] Embodiment 5. The nucleic acid construct of any one of embodiments 1-4, wherein the one or more
membrane tethers are or comprise a transmembrane domain.
[1019] Embodiment 6. The nucleic acid construct of embodiment 5, wherein the transmembrane domain is
or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR,
MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLRY, or VEGFR transmembrane domain.
[1020] Embodiment 7. The nucleic acid construct of embodiment 5 or 6, wherein the transmembrane
domain is or comprises a CD47 transmembrane domain.
[1021] Embodiment 8. The nucleic acid construct of any one of embodiments 5-7, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 54.
[1022] Embodiment 9. The nucleic acid construct of any one of embodiments 5-7, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 56.
[1023] Embodiment 10. The nucleic acid construct of any one of embodiments 5-7, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 58.
[1024] Embodiment 11. The nucleic acid construct of any one of embodiments 5-7, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 60.
[1025] Embodiment 12. The nucleic acid construct of any one of embodiments 5-7, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 62.
[1026] Embodiment 13. The nucleic acid construct of embodiment 5 or 6, wherein the transmembrane

domain is or comprises a CD8a transmembrane domain.
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[1027] Embodiment 14. The nucleic acid construct of embodiment 5, 6, or 13, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 69.

[1028] Embodiment 15. The nucleic acid construct of embodiment 5 or 6, wherein the transmembrane
domain is or comprises a CD28 transmembrane domain.

[1029] Embodiment 16. The nucleic acid construct of embodiment 5, 6, or 15, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 71.

[1030] Embodiment 17. The nucleic acid construct of embodiment 5 or 6, wherein the transmembrane
domain is or comprises a PDGFR transmembrane domain.

[1031] Embodiment 18. The nucleic acid construct of embodiment 5, 6, or 17, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 73.

[1032] Embodiment 19. The nucleic acid construct of any one of embodiments 4-18, wherein the one or
more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1033] Embodiment 20. The nucleic acid construct of embodiment 19, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1034] Embodiment 21. The nucleic acid construct of embodiment 19 or 20, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor.

[1035] Embodiment 22. The nucleic acid construct of any one of embodiments 19-21, wherein the DAF/CD55
GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 65.

[1036] Embodiment 23. The nucleic acid construct of embodiment 19 or 20, wherein the GPI anchor is or
comprises a TRAILR3 GPI anchor.

[1037] Embodiment 24. The nucleic acid construct of any one of embodiments 19,20, or 23, wherein the

TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 66.

[1038] Embodiment 25. The nucleic acid construct of any one of embodiments 19, 20, or 23, wherein the
TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 67.

[1039] Embodiment 26. The nucleic acid construct of any one of embodiments 1-15, wherein the one or
more extracellular domains further comprise an extracellular hinge domain.

[1040] Embodiment 27. The nucleic acid construct of embodiment 26, wherein the extracellular hinge
domain is or comprises a CD47 hinge, a CD8a hinge, a CD28 hinge, a PDGFR hinge, or an IgG4 hinge.

[1041] Embodiment 28. The nucleic acid construct of embodiment 26 or 27, wherein the extracellular hinge
domain is or comprises a CD47 hinge.

[1042] Embodiment 29. The nucleic acid construct of any one of embodiments 26-28, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 75.
[1043] Embodiment 30. The nucleic acid construct of embodiment 26 or 29, wherein the extracellular hinge
domain is or comprises a CD8a hinge.

[1044] Embodiment 31. The nucleic acid construct of embodiment 26, 29, or 30, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 76.

[1045] Embodiment 32. The nucleic acid construct of embodiment 26 or 29, wherein the extracellular hinge
domain is or comprises a CD28 hinge.

[1046] Embodiment 33. The nucleic acid construct of embodiment 26, 29, or 32, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 77.
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[1047] Embodiment 34. The nucleic acid construct of embodiment 26 or 29, wherein the extracellular hinge
domain is or comprises a PDGFR hinge.
[1048] Embodiment 35. The nucleic acid construct of embodiment 26, 29, or 34, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 78.
[1049] Embodiment 36. The nucleic acid construct of embodiment 26 or 29, wherein the extracellular hinge
domain is or comprises an IgG4 hinge.
[1050] Embodiment 37. The nucleic acid construct of embodiment 26, 29, or 36, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 79.
[1051] Embodiment 38. A nucleic acid construct comprising one or more nucleic acid sequences encoding an
engineered CD47 protein comprising:

(a) one or more extracellular domains; and (b) one or more membrane tethers;

wherein the one or more extracellular domains comprise: an amino acid substitution at position 582 of SEQ ID
NO: 2, an amino acid substitution at position S64 of SEQ ID NO: 3, an amino acid substitution at position S82 of SEQ ID
NO: 1, or an amino acid substitution at position S37 of SEQ ID NO: 6; and/or

an amino acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position S65 of SEQ
ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at position S38 of
SEQ ID NO: 6; and/or

an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 3 SEQ ID NO: 1 or SEQ ID NO:
6; and

wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-length
CD47 intracellular domains.
[1052] Embodiment 39. The nucleic acid construct of embodiment 38, wherein the one or more extracellular
domains comprise:

an amino acid substitution of S82A relative to SEQ ID NO: 2,

an amino acid substitution of S64A relative to SEQ ID NO: 3,

an amino acid substitution of S82A relative to SEQ ID NO: 1, or

an amino acid substitution of S37A relative to SEQ ID NO: 6.
[1053] Embodiment 40. The nucleic acid construct of embodiment 38, wherein the one or more extracellular
domains comprise:

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,

an amino acid substitution of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or

an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.
[1054] Embodiment 41. The nucleic acid construct of any one of embodiments 38-40, wherein the one or
more extracellular domains comprise:

an amino acid substitution of S83A relative to SEQ ID NO: 2,

an amino acid substitution of S65A relative to SEQ ID NO: 3,

an amino acid substitution of S83A relative to SEQ ID NO: 1, or

an amino acid substitution of S38A relative to SEQ ID NO: 6.
[1055] Embodiment 42. The nucleic acid construct of any one of embodiments 38-40, wherein the one or

more extracellular domains comprise:

192



WO 2025/043172 PCT/US2024/043615

an amino acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,

an amino acid substitution of S65V, S65I, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,

an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or

an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.

[1056] Embodiment 43. The nucleic acid construct of any one of embodiments 38, 39 or 41, wherein the one
or more extracellular domains comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82A relative
to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A
relative to SEQ ID NO: 1, and an amino acid substitution of S37A relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83A
relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an amino acid substitution of
S83A relative to SEQ ID NO: 1, and an amino acid substitution of S38A relative to SEQ ID NO: 6.

[1057] Embodiment 44. The nucleic acid construct of any one of embodiments 38, 39 or 42, wherein the one
or more extracellular domains comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S82I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of S64V, S641, S64L, S64F,
S64W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821, S82L, S82F, S82w,
S82G, or S82P relative to SEQ ID NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or
S37P relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
5831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S651I, S65L, S65F,
S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831I, S83L, S83F, S83w,
S83G, or S83P relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or
S38P relative to SEQ ID NO: 6.

[1058] Embodiment 45. The nucleic acid construct of embodiment 38, wherein the engineered CD47 protein
comprises an insertion of three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.

[1059] Embodiment 46. The nucleic acid construct of embodiment 38 or 45, wherein the engineered CD47
protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.
[1060] Embodiment 47. The nucleic acid construct of any one of embodiments 38-46, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID
NO: 1.

[1061] Embodiment 48. The nucleic acid construct of any one of embodiments 38-47, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2
or SEQ ID NO: 1.

[1062] Embodiment 49. The nucleic acid construct of any one of embodiments 38-48, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO:
1.

[1063] Embodiment 50. The nucleic acid construct of any one of embodiments 38-49, wherein the
engineered CD47 protein comprises: an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an
amino acid substitution of Q19P relative to SEQ ID NO: 2, or
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an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of Q19P
relative to SEQ ID NO: 1.
[1064] Embodiment 51. The nucleic acid construct of any one of embodiments 38-50, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.
[1065] Embodiment 52. The nucleic acid construct of any one of embodiments 38-51, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 348
[1066] Embodiment 53. The nucleic acid construct of any one of embodiments 38-52, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 347.
[1067] Embodiment 54. The nucleic acid construct of any one of embodiments 38-53, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:  an amino
acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 3.
[1068] Embodiment 55. The nucleic acid construct of any one of embodiments 38-53, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid substitution of Q19P relative to SEQ ID NO: 3.
[1069] Embodiment 56. The nucleic acid construct of any one of embodiments 38-53, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 6.
[1070] Embodiment 57. The nucleic acid construct of any one of embodiments 38-56, wherein the
engineered CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ
ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to
SEQ ID NO: 6;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID NO: 1; and

an amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1.
[1071] Embodiment 58. The nucleic acid construct of any one of embodiments 38-57, wherein the one or
more membrane tethers are or comprise a transmembrane domain.
[1072] Embodiment 59. The nucleic acid construct of embodiment 58, wherein the transmembrane domain is
or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32¢, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR,
MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR transmembrane domain.
[1073] Embodiment 60. The nucleic acid construct of embodiment 58 or 59, wherein the transmembrane
domain is or comprises a CD47 transmembrane domain.
[1074] Embodiment 61. The nucleic acid construct of any one of embodiments 58-60, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 54.
[1075] Embodiment 62. The nucleic acid construct of any one of embodiments 58-60, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 56.
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[1076] Embodiment 63. The nucleic acid construct of any one of embodiments 58-60, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 58.

[1077] Embodiment 64. The nucleic acid construct of any one of embodiments 58-60, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 60.

[1078] Embodiment 65. The nucleic acid construct of any one of embodiments 58-60, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 62.

[1079] Embodiment 66. The nucleic acid construct of embodiment 58 or 59, wherein the transmembrane
domain is or comprises a CD8a transmembrane domain.

[1080] Embodiment 67. The nucleic acid construct of embodiment 58, 59, or 66, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 69.

[1081] Embodiment 68. The nucleic acid construct of embodiment 58 or 59, wherein the transmembrane
domain is or comprises a CD28 transmembrane domain.

[1082] Embodiment 69. The nucleic acid construct of embodiment 58, 59, or 68, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 71.

[1083] Embodiment 70. The nucleic acid construct of embodiment 58 or 59, wherein the transmembrane
domain is or comprises a PDGFR transmembrane domain.

[1084] Embodiment 71. The nucleic acid construct of embodiment 58, 59, or 70, wherein the transmembrane
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 73.

[1085] Embodiment 72. The nucleic acid construct of any one of embodiments 38-71, wherein the one or
more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1086] Embodiment 73. The nucleic acid construct of embodiment 72, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1087] Embodiment 74. The nucleic acid construct of embodiment 72 or 73, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor.

[1088] Embodiment 75. The nucleic acid construct of any one of embodiments 72-74, wherein the DAF/CD55
GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 65.

[1089] Embodiment 76. The nucleic acid construct of embodiment 72 or 73, wherein the GPI anchor is or
comprises a TRAILR3 GPI anchor.

[1090] Embodiment 77. The nucleic acid construct of any one of embodiments 72, 73, or 76, wherein the
TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 66.

[1091] Embodiment 78. The nucleic acid construct of any one of embodiments 72, 73, or 76, wherein the
TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 67.
[1092] Embodiment 79. The nucleic acid construct of any one of embodiments 38-78, wherein the one or

more extracellular domains further comprise an extracellular hinge domain.

[1093] Embodiment 80. The nucleic acid construct of embodiment 79, wherein the extracellular hinge
domain is or comprises a CD47 hinge, a CD8a hinge, a CD28 hinge, a PDGFR hinge, or an IgG4 hinge.

[1094] Embodiment 81. The nucleic acid construct of embodiment 79 or 80, wherein the extracellular hinge
domain is or comprises a CD47 hinge.

[1095] Embodiment 82. The nucleic acid construct of any one of embodiments 79-81, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 75.
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[1096] Embodiment 83. The nucleic acid construct of embodiment 79 or 80, wherein the extracellular hinge
domain is or comprises a CD8a hinge.
[1097] Embodiment 84. The nucleic acid construct of embodiment 79, 80, or 83, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 76.
[1098] Embodiment 85. The nucleic acid construct of embodiment 79 or 80, wherein the extracellular hinge
domain is or comprises a CD28 hinge.
[1099] Embodiment 86. The nucleic acid construct of embodiment 79, 80, or 85, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 77.
[1100] Embodiment 87. The nucleic acid construct of embodiment 79 or 80, wherein the extracellular hinge
domain is or comprises a PDGFR hinge.
[1101] Embodiment 88. The nucleic acid construct of embodiment 79, 80, or 87, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 78.
[1102] Embodiment 89. The nucleic acid construct of embodiment 79 or 80, wherein the extracellular hinge
domain is or comprises an IgG4 hinge.
[1103] Embodiment 90. The nucleic acid construct of embodiment 79, 80, or 89, wherein the extracellular
hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 79.
[1104] Embodiment 91. A nucleic acid construct comprising one or more nucleic acid sequences encoding an
engineered CD47 protein, wherein the engineered CD47 protein comprises an insertion of three amino acids relative to
SEQ ID NO: 4 or SEQ ID NO: 5.
[1105] Embodiment 92. The nucleic acid construct of any one of embodiments 91, wherein the engineered
CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 348.
[1106] Embodiment 93. The nucleic acid construct of 91 or 92, wherein the engineered CD47 protein
comprises an amino acid sequence comprising SEQ ID NO: 347.
[1107] Embodiment 94. The nucleic acid construct of any one of embodiments B1-B3, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 4, or SEQ ID NO: 5.
[1108] Embodiment 95. The nucleic acid construct of any one of embodiments 91-94, wherein the
engineered protein comprises one or more membrane tethers.
[1109] Embodiment 96. The nucleic acid construct of embodiment 95, wherein the one or more membrane
tethers are or comprise a transmembrane domain.
[1110] Embodiment 97. The nucleic acid construct of embodiment 96, wherein the transmembrane domain is
or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR,
MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR transmembrane domain.
[1111] Embodiment 98. The nucleic acid construct of embodiment 96 or 97, wherein the transmembrane
domain is or comprises a CD47 transmembrane domain.
[1112] Embodiment 99. The nucleic acid construct of any one of embodiments 96-98, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 54.
[1113] Embodiment 100. The nucleic acid construct of any one of embodiments 96-98, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 56.
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[1114] Embodiment 101. The nucleic acid construct of any one of embodiments 96-98, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 58.

[1115] Embodiment 102. The nucleic acid construct of any one of embodiments 96-98, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 60.

[1116] Embodiment 103. The nucleic acid construct of any one of embodiments 96-98, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 62.

[1117] Embodiment 104. The nucleic acid construct of embodiment 96 or 97, wherein the transmembrane
domain is or comprises a CD8a transmembrane domain.

[1118] Embodiment 105. The nucleic acid construct of embodiment 96, 97, or 104, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 69.

[1119] Embodiment 106. The nucleic acid construct of embodiment 96 or 97, wherein the transmembrane
domain is or comprises a CD28 transmembrane domain.

[1120] Embodiment 107. The nucleic acid construct of embodiment 96, 97, or 106, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 71.

[1121] Embodiment 108. The nucleic acid construct of embodiment 96 or 97, wherein the transmembrane
domain is or comprises a PDGFR transmembrane domain.

[1122] Embodiment 109. The nucleic acid construct of embodiment 96, 97, or 108, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 73.

[1123] Embodiment 110. The nucleic acid construct of any one of embodiments 95-110, wherein the one or
more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1124] Embodiment 111. The nucleic acid construct of embodiment 110, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1125] Embodiment 112. The nucleic acid construct of embodiment 110 or 111, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor.

[1126] Embodiment 113. The nucleic acid construct of any one of embodiments 110-112, wherein the
DAF/CD55 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 65.

[1127] Embodiment 114. The nucleic acid construct of embodiment 110 or 111, wherein the GPI anchor is or
comprises a TRAILR3 GPI anchor.

[1128] Embodiment 115. The nucleic acid construct of any one of embodiments 110, 111, or 114, wherein the
TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 66.

[1129] Embodiment 116. The nucleic acid construct of any one of embodiments 110, 111, or 114, wherein the
TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 67.
[1130] Embodiment 117. The nucleic acid construct of any one of embodiments 38-116, wherein the one or

more extracellular domains further comprise an extracellular hinge domain.

[1131] Embodiment 118. The nucleic acid construct of embodiment 117, wherein the extracellular hinge
domain is or comprises a CD47 hinge, a CD8a hinge, a CD28 hinge, a PDGFR hinge, or an IgG4 hinge.

[1132] Embodiment 119. The nucleic acid construct of embodiment 117 or 118, wherein the extracellular
hinge domain is or comprises a CD47 hinge.

[1133] Embodiment 120. The nucleic acid construct of any one of embodiments 117-119, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 75.
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[1134] Embodiment 121. The nucleic acid construct of embodiment 117 or 118, wherein the extracellular
hinge domain is or comprises a CD8a hinge.

[1135] Embodiment 122. The nucleic acid construct of embodiment 117, 118, or 121, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 76.
[1136] Embodiment 123. The nucleic acid construct of embodiment 117 or 118, wherein the extracellular
hinge domain is or comprises a CD28 hinge.

[1137] Embodiment 124. The nucleic acid construct of embodiment 117, 118, or 123, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 77.
[1138] Embodiment 125. The nucleic acid construct of embodiment 117 or 118, wherein the extracellular
hinge domain is or comprises a PDGFR hinge.

[1139] Embodiment 126. The nucleic acid construct of embodiment 117, 118, or 125, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 78.
[1140] Embodiment 127. The nucleic acid construct of embodiment 117 or 118, wherein the extracellular
hinge domain is or comprises an IgG4 hinge.

[1141] Embodiment 128. The nucleic acid construct of embodiment 117, 118, or 127, wherein the
extracellular hinge domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 79.
[1142] Embodiment 129. The nucleic acid construct of any one of the preceding embodiments, further
comprising one or more control sequences.

[1143] Embodiment 130. The nucleic acid construct of embodiment 129, wherein the one or more control
sequences encode an extracellular signal peptide.

[1144] Embodiment 131. The nucleic acid construct of embodiment129, wherein the one or more control
sequences comprise a promoter.

[1145] Embodiment 132. The nucleic acid construct of embodiment 131, wherein the promoter is a
constitutive promoter or an inducible promoter.

[1146] Embodiment 133. The nucleic acid construct of embodiment 131 or 132, wherein the promoter is a
naturally occurring promoter, a hybrid promoter, or a synthetic promoter.

[1147] Embodiment 134. The nucleic acid construct of any one of embodiments 131-133, wherein the
promoter is or comprises an EF1a promoter, an EF1la short promoter, a CAG promoter, a ubiquitin/S27a promoter, an
SV40 early promoter, an adenovirus major late promoter, a mouse metallothionein-I promoter, an RSV promoter, an
MMTV promoter, a Moloney murine leukemia virus Long Terminal repeat region, a CMV promoter, an actin promoter, an
immunoglobulin promoter, a heat shock promoter, polyoma virus promoter, a fowlpox virus promoter, a bovine
papilloma virus promoter, an avian sarcoma virus promoter, a retrovirus promoter, a hepatitis-B virus promoter, a PGK
promoter, an adenovirus late promoter, a vaccinia virus 7.5K promoter, a SV40 promoter, a tk promoter of HSV, a mouse
mammary tumor virus (MMTV) promoter, an LTR promoter of HIV, a promoter of moloney virus, an Epstein Barr virus
(EBV) promoter, a Rous sarcoma virus (RSV) promoter, a U6 promoter, or an UBC promoter.

[1148] Embodiment 135. The nucleic acid construct of any one of embodiments 131-134, wherein the
promoter is or comprises a CAG promoter.

[1149] Embodiment 136. The nucleic acid construct of any one of embodiments 131-135, wherein the
promoter comprises a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 49.

[1150] Embodiment 137. The nucleic acid construct of any one of embodiments 131-134, wherein the
promoter is or comprises an EF1la promoter.
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[1151] Embodiment 138. The nucleic acid construct of any one of embodiments 131-135, or 137 wherein the
promoter comprises a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 50.

