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METHODS AND COMPOSITIONS FOR EDITING THE B2M LOCUS IN BCELLS

CROSS-REFERENCE TC RELATED APPLICATIONS
[0001] This application claims priority to U.S. Prov. App. No. 63/114,131 filed
November 16, 2020 entitled “METHODS AND COMPOSITIONS FOR EDITING THE B2M
LOCUS IN B CELLS”, and to U.S. Prov. App. No. 63/047,978 filed July 3, 2020 entitled
“METHODS AND COMPOSITIONS FOR EDITING THE BZM LOCUS IN B CELLS”

which are each expressly incorporated by reference in its entirety.

REFERENCE TO SEQUENCE LISTING
[0002] The present application is heing filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled SCRIZOSWOSEQLIST,
created June 29, 2021, which is approximately 4.5 Kb in size. The information in the electronic

format of the Sequence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

{60031 Some embodiments of the methods and compositions provided herein
include preparing modified B cells.  In some embodiments, an endogenous beta-2
microglobulin (B2M) gene 1u a B cell s modified. Some embodiments relate to increasing the
resistance of modified B cells to killing by allogeneic immune cells. In some embodiments,
the endogenous BZM gene is mmactivated mereasing the resistance of the modified B cell to
killing by allogeneic immune cells. In some embodiments, a replacement MHC-I is mserted
mnto an mactivated endogenous B2M gene increasing the resistance of the modified B cell to
killing by allogeneic immune cells. Some embodiments mclude enriching for successfully

modified cells.

BACKGROUND OF THE INVENTION
[0004] Genome editing applications have increased in frequency as a result of the
efficacy and ease of use of recent tools, e.g., CRISPR and TALEN systems. However, genome
editing 1n clinically relevant human somatic cells remains a challenge, for example, due to

unwanted host immune responses to allogeneic transplantation of such cells. Accordingly,
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there exists a need for cells suitable for allogeneic transplantation that eliminate or reduce the
likelthood of triggering unwanted recipient immune responses to allogeneic transplants of such

cells.

SUMMARY OF THE INVENTION

[0005] Some embodiments of the methods and compositions provided herein
include a system for modifving an endogenous beta-2 microglobulin {B2ZM)} gene in a cell,
comprising: a nuclease capable of cleaving a targeted locus in an endogenous B2M gene ina
genome of the cell, or a nucleic acid encoding the nuclease; and optionally: a guide RNA
{eRNA) comprising a sequence complementary to the BZM gene, and/or a repair template
comprising a first homology arm, a second homology arm, and a nucleic acid encoding a
payload therebetween, wherein the first homology arm and/or the second homology arm has
homology to a sequence in the B2ZM gene.

[8306] in some embodiments, the gRNA comprises: a nucleotide sequence having
at least 85%, 86%, 7%, 88%, 89%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%, sequence
identity with the nucleotide sequence of any one of SEQ ID NQOs: 01-04; a nucleotide sequence
of any one of SEQ 1D NOs: 01-04; or a varant thereof having no more than 3 mismatches
compared to any one of SEQ I NQOs: 01-04.

(60671 In some embodiments, the gRNA 15 adapted to mactivate the endogenous
B2M gene.

[80038] in some embodiments, the targeted focus 1s within a {irst coding exon of the
B2M gene.

[B009] in some emboduments, the nuclease comprises a Cas nuclease. In some
embodiments, the Cas nuclease comprises a Cas9 nuclease.

[68016] In some embodiments, the nuclease 15 selected from the group consisting of
a zinc finger nuclease, a transcription activator-like effector nuclease (TALEN), a homing
endonuclease {HEs), and a combined TALEN-HE protein {megaTALs).

[0011] In some embodiments, the repair template lacks a sequence targeted by the
nuclease, and/or lacks a sequence capable of hybridizing to a sequence of the gRNA or
complement thereof. In some embodiments, the payload lacks the sequence targeted by the

nuclease, and/or lacks a sequence capable of hybridizing to a sequence of the gRNA or
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complement thereof. In some embodiments, the first arm of homology and/or the second arm
of homology lack the sequence targeted by the nuclease, and/or lack a sequence capable of
hybridizing to a sequence of the gRNA or complement thereof.

[8012] In some embodiments, the payload comprises a first nucleic acid encoding
a first polypeptide. In some embodiments, the payload comprises a second nucleic acid
encoding a second polypeptide. In some embodiments, a nucleic acid encoding a ribosome
skip sequence 18 located between the first nucleic acid and the second nucleic acid.

[8013) In some embodiments, the first polypeptide or second polypeptide encodes
a B2ZM cDNA. In some embodiments, the first polypeptide or second polypeptide encodes a
non-polymeric HLA polypeptide, or a therapeutic polypeptide. In some embodiments, the non-
polymeric HLA polypeptide 1s selected from HLA-E, HLA-F, or HLA-G. Some embodiments
also include a third polypeptide encoding a self-peptide to be presented by the non-polymeric
HLA polypeptide In some embodiments, the therapeutic polypeptide comprises an enzyme, an
antibody or antigen binding fragment thereof, a receptor, a chimeric antigen receptor, or a
cytokine. In some embodiments, the therapeutic polypeptide comprises factor IX, angiotensin-
converting enzyme 2 {Ace?), beta-glucocerebrosidase (GBA), alpha-galactosidase A (GLA),
or acid alpha-glucosidase (GAA).

[6014] In some embodiments, the first nucleic acid 15 operably linked to a promoter
of the endogenous B2M gene.

{001 5] In some embodiments, the first polypeptide 1s m-frame with a polypeptide
encoded by the endogenous B2ZM gene.

[0016] In some embodiments, the payload comprises a heterologous promoter, and
the first nucleic acid 18 operably hnked to the heterologous promoter. In some embodiments,
the heterologous promoter 18 3 constitutive promoter. In some embodiments, the promoter
selected from an MIND promoter, and an EF1 alpha promoter, or a PGK promoter.

[6017] In some embodiments, a vector comprises the repair template. In some
embodiments, the vector comprises a viral vector. In some embodiments, the viral vector
comprises an adeno-associated virns (AAV) vector, or a lentiviral vector.

[8018] Some embodiments also include a cell, wherein the cell comprises the
nuclease; and optionally, the gRNA, and/or repair template. In some embodiments, the cell

comprises the nuclease. In some embodiments, the cell comprises the gRNA, and/or repair



WO 2022/006309 PCT/US2021/039953

template. In some embodiments, the cell is selected from the group consisting of a B cell a
hematopoietic stem cell, an early pro-B cell, a late pro-B cells, a large pre-B cell) a smal pre-
B cell, an immature B cell, a T1 B cell, a T2 B cell, a marginal zone B cell, a mature B cell, a
naive B cell, a plasmablast (short lived) cell, a GC B cell, a memory B cell, and a long lived
plasma ceil. In some embodiments, the cell is a B cell In some embodiments, the cell 1s
human.

1 In some embodiments, the cell is autologous to a subject.

] In some embodiments, the cell 15 allogeneic to a subject.
8021} in some embodiments, the cell is ex viva,

] in some embodiments, the cell is in vivo,

1 Some embodiments include a pharmaceutical composition comprising any
one of the systems provided herein and a pharmaceutically acceptable excipient.

[0024] Some embodiments include a method for preparing a modified cell,
comprising obtaining any one of the systems provided heremn; introducing the nuclease into a
first cell; and opticvally: mtroducing the gRNA o the cell, and/or introducing the repawr
template into the cell, thereby preparing a modified cell comprising a modified B2M locus in
the genome of the modified cell.

[8025] In some embodiments, the modified B2M locus comprises an inactivated
B2M endogenous gene. In some embodiments, the gRNA 15 adapted to imactivate the
endogenous B2ZM gene. Some embodiments also mclude selecting for the modified cell. In
some embodinments, the selecting comprising contacting the modified cell with an immune cell.
in some embodiments, the immune cell 15 aliogeneic o the first cell. In some embodiments,
the momune cell comprises an MHC-I different from an MHC-L of the first cell. In some
embodiments, the immune cell 15 selected from a T cell, such as a cytotoxic CD8+ T cell, ora
natural killer cell.

[0026] In some embodiments, the immune cell 15 n vivo.

[0027] In some embodiments, the immune cell is ex vivo.

[6028] In some embodiments, the modified B2M locus expresses an active BZM
gene or BZM cDNA. In some embodiments, the repair template lacks a sequence targeted by
the nuclease, and/or lacks a sequence capable of hybridizing to a sequence of the gRNA or

complement thereof, such that the modified B2ZM lfocus lacks the sequence targeted by the
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nuclease, and/or lacks the sequence capable of hybridizing to a sequence of the gRNA or
complement thereof In some embodiments, the repair template comprises a B2M cDINA
Some embodiments alse include selecting for the modified cell 1n some embodiments, the
selecting comprising contacting the modified cell with an immune cell. In some embodiments,
the immune cell 15 autologous to the first cell. In some embodiments, the immune cell s
selected from a T cell, such as a cytotoxic CD8+ T cell, or a natural killer cell.

60291 In some embodiments, the immune cell is 72 vive.

[8030) in some embodiments, the mmune cell is ex viva,

(8031} in some embodiments, the modified B2M locus expresses a replacement
MHC-1. In some embodiments, the modified B2M locus comprises an mactivated B2M
endogencus gene. In some embodiments, the repair template comprises a payload encoding a
BZM ¢DNA, a non-polymeric HLA polypeptide, and/or a self-peptide to be presented by the
non-polymeric HLA polypeptide. Some embodiments also include selecting for the maodified
cell. In some embodiments, the selecting comprising contacting the modified cell with an
mmune cell. In some embodiments, the mmune cell s allogeneic to the first cell. In some
embodiments, the immune cell is selected from a T cell, such as a cytotoxic CD8+ T celi, ora

natural killer cell.

[0032] In some embodiments, the iamune cell 1s ia vivo,

[06033] In some embodiments, the immune cell 15 ex vivo.

[6034] In some embodiments, the first cell 1s a B cell.

[8035] Some embodiments mclude a cell prepared by any one of the methods

provided herein,

[8036] Some embodiments inchude a method for enriching for a modified B cell
having increased resistance to killing by a T cell or natural laller cell, comprising: preparing a
modified cell by any one of the methods provided herein, wherein the first cell 15 a B cell, and
wherein the modified B2ZM locus 18 inactivated; and contacting the modified cell with a T cell
or natural killer cell, wherein the T cell or natural killer cell 15 allogeneic to the first cell, and
wherein the modified B cell has an increased resistance to killing by the T cell or natural killer
cell compared to a B cell expressing a B2M gene.

(6037} Some embodiments include a method for enriching for a modified B cell,

comprising preparing a modified cell by any one of the methods provided herein, wherein the
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modified BZM locus expresses an active B2ZM gene or B2M ¢cDNA; and contacting the
modified cell with a T cell or natural killer cell, wherein the T cell or natural killer cell is
autologous to the first cell, and wherein a cell not expressing an active B2M gene or B2M
cDNA 1s killed by the T cell or natural killer cell.

[0038] Some embodiments inciude 2 method for enriching for a modified B cell,
comprising preparing a modified cell by any one of the methods provided herein, wherein the
modified B2ZM locus expresses a replacement MHC-1, wherein the repair template comprises
a payload encoding a B2M ¢DNA, a non-polymeric HLA polypeptide, and a self-peptide to be
presented by the non-polymeric HLA polypeptide; and contacting the modified cell witha T
cell or natural killer cell, wherein the T cell or natural killer cell 15 allogenic to the first cell.

