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MAJOR HISTOCOMPATIBILITY COMPLEX-BASED CHIMERIC RECEPTORS
AND USES THEREQOF FOR TREATING AUTOIMMUNE DISEASES

RELATED APPLICATION
This application claims the benefit of the filing date of U.S. Provisional Application
Serial No. 62/584 449, filed on November 10, 2017. The entire contents of this referenced

application are incorporated by reference herein.

BACKGROUND OF THE INVENTION

Autoimmune diseases are characterized by abnormal immune responses against self-
antigens, leading to damage or disruption of tissues. Multiple sclerosis (MS) 15 a central
nervous systern autoimnune disease, in which activated autoreactive T cells invade the blood
brain barrier, initiating an inflammatory response that leads to myelin destruction and axonal
foss. Although the etiology of MS, the mechanisms associated with 1is onset and progression,
and deternunation of its outcome remains unelucidated, all available evidence suggests that
therapies specifically targeting the pathologic immune cells respounsible for MS would have
improved therapeutic outcomes over avatlable therapies. Reinhard et al., Proceedings of the
National Academy of Sciences, 101{suppl 2):14599-14606; 2004. This strategy could be
extended to other immune disorders with similar roechanisms, including theumatoid arthritis.
Carol et al, Nature Reviews immunoclogy, 2(2):85-95, 2002.

The major histocompatibility complex (MHC), known as human leukocytes (HLA) in
humans, 1s a set of cell surface proteins essential for the immune system to recognize foreign
agents. MHC complexes bind to antigens derived from pathogens and display such to T
cells, which are then activated, leading to elimination of cells displaying foreign antigens.
MHC complexes may also display intact, and in some cases misfolded, host-derived proteins
1o B cells thereby inducing the autoantibody responses characteristic of autoimmune
disorders. Hang et al., infernational immunology, 25(4%.235-246 (2013), and Busch et al

The EMBO journad, 15(23.418, (1996},

SUMMARY OF THE INVENTION
In aspect, the disclosure features a major histocompatibility complex (MHC}-based
chimeric receptor {CAR), comprising: (1) an extracellular domain of a MHC molecule
conjugated to an antigenic peptide from an antigen involved in an autoimumune disease; and

(it} a cytoplasmic signaling domain, at least one co-stimulatory domain, or a combination



WO 2019/094847 PCT/US2018/060227

thereof. The MHC-based CAR may further comprises a hinge domain located between (i)
and (i1). The antigenic pepiide is dependent on the autoimmune disorder and may be from
myelin basic protein (MBP), proteolipid protein (PLP), insulin, glutamate decarboxylase, or
the additional exemplary self-antigens as described in Table 1.

In some examples, the MHC-based chimeric receptor comprises at least one co-
stimulatory domain, which roay be a co-stimulatory domain from 4-1BB (CD137), aco-
stimulatory domain from CD28, or a combination thereof. In other examples, the MHC-
based chimeric receptor as described herein may be free of a cytoplasmic signaling domain.
Alternatively or in addition, the MHC-CAR comprises a cytoplasmic signaling domain of
CD3L.

In some embodiments, the MHC molecule in the MHC-CAR is a class I MHC, for
example, a human class I MHC. In some instances, the extracellular domain of the chimeric
receptor comprises an extracellular domain of the alpha chain of the class I MHC, which is
fused to the antigenic peptide. For example, the chimeric receptor may be a fusion
polypeptide comprising (1) the extracellular domain of the clags I MHC molecule, and (it) the
cytoplasmic domain, the at least one co-stimulatory domain, or the combination thereof. In
one example, the chimeric receptor is a fusion polypeptide, which comprises, from N-
terminus to C-terminus, a signal peptide, a first peptide linker, the antigenic peptide, a second
peptide linker, an extracellular domain of macroglobulin, a third peptide linker, the class |
MHC molecule, a transmembrane domain, the at least one co-stimulaiory domain, and CD3(

in other embodiments, the MHC-based chimeric receptor as described herein
comprises a class I MHC {(e.g., a human MHC I} or a portion thereof. Such a chimeric
recepior may comprise a first polypeptide, which comprises an extracellular domain of a first
MHC class 11, and a second polypeptide, which comprises an extraceliular domain of a beta
chain of a second MHC class {1, and wherein the antigenic peptide is fused to either the first
polypeptide or the second polypeptide, and wherein either the first polypeptide or the second
polypeptide further comprises the cytoplasmic signaling domain, the at least one co-
stimulatory domain, or the combination thereof. In some examples, the chimeric receptor can
be a fusion polypeptide comprising (i} an extracellular domain of the alpha chain of a first
MHC class 1T molecule, (i1} an extracellular domain of the beta chain of a second MHC class
¥ molecule, (1it) the antigenic peptide, and (iv) the cytoplasmic signaling domain, the at least
one co-stimulatory domain, or the combination thereof. In some exarnples the antigenic

protein may not be linked to the MHC class H and may instead be expressed as a separate
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fusion polypeptide with an altemative signal peptide (such as that from CB130, ie.,
MDPKGLLSLTFVLFLSLAFG (SEQ ID NO: 388)). In some examples, the first MHC class
ITis HLA-DRA*1010. Alternatively or in addition, the second MHC class Il is HLA-
DRBI1*1501.

In another aspect, the present disclosure features a nucleic acid or a nucleic acid set,
which collectively encodes any of the MHC-based chimeric receptors described herein. In
some instances, the nucleic acid or nucleic acid set can be located in one or more vectors, for
example, viral vector(s).

Further, the present disclosure provides a genetically modified immune cell (e g, a™T
cell), which expresses any of the MHC-based chimeric receptors described herein. In some
instances, the activity of the endogenous T cell receptor (TCR) can be suppressed, which may
be achieved by mutating or deleting the alpha chain of the endogenous TCR, the beta chain of
the endogenous TCR, or both to disrupt surface expression of the endogenous TCR.
Alternatively or in addition, the expression of the endogenous CD352 can be disrupted.

in some embodiments, the genetically modified immune cell as deseribed herein may
further express a suicide gene (e.g., RQRE), a marker gene (e.g., GFP), or both. When
necessary, the immune cell can be further modified for lvmph node or tertiary lvmphoid
organ delivery and retention. For example, the immune cell can be further engineered to
overexpress VAP-1, L-selectin, CCR7, CXCRS5, or a combination thereof. In some instances,
the expression of endogenous sphingosine-1-phosphate receptor 1 can be disrupted in the
genetically modified immune cell.

In some embodiments, the immune cell can be engineered to travel to the site of
inflammation, for instance using a chemokine receptor such as CCR6 {e.g., to the sile of
Th17 cells), CXCR3 or CXCR4 (e g, to the site of plasma cells), or through a membrane
linked, antigen targeted antibody. Alternatively or in addition, the genetically modified
immune cell may further comprise a genetic modification that results in blockade of PD-1
signaling. I needed and the disorder is especially severe the MHC-CAR cells can also be
designed to remove or inactive bystander B cells (with a CI319 or CD20-CAR) or plasma
cells (with a C81-CAR and/or C81 knockout).

In some embodiments, the genetically modified immune cell as described herein may
be aregulatory T cell, which can be CD25+, and optionally CD4+. In some instances, the
regulatory T cell can be derived from CD25++CD43R+ T cells 1solated from peripheral

blood mononuclear celis or from cord blood. In other instance, the regulatory T cell may
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comprise a transgene coding for CD25. Any of the Treg cells disclosed herein may further
express a chimeric receptor specific to CD19, a chimeric receptor specific to C8-1, or both
Alternatively or in addition, the regulatory T cell may further express CCR6, CXCRS, PD-1,
or a combination thereof. In some examples, the regulatory T cell may display an antibody
specific to MOG.

In yet another aspect, the present disclosure provides a method for suppressing
autoreactive immune cells in a subject having an autoimmune disease {e.g., multiple
sclerosis). The method may comprise administering to the subject an effective amount of
genetically modified immune cells as described herein, which can be T cells.

in some embodiments, the genetically roodified inuoune cells are autologous. In
other embodiments, the genetically modified immune cells are aliogeneic. Any of the
genetically modified immune cells may be adminisiered to a lymph node of the subject. In
some instances, the subject 13 undergoing a therapy comprising an antibody specific to CDS2.

in some embodiments, the subject is a human patient having or at risk for multiple
sclerosis and the genetically modified T cells are Treg cells or cytotoxic lymphocytes (CTLS)
as described herein.

In some examples, the human patient is an earlv-stage MS patient and the Treg cells
express the MHC-CAR and have one or more of the following genetic modifications: () PD-
L1 and/or PD-1 knockout; (11} surface expression of CCR6 and/or CXCRS; {is1) surface
display of an antibody or an antigen-binding fragment thereof that is specific to MOG; and
(iv) surface expression of a chimeric receptor targeting CID19. In some examples the patient
may first, simultaneously, or alternatively be treated with cytotoxic CTLs with modifications
of the same type.

in some examples, the human patient has relapsing-remitting MS or early-stage
progressive MS and the Treg cells express the MHC-CAR and have one or more of the
following modifications: (i) surface display of an antibody or antigen binding fragment that is
specific to MOG: and (11} surface expression of CCR6. In some examples the patient may
first, simultaneously, or alternatively be treated with cytotoxic CTLs with roodifications of
the same type.

In some examples, the human patient has relapsing-remitting MS or early-stage
progressive MS and the Treg cells express the MHC-CAR and have one or more of the
following modifications: (i) surface expression of a chimeric receptor targeting CD19; and

(i1) surface expression of CXCRS. In some examples the patient may first, sinmuldtaneously, or
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alternatively be treated with CTLs with the same modifications.

In some examples, the human patient has MS in chronie progressive form and the
Treg cells express the MHC-CAR and have one or more of the following modifications: (i)
surface expression of a chimeric receptor targeting C8-1; and (i) surface expression of an
agent CXCR4, CCR6, and/or CXCRS. In some examples the patient may first,
simultaneously, or alternatively be treated with C'TLs with the same modifications.

In some embodiments, the subject is a human patient having or at risk for systemic
lupus ervthematosus, rheumatoid arthritis, juvenile idiopathic arthritis (also known as
juvenile idiopathic arthritis), Sjégren’s syndrome, systemic sclerosts, ankylosing spondylitis,
Type 1 diabetes, autoimmune thyroid diseases (Grave’s and Hashumoto’s), multiple sclerosis
myasthenia gravis, inflammatory bowel disease (Crohn’s or ulcerative colitis), Psoriasis, or a
diseases mentioned in Table 1 and the genetically modified T cells are Treg cells and/or
CTLs as described herein.

in some examples, the human patieot is an early-stage patient of any of the
autotmmue disorders described herein {e. g, those listed in Table 1} and the Treg cells
express the MHC-CAR and have one or more of the following genetic modifications: (i) PD-
L1 and/or PD-1 knockout; (11} surface expression of CCR6 and/or CXCRS,; (i) surface
display of an antibody or an antigen-binding fragment thereof that is specific to a relevant
protein described as an autoantigen in Table 1 for that avtoimmune disorder; and (iv) surface
expression of a chimeric receptor targeting CD19. Tuo some examples the patient may first,
simultaneously, or altematively be treated with CTLs with the same modifications.

In some examples, the human patient has moderately severe disease state of any of the
autotmmune disorders as described herein {e.g., those listed in Table 1) and the Treg cells
express the MHC-CAR and have one or more of the following roodifications: (1) surface
display of an antibody or antigen binding fragment that is specific to a relevant protein
described as an autoantigen in Table 1 for that autoimmune disorder; and (it} surface
expression of CCR6. In some examples the patient may first, simulianeously, or alternatively
be treated with CTLs with the sarne modifications.

In some examples, the human patient has moderately severe disease state of any of the
autoimmune disorders as described herein {e g, those listed in Table 1) and the Treg cells
express the MHC-CAR and have one or more of the following modifications: (i} surface
expression of a chimeric receptor targeting CD19; and (11) surface expression of CXCRS. In

some examples the patient may first, sinmultaneously, or alternatively be ireated with CTLs
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with the same modifications.

In some examples, the human patient has severe disease state of any of the
autormmune disorders described herein {e.g |, those listed in Table 1) and the Treg cells
express the MHC-CAR and have one or more of the following modifications: (1) surface
expression of a chimeric receptor targeting CS-1; and (1) surface expression of an agent
targeting CXCR4, CCRG, and/or CXCRS. In some examples the patient may first,
simultaneously, or altematively be treated with CTLs with the same modifications.

Also within the scope of the present disclosure are pharmaceutical compositions for
use in treating an autoimmune disease, the composition comprising genetically modified
inwnune cells expression MHC-CAR as described herein such as Treg cells and a
pharmaceutically acceptable carrier, and uses of such genetically modified immune cells for
manufacturing a medicament for use in treating the target autoimmumne disease.

The details of one or more embodiments of the invention are set forth in the
description below. Other features or advantages of the present invention will be apparent
from the following drawings and detailed description of several embodiments, and also from

the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an exemplary design of a lentiviral expression
vector for expression of an antigen-specific T cell receptor (TCR). mRNA and multicistronic
mRNA designs are sinular.

Figure 2 is a schematic illustration of an MHC-CAR T cell, which expresses various
designs of MHC-CAR as indicated in conjugation with a myelin basic protein {(MBP) peptide
for targeting pathologic T cells involved in roultiple sclerosis (MS). Optionally, the MHC-
CAR T cell may have the endogenous TCR and/or CD52 knocked out. The MHC-CAR T
cell may further express RQRE on the cell surface.

Figure 3 13 a schematic Ulustration of exemplary designs for various MHC-CAR
constructs. The exemplary MHC-CAR constructs may have two subunits: an g-chain
containing a leader sequence, a DRA™1010 domain, and a eytoplasmic domain, and a B-chain
that includes a leader sequence from HEA-DRB1*1501, a peptide from MBP, and a domain
from HLA-DRB1*13501. The DNA used to create mRNA contains either single chains or are
multicistronic and separated by orthogonal 2A sequences. RQRS and eBFP (or GFP) are

used for both cell control and labeling.
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Figure 4 is a schematic illustration of exemplary designs of expression cassettes for
various MHC-CAR constructs containing a MBP pepiides, which may further include eBFP
{or GFP) or RQRS.

Figure 8 1s a schematic illustration of an exemplary design of a lentiviral expression
construct for MHC-CARSs and optionaliy iabel proteins such as eBFP and/or RQRS. Such an
expression cassette would be sufficiently small to be included in one lentiviral package.

Figure 6 is a schematic illustration of an exemplary design of MHC-CAR, which may
include a number of sites for tagging. Site 1 is an HLA-DR antibody binding site for cases
where naive HLA-DR is either not expressed or due to CHTA editing. Sties 2 and 3 are
potential insertion sites for polvhistidine-tag motifs. Sites 4 and 5 represent RQR and RQRE,
respectively.

Figure 7 is a schematic tllustration of exemplary designs of MHC Class {1 moteties
hinked to antigenic peptides. “N” refers to the N-termunus of a polypeptide. Circled black
dots refer to the antigenic peptides.

Figure 8A and Figure 8B are schematic illustrations of MHC Class 1 exemplary
consiructs. Figure 8A depicts exemplary designs of MHC Class 1 moieties linked o
antigeruc pephides. “N” refers to the N-ternunus of a polypeptide. Circled black dots refer to
the antigenic peptides. Figure 8B depicts an exemplary expression cassette for a MHC Class
I CAR construct.

Figure 9 depicts exemplary co-stimulatory domains and combinations thereof for
counstructing the MHC-CAR and counsiderations for co-expression of cytokines.

Figure 10 depicis exemplary single-chain and multi-chain MHC Class I and Class 1
MHC-CAR constructs, mcluding multi~-chain MHC-CAR consirucis containing both MHC
Class | and Class H components.

Figure 11 is a plot showing CD3 expression on primary human stimulated CD3+ T
cells (TCELL-0028) transfected with an mRNA encoding Cas? (“Cas® only™) or an mRNA
encoding Cas9 {(“Cas9 onlv”} and sgRINAS targeting the gene encoding T cell receptor alpha
domain (TRAC) ("Cas9 + TRAC gRNA”).

Figure 12 is a plot showing relative cell viability in a killing assay. HEK-293 celis
transfected with Construet 1, Construct 2, or both Constructs | and 2 were incubated with

media only, rituximab, complement, or both rituximab and complement,

-
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DETAILED DESCRIPTION OF THE INVENTION

Autoreactive T cells, (e.g., those for myelin components involved i muliiple
sclerosis) exist in normal individuals. The majornity of determunant of disease induction is in
the class of immune response that occurs when these autoreactive T cells are triggered in
autoimmune patients {e.g., in MS patients). Generation of pathologic autoreactive T cells s
favored both by specific major histocompatibility complex (MHC) and non-MHC genes,
which determine the protein sequences an individual reacts against and the class of the
immune response.

Once an immune attack beging on an initial autoantigen (for example, a myehin
antigen in MS), there is a spreading of reactivity to other autoantigens; thatis, ifa T cell
attacks one autoantigen (for example, a brain protein in MS), other structures are damaged
and they can sensitize additional T cells to attack other targets in a process called “epitope-
spreading”, a process that is shared by all autoimmune disorders and common to disease
response in general.

B cells are ordinary components of the immune reaction in the early disease lesion
caused by initial autoreactive altacks, for example, active M8 lesion as well. B cell
accumulation occurs as packed aggregates or ectopic B cell follicles. Serafini et al., Brain
Pathol. 14: 164--144 (2004); Wekerle, Autoimmunity, 50:1, 57-60 (2017); and Probstel. et al |
International journal of molecular sciences, 16(7), pp.16576-16592 (2015}, In MS, B cells
were reporied to be found in the brain and spinal cord of RR-, §P-, and P-stage MS patients.
Therapeutic treatments that target B cells either directly or indirectly have proven beneficial
in treatment of autoimmune diseases such as MS. Wekerle, 2017.

Both CD4+ and CD8+ T cells are present in MS lesions and are believed to play a
central role n disease developrment. Increased frequencies of royelin-reactive (MBP, PLP,
and MOG) CD4 and CDS cells are found in MS patients compared to healthy controls. Cao,
et al., Sci. Transth Med. 7 (287}, 287ra74 (2014}, Martin, et al., J. Exp. Med. 173 {Jan 1,
19913, Ota, et al., Nature 346, 183 (Jul 12, 1990}, Pette, et al., Neurology 40, 1770 (1990},
and Raddasst, et al., J. Imomunol. 187, 1039 (2011}

Thi cells producing IFN-gamma and Th17 cells are uniguely pathogenic. Factors
that favor the development of Thi cells are elevated in MS patients and are also triggered by
viral infections: gamma interferon; 11-12 — in almost all treatments that affect the immune
system and help MS, almost all decrease Thi response and increase Th2 and TH3 response.

Thi17 cells are present at sites of tissue inflammation and are implicated in
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autotmmune/chronic inflammatory condittons. Thi7 producing C4 and CD8 cells are
increased in the lesions, blood, and CSF of patients. [Tzartos 2008; Matusevicius 1999;
Bruchlacher-Waldert 2009}, The CCR6 and CD161 on Thi7 cells are hypothesized 1o be
homing molecules to inflamed tissues {Cosmi, 2008].

Th17 cells are also implicated in a number of other autoimmune diseases such as
sytemic lupus ervthematosus, rheumatoid arthritis, juvenile idiopathic arthritis (also known as
juvenile idiopathic arthritis), $j6gren’s syndrome, systemic sclerosis, ankylosing spondylitis,
Type I diabetes, autoimmumne thvroid diseases (Grave's and Hashimoto’s), myasthenia
gravis, inflammatory bowel disease (Crohn’s or ulcerative colitis), and psoriasis.
Tabarkiewicz et al., Archivum immunologiae et therapiae experimentalis, 63(6):435-449
(2015).

The ultimate goal of any treatment for autoimmune disease is a complete suppression
of pathology. In the case of multiple sclerosis and other autoimmune disorders, pathologic
lvmphocvtes (both B and T cells, and if necessary plasma cells for very severe cases) are
expected to be eliminated or controlied to halt the disease course, and interventions at
different stages of disease progression require different cellolar targets and therefore
therapeutic cells.

Disclosed herein are major histocompatibility complex (MHCy-based chimeric
receptors (MHC-CAR) for targeting autoreactive imnume cells such as autoreactive T cells.
A MHC-CAR as described herein comprises one or more MHC polypeptides or an
extracellular domain thereof and one or more cell signaling domains, for example, a
cyvtoplasmic signaling domain {e.g., that from CD3(}. at least one co-stimulatory domain
{e.g., that from 4-1BB or CD28), or both. The MHC-CAR may further comprise an antigenic
peptide from an autoantigen or a foreign antigen that mamics an autoantigen in eliciting
autoimmune responses. Also herein are nucleic acids encoding the MHC-C AR, vectors
carrying such, and genetically engineered immune cells such as T cell and natural killer (NK}
celis expressing the MHC-CAR. Such genetically engineered immune cells can be used to
target autoreactive immune cells, thereby benefiting treatment of autoimmune diseases
involving the autoreactive immune cells.

Also disclosed herein are genetically modified regulatory T (Treg) cells expressing an
MHC-based chimeric receptor as disclosed herein. Such Treg cells may be further modified
with chimeric receptor(s) targeting T cell and/or B cell surface markers, as well as additional

genetic engineering for, e g, targeting specific tissue sites (e.g., lymph nodes or mflammation
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sites} or modulating immune responses {e.g., checkpoint modulation). The genetically
modified Treg cells may be used to inhibit pathogenicity at an early stage of a target disease,
to control disease progression at a middle stage of the disease (e.g , relapsing or remitting
MS), or to suppress pathology via, e.g., inducing cviotoxicity of pathologic (D8+ T cells ata

late stage of the disease (e.g., chronic progressive MS}.

I.  Major histocompatibility complex (MHC)-based chimeric receptors (MHC-CARs)

The MHC based chimeric receptor (MHC-CAR) described herein comprises an MHC
moiety, which is conjugated to an antigenic peptide (e.g., a nusfolded one), and at least one
cell signaling moiety, which can be a cytoplasmic signaling domain {e.g., that of CD3(}. one
or more co-stimulatory domains {e.g., that of 4-1BB or CD28), or a combination thereof In
some instances, the antigenic peptide can be part of a fusion polypeptide of the MHC-CAR.
In other instances, the antigenic peptide does not form a fusion polypeptide with the MHC-
CAR but forms a complex with the MHC-CAR. As used herein, the term “conjugated”
means that at least two components are physically associated, either via covalent bonds or via
non-covalent interactions,

in some examples, the MHC-CAR can be a single fusion polypeptide containing the
MHC moiety, the antigenic peptide, and the at least one cell signaling motety. Such a single
fusion polypeptide may form complexes with endogenous cell membrane proteins {e.g., B~
microglobulin} when expressed in a suitable imnune cells.

in other examples, the MHC-CAR described herein may be a multi-chain protein
complex, for example, a heterodimer, comprising one polypeptide that comprises the
antigenic peptide. In some instances, the antigenic peptide or polypeptide may be expressed
as a separate polypeptide, which may form a complex {(e.g.. a trimer) with the MHC
components. The antigenic polvpeptide can be a misfolded antigenic protein that binds to the
MHC. Optionally, the MHC-CAR may further comprise a hinge domain, which may be
adjacent to the antigenic peptide and/or the MHC muoiety, a signal peptide at the N-terminus,
and/or one or more tagging sites, for example, a histidine protein tag and/or an RQR domain

that additionally acts as a kill-switch site.
(i} Components of MHC-CARs

The MHC-CAR constructs disclosed herein comprise an MHC moiety, which may

comprise one or more MHC polvpeptides or an extracellular domain thereof The MHC

16



WO 2019/094847 PCT/US2018/060227

moiety may be derived from a suitable source, for example, human or a non-human mammal
{e.g., monkey, mouse, rat, rabbit, pig, etc.} In some instances, the MHC moiety is from a
human MHC molecule {(also known as HLA). In some instances the domains that interact
with molecules from other cells (TCR or BCR) are from a human MHC molecule. There are
primartly two classes of MHC molecules, MHC class I molecules and MHC class 1
molecules, both of which can be used for constructing the MHC-CARs described herein.
Sequences of MHC class [ and class I molecules of various species {e.g., human, non-human
primates, canids, fish, ovids, bovines, equids, suids, murids, and gallus) are available from
public gene datasets, for example, the IPD-MHC database and the IMGT/HLA database
provided by EMBL-EBI and the dbMHC database provided by National Center for
Biotechnology Information (NCBI).

MHC class T molecules are heterodimers containing an alpha chain and -
microglobulin, The extracelhular domain of an alpha chain includes three subdomains, al,
a2, and a3. In some embodiments, the MHC moiety may include the alpha chain of a MHC
class I molecule, or an extracellular domain thereof, for example, the o1 domain, the a2
domain, the a3 domain, or a combination thereof. The MHC class T molecule may be a
human BLA-A molecule, a human HLA-B molecule, or a human HLA-C molecule. In some
instances, the alpha chain of the MHC class  molecule may be fused with f~-microglobulin to
produce a single chain fusion protein. In some examples, the MHC Class I moiety 1s from
HLA A3, which can be co-used with a PLP peptide. Honma et al., J. Neuroimmmunol. 73:7-14
(1997). In other examples, the MHC Class T1is from HLA A2, which can be used with the
same PLP peptide and display of a viral peptide such as TAX. TAX is from the protein tax or
p40 (Genbank accession no. BAB20130.1) that 1s a molecular mimic of a human neuronal
protemn and from the HTLV-1 virus, which 1s iroplicated i diseases such as rheumatoid
arthritis, system lupus erythematosus, and Sjogren’s syndrome. Garboczi, et al. The Journal
of Immunology, 157(12):5403-5410, 1996. Quaresma, et al., 2015, Viruses, 8(1):5 2015. The
class I protein and peptide may additionally contain modifications to enable more robust
peptide loading such replacement of the invarniant tyrosine at position 84 of the heavy chain
with alanine; or alternatively the position 84 tyrosine ¢an be replaced with cysteine as can the
second position of the peptide-B2m hinker io create a disulfide trap. Hansen et al. Trends in
immunology, 37(10y:363 {2010).

Like MHC class I molecules, MHC class I molecules are also heterodimers

consisting of two homogenous peptides, an g-chain and a B-chain. The extracellular domain

it
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of each of the g-chain and the i-chain contains two subdomains ¢1/02, and BI/B2. When a
MHC class I molecule is used for consiructing a MHC-CAR, the MHC motety may include
two subunits, one including the o-chain or a portion thereof, for example, an extraceliutar
domain thereof (e.g., al, u2, or both), the other including the b-chain or a portion thereof, for
example, an extracellular domain thereof {e.g., B1, 2, or both}. In cases where only the
region that inferacts with other cell types is used {i.e., al and B1), specific amino acid
modifications may be required to enhance the folding of the muni-MHC, see mini-sequence
with shaded regions and Birnbaum et al. The MHC class Il molecule may be a human HLA
DP molecuie, a human HLA DM molecule, a human HLA DOA molecule, a human HLA
DOB molecule, a human HLA DQ molecule, or a human HLA DR molecule. In some
examples, the MHC class 1l molecule is a2 human HLA DR molecule, for example HLA

DR*1501.

{b) Antigenic Peptides

The antigenic peptides of the MHC-CAR described herein are an antigenic peptide
that is recognizable by pathogenic immune cells {e.g.. autoreactive T cells or B cells)
involved in an autormmmune disease. When presented by a suitable MHC molecule, such an
antigenic peptide would interact with the antigen-specific T cell receptors of pathogenic T
cells, leading to downstream ironune responses.

In some instances, a specific antigenic peptide can be designed for a specific
autoimmune disease patient such as an MS patient, using methods known in the art.
Programs like NetMHC enable personalized design of antigenic peptides that are specific to
the patients MHC, and have been used to develop personalized cancer vaccines. Hacohen et
al., Cancer immumnology research, 1{1):11-15 (2013). Also within the scope of the present
disclosure are personalized CAR T and Treg therapies for autoimmune disorders. For
disorders with very strong MHC associations {such as MS), a personalized therapy can be
utilized to treat a large patient class at different stages of the disease. Recent studies have
also demonsirated that Class 11 MHCs and specifically the HLAs implicated in avtoinmune
disorders can display entire antigenic proteins rather than just processed peptides. Jiang et
al., International immunology, 25(4):235-246, {(2013). These MHC-protein complexes
appear to induce autoantibody production in awtotmmune disorders, including antibodies that
do not bind to properly folded proteins as well as autoantibodies that are specific to those
with specific autoimmune disorders. The inventors impute that display of anfigerac proteins

in MHC-CAR can provide a specific route to remove or deactivate autoimmune specific B
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cells, such as those in MS which produce oligoclonal bands whose specificity to proteins has
not been unraveled, despite many rigorous attempts. Owens et al., Annals of newrology,
65(60):639-649, 2009; Chastre et al., New England Journal of Medicine, 374(15):1495-1496,
2016; Housley et al., Clinical Immunology, 161{1):.51-58, 2015; Larman et al., 2013. Journal
of autoimmunity, 43:1-9, 2013, In the event that the antigenic protein does not bind the
MHC, then that specific MHC-CAR will not be expressed, but as a Treg or CTL it can still
playv a bystander role in modifying the immune response depending upon iis other
characteristics and as part of a patient specific population of MHC-CAR T and Treg cells
with different specificities.