[1152] Embodiment 139. The nucleic acid construct of embodiment 129, wherein the one or more control
sequences comprise ribosomal binding sites, enhancer elements, activator elements, translational start sequences,
translational termination sequences, transcription start sequences, transcription termination sequences, polyadenylation
signal sequences, replication elements, RNA processing and export elements, transposon sequences, transposase
sequences, insulator sequences, internal ribosome entry sites (IRES), 5'UTRs, 3'UTRs, mRNA 3’ end processing
sequences, boundary elements, locus control regions (LCR), matrix attachment regions (MAR), recombination or cassette
exchange sequences, linker sequences, secretion signals, resistance markers, anchoring peptides, localization signals,
fusion tags, affinity tags, chaperonins, proteases, or combinations thereof.

[1153] Embodiment 140. The nucleic acid construct of any one of the preceding embodiments, further
comprising one or more nucleic acid sequences encoding an intracellular domain.

[1154] Embodiment 141. The nucleic acid construct of embodiment 140, wherein the intracellular domain is or
comprises a CD47 intracellular domain or a portion thereof.

[1155] Embodiment 142. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 55.

[1156] Embodiment 143. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 59.

[1157] Embodiment 144. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 63.

[1158] Embodiment 145. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 64.

[1159] Embodiment 146. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 349.

[1160] Embodiment 147. The nucleic acid construct of embodiment 140 or 141, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 351.

[1161] Embodiment 148. The nucleic acid construct of embodiment 140, wherein the intracellular domain is or
comprises a CD8a intracellular domain or a portion thereof.

[1162] Embodiment 149. The nucleic acid construct of embodiment 140 or 148, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 70.

[1163] Embodiment 150. The nucleic acid construct of embodiment 140, wherein the intracellular domain is or
comprises a CD28 intracellular domain or a portion thereof.

[1164] Embodiment 151. The nucleic acid construct of embodiment 140 or 150, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 72.

[1165] Embodiment 152. The nucleic acid construct of embodiment 140, wherein the intracellular domain is or
comprises a PDGFR intracellular domain or a portion thereof.

[1166] Embodiment 153. The nucleic acid construct of embodiment 140 or 152, wherein the intracellular
domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 74.

[1167] Embodiment 154. The nucleic acid construct of any one of embodiments 140-153, wherein the
intracellular domain comprises one or more modifications relative to a wild-type CD47 intracellular domain.
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[1168] Embodiment 155. The nucleic acid construct of any one of embodiments 140-154, wherein the
intracellular domain comprises one or more deletions relative to a wild-type CD47 intracellular domain.

[1169] Embodiment 156. The nucleic acid construct of any one of embodiments 140-155, wherein the
intracellular domain comprises one or more insertions relative to a wild-type CD47 intracellular domain.

[1170] Embodiment 157. The nucleic acid construct of any one of embodiments 140-156, wherein the
intracellular domain comprises altered function relative to a wild-type CD47 intracellular domain.

[1171] Embodiment 158. The nucleic acid construct of any one of embodiments 140-157, wherein the
intracellular domain comprises reduced function relative to a wild-type CD47 intracellular domain.

[1172] Embodiment 159. The nucleic acid construct of any one of embodiments 140-158, wherein the
intracellular domain comprises reduced levels of CD47 intracellular signaling relative to a wild-type CD47 intracellular
domain.

[1173] Embodiment 160. The nucleic acid construct of any one of embodiments 140-159, wherein the
intracellular domain comprises a non-functional intracellular domain.

[1174] Embodiment 161. The nucleic acid construct of any one of the preceding embodiments, comprising a

nucleic acid sequence at least 80% identical to a sequence selected from Table 24.

[1175] Embodiment 162. The nucleic acid construct of any one of embodiments 1-161, comprising a nucleic
acid sequence at least 80% identical to SEQ ID NO: 13.

[1176] Embodiment 163. The nucleic acid construct of any one of embodiments 1-161, comprising a nucleic
acid sequence at least 80% identical to SEQ ID NO: 14.

[1177] Embodiment 164. The nucleic acid construct of any one of embodiments 1-161, comprising a nucleic
acid sequence at least 80% identical to SEQ ID NO: 18.

[1178] Embodiment 165. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 133.

[1179] Embodiment 166. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 134.
[1180] Embodiment 167. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 135.

[1181] Embodiment 168. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 136.
[1182] Embodiment 169. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 137.

[1183] Embodiment 170. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 138.
[1184] Embodiment 171. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 139.
[1185] Embodiment 172. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 140.

[1186] Embodiment 173. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 141.
[1187] Embodiment 174. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 142.
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[1188] Embodiment 175. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 143.
[1189] Embodiment 176. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 144.
[1190] Embodiment 177. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 145.
[1191] Embodiment 178. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 146.
[1192] Embodiment 179. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 147.
[1193] Embodiment 180. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 148.
[1194] Embodiment 181. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 149.
[1195] Embodiment 182. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 150.

[1196] Embodiment 183. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 151.
[1197] Embodiment 184. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 152.
[1198] Embodiment 185. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 153.
[1199] Embodiment 186. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 154.
[1200] Embodiment 187. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 155.
[1201] Embodiment 188. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 156.
[1202] Embodiment 189. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 157.

[1203] Embodiment 190. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 158.
[1204] Embodiment 191. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 159.
[1205] Embodiment 192. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 160.
[1206] Embodiment 193. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 161.
[1207] Embodiment 194. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 162.
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[1208] Embodiment 195. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 163.
[1209] Embodiment 196. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 164.
[1210] Embodiment 197. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 165.
[1211] Embodiment 198. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 166.
[1212] Embodiment 199. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 167.
[1213] Embodiment 200. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 168.
[1214] Embodiment 201. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 169.
[1215] Embodiment 202. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 170.

[1216] Embodiment 203. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 171.
[1217] Embodiment 204. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 172.
[1218] Embodiment 205. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 173.
[1219] Embodiment 206. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 174.
[1220] Embodiment 207. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 175.
[1221] Embodiment 208. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 176.
[1222] Embodiment 209. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 177.

[1223] Embodiment 210. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 178.
[1224] Embodiment 211. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 179.
[1225] Embodiment 212. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 180.
[1226] Embodiment 213. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 181.
[1227] Embodiment 214. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 182.

202



WO 2025/043172 PCT/US2024/043615

[1228] Embodiment 215. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 183.
[1229] Embodiment 216. The nucleic acid construct of any one of embodiments 1-161, comprising a

nucleotide sequence at least 80% identical to SEQ ID NO: 184.
[1230] Embodiment 217. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 185.
[1231] Embodiment 218. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 341.

[1232] Embodiment 219. The nucleic acid construct of any one of embodiments 1-161, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 342.
[1233] Embodiment 220. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to one or more sequences selected from Table 26.

[1234] Embodiment 221. The nucleic acid construct of any one of the preceding embodiments, comprising one
or more nucleic acid sequences at least 80% identical to one or more sequences selected from Table 26 and/or Table

24.

[1235] Embodiment 222. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO: 14.
[1236] Embodiment 223. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to SEQ ID NO: 14.

[1237] Embodiment 224. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO: 13.
[1238] Embodiment 225. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to SEQ ID NO: 13.

[1239] Embodiment 226. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO: 18.
[1240] Embodiment 227. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to SEQ ID NO: 18.

[1241] Embodiment 228. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, 56, and 57.
[1242] Embodiment 229. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, and 56.
[1243] Embodiment 230. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, and 55.

[1244] Embodiment 231. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, 56, 57, 58, 59, 60, 61, and 62.
[1245] Embodiment 232. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, 56, 57, 58, 59, 60, and 61.
[1246] Embodiment 233. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, 56, 57, 58, 59, and 60.

[1247] Embodiment 234. The nucleic acid construct of any one of embodiments 1-153, comprising one or

more nucleic acid sequences at least 80% identical to SEQ ID Nos: 51, 52, 54, 55, 56, 57, 58, and 59.
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[1248] Embodiment 235. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, and 65.

[1249] Embodiment 236. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, and 65.

[1250] Embodiment 237. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, and 66.

[1251] Embodiment 238. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, and 66.

[1252] Embodiment 239. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, and 67.

[1253] Embodiment 240. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, and 67.

[1254] Embodiment 241. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, 69, and 70.

[1255] Embodiment 242. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, 69, and 70.

[1256] Embodiment 243. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, 71, and 72.

[1257] Embodiment 244. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, 71, and 72.

[1258] Embodiment 245. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 53, 73, and 74.

[1259] Embodiment 246. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 53, 73, and 74.

[1260] Embodiment 247. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 78, 73, and 74.

[1261] Embodiment 248. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 78, 73, and 74.

[1262] Embodiment 249. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 79, 71, and 72.

[1263] Embodiment 250. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 79, 71, and 72.

[1264] Embodiment 251. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 79, 69, and 70.

[1265] Embodiment 252. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 79, 69, and 70.

[1266] Embodiment 253. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 77, 71, and 72.

[1267] Embodiment 254. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 77, 71, and 72.
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[1268] Embodiment 255. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 77, 69, and 70.

[1269] Embodiment 256. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 77, 69, and 70.

[1270] Embodiment 257. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 76, 71, and 72.

[1271] Embodiment 258. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 76, 71, and 72.

[1272] Embodiment 259. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49, 52, 76, 69, and 70.

[1273] Embodiment 260. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 52, 76, 69, and 70.

[1274] Embodiment 261. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 49 and 200.

[1275] Embodiment 262. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID Nos: 50 and 200.

[1276] Embodiment 263. The nucleic acid construct of any one of embodiments 1-153, comprising one or
more nucleic acid sequences at least 80% identical to SEQ ID NO: 200.

[1277] Embodiment 264. A vector comprising the nucleic acid construct of any one of the preceding
embodiments.

[1278] Embodiment 265. The vector of embodiment 264, wherein the vector is a polycistronic vector.
[1279] Embodiment 266. The vector of embodiment 265, wherein the polycistronic vector is a bicistronic

vector or a tricistronic vector.

[1280] Embodiment 267. The vector of any one of embodiments 264-266, wherein the vector is a plasmid or a
viral vector.
[1281] Embodiment 268. The vector of embodiment 267, wherein the viral vector is a pseudotyped, self-

inactivating lentiviral vector.

[1282] Embodiment 269. An engineered protein encoded by the nucleic acid construct of any one of
embodiments 1-268
[1283] Embodiment 270. An engineered protein:

wherein the engineered protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 5,
and

wherein the engineered protein does not comprise one or more full-length CD47 intracellular domains.
[1284] Embodiment 271. An engineered protein:

wherein the engineered protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 4
and

wherein the engineered protein does not comprise one or more full-length CD47 intracellular domains.
[1285] Embodiment 272. The engineered CD47 protein of embodiment 270 or 271, wherein the engineered

protein comprises one or more membrane tethers.
[1286] Embodiment 273. The engineered CD47 protein of embodiment 272, wherein the one or more
membrane tethers are or comprise a transmembrane domain.
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[1287] Embodiment 274. The engineered CD47 protein of embodiment 273, wherein the transmembrane
domain is or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1,
EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR
transmembrane domain.

[1288] Embodiment 275. The engineered CD47 protein of embodiment 270 or 271, wherein the
transmembrane domain is or comprises a CD47 transmembrane domain.
[1289] Embodiment 276. The engineered CD47 protein of any one of embodiments 273-275, wherein the

transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 23.

[1290] Embodiment 277. The engineered CD47 protein of any one of embodiments 273-275, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 25.

[1291] Embodiment 278. The engineered CD47 protein of any one of embodiments 273-275, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 27.

[1292] Embodiment 279. The engineered CD47 protein of any one of embodiments 273-275, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 29.

[1293] Embodiment 280. The engineered CD47 protein of any one of embodiments 273-275, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 31.

[1294] Embodiment 281. The engineered CD47 protein of embodiment 273 or 274, wherein the
transmembrane domain is or comprises a CD8a transmembrane domain.

[1295] Embodiment 282. The engineered CD47 protein of embodiment 273, 274, or 281, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 38.

[1296] Embodiment 283. The engineered CD47 protein of embodiment 273 or 274, wherein the
transmembrane domain is or comprises a CD28 transmembrane domain.

[1297] Embodiment 284. The engineered CD47 protein of embodiment 273, 274, or 283, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 40.

[1298] Embodiment 285. The engineered CD47 protein of embodiment 273 or 274, wherein the
transmembrane domain is or comprises a PDGFR transmembrane domain.

[1299] Embodiment 286. The engineered CD47 protein of embodiment 273, 274, or 285, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 42.

[1300] Embodiment 287. The engineered CD47 protein of any one of embodiments 272-286, wherein the one
or more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1301] Embodiment 288. The engineered CD47 protein of embodiment 287, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1302] Embodiment 289. The engineered CD47 protein of embodiment 287 or 288, wherein the GPI anchor is
or comprises a DAF/CD55 GPI anchor.

[1303] Embodiment 290. The engineered CD47 protein of any one of embodiments 287-289, wherein the
DAF/CD55 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 34.

[1304] Embodiment 291. The engineered CD47 protein of embodiment 287 or 288, wherein the GPI anchor is
or comprises a TRAILR3 GPI anchor.

[1305] Embodiment 292. The engineered CD47 protein of any one of embodiments 287, 288, or 291, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 35.
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[1306] Embodiment 293. The engineered CD47 protein of any one of embodiments 287, 288, or 291, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 36.
[1307] Embodiment 294. The engineered protein of embodiment 287 or 288, wherein the GPI anchor is or

comprises a CD59 GPI anchor.
[1308] Embodiment 295. The engineered protein of any one of embodiments 287, 288, or 294, wherein the
CD59 GPI anchor comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 37.
[1309] Embodiment 296. The engineered protein of any one of embodiments 270-295, further comprising an
extracellular signal peptide.
[1310] Embodiment 297. The engineered protein of embodiment 296, wherein the extracellular signal peptide
is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 20.
[1311] Embodiment 298. An engineered CD47 protein comprising:

(a) one or more extracellular domains; and (b) one or more membrane tethers;

wherein the one or more extracellular domains comprise:an amino acid substitution at position S82 of SEQ ID
NO: 2, an amino acid substitution at position S64 of SEQ ID NO: 3, an amino acid substitution at position S82 of SEQ ID
NO: 1, or an amino acid substitution at position S37 of SEQ ID NO: 6; and/or

an amino acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position S65 of SEQ
ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at position S38 of
SEQ ID NO: 6; and/or

an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 3 SEQ ID NO: 1 or SEQ ID NO:
6; and

wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-length
CD47 intracellular domains.
[1312] Embodiment 299. The engineered CD47 protein of embodiment 298, wherein the one or more
extracellular domains comprise:

an amino acid substitution of S82A relative to SEQ ID NO: 2,

an amino acid substitution of S64A relative to SEQ ID NO: 3,

an amino acid substitution of S82A relative to SEQ ID NO: 1, or

an amino acid substitution of S37A relative to SEQ ID NO: 6.
[1313] Embodiment 300. The engineered CD47 protein of embodiment 298, wherein the one or more
extracellular domains comprise:

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,

an amino acid substitution of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,

an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or

an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.
[1314] Embodiment 301. The engineered CD47 protein of any one of embodiments 298-300, wherein the one
or more extracellular domains comprise:

an amino acid substitution of S83A relative to SEQ ID NO: 2,

an amino acid substitution of S65A relative to SEQ ID NO: 3,

an amino acid substitution of S83A relative to SEQ ID NO: 1, or

an amino acid substitution of S38A relative to SEQ ID NO: 6.
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[1315] Embodiment 302. The engineered CD47 protein of any one of embodiments 298-300, wherein the one
or more extracellular domains comprise:

an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,

an amino acid substitution of S65V, S65I, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,

an amino acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or

an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.

[1316] Embodiment 304. The engineered CD47 protein of any one of embodiments 298, 299 or 301, wherein
the one or more extracellular domains comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82A relative
to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A
relative to SEQ ID NO: 1, and an amino acid substitution of S37A relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83A
relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an amino acid substitution of
S83A relative to SEQ ID NO: 1, and an amino acid substitution of S38A relative to SEQ ID NO: 6.

[1317] Embodiment 305. The engineered CD47 protein of any one of embodiments 298, 299 or 302, wherein
the one or more extracellular domains comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82V, S821I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of S64V, S641, S64L, S64F,
S564W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or
S82P relative to SEQ ID NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative
to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
$831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S651, S65L, S65F,
S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or
S83P relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S381I, S38L, S38F, S38W, S38G, or S38P relative
to SEQ ID NO: 6.

[1318] Embodiment 306. The engineered CD47 protein of embodiment 298, wherein the engineered CD47
protein comprises an insertion of three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.

[1319] Embodiment 307. The engineered CD47 protein of embodiment 298 or 306, wherein the engineered
CD47 protein comprises an insertion of the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.
[1320] Embodiment 308. The engineered CD47 protein of any one of embodiments 298-307, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID
NO: 1.

[1321] Embodiment 309. The engineered CD47 protein of any one of embodiments 298-308, wherein the
engineered CD47 protein comprises an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2
or SEQ ID NO: 1.

[1322] Embodiment 310. The engineered CD47 protein of any one of embodiments 298-309, wherein the
engineered CD47 protein comprises an amino acid substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO:
1.
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[1323] Embodiment 311. The engineered CD47 protein of any one of embodiments 298-311, wherein the
engineered CD47 protein comprises: an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an
amino acid substitution of Q19P relative to SEQ ID NO: 2, or

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of Q19P
relative to SEQ ID NO: 1.
[1324] Embodiment 312. The engineered CD47 protein of any one of embodiments 298-312, wherein the
engineered CD47 protein comprises an amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.
[1325] Embodiment 313. The engineered CD47 protein of any one of embodiments 298-312, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 348.
[1326] Embodiment 314. The engineered CD47 protein of any one of embodiments 298-313, wherein the
engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 347.
[1327] Embodiment 315. The engineered CD47 protein of any one of embodiments 298-314, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 3.
[1328] Embodiment 316. The engineered CD47 protein of any one of embodiments 298-314, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 20;

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid substitution of Q19P relative to SEQ ID NO: 3.
[1329] Embodiment 317. The engineered CD47 protein of any one of embodiments 298-314, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 6.
[1330] Embodiment 318. The engineered CD47 protein of any one of embodiments 298-317, wherein the
engineered CD47 protein comprises an amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ
ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to
SEQ ID NO: 6;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID NO: 1; and

an amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1.
[1331] Embodiment 319. The engineered CD47 protein of any one of embodiments 298-318, wherein the one
or more membrane tethers are or comprise. a transmembrane domain.
[1332] Embodiment 320. The engineered CD47 protein of embodiment 319, wherein the transmembrane
domain is or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1,
EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR
transmembrane domain.
[1333] Embodiment 321. The engineered CD47 protein of embodiment 319 or 320, wherein the
transmembrane domain is or comprises a CD47 transmembrane domain.
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[1334] Embodiment 322. The engineered CD47 protein of any one of embodiments 319-321, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 23.

[1335] Embodiment 323. The engineered CD47 protein of any one of embodiments 319-321, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 25.

[1336] Embodiment 324. The engineered CD47 protein of any one of embodiments 319-321, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 27.

[1337] Embodiment 325. The engineered CD47 protein of any one of embodiments 319-321, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 29.

[1338] Embodiment 326. The engineered CD47 protein of any one of embodiments 319-321, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 31.

[1339] Embodiment 327. The engineered CD47 protein of embodiment 319 or 320, wherein the
transmembrane domain is or comprises a CD8a transmembrane domain.

[1340] Embodiment 328. The engineered CD47 protein of embodiment 319, 320, or 327, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 38.

[1341] Embodiment 329. The engineered CD47 protein of embodiment 319 or 320, wherein the
transmembrane domain is or comprises a CD28 transmembrane domain.

[1342] Embodiment 330. The engineered CD47 protein of embodiment 319, 320, or 329, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 40.

[1343] Embodiment 331. The engineered CD47 protein of embodiment 319 or 320, wherein the
transmembrane domain is or comprises a PDGFR transmembrane domain.

[1344] Embodiment 332. The engineered CD47 protein of embodiment 319, 320, or 331, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 42.

[1345] Embodiment 333. The engineered CD47 protein of any one of embodiments 298-332, wherein the one
or more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1346] Embodiment 334. The engineered CD47 protein of embodiment A35, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1347] Embodiment 335. The engineered CD47 protein of embodiment A35 or A36, wherein the GPI anchor is
or comprises a DAF/CD55 GPI anchor.