{0039 Some embodiments include a method for preparing & modified B cell for an
allogeneic infusion, comprising preparing a modified cell by any one of the methods provided
herein, wherein the cell is a B cell and the repair template comprises a payload encoding a
B2M cDNA, a non-polymeric HLA polypeptide, and a self-peptide to be presented by the non-
polymeric HLA polypeptide. Some embodiments also include adnunistering the modified B
cell to a subject, wherein the B cell 1s allogeneic to the subject. In some embodiments, the non-
polymeric HLA polypeptide 15 selected fromm HLA-E, HLA-F, or HLA-G In some
embodiments, the subject 15 mammalian. In some embodiments, the subject 13 human,

[004G] Some emboduments of the methods and compositions provided herein
mclude a method for preparing a modified B cell, comprising: inactivating an endogenous beta-
2 microglobulin (B2ZM) gene in a B cell; and introducing a polynucleotide encoding a fusion
protem into the inactivated B2ZM gene thereby obtaining a modified B cell, wheren the fusion
profein comprises an exogenous B2M polypeptide.

[0041] Some embodiments of the methods and compositions provided herein
mclude a method for iz vive enrichment of a modified B cell in an autologous subject,
comprising. mactivating an endogenous beta-2 microglobulin (B2M) gene m a B cell;
mtroducing a polynucleotide encoding a fusion protein into the inactivated B2M gene thereby
obtaining a modified B cell, wherein the fusion protein comprises an exogenous B2ZM
polypeptide; and administering the modified B cell to a subject, wherein the B cell is

autologous to the subject.
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(60421 Some embodiments of the methods and compositions provided herein
include a method for preparing a modified B cell for an allogensic mfusion, comprising:
inactivating an endogenous beta-2 microglobulin (B2M) gene 1n a B cell; and mtroducing a
polynucleotide encoding a fusion protein into the mactivated B2M gene thereby obtaining a
modified B cell, wherein the fusion protein comprises: an exogenous BZM polypeptide, a non-
polymeric HLA polypeptide, and a self-peptide 1o be presented by the non-polymeric HLA
polypeptide. Some embodiments also inchide administering the modified B cell 1o a subject,
wherein the B cell is allogeneic to the subject. In some embodiments, the non-polymeric HLA
polypeptide s selected from HLA-E or HLA-G.

[8043] In some embodiments, the endogenous B2M gene is mactivated by an
msertion, deletion or substitution of at least a portion of the endogenous B2ZM gene.

[0044] In some embodiments, the inactivating an endogenous B2M gene comprises
mtroducing into the B cell a clustered regularly interspersed short palindromic repeat DNA
{CRISPR) coupled to a Cas nuclease. In some embodiments, the Cas nuclease comprises a
Cas¥ nuclease. In some embodimnents, the mactivating an endogenous B2M gene comprises
mtroducing a guide RNA (gRNA) 1nto the B cell. In some embodiments, the gRNA cormprises
a nucleotide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% sequence identity with the nucleotide sequence of any one of SEQ 1D NQOs:01-04.

[0045] In some embodiments, the inactivating an endogenous B2M gene comprises
mtroducing nto the B cell a viral vector compnising a repair template. In some embodiments,
the viral vector comprises an adenc-associated virus (AAV) vector.

[8046] In some embodiments, the inactivating an endogenous B2M gene comprises
mtroducing a nuclease into the B cell, wherein the nuclease is selected from the group
consisting of a zinc finger nuclease, a transcription activator-like effector muclease (TALEN},
a homing endonuciease (HE}, and a combined TALEN-HE protein {megaTAL)

[6047] In some embodiments, the polynucleotide encoding a fusion protemn 1s
mtroduced into the inactivated BZM gene such that the fusion protein is in-frame with an exon
of the endogenous B2M gene.

[8048] In some embodiments, the polynucleotide comprises a homology arm, a

nucleic acid encoding a self-cleaving peptide, and/or a promoter.
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[0049] In some embodiments, the mtroducing a polynucleotide encoding a fusion
protein into the inactivated BZM gene introducing into the B cell a clustered regularly
interspersed short palindromic repeat DNA {(CRISPR) coupled to & Cas nuclease. In some
embodiments, the Cas nuclease comprises a €as9 nuclease. In some embodiments, the
introducing a polynucleotide encoding a fusion protein into the inactivated BZM gene
comprises introducing a guide RNA (gRNA) mnto the B cell. In some embodiments, the gRNA
comprises a nucleotide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% sequence identity with the nuclectide sequence of any one of SEQ I NOs:01-
04

[08050] In some embodiments, the introducing a polvnuclestide encoding a fusion
protein into the mactivated B2M gene comprises introducing into the B cell a viral vector
comprising a repair template. In some embodiments, the viral vector comprises an adeno-
assoctated virus {AAV) vector.

[8051) In some embodiments, the introducing a polvnuclestide encoding a fusion
protein into the inactivated BZM gene comprises introducing a nuclease into the B cell, wheremn
the nuclease 15 selected from the group consisting of a zine finger nuclease, a transcription
activator-like effector nuclease (TALEN), a homing endonuclease (HE), and a combined
TALEN-HE protein (megaTAL).

[0052] Insome erubodiments, the mactivating an endogenous beta-2 microglobulin
(B2M) gene m a B cell; and the introducimg a polynucleotide encoding a fusion protein mito
the inactivated B2M gene are performed sequentially. In some embodiments, the inactivating
an endogenous beta-2 microgiobulin (B2ZM} gene in a B cell, and the wtroducing a
polynucieotide encoding a fusion protemn nto the mactivated B2ZM gene are performed
concurrently.

[B053] In some embodiments, the fusion protein comprises a therapeutic
polypeptide or a therapeutic nucleic acid. In some embodiments, the therapeutic polypeptide
comprises an enzyme, an antibody or antigen binding fragment thereof, a receptor, a clumeric
antigen receptor, or a cytokine. In some embodiments, the therapeutic polypeptide comprises
factor IX, angiotensin-converting enzyme 2 {Ace2}, beta-glucocerebrosidase (GBA), alpha-

galactosidase A (GLA), or acid alpha-glucosidase (GAA).
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[0054] In some embodiments, the B cell is selected from the group consisting of a
hematopoietic stem cell, an early pro-B cell, a late pro-B cells, a large pre-B cell) a smal pre-
B cell, an immature B cell, a T1 B cell, a T2 B cell, a marginal zone B cell, a mature B cell, a
naive B cell, a plasmablast (short lived) cell, a GC B cell, a memory B cell, and a long lived
plasma cell.

[B055] In some embodiments, the subject is mammalian. In some embodiments,
the subject is human.

[B8056) Some embodimentis of the methods and compostiions provided herein
mciude a modified B cell prepared by any one of the foregoing methods.

[8057] Some embodiments of the methods and compositions provided herein
wnclude a pharmaceutical composition comprising any one of the modified B cells provided
herein, and a pharmaceutically acceptable carrier.

[0038] Some embodiments of the methods and compositions provided herein
mclude an isolated nucleic acid comprising a nucleotide sequence having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the nucleoctide sequence

of any one of SEQ 1D NOs:01-04,

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1 depicts a flow analysis of MHC-I expression n plasma cells
(CD138&+) cultured under conditions which mcluded: (1) Activation for 2 days with MCDMOL
and etther CpG B or aCD180; (2) Phase I for 3 days with IL-21 and either IL-6 or R848; and
(3} Phase II for 3 days with [L-21.

[8060] FIG. 2 depicts a schematic of a murine B2M locus and includes a BZM gene,
with corresponding BZM mRNA depicting exons, and corresponding protein coding portions
of the mRNA depicted as a B2M ¢DNA; also shown are sites for guide RNAs: gRNA-T and
gRNA_S.

{0061 ] FIG. 3 depicts & graph showing deletion frequency (ICE score} and
predicted inactivation of the B2ZM gene {(knockout (KO} score) for guide RNAs: gRNA-1 and
eRNA 5, and their reverse sequences.

[8062] FIG. 4A depicts a flow analysis murine B cells treated with gRNA-1

gRNA 5, or control.

0.
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[8063] FIG. 4B depicts a bar chart for percentage H2KDb protein expressing cells
for cells treated with gRNA-1, gRNA 5, or conirol.

[8064] FIG. 4C depicts a flow analysis human B cells treated with gRNASs to target
the human BZM locus (gRNA-1, gRNA-2), or control.

[0065] FIG. SA depicis cvtotoxic CD8+ T celis expressing TCRs proteins that
recognize mismatched MHC polypeptides killing cells with mismatched MHC-I proteins (left
panel}; and, celis lacking MHC-{ may not induce killing by the eytotoxic CD8+ T cells {right
panel).

[0066] FIG. 5B depicts a nuxed cell assay to determine f B cells lacking MHC-L
wounld be resistant to killing by such cytotoxic CD8+ T-Cells with T cells from BALB/c mice
(HLA, class D) and B cells from CS7BL/6 nuce (HLA, class B).

[6067] FIG. 6A depicts a flow analysis for mixed cultures of B celis treated with
B2M gRNA 1 RNP, RosaZ6RNP, or mock, and T cells.

[8068] FIG. 6B depicts a graph of a ratio of CD45.1 (B2M knockout B cells) to
D452 (control B cells) ratios compared to a ratio of T cells to B cells for muxed cultures.

[0069] FIG. 7 depicts a timeline for a CD8+ wn vitro killing assay.

[66795] FIG 8A depicts a FACS analysis of modified cells for CD45 2 (Target) and
CD45. 1 (Decoy) CS7/B6 B-Cells at 24h and 48h Balb/C CD&+ T-Cell co-culture tirne points,

[6071] FIG. 8B depicts lines graphs for moditied cells relating to guantitation of
the CD45 1.CD45 2 ratio from the experiment related to FIG. 8A, normalized to the base ratio
in co~culture conditions with no CD8+ T-Cells.

(86721 FIG. 9A depicts a FACS analysis of modified cells for H2Kb {the relevant
MHC1 haplotype in C57/B6 B-Cells) within the £D45.1 B-Cell population in the experiment
related to FIG. 8A.

[8073] FIG. 9B depicts lines graphs for modified cells relating to quantitation of
HZKb knockout level in B2M edited CD45.1 B-Cells at 24h and 48h tme pomts with
increasing CD&+ T-Cell ratios.

[8074] FIG. 10 depicts a schematic of a construct (3307) to modify the B2M locus
and inchades sequences encoding: 53" and 3" homology arms (HA), an MIND promoter operably

linked to a GFP polypeptide, a P2A self-cleaving peptide, and a BZM ¢DNA.
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[8075] FIG. 11 15 a flow analysis of primary mouse B cells edited wsing a
combination of B2M gRNA 1 RNP delivery and 3307 AAV wansduction.

{8076} FIG. 12A depicts a strategy for a substitution at the B2M locus in which the
B2ZM locus is modified to mactivate endogenous B2ZM expression, and (o express an engineered
HLA-E

[(8077] FIG. 128 depicts a mixed cell assay to test B cell survival of a B cell
modified to inactivate endogenous B2ZM expression, and to express an engineered HLA-E,

[8078] FIG. 13 depicis an HDR donor template (3310} encoding 3" and 3
homology arms (HA); an exogenous MND promoter; a fusion protein including a Qdm self-
peptide, a B2M ¢DNA, and a non-polymorphic HLA-E alpha chain connected via flexible
linkers; a 2A self-cleaving peptide; a GFP marker; and a SV40 polyadenylation sequence.

[6079] FIG. 14 1s a flow analysis of B cells edited with the construct depicted in
FIG. 13 and for GFP expression in H2Kb-, differentiated B cells at day 7.

[B080) FIG. 13A depicts a study to establish parameters for NK cell killing with i
vive engraftment of MBC- knockout cells.