The antigenic peptides used herein may be fragments of autoantigens involved in
auntotnunune diseases, for example, myelin basic protein (MBP), mvelin oligodendrocyte
glveoprotein (MOG), and proteolipid protein {PLP) involved in multiple sclerosts, insulin and
glutarnate decarboxylase (GAD) involved in type T diabetes, tryptase involved in rheumatoid
arthritis (RA), and the proteins included in Table | below. Alternatively, the antigenic
peptide can be a fragment of a pathogen protein such as a viral or a bacterial protein that is
highlv homologous to a self-antigen involved in an avtoiromune disease. Such an antigenic
peptide also can target pathogenic T cells. H needed, the antigenic peptide can be a (typically
misfolded) antigenic protein or protein fragment that can be expressed separately and binds
directly to the MHC moiety of a MHC-CAR described herein. In their natural state (attached
to an MHC rather than an MHC moiety of a MHC-CAR), such antigenic protein/MHC
complexes stimulate pathogenic B cells to produce autoantibodies. For proteins such as
1gGH or rheumatoid factor in theumatoid arthritis (Jin et al.. Proceedings of the National
Academy of Sciences, 111(10):3787-3792, 2014), f2-glvcoprotein 1 in antiphospholipid
syndrome (Tanimura et al., Blood, 1235(18).2835-2844, 2015) and recurrent nuscarriage
{Tanimura et al., Placenra, 46:108, 2016), GM-CSF in autoimmune pulmonary alveolar
proteinosis (Hamano et al., ALVEOLAR MACROFPHAGE BIOLOGY B32: A3147-A3147,
2016}, tyrosinase in vitilige (Arase et al. Journal of Dermatoiogical Science, S4(1 y.e87,
2016), and myeloperoxidase in mucroscopic polvangiitis (Hiwa et al., Arthritis &
Rheumatology, 69(10).2069-2080, 2017), HLA mediated surface display and in some cases
autcantibody binding of misfolded variant/HLA complex can occwr.

The antigenic peptides for use in the MHC-CAR described herein may contain up to
20 amino acid residues, the extracellular domain of the antigenic protein, or the full length

antigenic protein. When co-used with a MHC class I moiety, the antigenic peptide may be 8-

13
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10 amino acid-long. Such antigenic peptides would fit well into the peptide binding site of a
MHC class I molecule. Antigenic peptides 1o be co-used with MHC class I moteties can be
tonger. for example, containing 15-24 amino acid residues or up to the full length of the
antigenic protein, since the antigen-binding groove of MHC class [ molecules is open at both
ends, while the corresponding antigen-binding groove on class I molecules is usually closed
at each end. The open antigen-binding groove of MHC class II molecules implicated in
autoimmune disorders can also frequently display intact (e.g., yet misfolded) antigenic
proteins or splice variants. Fang et al., Infernational immunology, 25(4%.235-246, 2013,

In some examples, a fragment of human MBP is used for constructing the MHC-
CARs described herein. An exemplary anmuno acid sequence of a human MBP 1s provided

below:

MASQERPSQRAGSKYLATASTMDHARHGFLPRHRDTGLLDS LGREFGGDRGAPKRGSGRKVPWLKZGREPL

PSHARSGPGLCNMYKDSHHPARTAHY GBLEQKSHGRTO

ENPVVHEFFRENIVTPRTPZZEQGKGRGLSLSR

LGGRDSRIGSPMARRHHHEHE (SEC ID NO

Exemplary MBP antigenic peptides include, but are not limited to:

RHGEFLPRERDTGILDSIGE

(SEC ID NO: Z},

ATASTMDHARHGELEPRERDTGIL(SEQ ID NO: 4},

IGRFEGGDRG RTAHY (SEQ ID
LD NOs 7)), GSGEDSHHPARTAHYGSLPQ (SEC 1D NO:

9), HAARTAHYGSL

JKBQGHR{SEQ ID No: 10},
ID NOo: 12},
ID NO: 14},

DENEWY ENPVVHEFKNIVTPR({SEQ ID NO: 16},

NPVVHEEFKNIVTP (SEC ID NO: 18},

VVHFFENIVTPRTP? GKGRGL{SEQ ID NO: 22},

P3OGKGRGLSLSRESWG IGAEGQRP {(SECQ ID NO: 24;,
LSREFSWCGAEGQRPGEG! SDYKSAHXK (SEQ 1D KNO: 28],
ASDYKSAHKGIKGVDAQGT (SEQ ID NO: 27), FKGVDAQGTLSKIFKLGGR(SEQ ID NO: 28),

VDAQGTLSKIFKLGGRDSRS (SEQ ID NO: 29), and SKIFKLGGRDSRSGSPMARR{SEQ ID NO:

30 .

14
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An example nucleic acid sequence encoding the MBP antigenic peptide of SEQ 1D
NG: 15 is provided below:

GATGAGAATCCCGTGETTCATTTTTTTAAGAACATCGTCACACCGCGCACCCCACCTG (SEQ ID NO: 411)

Specific examples include MBP13-32, MBP89-101, MBP83-99, MBP111-129, or
MBP146-170.
Exemplary amino acid sequences for human mvehn oligedendrocyte glveoprotein,

proteolipid protein, and myelin associated glycoprotein are provided below:
>CAAS52617.1 myelin oligodendrocyte glycoprotein {Homo sapiens]

MASLSRE
VVHLYRNG
VSPGVLY

>AAA60117.1 proteolipid protein [Homo sapiens]

MELLECCARCLVGAPFASLVATGLCFFGVALE CGOGHEALTCTEKLIETYF SKNYQDYEYLINVIHAFQYVIYGT
ASFFELYGALLLAZGEYTTGAVRQIFGDYKTTICGKGLSATVIGEOKG! mspbw;),x SLERVCTCLGKWLGHED
EVGITYALTVYHLLY ; YGVLPWNAFPGRVCGENLL

SICKTARFOMTIFHLEIAAFVG! (380 ID NO: 32)

CSAVEVY

An exemplary antigenic fragment of PLP is underlined and in boldface. Other

examples include PLP139-151¢4) or PLP178-191.

>AAH93045 1 Myelin associated glycoprotein {Homo sapiens]

MIFLTALPLEWIMISASRGGHWGAWMPS SISAFEGTCVIIPCREDEFPDELRPAVVHGVUWYENSPYPKNYPPVVEK

SRTQVVHESFQGRSRLLGDLGLRNCTLLLSNV3 PELGGKYYFRGDLGGYNQYTEFSEHSVLDIVNT
AGTEVEVSCMVPDNCPELRPELSWLGHEGLGEPAVLGRLREDEGTWVQVSLLEFVEPTREA
VSMDVRKYPPVIVEMNSSVEA SHV S RDGTVL
JGLSVMYAPWK EGETVSILCSTQSNPDRI
ENQYGORATAFNLSVEFAPVLLLESHCAAARDTVQCLCVVKS
REEVYSERSGLVLTSILTLRGOAQAPPRVICTARNLYGAKSLELPEFQGAHRL
LIATIVCYITQTRREKANVTESPSEFSAGDNPPVLESSDERISGAPEKYESKEVSTLESH (SEQ ID NO: 55)

2PPLI

(I GDVGAVVAE

Table 1 below provides additional exemplary autoantigens associated with other

autoinumune diseases.
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Autoantigen GenBank Associated Autoimumnune Disease
Accession No,
Dopachrome tautornerase AAH28311.1 Alopecia arcata

Melanoma antigen gpl100

AACON634.1

Alopecia arcata

Melanocyte protein Pracl

NP_001186983.1

Alopecia areata

Melanocyte-stimalating honmone receptor

NP 0023774

Alopecia areata

Trichohvalin

AAAG3582.1

Alopecia areata

Tyrosine 3-1eenooxygenase

NP_934986.2

Alopecia areata

Amyloid beta A4 protein

NP_000475.1

Alzheimer's

Vasoactive intestinal polypeptide receptor 1

NP_004615.2

Ankylosing spondyliis

Latent membrane protein 2

CAA57360.1

Ankylosing spondylitis

Nitrogenase iron protein

ART03999.1

Ankylosing spondylitis

Aggrecan core protein

NP 0011263

Aunkylosing spoadyvhitis

Beta-2-glycoprotein |

NP_000033.2

Antiphospholipid svndrome

M protein precursor

AAAZ6918.1

Antiphospholipid syndrome

Large tegument protein

ACL31127.1

Autiphospholipid syndrome

Steroid 21-hydroxylase

NP 0060491 .4

Autotmrmune adrenaliiis

Sterotd 17-alpha-hydroxylase/17.20 lyase

NP _000093 1

Autoimmune adrenalitis

Potassium-transporting ATPase alpha chain

AAB30i72.1

Autoimmune gastritis

Potassium-transporting ATPase beta chain

AAA33987 1

Autoimmune gastritis

Cytochrome P450 2D6

ABB77909.1

Autotmmune hepatitis

Genome polyprotein

S§35630

Autoimmune hepatitis

O-phosphoservi-tRNA(Sec) selenium
transferase

NP 0586513

Autoimpume hepatitis

Asialoglvcoprotein receptor

AABSE308.1

Autoimmunc hepatitis

Glutathione S-transferase

CAA48637.1

Autoimmumne hepatitis

Cyiokeratin 8

AABI8966.1

Autoimmune hepatitis

M protein

AAAZ6918.1

Autoimowme myocarditis

Myosin-7

NP 0002482

Autoimmume myocarditis

Cardiac myosin light chain |

AAF91089.1

Autotmraune myocarditis

Cardiac myosin light chain 2

AAAD1832 T

Autoimmune myocarditis

Cardiac actin

NP 0051501

Autoimmune myocarditis

Troponin 1 ACH4461.1 Autotmmune myccarditis
Thyroid peroxidase AAAG1217.2 Autoimraune thyroiditis
Thvrotropin receptor AAB23390.2 Autcimmune thyvroiditis

Thyroglobulin

NP 0032264

Autoimmume thyroiditis

S-arrestin

NP 0003322

Autoimmune uvelitis

LAMEP2

AABGTI141

Autommmune vasculitis

Myecloperoxidase

AAA39863.1

Autoimvume vasculitis
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Mycloblastin

NP 0027633

Auntoimmune vasculitis

Alpha-gliadin

AFX69628.1

Coeliac disease

Protein-glutamine gamma-
gintamyliransferase 2

NP_004604.2

Coeliac discase

75k gamma secalin

ADPY53479 1

Cochiac disease

Gamma | hordein

AFMT77738.1

Cocliac disease

Avenin-3-like

ADAG2372.1

Coehiac disease

Glycosyltransferase

ANRYS33567.1

Crohn's disease

60 kDa heat shock protein, mitochondrial

NP_002147.2

Crohn's discase

Transmembrase protein UO-44D

NP 0021472

Crobn's disease

GM-C5F

AAAS2578.1

Crohn's discase

Sucrase-isomaltase. intestinal

NP_001032.2

Crohn's disease

Glutathione peroxidase 2

NP _002074.2

Croha's disease

60 kDa chaperonin 2

ARXT705711

Crohn's discase

Pancreatic secretory glvcoprotemn 2
Y B

NP_0014932

Crohn's disease

60 kDa chaperonin 2

OMH38317.1

Croha's discase

Cytoskeleton-associated protein 5

EAWGT976.1

Crohn's disease

AhpC

ETZ742359.1

Crohn's discase

Leukotriene B4 receptor 2

NP_062813.2

Crohn's disease

protein 3

Chromodomain-helicase-DNA-binding NP 0012642 Dermatomyositis
protein 4
Chromodomain-helicase-DNA-binding NP _001005273.1  |Dermatomyositis

Beta-1 adrenergic receptor

NP 0006751

Dialated cardiomvopathy

Muscarinic acetylcholine receptor M2

NP_001006633.1

Dialated cardiomyopathy

Collagen alpha-3(1V) chain

CAA36335.1

Goodpasture’s syndrome

Thyrotropin teceptor

AAB23390.2

Grave’s disease

Thyroid peroxidase

AAAGI217.2

Grave’s discase

Thyroglobulin

CAA29104.1

Grave’s disease

Glutamate decarboxylase 2

NP_0060809.1

Grave’s disease

TSHR protein

AAIZT629.1

(Grave’s disease

Thyroid peroxidase

AAAGI217.2

Hashimoto’s thyroiditis

Thyroglobin CAA29104.1 Hashimoto’s thyroiditis
Thyroid stimulating hormose receptor AA4I97LL Hashimota's thyroiditis
Insulin AAA391721 Hypogveemia
Insulin receptor AAAS9452.1 Hypogycemia

Integrin beta-3

NP_060203.2

Immune thrombocytopenic purpura

Integrin alpha-iib

NP _000410.2

Immune thrombocytopenic purpura

Platelet glycoprotein Ib alpha chain

NP 0001645

Immune thrombocytopenic purpura
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Platelet glycoprotein la

AAAS2600.1

Immmune thrombocytopenic purpura

Thrombopoietin

AABO3393. 1

Immune thrombocytopenic purpura

Insulin receptor

AAAS9452 1

Insulin resistant diabetes

Phosphulipase A2

NP_060919.1

Membranous nephritis

Myelin basic protein

AAC41944

Muluple sclerosis

Myelin proteolipid protein

AAAS9565.1

Multiple sclerosis

Myclin-oligodendrocyte glycoprotein

CAA52617.1

Multiple sclerosis

Epstein-Barr nuclear antigen |

QIHVF7.1

Multiple sclerosis

DNA polymerase catalytic subunit

AMDS2168.1

Mutltiple sclerosis

2' 3'cyclic-nucleotide 3'-phosphodiesterase

AAB24298.2

Multiple sclerosis

Oligodendrocvie-myelin glycoprotein

AAASS970.1

Multiple sclerosis

Agquaporin-4

AAMH22286.1

Maultiple sclerosis

Actin, cytoplasmic 1

NP 0010921

Multiple sclerosis

Transposase, rutator family protein

EUA40098.1

Multiple sclerosis

E4 gene product

YP 002640224 1

Multiple sclerosis

Protein BOLF1

ATES9051.1

Multiple sclevosis

Myelin-associated glvcoprotein

AAH3045 1

Multiple scierosis

Transaldolase

NP_006746.1

Multiple sclerosis

Pogsible transposase

CCP46636.1

Multiple sclerosis

Claudin-~11

NP 005593 2

Multiple sclerosis

Interferon beta

AAL41702.1

Multiple sclerosis

Alpha-crystallin B chain

ACAD5949 1

Multiple sclerosis

Apolipoprotein E

AAB3I518.1

Multiple sclevosis

Epstein-Barr nuclear antigen 6

AAALSE9S ]

Multiple sclerosis

Trans-activator protein BZLF1

BAP94413.1

Multiple sclerosis

Hemagglutinin

ALBO7770.1

Multiple sclerosis

Protein S100-B

NP 006263 1

Multiple sclerosis

DNA polymerase catalytic subumit

SCL76875.1

Multiple scierosis

Tripartite terminase subunit UL1S

SCL768064.1

Multiple sclerosis

Glyceraldebyde-3-phosphate dehydrogenase

CAA258331

Multiple sclevosis

Alpha-enolase

CAA34360.1

Multiple sclerosis

Neurofilament light polypeptide

NP 0061492

Multple sclerosis

Connexin 43

AAAS2131 1

Multiple sclerosis

Neurofilament medium polypeptide

NP 0033732

Multiple sclerosis

PCOTE ankyrin domain family member |

NP 0612643351

Multiple sclerosis

60 kD heat shock protein, mitochondeial

NP_002147.2

Multiple sclevosis

Epstemn-Barr noclear antigen 3

BAPO4411 1

Multiple sclerosis
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Putative HTLV-1-relaled endogenous
sequence

CAA34646.1

Maultiple sclerosis

Glial fibriflary acidic protein

AAB22581 1

Multiple sclerosis

Phosphomannomutase/phosphoglucomutase

OPAG2825.1

Multiple sclerosis

Minor capsid protein L2

P36745.1

Multiple scierosis

N-acetylmuramoyi-L-alanime amidase CwiH

KIX84070.1

Multiple sclerosis

ATP-sensitive inward rectificr potassium
channel 10

NP 0022322

Multiple sclerosis

mRNA export factor ICP27 boraolog

YP_401659.1

Multiple sclerosis

Acetylcholine receptor subunit alpha

NP_001034612.1

Myasthenia gravis

Acetylcholine receptor subunit garama

NP 005190 4

Myasthenia gravis

Acetylcholine receptor subunit delta

NP_060742.1

Myasthenia gravis

Acetyicholine receptor subunit epsilon

NP_000071.1

Myasthenia gravis

Muscarinic receptor

AABY5158.1

Mpyasthenia gravis-MUSC

Aguaporin 4

AAH22286.1

Neuromyelitis optica

Alpha-synuclein

NP _000336.1

Parkinson's disease

DNA polymerase processivity factor SBO07788.1 Parkinson's disease
Desmoglein-3 NP 06193352 Phemphigus
Collagen alpha-1{XVII) chain NP 0004853 Pherphigus
Desmoglein-1 NP 0019332 Phemphigus
Glutamate decarboxylase 2 NP_000809.1 Prediabetes

60 kDa heat shock protein, mitochondrial NP 0021472 Prediabetes

Insulin AAAS9172.1 Prediabetes
Insulin, isoform 2 NP _001035835.1  {Prediabetes

Islet cell antigen NP 0028371 Prediabetes

Dibvdrolipoyitvsise-residue acetyltransferase
component of pyruvate dehvdrogenase
complex

NP_0619222

Primary biliary cirrhosis

Dihydrolipoyllysine-residue acetyltransferase
component of pyruvate dehvdrogenase
complex

OAFG8393.1

Primary biliaty cirrbosis

Dibyvdrolipoyltysise-residuc
succinyltransferase component of 2-
oxoglutarate dehwvdrogenase complex

WP_032229692.1

Primary biltary cirrbosis

Glycogen phosphorylase

AACIE079.1

Primary biliary cirrhosis

Nuclear pore glveoprotein 210

NP _079199.2

Primary bibary cirrhosis

Sarcosine dehvdrogenase

AAD32214.1

Primary biliary circhosis

Sulfite oxidase

AAATA8EG. L

Primary biliary cirrhosis

Transghutaminase

BAA14329.1

Primary biliary cirrhosis

Nuclear autoantigen Sp-100

NP_001073860.1

Primary biliary circhosis

1%
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Dihydrolipoyllysine-residuc
succinyltransferase component of 2-
oxoglutarate dehvdrogenase complex,
mitochondrial

NP_001924 .2

Primary biltary cirrhosis

Nuclear pore p62

AAAS9990.1

Primary biliary cirrhosis

M protein precursor AAA26918.1 Psonasis
Keratin, type 1 cytoskeletal 16 NP 0055482 Psoriasis
Keratin, type I cytoskeletal 17 NP_000413.1 Psoriasis
ADAMTS-like protein 5 NP _998769.2 Psorniasis

Transcriptional activator

AHF70996.1

Psonatic arthritis

Fibrninogen alpha chain

AAIDIS36.1

Psoriatic arthritis

Vimentin

NP_003371.2

Psonatic arthritis

Nebalin-related-anchoring protein

Al26408.1

Psonatic arthritis

M protein

CAM31002.1

Rheumatic fever

Myosin-2

NP_060004 3

Rheumatic fever

Fibrinogen beta chain

AAL06761.1

Rheumatoid arthritis

Vimentin

NP_003371.2

Rheumatoid arthritis

Rheumatoid factor (Ig()

AAHT3766.1

Rheumatoid arthritis

Glucose-6-phosphate isomerase

ARI36701.1

Rheumatoid arthritis

Collagen alpha-1{II) chain

NP _ 0618353

Rheumatoid arthritis

Fibrinogen alpha chain

AATINI936.1

Rheumatoid arthritis

Alpha-enolase

CAA34360.1

Rheumatoid arthritis

Tryptase precursor

AAABGY341

Rheumatoid arthritis

Filaggrin

NP_002007.1

Rheumatoid arthritis

Aggrecan core protein

NP 0011263

Rheumatoid arthritis

Srazll nuclear ribonucieoprotein Sm D1

NP_008869.1

Rheumatoid arthritis

Ribosomal proteis L.23a

AABL17510.1

Rheuvmatoid arthritis

60 kDa chaperonin 2

OMH38317.1

Rheumatoid arthritis

Trans-activator protein BZLF1

BAP94413 1

Rheumatoid arthritis

Epstein-Barr nuclear antigen |

YP 401677.1

Rheumatoid arthritis

Chaperone protein Dnal

EDV64758.1

Rheumatoid arthritis

60 kD heat shock protein, mitochondeial

NP_002147.2

Rheumatoid arthritis

Chitinase-3-hke protein 1

NP_0012672

Rhepmatoid arthritis

mRNA export factor ICP27 homolog

YP 4016591

Rheumatoid arthritis

Arrestin

AAC50992 1

Rheumatoid artheitis, iritis

Protein BOLF!

AIEB9051.1

Rheumatoid arthritis, juvenile

60 kDa heat shock protein, mitochondrial

NP 0621472

Rheumatoid arthritis, juventle

Major DNA-binding protein

BAX36606.1

Rheumatoid arthritis, juvenile

Keratin, type I cvioskeletal 3

NP 4764292

Rhewnatoid arthritis, juvenile

Fibrillin 1

BAD16739.1

Rhevmatoid arthritis, juvenile

Tenascin precursor

NP 0021512

Rheumatoid arthritis, juvenile
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Stromelysin-t preproprotein

NP 0024131

Rheumatoid arthritis, juvenile

Interstitial collagenase

NP 0024121

Rheumatoid arthritis, juvenile

OspA

CAA32579.1

Rheuraatoid arthritis, Lyme

Integrin alpha-L

NP 0022002

Rheumatoid arthritis, Lyme

DNA topoisoraerase 1

NP_063277.1

Scleroderma/Systemic sclerosis

Histone H3-like centromeric protein A

NP_001800.1

Scleroderma/Systemic sclerosis

Small nuclear ribonucicoprotein Sm D1

NP_008869.1

Scleroderma/Systemic sclerosis

Major centromere autcantigen B

NP_001801.1

Scleroderma/Systemic sclerosis

E3 ubiquitin-protein ligase TRIM21

NP 0031322

Scleroderma/Systemic sclerosis

Epstein-Barr nuclear antigen |

YP_401677.1

Sclercderma/Systemic sclerosis

UL1/U12 snRNP

Q6IEGO

Scleroderma/Systemuiic sclerosis

tRNA 2-O-methyltransferase fibrillarin

NP_001427.2

Scleroderma/Svstemic sclerosis

Riboouclease P protein subuait p25

NP_060263.2

Sclercderma/Systemic sclerosis

60 kDa SS-A/Ro ribonucleoprotein

NP_001166995.1

Sjogren’s syndrome

Lupus La protein

NP 0031331

Sjogren’s svadrome

E3 ubiquitin-protein ligase TRIM21

NP 0031322

Sjogren’s syndrome

Muscarinic acetylcholine receptor M3

NP 0007311

Sjogren’s syndrome

Small suclear riboaucleoprotein Sm D1

NP_008869.1

Sjagren’s syndrome

Ul small nuclear ribonucleoprotein A

NP _004387.1

Sjogren’s syndrome

Putative HTLV-1-related endogenous
sequence

CAA34646.1

Sjogren’s syndrome

Calreticulin

AAB51176.1

Sjogren’s syndrome

Spectrin alpha chatn, non-crythrocytic |

NP_001123916.1

Sjogren’s syndrome

Beta-tubulin

AAB39507 1

Sydenham's chorea

Dopamine receptor |

NP 0007851

Sydenham's chorea

Dopamine receptor 2

NP_000786.1

Sydenham's chorea

60 kDa S5-A/Ro nbonucleoprotein

NP 0011669951

Systemic tupus erythematosis

Small noclear ribonucieoprotein Sm D1

NP_008869.1

Systemic lnpus erythematosis

Ut smali nuclear nbonucleoprotein 70 kDa

NP _003080.2

Systemic lapus erythematosis

Natural killer group protein 2-A

AACT7488.1

Systemic fapus erythematosis

Srasl} nuclear ribonucleoprotein-associated
proteins B and B’

NP_937859.1

Systemic fupus erythematosis

Sraali nuclear ribonucleoprotein-associated
protein N

NP_001336393.1

Systemic iupus erythematosis

E3 ubiquitin-protein ligase TRIM21

NP 0031322

Systemic lopus erythematosis

Epstein~-Barr nuclear antigen 1

YP 4016771

Systemic hupus erythematosis

U1 small nuclear ribosucleaprotein C

NP_003084.1

Systemic upus erythematosis

NHP2-like protein |

NP_001003796

Systemic lapus erythematosis

60S acidic ribosomal protein P2

XP_805182.1

Systemic fupus erythematosis
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Histone H1.4

NP 0053121

Sysiemic lapus erythematosis

Glutamate decarboxylase 2

NP 0008091

Type | diabetes

Insulin

AAASS1721

Type 1 diabetes

Islet cell antigen

NP 0028371

Type I diabetes

Glucose-6-phosphatase 2

NP 0669991

Type 1 diabetes

60 kDa heat shock protein, mitochondrial

AAH02676.1

Type | diabetes

Zinc transporter 8

AAP44332.1

Type 1 diabetes

Insulin, isoform 2

NP_001035835.1

Type | diabetes

Genome polyprotein

AAXZ3962. 1

Type I diabetes

Islet amyloid polypeptide

NP_000406.1

Type 1 diabetes

Hemagglutnin

ALBO7770.1

Type 1 diabetes

islet amyloid polypeptide

NP_000406.1

Type 2 diabetes

Zine transporter 8

AAPA4332 .1

Type 2 diabetes

Pancreatic secretory glycoprotein 2

NP 0014932

Ulcerative colitis

GM-CSF

AAMAS25TEL

Ulcerative colitis

Myeloblastin NP (62768.3 Ulcerative colitis

Type VII collagen AAA96439.1 Uleerative colitis
Melanocyte protein PMEL NP 0011869831 Vitihgo
Melanig-concentrating hormone receptor T [NP_0052883 Vitilige

Tyrosine 3-monooxy genase NP 9549862 Vitiligo

Tyrosinase NP_000363.1 Vitiligo

L-dopachrome tautomerase NP _001913.2 Vitdigo

TrpCl NP_001238774.1  |Vitihigo

Myecloblastin NP 0027683 Wegener's granulomatosis

Collagen alpha-1(If) chain

NP 0018353

Wegener’s granulomatosis

Table Z below provides HLA and classes commonly associated with amtoinunune

disorders though in the exemplary case the HLA or a portion of the HLA will be patient

specific and derived from high resolution sequence of the patient suffering from the disorder

or a serojogical equivalent.