[1348] Embodiment 336. The engineered CD47 protein of any one of embodiments 333-335, wherein the
DAF/CD55 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 34.

[1349] Embodiment 337. The engineered CD47 protein of embodiment 333 or 334, wherein the GPI anchor is
or comprises a TRAILR3 GPI anchor.

[1350] Embodiment 338. The engineered CD47 protein of any one of embodiments 333, 335 or 337, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 35.

[1351] Embodiment 339. The engineered CD47 protein of any one of embodiments 333, 335 or 337, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 36.

[1352] Embodiment 340. The engineered protein of embodiment 333 or 334, wherein the GPI anchor is or
comprises a CD59 GPI anchor.

[1353] Embodiment 341. The engineered protein of any one of embodiments 333, 335 or 340, wherein the
CD59 GPI anchor comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 37.
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[1354] Embodiment 342. The engineered protein of any one of embodiments 298-341, further comprising an
extracellular signal peptide.
[1355] Embodiment 343. The engineered protein of embodiment 342, wherein the extracellular signal peptide

is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 20.

[1356] Embodiment 344. An engineered CD47 protein, wherein the engineered CD47 protein comprises an
insertion of three amino acids relative to SEQ ID NO: 4 or SEQ ID NO: 5.
[1357] Embodiment 345. The engineered CD47 protein of any one of embodiments344, wherein the

engineered CD47 protein comprises an amino acid sequence comprising SEQ ID NO: 348.
[1358] Embodiment 346. The engineered CD47 protein of 344 or 345, wherein the engineered CD47 protein
comprises an amino acid sequence comprising SEQ ID NO: 347.
[1359] Embodiment 347. The engineered CD47 protein of any one of embodiments 344-346, wherein the
engineered CD47 protein comprises an amino acid sequence comprising, from N-terminus to C-terminus:

an amino acid sequence comprising SEQ ID NO: 348; and

an amino acid sequence comprising SEQ ID NO: 4 or SEQ ID NO: 5.
[1360] Embodiment 348. The engineered CD47 protein of embodiment 347, wherein the engineered protein
comprises one or more membrane tethers.
[1361] Embodiment 349. The engineered CD47 protein of any one of embodiments 344-348, wherein the
engineered protein comprises one or more membrane tethers.
[1362] Embodiment 350. The engineered CD47 protein of embodiment 349, wherein the one or more
membrane tethers are or comprise a transmembrane domain.
[1363] Embodiment 351. The engineered CD47 protein of embodiment 350, wherein the transmembrane
domain is or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1,
EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR
transmembrane domain.
[1364] Embodiment 352. The engineered CD47 protein of embodiment 350 or 351, wherein the
transmembrane domain is or comprises a CD47 transmembrane domain.
[1365] Embodiment 353. The engineered CD47 protein of any one of embodiments 350-352, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 23.
[1366] Embodiment 354. The engineered CD47 protein of any one of embodiments 350-352, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 25.
[1367] Embodiment 355. The engineered CD47 protein of any one of embodiments 350-352, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 27.
[1368] Embodiment 356. The engineered CD47 protein of any one of embodiments 350-352, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 29.
[1369] Embodiment 357. The engineered CD47 protein of any one of embodiments 350-352, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 31.
[1370] Embodiment 358. The engineered CD47 protein of embodiment 350 or 351, wherein the
transmembrane domain is or comprises a CD8a transmembrane domain.
[1371] Embodiment 359. The engineered CD47 protein of embodiment 350, 351, or 358, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 38.
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[1372] Embodiment 360. The engineered CD47 protein of embodiment 350 or 351, wherein the
transmembrane domain is or comprises a CD28 transmembrane domain.

[1373] Embodiment 361. The engineered CD47 protein of embodiment 350, 351, or 360, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 40.

[1374] Embodiment 362. The engineered CD47 protein of embodiment 350 or 351, wherein the
transmembrane domain is or comprises a PDGFR transmembrane domain.

[1375] Embodiment 363. The engineered CD47 protein of embodiment 350, 351, or 362, wherein the
transmembrane domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 42.

[1376] Embodiment 364. The engineered CD47 protein of any one of embodiments 348-363, wherein the one
or more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1377] Embodiment 365. The engineered CD47 protein of embodiment 364, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1378] Embodiment 366. The engineered CD47 protein of embodiment 364 or 365, wherein the GPI anchor is
or comprises a DAF/CD55 GPI anchor.

[1379] Embodiment 367. The engineered CD47 protein of any one of embodiments 364-366, wherein the
DAF/CD55 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 34.

[1380] Embodiment 368. The engineered CD47 protein of embodiment 364 or 365, wherein the GPI anchor is
or comprises a TRAILR3 GPI anchor.

[1381] Embodiment 369. The engineered CD47 protein of any one of embodiments 364, 365, or 368, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 35.

[1382] Embodiment 370. The engineered CD47 protein of any one of embodiments 364, 365, or 368, wherein
the TRAILR3 GPI anchor is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 36.

[1383] Embodiment 371. The engineered protein of embodiment 364 or 365, wherein the GPI anchor is or
comprises a CD59 GPI anchor.

[1384] Embodiment 372. The engineered protein of any one of embodiments 364, 365, or 371, wherein the
CD59 GPI anchor comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 37.

[1385] Embodiment 373. The engineered protein of any one of embodiments 347-372, further comprising an
extracellular signal peptide.

[1386] Embodiment 374. The engineered protein of embodiment373, wherein the extracellular signal peptide
is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 20.

[1387] Embodiment 375. The engineered protein of any one of the preceding embodiments, further
comprising an intracellular domain.

[1388] Embodiment 376. The engineered protein of embodiment 375, wherein the intracellular domain is or
comprises a CD47 intracellular domain or a portion thereof.

[1389] Embodiment 377. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 24.

[1390] Embodiment 378. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 28.

[1391] Embodiment 379. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 32.
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[1392] Embodiment 380. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 33.

[1393] Embodiment 381. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 343.

[1394] Embodiment 382. The engineered protein of embodiment 375 or 376, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 345.

[1395] Embodiment 383. The engineered protein of embodiment 375, wherein the intracellular domain is or
comprises a CD8a intracellular domain or a portion thereof.

[1396] Embodiment 384. The engineered protein of embodiment 375 or 383, wherein the intracellular domain
comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 39.

[1397] Embodiment 385. The engineered protein of embodiment 375, wherein the intracellular domain is or
comprises a CD28 intracellular domain or a portion thereof.

[1398] Embodiment 386. The engineered protein construct of embodiment 375 or 385, wherein the
intracellular domain comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 41.

[1399] Embodiment 387. The engineered protein of embodiment 375, wherein the intracellular domain is or
comprises a PDGFR intracellular domain or a portion thereof.

[1400] Embodiment 388. The engineered protein of embodiment 375 or 387, wherein the intracellular domain

comprises an amino acid sequence that is at least 80% identical to SEQ ID NO: 43.

[1401] Embodiment 389. The engineered protein of any one of embodiments 375-388, wherein the
intracellular domain comprises one or more modifications relative to a wild-type CD47 intracellular domain.
[1402] Embodiment 390. The engineered protein of any one of embodiments 375-389, wherein the
intracellular domain comprises one or more deletions relative to a wild-type CD47 intracellular domain
[1403] Embodiment 391. The engineered protein of any one of embodiments 375-390, wherein the
intracellular domain comprises one or more insertions relative to a wild-type CD47 intracellular domain
[1404] Embodiment 392. The engineered protein of any one of embodiments 375-391, wherein the
intracellular domain comprises altered function relative to a wild-type CD47 intracellular domain.

[1405] Embodiment 393. The engineered protein of any one of embodiments 375-392, wherein the
intracellular domain comprises reduced function relative to a wild-type CD47 intracellular domain.

[1406] Embodiment 394. The engineered protein of any one of embodiments 375-393, wherein the
intracellular domain comprises reduced levels of CD47 intracellular signaling relative to a wild-type CD47 intracellular
domain.

[1407] Embodiment 395. The engineered protein of any one of embodiments 375-394, wherein the

intracellular domain comprises a non-functional intracellular domain.

[1408] Embodiment 396. The engineered protein of any one of embodiments 270-395, comprising an amino
acid sequence at least 80% identical to a sequence selected from Table 30.

[1409] Embodiment 397. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 1.

[1410] Embodiment 398. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 2.

[1411] Embodiment 399. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 6.
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[1412] Embodiment 400. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 80.
[1413] Embodiment 401. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 81.
[1414] Embodiment 402. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 82.
[1415] Embodiment 403. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 83.
[1416] Embodiment 404. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 84.
[1417] Embodiment 405. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 85.
[1418] Embodiment 406. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 86.
[1419] Embodiment 407. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 87.
[1420] Embodiment 408. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 88.
[1421] Embodiment 409. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 89.
[1422] Embodiment 410. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 90.
[1423] Embodiment 411. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 91.
[1424] Embodiment 412. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 92.
[1425] Embodiment 413. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 93.
[1426] Embodiment 414. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 94.
[1427] Embodiment 415. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 95.
[1428] Embodiment 416. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 96.
[1429] Embodiment 417. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 97.
[1430] Embodiment 418. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 98.
[1431] Embodiment 419. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 99.
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[1432] Embodiment 420. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 100.
[1433] Embodiment 421. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 101.
[1434] Embodiment 422. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 102.
[1435] Embodiment 423. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 103.
[1436] Embodiment 424. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 104.
[1437] Embodiment 425. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 105.
[1438] Embodiment 426. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 106.
[1439] Embodiment 427. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 107.
[1440] Embodiment 428. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 108.
[1441] Embodiment 429. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 109.
[1442] Embodiment 430. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 110.
[1443] Embodiment 431. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 111.
[1444] Embodiment 432. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 112.
[1445] Embodiment 433. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 113.
[1446] Embodiment 434. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 114.
[1447] Embodiment 435. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 115.
[1448] Embodiment 436. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 116.
[1449] Embodiment 437. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 117.
[1450] Embodiment 438. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 118.
[1451] Embodiment 439. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 119.
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[1452] Embodiment 440. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 120.
[1453] Embodiment 441. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 121.
[1454] Embodiment 442. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 122.
[1455] Embodiment 443. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 123.
[1456] Embodiment 444. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 124,
[1457] Embodiment 445. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 125.
[1458] Embodiment 446. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 126.
[1459] Embodiment 447. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 127.
[1460] Embodiment 448. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 128.
[1461] Embodiment 449. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 129.
[1462] Embodiment 450. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 130.
[1463] Embodiment 451. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 131.
[1464] Embodiment 452. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 132.
[1465] Embodiment 453. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 340.

[1466] Embodiment 454. The engineered protein of any one of embodiments 270-396, comprising an amino
acid sequence at least 80% identical to SEQ ID NO: 199
[1467] Embodiment 455. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to one or more sequences selected from Table 32.

[1468] Embodiment 456. The engineered protein of any one of the preceding embodiments, comprising one
or more nucleic acid sequences at least 80% identical to one or more sequences selected from Table 32 and/or Table
30.

[1469] Embodiment 457. The engineered protein of any one of embodiments 270-388270-388, comprising
one or more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, 25, and 26.

[1470] Embodiment 458. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, and 25.
[1471] Embodiment 459. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, and 24.
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[1472] Embodiment 460. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, 25, 26, 27, 28, 29, 30, and 31.
[1473] Embodiment 461. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, 25, 26, 27, 28, 29, and 30.
[1474] Embodiment 462. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, 25, 26, 27, 28, and 29.

[1475] Embodiment 463. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 20, 21, 23, 24, 25, 26, 27, and 28.

[1476] Embodiment 464. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 22 and 34.
[1477] Embodiment 465. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 22 and 35.
[1478] Embodiment 466. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 22 and 36.
[1479] Embodiment 467. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 22, 38, and 39.

[1480] Embodiment 468. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 22, 40, and 41.
[1481] Embodiment 469. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 22, 42, and 43.

[1482] Embodiment 470. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 47, 42, and 43.

[1483] Embodiment 471. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 48, 40, and 41.

[1484] Embodiment 472. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 48, 38, and 39.

[1485] Embodiment 473. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 46, 40, and 41.
[1486] Embodiment 474. The engineered protein of any one of embodiments 270-388, comprising one or

more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 46, 38, and 39.

[1487] Embodiment 475. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 45, 40, and 41.

[1488] Embodiment 476. The engineered protein of any one of embodiments 270-388, comprising one or
more amino acid sequences at least 80% identical to SEQ ID NOs: 21, 45, 38, and 39.

[1489] Embodiment 477. The engineered protein of any one of embodiments 270-476, comprising fewer
glycosylation modification sites than a wild-type human CD47 protein.

[1490] Embodiment 478. The engineered protein of embodiment 477, wherein the engineered protein does
not comprise an N206 glycosylation site.

[1491] Embodiment 479. A genetically engineered cell comprising the engineered protein of any one of
embodiments 270-478.
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[1492] Embodiment 480. A genetically engineered cell comprising a first transgene encoding an engineered
protein of any one of embodiments 270-478, and wherein the engineered protein does not comprise one or more full-
length CD47 intracellular domains

[1493] Embodiment 481. The genetically engineered cell of embodiment 480, wherein the wherein the
engineered protein comprises: (a) one or more extracellular domains and/or (b) one or more membrane tethers.
[1494] Embodiment 482. The genetically engineered cell of embodiment 481, wherein the one or more
extracellular domains comprises a CD47 extracellular domain.

[1495] Embodiment 483. The genetically engineered cell of embodiment 482, wherein the CD47 extracellular
domain is a CD47 immunoglobulin variable (IgV)-like domain and/or a human CD47 extracellular domain.

[1496] Embodiment 484. The genetically engineered cell of any one of embodiments 481-483, wherein the
CD47 extracellular domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 52.

[1497] Embodiment 485. The genetically engineered cell of any one of embodiments 481-483, wherein the
CD47 extracellular domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 53.

[1498] Embodiment 486. The genetically engineered cell of any one of embodiments 481-483, wherein the
CD47 extracellular domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 57.
[1499] Embodiment 487. The genetically engineered cell of any one of embodiments 481-483, wherein the
CD47 extracellular domain is encoded by a nucleic acid sequence that is at least 80% identical to SEQ ID NO: 59.
[1500] Embodiment 488. The genetically engineered cell of embodiment 480, wherein the wherein the
engineered protein comprises a SIRPa interaction motif, optionally wherein is or comprises a SIRPa antibody or a portion
thereof.

[1501] Embodiment 489. The genetically engineered cell of any one of embodiments 480-488, wherein the

one or more membrane tethers are or comprise a transmembrane domain.

[1502] Embodiment 490. The genetically engineered cell of embodiment 489, wherein the transmembrane
domain is or comprises a CD3zeta, CD8a, CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1,
EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLRY, or VEGFR
transmembrane domain.

[1503] Embodiment 491. The genetically engineered cell of embodiment 489 or 490, wherein the
transmembrane domain is or comprises a CD47 transmembrane domain.

[1504] Embodiment 492. The genetically engineered cell of any one of embodiments 489-491, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 54.

[1505] Embodiment 493. The genetically engineered cell of any one of embodiments 489-491, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 56.

[1506] Embodiment 494. The genetically engineered cell of any one of embodiments 489-491, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 58.
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[1507] Embodiment 495. The genetically engineered cell of any one of embodiments 489-491, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 60.

[1508] Embodiment 496. The genetically engineered cell of any one of embodiments 489-491, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 62.

[1509] Embodiment 497. The genetically engineered cell of embodiment 489 or 490, wherein the
transmembrane domain is or comprises a CD8a transmembrane domain.

[1510] Embodiment 498. The genetically engineered cell of embodiment 489, 490, or 497, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 69.

[1511] Embodiment 499. The genetically engineered cell of embodiment 489 or 490, wherein the
transmembrane domain is or comprises a CD28 transmembrane domain.

[1512] Embodiment 500. The genetically engineered cell of embodiment 489, 490, or 499, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 71.

[1513] Embodiment 501. The genetically engineered cell of embodiment 489 or 490, wherein the
transmembrane domain is or comprises a PDGFR transmembrane domain.

[1514] Embodiment 502. The genetically engineered cell of embodiment 489, 490, or 501, wherein the
transmembrane domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 73.

[1515] Embodiment 503. The genetically engineered cell of any one of embodiments 480-488, wherein the
one or more membrane tethers are or comprise a glycosylphosphatidylinositol (GPI) anchor.

[1516] Embodiment 504. The genetically engineered cell of embodiment 503, wherein the GPI anchor is or
comprises a DAF/CD55 GPI anchor, a TRAILR3 GPI anchor, or a CD59 GPI anchor.

[1517] Embodiment 505. The genetically engineered cell of embodiment 503 or 504, wherein the GPI anchor
is or comprises a DAF/CD55 GPI anchor.

[1518] Embodiment 506. The genetically engineered cell of any one of embodiments 503-505, wherein the
DAF/CD55 GPI anchor is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence
that is at least 80% identical to SEQ ID NO: 65.

[1519] Embodiment 507. The genetically engineered cell of embodiment 503 or 504, wherein the GPI anchor
is or comprises a TRAILR3 GPI anchor.

[1520] Embodiment 508. The genetically engineered cell of any one of embodiments 503, 504, or 507,
wherein the TRAILR3 GPI anchor is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 66.

[1521] Embodiment 509. The genetically engineered cell of any one of embodiments 503, 504, or 507,
wherein the TRAILR3 GPI anchor is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 67.

[1522] Embodiment 510. The genetically engineered cell of embodiment 503 or 504, wherein the GPI anchor
is or comprises a CD59 GPI anchor.
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[1523] Embodiment 511. The genetically engineered cell of any one of embodiments 503, 504, or 510,
wherein the CD59 GPI anchor is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 68.

[1524] Embodiment 512. The genetically engineered cell of any one of embodiments 480-503, further
comprising one or more control sequences.

[1525] Embodiment 513. The genetically engineered cell of embodiment 512, wherein the one or more control
sequences encode an extracellular signal peptide.

[1526] Embodiment 514. The genetically engineered cell of embodiment 512 or 513, wherein the extracellular
signal peptide is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at
least 80% identical to SEQ ID NO: 51.

[1527] Embodiment 515. The genetically engineered cell of embodiment 512, wherein the one or more control
sequences comprise a promoter.

[1528] Embodiment 516. The genetically engineered cell of embodiment515, wherein the promoter is a
constitutive promoter or an inducible promoter.

[1529] Embodiment 517. The genetically engineered cell of embodiment 512 or 516, wherein the promoter is
a naturally occurring promoter, a hybrid promoter, or a synthetic promoter.

[1530] Embodiment 518. The genetically engineered cell of any one of embodiments 512-517, wherein the
promoter is or comprises an EF1a promoter, an EF1a short promoter, a CAG promoter, a ubiquitin/S27a promoter, an
SV40 early promoter, an adenovirus major late promoter, a mouse metallothionein-I promoter, an RSV promoter, an
MMTV promoter, a Moloney murine leukemia virus Long Terminal repeat region, a CMV promoter, an actin promoter, an
immunoglobulin promoter, a heat shock promoter, polyoma virus promoter, a fowlpox virus promoter, a bovine
papilloma virus promoter, an avian sarcoma virus promoter, a retrovirus promoter, a hepatitis-B virus promoter, a PGK
promoter, an adenovirus late promoter, a vaccinia virus 7.5K promoter, a SV40 promoter, a tk promoter of HSV, a mouse
mammary tumor virus (MMTV) promoter, an LTR promoter of HIV, a promoter of moloney virus, an Epstein Barr virus
(EBV) promoter, a Rous sarcoma virus (RSV) promoter, or an UBC promoter.

[1531] Embodiment 519. The genetically engineered cell of any one of embodiments 512-518, wherein the
promoter is or comprises a CAG promoter.

[1532] Embodiment 520. The genetically engineered cell of any one of embodiments 512-519, wherein the
first transgene comprises the promoter, and wherein the promoter comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 49.

[1533] Embodiment 521. The genetically engineered cell of any one of embodiments 512-518, wherein the
promoter is or comprises an EF1a promoter.

[1534] Embodiment 522. The genetically engineered cell of any one of embodiments 512-519, or 521,
wherein the first transgene comprises the promoter, and wherein the promoter comprises a nucleic acid sequence that is
at least 80% identical to SEQ ID NO: 50.