[8081] FIG. 13B depicts a study for a mouse model for allogeneic B cell
engraftment with murine cells.

[8082] FIG. 1o depicts a study for a xenograft wodel for allogencic B cell

engrafiment with human cells.

DETAILED DESCRIPTION

[6083] Some embodiments of the methods and compositions provided herein
inciude preparing modified B cells.  In some embodiments, an endogenous beta-2
microglobulin (B2ZM) gene in a B cell 13 modified. Some embodiments relate to increasing the
resistance of modified B cells to killing by allogeneic immune cells. In some embodiments,
the endogenous B2M gene 15 mactivated increasing the resistance of the modified B cell to
lalling by allogeneic immune cells. In some embodiments, a replacement MHC-1 15 inserted
into an inactivated endogenous B2M gene increasing the resistance of the modified B cell to
falling by allogeneic immune cells. Some embodiments include enriching for successfully

modified cells.
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[68084] Some embodiments of the methods and compositions provided herein
mclude preparing modified B cells. In some embodiments, an endogenous beta-2
microglobulin (BZM) gene in a B cell is modified. In some embodiments, the endogenous
B2ZM gene in a B cell 1s mactivated. In some such embodiments, a polynucleotide encoding a
fusion protein is introduced into the inactivated B2ZM gene. Some embodiments include the
preparation and use of B cells modified at the B2M locus for allogeneic infusions, expression
of fusion proteins, and/or iz vivo enrichment of modified cells.

[B085) Some embodiments provided herein include methods for mtroduction of
exogencous transgenes and engineering genomic DNA at the B2ZM locus for the purposes of
improving delivery of a B cell therapy. Some embodiments include use of CRISPR-Cas?
recombinant nucleoprotein complexes (guide RNA and proteiny with AAV delivered repair
templates. Some embodiments include use of an alternate nuclease {e g., zinc finger nuclease,
talen, or megatalen) or repair template {e g, single or double-stranded DNA) platforms for
gene delivery. In some embodiments, sequences that are delivered to the B2M locus facilitate
allogenic delivery and/or enrichment of engineered human B cells. Tn some embodiments,
sequences that are delivered to the B2M locus facilitate autologous delivery by enrichment of
engineered B cells in vivo.

[8086] Some embodiments include synthetic guide RNAs for human B2M useful
to efficiently edit the B2M locus, for example to knock-down/inactivate MHC-I. Some
embodiments include repair templates for mtroduction of exogenous sequence into B2M, while
also maintaining expression of endogenous B2M. Such repair templates can include sequences
encoding therapeutic proteins such as factor IX, angiotensin-converting enzyme 2 {Ace2},
beta-glucocerebrosidase {GBA}, alpha-galactosidase A (GLA), or acid alpha-ghicosidase
(GAA} Some embodiments mclude repair templates that replace endogenous B2M with B2M
fused to non-polymeric versions of HLA {e.g., HLA-E, or HLA-G) and peptides that inhibit
NK cell killing. These sequences facilitate allogeneic engrafiment of plasma cells without graft
rejection by host immune cells (e.g., T and/or KK cells}. Some embodiments include a repair
template that replaces B2ZM with B2ZM fused to non-polymorphic HLA and introduces
exogenous sequences for therapeutic proteins.

{80871 Some embodiments relate to increasing the resistance of modified B cells

to killing by allogeneic immune cells. For example, in some embodiments, the endogenous
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B2M gene is inactivated increasing the resistance of the modified B cell to killing by allogensic
mmune cells. Some such embodiments include composttions and methods for enriching for
a modified B cell having increased resistance to killing by an allogeneic T cell or allogensic
natural killer cell. Some such embodiments include preparing a modified B cell, wherein the
B2M locus of the cell’s genome is inactivated, and contacting the modified cell with an
mmmune cell) such as a T cell, such as a CD&+ T cell, wherein the immune cell is allogeneic to
the modified B cell. In some such embodiments, the lack of a mismatched MHC-I between
the modified B cell the umune cell increases the resistance of the modified B cell to killing
by the immune cell.

[B088] Some embodiments relate to increasing the resistance of modified B cells
to killing by allogeneic immune cells. For example, in some embodiments, a replacement
MHC-1 is mnserted info an inactivated endogenous B2M gene increasing the resistance of the
modified B cell to killing by allogeneic immune cells. Some such embodiments include
compositions and methods for enriching for a modified B cell having increased resistance to
killing by an allogeneic T cell or allogeneic natural killer cell by replacing an MHC- of a cell.
Some such embodiments include preparing a modified B cell, wherein the modified B2M locus
expresses a replacement MHC-1 Tn some such embodiments, the endogenous B2M locus is
mactivated and replaced by a payload encoding a B2M ¢DNA, a non-polymernic HLA
polypeptide, and a self-peptide to be presented by the non~polvmeric HLA polypeptide. Some
embodiments also mnclude contacting the modified cell with an immune cell, such as T cell,
such as a CD&+ T cell, wherein the immune cell is allogenic o the immume cell.

[6089] Some such embodiments inchude compositions and methods for enriching
for & modified B cell having certain successful modifications.  Some such embodiments
mciude preparing a modified B cell, wherein the modified B2M locus of the cell expresses an
active B2M gene or B2M ¢DNA, and contacting the modified cell with an immune cell, such
as a T cell, such as a CD3+ T cell, wherein the immune 15 autologous to the modified B cell.
Modified cells in which modifications do not result in successful expression of an active B2M
gene or BZM eDNA can be killed, removed, or cleared by the immune cell.

[8090] Certain aspects useful with certain embodiments of the methods and
compositions provided herein are disclosed in U8, 20180141992, Hung K.L. er af, (2018}
Mol Ther 26:456-467, Voss JLE. ef al, (2019) Elife 8:e42995; Hartweger H., er of, (2019} ]
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Exp Med 216:1301-1310; Johnson M1 ef al., (2018} Scientific Reports 8:12144; and Moffett
HF. eral, (2019} Sci Immuno! 4(35) which are each expressly incorporated by reference in

its entirety.

Definitions

(0091 ] As used herein, “genome editing” has its plain and ordinary meaning when
read in light of the specification, and may include but 1s not limited to, for example, a process
that include methods for genetic engineering in which DNA is inserted, deleted or replaced in
the genome of a living organism. Editing a gene is also known as gene editing. In some
alternatives described herein, a method of making plasma cells or plasma cell precursors that
express a molecule, such as a macromolecule is provided, in which B cells or B cell precursors
are subjected to at least one round of genome editing. Methods of genome editing can include,
but is not limited to nucleic acid being inserted, deleted or replaced in the genome of a cell In
some alternatives, a nuclease is used to achieve this process. In some alternatives, the nuclease
15 engineered. In some alternatives, the methods include inducing double strand breaks that are
repaired through nonhorologous end-joining (NHEJ) or homologous recornbination (HR). Tn
some alternatives, the step of genome editing is performed by introduction of a single stranded
nucleic acid. In some alternatives, the at least one round of genome editing further comprises
cyching the B-cells for homologous recombination of the single stranded DNA
oligonuclectides or recombinant adenc-associated virus into the candidate genetic loci. In
some alternatives, the genome editing of the B cells for protem expression 15 performed n the
absence of viral mtegration. In some alternatives, a second round of genome editing 1s
performed to excise 3 region. In some alternatives, a third round of genome editing i3
performed to result in expression of a drug activatable growth enhancer. In some alternatives
herein, the genome editing 15 performed by nonpathogenic AAY medated editing by direct
homologous recombination.

[0092] Genome editing can also employ the use of RNA and protein-based
transfection. For example, the CRISPR/Cas system can be modified to edit genomes. This
technique requires the delivery of the Cas nuclease complexed with a synthetic guide RNA
(gRNA} into a cell, thus the cell’s genome can be cut at a specific location and allow existing

genes to be removed and/or add new ones. Thus, CRISPR/Cas and related programmable
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endonuclease systems are rapidly becoming significant genome editing tools of the biomedical
research laboratory, with their application for gene disruption and/or gene targeting as
demonstrated 1n a variety of cultured cell and model organism systems. In some alternatives,
of the CRISPR/Cas system described herein, the Cas nuclease comprises CUasl, Cas2, Cas3,
Casd, Cas5, Cas6, Cas7, Cas8 or Cas9.

[0093] The basic components of CRISPR/Cas system comprise a target gene, a
protospacer adiacent motif (PAM), a guide RNA, Cas endonuclease. An important aspect of
applying CRISPR/Cas for genome editing 1s the need for a system to deliver the guide RNAs
efficienily to a wide variety of cell types. This could, for example, involve delivery of an in
vitro generated guide RNA as a nucleic acid {the guide RNA generated by 1n vitro transcription
or chemical synthesis). In some alternatives, the nucleic acid could be rendered nuclease
resistant by incorporation of modified bases.

[6094] The CRISPR-Cas system falls into two classes. The Class 1 system has a
complex of multiple Cas proteins for the degradation of foreign nueleic acids. The Class 2
system has a single large Cas protein for a same purpose for the degradation of foreign nucleic
acids. There are a 93 cas genes that are grouped mto 35 families. 11 of the 38 families from a
cas core which ncludes the protein famiies CAS1 to CAS9. As described herein, Cas
comprises Casl, Cas2, Cas3, Casd, CasS, Caso, Cas7, Cas§ or Cas9.

[0095] Gene editing may also be performed by a novel non-nuclease-based gene
editing platform. A novel family of AAVs were previously 1solated from human hematopoietic
stem cells. These nonpathogenic AAVs are naturally present in healthy individuals and may
possess unigue gene editing and gene transfer propesties. This technique 18 also described as
AAV mediated editing by direct homologous recombination (AmENDR™) This process is
homologous recombination by a natural biological mechanism that 1s used by cells o ensure
highly precise DNA repair.

[8096] AAV mediated editing by direct homologous recombination 15 mitiated by
design of homology sequence “arms” that are specific to a region of the genome and results in
a permanent correction in the DNA when administered to cells. In some alternatives herein,
the gene editing is performed by nonpathogenic AAY mediated editing by direct homologous
recombination. The identification of novel AAY genomes are described in Smith ef af. (Mol

Ther. 2014 Sep; 22(9}): 1625-1634; mcorporated by reference 1n its entirety herein). The novel
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AAVs described by Smith e af, represents a new class of genetic vector for the manipulation
of HSC genomes. Furthermore, these vectors may greatly expand the ability to deliver genes
to targeted tissues and cells including cells that are refractory to gene transfer which
circumventing prevalent preexisting immunity to AAV2. In some alternatives, the gene editing
is performed by nonpathogenic AAVs naturally present in hematopoietic cells, wherein the
editing 1s performed by AAVY mediated editing by direct homologous recombination using the
nonpathogenic AAVs as described in Smith ef af.

[0097] As used herein, “engineered nucleases” have their plain and ordinary
meaning when read in light of the specification, and may include but is not limited to, for
example, enzymes that are engineered to be hybrid enzymes which can be used to specifically
recognize a DNA sequence and efficiently edit the genome by the introduction of double-strand
breaks. Without being limiting, there are four families of preferred engineered nucleases
suitable for use with emboduments described herein including meganucleases, zinc finger
nucleases (ZFN), transcription activator like effector-based nucleases {(TALEN), or the
CRISPR-Cas systen.