Table 2. HLA types and classes commonly asseciated with autcimmune disease

Commeon HLA Class [Common Common HLA {Common { Associated Autolmmune Biscase
H Serotypes Class 11 Class § Class §
Variants Serotypes Variants
DR4 (e,g,. DRBI*04); IDRB1*04:01; (A2 (e.g., A*02) {A%02; Alopecia arcata
and DRS (e.g., DRB1*1L, A*02:01;
DRB1*11 and and and
DRB1*12) DRB1*11:04 B*07.02
A2 Alzheimer's
327 (e.g., B¥27:02; |Ankylosing spondylitis
B*2701-2759); {B*27.05;
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B27-B40; and
B7 (e.g., B*07)

B*40:01;
B*52;
and
B*38

DR7 (e.g.,
DRBI1*0701-0705);
DR4; DR3; and
DR12 (c.g.,
DRBI1*1201-3 and
DRBI*1206)

DRBI1*09;
DRB1*09:01;
DRB1*04;
DRB1*04:05;
and
DRB1*14

Antiphospholipid syndrome

DR17(c.z.,
DRB1*0301 and
DRBI1*0304); DR4;
DR4/DR3;
DQ2{eg,
DOBI*02); and DQY
(e.g., DOQB1*0302)

DRB1*03:01;
DRBI1*04; and
DRB1*04:04

Autoimmune adrenalitis

DR2 (e.g., DRB1¥15
and DRBI

Autoimmune gastritis

DR3 (c.g., DRBI*03);
and
DRI1-DQ7.5

DR4: DRS;
DR2/DR4: and
DR4/DRS
DRB1*03:01; Autoimmune hepatitis
DRB3*01:01;
DRB1*04:01;
DRB1*04:03;
DRBI1*07; and
DRBI1*13:01
DR7; DR4; DRB1*04:09; Autoimmune myocarditis
DRIl (eg. DRB1*07; and
DRBI*1101 to DRB1*04
DRBI*1110);

B27 A*29:02; {Autoimmune uvelitis
A29(e.g., and
A*29); and B*57:01
B5t(ecg.,
B*51)
DQ2; D8, DQA1#05:01/ Cocliac discase
DRI2-DQ75;and  |DQBI*02:01;
DR7-DQ2.2 DOAL1#03/DO
B1*03:02; and
DOQAT*0305/
DOQBAT*0301
DR1 (c.g., DRBE*01); | DRBI*07; B27 Crohn's discase
and DR3 DRBI1*01:03;
DRB1*0301;
DRB1*0302;
and
DRB3*0301/D
RBI*1302
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DRBI*0301; Dermatomyositis
and
DRB1*0302
DR4 DRBI*0302 Dilated cardiomyopathy
DR2 BY (e.g., B*08) Goodpasture’s syndrome

DR17. DR32 (e.g.,
DRB3*); and DR7

DRB1*03:01;
DRB1*04:01;
DRB3*01; and
DRB3*0202

Grave’s discase

DR3; and DRS

Hashimoto’s thyroiditis

DR4

Immune thrombocytopenic purpura

DR3; DR4; and
DR3/DR4

Insulin resistant diabetes

DR3

DRBI*01:02

Membranous nephritis

DR2; DR15 (c.g.,
DRB1#1503-5 and
DRB1*1307); and
DR353 (DRB4%)

DRB1*15:01;
DRBI*15:01/
DRB1%15:01;
DRB1*135:01/
DRB3*01:01;
DRBI1*15;
DRB5*01:01;
DPw2Z;
DRBI1*04:01,
DRB1*04:04;
DPAT*01:03/
DPB1*02:01;
DPAL*GL:03/
DPB1*04:01;
DQA1#01:02/
DOB1*05:02;
DOB1I*06; and
DOBIH6:02

A3 (A*03); and
B7

Multiple sclerosis

DR17; DR3; and DR7

DRB1*03:01

Myasthenia gravis

DR14-DO5

Myasthenia gravis-MUSC

DR3

Neuwromyelitis optica

DR patient spectfic

Parkinson's disease

DR4; and DR6 DRBI*01:01; Phemphigus
and
DRB1*04:02

DR3; DR4; and DRB1*03:01; Prediabetes

DR3/DR4 DRB1*04:01;
and
DRBI*03:01/*
04:01
DR8{(c.g., DRBI*0801: Primary biliary cirrhosis
DRBI*0801-%0807 land
and DRB1*0810- DRBI*0803
#0812}
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B27; and Cwo
(C*06:02 and
C*06:03)

Psoriasis

Bi6 (e.g., B38
and B39);
Bi7{c.g. B57

and B38), B27,

B39 (g,
B*39); and
Cwo

Psoriatic arthritis

DR7

Rheumatic fever

DR4; DR4-DQS;
DRI, DRi2; and
DRiB ez,
DRBI1*0302 and
DRBI*0303)

DRB1*01:01;
DRB1*01:02;
DRB1*04:01;
DRB1*04:02;
DRB1*04:03;
DRB1*04:04;
DRB1*04:03;
DRB1*04:06;
DRB1*04:07;
DRB1*04:08;
DRB1*04:09,
DRB1*04:10;
DRB1*04:11;
DRB1*04:12;
DRB1*04:13;
horazygous
for the above;;
DRBI1*01:.01/*
(4:04; and
DRB1*01.01/*
04:01

Rheumatoid arthritis

DR4. DRS3;
DR14 (e.g.,
DRB1*1401-%1408
and DRB1#1410-
#1408); and DR15

DRB1*04:01;
DRB1*04:04;
DRB1*04:035;
DRB1*14:02;
and
DRB1*12:01

Rheumatoid arthritis, juvenile

DRS3; and DR11

DRB1*04:01;
DRB1*10:01;
and

DRBI1*11:02

Rheumatoid arthritis, Lyme

DR11; and DR8

DRBI*11:04

Rheumatoid arthritis, pauciarticular
(invenile)

DRS

DRB1*12:01

B35

Rhecumatoid arthriis, mitis

DRS

DOBI*05:01;
DRBI*11;

DRB1*11:04;
DRB1*15:02;
DRB1*13:02:
DRB1*04:06;

Scleroderma/Systemic sclerosis

DRBI*03
DRBI*15;

Sjogren’s syndrome

b2
wh
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DRB1*15:01

DR1

B4Y (c.g,
B*49)

Svdenham’s chorea

DR11; and DR33-
DR7

DRBI*13:01.
DRB1*15:01;
DRB1*04:02;
DRB1*04:03;
DRB1*04:06;
DRBI1*11:01;
and
DRB3*03:01

Systemic fupus erythematosis

DR3

DRB1*03:02:
DRB1*04:
DRB1*04:01;
DRB1*04:02;
DRB1*04:05;
DRB1*03:01;
and
DRBI*03:01/
DRBI*04:01

Type 1 diabetes

DR4

Tvpe 2 diabetes

DR1

DRB1*01:03;
and
DRBI1*15:02

B27

Ulcerative colitis

DRB1*07:01

A¥G2:00

Vitiligo

DPB1*04

Wegener’s granslomatosis

In some embodiments, the antigenic peptides used herein are associated with HLA-

DR*1501, for example, GAD peptide TYEIAPVFVLLFYVTLKKMR (SEQ 1D NOG: 34)

(involved in Type I diabetes), the MBP peptides listed above, the following MPP peptides
(involved in MS) LLECCARCLVGAPFASLVATGLCFFGVALFC (SEQ ID NO: 35),

LYGAPFASLVATGLCFFGVA (SEQ ID NO: 36),

FGVALFCGCEVEALTGTEKLIETYFSKNYQD (BEQ ID NG: 37),
LFCGCGHEALTGTEKLIETY (SEQ ID NOG: 38), TGTEKLIETYFSKNYQDYEY (SEQ ID

NO: 39), TGTERKLIETYFSKNYQODYEYL (SEQ 1D NO: 40),

YFSKNYQDYEYLINVIHAFQYVIYGTASFFFL (SEQ ID NG: 41),
GTASFFFLYGALLLAYGFYTTGAVRQIFGDYK (SEQ ID NO: 42),

LYGALLLAEGFYTTGAVROU(SEQ 1D NO: 43), FYYTTGAVROIFGDYKTTICG (SEQ

ID NO: 44), AVRQIFGDYKTTICGKGLSATY (SEQ 1D NQO: 45},
ROQIFGDYKTTCGRKGLSATVTGGORKGRGSRGQ (SEQ 1D NO: 46},

KGLSATVTGGQKGRGYRGQOH (SEQ ID NO: 47),
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QKGRGSRGOHQAHSLERVCH (SEQ ID NQ: 48),
KGRGSRGOHQAHSLERVCHCLGCWLGHPDKFV (SEQ ID NG: 49),
LGHPDKFVGITYALTVVWLLVFACSAVPVYTY (SEQ ID NO: 50},
SAVPVYIYENTWTTCQOSIAAPCKTSASIGTLC (SEQ 1D NO: 51),
AVPVYIYFNTWTTCQSIAFP (SEQ ID NO: 52),
WTTCQSIAFPSK TS ASIGSL (SEQ ID NO: 53),
SASIGTLCADARMYGVLPWNAFFGKVCGSNLL (SEQ ID NO: 54),
KVCGSNLLSICKTAEFQMTFHLFIAAFVGAAA (SEQ 1D NO: 55),
AAFVGAAATLVSLLTFMIAATYNFAVLKLMGR (SEQ ID NO: 56),
MIAATYNFAVLKLMGRGTKF (SEQ IDNO: 57). and
MAATYNFAVLKLMGRFTKF (SEQ ID NO: 58).

In some embodiments, the antigenic peptides or antigenic polypeptides are patient
specific and designed for the patient’s MHC. For example, a physician can diagnose the
patient with an autoinunune disorder and determine the severity of the disease. The patient’s
Class I{HLA-A B, and ) and Il (HLA-DR, DQ, DP)} regions can be typed, which can now
be performed at high resolution using DNA sequencing and with comparison to a reference
database {(www.ebi.ac uk/ipd/imgt/hia). The patient’s Clags I and H MHC with the strongest
evidence of autoimmune involvement can be identified for the disorder. Thosea known to be
associated with a particular autoimmune disorder can be used as references. See, e g., Tables
1 and 2. The strongest evidence based antigens are identified for the disorder tedb.org/} and
Table 1. A set of personalized peptide (cbs. dtu.dk/services/NetMHC/ or
cbs.diu.dk/services/NetMHCIV) and protein targets (for Class 1) that are expected to bind the
patient autoimmune implicated MHC can be identified.

Personalized MHC-C ARs lentivirus or mENA can be prepared for the patient to
enable targeting of pathogenic immune cells. The personalized lentivirus is used to prepare
autologous or alfogeneic T cells (CTL and/or Tregs) that can be combined with receptor or
celiudar modifications to allow co-treatment with additional therapeutics, desired interactions
with pathogenic cells, routing to a destred ocation (for interaction with pathogenic
inflammatory or inflammation generating cells), or secretion of cyiokines (1o reduce

inflammation).

{¢y Co-stimulatory signaling domains

Many vomune cells require co-stivmlation, in addition to stimulation of an antigen-

specific signal, to promote cell proliferation, differentiation and survival, as well as to

3%
-~
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activate effector functions of the cell. The MHC-CAR described herein may comprise one or
more co-stimulatory signaling domain. The term “co-stimulatory signaling domain,” as used
herein, refers to at least a portion of a protein that mediates signal transduction within a cell
to induce an immune response such as an effector function. The co-stimulatory signaling
domain of the MHC-CAR described herein can be a cvtoplasmic signaling domain from a co-
stimulatory protein, which transduces a signal and modulaies responses mediated by immune

cells, such as T cells, NK cells, macrophages, neutrophils, or eosinophils.

Activation of a co-stimulatory signaling domain in a host cell (e.g., an immune cell)
may induce the cell to increase or decrease the production and secretion of cytokines,
phagocytic properties, proliferation, differentiation, survival, and/or cytotoxicity. The co-
stimulatory signaling domain of any co-stimulatory molecule may be compatible for use in
the MHC-CAR described herein. Examples of co-stimulatory signaling domains for use in
the chirueric receptors can be the cvtoplasmic signaling domain of co-stimulatory proteins,
including, without limitation, members of the B7/CD28 family (e.g., B7-1/CD80, B7-
2/CD86, BT-HI/PD-L1, B7-H2, CD28, CTLAA4, ICOS/CD278, or PD-1); members of the
TNF superfanuly (e.g 4-1BB/TNFSF9/CD137, 4-1BB Ligand/TNFSF9, CD40/TNFRSFS,
CD40 Ligand/TNFSF3, DR3/TNFRSF25, OX40/TNFRSF4, OX40 Ligand/TNFSF4, or TNF-
alphay); and other molecules, such as FRB, and FKBF, that allow co-stimulation to be induced
only in the presence of a specific drug molecule (but here in association with a the unique
heterodimeric MHC-CAR). Wu et al., Science, 350(6258):2ab4077, 2015, In some
embodiments, anv of the cytoplasmic signaling domains of co-stimulatory proteins may be
used in receptors targeting mactive bystander B cells (e g, with a CD19 or CD20-CAR) or
plasma cells (e.g., with a CS1-CAR and/or CS1 knockout).

in some instances, the MHC-C AR may comprise a combination {e.g.. 2 or 3) co-
stimulatory domains, which may be from the same co-stimulatory receptor or from different
co-stimulatory receptors. Examples include: CD28+4-1BB, CD28+FRB, CD28+FKBF, or 4~
IBB+FRB. See also Figure 9. fu some examples, the MHC-CAR comprises a ¢o-
stimulatory domain from CD28, a co-stimudatory domain from 4-1BB, or both. In some
embodiments, the co-stinmmdatory domain is preceded by a short linker. For example, fora
class T MHC-CAR, the short linker may be TS {i.e., a MHC internal Linker); fora class 1
MHC-CAR, the short linker may be PG
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in some instances, the MHC-CAR constructs described herein may include no co-
stimulatory domain. Alternatively, 1t may contain a non-traditional element such as a
TALEN nuclease, activators, or repressors which may now be implemented in a clinically
applicable lentiviral form using a recoded or non-repeat containing TAL domain and would
be linked to a single chain MHC-CAR through a membrane domain derived from Notch.

Exemplary co-stimulatory domains for use in the MHC-CAR described herein

include, but are not limited to:

41BB intracellular domain. XRGRRKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEESGCEL (SEQ ID
NC: 58}

CEDGCSCREPE

41BBe infraceihdar domain: pgKRERKKLLY IFKQP
(SEQ ID NG: 60)

D28 intracellular domain: RSKRSRGCHSDYMNMT PRRPGPTRKHYCPYAPPRDFAAYRS (SEQ 1D
NGC: 61}

CD28e miracellular domain: pgR3KRSRGGASDYMNMTPRRPGPTRXAYOPYAPPRUFAAYRSaha (SEQ
ID NO: ©2)

ASRLYEFGERNVKGMEEVLE GRDLMEAQEWCRKYMKSGNVEKD

LLQAWDLYYHVFRRI (SEQ ID NC:

FBP-with linkers

(GSSS) -

EMWHEGLEEASRLY FCERNVKGME EVLEP LHAMM ST SENQAYGRDLMEAQEWCRKYMKSGNV
KDLLOAWDLYYHVFRRI Vi (SEQ

FKRB

GVOVETISPGDGRTFPRKRGOTCVVHY TGMLEDGKKEFDSSRDRNKPE

SPDYAYGATGHPGILPPHATLVEDVELLKLE ({SEQ LD NO: 63}

KEMLGROEVIRGWEEGVADMSVGORAKLT

FKBP-with linkers

DGRTEPKRGOTCVVHYTGMLEDGKKEDSSRD

¢ GVAQMST
[ SPDYAYGATGHPGI L PPHATLVF DVALLKLE

{d)y Cvtoplasmic signaling domain
Any cytoplasmic signaling domain comprising an immumoreceptor tvrosine-based

activation motif (ITAM) can be used to construct the chimeric receptors described herein.
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An “TTAM,” as used herein, is a conserved protein motif that is generally present in the tail
portion of signaling molecules expressed in many immune cells. The motif may corprises
two repeats of the amino acid sequence YxxL/] separated by 6-8 amino acids, wherein each x
is independently any amino acid, producing the conserved motif YxxL/Ix{6-8)YxxL/I. In
some examples, the cytoplasmic signaling domain comprising an ITAM is of CD3{. Insome
examples, the MHC-CAR does not comprise a co-stimulatory domain and the cytoplasmic
signaling domain is preceded by a short linker. For example, for a class I MHC-CAR, the
short linker may be TS (i.e., a MHC internal Linker}. For example for a class I MHC-CAR,
the short linker may be PG. In some cases the linker may be AHA or absent, such as certain

instances when a co~stimulatory domain occurs before a signaling domain,

in some embodiments, the MHC-C AR may include no cytoplasmic signaling domain,
for example, that of CD3L. Such CD3{-free MHC-CAR would have suppressive effects
against target celis or induce target cell death. Moising, et al., The Journal of hnvmunology.
18(5), pp.3601-3611.

Provided below is an exemplary cytoplasmic signaling domain from CD3{;

*1

VEKESRSADAPAYQQGONQLYNELNLGRREEY DVLDKRRGRDPEMGGKEFRRKNPQEGLYNELQKDKMAR
AYSELGMEGERRRGKGHDGLYQGLITATKDTYDALIMCALPPR (SEQ ID NC: &7)

Provided below are exemplary nucleic acid sequences encoding a cytoplasmic signaling
domain from CD3L

ITTCCCEAAGTGC

AGAGTACG

AGGAAGAACCCACAAGAAGGCCTTTATAATGAA .

CGGAGGAGAGGAAAGGGACATEACGGA TCAAGGATTGIC
Ch

ATGAAGGGTGAACGGAGE!
TATGACGCGTTGCACATGCAGGCTCTCCCTCCGAGA (SEQ ID NO: 410)

ACAAC ‘oAA C

AGAGTA?

TPGEEG

n
ACGA!

GGGTCAAATTTAGCAGATCCGCTCACGCACCGGCCTACCAGTAGGGCCAGAACCAACTCTACAACGAGCTGAAT
“TCGGC‘\.GT-\CG!JG’”J:A STATGACGTACTCGACAAGCGGAGAGGTCH

GAGGETC

IalaTar:

CCGAAAAN

{e) Additional components

The MHC-CAR described herein moay optionally further include one or more of the
following components: a hinge dorain, a transmembrane domain, a signal (leader) peptide,
and a peptide linker.

In some instances, the antigenic peptide may be linked to a hinge peptide to enhance

immune targeting activity of the resultant MHC-CAR and/or to reduce antibody responses by
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the target cell to the MHC-TCR complex. In some examples, a MHC-CAR containing a
hinge peptide may not include a cytoplasmic domain {{for example, free of a CD3{ domain).
A MHC-CAR construct that contains a binge peptide may also include a MHC class I moiety.
The hinge domain may contain about 10-100 amine acids, e.g.. 15-75 anuno acids, 20-50
amino acids, or 30-60 amino acids. In some embodiments, the hinge domain may be of 10,
11,12, 13, 14,15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55,
60, 65, 70, or 75 amino acids in length.

In some examples, the following peptide linkers can be used in a class I MHC-CAR:

MHCTLinker 1 cGGG3GGGGESGGEES (SEQ ID NO: 68)

MHCILinker 2; GGGGGGSGESEESEE (SEQ ID NO: 69)

MHCILinker 3; GCGCSGGGGSG

MHCILinker 4. coGe366GG:

Exernplary peptide linkers for a class It MHC-CAR can be GSGSGSGS (MHCH
Linkerl; SEQ 1D NO: 72), GGGGSGGGGSGGGGS (MHC H Linkerdl; SEQ 1D NO: 68),
GGGGSGGGGSGGS (SEQ ID NO: 400), or those described herein as MHCI Linkers (i.e.,
MHCI Linkers 1-4). An exemplary pre-peptide linker for a class I MHC-CAR can be AS or

(S or one or two copies of either AS or GS.

An example nucleic acid sequence encoding the peptide linker provided by SED ID
MNO: 400 is provided below

GGGGGAGGCGGATCTGGCGCGAGGCGGGAGTGGAGGCTCA (SEQ ID NO:
401)

A hinge peptide for use in the MHC-CAR described herein may be derived from a
naturally-occurring receptor. Hinge domains of any protein known in the art to comprise a
hinge domain are compatible for use in the chimeric receptors described herein. In some
embodiments, the hinge domain is a portion of the hinge domain of CD8q, e.g., a fragment
coutaining at least 15 {e.g, 20, 25, 30, 35, or 40} consecufive arnino acids of the hinge
domain of CD8¢. Alternatively, it may be a synthetic peptide.

Exemplary hinge domains include: IYIWAPLAGTCGVLLLSIVIT (3EQ ID NO: 73},

and TWAPLAGICVALLLSLIITLI (SEQ ID No: 74). Additional examples are provided below:
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FKBE/FRB-CDS lunge:

5 m’uy TCVVHYTGMLEDGRRFDSSRDENKFFRKEMLGRQEV IRGWEREGVAQMSVGORAKLT
ISPDYAYGA PHATLVFDVELLKLEEAAAREAAAREAAAREAAARCGRVAILWHEMWHEGLEEASRLYF
GERN‘VKGMFEVLEPLHAMMZRGPQ TLEETS FNQAYGRDHVIEAQEWCRKYMKS GNVEDLLOAWDRLY YHVFRRITTT

PAPRPPTPAPTIASOZLSL RPAAGGAVHTRGLDEFACD (SEQ ID NO: 75}

[

GS short hinge: 6a6Gs

GS long hinge: GGGE3GGEESGEEESEEEES

SSGEEESGEEEIGEEES (SEQ 1D NO: 76)
H2-Kb hinge: LRWEPPPSTVSNM (SEQ ID NO: 77)

HLA-A2 hinge: Lx

CPTIPL (SEQ ID NO: 78)

HLA-A3 hinge: LARWELSSQPTIPI (SEQ ID NO: 793)

QOTTPGERSSLPAFYPGISGSCSGCGSLILE (SEQ LD NO: 80)

DAPI0 hinge:

DAP10 hinge with linker: (6555) ;0TTPGERSSLEAFYPGTSGSCSGCESLSLE (SEQ ID NO: 81)
DAP12 hinge: LRPVOAQAQSDCSCSTVSP (SEQ ID NO: 82)

DAP12 hinge with linker: (63551 LRPVOAQAQSDCSCSTVSE (SEQ ID NO: 83)
gl

FelgGlla hunge: GLAVSTISSFFPRPGYQ (SEQ ID NO: 84)
FelgGlifa hun WSTLIS YO {SEQ ID NC: 84)

CEh8a hmge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEACD (SEQ ID NC: 83}

IUGI hinge:

KSPDRTHTCRRPCPAZPVAGPS
STYRVYVSYVLTVLHQDY KC . y ]
CLVKGFYPSDIAVEWESN UQE'_.D\Ntl’TTP“VLZSLGSFFLYQKLT /DS RWGQGNVE SCSVMHEALHNHYTOKSL
SLSPGK {SEQ ID NO: 86}

PEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNA

DRA*0101 hinge: EFDAPSPLPETTE (SEQ ID NO: 87)

DRBI*1501 hinge: VEWRARSESAQSH

=
{3
=
o
=
o]
-
&

An example nucleic acid sequence encoding a DRA*0101 hinge is provided below.
GAGTTCGACGCCCCATCACCGCTTCCAGAAACGACTGAA (SEQ ID NO: 417)
An example nucleic acid sequence encoding a DRB1*1501 hinge is provided below.
GTTGAGT GGAGGGCGUEETCAGAGAGCGCACAATCTARA {SEQ ID NO: 404)

In some embodiments, the MHC-C AR constructs described herein further

comprise a transmembrane domain. Any transmembrane domain for use in the MHC-
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CAR can be tn any form known in the art. As used herein, a “transmembrane domain”
refers to any protein structure that 1s thermodynamically stable in a cell membrane,
preferably a eukaryvotic cell membrane. Transmembrane domains compatible for use in
the chimeric receptors used herein may be obtained from a naturally-occurring protein.
Alternatively, it can be a synthetic, non-naturally occurring protein segment, e g, a
hydrophobic protein segment that is thermodvnamieally stable in a cell membrane.

Transmembrane domains are classified based on the three dimensional structure of
the transmembrane domain. For example, transmembrane domains may form an alpha
helix, a complex of more than one alpha helix, a beta-barrel, or any other stable structure
capable of spanning the phospholipid bilaver of a cell. Furthermore, transmembrane
domains may also or alternatively be classified based on the transmembrane domain
topology, including the number of passes that the transmembrane domain makes across the
membrane and the orientation of the protein. For example, single-pass membrane proteins
cross the cell membrane once, and mwlti-pass membrane proteins cross the cell membrane
at least twice {e.g., 2, 3, 4, 5, 6, 7 or more times).

Membrane proteins mayv be defined as Type I, Tyvpe 1T or Type [ depending upon
the topology of their termum and membrane-passing segment(s) relative to the inside and
outside of the cell. Type I membrane proteins have a single membrane-spanning region
and are oriented such that the N-terminus of the protein is present on the extraceliular side
of the hipid bilayer of the cell and the C-terminus of the protein is present on the
cytoplasmic side. Type H membrane proteins also have a single merbrane-spanning
region but are oriented such that the C-ternunus of the protein is present on the
extracellular side of the lipid bilaver of the cell and the N-terminus of the protein is
present on the cytoplasmic side. Type i membrane proteins have nwitiple merabrane-
spanning segments and may be further sub-classified based on the number of
transmembrane segments and the location of N- and C-termini.

In some embodiments, the transmembrane domain of the MHC-C AR described
herein 15 derived from a Type 1 single-pass membrane protein, e g, CD8a, CD3p, 4-
1BB/CDI137, or CD28. Transmembrane domains from multi-pass membrane proteins may
also be compatible for use in the chimeric receptors described herein. Multi-pass
membrane proteins may comprise a complex (at least 2, 3, 4, 3, 6, 7 or more) alpha helices
or a beta sheet structure. Preferably, the N-terminus and the C-terminus of a multi-pass

membrane protein are present on opposing sides of the Hpid bilayer, e g., the N-terminus
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of the protein is present on the cytoplasmic side of the lipid bilaver and the C-terminus of
the protein is present on the extraceliular side. Either one or mudtiple helix passes from a
multi-pass membrane protein can be used for constructing the chumeric receptor vanant
described herein.

Exemplary transmembrane domains for use in constructing the MHC-CAR
constructs described herein are provided below:

{D8a transmembrane domain. IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID KO: 89)

HELA-A2 transmembrane domain: vGIIAGLVLFGAVITGAVVAAVMI (32¢ ID NO:

90)

HELA-A3 transmembrane domain: VGIIAGLVLLGAVITGAVVAAVMW (SEQ ID NO:
91

Cd3zeta transmembrane domain: LOYLLDGILFIYGVILTALFL (SEQ 1D NO: 92)

DR*1501 transmembrane domain: MLSGVEGFVLGLLFLGAGLFI (SEQ ID NO: §3}

DR*1501 e transmembrane domain: MLSGVGEFVLELLFLGAGLEIYFRNG (SEQ ID
NO: 94)

DRA*GI0T transmembrane domain: NVVCALGLIVGLVGLIIGTIFIT NO:
431.6)

DRA*0101e iransmembrane domain: NVVCALGLTVGLVGITIIGTIFIIKGL (SEC ID
NO: 418}

An example nucleic acid sequence encoding the DR*1501e transmembrane domain is

provided below:

A

ATGCTGTCAGGAGCTAGGCGGATTTETACTCGCACTCCTC

CAA (SEQ ID NO: 4006)

FTTGGGECECTGGETTETTTATCTACTTTAGAAAC

An example nucleic acid sequence encoding the BRA*0101e transmembrane domain
is provided below:
AACGTTGETCTGCGCT

TTG (SEQ 1D NO

GGCCTGGTAGGCATTATTATCGGGACCATCTTTATCATCAAAGGT

Wotch transmembrane domain

ILDYS

GAGRDIFPPPOIEEA

/DAGNEVCNLQCNNHACGWDGGDC SLI PWENCTQS LG

LYDQYCKDHESDGHCDOGONSARCEWDGLDCAEH

CWKYFSDGHCDSCCNSAGCLEDGEFDCQLTEGQCN?
VPERLAAGTLVLVVLLEPPDOLRA FHFLRELSEVLHTNVVERRDAQGOOMIFPYYGHEEELRKHEPIKR
STVGWATSSLLPGTSGGRORR IRGSIVYLEIDNROQCVQOSSSQCE A\TDVAAFLGAL

NIPYKLEAVEKSEP VAAAAEVLLEEVGCGVLLIRKRRR {SEQ
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Notch 2 transmembrane domain:
PCVESNECYNQGTC PFYRCLCPAKFNGLLCHILDYS
GNKVONLOCNNHACG i (CTQSLOCWKYE

HVEERL
LKRSTVGHAT

EPT

PQIEEAC
AGCL

CPLPSQLHLMYVAAAAE

In some embodiments, the MHC-CAR may also comprise a signal peptide {also
known as a signal sequence or a leader peptide} at the N-terminus of the polypeptide. In
general, signal sequences are peptide sequences that target a polypeptide to the desired site in
acell. In some embodiments, the signal sequence targets the MHC-CAR 1o the secretory
pathway of the cell and will allow for integration and anchoring of the MHC-CAR mnto the
lipid bilayer. Signal sequences including signal sequences of naturally occurring proteins or
synthetic, non-naturally occurring signal seguences, that are compatible for use in the
chimeric receptors described herein will be evident to one of skill in the art. In some
embodiments, the signal sequence from CD&a. In some embodiments, the signal sequence is
from CD28 {e.g., MLRLLLALNLFPSIQVTG (SEQ ID NG 97)).

Exemplary signal peptides include, but are not limited to, Beta-2-microglobulin signal
peptide (e.g, MSRSVALAVEALLSLSGLEA (SEQ ID NO: 98)), HLA A3 signal pepiide
{e.g.. MAVMAPRTLLLLLSGALALTQTWA (SEQ ID NO: 99) or), DRA*0101 signal
peptide (e.g., MAISGVPVLGFFHAVLMSAQESWA (SEQ ID NG: 100)), DRBI* 1501
signal peptide {e.g., MVCLKLPGGSCMTALTVTLMVLSSPLAL (SEQ ID NO: 161)), and
DRBS signal peptide {e.g. MVCLKLPGGSYMAKLTVTLMVLSSPLALA (SEQ 1D NO:
102)). Exemplary signal peptides may be followed by flexible pre-peptide linkers such as
AS, GS, ASAS, GSGS. In some embodiments, a flexible pre-peptide linker 1s used when the
signal peptide is class II and followed by an introduced peptide. Any of the constructs
encoding the MHC-CARSs described herein may comprise a nucleic acid sequence encoding
any of the pre-peptide linkers above, e.g. AS may be encoded by the nucleic acid sequence

GCATCT, TS may be encoded by the nucleic acid sequence ACAAGT.

Example nucleic acid sequence encoding beta-2-microglobulin signal peptides are provided
below:
GCTTGARGCTOCCEGECEGETCCTECATGACCGCTCTCACTETTACTCTTAT GETCCT TAGTTCACCS

ATGGTAT
CTTGCCCTG (SEQ ID NO: 397)

ATGGCAATATCTGGTGTTCCTGTCCTCGGEETTTTTTATCATAGCCGTACTGATGTCAGCACAGGAATCATGGECG
(SEC ID NOG: 414

)
(¥



WO 2019/094847 PCT/US2018/060227

in some embodiments, the MHC-CAR described herein may include one or more
peptide linkers beiween the other components as described herein. Examples include a
(GlviSer)s linker, wherein x and n, independently can be an infeger between 3 and 12,
including 3,4, 5, 6,7, 8.9, 10, 11, 12, or more. In some examples, the peptide linker can be
{GlysSer)s (SEQ ID NO: 103) wherein n can be an integer between 3 and 20. Specific
examples include (GlysSer)s (SEQ 1D NG: 68) (GlysSer)s (SEQ ID NO: 693 (GlyaSer)o
(SEQ ID NO: 76), (GlysSerhz (SEQ 1D NO: 105), and {GlysSer)is (SEQ ID NO: 106).

(1) Configuration of MHC-CARs

The MHC-CAR constructs disclosed herein, comprising one or more components
described herein, may be configured in any suitable format. Exemplary MHU class 1
constructs and MHC class T constructs are provided in Figures 7 and 3.

A MHC-CAR construct containing a MHC class 1 moiety as described herein may
be a single fusion polypeptide that comprise the MHC class [ motety, the antigenic peptide,
and a signaling domain {e.g., a co-stimulatory domain, a cytoplasmic signaling domain, or a
combination thereof), and optionally one or more of the additional components described
herein. See, e.g., Figure 8. In some examples, a MHC Class I CAR construct contains a
hinge domain adjacent to the antigenic peptide. A MHC class | CAR may not contain 2~
microglobulin (b2m). When expressed on cell surface, such a MHC-CAR may forma
heterodimaer with endogenous b2m. Alternatively, a MHC class I CAR may also include
b2m, which may be fused with the alpha chain to produce a single polypeptide. In some
fnstances, a MHC class T CAR may contain two subunits, one including the alpha chain or a
portion thereof (e.g., an extracellular domain}, and the other including b2m or a portion
thereof {¢.g., an extracellular domain). In some examples, the antigenic peptide may be fused
to the alpha chain. In other examples, the antigenic peptide may be fused to b2m.

Optionally, a MHC class T CAR may contain peptide linkers between two components. One
example is provided in Figure §B.

In some examples, the MHC-CAR comprises a class { molecule or a portion thereof,
for example, HLA A3 or HLA A2, and a antigenic peptide suitable for presentation by the
class I molecule {(e.g., the PLP fragment KLIETYFSK {(SEQ 1D NO: 107) or the TAX
fragment LLFGYPVYV (SEQ ID NO: 108)). Optionally, the MHC-CAR may further
comprise b2m. Alternatively, the b2m molecule may be expressed separately from the class |

MHC-CAR. Examples of the class I molecules and b2m sequences are provided below:
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HLA A2:

GSHIMRYFFTSVSRPGRGEPRFT

VDLGTLREYYNQSZAGSHTVORMY

([ TALKEDLRESWTAL

VAEQLRAYLEGTCVEWLRRYLENGKET L EATLRCWALSE
ODTELVET REAGDGT FGKWAAVY PRPLY (BEQ 1D NO:
HLA A3:

GOHSMRYFFTSVSRPGRGEPREIAVGYVDDTQEVREDS!