[1535] Embodiment 523. The genetically engineered cell of embodiment 512, wherein the one or more control
sequences comprise ribosomal binding sites, enhancer elements, activator elements, translational start sequences,
translational termination sequences, transcription start sequences, transcription termination sequences, polyadenylation
signal sequences, replication elements, RNA processing and export elements, transposon sequences, transposase
sequences, insulator sequences, internal ribosome entry sites (IRES), 5'UTRs, 3'UTRs, mRNA 3’ end processing
sequences, boundary elements, locus control regions (LCR), matrix attachment regions (MAR), recombination or cassette
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exchange sequences, linker sequences, secretion signals, resistance markers, anchoring peptides, localization signals,
fusion tags, affinity tags, chaperonins, proteases, or combinations thereof.

[1536] Embodiment 524. The genetically engineered cell of any one of embodiments 480-523, wherein the
one or more extracellular domains further comprise an extracellular hinge domain.

[1537] Embodiment 525. The genetically engineered cell of embodiment 524, wherein the extracellular hinge
domain is or comprises a CD47 hinge, a CD8a hinge, a CD28 hinge, a PDGFR hinge, or an IgG4 hinge.

[1538] Embodiment 526. The genetically engineered cell of embodiment 524 or 525, wherein the extracellular
hinge domain is or comprises a CD47 hinge.

[1539] Embodiment 527. The genetically engineered cell of any one of embodiments 524-526, wherein the
extracellular hinge domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 75.

[1540] Embodiment 528. The genetically engineered cell of embodiment 524 or 525, wherein the extracellular
hinge domain is or comprises a CD8a hinge.

[1541] Embodiment 529. The genetically engineered cell of embodiment 524, 525, or 528, wherein the
extracellular hinge domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 76.

[1542] Embodiment 530. The genetically engineered cell of embodiment 524 or 525, wherein the extracellular
hinge domain is or comprises a CD28 hinge.

[1543] Embodiment 531. The genetically engineered cell of embodiment 524, 525, or 530, wherein the
extracellular hinge domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 77.

[1544] Embodiment 532. The genetically engineered cell of embodiment 524 or 525, wherein the extracellular
hinge domain is or comprises a PDGFR hinge.

[1545] Embodiment 533. The genetically engineered cell of embodiment 524, 525, or 532, wherein the
extracellular hinge domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 78.

[1546] Embodiment 534. The genetically engineered cell of embodiment 524 or 525, wherein the extracellular
hinge domain is or comprises an IgG4 hinge.

[1547] Embodiment 535. The genetically engineered cell of embodiment 524, 525, or 534, wherein the
extracellular hinge domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid
sequence that is at least 80% identical to SEQ ID NO: 79.

[1548] Embodiment 536. The genetically engineered cell of any one of embodiments 480-535, wherein the
first transgene further comprises one or more nucleic acid sequences encoding an intracellular domain.

[1549] Embodiment 537. The genetically engineered cell of embodiment 56, wherein the intracellular domain
is or comprises a CD47 intracellular domain or a portion thereof.

[1550] Embodiment 538. The genetically engineered cell of embodiment 536 or 537, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 55.

[1551] Embodiment 539. The genetically engineered cell of embodiment 536 or 537, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 59.
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[1552] Embodiment 540. The genetically engineered cell of embodiment 536 or 537, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 63.

[1553] Embodiment 541. The genetically engineered cell of embodiment 536 or 537, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 64.

[1554] Embodiment 542. The genetically engineered cell of embodiment 536, wherein the intracellular domain
is or comprises a CD8a intracellular domain or a portion thereof.

[1555] Embodiment 543. The genetically engineered cell of embodiment 536 or 542, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 70.

[1556] Embodiment 544. The genetically engineered cell of embodiment 536, wherein the intracellular domain
is or comprises a CD28 intracellular domain or a portion thereof.

[1557] Embodiment 545. The genetically engineered cell of embodiment 536 or 537, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 72.

[1558] Embodiment 546. The genetically engineered cell of embodiment 536, wherein the intracellular domain
is or comprises a PDGFR intracellular domain or a portion thereof.

[1559] Embodiment 547. The genetically engineered cell of embodiment 536 or 546, wherein the intracellular
domain is encoded by the first transgene, wherein the first transgene comprises a nucleic acid sequence that is at least
80% identical to SEQ ID NO: 74.

[1560] Embodiment 548. The genetically engineered cell of any one of embodiments 536-547, wherein the
intracellular domain comprises one or more modifications relative to a wild-type CD47 intracellular domain.

[1561] Embodiment 549. The genetically engineered cell of any one of embodiments 536-548, wherein the
intracellular domain comprises one or more deletions relative to a wild-type CD47 intracellular domain.

[1562] Embodiment 550. The genetically engineered cell of any one of embodiments 536-549, wherein the
intracellular domain comprises one or more insertions relative to a wild-type CD47 intracellular domain.

[1563] Embodiment 551. The genetically engineered cell of any one of embodiments 536-550, wherein the
intracellular domain comprises altered function relative to a wild-type CD47 intracellular domain.

[1564] Embodiment 552. The genetically engineered cell of any one of embodiments 536-551, wherein the
intracellular domain comprises reduced function relative to a wild-type CD47 intracellular domain.

[1565] Embodiment 553. The genetically engineered cell of any one of embodiments 536-552, wherein the
intracellular domain comprises reduced levels of CD47 intracellular signaling relative to a wild-type CD47 intracellular
domain.

[1566] Embodiment 554. The genetically engineered cell of any one of embodiments 536-553, wherein the

intracellular domain comprises a non-functional intracellular domain.

[1567] Embodiment 555. The genetically engineered cell of any one of embodiments 536-554, wherein the
first transgene comprises a nucleic acid sequence at least 80% identical to a sequence selected from Table 24.
[1568] Embodiment 556. The genetically engineered cell of any one of embodiments 480-555, wherein the
first transgene comprises a nucleic acid sequence at least 80% identical to SEQ ID NO: 13.
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[1569] Embodiment 557. The genetically engineered cell of any one of embodiments 480-555, wherein the
first transgene comprises a nucleic acid sequence at least 80% identical to SEQ ID NO: 14.

[1570] Embodiment 558. The genetically engineered cell of any one of embodiments 480-555, wherein the
first transgene comprises a nucleic acid sequence at least 80% identical to SEQ ID NO: 18.

[1571] Embodiment 559. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 133.

[1572] Embodiment 560. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 134.

[1573] Embodiment 561. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 135.

[1574] Embodiment 562. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 136.

[1575] Embodiment 563. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 137.

[1576] Embodiment 564. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 138.

[1577] Embodiment 565. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 139.

[1578] Embodiment 566. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 140.

[1579] Embodiment 567. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 141.

[1580] Embodiment 568. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 142.

[1581] Embodiment 569. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 143.

[1582] Embodiment 570. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 144.

[1583] Embodiment 571. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 145.

[1584] Embodiment 572. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 146.

[1585] Embodiment 573. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 147.

[1586] Embodiment 574. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 148.

[1587] Embodiment 575. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 149.

[1588] Embodiment 576. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 150.
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[1589] Embodiment 577. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 151.
[1590] Embodiment 578. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 152.
[1591] Embodiment 579. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 153.
[1592] Embodiment 580. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 154.
[1593] Embodiment 581. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 155.
[1594] Embodiment 582. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 156.
[1595] Embodiment 583. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 157.
[1596] Embodiment 584. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 158.
[1597] Embodiment 585. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 159.
[1598] Embodiment 586. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 160.
[1599] Embodiment 587. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 161.
[1600] Embodiment 588. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 162.
[1601] Embodiment 589. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 163.
[1602] Embodiment 590. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 164.
[1603] Embodiment 591. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 165.
[1604] Embodiment 592. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 166.
[1605] Embodiment 593. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 167.
[1606] Embodiment 594. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 168.
[1607] Embodiment 595. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 169.
[1608] Embodiment 596. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 170.
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[1609] Embodiment 597. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 171.

[1610] Embodiment 598. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 172.

[1611] Embodiment 599. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 173.

[1612] Embodiment 600. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 174.

[1613] Embodiment 601. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 175.

[1614] Embodiment 602. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 176.

[1615] Embodiment 603. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 177.

[1616] Embodiment 604. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 178.

[1617] Embodiment 605. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 179.

[1618] Embodiment 606. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 180.

[1619] Embodiment 607. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 181.

[1620] Embodiment 608. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 182.

[1621] Embodiment 609. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 183.

[1622] Embodiment 610. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 184.

[1623] Embodiment 611. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 185.

[1624] Embodiment 612. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 341.

[1625] Embodiment 613. The genetically engineered cell of any one of embodiments 480-555, comprising a
nucleotide sequence at least 80% identical to SEQ ID NO: 342.

[1626] Embodiment 614. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to one or more sequences selected
from Table 26.

[1627] Embodiment 615. The genetically engineered cell of any one of embodiments 480, wherein the first
transgene comprises one or more nucleic acid sequences at least 80% identical to one or more sequences selected from
Table 26 and/or Table 24.
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[1628] Embodiment 616. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO:
14

[1629] Embodiment 617. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 14.

[1630] Embodiment 618. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO:
13.

[1631] Embodiment 619. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 13.

[1632] Embodiment 620. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 49 and SEQ ID NO:
18.

[1633] Embodiment 621. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 18.

[1634] Embodiment 622. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, 56,
and 57.

[1635] Embodiment 623. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, and
56.

[1636] Embodiment 624. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, and 55.
[1637] Embodiment 625. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, 56,
57, 58, 59, 60, 61, and 62.

[1638] Embodiment 626. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, 56,
57, 58, 59, 60, and 61.

[1639] Embodiment 627. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, 56,
57, 58, 59, and 60.

[1640] Embodiment 628. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 51, 52, 54, 55, 56,
57, 58, and 59.

[1641] Embodiment 629. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, and 65.
[1642] Embodiment 630. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, and 65.
[1643] Embodiment 631. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, and 66.
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[1644] Embodiment 632. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, and 66.
[1645] Embodiment 633. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, and 67.
[1646] Embodiment 634. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, and 67.
[1647] Embodiment 635. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, 69, and 70.
[1648] Embodiment 636. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, 69, and 70.
[1649] Embodiment 637. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, 71, and 72.
[1650] Embodiment 638. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, 71, and 72.
[1651] Embodiment 639. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 53, 73, and 74.
[1652] Embodiment 640. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 53, 73, and 74.
[1653] Embodiment 641. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 78, 73, and
74.

[1654] Embodiment 642. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 78, 73, and 74.
[1655] Embodiment 643. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 79, 71, and
72.

[1656] Embodiment 644. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 79, 71, and 72.
[1657] Embodiment 645. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 79, 69, and
70.

[1658] Embodiment 646. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 79, 69, and 70.
[1659] Embodiment 647. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 77, 71, and
72.

[1660] Embodiment 648. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 77, 71, and 72.
[1661] Embodiment 649. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 77, 69, and
70.
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[1662] Embodiment 650. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 77, 69, and 70.
[1663] Embodiment 651. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 76, 71, and
72

[1664] Embodiment 652. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 76, 71, and 72.
[1665] Embodiment 653. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49, 52, 76, 69, and
70.

[1666] Embodiment 654. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 52, 76, 69, and 70.
[1667] Embodiment 655. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 49 and 200.
[1668] Embodiment 656. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NOs: 50 and 200.
[1669] Embodiment 657. The genetically engineered cell of any one of embodiments 480-547, wherein the
first transgene comprises one or more nucleic acid sequences at least 80% identical to SEQ ID NO: 200.

[1670] Embodiment 658. The genetically engineered cell of any one of clams 480-657, comprising, in its
genome, the first transgene at a first insertion site.

[1671] Embodiment 659. The genetically engineered cell of embodiment 658, wherein the first insertion site is
a T-cell receptor (TCR) locus.

[1672] Embodiment 660. The genetically engineered cell of embodiment 659, wherein the TCR locus is or
comprises: a TRAC locus, a TRBC1 locus, or a TRBC2 locus.

[1673] Embodiment 661. The genetically engineered cell of embodiment 659, wherein the first insertion site is
a B2 microglobulin (B2M) locus.

[1674] Embodiment 662. The genetically engineered cell of embodiment 659, wherein the first insertion site is
a class II transactivator (CIITA) locus.

[1675] Embodiment 663. The genetically engineered cell of embodiment659, wherein the first insertion site is

a safe harbor locus.

[1676] Embodiment 664. The genetically engineered cell of embodiment 663, wherein the safe harbor locus is
an AAVS1, ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.
[1677] Embodiment 665. The genetically engineered cell of any one of embodiments 659-664, wherein the

first insertion site is an exon.

[1678] Embodiment 666. The genetically engineered cell of any one of embodiments 659-664, wherein the
first insertion site is an intron.

[1679] Embodiment 667. The genetically engineered cell of any one of embodiments 659-664, wherein the
first insertion site is between an intron and an exon.

[1680] Embodiment 668. The genetically engineered cell of any one of embodiments 659-664, wherein the
first insertion site is in a regulatory region.
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[1681] Embodiment 669. The genetically engineered cell of any one of embodiments 480-668, wherein the
genetically engineered cell has cell surface expression of the engineered protein.

[1682] Embodiment 670. The genetically engineered cell of any one of embodiments 480-669, wherein the
genetically engineered cell has decreased cell surface expression of a TCR as compared to a comparable cell that has not
been genetically engineered.

[1683] Embodiment 671. The genetically engineered cell of any one of embodiments 480-670, wherein the
genetically engineered cell has decreased cell surface expression of B2M as compared to a comparable cell that has not
been genetically engineered.

[1684] Embodiment 672. The genetically engineered cell of any one of embodiments 480-671, wherein the
genetically engineered cell has decreased expression of CIITA as compared to a comparable cell that has not been
genetically engineered.

[1685] Embodiment 673. The genetically engineered cell of any one of embodiments 480-672, wherein the
genetically engineered cell comprises a modification at a TCR locus, B2M locus, a TAP I locus, a NLRCS5 locus, a CIITA
locus, an HLA-A locus, an HLA-B locus, an HLA-C locus, an HLA-DP locus, an HLA-DM locus, an HLA-DOA locus, an HLA-
DOB locus, an HLA-DQ locus, an HLA-DR locus, a RFX5 locus, a RFXANK locus, a RFXAP locus, an NFY-A locus, an NFY-B
locus, an NFY-C locus, or a combination thereof.

[1686] Embodiment 674. The genetically engineered cell of any one of embodiments 480-673, wherein the
genetically engineered cell has been genetically engineered to knock-out an HLA-A locus, an HLA-B locus, an HLA-C
locus, or a combination thereof.

[1687] Embodiment 675. The genetically engineered cell of any one of embodiments 480-673, wherein the
genetically engineered cell has been genetically engineered to knock-out an HLA-DM locus, an HLA-DO locus, an HLA-DP
locus, an HLA-DQ locus, an HLA-DR locus, or a combination thereof.

[1688] Embodiment 676. The genetically engineered cell of any one of embodiments 480-675, wherein the
genetically engineered cell has been genetically engineered to knock-out a TCR locus.

[1689] Embodiment 677. The genetically engineered cell of any one of embodiments 480-676, wherein the
genetically engineered cell has been genetically engineered to knock-out a B2M locus.

[1690] Embodiment 678. The genetically engineered cell of any one of embodiments 480-677, wherein the
genetically engineered cell has been genetically engineered to knock-out a CIITA locus.

[1691] Embodiment 679. The genetically engineered cell of any one of embodiments 480-678, wherein the
cell comprises one or more modifications that inactivate or disrupt one or more alleles of: (a) one or more major
histocompatibility complex (MHC) class I molecules or one or more molecules that regulate expression of the one or
more MHC class I molecules, and/or (b) one or more MHC class II molecules or one or more molecules that regulate
expression of the one or more MHC class II molecules.

[1692] Embodiment 680. The genetically engineered cell of any one of embodiments 480-679, wherein the
cell comprises one or more modifications that inactivate or disrupt one or more alleles of one or more MHC class I
molecules or one or more molecules that regulate expression of the one or more MHC class I molecules.

[1693] Embodiment 681. The genetically engineered cell of any one of embodiments 480-680, wherein the
cell comprises one or more modifications that inactivate or disrupt one or more alleles of one or more MHC class 11
molecules or one or more molecules that regulate expression of the one or more MHC class II molecules.

[1694] Embodiment 682. The genetically engineered cell of any one of embodiments 480-681, wherein the
cell comprises one or more modifications that inactivate or disrupt one or more alleles of: (a) one or more MHC class 1

229



WO 2025/043172 PCT/US2024/043615

molecules or one or more molecules that regulate expression of the one or more MHC class I molecules, and (b) one or
more MHC class II molecules or one or more molecules that regulate expression of the one or more MHC class II
molecules.

[1695] Embodiment 683. The genetically engineered cell of any one of embodiments 480-682, wherein the
one or more modifications reduce cell surface protein expression of the one or more MHC class I molecules.

[1696] Embodiment 684. The genetically engineered cell of any one of embodiments 480-683, wherein the
one or more modifications reduce cell surface trafficking of the one or more MHC class I molecules.

[1697] Embodiment 685. The genetically engineered cell of any one of embodiments 480-684, wherein the
one or more modifications reduce a function of the one or more MHC class I molecules, optionally wherein the function is
antigen presentation.

[1698] Embodiment 686. The genetically engineered cell of any one of embodiments 480-685, wherein the
one or more MHC class I molecules are one or more human leukocyte antigen (HLA) class I molecules.

[1699] Embodiment 687. The genetically engineered cell of embodiment 686, wherein the one or more HLA
class I molecules are selected from the group consisting of HLA-A, HLA-B, and HLA-C.

[1700] Embodiment 688. The genetically engineered cell of any one of embodiments 480-685, wherein the
one or more molecules that regulate expression of the one or more MHC class I molecules are selected from the group
consisting of B2M, NLRC5 and TAP1.

[1701] Embodiment 689. The genetically engineered cell of any one of embodiments 480-688, wherein the
one or more modifications reduce cell surface protein expression of the one or more MHC class II molecules.

[1702] Embodiment 690. The genetically engineered cell of any one of embodiments 480-689, wherein the
one or more modifications reduce cell surface trafficking of the one or more MHC class II molecules.

[1703] Embodiment 691. The genetically engineered cell of any one of embodiments 480-690, wherein the
one or more modifications reduce a function of the one or more MHC class II molecules, optionally wherein the function
is antigen presentation.

[1704] Embodiment 692. The genetically engineered cell of any one of embodiments 480-691, wherein the
one or more MHC class II molecules are one or more human leukocyte antigen (HLA) class II molecules.

[1705] Embodiment 693. The genetically engineered cell of embodiment 692, wherein the one or more HLA
class II molecules are selected from the group consisting of HLA-DP, HLA-DQ, and/or HLA-DR.

[1706] Embodiment 694. The genetically engineered cell of any one of embodiments 480-693, wherein the
one or more molecules that regulate expression of the one or more MHC class II molecules is/are selected from the
group consisting of CIITA and CD74.

[1707] Embodiment 695. The genetically engineered cell of any one of embodiments 480-694, further
comprising a second transgene encoding a tolerogenic factor.

[1708] Embodiment 696. The genetically engineered cell of embodiment 695, wherein the tolerogenic factor is
or comprises A20/TNFAIP3, B2M-HLA-E, CD16, CD16 Fc receptor, CD24, CD27, CD35, CD39, CD46, CD47, CD52, CD55,
CD59, CD64, CD200, CCL21, CCL22, CTLA4-Ig, C1 inhibitor, CR1, DUX4, FASL, HLA-C, HLA-E, HLA-E heavy chain, HLA-F,
HLA-G, H2-M3, IDO1, IL-10, IL15-RF, IL-35, IL-39, MANF, Mfge8, PD-L1, or Serpinb.

[1709] Embodiment 697. The genetically engineered cell of embodiment 695 or 696, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a TCR locus.

[1710] Embodiment 698. The genetically engineered cell of embodiment 695 or 696, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a B2M locus.
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[1711] Embodiment 699. The genetically engineered cell of embodiment 695 or 696, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a CIITA locus.

[1712] Embodiment 700. The genetically engineered cell of embodiment 695 or 696, wherein the second
transgene encoding the tolerogenic factor is inserted at an insertion site at a safe harbor locus.