[8098] As used heren, “meganucleases” have their plain and ordivary meanng
when read i hight of the specification, and may mnclude but 15 not hmited to, for example,
endodeoxyribonucleases characterized by a large recognition site {double-stranded DNA
sequences of 12 to 40 base pairs). In some alternative methods for making a plasma cell or
plasma cell precursor that expresses a molecule such as a macromolecule, the method
comprises: (a) isolating B cells, (b} developing the B cells, {¢} performing a first round of
genome editing of the B cells for protein expression in absence of viral integration, (d}
expanding the B cells, and {e} differentiating the B cells, optionally, after step (¢} or {d}, thereby
producing plasma cells that express a protein. In some alternatives, the first round of genome
editing is performed by an RNA and protein-based transfection. In some alternatives, the
nuclease 13 a meganuclease.

[ 3099] As used herein, “zine finger nucleases (ZFN)” have their plain and ordinary
meaning when read in light of the specification, and may include but 1s not limited to, for
example, engineered restriction enzymes that are generated by fusing a zinc finger DNA-
binding domain to a DNA-cleavage domain. Zinc finger domains ¢can be engineered to target

specific desired DNA sequences and this enables zinc-finger nucleases to target unique
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sequences within complex genomes. In some alternative methods for making a plasma cell that
expresses a molecule, such as a macromolecule, the method comprises: {a} isolating B cells,
(b} developing the B cells, (¢} performing a first round of genome editing of the B cells for
protein expression in absence of viral integration, (d) expanding the B cells, and (g}
differentiating the B celis, optionally, afier step {¢} or {d), thereby producing plasma cells that
express a protein. In some aliernatives, the first round of genome editing 1s performed by an
RNA and protein-based transfection. In some alternatives, the nuclease 15 a zinc finger
nuclease.

[6100] As used herein, “transcription activator-like effector nucleases,” (TALEN),
have their plain and ordinary meaning when read in light of the specification, and may include
but 15 not lunited to, for example, restriction enzymes that can be engineered to cut specific
sequences or sites in DNA . They are made by fusing a TAL effector DNA-binding domain to
a DNA cleavage domain (a nuclease which cuts DNA strands). Transcription activator-like
eftectors {TALEs) can be engineered to bind to a desired DNA seguence, so when combined
with a nuclease, the DNA can be cut at specific locations. Thus, the restriction enzymes can be
mtroduced into cells, for use in genome editing or for genome editing n sity, a technique
known as genome editing with engineered nucleases. The use of TALEN 1s known to those of
skill in the art. o some alternatives described herein, a method of making plasma cells or
plasma cell precursors that express a molecule, such as a macromolecule 15 provided, in whuch
B cells or B cell precursors are subjected to at least one round of genome editing. Methods of
genome editing can include, but is not limited to nucleic acid being inserted, deleted or replaced
in the genome of a cell. In some alternatives, a nuclease 1s used to achieve this process. In some
alternatives, the nuclease s engmeered. In some alternatives, the methods nclade inducing
double strand breaks that are repawed through nonhomologous end-oming (NHEJ} or
homologouns recombination (HR). In some alternatives, the method includes a first round of
genome editing or genome editing. In some alternatives, the first round of genome editing
comprises debivering a nuclease, wherein the nuclease targets at least one genetic loct mthe B
cell. In some alternatives, the at least one genstic loct comprises JCHAIN, IGKC, 1IGMC,
PON3, PRGZ, FKBP11, SDCL, SLPL, DERL3, EDEMI, LY6C2, CRELDZ, REX(GZ, PDIA4,
PRDMI, CARDIT, CCRS or SDEFZLL. In some alternatives, the nuclease is a zinc finger

nuclease, transcription activator-like effector nuclease (TALEN), homing endonuclease (HEs),
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combined TALEN-HE protein {(megaTALs) or synthetic ginde RNAs targeting clustered
regularly interspersed short palindromic repeat DNA (CRISPR) coupled to a Cas nuclease. In
some alternatives, the Cas nuclease comprises Casl, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8
or Cas9. In some alternatives, the first round of genome editing comprises transducing the B
cell with a recombinant adenc-associated virus vector to serve as a donor template for
homologous recombination into a candidate genetic loci. In some alternatives, the recombinant
adeno-associated virus vector s single-stranded, double stranded or self-complementary.
[8101)] As used herein, "knock out” includes deleting all or a portion of the target
polynucleotide sequence in a way that interferes with the function of the target polynucleotide
sequence. For example, a knock out can be achieved by altering a target polynucleotide
sequence by mducing an indel in the target polynucieotide sequence in a functional domain of
the target polynucleotide sequence (e.g., a DNA binding domain}. Those skilled in the art will
readily appreciate how to use the CRISPR/Cas systems of the present invention to knock out

a target polynucleotide sequence or a portion thereof based upon the details described herein.

Certain methods for preparing a modified B cell

[6102] Some embodiments of the methods and compositions provided herein
achude methods for prepating a modified B cell. Some such emboduments include mactivating
an endogenous beta-2 microglobulin {B2M) gene ina B cell; and introducing a polynucleotide
encoding a fusion protem nto the mactivated B2M gene thereby obtaining a modified B cell,
wherein the fusion protein comprises an exogenous B2M polypeptide.

[8103] In some embodiments, the endogencus B2ZM gene is mactivated by an
msertion, deletion or substitution of at least a portion of the endogenous B2ZM gene. In some
embodiments, each allele of a B2M 1n a genome, such as a diploid genome 15 inactivated.

[8104] In some embodiments, the mactivating an endogenous B2ZM gene comprises
mtroducing nto the B cell a clustered regularly nterspersed short palindromic repeat
{(CRISPR) nucleic acid coupled to a2 Cas nuclease. In some embodiments, the Cas nuclease
comprises a Cas9 nuclease. In some embodiments, the inactivating an endogenous B2ZM gene
comprises introducing a guide RNA (gRNA) into the B cell. In some embodiments, the gRNA
comprises a nucleotide sequence having a sequence identity with the nucleotide sequence of

any one of SEQ 1D N(Os:01-04 that 15 at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
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93%%, 94%, 95%, 96%, 97%

, 98%, 99% or 100% or any percentage between any two of the
foregoing percentages.

[0165] in some embodiments, the inactivating an endogenous B2M gene comprises
introducing into the B cell a viral vector comprising a repair template. In some embodiments,
the viral vector comprises an adeno-associated virus {AAV) vector.

[0106] In some embodiments, the mactivating an endogenous B2M gene comprises
introducing a nuclease into the B cell, wherein the nuclease is selected from the group
consisting of a zinc finger nuclease, a transcription activator-like effector nuclease (TALEN),
a homing endounuclease (HE}, and a combined TALEN-HE protein {megaTAL}.

[8107] in some embodiments, the polynucleotide enceding a fusion protemn is
wmiroduced into the inactivated B2M gene such that the fusion protein s 1n-frame with an exon
of the endogenous B2ZM gene.

[0108] in some embodiments, the polynucleotide comprises a homology arm, a
nucleic acid encoding a self-cleaving peptide, and/or a promoter.

[0109] In some embodiments, the introducing a polynucleotide encoding a fusion
protein wice the mactivated B2M gene introducing nto the B cell a CRISPR uucleic acid
coupled to a Cas nuclease. In some embodiments, the Cas nuclease comprises a Cas? nuclease.
In some embodiments, the ntroduciog a polynucleotide encoding a fusion protemn nto the
mactivated B2M gene comprises introducing a gRNA wnto the B cell. Tn some embodiments,
the gRNA comprises a nucleotide sequence having a sequence identity with the nucleotide
sequence of any one of SEQ ID N{s:01-04 that 15 at least 85%, 86%, 87%, B8%, &9%, 9%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% or any percentage between any
two of the forsgomng percentages.

(0110 In some embodiments, the mtroducing a polynucleotide encoding a fusion
protein into the mactivated B2M gene comprises introducing into the B cell a viral vector
comprising a repair template. In some embodiments, the viral vector comprises an AAY vector,

[0111] In some embodiments, the infroducing a polynucleotide encoding a fusion
protein into the inactivated B2M gene comprises introducing a nuclease into the B cell, wherein
the nuclease is selected from the group consisting of a zinc finger nuclease, a TALEN, a HE,

and a megaTAL.
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(0112} In some embodiments, the inactivating an B2ZM gene 11 a B cell; and the
mtroducing a polvnucleotide encoding a fusion protein into the inactivated BZM gene are
performed sequentially. In some embodiments, the inactivating an endogenous B2M gene ina
B cell; and the introducing a pelynucleotide encoding a fusion protein into the nactivated B2M
gene are performed concurrently.

[0113] In some embodiments, the fusion protein comprises a therapeutic
polypeptide or a therapeutic nucleic acid. In seme embodiments, the therapeutic polypeptide
comprises an enzyme, an antibody or antigen binding fragment thereof, a receptor, a chimeric
antigen receptor, or a cytokine. In some embodiments, the therapeutic polypeptide comprises
factor IX, angiotensin-converting enzyme 2 {Ace}, beta~-glucocerebrosidase (GBA), alpha-
galactosidase A (GLA), or acid alpha-glucosidase {(GAA).

[0114] More examples of a therapeutic polypeptide or a therapeutic nucleic acid
inciude: (a) affinity reagents designed to inhubit pathogen infections including therapeutic
antibodies, numunoadhesins, and bi-specific T cell engaging proteins; (b} tmmunoinhibitory
agents to treat mflamunatory conditions, graft rejection and/or avtoiomunity including
cytokines such as IL10, antibodies such as anti-TNF, and peptides; {¢) immune boosting agents
designed to increase the host cell response to cancer or pathogens mcluding cyvitokines,
antibodies such as anti-PDLI, and bispecific T cell engaging proteins; and {d) enzymes
designed to cure disease caused by missing proteins mcluding those involved 1 glycogen
storage disorders, or hemophilia such as Factor IX, or Factor VHL

[0115] In some embodiments, the B cell 1s selected from the group consisting of a
hematopoietic stem cell, an early pro-B cell, a late pro-B cells, a large pre-B cell, a small pre-
B cell, an rmmature B cell, a T1 B cell, 2 T2 B cell, a marginal zone B cell, a matore B celi, a
naive B cell, a plasmablast (short lived) cell, a GC B cell, a memory B cell, and a long lived

plasma cell.

Certain methods for in vive enrichment of a modified B cell

[8116] Some embodiments of the methods and compeositions provided herein
mclude methods for in vivo enrichment of a modified B cell in a subject, such as an autologous
subject. Some such embodiments include inactivating an endogenous B2M gene m a B cell;

introducing a polynucleotide encoding a fusion protein into the inactivated B2M gene thereby
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obtaining a modified B cell, wherein the fusion protein comprises an exogenous B2ZM
polypeptide; and administering the modified B cell to a subject, wherein the B cell is
autologous 1o the subject. In some such embodimenis, a modified celi lacking an active
endogenous B2M gene, or an exogenous BZM polypeptide has an increased likelthood of
clearance by the subject’s immune system, such as clearance by natural killer cells.

[0117] In some embodiments, the endogenous B2M gene is inactivated by an
insertion, deletion or substitution of at least a portion of the endogenous B2M gene. In some
embodiments, each allele of a BZM in a genome, such as a diploid genome is inactivated.

[0118] in some embodiments, the inactivating an endogenous B2M gene comprises
mtroducing into the B cell a CRISPR nucleic acid coupled to a Cas nuclease. In some
embodiments, the Cas nuclease comprises a Cas9 nuclease. In some embodiments, the
mactivating an endogenous B2M gene comprises introducing a gRNA into the B cell In some
embodiments, the gRNA comprises a nucleotide seguence having a sequence identity with the
nucleotide sequence of any one of SEQ 1D NOs:01-04 that s at least 85%, 86%, 87%, 88%,
§9%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% or any percentage
between any two of the foregoing percentages.