VDLGTLE \JYYNQ‘MJJ WGSHTIQIMYGCDVGSDG

AASQRME

y DAY DGK

CPRAPWIEQEGPEYWDOETRNVKAQSQTDR

DYTALNEDLRSWTAADMAAQTI TKRAWEAA

HEAEQLRAYVILDGTCVEWLRRYLENGKETLORT {THMTHHPISDHEATLRCWALGIY PAEITLTWOQRDGEDOT
QDTELVETRPAGDGTEQKWAAVVVESGEEQRYTC {PLT (3EC ID NO: 110)

Microexiension for above: Laws (SEQ ID NO: 111}

HLA A2 wn:h H-2K" aiphag domain {underlined/italicized)

: PGRGEPRFIAVGYVDDTQOEVREFDSDAASORMEPRAPWT
VDLGTLRGY OSEAGSHTVORMYGCDVGSDWRELRGYROYAYDGKDYIALKEDLRSWTAAD,
HVAEQLRAYLEGTCVEWLRRYLENGRETLORTDS PRAAVIHHSRPEDKVILRCWALGEY PAD |
LPAGDGTFQRKWASYVVPLGREQY Y TCHY YHOGLPER.

FTSVERPGRGEPREFIAVGYVDDTQEVREDSDAASORMEPRAPWIE
2 PLQIMYGCDVGSL (RO L

HEAEQLR. STCVEWLRRYLENGKETLOQRT DS PRAHV ITHHS RPEDKVILRCWAL F
ODMELVET. SDGTFQRKWASVVVPLGKEQYYTCHVYHQGLPEPLT EC ID NO: 113)

Microextension for above: LRWE (SEQ ID NC: 111}

Beta-Z-microglobulin (humany:

IQRTPKIQVYSRHPAENGKSNELNCYVSGEHRSDIEVDLLKNGERIEXKVEHSDLSFSKDWSEFYLLYYTEFTPTEK
DEYACRVNHVTLSQPKIVEWDRDM ({SEQ ID NC: 114)

Beta-2-microglobulin (mouse):

IQKTPQIQVYSRHPPENGKENL LNCYVTQFHE PHIEIQMLKNGKKI PXVEMSDMSFSKDWS EY ILAHTEFTPTET
DTYACRVKHASMAEPKTVYWDRDM (SEQ ID NO: 115)

Figure 7 provides a number of exemplary designs of MHC class I} CAR constructs.
Typically, a MHC class II CAR construct contains two subunits, one including the alpha
chain or a portion thereof {e.g., an extracellular domain) and the other including the beta
chain or a portion thereof {e.g.. an extracellular domain). The antigenic peptide can be fused
to etther the alpha chain or the beta chain. In some instances, a MHC class Il CAR can also

be in a single fusion polypeptide format, in which the alpha and beta chains are fused to form

)
-~
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a single polypeptide. The alpha chain and beta chain of a MHC class I CAR may be derived
from the same MHC class [T molecule. Alternatively, they may be from different MHC clas

It molecules. For example, a MHC class If CAR may countain an alpha chain from HLA
DRA*1010 and a beta chain from HLA DRB1%1501, which may be fused with an antigenic

peptide, such as an MBP peptide.

In some examples, the MHC-CAR comprises a class I molecule or a portion
thereof, for example, DRB1%1501 or DRA*0101, and a antigenic peptide suitable for
presentation by the class IT molecule {e.g., the MBP fragment DENPVVHFFKNIVTPRTPP
(SEQ ID NO: 15)). Examples of the class Il molecule sequences are provided below;

DRBI*1501:

GDTRPRELWOFKRECHIENGTERVRELDRYFYNQEESVR P RAVTELGRPDAEYWNSQKDILEQARAAV
DTYCRHENYGVVESEFTVQRRVOQFPKVIVYPS /"';""LQHHx VSGEYPGSIEVRWELNGQEEZKAGMVETGLIQON

o \47
GDWTFQTLVMLETVERSGEVYTCOVERPSVTSZLT (3EQ ID NO :117)

DRA*O l()]

2DOSGEE
SNYTPI VIVLTNSPVELR
LPFLESTEDVYDCRVEHWGLDEPLLKHW

CEIDKETRPEVVNVY
O LD NO: 118)

DRBI*1501 human/IA-Dbeta mouse {mutated residues in boldface and underlined)
IKEEHVIIOAESYLNPDOSGEFKFDEDGDEL FRVDMAX X ETVWRLEEFGREAS FEAQCALANTAVDKAN LE IMTK
RENYTPIEETEVPTSLRRLEQPNVAT SLSRTEALNH DEYPAKLKVAEWFRNGOERTVEVSSTOLL RN

DWTEQVLVMLEMTPHOGEVYTCHVEHPSLESPIT

e

DRA*0101 human/IA-Dalpha mouse {mutated residues in boldface and underlined)

AQGALANLAVDKANLEIMTK

Bz
VIDGVYRETSEFLVNRDHSFHKLS

KETVWRLEEEFGREAS
<
S

iy ’i."NEA.P’}A‘L”“ PRSPVLLOOPHTLICEVONL FPPVINLTWLRN K
KVEHWGLEEPVLKHWEEEL (SEQ ID NO: 120)
DR-2pern muni (mutated residue in boldface and underlined)

RERFLWOSKRECHFENGTERVRFLDRYFYNQEESVREDSDVGEFRAVIELGRPDAEYWNSQOKL
CRENYGVVESFTVQR ({SEQ ID NC: 121}

OARAAVDTY

D i{"2alpha n‘i} ﬂl

LANIAVDKANLEIMTK
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An example nucleic acid sequence encoding DRB1*1501 is provided below:

CGAGACACAAGACCCCGATTCTTGTGGCAGCCCAAAAGGGAGTGCCATTTTTTCAATGGCACGGAATGAGTT
TTCCTTGATCGGTAC 'TACAACCAAGAAGAGAGTGTACCCTTCGACTCAGATGTCEGCGAGTTCCGAGCEET
ACGGAATTGGGGCGA \AGGATATTTTGGAGC AGCAGCTGETG

AATTATGETGTGETGCAAT CCTTTACAGTTCA AAGTGACC
CATCTAAAMACGCAACCCCTCCAACACCATAACCTCCTGE [TCCGT! B CGGGE

TCAATTGAGGTCAGGTGETTCCTCAACGGTCAGGAGGAGAAGGTLCG [GGT FPATCCAGAAC
G TCCAAACT T AA GGAAACGGT GCGAT GGTGETATACATGCCAAGTT
GAACACCCGAGTGTTACGAGCCCCCTGACG (3EQ ID NG: 402)

An example nucleic acid sequence encoding DRA*0101 is provided below:

TTTA SAACCCG

CCAGAGCG

ANCGAGATATTTCACG

ATTTGAGGCACAAGGAGCACTCGCC! AT ZCCAAL
CGCTCCAATTATACGCCTATCACTAATGTGCCCCCT GAC ACTGETGCTCACARA
G AACGTCCTCATATGE [ TC GGTGGTCAATG

GACCGTATTTCTGCCCAGAGAAGACCACCTCTTC

CACCACGGGTGTC GAG L Al TCATTAC
CTTCCCTTTCTTCCTTCAACGGAAGACGTTTACCACTGCAGGGTCGAACATTGGGGECTTCGACGAGTCACTTCTC
AAGCATTGS (SEQ ID NO: 415

Any of MHC class T and MHC class ¥ constructs described herein can be further
fused to one or more signaling domains and optionally one or more of the additional
components. In some instances, the MHC-CAR constructs described herein are free of
singling domains.

Preferably, a MHC-C AR as described herein contains matched MHC moiety and
antigenic peptide, e.g., a MHC molecule that would present the antigenic peptide or
homologous analogs in natural state. In some instances, a MHC-CAR described herein may
contain an alpha chain or a beta chain from HLA DRB1%1501 and an antigenic peptide
associated with this HLA allele, e.g., those MBP peptides described heremn and others as well.
The association between antigenic peptides involved in an astoimunune disease and a specific
HLA allele is well known in the art or can be identified via routine practice, for example,

library screening.

One exemplary MHC-CAR may have the following formula (+/- means that the
specific component is optionaly:
Single chain (MHC Class 1 or If + peptide) (+/-hinge) + single chain CD28/4-
IBB (+/-dileucine motifs) (+/-cd3zeta)). (Additional short peptide linkers can
be added between components as described previously )
Other exemplary MHC-CAR designs (single chain and multi-chain) are tlustrated in
Figure 10. In the case of multi-chain constructs, one or more short hinges may be used to

enhance successful expression of the MHC-CAR. Further, it mav be desirable to replace a
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portion of the structure with conserved domains from mice domains to prevent cross-
reactivity. Note that in some cases, the internal domain may only be attached to one of the

chamns,

The amino acid sequence of a MHC-CAR binding (that displays MBP) TCR 15
provided below:
TCR alpha MBP:

S LVILWLQLARVNSQOGEREDPQALS I QR 'SINNLOWYRONSGRGLVHELILI!
RVILDT3KKSSSLLITASRAADTASYFCATAAVGGFKTIFGAGTRLEVEANIONPDPAVYQ

V TNV3OSKDSDVYLITDRTVLDOMRSMDEKSNSAVAWSNKSDEACANAFNNSIT
SPESSCDVKLVEKSFETDTNLNFONLSVIGFRILLLKVAGENLIMTLRLWSS (SEQ ID NO:

NATMNCS YK

GSGLGAVVSQHPSWVL SKSGT! ] DEQATTMEWYRQEFPRXOSLMIMATSNEGSKA
: DKELINHASLTLSTLTVTSAHPED YICSA 'QL LTSGANNEQFEFGPGTRLTVLEDLKNVEPP
VAV SEAETISHTQRKATLVCLATGFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRY F
R\JSATEWQNPR;\ HEFRCOVOFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGEFTSESYQOGVLIA
LLGRKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO: 124)

TCR alpha class |

mamllgasvl ilwigpdwvn sggkndd
COVEQNSPSLSVOEGRISLILNCDYTNSMEDYFLWYKKYPAEG
FTVFLNKSAKHLSLHIVPSQPGDSAVYFCA F
QLRDSKSSDK‘“‘/CL?"“ﬁEQQ—‘N\/SQ“V“S‘
FACANAENNSIIPE

Cdvklve ksfetdtnlin

PTFLISISSTKDENADGR

Ilmtliriwss (SEQ ID NO: 125)

TCR beta class T:

msigliccaa lsl
NAGVTC KEQVLKT
PNGYNVSRSTTEDE

FPPEVAVFEPSEARISHTOKATLY
PALNDSRYALSSRLRVSATFWQDPRNHFRCQVOFYGLSENDEWTODRAKEV!
GRAD

Fal VTN
M() SMNE

2 QVTL.{)C UTDOGEV

DLENV

cgftse sygggvisat ilyeillgka tlvavlvsal vimamvkrkd srg (SEQC ID NO: 126

3

46
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The amino acid sequences of exemplary CB19 targeting CAR constructs are provided
below (note that these designs contain a 4-1BB domain which may be replaced with a ¢d28

domaimn}:

4G7—CAR version 1
MALPVTALLLPLALLLAAARPE ASVKMSCKASGYTET SYVMHWVKOKPGOGLEWI GYINBY
NDGTKYNEKFRGKATLTSDKSSS SAVYYCARGTYYYGSRVEDYWGOGTTLIVESGGGGSGEE
GSGGGI::ZI\,’MTQAAPSIP\«’TPGESVSISCI:(SSKSLLTTSNGNGSGSG‘M \FTLRISRVEAEDVGVY YCMOHLEYPF
TAGTKLELKRSDPTTTPAPRPETEAPTIASQP
LVLTLYC KKLLYLFKQPEFMREVOTTQRE
GRREEYDVLDKRRGRDPEMGGK PRRKNPOEGLYNELOKDKMAEAYS B LGMEKGERRRGKGHDGLS -'g SLSTATKDTY
DALHMQALPPR (SEQ ID NO:

4G7-CAR version 2:
METDTLLL

LWV LLLWVE2GSTG
INPYNDGTKY
WGQG

SSKSLLNSNG NTYLYWELOR
AEDVGVYYCM QHLEYPETEG
PAAGGAVHTR GLDFACDIYI
CRE
RRG 1GG KPRRENPOEG LYNELQKD
KDTYDALHMO ALPPR (SmQ ID NC: 12f

SVKM SCKASGYTET
SSTAY MEL3SS3LTSED
SDIVM TQAARPSLIRVT
DRESGEGSGT LRISRVE
FTPAPTIASQ PLSLRPEACR
KRGRKKLLY IZKQPEFMRPV
! RREEYDVLDK

CTTQRE

LC

The nucleic acid sequences of exemplary CI} 9 targeting CAR constructs are provided
below.

4G7-CAR version 2:
atggagacagacactc

cofcrgggccauaauvuatvaaacc

tocttacgtgatgecactgggtaaaacaga

aacc:ggtuac qgc“t

gacggcaccaaatataachcraattcuagqqaadggctacqcttacax:d1dtaaq1ccaqtaqcaccgctta*
atggaacttagcagcecttactteccgaagatt cggtgrattactgegegagagggacttactactacy

cgagtat

ot
te}
G
Qo
(e
(e
I}

cgattattggggtcaaggcacgac ctecaggtggtggagggtetgggagat

Cotatoceggtaaccocagygegagtetgta

agtggtggggggggotcagacategtgs

toctatcagotgt *gg*ccadadag“ctc,t sctggttcotocaaagy

cctgggeaaagtectcaacttettatatatecggatgtecaatettgegagtggegtacocegacaggttttecaggy
tetgggageggaacagettttacgttigagaata gggtagasgcet qaqq cgteggtgtatattattgeatyg
caacatctcgaatacccotttacettegge gtac fefe -t geac ;_L,cza cacgacyg

ccagegoeecacya

cctgectygecygge ttecatac
dgaa Tyt
atat goocg

gagge taggg

accagetgt aLaaﬁqaa caacc*cggg agagtatgacgtec!
cctgeaa_qgcrcudadaupoaggcqaaag gggactttacaacqg
gc cqeaqcr,attccqaaattha 1t gaaage gacgaggtas

cttacgacgccecctteatatgcaagetcet

41



WO 2019/094847 PCT/US2018/060227

MHC-CARI containing MHC-CARI1 part B (MHC-DRB CAR)- HLA DRB1*1301 (signal
peptide), MBP peptide, HLA DRB1*1501 {external, hinge, transmembrane} CD3{
{cvtoplasmuc signaling domain) is provided below:

MVCLKLZGGSCMTALTVTLMVLS SPLALASDENPVVHEFRKNIVTPRTPPGGGGSGGEEIGGIGDTRPRELWQPKR
ECHFFNGTERVRELDRYEFYN QﬁﬁS’\"P EDSDVGEFRAVTELGRPDARYWNSQKDILEQARAAVDTYCRHANYGVVES
ETVORRVOPRVIVYPSKTQPLOHHANLI IEVRWEFLN CQL}:KAGM\/ STGLIONGDWTEFQTLVMLET
VEPRS TCON SVTSPLTVEWE RNQTSRVKESRSADAPA
YQQ(;QNOLY;\]EL:T' REEYDVLDERRGE SEIGMKGERRRGKGHD

Ie

GLYQGLSTATKDTYDALHMOALPPR

TN T
PEMGGKPRREN

ID NO 412)

An example nucleic acid sequence encoding a MHC CARI containing MHC-CART part B
{(MHC-DRB CAR}- HLA DRBI*1501 (signal peptide), MBP peptide, HLA DRBI*1501
{external, hinge, transmembrane) CD3{ (cytoplasmic signaling domain) is provided below:

ATGGTATGCTTGAAGC T [GCATGACCGCTCTCACTGTTACTCTTATGGTCCTTAGTTCACCG

CITGCCCTGGCATCTGATG A CATTTTTTTAAGAACAT SCACCCCACCTGGE
GGAGGCGGATCTGGCGGAGGCEEEAGTGCAGGCTCAGGAGCGACATAAGACCCCGATTCTTGTGGCAGCCCAAAAGE
CAGTGCCATTTTTTCAATGGGACGGAACGAGTTCGCTTCCTTGATCGGTACTTTTACAACCAAGAAGAGAGTGTA
CGGTTCCGACTCAGATGTCGGCGAGTTCCGAGCGGTTACGCAATTGGGGCCGACCTGAL GAGTACTGGAACTCC
CAAAAGGATATTTTGE & ) [ATTGTC ATAATTATGC

~

TTTACA CAGCGGECT NTCTAAAACGCAACCCCTCCAACA
CTCCTGETGETGTTCCCGTAAGCGGCTTCTATCCCGEETCAATTGAGGTCAGGTGGTTCCTCAACGETCAGGAGGAG
AAGGCCGGAATGGTAAGTACTGGTCTTATCCACGAACGGAGACTGCGACCTT CCAAA GGTAATGTTGGAAACG
GTGCCGCGATCCGGEGGAGGT GTA ACCCGAGTGTTACGAGCCCCCTGACGETTGAGT GG

>GGCCCGGETCAGAGAGCGCAC AGTAGGCGGATTTGTACTCGGACTCCTCTT

AGGTGTA

CTAAAATGCTGTCAGGE

GCGCTGGETTGTTTATCTACTTTAGAAACCARACAAGTAGAGTAAAGCTTTTCCCGAAGTGCGGACGITCCCETG
TATCAGCAAGGTCAAAACCA

(]

CTTTACAACGAACTGAACTTGCGGACGACGCGAAGAGTACG

>GGGGGAAAGCC

CC

n ey
AGAAGGCC

GGACTTTATCAAGG CGTTGCACATGCAGGCTCTC
(
{

SEQ ID NC: 413}

MHC-CAR containing MHC-CAR1 part A (MHC-DRA CAR) HLA-DRA¥1010 {signal
peptide, external, hinge, transmembrane), CD3{ {cytoplasmic signaling domain} is provided
below:

MAISGVPVLGFFIIAVIMSAQESWAIKEEHVI IOAEFYLNPDOSGEFMFDFDGDEIFHY
DMAKKETVWRLEEFGRFASFEAQGALAN IAVDKANLEIMTKRSNY TP ITNVPPEVTV
'NSPVELREPNVLICFPIDKETPPVVNVIWLRNGKPVT TGV SETVELPREDHLFRKEH

LEPFLESTEDVYDCRVEHWGLDEPLLKHEWEFDAPSPLPETTENVVCALGLTVGLVC

f'q

SRVEEFSRSADAPAYQCGONQLYNELNLGRREEYDVLDEKRRGRDPEM
CKDKMAEAY SEIGMKGERRRGRKGHDGLYQGLSTATKDT
YDALHMOQALPPR (3EQ ID NO: 423)

42
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An example nucleic acid sequence encoding a MHC-CARI part A (MHC-DRA CAR) HLA-
DRA*1010 (signal peptide, external, hinge, transmerabrane), CD3{ {cytoplasmuic signaling
domain) is provided below:

ATGGCAATATCTGGTGCTTCCTGTCCTCGEETTTTTTATCATAGCCGTACTGATGTCAGCACAGGAAT CATGGGECG
ATAAARGAAGAC CGLIGATAATATCAL FTTATTTGAACCCGGALCC? ATGTTCGAT
5 GAC ATTTCACCTTGACATGGCALAAAAAGGAAACGGT TGCGACGA
TTCGCATCATTTGAGCCACAAGGAGCACTCGCCAATATCGCGETGGACAAGGCCAACCTGCAGAT CATGACAARA
CGCTCCAATTATACGCCTATCACTAATGTGCCCCCTGAGETTACTGTGCTCACAAATTCTCCCGTAGAACTTAGS
GAACCTAACGTCCICATATGTTTCATCGACAAGTTCACTC
AAGCC G T

CGGTGETCAATGTAACGTGGCTTCGGAATEET

"TCCGCAAATTTC,

CTTCCCT GTCGAACATTGGEEECTTGACGAGCCA
AAGC 5 GACTGAAAACGTTGETCTGCGCTCTTGGC

GTGGGCCTGGTAGGCATTATTATC TATCATCAAAGGT
CACCGGCCTACCAGCAGGGCCAGAACCAACTCTACAACG
TATGACGTACTCGACAAGCGGAGAGETCGAGACCITGAGA’ SCGGTARACCGAGAC
GGTCTTTATAATGAACTCCAGAAGCATAAGATGGCTGAAGCCTATTCTGAGATAGGGATGAAAGGCGAGCGGT

1 T \CTCTCCACGGCAACCAAAGATACTTACGACGCCCTTCACATG

ACTTCC! GTCAAATTY
AGCTGAATCTCGGCCGA

FURCR N PN NI

CAALULLUTUL

ACGC

TDTLLI
DETKYNEKE

KPGASVIMSCKASGYTETSYVMHWVKOKPGRGLEWIGYINZYN
(GKATLTSDKS : SS LT SAVYYCARGTYYYGSRVEDYWG

SGGGGSDIVMTQAAPSIPVTPGE WELQRPGQSPE Q;;l YRMSNL
SGSGTAFTLRISRVEAEDVGVYYCMOHLE PL

GTXLELKRSDPTTTPAPRE

PAAGC LVITLYCE

/HTRGLDFACDLY IWAPLAGTCGY
RVEKFSRSADAPAYQ ) RRGI

KGERRRGK :H")(“L\J.QUA_STAT/\JLYL‘ALHMQALL‘:‘ RGSSGSGEGRGSLLTCGD
NESDVEDSSEDYFV3VNTSYYSVDSEMLLCSLOEVROEFSRLEVPIAYSLICVEGLLGNILVVITEFAFYKKARS
DVYLLNMAIADILEVLTLPEWAVSHATGAWVE SNATCKLLKGLYAINENC . VOATKS
RERTLPRSKIICLVVWGLSVILISSSTEVENQRYNTQGSDOVCERPRKYQTVSEP TRWKLLMLGLELLFGFELPLMEMI
FCYTEFIVKTLVOAQONSKRHKAIRVIIAVVLVELACQI PHNMVLLVTAANLGKMNRSCOSEKLIGY TKTVTEVLAE
LHCCLNPVLYAFIGQRFRNYFLXKILKDLWCVRRRYKSSGESCAGRYSENI SROTSETADNDNASSETM (SEQ
ID NO: 425)

Construct 1 (CD19 CAR, CCR6, GFP region) is provided below:

WVLLLWVE LEPCGASVIMSCKASGYTETS ‘!’\/MHW‘\/’KQKPG’?GLEW IGYINPYN
K H {GKATLTSDKSSS SAVYYCARGTYYYGSRVED JCTTLIVES
SGGGGSDIVMTOAAPSIPVIPGESVSISCRESKSLLNSNGNTYLYWEFLORPGOS
S LRISRVEAEDVGVYYCMOHLEYPE GTXLELKRSDPTTTPAPREFS
DEACDIYIWAPLAC VITLYCKRGRRKKLLY T H\.QPE:"
YQOGONQLYNELNLGRRE LDKRRGRDPEMGGE
RGKGHDGLYQGLSTATKDTYDALHMOALPPRGSSGSGEGRGSLLTC
DVED! (EVBVNTSYYSVDSEMLLCSLOEVROESRLEVPIAYSLICVEGLLEGNILVVITEAEY
(LLNMALIADLLEVLTLPEWAVSHATCAWVE SNAT CKLI 3 : TCLSMDR: 3
RSRTLPRSKITICLVVWGLSVIISSSTEVENQKYNTQGSDVCE
FCYTEFIVKTLVQAQNSKRHKAIRVIIAVVLVELACQI PHNM
CLNPVLYAFIGQKFRNYFLXKILKDLWCV

SLLEKQAGDVEENPGEVIKGEELFTGVVP ILVELDGDVNGH!

RaAC YDV

3

'KTVTEVLAF
TMGSGATNE

TPGKLPVPWRTL

RLTLKEICT
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VITLTYGVOCESRYPDHMKO TEKSAMPE
GHKLEYNYNSHNVY IMADKQRKNGIKAN INLEDGS
PNEKRDHMVLLEFVTAAGITLGMDELYK (SEQ ID NO:

KIKR

k

An example nucleic acid sequence encoding Construet 1 {CD 19 CAR, CCR6, GFP region) is
provided below:

ca-tctqng'a‘aau,c teaaa
cactgggtaaaa
‘tabaaﬂgaa aat

gecacegett
cagaoe

Q

,v:qtLatgqggﬁtraaqfcacgaagc+*d*c “qajct
togtgatgacccaggecageacett

Tcettetcaacagtaatggcaatac
atatcggatgtccaatettgegagtggeogtaceey
9

gaac aqctittacq auaavaucraagq*aq;arnuqa’qacgthAt
aata QCC‘“Ltacctccaocgc ggtacaaagctcgaattgaaacgead

cgac duu“““gcccgctccaac:

cgttecatacgcggggoecttgactttge

E a
tgtcactegtgataacgttgtattgtaaaaggggtega

“gaggcccgtgeaaacaacacaagaagage

=)
cttagggtcaagttttctecgetctgecgacgocgecage
caaccteogggegccygggaagagtatgacgtceccttgacaa
jaggcga a?eaarrcccdqqaqqqah_ttQCHacgaa

gcogaagectattee

ctetetacggecacgaaggatacttac

aacttcagcgatgtat

g :gctqctctq .gtctecaaq@ﬂﬁt rogecaattecagtoge

_1Jccttctggdtaacaccctgg:;gtaatcacatc”gc taLaaaaaa

cttaacatggctatageggacattetttttgtgettactctcecatte

Tgccaca tqtaadc*
tggatcgatacs

cttaaagggatctatgcast

gctatagtacaggoge
"‘t:c:q‘t:c: tatgyg ;qqc,tctc*aqtg 2 to

agttgcttatygt

Tte ;ttatac:tt attgttaagac

a
attgoegrggtgtiggtettottge

oF

ggtaagat g» tegatctitgteayg
ctteactgttgtcet q
aaggacot
"rccqgcaqz ¢ o
cteoctgetga cggagaty 5 a: ':tgqa”hgg*oagc

ac 3 a
gtggtgecea gogt ggcgagggcgaggye

coctggoccacecta

*‘accccqaccacat

Jaagcagc acgacttcttcaag
tecgecatyge a cha””atc cttecaaggacgacggeaactacaagacecgaegoo
gaggtgaagttcgagggogacaccetggtgaaccgeategagetgaagggeategactitcaaggaggacggeaac
atc tgqq\cacaaqctqqaqtacaau ~acaacagcooacaacgtcectatatcatggocgacaageagaagaacyye

caagatccgocacaacatcgaggacggcagogtg ctegecgacoactaccageagaac

tgcage

acggocoogtygctgetgeccgacaaccacta agtcegeccotgagoaaagac
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ccoaacgagaagegegatcacatggtectgetggagthtegtgacegecgoocgggatcacteteggecatggacgag

ID NO: 430)

C 1)

tgtacaagtaa (Sl

Construct 2 MHC CAR region (MHC-CAR1 part B, MHC-CARI part A region) is provided
below:

PRELWOQPE
VDTYCRHNYGVVES
CTLVMLE

TSRVKEFSRSADAPA

OF xinLQﬁHNLLV‘,VSPFYPGV
EVYTCQVE
YOOGONQLYNELNL

SLYQGLSTATKDTY! )A'L.HMQAl L

R

PMALSGVPV]
ASFEAQCALANTAVDEANL
SNYTEITNVPPEVIVLINSEVRLREPNVLICEIDKITEEVVNVTWLRNGKEVT TGV SETVELPREDHLERK
PFLPSTEDVYDCRVEHWGLDEPLLKHWEFDAPS LIVGLVGIIIGTIFIIKGLTSRV.
YDVLDERE YNELOKDKMAEAYSELGMKGERE

1T LAVIMSA

B

An example nucleic acid sequence encoding the Construct 2 MHC CAR region (MHC-CAR1
part B, MHC-CAR] part A) is provided below:

tgaageiecogggeyyc

x:catgacat atgagaatccegtygy
ggatctggeggagge

—ccagaacggagact
C ‘adq,tcaacaccc-aa:qvwawcag
aaatgctgtcaggagtaggeggatttgtact

ccaaaﬂaaUqudq aaagttttcecccgaagtge

qqccthx ¢ ~tatts ac Tatcs zRzRe e gac*tﬁﬁthq‘

getgacgracoggeoctaccageagggecagaaccaactetacaac uagc“11‘"*“"'~cJ

«

qgaq@@mtcgagaccctgagatq

gc
:caqxauvavdgqatggctgaaqc
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ggtaagggccatgatggoctttaccagggactcicoacgygcaaceaaagatacttacgacgeccttcacatgeaa
{ D)

gececteoccgosacyge NOC: 71

Construct 2 kill switch and MHC CAR region (RQRE, MHC-CAR1 part B, MHC-CAR1 part
A region) is provided below:

MGTSLLC CLLGAD
PAPRPPTRA PTIASQPLSLRP:P‘
KCPREVVR

NIVT

PRELWG FLDRYFYNQEESVREDSDVGEEFRAVT

GRPDAEYWNSQKDILEQARAAVDTYCRENYGVVESEFTVORRVOPRKVIVYRSKTQPLOHHNLLVCSVSGEYRPGSIE
VRWEFLNGQEEKAGMVSTGLI QNGDWT FQTLVMLETVERSGEVYTCQVEHE SVT SEFLTVEWRARSESAQSKMLSGV
GGFVLGLLEFLGAGL TSRVKESRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK

NPQEGLYNELQKD
GDVEE PMALSGVEVLG SWALKEERVY
VWRLEEFGREASFEAQGALANIAVDKANLEIMTKRSNYTPITNVEEF
VNVITWLRNGKPVTTGVSETVEFLPREDHLFRKEHYLEFLESTEDVYDCRVEHWGLDERP L
NVVCALGLIVGLVG TSRVKESRSADAPAYQOGONQLYNELNLG
LIGMEGERRRGKGHDGLYQGLSTATKLTYDA

CLGMKGERRRGRGHDG

(OGL3TATKL

NPG

Kp

i

An example nucleic acid sequence encoding Construct 2 kill switch and MHC CAR region
(RORB, MHC-CARI part B, MHC-CAR1 part A region) is provided below:

tggatggeact ftg

g
tcecgtggttecatttttttaag
gagtggaggetcaggagacaca
aqaccccga*’ tttecaatygggac qgaac;>aLtk3cutccttqa*
cggtact

ta
gggcgacctgacgeq
tgtcgacataat
tctaaaacygce
g

:crghaagcq

traacqgtcaggaggaaaaqgccggaa;ggtaactacchtctyatgbagaacq1

tcaggtggtte
cgatccecggggagygtgt PtaraLQGC“dg‘tga‘“
agtgttac

ggeg atttgt&

acaatctaaaatge

qvgffagaa>Cuaaacaaq
aagttttcecegaagtgeygacy
cgacgcgaaga

‘”“C”g*l Cﬁdcaaqqxc&qraccuqctttaca¢ caac*g
gtacqatgttct

ataapqaactQCQqa ggacaagatggcggaggegtat

acqqacttta.uaaqqarr
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gagcggtgag afttcacgttqacatgo

aaggagcactcgooaat

\}}I'
\Q w

gagacttadc

‘*aachtgo gat a'vaaLGCUC“‘

ctcacaaattete g:aq- ct aggﬁaahc"ao gteot catatcL:c
gaa

tggtaageeggteaccacgggtgt

‘;acc,tccctttattccttcaacgqaa

ofs) acecgcett
cactattavcgccaccaccttta catcaaag
cggectaccagcagggocagaaccaactctacaac

agaggtcgagacocotgad

g
Laatqaacc cagaa ggatadqahqc qqagcctat:cc

agggcecat g»ng ctttaccagggactcetecacggcaacs
(SEC ID NO: 403)

Construct 2 (RQRS, MHC-CARI1 part B, MHC-CARI part A, GFP region) is provided
below.