[1713] Embodiment 701. The genetically engineered cell of embodiment 700, wherein the safe harbor locus is
an AAVS1, ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus
[1714] Embodiment 702. The genetically engineered cell of any one of embodiments 694-701, wherein the

genetically engineered cell has cell surface expression of the tolerogenic factor.

[1715] Embodiment 703. The genetically engineered cell of any one of embodiments 480-702, further
comprising a third transgene encoding a chimeric antigen receptor (CAR).

[1716] Embodiment 704. The genetically engineered cell of embodiment 703, wherein the CAR is or comprises
a CD5-specific CAR, a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD23-specific CAR, a CD30-
specific CAR, a CD33-specific CAR, CD38-specific CAR, a CD70-specific CAR, a CD123-specific CAR, a CD138-specific
CAR, a Kappa, Lambda, B cell maturation agent (BCMA)-specific CAR, a G-protein coupled receptor family C group 5
member D (GPRC5D)-specific CAR, a CD123-specific CAR, a LeY-specific CAR, a NKG2D ligand-specific CAR, a WT1-
specific CAR, a GD2-specific CAR, a HER2-specific CAR, a EGFR-specific CAR, a EGFRvIII-specific CAR, a B7H3-specific
CAR, a PSMA-specific CAR, a PSCA-specific CAR, a CAIX-specific CAR, a CD171-specific CAR, a CEA-specific CAR, a
CSPG4-specific CAR, a EPHA2-specific CAR, a FAP-specific CAR, a FRa-specific CAR, a IL-13Ra-specific CAR, a
Mesothelin-specific CAR, a MUC1-specific CAR, a MUC16-specific CAR, a ROR1-specific CAR, a C-Met-specific CAR, a
CD133-specific CAR, a Ep-CAM-specific CAR, a GPC3-specific CAR, a HPV16-E6-specific CAR, a IL13Ra2-specific CAR, a
MAGEA3-specific CAR, a MAGEA4-specific CAR, a MART1-specific CAR, a NY-ESO-1-specific CAR, a VEGFR2-specific CAR,
a a-Folate receptor-specific CAR, a CD24-specific CAR, a CD44v7/8-specific CAR, a EGP-2-specific CAR, a EGP-40-specific
CAR, a erb-B2-specific CAR, a erb-B 2,3,4-specific CAR, a FBP-specific CAR, a Fetal acethylcholine e receptor-specific
CAR, a GD2-specific CAR, a GD3-specific CAR, a HMW-MAA-specific CAR, a IL-11Ra-specific CAR, a KDR-specific CAR, a
Lewis Y-specific CAR, a L1-cell adhesion molecule-specific CAR, a MAGE-A1-specific CAR, a Oncofetal antigen (h5T4)-
specific CAR, a TAG-72-specific CAR, or a CD19/CD22-bispecific CAR.

[1717] Embodiment 705. The genetically engineered cell of embodiment 703 or 704, wherein the CAR is or
comprises a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD38-specific CAR, a CD123-specific CAR, a
CD138-specific CAR, a BCMA-specific CAR, or a CD19/CD22-bispecific CAR.

[1718] Embodiment 706. The genetically engineered cell of any one of embodiments 703-705, wherein the
genetically engineered cell has cell surface expression of the CAR.

[1719] Embodiment 707. The genetically engineered cell of any one of embodiments 480-701, further
comprising a third transgene encoding a chimeric auto antigen receptor (CAAR).

[1720] Embodiment 708. The genetically engineered cell of embodiment 707, wherein the CAAR comprises an
antigen selected from the group consisting of a pancreatic B-cell antigen, synovial joint antigen, myelin basic protein,
proteolipid protein, myelin oligodendritic glycoprotein, MuSK, keratinocyte adhesion protein desmoglein 3 (Dsg3), Ro-
RNP complex, La antigen, myeloperoxidase, proteinase 3, cardiolipin, citrullinated proteins, carbamylated proteins, and
a3 chain of basement membrane collagen.

[1721] Embodiment 709. The genetically engineered cell of embodiment 707 or 708, wherein the genetically
engineered cell has cell surface expression of the CAAR.
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[1722] Embodiment 710. The genetically engineered cell of any one of embodiments 480- 701, further
comprising a third transgene encoding a B-cell autoantibody receptor (BAR).

[1723] Embodiment 711. The genetically engineered cell of embodiment 710, wherein the genetically
engineered cell has cell surface expression of the BAR.

[1724] Embodiment 712. The genetically engineered cell of any one of embodiments 703-711, wherein the
third transgene is inserted at a safe harbor locus.

[1725] Embodiment 713. The genetically engineered cell of any one of embodiments 703-712, wherein the
third transgene is inserted at a TRAC locus, a TRBC1 locus, a TRBC2 locus, a B2M locus, a CIITA locus, a MICA locus, a
MICB locus, or a safe harbor locus.

[1726] Embodiment 714. The genetically engineered cell of any one of embodiments 703-713, wherein the
third transgene is inserted at an AAVS1 locus, an ABO locus, a CCR5 locus, a CLYBL locus, a CXCR4 locus, a F3 locus, a
FUT1 locus, a HMGBL1 locus, a KDM5D locus, a LRP1 locus, a RHD locus, a ROSA26 locus, or a SHS231 locus.

[1727] Embodiment 715. The genetically engineered cell of any one of embodiments 480-700, wherein the
first transgene and the second transgene are inserted into the same insertion site.

[1728] Embodiment 716. The genetically engineered cell of any one of embodiments 480-7000r 710-714,
wherein the first transgene and the third transgene are inserted into the same insertion site.

[1729] Embodiment 717. The genetically engineered cell of any one of embodiments 695-714, wherein the
second transgene and the third transgene are inserted into the same insertion site.

[1730] Embodiment 718. The genetically engineered cell of any one of embodiments 480-714, wherein the
first transgene, the second transgene, and the third transgene are inserted into the same insertion site.

[1731] Embodiment 719. The genetically engineered cell of any one of embodiments 480-718, wherein the
first transgene, the second transgene, and the third transgene are encoded by three separate constructs.

[1732] Embodiment 720. The genetically engineered cell of any one of embodiments 480-718, wherein the
first transgene, the second transgene, and the third transgene are encoded by two separate constructs.

[1733] Embodiment 721. The genetically engineered cell of any one of embodiments 480-718, wherein the
first transgene, the second transgene, and the third transgene are encoded by a polycistronic construct.

[1734] Embodiment 722. The genetically engineered cell of any one of embodiments 480-721, wherein the
first transgene and/or the second transgene and/or the third transgene encode a genome editing complex.

[1735] Embodiment 723. The genetically engineered cell of 722, wherein the genome editing complex
comprises a genome targeting entity and a genome modifying entity.

[1736] Embodiment 724. The genetically engineered cell of 723, wherein the genome targeting entity is a
nucleic acid-guided targeting entity.

[1737] Embodiment 725. The genetically engineered cell of embodiment 723 or 724, wherein the genome
targeting entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA
binding protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas
combination), a ribonucleoprotein (RNP) complex comprising a gRNA and a Cas nuclease, a homing endonuclease, a zinc
finger nuclease (ZF) nucleic acid binding entity, a transcription activator-like effector (TALE) nucleic acid binding entity, a
meganuclease, a Cas nuclease, a core Cas protein, a homing endonuclease, an endonuclease-deficient-Cas protein, an
enzymatically inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, or a
functional portion thereof.
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[1738] Embodiment 726. The genetically engineered cell of any one of embodiments 723-725, wherein the
genome targeting entity is selected from the group consisting of: Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a,
Cas8b, Cas8c, Cas9, Cas10, Cas12, Casl2a (Cpfl), Cas12b (C2c1), Cas12c (C2c3), Cas12d (CasY), Cas12e (CasX),
Cas12f (C2¢10), Casl12g, Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8,
C2¢9, Cmr1, Cmr2, Cmr3, Cmr4, Cmr5, Cmr6, Csdl, Csd2, Cas5d, Csel, Cse2, Cse3, Csed4, CasbSe, Csfl, Csm1, Csm2,
Csm3, Csm4, Csmb5, Csnl, Csn2, Cst1, Cst2, Cas5t, Cshl, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Cas5a, Csx10,
Csx11, Csyl, Csy2, Csy3, Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-
fidelity variants of SpCas9, SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCas12b, BhCas12b v4,
TnpB, dCas (D10A), dCas (H840A), dCas13a, dCas13b, or a functional portion thereof.

[1739] Embodiment 727. The genetically engineered cell of any one of embodiments 723-726, wherein the
genome modifying entity cleaves, deaminates, nicks, polymerizes, interrogates, integrates, cuts, unwinds, breaks, alters,
methylates, demethylates, or otherwise destabilizes a target locus.

[1740] Embodiment 728. The genetically engineered cell of any one of embodiments 723-727, wherein the
genome modifying entity comprises a recombinase, integrase, transposase, endonuclease, exonuclease, nickase,
helicase, DNA polymerase, RNA polymerase, reverse transcriptase, deaminase, flippase, methylase, demethylase,
acetylase, a nucleic acid modifying protein, an RNA modifying protein, a DNA modifying protein, an Argonaute protein,
an epigenetic modifying protein, a histone modifying protein, or a functional portion thereof.

[1741] Embodiment 729. The genetically engineered cell of any one of embodiments 723-728, wherein the
genome modifying entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid
programmable DNA binding protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a
guide RNA (CRISPR-Cas combination), a ribonucleoprotein (RNP) complex comprising the gRNA and the Cas nuclease, a
homing endonuclease, a zinc finger nuclease (ZFN), a transcription activator-like effector nuclease (TALEN), a
meganuclease, a Cas nuclease, a core Cas protein, a TnpB nuclease, an endonuclease-deficient-Cas protein, an
enzymatically inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, base
editing, prime editing, a Programmable Addition via Site-specific Targeting Elements (PASTE), or a functional portion
thereof.

[1742] Embodiment 730. The genetically engineered cell of any one of embodiments 723-729, wherein the
genome modifying entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a,
Cas8b, Cas8c, Cas9, Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2cl), Cas12c (C2c3), Casi2d (CasY), Cas12e (CasX),
Cas12f (C2c10), Casl2g, Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8,
C2c9, Cmr1, Cmr2, Cmr3, Cmr4, Cmr5, Cmr6, Csd1, Csd2, Cas5d, Csel, Cse2, Cse3, Csed, Cas5e, Csfl, Csm1, Csm2,
Csm3, Csm4, Csmb5, Csn1, Csn2, Cst1, Cst2, Cas5t, Cshil, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csab, Cas5a, Csx10,
Csx11, Csyl, Csy2, Csy3, Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-
fidelity variants of SpCas9, SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCasl2a, AacCas12b, BhCas12b v4,
TnpB, Fokl, dCas (D10A), dCas (H840A), dCas13a, dCas13b, a base editor, a prime editor, a target-primed reverse
transcription (TPRT) editor, APOBEC1, cytidine deaminase, adenosine deaminase, uracil glycosylase inhibitor (UGI),
adenine base editors (ABE), cytosine base editors (CBE), reverse transcriptase, serine integrase, recombinase,
transposase, polymerase, adenine-to-thymine or "ATBE” (or thymine-to-adenine or “TABE") transversion base editor,
ten-eleven translocation methylcytosine dioxygenases (TETs), TET1, TET3, TET1CD, histone acetyltransferase p300,
histone methyltransferase SMYD3, histone methyltransferase PRDM9, H3K79 methyltransferase DOT1L, transcriptional
repressor, or a functional portion thereof.
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[1743] Embodiment 731. The genetically engineered cell of any one of embodiments 723-730, wherein the
genome targeting entity and the genome modifying entity are different domains of a single polypeptide.

[1744] Embodiment 732. The genetically engineered cell of any one of embodiments 723-731, wherein the
genome targeting entity and genome modifying entity are two different polypeptides that are operably linked together.
[1745] Embodiment 733. The genetically engineered cell of any one of embodiments 723-731, wherein the
genome targeting entity and genome modifying entity are two different polypeptides that are not linked together.
[1746] Embodiment 734. The genetically engineered cell of any one of embodiments 723-733, wherein the
genome editing complex comprises a guide nucleic acid having a targeting domain that is complementary to at least one
target locus, optionally wherein the guide nucleic acid is a guide RNA (gRNA).

[1747] Embodiment 735. The genetically engineered cell of any one of embodiments 722-732, wherein the
genome editing complex comprises an RNA-guided nuclease.

[1748] Embodiment 736. The genetically engineered cell of embodiment 735, wherein the RNA-guided
nuclease comprises a Cas nuclease.

[1749] Embodiment 737. The genetically engineered cell of embodiment 736, wherein the genome editing
complex comprises a ribonucleoprotein (RNP) complex comprising the Cas nuclease and the gRNA.

[1750] Embodiment 738. The genetically engineered cell of embodiment 735 or 736, wherein the Cas
nuclease is a Type II or Type V Cas protein.

[1751] Embodiment 739. The genetically engineered cell of any one of embodiments 735-738, wherein the
Cas nuclease is selected from the group consisting of Cas3, Cas4, Cas5, Cas8a, Cas8b, Cas8c, Cas9, Cas10, Cas12,
Cas12a (Cpfl), Cas12b (C2c1), Cas12c (C2c3), Casi2d (CasY), Casl2e (CasX), Casi2f (C2c10), Casl2g, Casi2h, Cas12i,
Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2c8, C2c9, Cmr5, Csel, Cse2, Csfl, Csm2, Csn2,
Csx10, Csx11, Csyl, Csy2, Csy3, and Mad7.

[1752] Embodiment 740. The genetically engineered cell of any one of embodiments 480-721, wherein the
genetically engineered cell is a human cell or a non-human animal cell.

[1753] Embodiment 741. The genetically engineered cell of embodiment 740, wherein the non-human animal
cell is a porcine, bovine or ovine cell.

[1754] Embodiment 742. The genetically engineered cell of embodiment 740, wherein the genetically
engineered cell is a human cell.

[1755] Embodiment 743. The genetically engineered cell of any one of embodiments 480-742, wherein the
genetically engineered cell is a differentiated cell derived from a stem cell or a progenitor cell.

[1756] Embodiment 744. The genetically engineered cell of embodiment 743, wherein the stem cell is a
pluripotent stem cell.

[1757] Embodiment 745. The genetically engineered cell of embodiment 744, wherein the pluripotent stem
cell is an induced pluripotent stem cell (iPSC).

[1758] Embodiment 746. The genetically engineered cell of embodiment 744, wherein the pluripotent stem
cell is an embryonic stem cell (ESC).

[1759] Embodiment 747. The genetically engineered cell of any one of embodiments 480-746, wherein the
cell is a primary cell isolated from a donor.

[1760] Embodiment 748. The genetically engineered cell of embodiment 747, wherein the donor is healthy
and/or is not suspected of having a disease or condition at the time the primary cell is obtained from the donor.
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[1761] Embodiment 749. The genetically engineered cell of any one of embodiments 480-748, wherein the
genetically engineered cell is part of a population of primary cells isolated from multiple donors.

[1762] Embodiment 750. The genetically engineered cell of any one of embodiments 480-749, wherein the
multiple donors are healthy and/or are not suspected of having a disease or condition at the time the primary cells are
obtained from the donors.

[1763] Embodiment 751. The genetically engineered cell of any one of embodiments 480-750, wherein the
cells are islet cells, beta islet cells, pancreatic islet cells, immune cells, B cells, T cells, natural killer (NK) cells, natural
killer T (NKT) cells, macrophage cells, endothelial cells, muscle cells, cardiac muscle cells, smooth muscle cells, skeletal
muscle cells, dopaminergic neurons, retinal pigmented epithelium cells, optic cells, hepatocytes, thyroid cells, skin cells,
glial progenitor cells, neural cells, cardiac cells, stem cells, hematopoietic stem cells, induced pluripotent stem cells
(iPSCs), mesenchymal stem cells (MSCs), embryonic stem cells (ESCs), pluripotent stem cell (PSCs), blood cells, or a
combination thereof.

[1764] Embodiment 752. The genetically engineered cell of any one of embodiments 480-751, wherein the
cell is a T-cell.
[1765] Embodiment 753. The genetically engineered cell of embodiment 752, wherein the T-cell is a CD3+ T

cell, CD4+ T cell, CDS+ T cell, naive T cell, regulatory T (Treg) cell, non-regulatory T cell, Th1 cell, Th2 cell, Th9 cell,
Th17 cell, T-follicular helper (Tfh) cell, cytotoxic T lymphocyte (CTL), effector T (Teff) cell, central memory T cell,
effector memory T cell, effector memory T cell expressing CD45RA (TEMRA cell), tissue-resident memory (Trm) cell,
virtual memory T cell, innate memory T cell, memory stem cell (Tse), yd T cell, or a combination thereof.

[1766] Embodiment 754. The genetically engineered cell of embodiment 752 or753, wherein the T cell is a
cytotoxic T-cell, helper T-cell, memory T-cell, regulatory T-cell, tumor infiltrating lymphocyte, or a combination thereof.
[1767] Embodiment 755. The genetically engineered cell of any one of embodiments 752-754, wherein the
cell is a human T-cell.

[1768] Embodiment 756. The genetically engineered cell of any one of embodiments 752-755, wherein the
cell is an autologous T-cell.

[1769] Embodiment 757. The genetically engineered cell of any one of embodiments 752-755, wherein the
cell is an allogeneic T-cell.

[1770] Embodiment 758. The genetically engineered cell of embodiment 757, wherein the allogeneic T-cell is
a primary T cell.

[1771] Embodiment 759. The genetically engineered cell of 757 or 758, wherein the allogeneic T cell has been
differentiated from an embryonic stem cells (ESC) or an induced pluripotent stem cells (iPSC).

[1772] Embodiment 760. The genetically engineered cell of any one of embodiments 752-759, wherein the
cell is an islet cell, beta islet cell, or pancreatic islet cell.

[1773] Embodiment 761. The genetically engineered cell of embodiment 760, wherein the cell is an
autologous islet cell, an autologous beta islet cell, or an autologous pancreatic islet cell.

[1774] Embodiment 762. The genetically engineered cell of embodiment 760, wherein the cell is an allogeneic
islet cell, an allogeneic beta islet cell, or an allogeneic pancreatic islet cell.

[1775] Embodiment 763. The genetically engineered cell of embodiment 762, wherein the allogeneic islet cell,
allogeneic beta islet cell, or allogeneic pancreatic islet cell is a primary islet cell, a primary beta islet cell, or a primary
pancreatic islet cell.
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[1776] Embodiment 764. The genetically engineered cell of embodiment 762 or embodiment 763, wherein the
allogeneic islet cell, allogeneic beta islet cell, or allogeneic pancreatic islet cell has been differentiated from an embryonic
stem cell (ESC) or an induced pluripotent stem cell (iPSC).

[1777] Embodiment 765. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 1x, 2x, 3x, 4x, 5x, 10x, 20x,
25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 150x, 200x, 300x, 400x, 500x, 600x, 700x, 800x, 900x, 1000x, 1100x,
1200x, 1300x, 1400x, 1500x, 2000x, 2500x, 3000x, 3500x, 4000x, 4500x, or 5000x greater than an endogenous CD47
protein in a control cell of the same cell type as the genetically engineered cell.

[1778] Embodiment 766. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 1x to at least about 15x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1779] Embodiment 767. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 1x to at least about 10x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1780] Embodiment 768. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 1x to at least about 5x greater
than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.

[1781] Embodiment 769. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 3x to at least about 4x greater
than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.

[1782] Embodiment 770. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 3x to at least about 10x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1783] Embodiment 771. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 4x to at least about 10x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1784] Embodiment 772. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 500x to at least about 2000x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1785] Embodiment 773. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 500x to at least about 1500x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1786] Embodiment 774. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 900x to at least about 1000x
greater than an endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.
[1787] Embodiment 775. The genetically engineered cell of any one of embodiments 480-764, wherein the
engineered protein is expressed in the genetically engineered cell at a level at least about 1000x greater than an
endogenous CD47 protein in a control cell of the same cell type as the genetically engineered cell.

[1788] Embodiment 776. A composition comprising genetically engineered cell of any one of embodiments
479-775.
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[1789] Embodiment 777. A pharmaceutical composition comprising (i) a genetically engineered cell of any one
of embodiments 479-775, and (ii) a pharmaceutically acceptable excipient.