(6119 Insome eruobodiments, the inactivating an endogenous B2M gene comprises
mtroducing into the B cell a viral vector comprising a repair teroplate. In some embodiments,
the viral vector comprises an AAV vector,

[0126] In some embodiments, the mmactivating an endogenous B2M gene comprises
mtroducing a muclease into the B cell, wherein the nuclease is selected from the group
consisting of a zinc finger nuciease, a TALEN, a HE, and a megaTAL.

(8121} in some embodiments, the polynuclectide encoding a fusion protemn 13
mtroduced mto the inactivated B2M gene such that the fusion protein is in-frame with an exon
of the endogenous B2ZM gene.

(0122} In some embodiments, the polynucleotide comprises a homology arm, a
nucleic acid encoding a self-cleaving peptide, and/or a promoter.

[0123] In some embodiments, the mtroducing a polynucleotide encoding a fusion
protein into the inactivated B2M gene introducing into the B cell a CRISPR nucleic acid
coupled to a Cas nuclease. In some embodiments, the Cas nuclease comprises a Cas9 nuclease.

In some embodiments, the introducing a polynucleotide encoding a fusion protein into the
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inactivated B2M gene comprises introducing a gRNA into the B cell. In some embodiments,
the gRNA comprises a nucleotide sequence having a sequence identity with the nucleotide
sequence of any one of SEG 1D NOs:01-04 that 1s at least 85%, 86%, 87%, 88%, 89%, 90%,
G1%, 92%, 3%, 94%, 5%, 96%, 97%, 98%, 99% or 100% or any perceniage between any
two of the foregoing percentages.

[0124] In some embodiments, the introducing a polyvnucleotide encoding a fusion
protein into the inactivated B2M gene comprises introducing into the B cell a viral vector
comprising a repair template. In some embodiments, the viral vector comprises an AAV vector,

[6125] in some embodiments, the introducing a polynucleotide encoding a fusion
protein into the inactivated B2M gene comprises introducing a nuclease into the B cell, wherein
the nuclease is selected from the group consisting of a zinc finger nuclease, a TALEN, a HE,
and a megaTAL

[0126] in some embodiments, the inactivating an BZM gene in a B cell; and the
mtroducing a polynucleotide encoding a fusion protein into the inactivated BZM gene are
performed sequentially. Tn some ernbodiments, the inactivating an endogenous B2M gene ina
B cell; and the introducing a polynucleotide encoding a fusion protein into the mactivated B2M
gene are performed concurrently.

[8127] In some embodiments, the fusion protein comprises a therapeutic
polypeptide or a therapeutic nucleic acid. In some embodiments, the therapeutic polypeptide
comprises an enzyme, an antibody or antigen binding fragment thereof, a receptor, a chimeric
antigen receptor, or a cytokine. In some embodiments, the therapeutic polypeptide comprises
factor IX, angiotensin-converting enzyme 2 {Ace2), beta-glucocerebrosidase (GBA), alpha-
galactosidase A (GLA), or acid alpha-glucosidase (GAA).

[0128&] In some embodiments, the B cell 13 selected from the group consisting of a
hematopotetic stem cell, an early pro-B cell, a late pro-B cells, a large pre-B cell, a small pre-
B cell, an immature B cell, a T B cell, a T2 B cell, a marginal zone B cell, a mature B ¢cell, a
naive B cell, a plasmablast {short lived} cell, a GC B cell, a memory B cell, and a long hived
plasma cell.

[0829] In some embodiments, the subject s mammalian. In some embodiments,

the subject is human.
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Certain methods for preparine a modified B cell for an alloceneic infusion

[8130] Some embodiments of the methods and compositions provided herein
inciude methods for preparing a modified B cell for an allogeneic infusion. Some such
embodiments include inactivating an endogenous BZM gene in a B cell; and introducing a
polvnucieotide encoding a fusion protein into the inactivated BZM gene thereby obtaining a
modified B cell, wherein the fusion protein comprises: an exogenous B2M polvpeptide, a non-
polymeric HLA polypeptide, and a self-peptide to be presented by the non-polymernic HLA
polypeptide. Some methods also include administering the modified B cell to a subject,
wherein the B cell is allogeneic 1o the subject. In some embodiments, the non-polymeric HLA
polypeptide is selected from HLA-E or HLA-G.

(0131} In some embodiments, the endogencus B2M gene is mactivated by an
msertion, deletion or substitution of at least a portion of the endogenous B2ZM gene. In some
embodiments, each allele of a B2M in a genome, such as a diploid genome is inactivated.

[8132] in some embodiments, the mnaciivating an endogenous B2M gene comprises
mitroducing into the B cell a CRISPR nucleic acid coupled to a Cas nuclease. In some
embodiments, the Cas nuclease comprises a Cas9 nuclease. In some embodiments, the
nactivating an endogenous B2M gene comprises mitroducing a gRNA into the B cell. In some
embodiments, the gRNA comprises a nucleotide sequence having a sequence identity with the
nucleotide sequence of any one of SEQ ID NOs:(1-04 that 15 at least 83%, 86%, 87%, 88%,
8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% or any percentage
between any two of the foregoing percentages.

[8133] In some embodiments, the inactivating an endogenous B2M gene comprises
mtroducing mto the B cell a viral vector comprising a repair templaie. In some embodiments,
the viral vector comprises an AAV vector.

[8134] In some embodiments, the mactivating an endogenous B2ZM gene comprises
miroducing a nuclease into the B cell, wheretn the nuclease 15 selected from the group
consisting of a zinc finger nuclease, a TALEN, a HE, and a megaTAL.

[8135] In some embodiments, the polynucleotide encoding a fusion protein is
mtroduced into the inactivated BZM gene such that the fusion protein is in-frame with an exon

of the endogenous B2M gene.
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[68136] In some embodiments, the polynucleotide comprises a homology arm, a
nucleic acid encoding a self-cleaving peptide, and/or a promoter.

[0137] In some embodiments, the introducing a polynuclectide encoding a fusion
protein inte the inactivated B2M gene introducing mnto the B cell a CRISPR nucleic acid
coupled to a Cas nuclease. In some embodiments, the Cas nuclease comprises a Cas® nuclease.
In some embodiments, the introducing a polynucleotide encoding a fusion protein into the
inactivated B2M gene comprises intreducing a gRNA into the B cell. In some embodiments,
the pRINA comprises a nucleotide sequence having a sequence identity with the nucleotide
sequence of any one of SEQ 1D NOs:01-04 that 1s at least 85%, 86%, §7%, 88%, 89%, 9%,
1%, 92%, 3%, 94%, 5%, 96%, 97%, 98%, 29% or 100% or any perceniage between any
two of the foregoing percentages.

[0138] In some embodiments, the introducing a polynucleotide encoding a fusion
protein into the inactivated B2ZM gene comprises intraducing into the B cell a viral vector
comprising a repaitr template. In some embodiments, the viral vector comprises an AAV vector.

(0139 In some embodiments, the introducing a polynucleotide encoding a fusion
protein into the inactivated B2M gene comprises introducing a nuclease into the B cell, wheremn
the nuclease 15 selected from the group consisting of a zine finger nuclease, a TALEN, a HE,
and a megaTAL.

[144G] In some embodiments, the inactivating an B2ZM gene m a B cell; and the
mtroducing a polynucleotide encoding a fusion protein into the inactivated B2ZM gene are
performed sequentially. In some embodiments, the inactivating an endogenous B2M gene ina
B cell; and the introducing a polynuclectide encoding a fusion protein mto the inactivated B2M
gene are performed concurrently.

[0141] In some embodiments, the fusion protein comprises a therapeutic
polypeptide or a therapeustic nucleic acid. In some embodiments, the therapeutic polypeptide
comprises an enzyme, an antibody or antigen binding fragment thereof, a receptor, a chimeric
antigen receptor, or a cytokine. In some embodiments, the therapeutic polypeptide comprises
factor IX, angiotensin-converting enzyme 2 {Ace2), beta-glucocerebrosidase (GBA), alpha-
ealactosidase A (GLA), or acid alpha-glucosidase (GAA).

[0142] In some embodiments, the B cell 13 selected from the group consisting of a

hematopoietic stem cell, an early pro-B cell, a late pro-B cells, a large pre-B cell, a smal pre-
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B cell, an immature B cell, a T1 B cell, a T2 B cell, a marginal zone B cell, a mature B cell a
naive B cell, a plasmablast (short ived) cell, a GC B cell, a memory B cell, and a long lived
plasma cell.

[0843] In some embodiments, the subject 13 mammalian. In some embodiments,

the subject is human.

Certain compositions and svstems

[8144] Some embodiments of the methods and compositions provided herein
mclude a modified B cell prepared by any one of the metheds provided herein. Some
embodiments of the methods and compositions provided herein mclude a pharmaceutical
composition comprising any one of the modified B cells provided herein, and a
pharmaceutically acceptable carrier. Some embodiments of the methods and compositions
provided herein include an isolated nucleic acid comprising a nucleotide sequence having a
sequence identity with the nucleotide sequence of any one of SEQ 1D NOs:01-04 of at least
85%, 86%, 87%, 88%, 89%, 90%, 93%, 96%, 97%, 98%, 99%, 100%, or any percentage
between any two of the foregoing percentages.

[6145] Some embodiments of the methods and compositions include systems for
mactivating an endogenous beta-2 mucroglobubin (B2M) gene m a cell  Some such
embodiments include a nuclease capable of cleaving a targeted locus n an endogenous B2ZM
gene tn a genome of the cell, or a nucleic acid encoding the nuclease. Some embodiments also
inciude a guide RNA (gRNA) comprising a sequence complementary to the BZM gene, and/or
a repair ternplate comprising a first homology arm, a second homology arm, and a nucleic acid
encoding a payload therebetween, wherein the first homology arm and/or the second homology
arnt has homology to a sequence in the B2M gene. In some embodiments, the gRNA 15 adapted
to inactivate the endogenous B2M gene. In some embodiments, the gRNA comprises: a
nucleotide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% sequence 1dentity with the nuclectide sequence of any one of SEQ 1D NGs: 01-
04; or a varant thereof having no more than 3 nmiusmatches compared to any one of SEQ ID
NQOs: 0104, In some embodiments, the targeted locus 1s within a first coding exon of the B2M

gene.
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[68146] In some embodiments, the nuclease comprises a Cas nuclease. In some
embodiments, the Cas nuclease comprises a Cas9 nuclease.

[0147] In some embodiments, the nuclease is selected from the group consisting of
a zinc finger nuclease, a transcription activator-like effector nuclease (TALEN), a homing
endonuclease (HEs), and a combined TALEN-HE protein (megaTALs).

[0148] In some embodiments, the repair template lacks a sequence targeted by the
nuclease. In some embodiments, the first arm of homology and/or the second arm of homology
lack the sequence targeted by the nuclease, and/or lacks a sequence capable of hybridizing to
a sequence of the gRNA or complement thereof. In some embodiments, the payload lacks the
sequence targeted by the nuclease, and/or lacks a sequence capable of hybridizing to a
sequence of the gRINA or complement thereof. In some embodiments, the payload comprises
a first nucleic acid encoding a first polypeptide. In some embodiments, the pavioad comprises
a second nucleic acid encoding a second polypeptide. In some embodiments, a nucleic acid
encoding a nbosome skip sequence is located between the first nucleic acid and the second
nucleic acid.

[0149] In some embodiments, the first polypeptide or second polypeptide encodes
a BZM cDNA.

[0150] In some embodiments, the first polypeptide or second polypeptide encodes
a non~polymeric HLA polypeptide. In some embodiments, the non-polymeric HLA
polypeptide 15 selected from HLA-E, HLA-F, or HLA-G. Some embodiments also mclude a
third polypeptide encoding a self~peptide to be presented by the non-polymeric HLA
polypeptide.