SELPTOGTFSNVST

=

. S ] NVSPAKPTTTACEPYSNPSLCSGGGEES
GAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRRRVC
SNPGP LTVTLMVLSSPLALASDENPVV,
ELWO DRYFYNQEESVRE LERAVY
GVVESFTVQRRVOPRVIVYPSKTQPLOHHNLLVCSVSGFYPGSIE
N GDWTFQTLVMLETVPRSGEVYTCOVEHPSVI SPLTVEWRARSESAQSKMLS GV
GGFVLGLLIL GAbL:IYFRVQ””?VKASF\ADfoYQQGQNQTYNELkLﬂRREElJV DKRRGRDPEMGGKPRRK

OKDAMAEAYSELG DEYDALEMQAL
PEEPMALSGVRVLGE HVIIQABEYLNRDOS
FGREASFEAQGALAN

LAN

PAPRPPTPAPTIASS

=

PQEGLYNEL
GDVEE
VWRLEE
VNVTWLRN
NVVCALGL

KNPQOF

KRENYTPITNVPPEVIVLTNSFVELR
GRKPVTTGVSETVELPREDHLFRKEHYLPFLPSTEDVYDCRVEHWGLDE?R
[ IKGLT3RV “5ONNLANP
KPRRE LOKDKMALZAY YOGLSTATKDTYDA
KOAGDVEENEGEPVSKGEELFTGVVPILVELDGDVNGHK
LTYGVQCESRYPDHMKOHDEFFKSAMPEGYVOERTIFFKDDGNYKTRAEVKEFEGDTLVNRIELKGIDFKEDGNILG

APSPLP
RRGRDP

AYC
X\

HELEYNYNSHNVYIMADKQKNGIKANFKIRHNIEDGSVQLADHYQONTPIGDGPVLLEDNEYLSTOSALSKDENE
KRDHMVL VIAAG] DELYK* (3EQ LD 405)

An exarople nucleic acid sequence encoding Construct 2 (RQRE. MHC-CARY part B, MHC-
CART part A, GFP region) is provided below:

ccececcgege 'aacqatcacgtca"“ g

JEgYTEeatacgeggggatioaatiTT

jcccgoggoccgtegtgagatoctgggtece

\ﬂ

gc;tcc,ccangCuqv‘v“”
fCCLq ggtteat

:ggt=cttttacaaccaagaaqagaq;ctaccqttcgactcagﬁtothucc
gggcogaccetga Locggag“a;:uqaactﬂccaaa»ggacattttgqagcaggcacgagcagct
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tgtcgacataattatggtgtggtygy

aagtgaccgtgtatcca

tectaaaacgcaacccctccaacaccataac Catcocococgggtca
gtcaaa:ggL‘tccbcaa\,gﬁtr‘ ggaddgagaaggcocdggaatgc dagtac;gc'ct:acccagdacgg gacTtdgg

accttccaaactttyg tgttggaaacggigccygcgatocggggaggtgtatacatgecaagttgaacacccy
dqfottlcqacﬁﬁkcc:c*cqgtt.aqfuﬁaqqqco\ tcagagagcegcacaatcetaaaatgetgteaggagta
Jgoggatttgtacteggactoctettt gcge x_jggtatctactttagaa?,,naaraanagagva
aagttticcecgaagtgeyggacgetcocey aactgaacttggga
cgacgegaagagtacgatgttetiga Lg;;gggaaagcc cggaggaaqg

aacccacaagaaggccttt . e ctgcagaage qa+q000qoggc gtat?

ot
[}
[}
[{e)

gaaataggcsatgaag

ggtgaacggaggagagyga

3

chttgcacat-uaqgc“C‘

raaggattgtctacegeaactaasagacacetatgac
“ggagagggragaggaagtotgotaacate
tctggtgttCh"c"cc nggb**Lttatcacagccgta

gagegyc

qqtcacgtcgaddagaarcc

atgtcagcacagyga ggagttttatttgaacccy

aa
tttcacgttgacatggcaaaaaaggaaacy

te
"ccarachot jagttcat

q“ctcgagact’aac

actcgoecaatatcgeggtggac
gcgccaﬁﬂ*gagg*ta tgtyg
gacaagttca Ptcctdcoq g

**qcugzq:,fag

gageccactict

g

agagtatgacgtactced
aaccgagacg 3aqach,,,,tataar

gagatagggat

aaagatacTiac

ggogacggececy
aagcgegatcacat

taa (sEQ 1D

The amino acid sequences of exemplary CS8-1 targeting CAR constructs are provided below
(note that these designs contain a 4-1BB domain which may be replaced with a CD28

domain):

Anti-CS1-CAR-vi (Luc63-V1 CAR):

MALPVTALLLEFLALLLHAAI VQ GGSLKLSCAASGEDESRYWMSWVROAPGKGLEWIGEINRD
SSTINYTPBLEKDKELLSRDNAKNT LY : SEDTALYYCARPDGNYWY FDVWGAGTTVIVSSGGGEGSGGEGEE
GGGGSDI \/MTQSE' LTYWASTRHTGVPDRETGSGSGTD
T (ORKRGREKLLY L] PEMREVQ

FSRSADAPRPA CEYDVLDRRRGRDPEMGGKER

EGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQ S TATKDTYDALHMQALPPR {(SEQ ID NOC:

TO3S T

\ e
CSEDL
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Anti-C31-CAR-v2Z (Luc63-V2 CAR):

.

LVOPGGSLELSCAASG CSRYWMSWVROAPGK:

VRSEDTALYYCARPDGNYWY FDVWCGAGTTVTVS

EVELLESG

DNAXKNTLYLOM

ALPVTALLL

S TSVGDRVSITCKASQDVEIAVAWYQOKPGOSPKLLIYWASTRHTGVPDRETGSGSGTD
FTLTISNVQSEDLA‘“YE‘CQQYSS PYTEFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
DFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRRKKLLY LEKQPEFMREVOTTOEEDGC3CREPEEEEGGCEL

SRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQEGLYNELOKDKMAEA,

SERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ NO: 130)

Anti-CST-CAR-v3 (Luc63-V3 CAR):

MALPVTALLLPLALLLHAARPEVKLLE -GGGU\'QPGGSL_%’L. CAASGFDFSRYWMSWVROAPGKGLEWIGEINED

. RSEDTALYYCARPDGNYWY FOVWGAGT TVIVSSGEEGSEEGEES
GIAVAWYQOKPGQSPKLLIYWASTRHTGVPDRE

FCQOYSS GGTKLEIKEPKSPDKTHTCPPCPAPPVAGESVFLFP PKPKDTLMIA

YPEVKENWYVDGVEVENAKTKEE ;uQYNST{ VSVLTVLHQDWLNGKEYKCRKVSNKALP

',VWLPBSRDL NGVSLICI PENN i

PLA
DEK¥

2
3
g
251
7
<
<
<
1
a
o]
<
&
re

YRPSDIAVEWESNGO
S RGE : X JEE
QLYNELNLGRREEYDVLDKRRGRDEFEMGGKPRRKNPQ
TATKDTYDALHMQALPPR (SEQ ID NO: 131)

MALEPVT

LLHAARPQVOLOOPGARLVRPGASVELSCKASGYSETTYWMNWVKQRPGQGCLEWLGMIHPS
DSETRLNOQKFKDEKATLTVDKSS STAYMQLS SPTSEDSAVYYCARSTMIATRAMDYWGOGTIVIVISGEGGSGEEE

GGGSDIVMTQOSQKEMETSVGDRVSITCKASODVITGVAWYQQKPGRSPRKLLIYSASYRYTGVEDRETGSGSGT
DETEFTISNVOAEDLAVYYCQOHYSTPLTFGAGTKLELKGLAVSTISSFEPPGYQKRGRRKRKLLY IFKQPEMRPVQT
DGEC3CREPEL] DAPA W‘Qf ONCQLYNELNLGRREEYDVLDKRRGRDPE! X
LSLOKDKMAEAYSELGME KDTYDALHMQALFPPR (SEQ

MALEPVTALLLPLALLLHAARPQVOLOOPGAELVREGASVKI
STAYMOLSSPTSEL /
VS LTCRASQL
COQHYSTRPLTEGA )
RGLDFACDLIYIWAPLAGTCGVLLLSLVITLYCKRGRE QEEDGCSCREY
VKESRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPOEGLYNELOKDKMAEAYSEIGM
KGERRRGKCGHDGLYQGLSTATEDTYDALEMOALEPPR (SEQ 1D NO: 133)
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Anti-CS1-CAR-v6 {Luc90-V3 CAR):

MALEPVTALLLPLALLLHAARPQVOLOOPGAELVREGASVKLSCHASGYSEFTTYWMNWVKQORPGOQGLEWIGMIHPS
DSETRLNQKEKDKAT “'”AYI‘&QL.) PTSEDSAVYYCARSTMIATRAMDYWGOGTSVIN
SLTCE [ KPCG PRLLIYSASYRYTGH

SLEKEPKSPDKT

SVLTVLHODWLNGREYKCKVSNKAL
YPSDIAVEWESNGOPENNYXKTTPEPVLDSDGS

{RGREKKLLYIFKQPE 'V”%PVQ
i DVL GROPEMGGKPRE
TYDALHMOALPPR {(SEQ

SRWQQGH
LRVKFSRS l—u’)A’*AY(_)ObngL YN
VY SEIGMKGERRRGKGHDG

g

LYQGLSTATE

Anti-CALT-CAR-v7 (Luc34-V1 CAR):

MALP"fALLLPLALLJHkA?P"'\,’QuOOSb VELARPGASVKLICKASGYTEFTSYWMOWVEKQRPGOQGLEWIGATIY PG

DGDTRY FRGKATLTADL LA AVYYCARGKVYYGSNPFAYWG 1 IV3AGGGE

GSGGEGE QMTQSSS‘I';, [PSRESGSGEG
KDYTLSITSLOTEDVAT Py ; PGYQV\Q SRKKLLYIFKQPEFMRPVQ
TTOEEDGCICREFPEEEER EL ¥ PEMGGKPRREN
POEGLYNELQKDEMALS LD NO:

135)

Anti-CS1-CAR-v8 (Luc34-V2 CAR):

MALEPVTALLLPLALLLHAARPQVOLOCSGAELARPGASVKLICKASGYTEFTSYWMOWVEKQRPGOCLEWIGALIY PG
DEDTRYTOQRFKGKATLTADKSSSTAYMOLS S LA ISAVYYCARGRKVYYGSNPEFAYWGOGETLVTVSAGC
GSGGGGEIDIOMTQOS YLIVSLGGRVITLTC

KDYTLSITQLOTED‘JATYYCQQYWSTPWTFG
TRGLDFACDLYIWAPLAGTCGVLLL
3 AYQQGONOLYNALNL

IDGLYQGLSTATEDTY DAL

J-\PRPPT?A:'TIASQPLSLRPJ\a,RPAAGGAVH
YIFKQPFMRPVQTTOEEDGCSCREPEEEEGGCEL
DVLDKRRGRDPEMGGKPRREN POEG LY NELQKD KM

IMOALPPR (SEQ ID NO: 136)

o

ABAYSEILG

LL

Anti-C81-CAR-v9 (Luc34-V3 CAR):

MALPVTALLLPLALLLHAARFOVOLCCSGARLAREPGASVKLSCKASGYTET SYWMOWVKCRP(

LEWIGAIY

DGDTRYTQKFKGKATLTADKSS .""”AYMQLSSLLAST: SAVYYCARGKVYYGSNPFAYWGQGTLVIVIAGGGGSGEE
DICQMTQSSSYLSVISLGGRVTLT SG3G

CKASDHINN Jf_.AWYQQ KPGNAPRL
KDYTLSLTSLOTEDVATYYCQQYWSTPWTFGEGTKLETLKERPKS C
IARTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN
PAPIEKTISKAKGOPREPOVYTLPPSRDELTRNQVSLTCLY
SEFLYSELTVDRKSRWOOGNVESCIVMHEALHNHYTQKSLS] RKK L]
GCELRVEKESRSADAP. CGONQLYNE DVLDERRGR
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMCALPPR (SEQ ID NC: 137 )

[

>—<
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Anti-CS1-CAR-v1I0 (LucX1-Vi CAR)

MALPVTALLLPLALLLHAARPQVOL
DGDTRKYNG ATLTADKSSSTAYMQLESLS
SGGGERETTVTQSPASLEMATLGERVTIRCITSTDIDDDMNWYQOKPG!

DEVETIENMLSEDVADYYCLOSDNLPLTFGGGTKLEIKGLAVSTISSEE
TQEEDGCSCREFPEEEECGGCELRVKESRSADAPAYQQGONQLYNELNLGRREEY DVLDKRRGRDPEMGGKPRRKNP
QEGLYNELOKDKMARZAYSELGMEGERRRGKGHDGLYQGLSTATKDTYDALHMQALPRPR NO: 138)

SWMNWVKQRPGOGLEWLGR
SAMDYWGEOGT SV

VT

Anti-CS1-CAR-v1] QucX1-V2 CAR)

ALLLHAARPOVOLOCSGAELARPGASVKLSCKASGYT TSYWMQ&'\TVKQRPGQ LEWIGAIYPG
(GKATLTADKSSSTAYMOLSSLASEDSAVYYCARGKVYYGSNPFAYWS VIVSAGGGGSGEEE
GEGGGGEIDIOMTQSSSYLEVSLGGRVILTCKASDHINNWLAWYQQKPGNARPRLLISGATS
KDYTLSITSLOTEDVATYYCQQYWSTRPWTFGEETKLELR APRPPTPAPTIASQRPLSL
TRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIE >\QPF_HP."’\/UT QEEDGCECRIPEEEEGG
RVKFSRBADPAYQQGONCLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQEGLYNELQKDKMAES
KGERRRGRGHDGLYQGLSTATKDTYDALHMOALEP (SEQ ID NO: 139)

7;

|-v
..\

i)
r—<‘
L’j
[

Anti-C81-CAR-v2 (LucX1-V3 CAR):

MALPVTALLLPLALLLHAARFQVQLOCSG KASGYAFSSSWMNWVKQRPGQGLEWIGRIY PG
GDTKYNGRKEKGKA' SSSTAYMQLS LTSVDSAVYEFCARSTMIATGAMDYW
DDDMNWYQ {
L LKEPKSPDE
EVRKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGREYKCKVENKAL
NYTLPPSRDELTRNQVSLTCLVKGEYPSDIAVEWES n:Q»’h-\'w\'{/TT;’_VLDSDGS
YTOKSLSLSPCGRKRGRKKLLYLF K'g';‘L"Z\’IRPV"
N (DVLDEKRRGRDPEMG k
DTYDALHMQALPPR (SEQ ID NO: 14-’3‘)

IGOGTSVIVS 5GGGGSGEEE

TLTADEK
ASLSH

DKMAEAYSELG
Anti-CSI-CAR-vI3 (LucX2-V1 CAR):
MALPVTALLLPLALLLHAARPQVQLQOSGPELVKPGASVKI SCKASGYAF S SSUMNWVKORPGQGLEWIGRIY2G

SSLTSVDSAVY FCARSTMIATGAMDYWGRGTSVIVISGEGGIGEEE

SASYRYTGVPDRRETGSGSGTD

GYQRKRGRKKLLYIFKQPFMREVQT
YDVLDKRRGRDPEMGGKPRREKNEQ
i

D NOs 141)

SCKASGYAFSSSWMNWVKORPGC
DEDTRYNGH A )] 5 s MDYWGEO TVSSGGGEGESE
SGGGG3SDIVMTOSE STSVGDRVS] KASOD KPGOSPRKLLIYSASYRYTGVEDRETGSGSGT
DETEFTLS "QJ EDLAVYYCQOOHYSTPRPYTEGGG TPAPTIASOPE
TRGLDFADIYIWAPLAGTCGVLLLSLVITLYCRRGREAKLLY IFKQPEFMREPVOTTOEEL
APAYQOQGUNCLYNELNLGRREEYD) (RRGRDPEMGGKPRRENFQEGLYNELQ?
KGHDGLYQGLSTATKDTYDALEMQALPPR (SEQ ID NO: 142)

.
W g



WO 2019/094847 PCT/US2018/060227

Anti-CS1-CAR-viS LucX2-V3 CAR):

MALPVT

ALLLPLALLLHAARPQVQLQQSG ELVEKPGAS V{EDCKAQGYPququNWVKQRPGQGLEJlGK‘VUF
FRGKATLTADKS z SAMDYWG

VMTQS 3T PGQSPRLLIYSASYRYTGVPI

SVOAEDL PECPAPPVAGPSY

TPEVCVVVDVSHEDPE (RVV3SVLTVLHQDWLNGXK
‘lSKAFbQ¥BLPPJYWL??SRDhLm{N“VCLTC V IAVEWESNGOPEN?

‘?ngGNVb\,. f E KKLLYL PEME y
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TSVIVESGGGGS

(1) Preparation of MHC-CARs

Any of the MHC-C AR constructs described herein can be prepared by a routine
method, such as recombinant technology. Methods for preparing the chimeric receptors
herein involve generation of a nucleie acid or a nucleic acid set that encodes or collectively
encodes a MHC-CAR construct (including a single polypeptide or two subumits). In some
embodiments, the nucleic acid also encodes a self-cleaving peptide {e.g., P2ZA, T2A, or E2A
peptide) between the coding sequences for the two subunits of a MHC-CAR, or between the
coding sequence for a MHC-CAR and the coding sequence for other genes to be co-
expressed with the MHC-CAR in a host cell (see discussions below).

Sequences of each of the components of the MHC-CARs may be obtained via routine
technology, e.g., PCR amplification from any one of a varety of sources known in the art. In
some embodiments, sequences of one or more of the components of the MHC-CARs are
obtained from a human cell. Alternatively, the sequences of one or more components of the
MHC-CARs can be svnthesized. Sequences of each of the components {e.g., domains}) can
be joined directly or indirectly {(e.g., using a nucleic acid sequence encoding a peptide linker)
to form a nucleic acid sequence encoding the MHC-CAR, using methods such as PCR
amplification or ligation. Alternatively, the nucleic acid encoding the MHC-CAR may be
synthesized. In some embodiments, the nucleic acid is DNA, In other embodiments, the
nucleic acid 1s RNA,

Any of the MHC-CAR proteins, nucleic acid encoding such, and expression vectors
carrving such nucleic acid, all of which are within the scope of the present disclosure, can be
mixed with a pharmaceutically acceptable carrier to form a pharmaceutical composition,
which is also within the scope of the present disclosure. “Acceptable” means that the carrier
is compatible with the active ingredient of the composition {e.g., the nucleic acids, vectors,

celis, or therapeutic antibodies) and does not negatively affect the subject to which the
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composition{s} are administered. Any of the pharmaceutical compositions to be used in the
present methods can comprise pharmaceutically acceptable carriers, excipients, or stabilizers
in the form of lyophilized formations or aqueous solutions.

Pharmaceutically acceptable carriers, including buffers, are well known in the art, and
may comprise phosphate, citrate, and other organic acids; antioxidants including ascorbic
acid and methionine; preservatives, low molecular weight polypeptides; proteins, such as
serum albumin, gelatin, or immunoglobuling; amino acids; hvdrophobic polymers;
monosaccharides; disaccharides; and other carbohydrates; metal complexes; and/or non-ionic
surfactants. See, e.g. Remington: The Science and Practice of Pharmacy 20th Ed. (2000)

Lippincott Williams and Wilkins, Ed. K. E. Hoover.

. Genetically Engineered Innnune Cells Expressing MHC-CARs

(1) MHC-CAR-expressing immume cells

Immune cells expressing the MHC-CAR described herein provide a specific
population of cells that can recognize pathogenic cells {e.g , autoreactive T cells} involved in
autoimmune diseases via MHC/peptide-TCR engagement. The interaction between the
MHC-peptide portion of the MHC-C AR and the cognate TCR on the pathogenic cells would
activate the MHC-CAR expressing imnwne cells via the signaling domains(s} of the MHC-
CAR {optionally by recruiting cell membrane signaling molecudes of the immumne cells),
leading to proliferation and/or effector functions of the MBC-C AR-expressing imumune cells,
which in turn eliminate the pathogenic cells. The immune cells can be T cells, NK cells,
macrophages, neutrophils, eosinophils, or any combination thereof. In some embodiments,
the tmmume cells are T cells. In some embodiments, the immune cells are NK cells. Specific
examples are provided in Examples below.

The population of immune cells can be obtained from any source, such as peripheral
blood mononuciear cells (PBMUCs), bone marrow, tissues such as spleen, lymph node,
thymus, fumor tissoe, or established cell lines. A source suitable for obtaining the tvpe of
imunune cells desired would be evident to one of skill in the art. In some embodiments, the
population of immune cells is derived from PBMCs. The tvpe of immune cells desired (e.g.,
T celis, NK cells, macrophages, neutrophils, eosinophils, or any combination thereof) may be
expanded within the population of cells obtained by co~incubating the cells with stimulatory
molecules, for example, anti-CD3 and anti-CD28 antibodies may be used for expansion of T

cells.
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To construct the immune cells that express any of the MHC-CAR constructs
described herein, expression vectors for stable or transient expression of the chimernic
receptor construct may be constructed via conventional methods as described herein and
introduced into immune host cells. For example, nucleic acids encoding the MHC-CAR may
be cloned into a suitable expression vector, such as a viral vector {e.g., a lentiviral vector) in
operable linkage to a suitable promoter. The nucleie acids and the vector may be contacted,
under suitable conditions, with a restriction enzyme to create complementary ends on each
molecule that can pair with each other and be joined with a ligase. Altematively, synthetic
nucleic acid linkers can be ligated fo the termini of the nucleic acid encoding the chimeric
receptors. The synthetic lutkers may contain nucleic acid sequences that correspond to a
particular restriction site in the vector. The selection of expression vectors/plasnuds/viral
vectors would depend on the type of host cells for expression of the chimeric recepiors, but
should be suitable for integration and replication in eukaryotic cells.

A variety of promoters can be used for expression of the MHC-CAR constructs
g, without Himitation, cytomegalovirus (CMV) intermediate early

o0

promoter, a viral LTR such as the Rous sarcoma virus LTR, HIV-LTR, HTLV-1 LTR, the

described herein, includin

simian virus 40 (SV40) early promoter, herpes simplex tk virus promoter. Additional
promoters for expression of the chimeric receptors include any constitutively active promoter
in an immune cell. Alternatively, any regulatable promoter may be used, such that its

expression can be modulated within an immune cell.

Additionally. the vector may contain, for example, some or all of the following: a
selectable marker gene, such as the neomycin gene for selection of stable or transient
transfectants in host cells; enbhancer/promoter sequences fror the inuonediate earlv gene of
human CMVY for high levels of transcription; transcription termination and RNA processing
signals from 8V40 for mRNA stability, SV40 polvoma origins of replication and ColE1 for
proper episomal replication; internal ribosome binding sites (IRESes), versatile multiple
cloning sites; T7 and SP6 RNA promoters for in vitro transcription of sense and antisense
RINA; a “suicide switch”™ or “suicide gene” which when triggered causes cells carryving the
vector to die {e.g., HSV thyvmidine kinase, an inducible caspase such as iCasp9)}, and reporter
gene for assessing expression of the MHC-CAR.

in some embodiments, the marker/sorting/suicide molecules for use in the present

disclosure can be used for killing with rituximab and/or for sorting with QBEND. Philip et
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al., Blood 124(83:1277-87; 2014). One example is RQRE, which contains rituximab

mimoiope and GBEND-10 epitope. Exemplary sequences are provided below:

MGTSLLCWMALCLLGADHADACRPYSNZS LCSGGGESELPTQGCTEFSNVITNVSPAKRPTTTACPYSNPSLC

RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRN

JLGADHADACRPY SNEZSLUSGGGGSELPTOGTFSNVITNVIPARKPTTTACPYSNPSLC

ACDLYIWAPLA VLLLSLVITLYCNHR

ZCPGATGCATGTCCETACTCC

T AGGGAGTGAACTCCCTACACAGGGAALCC
\CCGACCACAACAGCTTGCCCCTATAGTAACCCTTCCCTCTGTAGTGGAGGGGEEGGETTCA
TCCTACCCCCGCGCCAACGATCGCGTCACAACCGCTCAGTCTTAGGCCGGAAGLCTGTAGS

CGACATTTACATTTG

TCTCTAATGTCTCCACCART

In another example, the following exemplary RQR sequence tag can be affixedto a

MHC-CAR consiruct as disclosed herein:

ACPYSNPSLCSGGGGSELPTOGTFSNVSTNVS PAKPTTTACPYSNPELCSGGGGS (SEQ ID NO: 145)

The boldfaced fragment is the rituximab minotope and the underlmed/italicized fragment is
the QBEND-10 epitope.

Suitable vectors and methods for producing vectors contamning transgenes are well
known and available in the art. Any of the vectors comprising a nucleic acid sequence that
encodes a MHC-CAR construct described herein is also within the scope of the present
disclosure. Such a vector may be delivered into host inwoune cells by a suitable method.
Methods of delivering veciors to immune cells are well known in the art and may include
DNA electroporation, RNA electroporation, transfection reagents such as liposomes, or viral
transduction. In some embodiments, the vectors for expression of the MHC-CAR are
delivered to host cells by viral transduction. Exemplary viral methods for delivery include,
but are not limited to, recombinant retroviruses {see, e.g., PCT Publication Nos. WO
90/07936; W0 94/03622; WO 93/25698, WO 93/25234; W 93/11230; WO 93/10218, WO

91/02805; 1.8, Pat. Nos. 5,219,740 and 4,777,127, GB Pateni No, 2,200,651, and EP Patent

i d
(¥
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No. {345 242), alphavirus-based vectors, and adeno-associated virus {AAV) veciors (see,
e.g., PCT Publication Nos. WO 94/12649, WO 93/03769; W 93/19191, WO 94/28938, WO
05/11984 and WO 95/00655). In some embodiments, the vectors for expression of the
chimeric receptors are retroviruses. In some embodiments, the vectors for expression of the

chimeric receptors are lentivirnses.

In examples in which the vectors encoding chimeric receptors are introduced to the
host cells using a viral vector, viral particles that are capable of infecting the immune cells
and carry the vector may be produced by any method known in the art and can be found, for
example in PCT Application No. WG 1991/002805A2, WO 1998/609271 Al, and U.S.
Patent 6,194,191, The viral particles are harvested from the cell culture supernatant and may
be isolated and/or purified prior to contacting the viral particles with the immune cells.

Following mtroduction into the host cells a vector encoding any of the MHC-CAR
provided herein, the cells are cultured under conditions that allow for expression of the
chimeric receptor. In examples in which the nucleic acid encoding the MHC-CAR is
regulated by a regulatable promoter, the host cells are cultured in conditions wherein the
regulatable promoter is activated. In some embodiments, the promoter is an inducible
promoter and the immune cells are cultured in the presence of the inducing molecule or in
conditions in which the inducing molecule is produced. Determining whether the MHC-CAR
is expressed will be evident to one of skill in the art and may be assessed by any known
method, for example, detection of the chimeric receptor-encoding mRNA by quantitative
reverse transcriptase PCR (gRT-PCR) or detection of the chimeric receptor protein by
methods including Westemn blotting, fluorescence microscopy, and flow cviometry. See also
Exaroples below. Alternatively, expression of the MHC-CAR may take place i vivo after
the immune cells are administered to a subject.

Alternatively, expression of a MHC-CAR construct in any of the immune cells
disclosed herein can be achieved by introducing RNA molecules encoding the MHC-CAR
coustructs. Such RNA molecules can be prepared by in vitro transcription or by chenical
synthesis. The RNA molecules can then introduced into suitable host cells such as immune
cells e.g., T cells, NK celis, macrophages, neutrophils, eosinophils, or any combination
thereof} by, e.g., electroporation. For example, RNA molecules can be synthesized and
introduced into host immune cells following the methods described in Rabinovich et al |

Human Gene Therapy, 17:1027-1035 and WO W(2013/040557.
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The methods of preparing host immune cells expressing any of the MHC-CARs
described herein may comprise expanding the host immune cells ex vivo. Expanding host
inunune cells may involve any method that results in an increase in the nurober of cells
expressing MHC-CAR, for example, allowing the host cells to proliferate or stimulating the
host cells to proliferate. Methods for stimulating expansion of host cells will depend on the
tvpe of host cell used for expression of the chimenie receptors and will be evident fo one of
skill in the art. In some embodiments, the host immune cells expressing any of the MHC-

CAR described herein can be expanded ex vivo prior to administration to a subject.