[1790] Embodiment 778. A method comprising administering to a subject a genetically engineered cell of any
one of embodiments 479-775, a composition of embodiment 777, or a pharmaceutical composition of embodiment 638.
[1791] Embodiment 779. The method of embodiment 778, wherein the method is a method of treating a
disease in a subject.

[1792] Embodiment 780. A method of treating a disease in a subject, the method comprising administering to
the subject the genetically engineered cell of any one of embodiments 479-775, the composition of embodiment 776, or
the pharmaceutical composition of embodiment 777.

[1793] Embodiment 781. A population of cells comprising a genetically engineered cell of any one of
embodiments 479-775 for use in treating a disease in a subject.

[1794] Embodiment 782. A composition of embodiment 776 for use in treating a disease in a subject.
[1795] Embodiment 783. A pharmaceutical composition of embodiment 777 for use in treating a disease in a
subject.

[1796] Embodiment 784. Use of a genetically modified cell of any one of embodiments 479-775, a population

of cells of embodiment 781, a composition of embodiment 776, a pharmaceutical composition of embodiment 777, or a
method of embodiment 779 for use in treating a disease in a subject.

[1797] Embodiment 785. Use of a genetically modified cell of any one of embodiments 479-775, a population
of cells of embodiment 781, a composition of embodiment 776, or a pharmaceutical composition of embodiment 777, or
a method of embodiment 779in the manufacture of a medicament for the treatment of a disease.

[1798] Embodiment 786. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the disease is
cancer.

[1799] Embodiment 787. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of of any of the preceding embodiments, wherein the cancer is
associated with CD5, CD19, CD20, CD22, CD23, CD30, CD33, CD70, Kappa, Lambda, B cell maturation agent (BCMA), G-
protein coupled receptor family C group 5 member D (GPRC5D), CD123, LeY, NKG2D ligand, WT1, GD2, HER2, EGFR,
EGFRVIII, B7H3, PSMA, PSCA, CAIX, CD171, CEA, CSPG4, EPHA2, FAP, FRq, IL-13Ra, Mesothelin, MUC1, MUC16, ROR1,
C-Met, CD133, Ep-CAM, GPC3, HPV16-E6, IL13Ra2, MAGEA3, MAGEA4, MART1, NY-ESO-1, VEGFR2, a-Folate receptor,
CD24, CD44v7/8, EGP-2, EGP-40, erb-B2, erb-B 2,3,4, FBP, Fetal acethylcholine e receptor, GD2, GD3, HMW-MAA, IL-
11Ra, KDR, Lewis Y, L1-cell adhesion molecule, MAGE-A1, Oncofetal antigen (h5T4), and/or TAG-72 expression.
[1800] Embodiment 788. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the cancer is a
hematologic malignancy.

[1801] Embodiment 789. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the hematologic
malignancy is selected from the group consisting of myeloid neoplasm, myelodysplastic syndromes (MDS),
myeloproliferative/myelodysplastic syndromes, acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL),
acute myeloid leukemia (AML), chronic myelogenous leukemia (CML), blast crisis chronic myelogenous leukemia
(bcCML), B-cell acute lymphoid leukemia (B-ALL), T-cell acute lymphoid leukemia (T-ALL), T-cell lymphoma, and B-cell
lymphoma.
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[1802] Embodiment 790. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the cancer is solid
malignancy.

[1803] Embodiment 791. The genetically modified cell, the population of cells, the composition, the

pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the solid malignancy
is selected breast cancer, ovarian cancer, colon cancer, prostate cancer, epithelial cancer, renal-cell carcinoma,
pancreatic adenocarcinoma, cervical carcinoma, colorectal cancer, glioblastoma, rhabdomyosarcoma, neuroblastoma,
melanoma, Ewing sarcoma, osteosarcoma, mesothelioma and adenocarcinoma.

[1804] Embodiment 792. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the disease is an
autoimmune disease.

[1805] Embodiment 793. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of the preceding embodiments, wherein the autoimmune disease is
selected from the group consisting of lupus, systemic lupus erythematosus, rheumatoid arthritis, psoriasis, psoriatic
arthritis, multiple sclerosis, Crohn’s disease, ulcerative colitis, Addison’s disease, Graves’ disease, Sjogren’s syndrome,
Hashimoto’s thyroiditis, and celiac disease.

[1806] Embodiment 794. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, the pharmaceutical
composition of any of the preceding embodiments, or the use of any of the preceding embodiments, wherein the disease
is diabetes mellitus.

[1807] Embodiment 795. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of any of the preceding embodiments, wherein the diabetes is
selected from the group consisting Type I diabetes, Type II diabetes, prediabetes, and gestational diabetes.

[1808] Embodiment 796. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of the preceding embodiments, wherein the disease is a
neurological disease.

[1809] Embodiment 797. The genetically modified cell, the population of cells, the composition, the
pharmaceutical composition, the use, or the method of the preceding embodiments, wherein the neurological disease is
selected from the group consisting of catalepsy, epilepsy, encephalitis, meningitis, migraine, Huntington’s, Alzheimer’s,
Parkinson's, Pelizaeus-Merzbacher disease, and multiple sclerosis.

[1810] Embodiment 798. A method of making a genetically engineered cell comprising a nucleic acid
construct, the method comprising: delivering to a cell a nucleic acid construct of any one of embodiments 1-478, thereby
making a genetically engineered cell.

[1811] Embodiment 799. The method of embodiment 798, wherein the nucleic acid construct comprises a first

transgene encoding the engineered protein.

[1812] Embodiment 800. The method of embodiment 798 or 799, wherein the method comprises inserting a
first transgene encoding the engineered protein into a first insertion site in the genome of the cell.

[1813] Embodiment 801. The method of embodiment 800, wherein the first insertion site is a T-cell receptor
(TCR) locus.

[1814] Embodiment 802. The method of embodiment 801, wherein the TCR locus is or comprises: a TRAC

locus, a TRBC1 locus, or a TRBC2 locus.
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[1815] Embodiment 803. The method of embodiment 801, wherein the first insertion site is a B2 microglobulin
(B2M) locus.

[1816] Embodiment 804. The method of embodiment 801, wherein the first insertion site is a class II
transactivator (CIITA) locus.

[1817] Embodiment 805. The method of embodiment 801, wherein the first insertion site is a safe harbor
locus.

[1818] Embodiment 806. The method of embodiment 805, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.

[1819] Embodiment 807. The method of any one of embodiments 800-804, wherein the first insertion site is
an exon.

[1820] Embodiment 808. The method of any one of embodiments 800-804, wherein the first insertion site is
an intron.

[1821] Embodiment 809. The method of any one of embodiments 800-804, wherein the first insertion site is

between an intron and an exon.

[1822] Embodiment 810. The method of any one of embodiments 800-804, wherein the first insertion site is
in a regulatory region.

[1823] Embodiment 811. The method of any one of embodiments 800-810, wherein the step of inserting
comprises insertion using a gene therapy vector, transposase, lentiviral vector, retrovirus, fusosome, PiggyBac
transposon, Sleeping Beauty (SB11) transposon, Mos1 transposon, or Tol2 transposon.

[1824] Embodiment 812. The method of any one of embodiments 800-811, wherein the step of inserting
comprises insertion using a lentiviral vector.

[1825] Embodiment 813. The method of any one of embodiments 800-810, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using a genome-modifying protein.

[1826] Embodiment 814. The method of any one of embodiments 798-813, further comprising introducing
into the cell a genome editing complex.

[1827] Embodiment 815. The method of embodiment 814, wherein the genome editing complex comprises a
genome targeting entity and a genome modifying entity.

[1828] Embodiment 816. The method of embodiment 815, wherein the genome targeting entity localizes the
genome editing complex to a safe harbor site, optionally wherein the genome targeting entity is a nucleic acid-guided
targeting entity.

[1829] Embodiment 817. The method of 815 or 816, wherein the genome targeting entity is selected from the
group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA binding protein, an RNA guided
nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas combination), a
ribonucleoprotein (RNP) complex comprising a gRNA and a Cas nuclease, a homing endonuclease, a zinc finger nuclease
(ZF) nucleic acid binding entity, a transcription activator-like effector (TALE) nucleic acid binding entity, a meganuclease,
a Cas nuclease, a core Cas protein, a homing endonuclease, an endonuclease-deficient-Cas protein, an enzymatically
inactive Cas protein, a CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, or a functional portion
thereof.

[1830] Embodiment 818. The method of any one of embodiments 815-817, wherein the genome targeting
entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8a, Cas8b, Cas8¢, Cas9,
Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2c1), Casl2c (C2c3), Casl2d (CasY), Casl2e (CasX), Cas12f (C2¢10), Casl2g,
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Cas12h, Cas12i, Cas12k (C2c5), Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2¢8, C2¢9, Cmrl, Cmr2, Cmr3,
Cmr4, Cmr5, Cmr6, Csd1, Csd2, Cas5d, Csel, Cse2, Cse3, Cse4, Casbe, Csfl, Csm1, Csm2, Csm3, Csm4, Csm5, Csni,
Csn2, Cstl, Cst2, Cas5t, Cshl, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Casba, Csx10, Csx11, Csyl, Csy2, Csy3,
Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-fidelity variants of SpCas9,
SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCas12b, BhCas12b v4, TnpB, dCas (D10A), dCas
(H840A), dCas13a, dCas13b, or a functional portion thereof.

[1831] Embodiment 819. The method of any one of embodiments 815-818, wherein the genome modifying
entity cleaves, deaminates, nicks, polymerizes, interrogates, integrates, cuts, unwinds, breaks, alters, methylates,
demethylates, or otherwise destabilizes the target locus.

[1832] Embodiment 820. The method of any one of embodiments 815-819, wherein the genome modifying
entity comprises a recombinase, integrase, transposase, endonuclease, exonuclease, nickase, helicase, DNA polymerase,
RNA polymerase, reverse transcriptase, deaminase, flippase, methylase, demethylase, acetylase, a nucleic acid modifying
protein, an RNA modifying protein, a DNA modifying protein, an Argonaute protein, an epigenetic modifying protein, a
histone modifying protein, or a functional portion thereof.

[1833] Embodiment 821. The method of any one of embodiments 815-820, wherein the genome modifying
entity is selected from the group consisting of: a sequence specific nuclease, a nucleic acid programmable DNA binding
protein, an RNA guided nuclease, RNA-guided nuclease comprising a Cas nuclease and a guide RNA (CRISPR-Cas
combination), a ribonucleoprotein (RNP) complex comprising the gRNA and the Cas nuclease, a homing endonuclease, a
zinc finger nuclease (ZFN), a transcription activator-like effector nuclease (TALEN), a meganuclease, a Cas nuclease, a
core Cas protein, a TnpB nuclease, an endonuclease-deficient-Cas protein, an enzymatically inactive Cas protein, a
CRISPR-associated transposase (CAST), a Type II or Type V Cas protein, base editing, prime editing, a Programmable
Addition via Site-specific Targeting Elements (PASTE), or a functional portion thereof.

[1834] Embodiment 822. The method of any one of embodiments 815-821, wherein the genome modifying
entity is selected from the group consisting of Cas1, Cas2, Cas3, Cas4, Casb, Cas6, Cas7, Cas8a, Cas8h, Cas8¢, Cas9,
Cas10, Cas12, Cas12a (Cpfl), Cas12b (C2c1), Casi2c (C2c3), Cas12d (CasY), Cas12e (CasX), Cas12f (C2c¢10), Cas12g,
Cas12h, Cas12i, Cas12k (C2c5), Cas13, Casl13a (C2c2), Cas13b, Casl13c, Cas13d, C2c4, C2¢8, C2¢9, Cmrl, Cmr2, Cmr3,
Cmr4, Cmr5, Cmr6, Csdl, Csd2, Cas5d, Csel, Cse2, Cse3, Cse4, Cas5e, Csfl, Csm1, Csm2, Csm3, Csm4, Csm5, Csnl,
Csn2, Cstl, Cst2, Cas5t, Cshi, Csh2, Cas5h, Csal, Csa2, Csa3, Csa4, Csa5, Cas5a, Csx10, Csx11, Csyl, Csy2, Csy3,
Csy4, Mad7, SpCas9, eSpCas9, SpCas9-HF1, HypaSpCas9, HeFSpCas9, and evoSpCas9 high-fidelity variants of SpCas9,
SaCas9, NmeCas9, CjCas9, StCas9, TdCas9, LbCas12a, AsCas12a, AacCas12b, BhCas12b v4, TnpB, Fokl, dCas (D10A),
dCas (H840A), dCas13a, dCas13b, a base editor, a prime editor, a target-primed reverse transcription (TPRT) editor,
APOBEC1, cytidine deaminase, adenosine deaminase, uracil glycosylase inhibitor (UGI), adenine base editors (ABE),
cytosine base editors (CBE), reverse transcriptase, serine integrase, recombinase, transposase, polymerase, adenine-to-
thymine or “"ATBE” (or thymine-to-adenine or “TABE") transversion base editor, ten-eleven translocation methylcytosine
dioxygenases (TETSs), TET1, TET3, TET1CD, histone acetyltransferase p300, histone methyltransferase SMYD3, histone
methyltransferase PRDM9, H3K79 methyltransferase DOT1L, transcriptional repressor, or a functional portion thereof.
[1835] Embodiment 823. The method of any one of embodiments 815-822, wherein the genome targeting
entity and the genome modifying entity are different domains of a single polypeptide.

[1836] Embodiment 824. The method of any one of embodiments 815-823, wherein the genome targeting
entity and genome modifying entity are two different polypeptides that are operably linked together.

240



WO 2025/043172 PCT/US2024/043615

[1837] Embodiment 825. The method of any one of embodiments 815-823, wherein the genome targeting
entity and genome modifying entity are two different polypeptides that are not linked together.

[1838] Embodiment 826. The method of any one of embodiments 815-825, wherein the genome editing
complex comprises a guide nucleic acid having a targeting domain that is complementary to at least one sequence within

the genomic safe harbor site, optionally wherein the guide nucleic acid is a guide RNA (gRNA).

[1839] Embodiment 827. The method of any one of embodiments 815-816, wherein the genome editing
complex comprises an RNA-guided nuclease.

[1840] Embodiment 828. The method of embodiment 827, wherein the RNA-guided nuclease comprises a Cas
nuclease.

[1841] Embodiment 829. The method of embodiment 828, wherein the genome editing complex comprises a

ribonucleoprotein (RNP) complex comprising the Cas nuclease and the gRNA.

[1842] Embodiment 830. The method of embodiment 828 or 829, wherein the Cas nuclease is a Type II or
Type V Cas protein.

[1843] Embodiment 831. The method of any one of embodiments 828-830, wherein the Cas nuclease is
selected from the group consisting of Cas3, Cas4, Cas5, Cas8a, Cas8b, Cas8c, Cas9, Cas10, Cas12, Casi2a (Cpfl),
Cas12b (C2c1), Cas12c (C2c3), Cas12d (CasY), Cas12e (CasX), Cas12f (C2c10), Cas12g, Cas12h, Cas12i, Cas12k (C2c5),
Cas13, Cas13a (C2c2), Cas13b, Cas13c, Cas13d, C2c4, C2¢8, C2c9, Cmr5, Csel, Cse2, Csfl, Csm2, Csn2, Csx10, Csx11,
Csy1, Csy2, Csy3, and Mad7.

[1844] Embodiment 832. The method of embodiment 818, wherein the gRNA comprises a complementary
region, wherein the complementary region comprises a nucleic acid sequence that is complementary to a target nucleic

acid sequence within a gene locus, and wherein the target nucleic acid sequence comprises the insertion site.

[1845] Embodiment 833. The method of embodiment 832, wherein the gene locus is a TCR locus.

[1846] Embodiment 834. The method of embodiment 832, wherein the gene locus is a B2M locus.

[1847] Embodiment 835. The method of embodiment 832, wherein the gene locus is a CIITA locus.
[1848] Embodiment 836. The method of any of embodiments 799-835, wherein the first insertion site is 25

nucleotides or less from a protospacer adjacent motif (PAM) sequence, wherein the PAM sequence is ngg, nag, ngrrt,
ngrrn, nnnngatt, nnnnryac, nnagaaw, naaaac, tttv, ttn, attn, tttn, gttn, or yttn and wherein: (i)r=aorg, (i)y =cort,

(iilw=aort, (ivyv=aorcorg,and (v)n=a,c,t org.

[1849] Embodiment 837. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using SpCas9 and the PAM is ngg or nag, wherein n= a, c,
t, org.

[1850] Embodiment 838. The method of any one of embodiments 799-836, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using SaCas9 and the PAM is ngrrt or ngrrn, wherein: (i) r
=aorg,and (i)n=a,ct org.

[1851] Embodiment 839. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using NmeCas9 and the PAM is nnnngatt, wherein n = a,
¢, torg.

[1852] Embodiment 840. The method of any one of embodiments 799-836, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using CjCas9 and the PAM is nnnnryac, wherein: (i)r = a
org, (i)y=cort,and (ii)n=a, ¢, t, org.
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[1853] Embodiment 841. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using StCas9 and the PAM is nnagaaw wherein: (i) w = a

ort,and (i) n=a, c, t, org.

[1854] Embodiment 842. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TdCas9 and the PAM is naaaac, wherein n= a, ¢, t,
org.

[1855] Embodiment 843. The method of any one of embodiments 799-836, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using LbCas12a and the PAM is tttv, wherein v = a or c or
g.

[1856] Embodiment 844. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using AsCas12a and the PAM is tttv, wherein v = a or c or
g.

[1857] Embodiment 845. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using AacCas12b and the PAM is ttn, wherein n= a, ¢, t,
org.

[1858] Embodiment 846. The method of any one of embodiments 799-836, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using BhCas12b and the PAM is attn., tttn, or gttn,
whereinn=a, ¢, t, or g.

[1859] Embodiment 847. The method of any one of embodiments 799-836, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using MAD7 (ErCas12a) and the PAM is yttn, wherein: (i)
y=cort,and (i) n=a,c,t org.

[1860] Embodiment 848. The method of any one of embodiments 800, 818, or 836-847, wherein homology-
directed repair (HDR)-mediated insertion using a site-directed nuclease is performed with an HDR efficiency equal to or

greater than HDR insertion using lentivirus.

[1861] Embodiment 849. The method of any one of embodiments 800-813, 815, 816, or 817, wherein the
step of inserting comprises homology-directed repair (HDR)-mediated insertion using ZFN.

[1862] Embodiment 850. The method of any one of embodiments 800-813, 815, 816, 817, or 849, wherein
the first insertion site is 25 nucleotides or less from a zinc finger binding sequence.

[1863] Embodiment 851. The method of any one of embodiments 800-813, 815, 816, or 817, wherein the
step of inserting comprises homology-directed repair (HDR)-mediated insertion using TALEN.

[1864] Embodiment 852. The method of any one of embodiments 800-813, 815, 816,817, or 851, wherein the
first insertion site is 25 nucleotides or less from a transcription activator-like effectors (TALE) binding sequence.
[1865] Embodiment 853. The method of any one of embodiments 800-815 or 817, wherein the step of
inserting comprises homology-directed repair (HDR)-mediated insertion using a guide RNA (gRNA) and a TnpB
polypeptide.

[1866] Embodiment 854. The method of embodiment 853, wherein the gRNA comprises a complementary

region, wherein the complementary region comprises a nucleic acid sequence that is complementary to a target nucleic

acid sequence within a gene locus, and wherein the target nucleic acid sequence comprises the insertion site.

[1867] Embodiment 855. The method of embodiment 854, wherein the gene locus is a TCR locus.
[1868] Embodiment 856. The method of embodiment 854, wherein the gene locus is a B2M locus.
[1869] Embodiment 857. The method of embodiment 854, wherein the gene locus is a CIITA locus.
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[1870] Embodiment 858. The method of embodiment 854, wherein the gene locus is a safe harbor locus.
[1871] Embodiment 859. The method of embodiment 858, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.

[1872] Embodiment 860. The method of any one of embodiments 853-859, wherein the insertion site is 25

nucleotides or less from a target adjacent motif (TAM) sequence, wherein the TAM sequence is tca, tcac, tcag, tcat, tcaa,

ttcan, ttcaa, ttcag, or ttgat, and wherein: (i) n=a, ¢, t, or g.

[1873] Embodiment 861. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tca.

[1874] Embodiment 862. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcac.