(0151 In some embodiments, the first polypeptide or second polypeptide
comprises a therapeuiic polypeptide. In some embodiments, the therapeutic polypeptide
comprises an enzyme, an antibody or antigen binding fragment thereof, a receptor, a clumeric
antigen receptor, or a cytokine. In some embodiments, the therapeutic polypeptide comprises
factor IX, angiotensin-converting enzyme 2 {Ace2}, beta-glucocerebrosidase (GBA), alpha-
galactosidase A (GLA), or acid alpha-glucosidase (GAA).

[0152] In some embodiments, the first nucleic acid 1s operably linked to a promoter
of the endogenous B2M gene. In some embodiments, the first polypeptide is in-frame with a

polypeptide encoded by the endogenous BZM gene. In some embodiments, the payload
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comprises a heterologous promoter, and the first nucleic acid is operably linked to the
heterologous promoter. In some embodiments, the heterologous promoter 13 a constifutive
promoter. In some embodiments, the promaoter selected from an MND promoter, and an EF1
alpha promoter, or a PGK promaoter.

[0153] in some embodiments, a vector comprises the repair template. In some
embodiments, the vector comprises a viral vector. In some embodimenis, the viral vector
comprises an adeno-associated virus (AAV) vector.

[8154] Some embodiments also include a cell, wherein the cell comprises the
nuclease; and optionally, the gRNA, and/or repair template. In some embodiments, the cell is
selected from the group consisting of a B cell, a hematopoietic stem cell, an early pro-B cell,
a late pro-B cells, a large pre-B cell, a small pre-B cell, an immature B cell, a T1 B cell, a T2
B cell, a marginal zone B cell, a mature B cell, a naive B cell, a plasmablast (short lived) cell,
a GC B cell, a memory B cell, and a long lived plasma cell. In some embodiments, the cell is
a B cell In some embodiments, the cell is human. In some embodiments, the cell is autologous
o a subject. In some emnbodiments, the cell is allogeneic to a subject. In some embodiments,
the cell is ex vivo. In some embodiments, the cell is in vivo,

[8155] Some embodiments include pharmaceutical compositions comprising any
one of the systems provided herein and a pharmaceutically acceptable excipient

[0156] Some embodiments include a method for preparing a modified cell,
comprising obtamning any one of the systems disclosed herein; and introducing the nuclease
mnto a first cell. Some embodiments also inchude mtroducing the gRNA into the cell, and/or
mtroducing the repair template into the cell, thereby preparing a modified cell comprising a
modified B2M locus in the genome of the modified cell.

[81587] In some embodiments, the modified B2M locus is mactivated. In some
embodiments, the gRNA is adapted to mactivate the endogenous B2M gene. Some
embodiments also include for the modified cell In some embodiments, the selecting
comprising contacting the modified cell with an mmmune cell In some embodiments, the
immune cell is allogeneic to the first cell. For example, in some embodiments, the immune cell
comprises an MHC-I different from an MHC-I of the first cell. In some embodiments, the

immune cell 1s selected from a T cell, such as a cytotoxic CD8+ T cell, or a natural killer cell.
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In some embodiments, the immune cell 15 in vivo. In some embodiments, the immune cell 1s
ex vivo.

[8158] in some embodiments, the modified B2M locus expresses an active BZM
gene or BZM c¢DNA. In some embodiments, the repair template lacks a sequence targeted by
the nuclease, and/or lacks a sequence capable of hybridizing to a sequence of the gRNA or
complement thereof, such that the modified B2ZM locus lacks the sequence targeted by the
nuclease, and/or lacks the sequence capable of hybridizing to a sequence of the gRNA or
complement thereof. In some embodiments, the repawr template comprises a B2M ¢cDNA.
Some embodiments also inchude selecting for the modified cell In some embodiments, the
selecting comprising contacting the modified cell with an immune cell. In some embodiments,
the wumune cell 1s autologous to the frst cell In some embodiments, the immune cell s
selected from a T cell, such as a cytotoxic CD8+ T cell, or a natural killer cell. In some
embodiments, the immune cell is in vivo. In some embaodiments, the immune cell is ex vivo.

[8159] In some embodiments, the modified B2ZM locus expresses a replacement
MHC-L In some embodiments, the repair teraplate comprises a payload encoding a BIM
c¢DINA, a non-polymeric HLA polypeptide, and/or a self-peptide to be presented by the non-
polymernic HLA polypeptide. Sorne embodiments also 1oclude selecting for the modified cell,
In some embodiments, the selecting comprising contacting the modified cell with an immune
cell. In some embodiments, the immune cell 15 allogeneic to the first cell Tn some
embodiments, the tmmume cell 1s selected from a T cell, such as a cytotoxic CD8+ T ¢ell, ora
natural killer cell. In some embodiments, the ummune cell is i vive. In some embodiments,
the immune cell is ex vivo. In some embodiments, the first cell 1s a B cell.

[0160] Some embodiments inchude a method for enriching for a modified B cell
having increased resistance to killing by a T cell or natural killer cell, comprising preparing a
modified cell by obtaining any one of the systems disclosed heremn;, and introducing the
nuclease mto a first cell; and/or miroducing the repair template into the cell, thereby preparing
a modified cell comprising a modified B2M locus in the genome of the modified cell. In some
such embodiments, the first cell is a B cell, and wherein the modified B2ZM locus 1s inactivated.
Some embodiments also include contacting the modified cell with a T cell or natural killer cell,

wherein the T cell or natural killer cell is allogeneic to the first celi, and wherein the modified
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B cell has an increased resistance to killing by the T cell or natural killer cell compared toa B
cell expressing a BZM gene.

[0161] Some embodiments include method for enriching for a modified B cell,
comprising preparing a modified cell by obtaining any one of the systems disclosed herein;
and introducing the nuclease into a first cell; and/or introducing the repair template into the
cell, thereby preparing a modified cell comprising a modified B2ZM locus in the genome of the
modified cell. In some embodiments, the modified B2M locus expresses an active B2M gene
or B2M cDNA. Some embodiments also include contacting the modified cell witha T cell or
natural killer cell, wherein the T cell or natural killer cell is autologous to the first cell, and
wherein a cell not expressing an active B2ZM gene or B2M cDNA s killed by the T cell or
natural killer cell

[0162] Some embodiments include method for enriching for a modified B cell,
comprising preparing a modified cell by obtaining any one of the systems disclosed herein;
and introducing the nuclease into a first cell; and/or introducing the repair template into the
cell, thereby preparing a modified cell comprising a modified B2M locus n the genome of the
modified cell. In some embodiments, the modified B2M locus expresses a replacement MHC-
1, wherein the repaur template comprises a pavioad encoding a B2M ¢DNA, a nov-polymeric
HLA polypeptide, and a self-peptide to be presented by the non-polymeric HL A polypeptide.
Some embodiments also include contacting the modified cell with a T cell or natural killer cell,
wherem the T cell or natural killer cell 15 allogenic to the first cell.

[8163] Some embodiments inchude a cell prepared by any one of the methods

provided herein,

EXAMPLES

Example 1—Downregulation of MHC I i plasma cells

[0164] Major histocompatbility complex (MHC) -I and MHC-H each have a role
in graft rejection. Each MHC presents peptide antigens that can trigger immune responses that
eventually lead to the demise of the presenting cell. Undifferentiated B cells, and some subsets
of differentiated B cells express both MHC-T and MHC-IE

[8165] To investigate 1if differentiated plasma cells down-regulated MHC-I,

murine splenic B cells were solated using negative selection and cultured with various
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cytokines and feeder cells. Culture conditions mcluded: (1) activation for 2 days with MUCDM40L
and either CpG B or aCD180; (2} phase [ for 3 days with 1L-21 and either 1L-6 or R848; and
(3} phase H for 3 days with IL-21. Following 8 days of culture, a subset of plasma cells down-
regulated MHC-E, as measured using flow cytometry to detect antibodies that bind MHC-IE
(MHCH-B-BV650). As shown in FIG. T conditions including MCD40L and CpG B; and with
11-21 and either IL-6 or R848 resulied in increased percentages (26.3, and 23.3) of celis with
reduced levels of MHC-II.  Dafferentiation of B cells into differentiated B cells or a
ditferentiated B cell product using certain culture conditions led to downregulation of MHC-
. The unexpected downregulation of MHC-I1 in ex vivo differentiated B cell cultures could
mitigate allograft rejection that may be invoked by expression of mismatched MHC-1 proteins

by modified B cells.

Example 2—Maodification of the B2M locus in B cells

[8166] Both differentiated and undifferentiated B cells express MHC-T and present
peptide antigens in MHC-I peptide corplexes. The MHC-I-peptide coraplexes can be divectly
recognized by T cells that express T cell receptors that have specificity for MHC-T-peptide
complexes. Graft rejection can result in instances where a donor MHC-I 15 different from a
recipient MHC-I. Upon T cell recogmtion of different sequences presented m the MHC-I
complexes in the graft, the T cells can divectly kill graft cells. MHC-T muolecules include a B2M
protein, a human leukocyte antigen (HL A} protein, and an antigenic peptide. B2M 1s requared
for trafficking of the MHC-I complex to the cell surface.

[8167] CRISPR targeting of B2M was used to eliminate a functional B2ZM locus.
Two gRNA target sequences (B2M gRNA 1 and B2M gRNA_5) were developed within the
coding region of the mouse B2ZM gene using a ccTop CRISPR/Cas9 target online predictor
tool (FIG. 2). gRNA 1 15 adiacent to the start codon of the first exon of murine B2M (genome
assembly GRCm39/mm39, position 121978227-121978246). gRNA_5 15 located n exon 2 of
BZM {(genome assembly GRCm39/mm39%, position 121981407-121981388). Both guides were
predicted to result in inactivation / knockout of the endogenous B2M gene via introductions of
nuclectide insertions or deletions that introduce frameshifts, or stop codons that render the
transeribed RINA susceptible to nonsense mediated decay. B2M gRNA 1 had a proximity 1o

the translation start site and the endogenous BZM promoter which would be advantageous for

-30-



WO 2022/006309 PCT/US2021/039953

in-frame insertion of polynucleotides, such as polynucleotides encoding proteins.  The
sequences for BZM gRNA 1 and B2M gRNA S are listed in TABLE 1.
TABLE 1

gRNA SEGID NG Seguence

Murine BZM gRNA 1 R Ry ——
(oRNA 1) SEGID NO:O1 CTCGGTGACCCTGGTCTTTC
Murine 0BZM gRNA 5 QTN 1T N (1 et s T A PrT et rt e s
(oRNA_$) SEGID NO:02 TCOGCTTCCCATTOTCOGGT
Human Guide 1 SEGQIDNGI03 GAGTAGCGCGAGCACAGCTA
Human Guide 2 SEQID NG04 AAGTCAACTTCAATGTCGGA

[0168] B2M gRNA 1 and gRNA 3 along with recombinant Cas® were delivered
to primary murine B cells as nibonucieoprotein (RNP)} complexes. Genomic DNA was
prepared from the cells, and a sequence deconvolution analysis was performed. The analysis
revealed a high nsertion and deletion frequency (1CE score), and high incidence of predicted
inactivating indels (KO score) with both guides (FIG. 3}.

[8169] A substantially similar study was performed in homan cells t¢ target the
human B2M focus with gRNAs listed in TABLE 1. Human guide 1 is located in the first exon
of human B2ZM {genome assembly GRCh38/hg38, posttion 44711585-44711566). Human
guide 2 is located in exon 2 of human B2M (genome assembly GRCh38/hg38, position
44715531-44715512). Both guides were predicted to result in tnactivation / knockout of the
endogencus B2M gene via introductions of nucleotide insertions or deletions that ntroduce

frameshifis, or stop codons that render the RNA susceptible to nonsense mediated decay.