(1} Additional Genetic Modifications

One or more additional genetic modifications can be introduced into host immune
cells before, concurrently with, or after the transfection of the MHC-CAR construction. For
exarople, one or more marker and/or suicide genes roay be introduced iuto the host inuoune
celis. Examples include green fluorescent protein (GFP), enhanced blue fluorescent protein
{eBFP), and RQR genes, such as RQRE (a compact marker/suicide gene for T cells which
combines target epitopes from CD34 and CD20. Phalip et al., Blood 124(8):1277-87; 2014).
Such marker/suicide genes mav be constructed in one expression cassette with the MHC-
CAR components.

An example of an amino acid sequence of GFP is provided below:

'GKLEVEWRPTLVTTLTYGVQCEFSRYP
I [ HNV

AAGITLGMDELYK 4273

An examp]e of anucleic acid sequence encoding GFP is provided below:

ceateetggt cg»gptugauvvwacg aaacggocac

qqch gggec

C araagﬂaoddqd; g
jcaget r*q cgaccactaccageagasacacccad
geacccagtecgecctgageaaagacoeea

cegggatecactetoggeatygys

qtr‘mqh*q
yatcacatggteocoty
(SEQ ID NO: 428)

'Lg’gagttvg tgac\.

in some instances, the endogenous TCR (alpha chain, beta chain, or both) can be
disrupted such that the host immume cells do not express the endogenous TCR. Deficiency in
endogenous TCR could avoid undesired T cell activation. Aliernative or in addition, certain

cell surface receptors can be knocked out. Such surface receptors may be target receptors for

4
-~



WO 2019/094847 PCT/US2018/060227

disease treatment, for example, CD52, which is a target for MS treatment. Knock-out such
targel receptors from the MHC-CAR immune cells allows for the co-use of the MHC-CAR
inunune cells with therapeutic agents specific to the target receptor {e.g., and anti-CDS2
antibodies such as alemtuzumab).

In some embodiments, the host immune cells may be modified with synthetic surface
proteins {o enhance their retention in a specific organ or tissue, for example, in the lymph
nodes, in tertiary lymphoid organs, or at sites of inflammation. Doing so would allow the
modified immune cells to access target pathogenic cells, while minimizing fatal off-target
effects due to penetration of the blood brain barrier or free travel of the immune cells through
peripberal blood. Cells eardy mnthe T cell differentiation pathway {(e.g., naive, stem cell
memory, and central memory T cells) travel freely fo the lvmph nodes. As differentiation
progresses, most effector T cells leave the lymph node. Pathologic immune cells can also
travel to and accumulate at sites of mflaromation. Treatment by activated CAR-T celishas a
numnber of undesirable effects when they react with undesived targets. Interaction with heart
tissue can be fatal to cardiac protein, and permeation of the brain can lead to fatal cerebral
edema. Recent progress has been made in treatment of the brain cancer gliobastoma using
lower doses of CAR T therapy than in systenuc treatments for cancer using CDIS CAR'T
therapy. Brown et al., New England Journal of Medicine, 375(26):2561-2569, 2016.
Resohwtion of inflammation has the potential to transform pathologic to protective
environments, Gaghiani et al., Nature, 523(7559).221-225, 2015,

Introducing one or more of lymph node retention proteins into the immune cells can
enhance retention of the immune cells in the lymph node, wherein the immune cells still have
access 1o target pathogenic cells, while undesired effects as noted above can be significantly
reduced. Naive lvmphocytes enter the lymph node via high endothelial venules (HEVs).
Thus, expressing or overexpressing proteins involved in HEVY anchoring and/or entry can
facititate the immune cells entering into lvmph node. Exemplary lymph node retention
proteins include, but are not limited to, CCR7 {a chemokine receptor), MECAT79 {a peripheral
lvmph node addressin}, vascular adhesion protein-1 (VAP-1) and CD62 (selectin, a famuly of
the cell adhesion molecules). Azzi et al., Blood 124(4).476-477, 2016; Streeteret al., J. Cell.
Biol. 107:1853-186; 1988; Michie et al, Amer, J. Path. 143.1688-1698; 1993, Bergetal, I.
Cell. Biol 114:343-349; 1991, Berg et al., Nature 366:695-698; 1993; and Hemmerich et al |
J. Exp. Med. 180:2219-2226; 1994, Alternatively, genes encoding proteins {e.g.,

sphingosine-1-phosphate receptor-1 or S1P) involved i lymphocyte egress from the thymus
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and lymph organs can be knocked out from the immune cells.
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Chemokine receptors and adhesion receptors that promote trafficking to sites of

mflanwmation can also bring MHC-CAR immune cells in contact with pathogenic cells that

propagate immune disease | Barreiro et al., Cardiovascular research, 86(2):174-182, 2010}

see Table 3 and 4. Receptors involved in recruiting immune cells that propagate

nflammation include receptors {i.e., CXCRS, CCR7, CCR6) that recruit to tertiary iyraphoid
organs (where CXCL13, CCL19, CCL20, CCL21 are expressed).

One or more genes encoding proteins involved in targeting other organs/tissues, for

example, brain/CNS, bone marrow, pancreas, intesting, liver, lungs, spleen, and/or thymus,

may also be itroduced into or knocked-out from the imnnwrne cells.

The genes (in Table 3 and 4), by means of virally induced or temporary RNA

mediated expression (possibly combined with knockowt of the endogenous gene) in the

therapeutic cell, may be used to route either Treg or CTL cells to the desired location or 1o

treat/remove the desired cells. Barreiro, et al. Cardiovascular research, 86(2):174-182, 2010,

If mRNA transfection is utilized then it can allow expression of the chemokine or adhesion

recepior for a week. Wang and Riviére. Molecular Therapy-Oncolytics, 3:16015 2016.

Table 3. Chemokine receptors and natural context

Receptor Typically expressed | GenBank Accessien Ligands
on number
CXCRI Neutrophils AAY215151 CXCLR, CXCL6
CXCR2 Neutrophils NP _001548.1 CXCL1,2.3.4.5,7
CXCR3 T cells and some B NP 0014951 CXCLY, 10, 11
cells
CXCR4 Most mature and CAAL2166.1 CXCL12
imrnature
hematopotetic cells
CXCRS B cells and Tth cells | NP_001707.1 CXCLI3
CXCRO6 Inflammation NP _006555.1 CXCL16
response T cells but
weak chemotaxis
CXCR7 Memory B cells, T NP 064707.1 CXCLIZ
cells
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CCR1 Peripheral NP _001286.1 CCL4, CCLS5, CCL6,
lymphocytes, CCL14, CCLIS,
memory T cells CCLI6, CCL23
CCR2 Monocytes, activated | AAAI9119.1 CCL1I, CCLz2s,
memorv T cells, B CCL7, CCL13,
cells, basophils CCLIS, CCL24 &
CCL5, CCL28
CCR3 Plays arolein NP 0018281 CCL11, CCL2S,
allergic reactions, B CCL7. CCL13,
and T cells to CCL13, CCL24,
mucous, eosinophils, CCLS
basophils
CCR4 Th2 lymphocytes, NP_005499.1 CCL3, CCLS,
dendritic cells CCL17, CCLz22
CCRS Peripheral blood NP_000570.1 CCL2, CCL3, CCL4,
dendritic cells, CCLS, CCLIL,
D34+ hematopoietic CCL13, CCL14,
progenitors, CCLIG
activated/memory
Thi
CCRS Inactivated memory T | AACS1124.1 CCL20
cells, dendritic cells,
Th17, downregulated
on activated T cells
CCR7 Trafficking of B, T, AAH33343 1 CCLIS, CCL2Y
and dendritic cells
across HEV and into
T cell zone of lymph
nodes
CCRS Th2 cells, thymus, NP 0051921 CCL1, CCLYG
lymph nodes, spleen,
brain, monocytes
CCRY Thymus, gut NP 1124771 CCL23
CCR10 Skin, mucous layers, | NP 037686.2 CCL27, CCL28
regulatory T cells
XCR1 NP 0032741 XCL1, XCL2
CX3CR1 NP 001164642.1 CX3CL1

66
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The amino acid sequence of CCRS, provided by AACS51124.1 is shown below:

GESMNESDVEDSSEDYEVSVNTSYYSVDSEMLLCSLOEVROFSRLEVPIAYSLICVEFGLLGNILVVITEFARYK
KARSMTDVYLLNMATADLLEVLTLPEWAVSHATGAWVE SNATCKLLKGIYAINENCGMLLLTCISMDRY LA
VE‘NQKYNJ CGSDVCERPRYQTVISEZ IRWKLLMLG
(RHEKAIRVIIAVVLVEFLACQIPHNMVLLVTAANLGEMNRSCQSEKE
"RNYFLKILKDLWCVRRKYKSSGEFSCAGRYSENISROTSETADNDNASSETM

Ttctgggt

*:t-“t [s{ste]e

ot
togte]
5]
a

(S
Q cf

ot

Q

G QQ
Vw0
te}

aactgtg
cgaaat
getgyy

agt gar:aa‘,c et

{SEQ ID NO: 392)

ATGAGE AATCAATGAATTTCAGCGATGTTTTCGAC AGTGAAGATTATTTTGETS

TCAGTCAATACTTCATATTACTCAGTTGAT TCTGAGATGTITACTGTGCTCCTTGCAGGAG
SGCTATTTGETACCGA GCCTAP"“(J“TTGA"C : TTGGC

GTCAG!
b TG G’
ACAGACCTCTATCY SAACATGGCCAT
TTCTGGGCA T”AG UCATGCCACTGETG

CTCCCA

v’{‘\;\;(;’l e (‘D"CL\L\P( z )M\,G'I‘GCHZAC""' gel
AAGTCATTCCGGE LC,\,\;}JJ CCH GAACA
TCATCTGCCTTGTTGTGCTGGGEGGCTGTCAGTCATCATCTCCAGC
> AACCAARAATACAACACCCAAGGCAGCGATGTCTGTGAACCCAAG
TACCAGACTGTCTCGGAGCCCATCAGGTGGAAGCTGCTGATGTTGGGGCTTGAGCTACT

TTTGCTTTCTTTATCCCTTTGATCTTCATGATATTTTGTTACACGTTCATTGTCAAAACC
TTGGTGCAAGCTCAGAATTCTAA ACAAAGCCATCCGTGTAATCATAGCTGTGGETG

[CAGA CGG

VA \,{‘IP

AGCGAAAAL
GCCT GAI—J"(‘( 'GLGCTCTAC ,f"l"l“l“l‘.
GAGAA (: Y.
CTCGGCAGACC

'D NC: 383)

,—\

L
AATGCGTCE 1’5\1 L
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Table 4. Adhesion recepiors and natural context

PCT/US2018/060227

Receptor

Typically expressed
on

Accession nurnber

Ligands

VLA-1 or aufs

Many cell tvpes

NP_832478.1,
AAH20057.1

Collagens, lamining

VLA-2 or cofh

Many cell tvpes

NP_002194.2,
AAH20057.1

Collagens, laminins

VLA-3 or asfs

Many cell types

AATS0191.1,
AAH20057 1

Lamunin-5

VEA~4 or cuf

Hematopoietic cells

NP_000876.3,
AAH20057.1

Fibronectin and
proteinases

VLA-5 or asfh

Many cell types

NP_002196.4,
AAHZ0057 1

Fibronectin, VCAM-
1

VLA-6 or asf Many cell types AAI36456.1, Laminins
AAH20057 1

oufsy Gut NP _000876.3, MADCAMI1
NP 0008801

o7 Muscle AAQRI241.1, Laminins
AAH20057.1

orps T lymphocytes NP_002200.2, -CAML, I-CAM2

NP_000202.3

MAC-1 or amf2 Neutrophils and AAB24821 1, -CAMI
monocytes NP 0002023
i3 Platelets AAIZ6A43 1, Fibrinogen,
AAI2TO6R 1 fibronectin
v Melanocytes AAAGIG3L1, Vitronectin,
AAH20057 1 fibrinogen
v Activated endothelial | AAA61631.1, Vitronectin,
cells AAIRTG6R.1 fibronectin,
fibrinogen,
osteopontin, Cyrold,
tyroxing, Tetrac
avPs Eptthelial cells and AAAGIG3LT, Vitronectin

fibroblasts

NP_002204.2
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v Lung, mammary AAAGIG3 T, Fibrinonectin and
gland NP_000879.2 TGF-B 1.3
avPs WNeural tissues AAAGI63L1, Fibrinonectin and
NP 0022051 TGE- 1,3
osfe Epithelial cells AAA61631.1, Laminin
CABG61345.1

Alternatively or in addition, genes that may enhance immune cell functions, e.g.,
proliferation, cytotoxicity, etc., can also be introduced into or knocked-out from the immune
cells. Examples include TNF/TNFRZ overexpression (for short-lived but more effective CD8
T cells), gld {(FasL. mutant; for lymphoproliferation, CTLs do not kill via Fas-FasL pathway);
tpr (Fas mutant; for upregulation of FasL — target cells resistant to FasL-mediated apoptosis);
Granzyme B* deficient {delayed nuclear apoptotic changes in target cells), Granzyvme A &
B* deficient {delayed nuclear apoptotic changes in target cells); Perforin deficient {complete
absence of granule-mediated apoptosis); Perforin and FasL deficient (defective granule-
mediated and Fas-mediated apoptosis); Cathepsin C {dipeptidyi-peptidase 1} deficient {fails to
produce active granzymes and some haematopoigtic serine proteases); FAS (CD95)
underexpression; and/or FASL overexpression.

Table 5 below lists additional genetic modifications of the MHC-CAR T cells or co-

treatment described herein and the accompanying advaniages arising therefrom.

Table 5. Genetic Modifications or Co-Treatment and Benefits Thereof

Genetic Modifications Advantages

TCR knockout

CIITA deletion (to remove endogenous

MHBC class I expression)

S8-1 {CD319) deletion (which is present

on T ceils)

Reduce fraternal kiling of MHC-CAR T cells
by natural CD8" T cells with an affinity to the
peptide-MHC in the MHC-CAR thereby
extending the life-span of the MHC-CAR T
cells. (Without the genetic modifications, the
MHC-CAR T cells would still be ¢ytotoxic and
effective, but would have a short life-span.}

Fas deletion, which optionally can be in

combination of FasL overexpression

PD-1 deletion, which optionally can be in

combination with PD-L1 and/or PD-L2

overexpression

Erthance activity to elinunate CD8 cytotoxic T
cells, antigen-presenting cells (APCs), and/or B
cells
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- Co-express of CS-1 CAR {conventional
CAR construct having an extraceilular
domain specific to CS-1)

- Co-express of C19 CAR (conventional
CAR consiruct having an extracellular
domain specific to CD19}

- PD-L1 overexpression, which may
optionally be in combination with PD-1
deletion

- PD-L1 + CTLA4-Ig, which may

optionally may be in combination with

PD-1 deletion

FasL, overexpression, which may

optionally be in combination with Fas

deletion

- Galectin 9 expression, which may

optionally be in combination with Tim-3

deletion

CS-1 deletion (when CS-1 CAR is used

to reduce fraternal killing)

include a hinge in a MHC-CAR

H

Reduce the leve] of MHC-CAR T cell
elimination by other immune cells;

Inclusion of hinge may decrease/prevent killing
with cell TCR by, e.g., decreasing ability for it
to engage CDB4 or CD8

- TCR knockout when allogenic cells are
used {cells can be sorted to remove non-
edited cells)

Reduce the risk of graft-v-host disease

- Treg cells expressing MHC-CAR
- PD-1 and/or PD-L1 knockout
- CXCRS expression

Reduce humoral responses to the peptide-MHC
of inferest (e.g., antibody responses), especially
a B cell response

- 1135 expression

Inhibitors {e.g., antibodies) targeting
cytokine producing B cells {e.g.. targeting
{D10) and/or other activated immune
cells {e.g., targeting CS-1)

Reduce inflarnmation and/or enhance
tolerogenic environment

-Relevent chemokine receptor expression to
either direct to relevant organ (Schall et
al., Nature Reviews Immmunology,
11{5):355-363, 2011} or to interact with
relevant cell type (example, CXCRS for
B cell, CCR6 for Thi7)

-Antigen targeting antibody scFv that
contains a {D8 hinge, a transmembrane
domain, and optional stimulatory and co-
stimulatory domain (for Treg only). (for
example an anti-MOG antibody). The
relevant antibody sequence (for a subset
of antigen targets in Table 1) can be

Routing to inflamed or antigen presenting or
antigen targeting environment
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generated from sequencing of
commercially available human-targeted
monoclonal varianis using mass
spectrometry. Tran et al. Scientific
reporis, 6:31730, 2016.

- Genetically encoded kill-switches Reduce cytokine crisis

In some embodiments, genetic modification that lead to PD blockade can be
introduced into the immune cells that express a MHU-CAR as described herein. Such
meodifications include one or more of PD-1 knockout, PD-L1 or L2 overexspression, or PD-L1
lmockout. PD blockade may be combined with an immame-inhibitor {e.g , knockouts of
CTLA-4, TIM-3, LAG3, TIGIT, IDO, or Arginase, or CTLA-4lg secretion), an
immunostimulator {e.g2., anti~0X40, anti-CD137, IL-2, TLR ligands, or STING), and/or a
kinase inhibitor {e.g., Braf inhibiior or MEK inhibitor)

Table 6 below provides exemplary genetic modifications for PD blockade, inumune
inhibitor, death receptor, immunostimulator, toll like recepior, kinase inhibition, master
regulator, cytokine signaling, cell interaction reduction, and drug interaction related edits.
The tables also provides target sequences for guide RNA using Cas9 in T cells as well as
Genbank accession numbers for sequences that can be used for expression/overexpression.
Genome editing using gRNAs is performed through transduction of lentivirus
{IentiCRISPRYZ) containing the desired gRNA and the Streprococcus pyogenes Cas?
nuclease. This can be perform as an alternaive to delivery of TALEN RNA in the protocols.

Sanjana, et al. Nature Methods (2014) 11(8):783-784.

Table 6. Exemplary Genes for Genetic Modification and Corresponding Cas9-Mediated Edits

PD blockade related edits Genbank Genomic sequences (gRNA) for
accession no, Cas9 targeting

Programmed cell death protein 1 NP_005009.2 TGACGTTACCTCGTGCGECC

(FDCDD) (SEQ ID NO: 149),

CACGAAGCTCTCCGATGTGT
(SEQ ID NO: 147),
GCGTGACTTCCACATGAGCG
(SEQ ID NO: 148),
TTGGAACTGGCCGGCTGGCC
(SEQ ID NO: 149),
GTGGCATACTCCGTCTGCTC
(SEQ ID NO: 150),
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GATGAGGTGCCCATTCCGCT
(SEQ ID NO: 151),

Prograramed celf death 1 ligand 1
(CD274)

NP_005609.2

TACCGCTGCATGATCAGCTA
(SEQ ID NO: 152),
AGCTACTATGCTGAACCTTC
(SEQ ID NO: 153),
GGATGACCAATTCAGCTGTA
(SEQ IDNO: 154),
ACCCCAAGGCCGAAGTCATC
(SEQ ID NO: 155),
TCTTTATATTCATGACCTAC
(SEQ ID NO: 156),
ACCGTTCAGCAAATGCCAGT
(SEQ ID NO: 157)

Immune-inhibitor related edits

Genbank
accession no.,

Genomic sequences for Casy
targeting

Cytotoxic T-lymphocyte protein 4
(CTLA4)

NP 00352052

GTACCCACCGCCATACTACC
(SEQ ID NO: 158),
TTGCCTATGCCCAGGTAGTA
(SEQ ID NO: 159).
CCTTGTGCCGCTGAAATCCA
(SEQ ID NO: 160),
ACCCCGAACTAACTGCTGCA
(SEQ ID NO: 161),
ACATAGACCCCTGTTGTAAG
(SEQ ID NO: 162),
ATCCTTGCAGCAGTTAGTTC
(SEQ ID NO: 163)

CTLA4-Ig (Orencia)

APZT6727.1

Serine/threonine-protein phosphatase 2A
catalytic subunit alpha isoform
(PPP2CA)

NP_602706.1

ACATCGAACCTCTTGCACGT
(SEQ ID NO: 164),
TACAGCTCACCTTCTCGCAG
(SEQ ID NO 165).,
GGTATATCTCCTCGAGGAGC
(SEQ ID NO: 166),
TACACTGCTTGTAGCTCTTA
(SEQ ID NO: 167),
GAGCTCTAGACACCAACGTG
(SEQ ID NO: 168),
CAAGCAGCTGTCCGAGTCCC
(SEQ ID NO: 169)

Serine/threonine-protein phosphatase 2A
catalytic subunit beta isoform (PPP2CRB)

CAA31183.1

AATGTGTAGCCAGCACCACG
(SEQ ID NO: 170),
GAACTTCCTGTAAACGATCC
(SEQ ID NO: 171),
TACATACCTCCATTACAAGC
(SEQ ID NO: 172),
CCATCTACTAAAGCTGTAAG
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(SEQ ID NO: 173),
CTCAATATTGTAATGCGTTC
(SEQ ID NO: 174),
CTCTCCATCCATAGACACAC
(SEQ ID NO: 175)

Protein tyrosine phosphatase, non-
receptor type 6 (PTPNG)

AAA3S9063.1

TAAGACCTACATCGCCAGCC
(SEQ ID NO: 176),
GAAGAACTTGCACCAGCGTC
(SEQ ID NO: 177),
GTCAGCCGCATTCACCCTCG
(SEQ ID NO: 178),
CTGCCAGAAGTCATTGACCG
(SEQ IDNO: 179),
CCCAGCCGTACTATGCCACG
(SEQ D NO: 180),
GCCGCTGCCCTTCCAGACGC
(SEQ ID NO: 181)

Tyrosine~-protein phosphatase non-
receptor type 22 (PTPN22)

AADOOS04.1

GTAGCTGGAATCCTCATCAG
(SEQ ID NO: 182),
CAAAACCTATCCTACAACTG
(SEQ ID NO: 183),
TTAGGGAGTTTATGGACCCA
(SEQ ID NO: 184),
CTCAGCCACAGTTGTAGGAT
(SEQ ID NO: 185),
TCACTGTACCTTAATGAAGT
(SEQ ID NO: 186),
TCCTTTATCTACAACCCTCC
(SEQ ID NO: 187)

Lymphocyte activation gene 3 protein
(LAG3)

CAA362433

TCCATAGGTGCCCAACGCTC
(SEQ ID NO: 188),
GTTCCGGAACCAATGCACAG
(SEQ ID NO: 189),
GCGAGAAGTCCCCGCGOTGC
(SEQ ID NO: 190),
TGACCCCTGCTCTTCGCAGA
(SEQ ID NO: 191),
CGCCGGCGAGTACCGCGCCG
(SEQ IDNO: 192),
TGGGCGGTCAGGGCGGCTGA
(SEQ ID NO: 193)

Hepatitis A virus cellular receptor 2
(Tim3, HAVCR2)

AAMI9100.1

CTAAATGGGGATTTCCGCAA
(SEQ ID NO: 194),
ATCCCCATTTAGCCAGTATC
(SEQ ID NO: 195),
GTGAAGTCTCTCTGCCGAGT
(SEQ ID NO: 196),
AGGTCACCCCTGCACCGACT
(SEQ ID NO: 197),
CTTACTGTTAGATTTATATC
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(SEQ ID NO: 198),
TATAGCAGAGACACAGACAC
(SEQ ID NO: 199)

B- and T-lvmphocyte attennator (BTLA)

AAP44003.1

GTGACTTGGTGCAAGCTCAA
(SEQ ID NO: 200),
TCTGCTTGCCATTTCGTCCT
(SEQ ID NO: 201),
CTGTTAGCACAGTATTTCAC
(SEQ ID NO: 202),
CCAAAGGAAGTAAACGATAC
(SEQ ID NO: 203),
ATGTTCCAGATGTCCAGATA
(SEQ ID NO: 204),
CTTCTTCTTAATCCCATATC
(SEQ D NO: 205)

CD160 antigen (CD160)

AACT2302.1

AGTTTAGTCGCGTTCOTTCC
(SEQ ID NO: 206).
CACTGTGCAACGGTGTGACT
(SEQ ID NO: 207),
GGATGTCCACAATTGCCAGC
(SEQ ID NO: 208),
AACTGAGAGTGCCTTCATTA
(SEQ ID NO: 209),
GACAGGGAACTACACAGTGA
(SEQ ID NO: 210),
GACAGGGAACTACACAGTGA
(SEQ ID NO: 210},
ATTGTGGACATCCAGTCTGG
(SEQ ID NO: 212)

T-cell immunoreceptor with Ig and ITIM
domains (TIGIT)

BAC04973.1

TCGCTGACCGTGAACGATAC
(SEQ ID NO: 213),
TGGGGCCACTCGATCCTTGA
(SEQ ID NO: 214),
GCAGATGACCACCAGCGTCG
(SEQ ID NO: 215),
TCAGGCCTTACCTGAGGCGA
(SEQ ID NO: 216),
CATCTGCACAGCAGTCATCG
(SEQ IDNO: 217).
ATTGAAGTAGTCATGCAGCT
(SEQ ID NO: 218)

T-cell surface protein tactile (CD9%6)

AAA36662.1

AGGCACAGTAGAAGCCGTAT
(SEQ IDNO: 219),
GCTGTCTATCATCCCCAATA
(SEQ ID NO: 220),
ACTTACCACCGACCATGCAT
(SEQ ID NO: 221)

Cytotoxic and regulatory T-cell molecule
({CRTAM)

AACB0O267.1

CACACTTTAGAGTGAGCGTC
(SEQ ID NO: 222),
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CTCCAGTGGCTGACCCCCTC
(SEQ D NO: 223),
CCACAGCAGCCCACCAGTAC
(SEQ ID NO: 224)

Leukocyte-associated immunoglobulin-
like receptor 1 (LAIRY)

AF013249 1

TTATAATAGATGCAGCGATA
(SEQ ID NO: 225),
TCATTGTGACTGTTGTCCGA
(SEQ ID NO: 226).
GCCAGGCACCGTGATCCCCC
(SEQ ID NO: 227)

Sialic acid-binding Ig-like lectin 7
(SIGLECT)

AF170485.1

CATCCTTATCCCCGGTACCC
(SEQ ID NO: 228).
CAGAGAGTTCTGAGCTCGAC
(SEQ ID NO: 229),
AGTGTTGCTGGGGGCGGTCG
(SEQ IDNO: 230)

Sialic acid-binding fg-like lectin 9
{SIGLEC

AF135027.1

GACGATGCAGAGTTCCGTGA
(SEQ ID NO: 231),
ACTCACAGGACACGTTGAGA
(SEQ ID NO: 232).
TACCCTGGCCCAGTAGTTCA
(SEQ ID NO: 233)

Matural killer cell receptor 2B4 (CD244)

AF105261.1

ACCTTCGTCTGTATGCTGTT
(SEQ 1D NO: 234),
ACCAAACAGCATACAGACGA
(SEQ ID NO: 235),
CTACTCTATGATCCAGTCCC
(SEQ ID NO: 236)

Peath receptors and pathway edits

Tumor necrosis factor hgand superfamily
member 10 (TRAIL)

AACSG332.1

ACTCCGTCAGCTCOTTAGAA
(SEQ ID NO: 237),
GTTCATACTCTCTTCGTCAT
(SEQ ID NO: 238),
AGAGTAGCAGCTCACATAAC
(SEQ ID NO: 239)

Tumor necrosis factor receptor
superfamily member 10B (TNFRSF10B)

AF018657.1

TTCCAGAGCTCACAACGACC
(SEQ ID NO: 240),
ATAGTCCTGTCCATATTTGC
(SEQ ID NO: 241),
AGATACTCACGATCTCATTG
(SEQ ID NO: 242)

Tumor necrosis factor receptor
superfamily member 10A (TNFRSF10A)

AACS31226.1

AGGTCAAGGATTGTACGCCC
(SEQ ID NO: 243),
GAAGTCCCTGCACCACGACC
(SEQ ID NO: 244),
TTTGGTTGTTCCGTTGCTGT
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(SEQ ID NO: 245)

Caspase-8 (CASP8)

CAA66853.1

TGATCGACCCTCCGCCAGAA
(SEQ ID NO: 246),
GGGTCGATCATCTATTAATA
(SEQ ID NO: 247),
TCCTTTGCGGAATGTAGTCC
(SEQ ID NO: 248)

Caspase-10 (CASPIO)

AACS0644.1

CTATGTATCCTTTCGGCATG
(SEQ ID NO: 249),
TCTTCTGCCGTATGATATAG
(SEQ ID NO: 250},
GTGAGACATGATCTCCCGAA
(SEQ ID NO: 251)

Caspase-3 (CASP3)

AAAGS0IS5 1

ATGTCGATGCAGCAAACCTC
(SEQ ID NO: 252).
ATTATACATAAACCCATCTC
(SEQ ID NO: 253),
AATGGACTCTGGAATATCCC
(SEQ ID NO: 254)

Caspase-6 (CASP6)

AACS0168.1

ATAGAGACAATCTTACCCGC
(SEQ ID NO: 255),
AAGATTGTCTCTATCTGCGC
(SEQ ID NO: 256).
AAATGTGATTGCCTTCGCCA
(SEQ ID NO: 257)

Cagspase-7 (CASP7)

AACS0303.1

CGTTTGTACCGTCCCTCTTC
(SEQ 1D NO: 258),
TGCGATCCATCAAGACCACC
(SEQ ID NO: 259),
TTGATATTTAGGCTTGCCGA
(SEQ ID NO: 260)

FAS-associated death domain protein
(FADD)

AAABG51T.1

AGTCGTCGACGCGCCGCAGT
(SEQ ID NO: 261),
AGCGGCCCATCAGGACGCTT
(SEQ ID NO: 262),
GCGGCGCGTCGACGACTTCG
(SEQ ID NO: 263)

Tumor necrosis factor receptor
superfamily member 6 (FAS)

AAAG3174.1

GTGTAACATACCTGGAGGAC
(SEQ ID NO: 264),
TACATCTGCACTTGGTATTC
(SEQ ID NO: 265),
CTAAAACTTACTTGGTGCAA
(SEQ ID NO: 266)