[1875] Embodiment 863. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcag.
[1876] Embodiment 864. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcat.

[1877] Embodiment 865. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is tcaa.
[1878] Embodiment 866. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcan, wherein n=
a, ¢t org.

[1879] Embodiment 867. The method of any one of embodiments 853-860, wherein the step of inserting

comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcaa.

[1880] Embodiment 868. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttcag.

[1881] Embodiment 869. The method of any one of embodiments 853-860, wherein the step of inserting
comprises homology-directed repair (HDR)-mediated insertion using TnpB polypeptide and the TAM is ttgat.

[1882] Embodiment 870. The method of embodiment 798 or 799, wherein the step of delivering the nucleic
acid construct to the cell comprises viral transduction with a retrovirus or an adeno-associated virus (AAV) vector.
[1883] Embodiment 871. The method of embodiment 870, wherein the retrovirus is or comprises Moloney
murine leukemia virus (M-MuLV), Moloney murine sarcoma virus (MoMSV), Harvey murine sarcoma virus (HaMuSV),
murine mammary tumor virus (MuMTYV), gibbon ape leukemia virus (GaLV), feline leukemia virus (FLV), spumavirus,
Friend murine leukemia virus, Murine Stem Cell Virus (MSCV), Rous Sarcoma Virus (RSV), a lentivirus, a Gammretrovirus,

an Epsilonretrovirus, an Alpharetrovirus, a Betaretrovirus, a Deltaretrovirus, or a Spumaretrovirus.

[1884] Embodiment 872. The method of embodiment 870, wherein the AAV vector is an AAV6 vector or an
AAV9 vector.
[1885] Embodiment 873. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 720-

732, wherein the first transgene encoding the engineered protein at the insertion site at a TCR locus reduces expression
of a functional TCR.

[1886] Embodiment 874. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
873, wherein the first transgene encoding the engineered protein at the insertion site at a TCR locus disrupts expression
of a functional TCR.
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[1887] Embodiment 875. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, wherein the first transgene encoding the engineered protein at the insertion site at a B2M locus reduces expression
of a functional B2M.

[1888] Embodiment 876. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 875, wherein the first transgene encoding the engineered protein at the insertion site at a B2ZM locus reduces
expression of a functional MHC I molecule.

[1889] Embodiment 877. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 875-876, wherein the first transgene encoding the engineered protein at the insertion site at a B2M locus
disrupts expression of a functional B2M.

[1890] Embodiment 878. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 875-877, wherein the first transgene encoding the engineered protein at the insertion site at a B2M gene locus
disrupts expression of a functional MHC I molecule.

[1891] Embodiment 879. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus reduces
expression of a functional CIITA.

[1892] Embodiment 880. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 879, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus reduces
expression of a functional MHC II molecule.

[1893] Embodiment 881. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 879-880, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA locus
disrupts expression of a functional CIITA.

[1894] Embodiment 882. The method of any one of embodiments 800, 801, 802, 813-832, 836-854, or 860-
872, or 879-880, wherein the first transgene encoding the engineered protein at the insertion site at a CIITA gene locus
disrupts expression of a functional MHC II molecule.

[1895] Embodiment 883. The method of any one of embodiments 798-882, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of: (a) one or more major histocompatibility complex
(MHC) class I molecules or one or more molecules that regulate expression of the one or more MHC class I molecules,
and/or (b) one or more MHC class II molecules or one or more molecules that regulate expression of the one or more
MHC class II molecules.

[1896] Embodiment 884. The method of any one of embodiments 798-883, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of one or more MHC class I molecules or one or more
molecules that regulate expression of the one or more MHC class I molecules.

[1897] Embodiment 885. The method of any one of embodiments 798-884, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of one or more MHC class II molecules or one or more
molecules that regulate expression of the one or more MHC class II molecules.

[1898] Embodiment 886. The method of any one of embodiments 798-885, wherein the cell comprises one or
more modifications that inactivate or disrupt one or more alleles of: (a) one or more MHC class I molecules or one or
more molecules that regulate expression of the one or more MHC class I molecules, and (b) one or more MHC class II
molecules or one or more molecules that regulate expression of the one or more MHC class II molecules.

[1899] Embodiment 887. The method of any one of embodiments 883-886, wherein the one or more
modifications reduce cell surface protein expression of the one or more MHC class I molecules.
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[1900] Embodiment 888. The method of any one of embodiments 883-887, wherein the one or more
modifications reduce cell surface trafficking of the one or more MHC class I molecules.

[1901] Embodiment 889. The method of any one of embodiments 883-888, wherein the one or more
modifications reduce a function of the one or more MHC class I molecules, optionally wherein the function is antigen
presentation.

[1902] Embodiment 890. The v of any one of embodiments 883-889, wherein the one or more MHC class I

molecules are one or more human leukocyte antigen (HLA) class I molecules.

[1903] Embodiment 891. The method of embodiment 890, wherein the one or more HLA class I molecules are
selected from the group consisting of HLA-A, HLA-B, and HLA-C.

[1904] Embodiment 892. The method of any one of embodiments 883-891, wherein the one or more
molecules that regulate expression of the one or more MHC class I molecules are selected from the group consisting of
B2M, NLRCS and TAP1.

[1905] Embodiment 893. The method of any one of embodiments 883-892, wherein the one or more
madifications reduce cell surface protein expression of the one or more MHC class II molecules.

[1906] Embodiment 894. The method of any one of embodiments 883-893, wherein the one or more
modifications reduce cell surface trafficking of the one or more MHC class II molecules.

[1907] Embodiment 895. The method of any one of embodiments 883-894, wherein the one or more
modifications reduce a function of the one or more MHC class II molecules, optionally wherein the function is antigen
presentation.

[1908] Embodiment 896. The method of any one of embodiments 883-895, wherein the one or more MHC

class II molecules are one or more human leukocyte antigen (HLA) class II molecules.

[1909] Embodiment 897. The method of embodiment 896, wherein the one or more HLA class II molecules
are selected from the group consisting of HLA-DP, HLA-DQ, and/or HLA-DR.

[1910] Embodiment 898. The method of any one of embodiments 883-897, wherein the one or more
molecules that regulate expression of the one or more MHC class II molecules is/are selected from the group consisting
of CIITA and CD74.

[1911] Embodiment 899. The method of any one of embodiments 800-898, wherein the first transgene
encoding the engineered protein at the insertion site at a safe harbor locus disrupts expression of a functional AAVS1,
ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231.

[1912] Embodiment 900. The method of any one of embodiments 800-898, wherein the first transgene
encoding the engineered protein at the insertion site at a safe harbor locus disrupts expression of a functional AAVS1,
ABO, CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SH5231 molecule.
[1913] Embodiment 901. The method of any one of embodiments 798-900, wherein the genetically
engineered cell has cell surface expression of the engineered protein.

[1914] Embodiment 902. The method of any one of embodiments 798-901, wherein the nucleic acid construct
further comprises a second transgene encoding a tolerogenic factor.

[1915] Embodiment 903. The method of embodiment 902, wherein the method further comprises inserting
the second transgene into a second insertion site in the genome of the cell.

[1916] Embodiment 904. The method of embodiment 902, wherein the tolerogenic factor is or comprises
A20/TNFAIP3, B2M-HLA-E, CD16, CD16 Fc receptor, CD24, CD27, CD35, CD39, CD46, CD47, CD52, CD55, CD59, CD64,
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CD200, CCL21, CCL22, CTLA4-Ig, C1 inhibitor, CR1, DUX4, FASL, HLA-C, HLA-E, HLA-E heavy chain, HLA-F, HLA-G, H2-
M3, IDO1, IL-10, IL15-RF, IL-35, IL-39, MANF, Mfge8, PD-L1, or Serpinb9.

[1917] Embodiment 905. The method of any one of embodiments 902-904, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a TCR locus.

[1918] Embodiment 906. The method of any one of embodiments 902-904, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a B2M locus.

[1919] Embodiment 907. The method of any one of embodiments 902-904 wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a CIITA locus.

[1920] Embodiment 908. The method of any one of embodiments 902-904, wherein the second transgene
encoding the tolerogenic factor is inserted at the second insertion site at a safe harbor locus.

[1921] Embodiment 909. The method of embodiment 908, wherein the safe harbor locus is an AAVS1, ABO,
CCR5, CLYBL, CXCR4, F3, FUT1, HMGB1, KDM5D, LRP1, MICA, MICB, RHD, ROSA26, or SHS231 locus.

[1922] Embodiment 910. The method of any one of embodiments 902-909, wherein the genetically
engineered cell has cell surface expression of the tolerogenic factor.

[1923] Embodiment 911. The method of any one of embodiments 798-910, wherein the nucleic acid construct
further comprises a third transgene encoding a chimeric antigen receptor (CAR).

[1924] Embodiment 912. The method of embodiment 911, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[1925] Embodiment 913. The method of embodiment 911, wherein the CAR is or comprises a CD5-specific
CAR, a CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD23-specific CAR, a CD30-specific CAR, a
CD33-specific CAR, CD38-specific CAR, a CD70-specific CAR, a CD123-specific CAR, a CD138-specific CAR, a Kappa,
Lambda, B cell maturation agent (BCMA)-specific CAR, a G-protein coupled receptor family C group 5 member D
(GPRC5D)-specific CAR, a CD123-specific CAR, a LeY-specific CAR, a NKG2D ligand-specific CAR, a WT1-specific CAR, a
GD2-specific CAR, a HER2-specific CAR, a EGFR-specific CAR, a EGFRvIII-specific CAR, a B7H3-specific CAR, a PSMA-
specific CAR, a PSCA-specific CAR, a CAIX-specific CAR, a CD171-specific CAR, a CEA-specific CAR, a CSPG4-specific CAR,
a EPHA2-specific CAR, a FAP-specific CAR, a FRa-specific CAR, a IL-13Ra-specific CAR, a Mesothelin-specific CAR, a
MUC1-specific CAR, a MUC16-specific CAR, a ROR1-specific CAR, a C-Met-specific CAR, a CD133-specific CAR, a Ep-CAM-
specific CAR, a GPC3-specific CAR, a HPV16-E6-specific CAR, a IL13Ra2-specific CAR, a MAGEA3-specific CAR, a
MAGEA4-specific CAR, a MART1-specific CAR, a NY-ESO-1-specific CAR, a VEGFR2-specific CAR, a a-Folate receptor-
specific CAR, a CD24-specific CAR, a CD44v7/8-specific CAR, a EGP-2-specific CAR, a EGP-40-specific CAR, a erb-B2-
specific CAR, a erb-B 2,3,4-specific CAR, a FBP-specific CAR, a Fetal acethylcholine e receptor-specific CAR, a GD2-
specific CAR, a GD3-specific CAR, a HMW-MAA-specific CAR, a IL-11Ra-specific CAR, a KDR-specific CAR, a Lewis Y-
specific CAR, a L1-cell adhesion molecule-specific CAR, a MAGE-A1-specific CAR, a Oncofetal antigen (h5T4)-specific
CAR, a TAG-72-specific CAR, or a CD19/CD22-bispecific CAR.

[1926] Embodiment 914. The method of any one of embodiments 911-913, wherein the CAR is or comprises a
CD19-specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD38-specific CAR, a CD123-specific CAR, a CD138-
specific CAR, a BCMA-specific CAR, or a CD19/CD22-bispecific CAR.

[1927] Embodiment 915. The method of any one of embodiments 911-914, wherein the genetically
engineered cell has cell surface expression of the CAR.

[1928] Embodiment 916. The method of any one of embodiments 798-910, wherein the nucleic acid construct
further comprises a third transgene encoding a chimeric auto antigen receptor (CAAR).
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[1929] Embodiment 917. The method of embodiment 916, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[1930] Embodiment 918. The method of embodiment 916, wherein the CAAR comprises an antigen selected
from the group consisting of a pancreatic B-cell antigen, synovial joint antigen, myelin basic protein, proteolipid protein,
myelin oligodendritic glycoprotein, MuSK, keratinocyte adhesion protien desmoglein 3 (Dsg3), Ro-RNP complex, La
antigen, myeloperoxidase, proteinase 3, cardiolipin, citrullinated proteins, carbamylated proteins, and a3 chain of
basement membrane collagen.

[1931] Embodiment 919. The method of any one of embodiments 916-918, wherein the genetically
engineered cell has cell surface expression of the CAAR.

[1932] Embodiment 920. The method of any one of embodiments 798-910, wherein the nucleic acid construct
further comprises a third transgene encoding a B-cell autoantibody receptor (BAR).

[1933] Embodiment 921. The method of embodiment 920, wherein the method further comprises inserting
the third transgene into a third insertion site in the genome of the cell.

[1934] Embodiment 922. The method of embodiment 920, wherein the genetically engineered cell has cell
surface expression of the BAR.

[1935] Embodiment 923. The method of any one of embodiments 911-922, wherein the third transgene is
inserted at a safe harbor locus.

[1936] Embodiment 924. The method of any one of embodiments 911-923, wherein the third transgene is
inserted at a TRAC locus, a TRBC1 locus, a TRBC2 locus, a B2M locus, a CIITA locus, a MICA locus, a MICB locus, or a
safe harbor locus.

[1937] Embodiment 925. The method of any one of embodiments 911-924, wherein the third transgene is
inserted at an AAVSI1 locus, an ABO locus, a CCR5 locus, a CLYBL locus, a CXCR4 locus, a F3 locus, a FUT1 locus, a
HMGB1 locus, a KDM5D locus, a LRP1 locus, a RHD locus, a ROSA26 locus, or a SHS231 locus.

[1938] Embodiment 926. The method of any one of embodiments 798-925, wherein the first transgene and
the second transgene are inserted into the same insertion site.

[1939] Embodiment 927. The method of any one of embodiments 798-908 or 920-925, wherein the first
transgene and the third transgene are inserted into the same insertion site.

[1940] Embodiment 928. The method of any one of embodiments 902-825, wherein the second transgene
and the third transgene are inserted into the same insertion site.

[1941] Embodiment 929. The method of any one of embodiments 798-925, wherein the first transgene, the
second transgene, and the third transgene are inserted into the same insertion site.

[1942] Embodiment 930. The method of any one of embodiments 798-929, wherein the first transgene, the
second transgene, and the third transgene are encoded by three separate constructs.

[1943] Embodiment 931. The method of any one of embodiments 798-929, wherein the first transgene, the
second transgene, and the third transgene are encoded by two separate constructs.

[1944] Embodiment 932. The method of any one of embodiments 798-929, wherein the first transgene, the
second transgene, and the third transgene are encoded by a polycistronic construct.

[1945] Embodiment 933. The method of any one of embodiments 798-932, wherein the genetically
engineered cell is a human cell or a non-human animal cell.

[1946] Embodiment 934. The method of embodiment 933, wherein the non-human animal cell is a porcine,

bovine or ovine cell.
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[1947] Embodiment 935. The method of embodiment 933, wherein the genetically engineered cell is a human
cell.
[1948] Embodiment 936. The method of any one of embodiments 798-935, wherein the genetically

engineered cell is a differentiated cell derived from a stem cell or a progenitor cell.
[1949] Embodiment 937. The method of any one of embodiments 798-936, wherein the cell is a stem cell or a

progenitor cell.

[1950] Embodiment 938. The method of any one of embodiments 798-936, wherein the cell is a differentiated
cell derived from a stem cell or a progenitor cell.

[1951] Embodiment 939. The method of embodiment 936, wherein the stem cell is a pluripotent stem cell.
[1952] Embodiment 940. The method of embodiment 739, wherein the pluripotent stem cell is an induced
pluripotent stem cell (iPSC).

[1953] Embodiment 941. The method of embodiment 739, wherein the pluripotent stem cell is an embryonic
stem cell (ESC).

[1954] Embodiment 942. The method of any one of embodiments 798-991, wherein the cell is a primary cell

isolated from a donor.

[1955] Embodiment 943. The method of embodiment 942, wherein the donor is healthy and/or is not
suspected of having a disease or condition at the time the primary cell is obtained from the donor.

[1956] Embodiment 944. The method of any one of embodiments 798-943, wherein the cells are islet cells,
beta islet cells, pancreatic islet cells, immune cells, B cells, T cells, natural killer (NK) cells, natural killer T (NKT) cells,
macrophage cells, endothelial cells, muscle cells, cardiac muscle cells, smooth muscle cells, skeletal muscle cells,
dopaminergic neurons, retinal pigmented epithelium cells, optic cells, hepatocytes, thyroid cells, skin cells, glial
progenitor cells, neural cells, cardiac cells, stem cells, hematopoietic stem cells, induced pluripotent stem cells (iPSCs),

mesenchymal stem cells (MSCs), embryonic stem cells (ESCs), pluripotent stem cell (PSCs), blood cells, or a combination

thereof.
[1957] Embodiment 945. The method of any one of embodiments 798-944, wherein the cell is a T-cell.
[1958] Embodiment 946. The method of embodiment 945, wherein the T-cell is a CD3+ T cell, CD4+ T cell,

CDS+ T cell, naive T cell, regulatory T (Treg) cell, non-regulatory T cell, Thl cell, Th2 cell, Th9 cell, Th17 cell, T-follicular
helper (Tfh) cell, cytotoxic T lymphocyte (CTL), effector T (Teff) cell, central memory T cell, effector memory T cell,
effector memory T cell expressing CD45RA (TEMRA cell), tissue-resident memory (Trm) cell, virtual memory T cell,

innate memory T cell, memory stem cell (Tse), yd T cell, or a combination thereof.

[1959] Embodiment 947. The method of embodiment 945 or 946, wherein the T cell is a cytotoxic T-cell,
helper T-cell, memory T-cell, regulatory T-cell, tumor infiltrating lymphocyte, or a combination thereof.

[1960] Embodiment 948. The method of any one of embodiments 945-947, wherein the cell is a human T-cell.
[1961] Embodiment 949. The method of any one of embodiments 945-948, wherein the cell is an autologous
T-cell.

[1962] Embodiment 950. The method of any one of embodiments 945-948, wherein the cell is an allogeneic
T-cell.

[1963] Embodiment 951. The method of embodiment 950, wherein the allogeneic T-cell is a primary T cell.
[1964] Embodiment 952. The method of 950 or 951, wherein the allogeneic T cell has been differentiated

from an embryonic stem cells (ESC) or an induced pluripotent stem cells (iPSC).
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[1965] Embodiment 953. The method of any one of embodiments 798-952, wherein the cell is an islet cell,
beta islet cell, or pancreatic islet cell.
[1966] Embodiment 954. The method of embodiment 953, wherein the cell is an autologous islet cell, an
autologous beta islet cell, or an autologous pancreatic islet cell.
[1967] Embodiment 955. The method of embodiment 953, wherein the cell is an allogeneic islet cell, an
allogeneic beta islet cell, or an allogeneic pancreatic islet cell.
[1968] Embodiment 956. The method of embodiment 955, wherein the allogeneic islet cell, allogeneic beta
islet cell, or allogeneic pancreatic islet cell is a primary islet cell, a primary beta islet cell, or a primary pancreatic islet
cell.
[1969] Embodiment 957. The method of 955 or 956, wherein the allogeneic islet cell, allogeneic beta islet cell,
or allogeneic pancreatic islet cell has been differentiated from an embryonic stem cell (ESC) or an induced pluripotent
stem cell (iPSC).

EQUIVALENTS

[1970] All headings and section designations are used for clarity and reference purposes only and are not to
be considered limiting in any way. For example, those of skill in the art will appreciate the usefulness of combining
various embodiments from different headings and sections as appropriate according to the spirit and scope of the
technology described herein.

[1971] All references cited herein are hereby incorporated by reference herein in their entireties and for all
purposes to the same extent as if each individual publication or patent or patent application was specifically and
individually indicated to be incorporated by reference in its entirety for all purposes.

[1972] Many maodifications and variations of this application can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. The specific embodiments and examples described herein are
offered by way of example only, and the application is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which the claims are entitled.

[1973] It is to be understood that while the disclosure has been described in conjunction with the detailed
description thereof, the foregoing description is intended to illustrate and not limit the scope of the invention, which is
defined by the scope of the appended claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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CLAIMS
We claim:

1. A nucleic acid construct comprising one or more nucleic acid sequences encoding an engineered protein,
wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 17, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-

length CD47 intracellular domains.

2. A nucleic acid construct comprising one or more nucleic acid sequences encoding an engineered protein,
wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 16, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-

length CD47 intracellular domains.