Example 3—Protein expression in modified B cells

(6176 The protein encoded by HLA-B (HZkb) s the primary HLA molecule

expressed by C37BL/6 mice. To determine whether B2M knockout eliminated MHC-I
expression at the cell surface, H2kb expression in B cells was quantified by flow cytometry.
Primary B cell cultures from CS7BL/6 mice were treated with B2M gRNA 1 or gRNA _SRNP
complexes. Four days after the treatment, HZKb protein expression in the cells was analyzed
by flow cvtometry. The number of HZkb-expressing cells was reduced for cells treated with

gRNA 1 or gRNA S5, compared to control (FIG. 4A, FIG. 4B). This flow cytometry-based
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analysis demonstrated that BM2 / MHC- protein expression was knock-outed / inactivated in
greater than 75% of naive, activated and differentiated B cells: (a) total lymphocytes, (b}
CD19+, CD138- B-Cells, and (¢} CD1%mid, CD138+ plasma cells. Genomic elimination of
the functional B2ZM locus eliminated surface expression of MHC-I complexes.

(0171 A substantially similar study was performed in human B cells to target the
human B2ZM locus with gRNAs listed in TABLE 1 (FIG. 4C). Using gRNA-1, but not gRNA-
2, expression of MHC-I complexes (HLA-A) was eliminated in greater than 90% of edited B
cells. These resuits are substantially similar to those observed in the BZM depletion

experiments in murine B cells.

Example 4—Functional analvsis of modified B cells

[0172] Cytotoxic CD8+ T cells expressing TCRs proteins that recognize
mismatched MHC polypepudes kill cells with mismatched MHC-I proteins. However,
cytotoxic CD8+ T cells may not kil cells lacking MHC-I, even if the CDE+ T cells and target
cells are taken from mismatched donors (FIG. 54). To determme if B cells lacking MHC-L,
by B2M mactivation, would be resistant to killing by such cytotoxic CD&+ T-Cells, a mixed
cell assay was performed with T cells from BALB/c mice (HLA, class I} and B cells from
CS7TBL/6 mice (HLA, class B), See FIG. SB. Briefly, at day 0, Hkd+CD8&+ T cells were
stimulated with anti-CD3/CD28 beads. At day 3, stimulator beads were removed from the T
cells, and the T cells were expanded n 1L-2. At day 3, Hkb+ B cells were isolated from spleen
and cultured with MCD40L, and CpG. At day 4, the Hkb+ B cells were treated with RNPs to
mactivate BZM, or to inactivate an unrelated locus that was used as a negative control
{Rosa26), or with mock. At day 6, co-culture groups were established with the treated B cells
and the stimulated T-Celils, and treated with MCD40-1, 11-4, 11.-2 and no feeder support. At
days 7 and B, all cultures were analyzed by FACS.

[0373] MHC-1 knockout was mduced 1 primary CS7BL/6 (Hkb+) CD45 1 B cells
using B2ZM gRNA 1. These cells were mixed with unedited CS7BL/6 CD45.2 B cells and
then co-cultured with straimn-musmatched Balb/C (Hkd+) CD8+ T cells at various ratios.
Populations of B cells treated with B2M gRNA 1 RNP had a ligher level of survival and
higher levels of CD45.1 expression compared to B cells treated with a Rosa26 RNP or mock

(FIG. 6A). After 24 hour co-culture, CD45.1 cells edited with BZM were preferentially
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represented in the B cell mix relative to mock or Rosa26 edited control cells. B2M knockout
cells had an increased survival advantage relative to Rosa26 knockout cells. The ratio of
CD45.1 (B2M knockout B cells) to CD45.2 {control B cells} ratios were compared to ratio of
T celis to B cells (FI(. 6B). The protective effect of B2ZM knockout in the CD8 T-Cell killing
assay was more pronounced with increasing T cell to B cell ratios. These data showed that

genomic elimination of fimctional B2m protected B cells from T cell killing.

Example 5—B2M inactivation protects acamnst CDR+ T cell killino

[6174] A CD8+ in vitro killing assay was performed. FIG. 7 depicts a timeline for
the assay substantially similar to the assay performed in Example 4.

[8175] FIG. 8A depicts representative FACS plots for CD45.2 (Targety and
CD451 (Decoy) C57/86 B-Cells at 24h and 48h Balb/C CD8+ T-Cell co-culture time points.
D451 decoy cells were edited with either control RINP targeting the Rosa26 safe harbor locus
or B2M RNP to induce MHC!T knockout FIG. 8A shows that the relative proportions of
D452 and CD45.1 cells were stable across both time points in the RosaZ6 control, and
roughly equivalent to the imitial 1.1 Target:Decoy seeding ratio. Tn contrast, with B2M edited
D421 decoy cells, significant skewing toward the decoy population was observed which
macreased over time, suggesting a protective effect for MHCH loss.

[6176] FIG. 8B depicts guantitation of the CD45.1:CD452 ratio from the
experiment i FIG. 8A, normalized to the base ratio in co-culture conditions with no CB8+ T-
Cells. The ratios were plotied for the 24h co-culture time point (upper panel} and 48h co-
coculture time point {lower panel} across ncreasing CD8+ T-Cell to B-Cell ratios. FIG. 8B
shows that the CD4S5.1:CD45.2 ratio was stable at both time points for Mock edited or Rosa26
control edited CI345.1 decoy B-Cells, but progressively mcreased with increased CD8+ T-Cell
ratio for B2M CD45.1 decoy cells. N=3 for each data pomnt.

(61771 FIG. 9A depicts a representative FACK analysis for H2ZKD {the relevant
MHCT haplotype in CS57/B6 B-Cells) within the CI345 1 B-Cell population in the experiment
related to FIG. 8A. The 24h co-culture time point (upper row} and 48h co-coculture time point
{lower row) are shown with decreasing CD&+ T-Cell to B-Cell ratios of 1.5:1, 1:1 and 1:2.
Each histogram overlays the plots for the three different CD45.1 decoy populations: Mock

Hdited, Rosa26 Control Edited, and B2ZM edited.  The percentage values shown in each
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histogram are for the B2ZM edited group. FIG. 9A shows that the level of MHCT knockout in
the BZM edited group increased both over time and with mncreasing CD8+ T-Cell ratio,
suggesting selection for this MHCT negative population in the presence of cytotoxic CD8+ T-
Cells.

[0178] FIG. 9B depicts a quantitation of H2KDb knockout level in B2M edited
C45.1 B-Cells at 24h and 48h time points with increasing CD&+ T-Cell ratios. FIG. 9B
shows that there was a progressive increase in MHC1 knockout percentage with increasing

CD8+ T-Cell ratio at both time points. N=3 for each data point.

Example 6—Restoration of B2M expression in B cells

(8179 NK cells performn immune surveillance to eliminate potentially harmful
cells that do not express MHC-I molecules on the surface. One possible application of
engineering the B2M locus is to introduce cargo DNA into the B2ZM locus using CRISPR and
homology directed repair and use the natural immune surveillance function of NK cells to
enrich for engineered cell populations. In a homology-directed repair expeniment, CRISPR
¢RNAs are used to disrupt the genomic target locus, and AAV-delivered repair ternplates are
ncorporated into the locus, replacing the endogenous sequence. Tn typical experiments, the
genomic disruption event is hughly efficient, and the homology-~directed repau event s less
efficient. The resulting cell population contains a majority of cells that have only knock-out
alleles and a smaller subset that express repaired alleles.

[6180] In this example, a construct including an HDR donor template was
developed to modify the B2M locus to mchude a strong MND promoter and a GFP marker,
such that the resulting sequence would be m-frame with the endogenous B2M coding sequence
(FIG. 10). The construct contained a mutated version of the B2M gRNA 1 target site. A P2A
self-cleaving sequence separated the GFP from B2ZM ¢BNA | sliowing expression of a trackable
marker in HDR-edited cells that also expressed artificially reconstituted B2ZM coding sequence.
This donor template (designated 3307), was designed to be delivered as an adeno associated
virus {AAVY),

[8181] In a B cell in which the B2ZM locus had been previously knocked-out /
inactivated, successful modification of the B2M locus with the construct should restore MHC-

1 expression to the B cell. Conversely, in a B cell in which the B2M locus had been previously
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knocked-out / inactivated, unsuccessful modification of the B2M locus with the construct, for
example by improper insertion at a non-B2ZM locus or an improper partial insertion, would not
restore MHC-1 expression to the B cell. Briefly, partially edited cells are H2Kb-; these should
die in vivo due to NK cell surveillance; H2Kb should be restored in GFP+ cells; and only HDR
and unedited cells should survive iz vivo,

[0182] Homology-directed repair in primary mouse B-Cells was elicited using a
combination of B2M gRNA 1 RNP delivery and 3307 AAVY transduction. In cells receiving
both RNF and virus, a population of GFP+ cells was observed 3 days post-editing that was also
MHC-I postitve (FIG. 11}, Mo GFP+ cells were observed in the MHC-1 negative population.
Cells receiving the 3307 virus construct without RNP were entirely GFP negative, which was
expected since AAV episomes would not be stable in cycling B cells, and the DNA sequence
would not have integrated without co~delivery of the associated B2M CRISPR reagents. This
demonstrated that the B2M locus could be successfully modified and selected #: vivo for cells
in which (1) no modification has occurred; and {2) a portion of the B2ZM locus had been
maodified such that the locus was resistant to inactivation with the gRNA, and expressed a B2M

product.

Survival of B cells with restored B2M cDINA expression

Example 7

[0183] B cells are prepared according to Example 6 in which the endogenous B2M
locus 18 knocked-out / mactivated, and an exogenous coding sequence 1s inserted in-frame,
along with the B2M ¢DNA at the B2M locus.

[6184] A population of the cells prepared from a subject is administered to the same
subject, or a different subject with a matched MHC-I sequence. Prepared cells in which the
construct properly modified the B2M locus, the prepared cells express B2M cDNA at the B2M
locus and are resistant to NK cell killing 72 vive. In contrast, prepared cells in which the B2M
locus 18 not properly modified by the construct, and do not express the B2M ¢DNA at the B2M
locus are sensitive to NK cell killing im vive, and are cleared by NK cells /n vivo. In some
embodiments, a simular strategy can be used to select for engineered B cells in vivo, for
example with an engineered B cell autologous to a subject.

[8185] in another example, a B cell is obtained from a first subject. The cell 15

modified. The modified cell 1s administered to the first subject, or to a second subject having
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a MHC-I sequence matching with a MHC-I sequence of the first subject. The cell s modified
at a B2ZM genomic locus by msertion of a BZM cDNA into the BZM genomic locus. Modified
cells expressing the BZM cDNA are resistant to NK cell killing in vivo. In contrast, cells which
do not express the BZM cDNA are sensitive to NK cell kulling i vivo, and are cleared by NK
cells i vivo.

[0186] In another example, B cells are prepared according to Example 5 in which
endogenous B2M and/or CHTA s knocked-out / inactivated, and an exogenous coding
sequence is nserted to replace BZM. In some embodiments, the B2M locus is moditfied to
express {a) a trimer including an engineered HLA-E, a common self-peptide that can mactivate
NK cells, and B2M; (b} CD247, a surface protein that can inhibit NK cell cytotoxic activity; or

{c} CD24, a surface protein that can inhibit NK cell actvity.