DO

AAA36081.1

TCTCAACTCTTTCTCGAAGC
(SEQ ID NO: 267),
CTGCCTGATCTCATAGAGTC
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(SEQ ID NO: 268),
CAGATACTTACTCATAAGTC
(SEQ ID NO: 269)

Arginase EIF2ZAK4S

AAHO9350.2

CGCTGAGAAATGACTGCACG
(SEQ 1D NO: 270),
CATATACTTCTTCACCAGTT
(SEQ ID NO: 271),
ATGTACTCACACATCTGGAT
(SEQ ID NO: 272)

Immunostimulator edits

OX40 (TRAF2)

BAAI4259.1

ACCGAATGTCCCGCGTGCAA
(SEQ ID NO: 273),
GCCTTTGCACGCGGGACATT
(SEQ IDNO: 274y,
GGGGACCCTGAAAGAATACG
(SEQ ID NO: 275)

CD137 (INFRSF9

TNFRSFY

CCTGCGCTGGAGAAACTATT
(SEQ ID NO: 276).
CCTTGTAGTAACTGCCCAGC
(SEQ ID NO: 277),
CATAGTAGCCACTCTGTTGC
(SEQ ID NO: 278)

L2

CAAZ5292.1

CAATATCAACGTAATAGTTC
(SEQ ID NO: 279),
GACTTAGTGCAATGCAAGAC
(SEQ ID NO: 280),
GATATTGCTGATTAAGTCCC
(SEQ ID NO: 281)

Stimulator of interferon genes protein
(STING or TMEM173)

ACI46648.1

GCGGGCCGACCGCATTTGGG
(SEQ ID NO: 282),
CATATTACATCGGATATCTG
(SEQ ID NO: 283),
ACTCTTCTGCCGGACACTTG
(SEQ ID NO: 284)

Toli ke receptor edits

TLRI

AAC34137.1

TTATAGAGGAACCCTACTAA
(SEQ ID NO: 285),
TTGTGGGCACCTTACTGAGT
(SEQ ID NO: 286),
CGAACACATCGCTGACAACT
(SEQ ID NO: 287)

TLR2

AAC34377.1

GTTAACGTTTCCACTTTACC
(SEQ ID NO: 288),
TTCCCGCTGAGCCTCGTCCA
(SEQ ID NO: 289),
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TATCTAATTTATCGTCTTCC
(SEQ ID NO: 290)

TLR3 AAC34134.1 TTCGGAGCATCAGTCGTTGA
(SEQ ID NO: 291},
TTCAACGACTGATGCTCCGA
(SEQ ID NO: 292),
CATGCACTCTGTTTGCGAAG
(SEQ ID NO: 293)

TLR4 AACE0227.1 TTCTCCCAGAACCAAACGA
(SEQ ID NO: 294),
GATGATGTCTGCCTCGCGLC
(SEQ ID NO: 295),
ATGCCCCATCTTCAATTGTC
(SEQ ID NO: 296)

TLR3 AAC34376.1 TATTCGGCCATCAAAGGAGC
(SEQ ID NO: 297),
GACTAAGCCTCAACTCCAAC
(SEQ ID NO: 298),
TATACAAGCTATTAGCTGCG
(SEQ ID NO: 299)

TLRG BAAT8631.1 GAACTACATCGCTGAGCTTC
(SEQ ID NO: 300),
GCCATCCTATTGTGAGTTTC
(SEQ 1D NO: 301),
TGTCTCCAATTTAACTAACG
(SEQ ID NO: 302)

TLR7 AAF60188.1 AAGGAATAGTCACCTCCGTA
(SEQ ID NO: 303),
AATGGGGCATTATAACAACG
(SEQ ID NO: 304),
GGTGAGGTTCGTGGTGTTCG
(SEQ 1D NO: 305)

TLRS AAF64061.1 GTGCAGCAATCGTCGACTAC
(SEQ ID NO: 306),
AATCCCGGTATACAATCAAA
(SEQ 1D NO: 307),
CTCGAGTTGCTTGACTTACG
(SEQ ID NO: 308)

TLRY AAF72189.1 GGCTCACGGCTATTCGGCCG
(SEQ ID NO: 309),
GCGTCTCCGTGACAATTACC
(SEQ ID NO: 310),
CCGACAGGTCCACGTAGCGC
(SEQ 1D NO: 311)

TLR10 AAK26744.1 CCCACATTTACGCCTATCCT
(SEQ ID NO: 312),
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TAACATTAATAGCAGCTCGA
(SEQ ID NO: 313),
GACCCCAGCCACAACGACAC
(SEQ ID NO: 314)

Kinase inhibition edits

Serine/threonine-protein kinase B-raf
(BRAF)

AAA3S609.2

CCCCACCAAATTTGTCCAAT
(SEQ ID NO: 315),
GAGGCCCTATTGGACAAATT
(SEQ ID NO: 316),
GTTGCTCCGTGCCACATCTG
(SEQ ID NO: 317)

Dual specificity mitogen-activated
protein kinase kinase I (MAP2ZK or
MEK)

AAA36318.1

CCATACTTACTCCGCAGAGC
(SEQ ID NO: 318),
TATGGTGCGTTCTACAGCGA
(SEQ ID NO: 319).
CCCGACGGCTCTGCAGTTAA
(SEQ ID NO: 320)

Master regudator edits

FoxP3

AAGS3607.1

Cytokine signaling edits (The goal of

one or both of these edits is to prevent ot
minimize conversion of therapeutic Tregs
into Th17 cells due to endogeonous 11L.-6,

Gaghani ot al. Nature, 523(7559):221-
225 2015,

Korn et al. Proceedings of the National
Academy of Sciences, 105(47):18460-
18465, 2008.

Interleukin-~6 receptor subunit alpha
(IL6R)

CAA31312.1

TCGGTGCAGCTCCACGACTC
(SEQID NO: 321),
AACTATTCATGCTACCGGGC
(SEQ ID NO: 322),
COTGGTGCAGCTTCGTGCCC
(SEQ ID NO: 323)

Intedeukin-6 receptor subunit beta
(JL6ST or GPI130)

AAA39155.1

AGATGCCTCAACTTGGAGCC
(SEQ ID NO: 324),
TITGAGTTGCATTGTGAACG
(SEQ ID NO: 325),
ATTCGCTGTATGAAGGAAGA
(SEQ ID NO: 326)

Cell interaction reducing edits

TCR alpha (see preferred talen edit)
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TCR beta (see preferred talen edit)

CIITA

CAAS32354.1

TTCCTACACAATGCOGTTIGCC
(SEQ IDNG: 327y,
GATATTGGCATAAGCCTCCC
(SEQ 1D NO: 328),
TCAACTGCGACCAGTTCAGC
(SEQ ID NO: 329)

B7-1(CD80)

AAA36645.1

TCGTATGTGCCCTCGTCAGA
(SEQ ID NO: 330),
GAGTGAATCAGACCTTCAAC
(SEQ IDNO: 331),
TATGGCCCGAGTACAAGAAC
(SEQ 1D NO: 332)

B7-2(CD36)

AABO3814.1

GTAACCGTGTATAGATGAGC
(SEQ ID NO: 333),
ATACTCGATAGTTGAATTCT
(SEQ ID NO: 334),
CATCAGATCTTTCAGGTATA
(SEQ ID NO: 335)

b2m

AAASEEIL

ACTCACGCTGGATAGCCTCC
(SEQ ID NO: 336),
GAGTAGCGCGAGCACAGCTA
(SEQ ID NO: 337).
CAGTAAGTCAACTTCAATGT
(SEQ ID NO: 338)

LIS

CAABB390.1

PDL2

AAK31105.1

FasL

AAC30071.1

GGTTGTTGCAAGATTGACCC
(SEQ ID NO: 339),
GAGGAACTCTAAGTATCCCC
(SEQ ID NO: 340),
TCTGGTTGCCTTGGTAGGAT
(SEQ ID NO: 341)

Perforin (PRF1}

CAA3i612.1

CGCAGCCACAAGTTCGTGCC
(SEQ 1D NO: 342),
GGAGCTGGGTGGCCGCATAT
(SEQ ID NO: 343),
COCGAACAGCAGGTCGTTAA
(SEQ ID NO: 344)

Galectin 9 (LGALSY)

AARE9221

PVT/CDISS

AAA36461.1
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Drrug interaction related edits

CDs52

CAA44323 .1 CTCTTACCTGTACCATAACC
(SEQ ID NO: 345),
AATGCCTCCGCTTATGTTGC
(SEQ ID NO: 346),
TGGCATTGGCCACGAAGAAA
(SEQ 1D NO: 347)

tocilizumab-like heavy chain (for scfv) BAJ21229.1

tocilizomab-like light chain (for scfv) BAJ21230.1

Integrin alpha-4 (ITGA4)

CAA34832.1 CGACTACTTCGGTAGTATGC
(SEQ ID NO: 348),
CAGCATACTACCGAAGTAGT
(SEQ ID NO: 349),
GTGTTTGTGTACATCAACTC
(SEQ ID NO: 350)

The table below provides target sequences for TALEN edits as well as protein sequences.

Table 7. Primarily TALEN mediated edits

{81 edit related

Sequence or Genbank Accession no.

CSs1

NP_067004.3

CS1vITALEN target

tgacticcagagag caatatggcet ggticeocas catgecica (SEQ IDNO: 3510

CS1vl left TALEN target

tgacticcagagagceaa (SEQ ID NO: 352)

CS51vl jeft TALEN protein

MDY KDADGDYKDHDIDYKDDDDEMAPKKKRKVOTHGVPAA VLR TLGY SQQQOEK IKPK
VRSTVAQHHEALVGHGFTHAHIVALSGHPAALGTVAVK Y QDMIA/ THEAIVGYVGKQ
WSGARALEALLTVAGELRGPPLOLDTGOLLKIAKR GGV TAVEAVHAWRNALTGAPLNLTP
EQVYAIASNNGGKOALETVORLLPVLCQAHGLTPEQVYVAIASNIGGKQALETVORLLPVLE
QAHGLTPEQVVAIASHDGGKQALETVORLLPVLCOAHGLTPEQVVAIASNGGGRQALETVQ
RLLPVLOQAHGLTPEQVVAIASNGGGKOALETVORLLPVLOGARGLTPEQVVAIASHDGGK
QALETVQRLLPVLOQAHGLTPEQVVAIASHDGGKOALETVORLLPVLOQAHGLTPEQVYAL
ASNIGEKQALETVORLLEVLCQARGLTPEQVV ALA SNNGGKOALETVORLLPVLCQAHGLT
PEQVVAIASNIGGRKQALETVORLLPVLCQAHGLTPEGVVAIASNNGGKQALETVORLLEVLE

RLLPVLCOAHGLTPEQVVAIASABGGR QALETVQRLLPVLUQAHGL TPEQVVAIASNIGGRE
ALETVORLLPYLOQAHGLTPEQVVAIASNIGGRPALESTVAGLSRPDPALAALTNDALVALA
CLOGRPALDAVKK GLPHAPALIKRTNRRIPER TSHR VAGSQLVKSELE SLRHKLKY VP
HEYELIEYAR NS TQDR ILEMK VMEFFMKVY GYR GKHLGGSRR PDGATY TVGSPIDY GVIVIT
KAYSGOYNLPIGQADEMOQRY VEENQTRNKHINPNEW WK VY PSS VTERKFLEVSGHFKGNY
KAQLTRLNHITNCNGAVESVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS (SEQ 1D
NO: 353

CSlvi night TALEN target

aacatgecte accetea (SEQ ID NO: 354)

CS1vl right TALEN
protein

MDYEDHDGDYKDHDIDYEDDDBDEMAFKKKRKVGIHGVPAAVDLRTLGY SQQQQEKIKPE
VRSTVAQHHEALVGHGFTHARIVALSQHPAALGTVAVKY QDMIAALPEATHEAIVGYGKO
WSGARALEALLTVAGELRGPFPLOLDTGQLLEIAKRGGVTAVEAVHAWRNALTGAPLNLTP

EQVVAIASNNGGROQALETVORLLPVLCQAHGLTPEQVVAIASNIGGKQA QRLLPVLE
QAHGLTPEQVVAIASNNGGKOQALETVORLLPVLCQAHGLTPEQVYVAIASNNGGKQALETVQ

~3
wh
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RLLPVLOQAHGLTPEQVYVATASNNGGKQALETVOR LLPVLCQABGLIPEQVVAIASNGGGK.
QALETVORLLPYLCOAHGLTPEQVYATASNNGGRQALETVORLLPVLCQAHGLIPEQVVAS
ASMNIGGKQALETVORLLPVLCQAHGLTPEQVVAIASNNGGKQALETVORLLPVLOQAHGLY
PEQVYAIABRNGGK QALETVQRLUPVLOQAHGLTPEQVVAIASHDGGKQALETVQRLLPVI
COAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQA
QPLLPVLCO/\HGl'i'PL”Q‘vVAIAS\JN’ GKQALETVORLLPVLCQAAGLTPEQVVALIASNGS
RQALETVQRLLPVLCQAHGLTPEQV VAIASNGGGRPALESIVAQLSRPDPALAALTNDHLVA
LACLGGRPALDAVKKGLPHAPALIKR TNRRIPER TSHR VAGSQLVK SELEEKKSELRHKLKY
VPHEYIELIEIARNS TQDRILEMK YMEFFMIK VY GYRGKHLGGSRKPBGAIY TVGSPIDY GVIV
D'rKAYS(,—\JYN,Pxf_:QADFMQRVVf QTRNKHINPNEW WK VY PSSV TEFKFLEVSGHFK G
NYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEE VRRKENNGEINFRS (SEQ 1D
NO: 355)

5

CS1v2 TALEN target

ticcagagag caatatgget ggticeccaa catgecicac coteaicta (SEQ ID NO: 356)

CS1v2 Ieft TALEN target

ticcagagag caatatg (SEQ ID NG: 357

CS1v2 feft TALEN protein

MDYEDADGDYKDHDIDYKDDDDEMAPKKERKVGIHGVPAAVDLRTLGY SQQQOEK IKPK
VRSTVAQHAEALVGHGFTHARIVALSQHPAALGTVAVKY QDMIAALPEATREAIVGVGKQ
WSGARALEALLTVAGELRGPPLOLDTGOLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTE
EQVV ATASNGGGROALETVORLLPVLCQAHGLTPEQVVAIASRDGGEQALETVQRLLPVLL
QAHGLTPEQVVAIASHDGGKOAL FTVQR‘ LPVLCQARGLT "P-iQV\/ Al A‘E\I IGGKQALETVQ
RLLPVLCQAHGUTPEQVVAIASNNGGI LPVLCQARGLTPEQVVAIASNIGGKQ
ALETVQRLLPVLCQARGLTPEQVVA lAbI\\U(vKQ ALETVORLLPVLCOAHGLTPEQVVAIA
SNIGGKOALETVQRLLPVLCQARGLTPEQVVATASNNGGKOQALETVORLLPVLCOQAHGLTP
EQVVAIASHDGGKQALETVQRLLPVLCQAAGLTPEQVVAIASNIGGKQALETVQRLLPVLLE
QAHGLTPEQVVAIASNIGGKOQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETV()
RLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKY
ALETVORLLPVLCQAHGLIPEQVVAIASNNGGRPALESIVAQLSRPDPALAALTNDHLVALA
CLGGRPALDAVEK GLPHAPALIKRTNRRIPERTSHR VAGBQL VKSELEEKK SELRBELKY VP
HEYIELIEIARNSTODRILEMK VMEFFMEVY GYRGKHLGGSRKPDGAIY TVGSPIDYGVIVDT
KAYBSGGYNLPIGOADEMORYVEENQURNKHINPNEWWE VYPSSVTEFKFLEVEGHFKGNY
KAQLTRINHITNCNGAVLSVEEL LIGGEMIKAGTLTLEEVRRKFNNGEINFRS QSLQ b

NO: 358)

CS1v2 right TALEN target

tgecteacce teatcta (SEQ ID NGO: 359)

C51v2 right TALEN
protein

MDYKDADGDYKDHDIDYKDDDDEMAPKKKRKVGIHGVPAA VDERT' GYSQQQOQEKIKPK
VRSTVAQHAEALVGHGFTHARIVALSOHPAALGTVAVKY QOMIAALPEATREAIVGVGKQ
WSGARALEALLTVAGELRGPPLOLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTP
EQVVAIASNIGGKQA SAHGLTPEQVVAIASNNGGKOA JORLLPYVLC
QAHGLTPEQVVAIASNIGGK QALETVORLLPVLLQAHGLTPEQVVAIASNGGGKOALETVQ
RLLPVLCQAHGLTPEQVVALIASNNGGK(QA VQRLLPVLCQARGLTPEQVVAIASNIGGKQ
ALET VQRL LPVLCQAAGLTPEQVVAIASNNGGKOQALETVORLLPVLCQAHGLTPEQVVAIA
SNNGGKQALETYVQRLLPVLUQAHGLIPEQVVAIASNNGGEKQALETVQRLLPVLCQARGLT?
EQVVAIASNGGGEKQALETVQRLLPVLCQARGLTPEQVVAIASNNGGRQALETVORLLPVLE
QAHGLTPEQVVAIASKNIGGKQALETVQRLLPVLCQAHGLTPEQVY ATASKNG
GROALETVORLIPVLCQAHGLTPEQVVAIASNNGGRKQALETVQRULPVLCQAHGLUTPEQVY
ATASHDGGRQALETVQRLLPVLCQAHBGLTPEQVVAIASNIGGRPALESTV AQLSRPUPALAAL
TNDHLVALACLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVAGSQLVKSELEEKKSE
LREEKLKY VPHEYIELIEIARNSTODRILEMK VMEFFMEVY GYRGKALGGSRKPDGALY TVGS
PIDYGVIVDTKAYSGGYNLPIGQADEMORYVEENQTRNKHINPNEWWKVYPSSVTEFKFLEF
VEGHFKGNYKAQLTRLNHITNCNGA VEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS

(SEQ ID NO: 360)

CS1v3 target

tigacictat tgtctggace ticaacacaa ccceleiigt caccataca (SEQ 1D NO: 361)

CS1v3 feft TALEN target

ttgactctat tgtetgg (SEQ 1D NQO: 362

CS1v3 left TALEN protein

MDYKDHDGDYKDHDIDY.
VRSTVAQ! (

KDDDDKMAPKKKRKVGIHGVPAAVDLRTLG
TAHIVALSQHPAALGTVAVKY QDMIA/ HEAIVGVGKQ
LTVAGELRGFPLOLDTGOL AKRGGVTAVEAVHAWRNALTGAPLNLTP
BEQVVAIASNGGGKQALETVORLLAVLCQAHGLTPEQVVAIASNNGGEQALETVOQRLLPVLL
QAHGLTPEQVVAIASNIGGKQALETVQRLLPVLLQAHGLTPEQVVA LASHDGU KQALETVQ
RLLPVLOQAHGLTPEQVVAIASNGGGKQALETVORLLPVLCQAHGLTPEQVVAIASHDGGK
QALETVOQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAL
ASNIGGEQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKOQALETVORLLPVLCQAHGLT
PEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVORLLFVE

Y SQOOQEKIKPK
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COAHGLTPEGVVAIASNGGGKQALETVQRLLEVLCQARGLTPEQVVAIASHDGGKOALETY

QRLLPVLEQAHGLIPEQVVAIASNGGGKQALETVQRLLPVLCQAAGLTPEQVVAIASNNGG
KQALETVQRLLPVLCQAHGLIPEQVVAJASNNGGRPALESIVAQLSRPDPALAALTNDHLVA
LACLGGRPALDAVRKKGLPHAPALIKR TNRRIPER TSHR VAGSQLVKSELEERKSELRHKLKY
VPHEYIELIEJARNSTQDRILEMK YMEFFMEVYGYRGKALGGIRKPDGAIY TVGSPIDY GVIV
DTKAYSGGYNLPIGQADEMQRY VEENQTRNKHINPNEWWKVYPESVIEFKFLEVSGHFK G
NYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS {SEQ 1D
NO: 363)

CS1v3 right TALEN target

cotettgtoa coataca (SEQ 1D NO: 364)

CS1v3 nght TALEN
protein

MDYKDHDGOYKDHDID YKDDDDKMAPEKKRKVGIHGYPAAVDLRTLGY SQQQGEKIKPK
VRSTVAQHHEALYGHGFTHAHIVALSQHPAALGTVAVKYQDMIAAL PEATHEAIVGVGKQ
WSGARALEALLTVAGELRGPPLOLDTGQLLKIAKRGGYTAVEAVHAWRNALTGAPLNLYP
EQVVAIASNNGGKQALETVQRLLPVLCOQAHGLTPEQVVAIASNGGGKQALETVORLLPVLE
QAHGLTPEQVVAIASNIGGKQALETVORLLPVLCQAHGLIPEQVY AIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVYVAIASNNGGKQALETVQRLLPVLOQAHGLTPEQVVAIASNNGGK
QALETVORLLPVLCQAHGLTFEQVYAIASNGGGKQALETVQRLLPVLOQAHGLTPEQV VAL
ASNNGGKQALETVORLLPVLCQAHGLTPEQVVAILAS C
PEQVYATASADGGKQALETVORLLPVLUQAHGLTPEQVVAIASNIGGKQALETVORLLPVLE
QAHGLTPEQVVAIASNIGGKQALETVQRLLPVLLQAHGLTPEQVVAIASNNGGKQALETV(
RLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLUQAHGL TPEQVVAIASNNGGKG
ALETVQRLLPVLCQARGLTPEQVVAIASNNGGRPALESIVAQLSRPDPALAALTNDHLVALA
CLGGRPALDAVKKGLFHAPALIKRTNRRIPER TSHRVAGSOL VESELEEKK SELRHK LK Y VP
HEYIELIEIARNS TQDRILEMKYMEFFMIC VY GYRGKALGGSREPDGAIY TVGSPIDY GVIVDT
KAYSGGYNLPIGQADEMOQRY VEENGTRNKAINPNEWWKVY PSS VTEFKFLF VSGHFKGNY
KAGLTRLNHITNCNGAVLSVEELLIGGEMIXAGTLTLEE VRRKFNNGEINFRS (SEQ ID
NO: 365)

CHTA edit related

Sequence or Genbank Accession ng.

CITA

NP 0012733311

CIUTA TALEN target

TTCCCTCCCAGGCAGC T CacagtgteccaccaT GGAGTTGGGGCCCCT
A (SEQ ID NO: 366)

CUTA left TALEN target

TTCCCTCCCAGGCAGCTC (SEQ ID NO: 367)

CIITA left TALEN protein

MDYKDHDGDYKDHDID YKDDDDKMAPEKKREVGIHGYFAAVDLRTLGY SQQQOEKIKPK
VRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKYODMIAALFEATHEAIVGVGKQ
WSGARALEALLTVAGELR GPPLOLDTGQLLKIAKRGGY TAVEAVHAWRNALTGAPLNLTP
EQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVV AIASHDGGKQALETVORLLFVLC
QAHGLTPEQVVAIASHDGGEQALETVQRLLPVLCQAHGLTPEQVVAIASHD GGKGALETVQ
RLLPVLCQAHGLTFEQVVAIASNGGGKQALETVQRLLP VLCQAHGLTPEQVVAIASHDGGK
QALETVGRLLPVLCQAHGLTPEQVY AIASHDGGRQALETVQRLLPVLUQAHGLTPEQV VAL
ASHDGGEQGALETVQRLLPVLCQAHGLTPEQVVAIASNIGGEQALETVQRLLPVLCQAHGLT
PEQVVAIASNNGGKQALETVQRLLPVLUQAHGLTPEQVVAIASNNGGKQALETVQRLLPVL
CQAHGLTPEQVVAIASHDGGEQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGK QALETY
QRLLPVLCQAHGLTPEQVVAIASNNGGKOALETVQORLLPVLCQAHGLTPEQVVAIASHDGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKGALETVQRLLPVLCQARGLTPEQVVA
IASHDGGRPALESIVAQLSRPDPALAALTNDHLYALACLGGRPALDAVKKGLPHAPALIKRT
NRRIPERTSHRVAGSQLVKSELEEKKSELRHKLK Y VPHE Y IELIEIARNSTQDRILEMKVMEFF
MEVYGYRGKHLGGSREPDGAIY TVGSPIDY GVIVDTE A YSGGYNLPIGQADEMOR YVEEN
QTRNKHINPNEWWK VY PSSVIEFKFLEVSGHFK GNYKAQLTRLNHITNC NGAVLS VEELLIG
GEMIKAGTLTLEEVRRKFNNGEINFRS (SEQQ) ID NO: 368)

CIHITA nght target

TGGAGTTGGGGCCCCTA (SEQ ID NO: 369)

CIITA right protein

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPAAVDLRTLGY SQQOOEKIKPK
VRSTVAQHHEALVGHGFTHAHIVALSOQHPAALGTVAVKYQDMIAALPEATHEAIVGVGKQ
WEGARALEALLTVAGELR GPPLOLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLIP
EQVVATASNIGGKOQALETVORLLPVLCQAHGLTPEQVVAJASNNGGKQALETVQRLLPVLL
QAHGLTPEQVVAIASNNGGKQALETVORLLPVECQAHGLTPEQVVAIASNNGGKCALETVQ
RLLPVLCQAHGLTPEQVVAIASNNGGRKQALETVORLLPVLCQAHGLTPEQVVAIASHD GGE.
OALETVORLLPVLCOAHGLTPEQVVAIASHDGGKQALETVORLLPVLCQAHGLIPEQVVAI
ASHDGGKQALETVQRLLPVLCQARGLTPEQVVAIASHDGGKOALETVORLLPVLCQAHGLT
PEQVVAIASNIGGKOALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLIVLC

.
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QAHC Ll-)):Q‘/\fAlA‘sHJ(‘;CKQmH‘ JQRLLPVLCOAHGLTPEQYVAIASNGGGRKQALETVQ
RLLPVLOQAHGLTPEQVVAIASHDGGKOALETVORLLPVLOGARGLTPEQVVAIASHDGGK
VOMLPVL QnH(vl PR )‘/\/mA. AGGRPALESIVAQLSRPDPALAALTNDHLVAL

PHEY lelex';qum EMKYMEFFMKVY GYR GKHLGGSRKPDGATY TYCSPIDY GVIVD
TRAY SGGYNLPIGOADEMQRY VEENQTRNKHINPNEWWK VYPSS VIEFKFLEVSGHFKGN
YKAQLTRLNHITNCNGAVLSVEELLIGGEMIK AGTLTLEE VRRKFNNGEINFRS (SEQ 1D

NG 370)

{52 edit velated

Sequence or Genbank Accession no.

CDhs2

NP _001794.2

CD352 target

TTCCTCCTACTCACCATcagectectggtiatGOTACAGGTAAGAGCAA
(SEQ ID NO: 371)

CD52 left target

TTCCTCCTACTCACCAT (SEQ ID NO: 372)

CD352 left protein

MDYKDHDGDYKDHDID YKDDDDKMAPKKKRKVGIHGVRAAVDLRT
VRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVEYQDMIAALF! ATVGVGKQ
WBGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGYTAVEAVH AWRNALTGAPLNLTP
EQVVAIASNGGOKOALETVORLLPVLCQAHGLTPEQVVAIASHDGOKQALETVQRLLIVLE
QAHGLTFEGVVAIASHDOGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASHDGGRQALETVQRLLPVLOQAHGLTPEQVVAIASHDGGK
QALETVQRLLPVLCQAHGLTPEQVVAIASNGGGRQALETVQRLLOVLOQAHGLTPEQVVAIL
ASNIGGKQALETVORLLFVLCQAHGLTFEGVVAIASHDGGKQALETVQRLLPVLCQAHGLT
PEQVYAIASNGGGKQALETVQRLLPVLOQAHGLTPEQVVAIASHDGGKOALETVQRLLPVL
COAHGLTPEQVVAIASNIGGKQALETVORLLPVLCQAHGLTPEQVVAIASHDGGRQALETY
QRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGK
QALETVQRLLPVLLQAHGLTPEQVVAIASNGGGRPALESIVAQLSRPUPALAALTNDHLVAL
ACLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVAGSQLVESELEEKKSELRAKLK YV
PHEYIELIEIARNSTODRILEMK VMEFFMKVY GYRGKHLGGSRKPDGAIY TVGSPIDY GVIVD
TKAY8GGYNLPIGQADEMQRY VEENQTRNKHINPNEWWK VYPSSVIEFKFLF VS GHFKGN
YKAQLTRLNHITNCNGAVLSVEELLIGGEMIK AGTLTLEE VRRKFNNGEINFRS { SEQ 1D
NG: 373)

SQOOGEKIKPK

CD52 right target

JGTACAGGTAAGAGCAA (SEQ ID NO: 374)

CD52 nght protein

MDYKDHDGDYKDHDID YKDDDDKMAPKKKRKVGIHGVPAAVILRTL
VRSTVAQHHE ALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALFEATHEAIVGVGKQ
WSGARALEALLTVAGELRGPPLQLD TGQLLKIAKR GGV TAVEAVHAWRNALTGAPLNLTP
EQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVORLLFVLE
QAHGLTFEQVVAIASHDGGKQALETVQRLLPVLCQAHGLIPEQVVAIASNGGGKQALETVQ
RLLPYLCQAHGLTFEQVYAIASHDGGKQALETYQRLLPVLOQAHGLTPEQVVAIASNGGGK
QALETVQRLLPVLCQAHGLTPEQVYAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIL
ASNIGGKQALETVQRLLFVLCQAHGLTFEQVVAIASHBGGEQALETVORLLPVLCQAHGLT
PEQVYAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKGALETVQRLLPVL
CQAHGLTPEGVVAIASNNGGKQA! RLLPVLCQAHGLTPEQVVAIASNGGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVORLLPVLCQAHGLTPEQVVAIASHDGGE.
QALETVQRLLPVLUQAHGLTPEQVVAIASHDGGRPALESIVAQLSRPIPALAALTNDHLVAL
ACLGGRPALDAVKKGE PHAPALIKRTNRRIPER TSHRVAGSQLVK SELEEKKSELRHKLK Y'Y
PHEY IELIEIARNSTGDRILEMK VMEFFMKVY GYRGKHLGGSRKPDGAIY TVGSPIDY GVIVD
TKAYSGGYNLPIGQADEMORY VEENQTRNKHINPNEWWK YV YPSS VTEFKFLEVS GHFKGN
YMQLTRDHENFNGAVLSV"ELLIGG "MIK AGTLTLEEVRRKFNNGEINFRS {SEG 1D

NO: 373

GYSQQUQEKIKPK

TRAC edit related

Sequence or Genbank Accession no.