3. A nucleic acid construct comprising one or more nucleic acid sequences encoding an engineered protein,
wherein the one or more nucleic acid sequences comprise a nucleic acid sequence at least 80% identical to SEQ
ID NO: 15, and wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-

length CD47 intracellular domains.

4, A nucleic acid construct comprising one or more nucleic acid sequences encoding an engineered CD47 protein
comprising:
(a) one or more extracellular domains; and (b) one or more membrane tethers;
wherein the one or more extracellular domains comprise: an amino acid substitution at position S82 of
SEQ ID NO: 2, an amino acid substitution at position S64 of SEQ ID NO: 3, an amino acid substitution at
position S82 of SEQ ID NO: 1, or an amino acid substitution at position S37 of SEQ ID NO: 6; and/or
an amino acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position S65
of SEQ ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at
position S38 of SEQ ID NO: 6; and/or
an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 3 SEQ ID NO: 1 or SEQ
ID NO: 6; and
wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more full-length

CD47 intracellular domains.

5. The nucleic acid construct of claim 4, wherein the one or more extracellular domains comprise:
an amino acid substitution of S82A relative to SEQ ID NO: 2,
an amino acid substitution of S64A relative to SEQ ID NO: 3,
an amino acid substitution of S82A relative to SEQ ID NO: 1, or
an amino acid substitution of S37A relative to SEQ ID NO: 6.

6. The nucleic acid construct of claim 4, wherein the one or more extracellular domains comprise:
an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,
an amino acid substitution of S64V, S641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,
an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or
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an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.

7. The nucleic acid construct of any one of claims 4-6, wherein the one or more extracellular domains comprise:
an amino acid substitution of S83A relative to SEQ ID NO: 2,
an amino acid substitution of S65A relative to SEQ ID NO: 3,
an amino acid substitution of S83A relative to SEQ ID NO: 1, or
an amino acid substitution of S38A relative to SEQ ID NO: 6.

8. The nucleic acid construct of any one of claims 4-6, wherein the one or more extracellular domains comprise:
an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,
an amino acid substitution of S65V, S651, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,
an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or
an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.

9. The nucleic acid construct of any one of claims 4-8, wherein the engineered CD47 protein comprises an
insertion of three amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.

10. The nucleic acid construct of any one of claims 4-9, wherein the engineered CD47 protein comprises an
insertion of the amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.

11, The nucleic acid construct of any one of claims 4-10, wherein the engineered CD47 protein comprises an
insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID NO: 1.

12, A nucleic acid construct comprising one or more nucleic acid sequences encoding an engineered CD47 protein,
wherein the engineered CD47 protein comprises an insertion of three amino acids relative to SEQ ID NO: 4 or SEQ ID
NO: 5.

13. The nucleic acid construct of any one of claims 1-3 and 12, wherein the engineered protein comprises one or

more membrane tethers.

14. The nucleic acid construct of any one of claims 4 11 and 13, wherein the one or more membrane tethers are or

comprise a transmembrane domain.
15, The nucleic acid construct of claim 14, wherein the transmembrane domain is or comprises a CD3zeta, CD8a,
CD16a, CD28, CD32a, CD32c, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR, MyD88, PDGFR, SLAMF7, TRL1,

TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR transmembrane domain.

16. The nucleic acid construct of any one of claims 4-11 and 13, wherein the one or more membrane tethers are or

comprise a glycosylphosphatidylinositol (GPI) anchor.
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17. The nucleic acid construct of claim 16, wherein the GPI anchor is or comprises a DAF/CD55 GPI anchor, a
TRAILR3 GPI anchor, or a CD59 GPI anchor.

18. The nucleic acid construct of any one of claims 4-11, wherein the one or more extracellular domains further

comprise an extracellular hinge domain.

19, The nucleic acid construct of claim 18, wherein the extracellular hinge domain is or comprises a CD47 hinge, a
CD8a hinge, a CD28 hinge, a PDGFR hinge, or an 1gG4 hinge.

20. A vector comprising the nucleic acid construct of any one of the preceding claims.
21 An engineered protein encoded by the nucleic acid construct of any one of claims 1-19.
22. An engineered protein:

wherein the engineered protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 5,

and
wherein the engineered protein does not comprise one or more full-length CD47 intracellular domains.
23. An engineered protein:
wherein the engineered protein is or comprises an amino acid sequence at least 80% identical to SEQ ID NO: 4
and
wherein the engineered protein does not comprise one or more full-length CD47 intracellular domains.
24, An engineered CD47 protein comprising:

(a) one or more extracellular domains; and (b) one or more membrane tethers;

wherein the one or more extracellular domains comprise:

an amino acid substitution at position S82 of SEQ ID NO: 2, an amino acid substitution at position 564
of SEQ ID NO: 3, an amino acid substitution at position S82 of SEQ ID NO: 1, or an amino acid substitution at
position S37 of SEQ ID NO: 6; and/or

an amino acid substitution at position S83 of SEQ ID NO: 2, an amino acid substitution at position S65
of SEQ ID NO: 3, an amino acid substitution at position S83 of SEQ ID NO: 1, or an amino acid substitution at
position S38 of SEQ ID NO: 6; and/or

an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 3 SEQ ID NO: 1 or SEQ
ID NO: 6; and

wherein the nucleic acid construct does not comprise a nucleic acid sequence encoding one or more

full-length CD47 intracellular domains.

25. The engineered CD47 protein of claim 24, wherein the one or more extracellular domains comprise:
an amino acid substitution of S82A relative to SEQ ID NO: 2,
an amino acid substitution of S64A relative to SEQ ID NO: 3,
an amino acid substitution of S82A relative to SEQ ID NO: 1, or
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an amino acid substitution of S37A relative to SEQ ID NO: 6.

26. The engineered CD47 protein of claim 24, wherein the one or more extracellular domains comprise:
an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2,
an amino acid substitution of S64V, 5641, S64L, S64F, S64W, S64G, or S64P relative to SEQ ID NO: 3,
an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 1, or
an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative to SEQ ID NO: 6.

27. The engineered CD47 protein of any one of claims 24-26, wherein the one or more extracellular domains
comprise:

an amino acid substitution of S83A relative to SEQ ID NO: 2,

an amino acid substitution of S65A relative to SEQ ID NO: 3,

an amino acid substitution of S83A relative to SEQ ID NO: 1, or

an amino acid substitution of S38A relative to SEQ ID NO: 6.

28. The engineered CD47 protein of any one of claims 24-26, wherein the one or more extracellular domains
comprise:
an amino acid substitution of S83V, S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2,
an amino acid substitution of S65V, S65I, S65L, S65F, S65W, S65G, or S65P relative to SEQ ID NO: 3,
an amino acid substitution of S83V, S831, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 1, or
an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative to SEQ ID NO: 6.

29. The engineered CD47 protein of any one of claims 24, 25, or 27, wherein the one or more extracellular domains
comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of S82A relative
to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ ID NO: 3, an amino acid substitution of S82A
relative to SEQ ID NO: 1, and an amino acid substitution of S37A relative to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83A
relative to SEQ ID NO: 2, an amino acid substitution of S65A relative to SEQ ID NO: 3, an amino acid substitution of
S83A relative to SEQ ID NO: 1, and an amino acid substitution of S38A relative to SEQ ID NO: 6.

30. The engineered CD47 protein of any one of claims 24, 26, or 28, wherein the one or more extracellular domains
comprise:

a first amino acid substitution selected from the group consisting of: an amino acid substitution of 582V, S82I,
S82L, S82F, S82W, S82G, or S82P relative to SEQ ID NO: 2, an amino acid substitution of 564V, 5641, S64L, S64F,
S64W, S64G, or S64P relative to SEQ ID NO: 3, an amino acid substitution of S82V, S821, S82L, S82F, S82W, S82G, or
S82P relative to SEQ ID NO: 1, and an amino acid substitution of S37V, S371, S37L, S37F, S37W, S37G, or S37P relative
to SEQ ID NO: 6; and

a second amino acid substitution selected from the group consisting of: an amino acid substitution of S83V,
S83I, S83L, S83F, S83W, S83G, or S83P relative to SEQ ID NO: 2, an amino acid substitution of S65V, S651, S65L, S65F,
S65W, S65G, or S65P relative to SEQ ID NO: 3, an amino acid substitution of S83V, S831, S83L, S83F, S83w, S83G, or
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S83P relative to SEQ ID NO: 1, and an amino acid substitution of S38V, S38I, S38L, S38F, S38W, S38G, or S38P relative
to SEQ ID NO: 6.

31 The engineered CD47 protein of any one of claims 24-30, wherein the engineered CD47 protein comprises: an
insertion of the amino acids WQP after A18 relative to SEQ ID NO: 2 and an amino acid substitution of Q19P relative to
SEQ ID NO: 2, or

an insertion of the amino acids WQP after A18 relative to SEQ ID NO: 1 and an amino acid substitution of Q19P

relative to SEQ ID NO: 1.

32 The engineered CD47 protein of any one of claims 24-31, wherein the engineered CD47 protein comprises an
amino acid sequence having at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ
ID NO: 2, SEQ ID NO: 1 or SEQ ID NO: 6.

33. The engineered CD47 protein of any one of claims 22-23, wherein the engineered protein comprises one or

more membrane tethers.

34, The engineered CD47 protein of any one of claims 24-33, wherein the one or more membrane tethers are or

comprise a transmembrane domain.

35. The engineered CD47 protein of claim 34, wherein the transmembrane domain is or comprises a CD3zeta,
CD8a, CD16a, CD28, CD32a, CD32¢, CD40, CD47, CD64, ICOS, Dectin-1, DNGR1, EGFR, GPCR, MyD88, PDGFR, SLAMF7,
TRL1, TLR2, TLR3, TRL4, TLR5, TLR6, TLR7, TLR8, TLR9, or VEGFR transmembrane domain.

36. The engineered CD47 protein of any one of claims 24-33, wherein the one or more membrane tethers are or

comprise a glycosylphosphatidylinositol (GPI) anchor.

37. The engineered CD47 protein of claim 36, wherein the GPI anchor is or comprises a DAF/CD55 GPI anchor, a
TRAILR3 GPI anchor, or a CD59 GPI anchor.

38. A genetically engineered cell comprising the engineered protein of any one of claims 21-37.
39. A genetically engineered cell comprising an engineered CD47 protein, wherein the engineered CD47 protein
exhibits:

decreased binding with TSP-1 relative to a wild-type CD47 protein; and/or
decreased CD47/TSP-1-mediated signaling relative to a wild-type CD47 protein.

40. The genetically engineered cell of claim 39, wherein the control cell comprises a wild-type cell, an unmodified

cell, a cell that has not been engineered to express CD47 or a cell that has been engineered to express wild-type CD47.

41, The genetically engineered cell of claim 39 or 40, wherein the engineered CD47 protein is expressed at a level
1.25x, 1.5x, 1.75x, 2x, 2.25x, 2.5x, 2.75x, 3x, 3.25x, 3.5x, 3.75x, 4x, 4.5x, 5%, 5.5x%, 6x, 6.5%, 7x, 7.5%, 8%, 8.5x, 9x%,
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9.5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or 100x the level of wild-type CD47 protein in an unmodified

cell.

42. The genetically engineered cell of any one of claims 39-41, wherein the engineered CD47 protein comprises:
an amino acid substitution at position S82 of SEQ ID NO: 2,
an amino acid substitution at position S64 of SEQ ID NO: 3,
an amino acid substitution at position S82 of SEQ ID NO: 1, or
an amino acid substitution at position S37 of SEQ ID NO: 6.

43, The genetically engineered cell of any one of claims 39-42, wherein the engineered CD47 protein comprises:
an amino acid substitution at position S83 of SEQ ID NO: 2,
an amino acid substitution at position S65 of SEQ ID NO: 3,
an amino acid substitution at position S83 of SEQ ID NO: 1, or
an amino acid substitution at position S38 of SEQ ID NO: 6.

44, The genetically engineered cell of any one of claims 39-43, wherein the engineered CD47 protein comprises:
amino acid substitutions at positions S82 and S83 of SEQ ID NO: 2,
amino acid substitutions at positions S64 and S65 of SEQ ID NO: 3,
amino acid substitutions at positions S82 and S83 of SEQ ID NO: 1, or
amino acid substitutions at positions S37 and S38 of SEQ ID NO: 6.

45. The genetically engineered cell of any one of claims 39-44, wherein the engineered CD47 protein comprises:
an amino acid sequence having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6; and
an insertion of one or more amino acids relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5
or SEQ ID NO: 6.

46. The genetically engineered cell of claim 45, wherein the engineered CD47 protein comprises an insertion of the
amino acids WQP relative to SEQ ID NO: 2, SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6.

47. The genetically engineered cell of claim 45 or 46, wherein the engineered CD47 protein comprises an insertion
of the amino acids WQP after A18 relative to SEQ ID NO: 2 or SEQ ID NO: 1.

48. The genetically engineered cell of any one of claims 45-47, wherein the engineered CD47 protein comprises an
amino acid substitution at position Q19 relative to SEQ ID NO: 2 or SEQ ID NO: 1.

49. The genetically engineered cell of any one of claims 39-48, wherein the engineered CD47 protein comprises an
amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2, an amino acid substitution of S64A relative to SEQ
ID NO: 3, an amino acid substitution of S82A relative to SEQ ID NO: 1, or an amino acid substitution of S37A relative to
SEQ ID NO: 6;
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an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2 or SEQ ID: 1; and
an amino acid substitution of Q19P relative to SEQ ID NO: 2 or SEQ ID NO: 1.

50. The genetically engineered cell of any one of claims 39-49, wherein the engineered CD47 protein comprises an
amino acid sequence comprising:

an amino acid substitution of S82A relative to SEQ ID NO: 2;

an insertion of the amino acids WQP between A18 and Q19 relative to SEQ ID NO: 2; and

an amino acid substitution of Q19P relative to SEQ ID NO: 2.

51 The genetically engineered cell of any one of claims 38-50, wherein the genetically engineered cell comprises a
modification at a TCR locus, B2M locus, a TAP I locus, a NLRC5 locus, a CIITA locus, an HLA-A locus, an HLA-B locus, an
HLA-C locus, an HLA-DP locus, an HLA-DM locus, an HLA-DOA locus, an HLA-DOB locus, an HLA-DQ locus, an HLA-DR

locus, a RFX5 locus, a RFXANK locus, a RFXAP locus, an NFY-A locus, an NFY-B locus, an NFY-C locus, or a combination

thereof.

52. The genetically engineered cell of any one of claims 38-51, wherein the cell comprises one or more
modifications that inactivate or disrupt one or more alleles of:

(a) one or more major histocompatibility complex (MHC) class I molecules or one or more molecules that
regulate expression of the one or more MHC class I molecules, and/or

(b) one or more MHC class II molecules or one or more molecules that regulate expression of the one or more

MHC class II molecules.

53. The genetically engineered cell of any one of claims 38-52, wherein the genetically engineered cell has been

genetically engineered to knock-out a B2M locus.

54. The genetically engineered cell of any one of claims 38-53, wherein the genetically engineered cell has been

genetically engineered to knock-out a CIITA locus.

55. The genetically engineered cell of any one of claims 38-54, wherein the cell is an islet cell, beta islet cell,
pancreatic islet cell, immune cell, B cell, T cell, natural killer (NK) cell, natural killer T (NKT) cell, macrophage cell,
endothelial cell, muscle cell, cardiac muscle cell, smooth muscle cell, skeletal muscle cell, dopaminergic neuron, retinal
pigmented epithelium cell, optic cell, hepatocyte, thyroid cell, skin cell, glial progenitor cell, neural cell, cardiac cell, stem
cell, hematopoietic stem cell, induced pluripotent stem cell (iPSC), mesenchymal stem cell (MSC), embryonic stem cell
(ESC), pluripotent stem cell (PSC), blood cell, or a combination thereof.

56. The genetically engineered cell of any one of claims 38-55, wherein the genetically engineered cell is a

differentiated cell derived from a pluripotent stem cell.

57. The genetically engineered cell of claim 56, wherein the pluripotent stem cell is an induced pluripotent stem cell
(iPSC) or an embryonic stem cell (ESC).
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58. The genetically engineered cell of any one of claims 38-57, wherein the cell is a primary cell isolated from a
donor.
59. The genetically engineered cell of any one of claims 38-58, wherein the cell is an islet cell, beta islet cell, or

pancreatic islet cell.

60. The genetically engineered cell of any one of claims 38-58, wherein the cell is an allogeneic T-cell.
61. The genetically engineered cell of claim 60, wherein the allogeneic T-cell is a primary T cell.
62. The genetically engineered cell of claim 60 or 61, wherein the genetically engineered cell has decreased cell

surface expression of a TCR as compared to a comparable cell that has not been genetically engineered.

63. The genetically engineered cell of any one of claims 38-62, further comprising a transgene encoding a chimeric

antigen receptor (CAR).

64. The genetically engineered cell of claim 63, wherein the CAR is or comprises a CD5-specific CAR, a CD19-
specific CAR, a CD20-specific CAR, a CD22-specific CAR, a CD23-specific CAR, a CD30-specific CAR, a CD33-specific CAR,
CD38-specific CAR, a CD70-specific CAR, a CD123-specific CAR, a CD138-specific CAR, a Kappa, Lambda, B cell
maturation agent (BCMA)-specific CAR, a G-protein coupled receptor family C group 5 member D (GPRC5D)-specific CAR,
a CD123-specific CAR, a LeY-specific CAR, a NKG2D ligand-specific CAR, a WT1-specific CAR, a GD2-specific CAR, a
HER2-specific CAR, a EGFR-specific CAR, a EGFRvIII-specific CAR, a B7H3-specific CAR, a PSMA-specific CAR, a PSCA-
specific CAR, a CAIX-specific CAR, a CD171-specific CAR, a CEA-specific CAR, a CSPG4-specific CAR, a EPHA2-specific
CAR, a FAP-specific CAR, a FRa-specific CAR, a IL-13Ra-specific CAR, a Mesothelin-specific CAR, a MUC1-specific CAR, a
MUC16-specific CAR, a ROR1-specific CAR, a C-Met-specific CAR, a CD133-specific CAR, a Ep-CAM-specific CAR, a GPC3-
specific CAR, a HPV16-E6-specific CAR, a IL13Ra2-specific CAR, a MAGEA3-specific CAR, a MAGEA4-specific CAR, a
MART1-specific CAR, a NY-ESO-1-specific CAR, a VEGFR2-specific CAR, a a-Folate receptor-specific CAR, a CD24-specific
CAR, a CD44v7/8-specific CAR, a EGP-2-specific CAR, a EGP-40-specific CAR, a erb-B2-specific CAR, a erb-B 2,3,4-
specific CAR, a FBP-specific CAR, a Fetal acethylcholine e receptor-specific CAR, a Gpz-specific CAR, a Gpz-specific CAR, a
HMW-MAA-specific CAR, a IL-11Ra-specific CAR, a KDR-specific CAR, a Lewis Y-specific CAR, a L1-cell adhesion
molecule-specific CAR, a MAGE-A1-specific CAR, a Oncofetal antigen (h5T4)-specific CAR, a TAG-72-specific CAR, or a
CD19/CD22-bispecific CAR.

65. A composition comprising the genetically engineered cell of any one of claims 38-64.

66. A pharmaceutical composition comprising (i) the genetically engineered cell of any one of claims 38-64, and (ii)

a pharmaceutically acceptable excipient.

67. A method comprising administering to a subject the genetically engineered cell of any one of claims 38-64, the
composition of claim 65, or the pharmaceutical composition of claim 66.
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68. A method of treating a disease in a subject, the method comprising administering to the subject the genetically

engineered cell of any one of claims 38-64, the composition of claim 65, or the pharmaceutical composition of claim 66.

69. A population of cells comprising the genetically engineered cell of any one of claims 38-64 for use in treating a

disease in a subject.

70. Use of the genetically modified cell of any one of claims 38-64, the population of cells of claim 69, the

composition of claim 65, or the pharmaceutical composition of claim 66 for use in treating a disease in a subject.
71 Use of the genetically modified cell of any one of claims 38-64, the population of cells of claim 69, the

composition of claim 65, or the pharmaceutical composition of claim 66 in the manufacture of a medicament for the
treatment of a disease.
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