Example §—Substitution of B2M locus in B cells

[B187] HLA molecules are highly polymorphic, meaning that between ditferent
people HLA molecules have many different sequences. Within MHC-I, a person expresses one
typeof HLLA. HLLA-A, HLA-B and HLA-C are considered lighly polymorphic, whereas HLA-
E, HLA-F, and HLA-G are less polymorphic. A strategy for a substitution at the B2M locus 15
deptcted m FIG 12A i which the B2M locus 13 modified fo 1vactivate endogenous B2M
expression, and to express a trimer consisting of engineered HLA-E, a comimon self-peptide
that 15 not typically mutated m people, and B2ZM. After reconstitution of the B2M locus with
this nonpolymorphic trimer, cells express the trimer at the cell surface, but not express the
endogenous, highly polymorphic HLA. B cells expressing this engineered trimer taken from
mismatched individuals do not elicit CD8+ T cell kilhing but mhibit NK cell immune
surveillance. A mixed cell assay to test B cell survival of a modified B cell 15 depicied in FIG.
12B.

[0188] A construct includmg an HBR donor template was developed to deliver a
polynucleotide encoding a non-polymorphic HLA-E fusion polypeptide contaiming a Qdm
self-peptide, B2M, and an HLA-E alpha chain connected via flexible linker sequences and
driven by an exogenous MND promoter (FIG. 13). The Qdm was a self-peptide presented by
the non-polymorphic HLA-E. The fusion polypeptide was paired to a GFP flucrophore for

tracking and was designed to induce endogencus B2M knockout. The construct {designated
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3310} containing the repair template for the trimer was designed to be delivered as an adeno
associated virus (AAVY). Example nuclectide sequences for construct 3210 are listed
TABLE 2.

[8189] Primary mouse B-Cells isolated from CS57BL/6 mice were edited using a
combination of BZM gRNA 1 RNP delivery and 3310 AAVY transduction In cells that
underwent homology-directed repair, GFP was detectable in both C1D19+, CD138- B-Cells and
CD19mid, CD138+ plasma cells at 7 days post-editing (FIG. 14).  Importantly, in both
populations GFP expression was completely co-incident with loss of HLA-B (Hk2b) surface
expression, while HLA-B positive cells were entirely GFP negative, suggesting that the HLA-

E fusion protein had replaced endogencus MHC-1 expression in these cells.

TABLE 2

Feature Seguence
(SEQ ID NOY)

5" Homology arm CACCAAACTCAAGAGCACACCCTAGATAGTAGGGCACCAA
{(SEQ 1D NO:05) GGOGTCCAGCCCAGGCTOGTTITGAAATATCACGGGACTTTATA
AGAACATCGAAACTGAAAATGGCGAAAGTCCCTTTGTAACCT
AGTTCAGCATCAACAGUTAGGAGACUTGGTGACGACCTCCG
GATCTGAGTCCGGATTOGGCTGTGAGTTCAGGAACTATATAA
GAGCGCGUCGCCCTGGCTGGOTCTCATTTCAGTGGCTGCTALC
TCOGGCGOTTCAGTCGCGOTCGCTTCAGTCGTCAGCATGGCT
CGCTCGGTGACCCTGOT

MND promoter GAACAGAGAAACAGGAGAATATGGGCCAAACAGGATATC
{(SEQ 1D NO:06) TGCTGGTAAGCAGTTCCTGCCCCGGCTCAGGGUCAAGAACA
GTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGG
TAAGCAGTTCCTGCCCCGGCTCAGGGUCAAGAACAGATGG
TCCCCAGATGCGGTCCCGUCCTCAGCAGTTTCTAGAGAACC
ATCAGATGTTTICCAGGGTGCCCCAAGGACCTGAAATGALCC
CTGTGCCTTATITGAACTAACCAATCAGTTCGCTTICTCGCTT
CTGTTCGCGCGCTTCTGCTCCCCGAGCTCTATATAAGCAGA
GCTCGTTTAGTGAACCGTCAGATC

Qdm peptide GCTATGGCTCCCAGGACACTCCTGCTG

(SEQ ID NO:07)

Beta-2 ATTCAGAAGACACCTCAAATCCAGGTGTACTCCAGACACC
microglobulin CCCCCGAGAACGGAAAGCCTAATATTICTCAATTGTTACGTG

{SEQ 1D NO:08} ACCCAGTTTCACCCCCCCCATATTCGAGATCCAGATGCTCAA
AAACGGCAAGAAAATTCCTAAGOTOGAGATGAGCGACATG
AGCTTTAGCAAGGACTGGAGCTTCTACATTICTCGCCCACAL
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Feature Sequence

{(SEGQ ID NG
AGAATTTACACCCACCGAGACCGACACCTATGUTTGCAGG
GTGAAACATGCCAGCATGGCTGAGCCTAAGACAGTGTACY
GGGATAGGGACATG

Alpha chain AGCCCACACTCGCTGCOGGTATTTCACCACCGUCCGTGETCCCG

(SEQ 1D NG:09) GCCOGGUOCTCGGOOAGCCOCCGOGTTICATCATTIGTCGGCTACG
TGGACGACACGCAGTTCGTGUGCTTCGACAGCGACGCGGA
AAATCCGAGGATGGAGCCTCGOGCGCGGETGCATTGAGCAG
GAGOGGCCGGAGTATTGGGAGCGGGAGACTTGGAAAGCC
AGGGACATGOGOAGGAACTTCAGAGTAAACCTGAGGACCC
TGCTCGOCTACTACAATCAGAGTAACGACGAATUTCACAC
GUTGCAGTGOATGTACGGUTGCGACOGTOGOGCCCGATGGE
COCCTOCTCCGCGOGTATTGTCAGCGAGGUCTACGATGOCC
AGGATTACATCTCCCTGAACGAGGACCTGUGTTCCTGGACT
GCOAATCACATAGCCTCACAGATCTCTAAGCACAAGTCAG
AGGCAGTCGATOGAGGCCCACCAACAGAGGGCATACCTGCA
AGGTCCTTGCGTGGAGTGGCTCCATAGATACCTACGGCTGG
GAAATCGAGACACTGCAGCGCTCAGACCCTCCAAAGGCACA
TGTGACCCATCACCCTAGATCTGAAGATGAAGTCACCCTGA
GOTGCTGGGCCCTGOGCTTCTACCCTGCTGACATCACCCIG
ACCTGGCAGTTGAATGGGCAGGAGCTGACCCAGGACATGE
AGCTTGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCA
GAAGTGGGCAGCTGTCOTGGTGCCTCTTGGGAAGGAGCAG
TATTACACATGCCATGTGTACCATGAGGGGUTGCCTGAGCC
CCTCACCCTGAGATGGGAGCCTCCTCCATCCACTGICTCCA
ACATGGTAATCATAGCTGTTCTGGTTGTCCTIGGAGCTGTG
ATCATCCTTGOAGCTGTOGTGGCTTTTGTGATGAAGAGGAG
GAGACACATAGGTGTAAAAGGATGCTATGCTCATGTTCTA
GGCAGCAAGAGCTTCCAGACCTCTGACTGGCCTCAGAAGG
CA

3" Homology arm TTCTGGTGCTTGTCTCACTGACCGGUCTGTATGCTATCCAG
{(SEQ 1D NG:10} AGTGAGTGCCTICTITCCCCTCTUTTGOCATTAAATTTTTAGT
TCTCCTTAGTTCTCCTTCCCGACGGGATTIGGCCAGGGCTGC
GTCTCTCGGGAAAGGAGTGGGCGTCCCGCTGCTTACAGCTT
TGAGGCTACAGOGTGGATGCGLCTGTTTGCGAGTGTOOTG
ACGGTCAGCGLTGAAGATGOGGAAGGCTTICTICTTTITICTICC
TCTGCTGGCGGGAGCCCCTAGACTCCCTGAGCGCAAAAGG
AGGGTGGGGCTGCCT

Example 9-n vivo survival of allografied gene-edited stealth B celis

[019¢] To establish parameters for NK killing, an in vive study performed

substantially similar to the study depicted in FIG. 15A and FIG. 15B 15 performed. Primary
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mouse B cells are isolated from CS7TBL/6 mice expressing a fixed B cell receptor/antibody
{(SW-HEL). The cells are modified as described in Example 6 and 8 such that modified cells
express the HLA-E trimer, CD47, CD24, or a combination containing the HLA-E trimer with
CP47 or CD24. Following expansion of the modified cells on feeder cells expressing murine
BAFF, murine CD40L and supplemented with soluble R848 or murine 1121, about 10 million
modified cells are transferred into BalB/C mice. Following cell transfer, engraftment is fracked
by measuring SW-HEL antibody production over time. Engraftment s compared with
CSTBL/6 cells edited to express GFP in the B2M locus and with transfers of all cells from all
editing strategies into CS7BL/G mice. Allogeneic B cells expressing HLAE-trimers, CD47,
D24 or a combination thereof express SW-HEL following transfer into mis-matched recipient
animals. Detection of antibody expressed by the transferred cells indicates successful
engraftment. In contrast, cells engineered to express GFP and not B2M, or cells edited to delete
B2M do not survive transfer due to clearance by NK cells. Cells that are unedited do not engraft
successfully due to clearance by T cells. Successful replacement of MHC class | with HLAE
trimers, CD47 and/or (D24 demonstrates that modified B cell populations survive upon

fransfer into mis-matched recipients.

Example 10——In vive survival of allografied gene-edited stealih B cells

(0191} A study substantially similar to a study depicted in FIG. 16 s performed.
Human B cells are isolated from peripheral blood mononuaclear cells and are edited such that
maodified cells express the HLA-E trimer, CD47, U324, or combination thereof contaiming the
HLA-E trimer with CB47 or CD24. The modified cells are expanded and differentiated in vitre
using a three-phase differentiation procedure such as disclosed in 1.8, 2018/0282692 which s
incorporated by reference in its entirety. Following expansion and differentiation, 10 miliion
engineered cells are transferred mnto immunodeficient mice (NSG) engineered to express IL15
and previcusly engrafted with human CB34 cells 1solated from a different, musmatched donor.
NSG-L15 mice humanized via transfer with human CD34 cells are capable of developing NK
cells, enabling assessment of NK cell killing. Following cell transfer, engrafiment is tracked
by measuring human 1gG antibody production over time. NSG mice humanized with CI34

cells do not produce IgG antibody. Engraftment of allogeneic edited cells is compared with B
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cells edited to express GFP in the B2ZM locus and with transfers of all cells from all editing
strategies into autologous humanized NSG-1L.15 mice.

[0192] Allogeneic B cells expressing HLAE-trimers, CD47, CD24 or a
combination thereof express higG following transfer into nus-matched recipient amimals.
Detection of antibody expressed by the transferred cells indicates successful engrafiment. In
contrast, cells engineered to express GFP and not BZM, or cells edited to delete B2ZM do not
survive transfer due to clearance by NK cells. Celis that are unedited do not engraft
successfully due to clearance by T cells. Successful replacement of MHC class | with HLAE
trimers, CD47 and/or CD24 demonstrates modified B cell populations survive upon transfer
into mis-matched recipients.

[0193] The term “comprising” as used herein 15 synonymous with “including,”

39

“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

[8194] The above description discloses several methods and materials of the
present invention. This invention is susceptible to modifications mn the methods and materials,
as well as alterations in the fabrication methods and equipment.  Such modifications will
become apparent to those skitled in the art from a consideration of this disclosure or practice
of the mvention disclosed herein. Consequently, it 1s not intended that this invention be liroited
to the specific embodiments disclosed herein, but that 1t cover all modifications and
alternatives comimg within the true scope and spinit of the mvention.

[68195] All references cited heren, mncluding but not limited to published and
unpublished applications, patents, and Hterature references, are mncorporated hersin by
reference m their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification is mtended to supersede and/or take

precedence over any such contradictory material.
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