TRAC

CAAZ26435.1

TRAC TALEN target

TTGTCCCACAGATAT CCagaacectgaccetgCCGTGTACCAGCTGAGA
(SEQ ID NO: 376)

TRAC left TALEN target

TTGTCCCACAGATATCC (SEQ ID NO: 377)
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TRAC left protein

MOYKDADGDYKBHDIDYKDDDBEMAPKKKRKVAHGVPAA VLR TLGY SQQQOEK K PK.
VRSTVAQHABALVGHGFTHARIVALSCHPAALGTVAVKY QDMIAALPEATHEAIVGVGKQ
WSGARALEALLTVACGELRGPPLOLD TGOLLKIAKR GGV TAVEAVHA WRNALT
EQVVAIASNGGGKQALETVORLLPVLCQAHGLTPEQVVAIASNNGGKQALE
QAHGLTPEQVVAIASNGGGKQALETVORLLPVLCOAHGLTPEQV YV AIASHADGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASHDGGKGALETVORLLPVLOGARGLTPEQVYAIASHDGGK
QALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLUQABGLITPEQVVAIA
SHDGGK QALETVORLLPVLCQAHGLTPEQV VAIASNIGGKQALETVORLLPVLCQAHGLTP
EQVVAIASNNGOKQALETVORLLPVLOQAAGLTPEQVV ALASNIGGKQALETVQRLLPVLLY
QAHGLTPEQVVAIASNGGOKQALETVORLLPVLCQAHGLTPEQVVAIASNIGGKQALET V()
RLLPVLCQAHGLTPEQY VAIASNGGGKQALETVORLLPVLOQAHGL TPEQVVAIASHDGGK
QALETVORLLPVLCOAHGLTPEQVYAIASABGGRPALESIVAQLSRPDPALAALTNDHLVAL
ACLGGRPALDAVKRGLPHAPALIKRTNRRIPER TSHR VAGEQL VKSELEEK K SELRHKLE YV
PAEYIELIEIARNSTQDRILEMKVMEFFMK VY GYR GKHLGGSRKPRGATY TVGSPID Y GVIVD
TKAYSGGYNLPIGQADEMOR Y VEENGTRNKHINPNE WWKV YPSSVIEFKFLF VSGHEKGN
YKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS (SEQ D
NQ: 378)

"

TRAC right TALEN target

CCGTGTACCAGCTGAGA (SEQ 1D NG: 379)

TRAC TALEN night

MDYKDHDGDYKDHDID YEDDDDEMAPKKKRKYGIHGVPAAVDLRTLGY SQQQQEKIKPK.
VRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY QDMIAALPEATHEAIVGYGKQ
WSGARALEALLTYVAGELR GPPLOLDTGQLLKIAKR GGV TAVEAVHA WRNALTGAPLNLTP
EQVVAIASHDGGKQALETVORLLPVLCQAHGLTPEGVVAIASNGGGEQALETVQRLLPVLE
QAHGLTPEQVVAIASHDGGKQALETVORLLPVLCOAHGLTPEQVVAIASNIGGKQALETVQ
LELPVLCQAHGLIPEQVVAIASNNGGKGALETVQRLLPVLCQARGLTPEQVVAIASHDGGR
QRLLPVLUQAHGLIPEQVVAIASNGGGKOALETVQRLLPVLOQAHGLTPEQY VAL
ASNNGGKQALETVORLUPVLCQAHGLIPEQVVAIASNNGGKQALETVOQRLLPVLEQAHGLT
PEOQVVAIASNGGOKOALETVQRLLPVLCGAHGLTPEQVVAIASNIGGKQALETVQRLLEVLE
QAHGLTPEQVVAIASADGGK QALETVORLLPVLCQAHGLIPEQVVAIASNIGGKQALETVQ
RLLPVLCOAHGLTPEQY VAIASADGGKQALETVQRLLPVLUQAHGL IPEQVVAIASNNGGK
QALETVORLLPVLOQAHGLTPEQVY AIASNNGGRPALESIVAQLSRPDPALAAL TNDHLVAL
ACLGGRPALDAVKKGLPHAPALIKRTNRRIPER TSHR VAGSQL VKSELE LRHKLKYV
PAEYIELIEIARNSTQDRILEMKNVMEFFMK VY GYR GKHLGGSRKPRGATY TVGSPIDY GVIVD
TKAYSGGYNLPIGQADEMOQR Y VEENQTRNKHINPNE WWKV YPSSVIEFKFLFVSGHFKGN

YKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEE VRRKFNNGEINFRS (SEQ D

NO: 380)

PBCD edit related

Sequence or Genbank Accession no.,

PDCD1

NG_012110.1

PDCDlialen target

ficlccecag cectgelegt ggtgaccgaa ggggacaacyg ceacctica (SEQ D
NO: 381

PDCDT talen left

MGDPKKKRKVIDYPYDVPDY AIDIADLRTLGY SQUQQEKIKPK VRS TVAQHHEALVGH(
HAHIVALSQHPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWS GARALEALLTVAGE
GPPLQLDTGOLLKIAKRGGYTAVEAVHAWRNALTGAPLNLTPQQVVATASNGGGKQAT
VOQRLLPVLCQAHGLTPEQVVAIASHDGGKOALETVORLLPVLCQAHGLTPQOVVAIASNGG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVORLLPVLCQAHGLTPEQVY
ATASHDGGKQALETVORLLPVLCQAHGLTPEQVVATASHDGGKQALETVORLLPVLCQAHG
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQALLPY
LCQAHGLTPQQVVAIASNNGGKQALETVORLLPVLCQAHGLTPEGVVAIASHDGGKQALET
VORLLPVLCQAHGLTPEQVVAIASHDGGKQALETVORLLPVLCQAHGLTPEQVVAIASHDG
GROQALETVORLIPVLCQAHGLTPQOVVAIASNGGGKOALETVQRLLPVLCQAHGLTPQOY
VAIASNNGGKQALETVORLLPVLCQAHGLTPEQV VAIASHD GGKQALETVORLLPVLCQAH
GLTPOOVVAIASNGGORPALESIVAQLERPDPALAALTNDHLVALACLGGRPALDAVKKGL
GDPISRSQLVE SELEEKKSELRHKLKY VFHE Y IELIEIARNS TQDR ILEMK VMEFFMEVY GYR
GRHLGGSRKPDGAIY TVGSPEDY GVIVDTK AYSGGYNLPIGQADEMOR Y VEENQTRNKHIN
PNEWWKVYPSSVIEFKFLFVS GHFK GNYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAG
TLTLEEVRRKFNNGEINFAAD (SEQ 1D NG 382)

3ET

PDCD1 talen right

MGDPKEKRKVIDKETAAAKFERQIMDSIDIADLRTLGY SQOQOEKIKPK VRS TVAQHIIEAL
VGHGFTHAHIVALSOHPAALGTVAVK Y QDMIAALPEATHEAIVGVGKQWSGARALEALLT
VAGELRGPPLOLDTGOLLKIAKRGOVTAVEAVHAWRNALTGAPLNLTFEGVVAIASHDGG
KQALETVORLLPVLCGAHGLTPQOVVAIASNGGOKQALETVORLLPVLOQAHGLTPEQVVA
IASHDGGKQALE TVQRLLPVLCQAHGLTFQOVVAIASNGGGKOALETVORLLPVLOGAHGL
TPOQVVAIASNGGGKQALETVORLLEVLCQAHGLTPQQVVAIASNGGGROALETVORLLPY
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VOALLPVLCQAHGLTPQQVVAIASNGGGKQALE

YV AIASNNGGROQALETVORLLPVLCQAHGLIPEGV VAIASNGGKQALE
LTPQQVVAIASNNGGKQALETVORLLPVLCQAHGLTPEQVVAIASADGGKQAL
VLCOAHGLTPQOV VAIASNGGGRPALESIVAQLSRPDPALAALTNDHLY ALACLGGRPALD
AVKKGLGDPISRSOQLVKSELEEKK SELRHKLKY VPHEY IELIEIARNS TODRILEMK VME
KVYGYRGKHLGGSREKPDGAIY TVGSPIDY GVIVDTKAYSGGYRNLPIGQADEMOF
RNKHINPNEWWK Y YPSSVTEFKFLF
MIKAGTLTLEEVRRKFNNGENFAAD (SEQ 1D NG: 383)

LCQAHGLTPOOVYAIASNNGGK QALETYORLLS VLUQAHGL TPEQVVAIASNIGGR QALET
JORLLPVLCQAHGLIPEQVVAIASHDG
GROALETVORLLPVLCQAHGLTPQOVVAIASNGGGKOALETVORLLPVLOGAHGLTPQOV
TVORLLPVLCQARG
K VORLLP

HFKGNYKAQLITRLNAITNCNGAVLSVEELLIGGE

(1) Exemplary Genetic Modification Approaches
Any conventional genetic modification approaches can be used to genetically modify
the immune cells in a manner as described herein. In some embodirnents, the genetic

13

modification is performed using genome editing. “Genome editing” refers to a roethod of
modifying the genome, including any protein-coding or non-coding nucleotide sequence, of
an organism to knock out the expression of a target gene. In general, genome editing
methods involve use of an endonuclease that ts capable of cleaving the nucleic acid of the
genome, for example at a targeted nucleotide sequence. Repair of the double-stranded breaks
in the genome may be repaired introducing mutations and/or exogenous nucleic acid may be
inserted into the targeted site.

Genome editing methods are generally classified based on the type of endonuclease
that i1s involved in generating double stranded breaks in the target nucleic acid. These
methods include use of zinc finger nucleases (ZFN), transcription activator-like effector-
based nuclease (TALEN), meganucleases, and CRISPR/Cas systems.

in some instances, genetic modification of the timmune cells as described herein is
performed using the TALEN technology known in the art. TALENSs are engineered
restriction enzyres that can specifically bind and cleave a desired target DNA molecule. A
TALEN typically contains a Transcriptional Activator-Like Effector (TALE) DNA-binding
domain fused to a DNA cleavage domain. The DNA binding domain may contain a highly
conserved 33-34 amino acid sequence with a divergent 2 amino acid RV D {repeat variable
dipeptide motif) at positions 12 and 13. The RVD motif determines binding specificitv to a
nucleic acid sequence and can be engineered according to methods known to those of skill in
the art to specifically bind a desired DNA sequence (see, e g.. Juillerat, et al. (January 2013).
Scientific reports, 5; Miller et.al. (February 2011). Nature Biotechnology 29 (2} 143-38,
Zhang et.al. (Februarv 2011). Nature Biotechnology 29 (2) 149-33; Geifler, et al, Boch,
{2011}, PLoS ONE 6 {5} €19509; Boch (February 2011} Nature Biotechnology 29 (2} 135~
6; Boch, et.al. (December 2009). Science 326 (5959} 1509-12; and Moscou et al,
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(December 2009). Science 326 {5959} 1501. The DNA cleavage domain may be derived
from the Fokl endonuclease, which is active in many different cell types. The Fokl domain
functions as a diroer, requiring two constructs with unique DNA binding domains for sites in
the target genome with proper ortentation and spacing. Both the number of amuno acid
residues between the TALE DNA binding domain and the Fokl cleavage domain and the
number of bases between the two mdividual TALEN binding sites appear to be important
parameters for achieving high levels of activity. Miller et al. (2011} Nature Biotech. 29: 143-
8

TALENs specific to sequences in a target gene of mterest {e.g, TCR, CD52, MHC,
and others described herein) can be constructed using any method known in the art, including
various schemes using modular components. Zhang et al. {2011} Nature Biotech. 29: 149-53;
Geibler et al. (20113 PLoS ONE 6: 19509,

A TALEN specific to a target gene of interest can be used inside a cell to produce a
double-stranded break (DSB). A mutation can be introduced at the break site if the repawr
mechanisms improperly repair the break via non-homologous end joining. For example,
improper repair may introduce a frame shift mutation. Alternatively, a foreign DNA
molecule having a desired sequence can be introduced into the cell along with the TALEN.
Depending on the sequence of the foreign DNA and chromosomal sequence, this process can
be used to correct a defect or introduce a DNA fragment into a target gene of interest, or
introduce such a defect info the endogenous gene, thus decreasing expression of the target
gene.

In some instances, genetic modification of the immune cells as described herin is
performed using CRISPR technology as known in the art {CRISPR/Cas systems). Such
modification may mclude the deletion or mutation of a sequence in a target gene of inferest
can be constructed using a CRISPR-Cas system, where the Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR)-Cas system is an engineered, non-naturally occurring
CRISPR-Cas system. The present disclosure utilizes the CRISPR/Cas system that hybridizes
with a target sequence in a target gene of interest, where the CRISPR/Cas system comprises a
Cas endonuclease and an engineered crRNA/tractRINA (or single guide RNA (“sgRNA™). In
some embodiments, the CRISPR/Cas system includes a ctRNA and does not include a
tractRNA sequence. CRISPR/Cas complex can bind to the lineage specific protein
polynucleotide and allow the cleavage of the protein polynucleotide, thereby modifving the

polynucleotide.
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The CRISPR/Cas system of the present disclosure may bind to and/or cleave the
region of interest within a target gene of interest, within or adjacent to the gene, such as, for
exarmnple, a leader sequence, trailer sequence or intron, or within a non-transcribed region,
either upstream or downstream of the coding region. The guide RNAs (gRNAs) used in the
present disclosure may be designed such that the gRNA directs binding of the Cas enzyme-
eRNA complexes to a pre-determined cleavage sites (farget site) in a genome. The cleavage
sites may be chosen so as to release a fragment that contains a region of unknown sequence,
or a region containing a SNP, nucleotide insertion, nucleotide deletion, rearrangement, etc.
Cleavage of a gene region may comprise cleaving one or two strands at the location of the
target sequence by the Cas enzyme. In one embodiment, such, cleavage can result in
decreased transcription of a target gene. In another embodiment, the cleavage can further
comprise repairing the cleaved target polynucleotide by homologous recombination with an
exogenous template polynucleotide, wherein the repair results in an insertion, deletion, or
substitution of one or more nucleotides of the target polynucleotide.

The terms “gRNA,” “guide RNA™ and “CRISPR guide sequence” may be used
interchangeably throughout and refer to a nucleic acid comprising a sequence that determines
the specificity of a Cas DNA binding protein of a CRISPR/Cas system. A gRNA hybridizes
to {complementary to, partially or completely) a target nucleic acid sequence in the genome
of a host cell. The gRNA or portion thereof that hybridizes to the target nucleic acid may be
between 15-25 nucleotides, 18-22 nucleotides, or 19-21 nucleotides in length. In some
embodiments, the gRNA sequence that hybridizes to the target nucleic acid is 15, 16, 17, 18,
19,20, 21, 22, 23, 24, or 25 nucleotides in length. In some embodiments, the gRNA
sequence that hybridizes to the target nucleic acid is between 10-30, or between 15-25,
nucleotides i length.

In addition to a sequence that binds to a target nucleic acid, in some embodiments,
the gRNA also comprises a scaffold sequence. Expression of a gRNA encoding both 2
sequence complementary to a target nucleic acid and scaffold sequence has the dual function
of both binding (hybridizing) to the target nucleic acid and recruiting the endonuclease to the
target nucleic acid, which may result in site-specific CRISPR activity. In some embodiments,
such a chimeric gRNA may be referred {0 as a single guide RNA (sgRNA).

As used herein, a “scaffold sequence,” also referred to as a tracrRNA, refers o a
nucleic acid sequence that recruits a Cas endonuclease to a target nucleic acid bound

{hybridized) to a complementary gRNA sequence. Any scaffold sequence that comprises at
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least one stem loop structure and recruits an endonuclease may be used in the genetic
elements and vectors described herein. Exemplary scaffold sequences will be evident to one
of skill in the art and can be found, for example, in Jinek, et al. Science (2012)
337(6096).816-821, Ran, et al. Nafure Protocols (2013) 8:2281-2308, PCT Application No.
W02014/093694, and PCT Application No. W(Q2013/176772. In some embodiments, the
CRISPR-~Cas system does not include a tracrRNA sequence.

In some embodiments, the gRNA sequence does not comprise a scaffold sequence
and a scaffold sequence is expressed as a separate transcript. In such embodiments, the
gRNA sequence {urther comprises an additional sequence that is complementary 1o a portion
of the scaffold sequence and functions to bind thybridize} the scaffold sequence and recruit
the endonuclease to the target nucleic acid.

In some embodiments, the gRNA sequence is at least 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or at least 100% complementary to a
target nucleic acid (see also U.S. Patent 8,697,339, which is incorporated by reference for its
teaching of complementarity of a gRNA sequence with a target polynucleotide sequence). It
has been demonstrated that mismatches between a CRISPR guide sequence and the target
nucleic acid near the 37 end of the target nucleic acid may abolish nuclease cleavage activity
{Upadhvay, et al. Genes Genome Genetics (2013) 3(12):2233-2238). In some embodiments,
the gRINA sequence is at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or at least 100% complementary {0 the 37 end of the target nucleic
acid {e.g., thelast 5, 6, 7, §, 9, or 10 nucleotides of the 3° end of the target nucleic acid).

Example sgRNA sequences, including both modified and unmodified sgRNAs,
targeting the T cell receptor alpha constant (TRAC) gene are provided herein. As will be
evident to one of ordinary skill in the art, selection of sgRNA sequences may depend oo
factors such as the number of predicted on-target and/or off-target binding sites. In some
embodiments, the sgRN A sequence is selected to maximize potential on-target and minimize
potential off-target sites.

In some embodiments, the Cas endonuclease is a Cas9 nuclease (or variant thereof)
or a Cpfl nuclease (or variant thereof). Cas9 endomucleases cleave double stranded DNA of
atarget nucleic acid resulting in blunt ends, whereas cleavage with CUpf1 nucleases results in
staggered ends of the nucleic acid.

In general, the target nucleic acid is flanked onthe 3" side or 5" side by a

protospacer adjacent motif (PAM) that may interact with the endonuclease and be further
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involved in targeting the endonuclease activity to the target nucleic acid. It is generally
thought that the PAM sequence flanking the target nucleic acid depends on the endonuclease
and the source from which the endonuclease is derived. For example, for Cas9
endonucleases that are derived from Streptococcus pyogenes, the PAM sequence 1s NGG,
afthongh the PAM sequences NAG and NGA may be recognized with lower efficiency. For
Cas9 endonucleases derived from Staphylococcus aureus, the PAM sequence is NNGRRT.
For CasY endonucleases that are derived from Neisseria meningitidis, the PAM sequence is
NNNNGATT. Cas9 endonucleases derived from Streptococcus thermophilus, St1Cas9 an
dSt3Cas9, the PAM sequences are NNAGAAW and NGGNG, respectively. For Cas9
endonuclease derived from Treponema denticola, the PAM sequence is NAAAAC.
In some embodiments, the Cas endonuclease is a Cpfl nuclease. In contrast to Cas9
endonucleases, Cpfl endonuclease generally do not require a tractRNA sequence and
recognize a PAM sequence focated at the 57 end of the target nucleic acid. For a Cpfl
nuclease, the PAM sequence 1s TTTN. fo some embodiroents, the Cas endonuclease is
MAD7 (also referred to as Cpfl nuclease from Eubacterium rectale) and the PAM sequence
s YTTTN.

In some embodiments, genetically engineering a cell also comprises infroducing a
Cas endonuclease, or nucleic acid sequence encoding such (e.g.. mRNA encoding a Cas
endonuclease), into the cell. In some embodiments, the Cas endonuclease and the nucleic
acid encoding the gRNA are provided on the same nucleic acid (e.g., a vector). In some
embodiments, the Cas endonuclease and the nucleic acid encoding the gRNA are provided on
different nucleic acids {e.g . different vectors). In some embodiments, the Cas endonuclease
ts provided as an mRNA encoding the Cas endonuclease and the gRNA is provided as a
modified gRNA molecule. Alternatively or in addition, the Cas endouvuclease may be
provided or introduced into the cell in protein form.

In some embodiments, the Cas endonuclease is a Cas9 enzyme or variant thereof
In some embodiments, the Cas? endonuclease is derived from Streptococcus pvogenes,
Staphylococcus aureus, Neisseria meningitidis, Streptococcus thermophilus, or Treponema
denticola. In some embodiments, the nucleotide sequence encoding the Cas endonuclease
may be codon optimized for expression in a host cell. In some embodiments, the
endonuclease 1s a Cas9 homolog or ortholog.

In some embodiments, the nucleotide sequence encoding the Cas9 endonuclease is

further modified to alter the activity of the protein. In some embodiments, the Cas9

34



WO 2019/094847 PCT/US2018/060227

endonuclease has been modified to inactivate one or more catalviic resides of the
endonuclease. In some embodiments, the Cas9 endonuclease has been modified {0 mactivate
one of the catalvtic residues of the endonuclease, referred to as a “nickase”™ or “CasOn”. Cas9
nickase endonucleases cleave one DNA strand of the target nucleic acid. In some
embodiments, the methods described herein involve two distinet cleavage reactions, in which
one Cas9 nickase is directed to cleave one DNA strand of the target nucleic acid and a Cas9

nickase is directed 1o cleave the second DINA strand of the target nucleic acid.

(v} MHC-CAR Regudatory T cells (Treg)

Any of the MHC-CAR-expressing T cells disclosed herein can be regulatory T cells
{Treg)., which may mimic the immune modulation activity of follicular regulatory cells. As
used herein, regulatory T cells or Treg cells, which are also known as suppressor T cells,
refer to a subpopulation of T cells that modulate the immune system, maintain tolerance to
self-antigens, and/or prevent autoimmune disease. Treg cells function as immunesuppressors
to suppress or downregulate induction and/or proliferation of effector T cells, such as
pathologic CD4+ and/or CD8&+ cells involved in autoimmune diseases.

The genetically modified Treg cells disclosed herein express one or more of the
biomarkers associated with Treg cells in nature, for example, CD4, FOXP3, CD2S, CD4SR
{e.g., CD45RA or CD45RO), or a combination thereof. The Treg cells may be prepared
using {derived from} peripheral blood monomuclear cells (PBMCs) isolated from a suitable
donor {e. 2., the human patient subject to the treatment). Methods for 1solating the
subpopulation of Treg cells from PBMCs are well known in the art, for example, cell sorting.
Expression vectors for a suitable MHC-CAR construct, as well as other genetic modification
{e.g., those described herein) can be introduced into the Treg subpopulation via methods as
described herein, or other methods known in the art. Altematively, the genetically modified
Treg cells may be prepared by infroducing a transgene coding for CD25 and/or other Treg
celi markers into suitable T cells, which can be further modified to introduce the expression
cassette for the MHC-CAR and optionally other genetic modification as described herein.

in some embodiments, the genetically modified Treg cells may be further modified to
displav {(e.g., surface express or surface aitach) molecules targeting a specific type of
pathologic cells {e.g., CD4+ cells or CD&+ cells) and/or display molecules targeting a
specific issue site {e.g., lymph vode or an 1nflaromation site}.

in some examples, the genetically modified Treg cells further express a chimeric
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receptor {CAR) comprising an extracellular domain such as a single-chain antibody (scFv)
specific to a B cell surface marker, for example, CDB19. Alternatively or in addition, the Treg
cells roay further express a chimeric receptor comprising an extracellular domain {e.g , scFv)
specific to a T cell surface marker, for example, CS-1. Such a chimeric receptor can be a cell-
surface receptor comprising an extraceliular domain, a transmembrane domain, and a
cytoplasmic dorain {e.g2., comprising a co-stimulatory domain, a cytoplasmic signaling
domain such as CD3(, or a combination thereof) in a combination that is not naturally found
together on a single proten.

The Treg cell may further display a molecule targeting lvmph nodes and/or germinal
center, for example, CXCRS, and/or display a roolecule targeting an inflamunation site, for
example, CCR6. Targeting germinal center B cells (GC B cells) may be mediated, at least in
part, by a specialized helper T cell subset, the CXCRShighPD-1thigh T follicular helper
{TFH) cells. Foxp3+ Treg can be diverted to become TFH repressors via expression of Bel6
and SAP-mediated interaction with B cells. The resulting follicular regulatory T cells (TFR)
are expacted to share features of both TFH and Treg cells, localize {0 germinal centers, and
regulate the size of the TFH cell population and germinal centers in vivo.

Further, the Treg cells disclosed herein may include one or more of the additional
genetic modification as described herein, for example, checkpoint molecule knock out.

The Treg cells expressing B-cell or T-cell specific CAR may target pathologic B cells
and/or T cells involved in an awtoimmune disease. For example, the genetically modified
Treg cells as described herein would be expected to exhibit functions sumilar to follicular
regulatory cells, e g, targeting B cells, T cells, and/or dendritic cells, thereby, e.g.,
downregulating B cell stimulation, secreting suppressive cytokines that can inhibit activation
of germunal center (GCB cells (such as H-10 and TGF-Beta), inducing cytolysis of Tth
{through MHC CAR} and GC) B {e.g, through the CD19 CAR), and/or mechanical
disrupting signaling transduction to GC B cells or to T follicular helper (Tfh) cells {e.g,
through binding to GC B and MHC-peptide Tfhy. Alternatively or in addition, the Treg cells
may potentially engage both helper T cells, B cells, and/or antigen presenting cells, or in

some instances, physically blocking the engagement.
1. Application of Imimune Celis Expressing MHC-CAR in Dmmunotherapy

Host immune cells expressing MHC-CAR (the encoding nucleic acids or vectors

comprising such) described herein are usefid for targeting and eliminating pathogenic cells
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involved in autotmmume diseases, such as MS, type I diabetes, lupus, rheumatoid arthritis,
efc. In some embodiments, the subject is a mammal, such as a human, monkey, mouse,
rabbit, or domestic mammal. In some embodiments, the subject is a human, for example, a
human patient having, suspected of having, or at risk for an autoimmune disease (e.g., MS).

The MHC-CAR-expressing immune cells can be mixed with a pharmaceutically
acceptable carrier to form a pharmaceutical composition, which is also within the scope of
the present disclosure. To perform the methods described herein, an effective amount of the
immune cells expressing any of the MHC-CAR constructs described herein can be
admnistered into a subject in need of the treatment. The immune cells may be autologous to
the subject, i.e., the immune cells are obtained from the subject in need of the treatment,
genetically engineered for expression of the MHC-CAR constructs and optionally contains
one or more of the additional genetic modifications as described herein, and then
admimstered to the same subject. Adoumistration of autologous cells to a subject may result
in reduced rejection of the iramune cells as compared to adminustration of non-autologous
cells. Alteratively, the immune celis are allogeneic cells, 7.e., the cells are obtained from a
first subject, genetically engineered for expression of the MHC-CAR construct, and
admanistered to a second subject that is different from the first subject but of the same
species. For example, allogeneic immune cells may be derived from a human donor and
administered to a human recipient who is different from the donor.

In some embodiments, the immmune cells are co~-used with a therapeutic agent for the
target immune disease, for example, Alemtuzumab for treating MS. Such immunotherapy is
used to treat, alleviate, or reduce the symptoms of the target immune disease for which the
tmmunotherapy 15 considered useful in a subject.

The efficacy of the MHC-CAR immunotherapy may be assessed by any method
known in the art and would be evident to a skilled medical professional. For example, the
efficacy of the immunotherapy may be assessed by survival of the subject and/or reduction of
disease symptoms in the subject.

In some ermvboduments, the tnuoune cells expressing any of the MHC-CAR disclosed
herein are admunistered to a subject who has been treated or is being treated with a
therapeutic agent for an autoimmune disease. The immune cells expressing any one of the
MHC-CAR disclosed herein may be co-administered with the therapeutic agent. For
example, the immune cells may be admunistered to a human subject simultaneously with the

therapeutic agent. Alternatively, the immune cells may be administered to a human subject
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dwring the course of a treatment involving the therapeutic agent. In some examples, the
immune cells and the therapeutic agent can be administered to a human subject at least 4
hours apart, e.g., at least 12 hours apart, at least 1 day apart, at least 3 davs apart, at least one
week apart, at least two weeks apart, or at least one month apart.

To practice the method disclosed herein, an effective amount of the immune cells
expressing MHC-CAR or compositions thereof can be admanistered to asubject {e.g., a
human MS patient} in need of the treatment via a suitable route, such as iniravenous
administration. Any of the immune cells expressing MHC-CAR or compaositions thereof may
be administered 1o a subject in an effective amount. As used herein, an effective amount
refers to the amount of the respective agent {e.g., the 1ownune cells expressing MHC-CAR or
compositions thereof) that upon administration confers a therapeutic effect on the subject.
Betermination of whether an amount of the cells or compositions described herein achieved
the therapeutic effect would be evident to one of skill in the art. Effective amounts vary, as
recogrized by those skilled in the art, depending on the particular condition being treated. the
severity of the condition, the individual patient parameters including age, physical condition,
size, gender and weight, the duration of the treatment, the nature of concurrent therapy (if
any}, the specific route of adminisiration and like factors within the knowledge and expertise
of the health practitioner. In some embodiments, the effective amount alleviates, relieves,
ameliorates, improves, reduces the symptoms, or delays the progression of any disease or
disorder in the subject. In some embodiments, the subject is a human. In some
embodiments, the subject is a huroan cancer patient.

In some embodiments, the subject is a human patient suffering from an auwtoimmune
disease, which is characterized by abnormal imrune responses attacking a normal body part.
Examples of autoimmune diseases include multiple sclerosis, systemic hupus ervthematosus,
rheumatoid arthritis, juvenile idiopathic arthritis (also known as juvenile idiopathic arthritis),
Sjogren’s syndrome, systemic sclerosis, ankylosing spondylitis, Type 1 diabetes, autoimmune
thyvroid diseases {Grave’s and Hashimoto's), multiple sclerosis myasthenia gravis,
inflaromatory bowel disease (Crobn’s or ulcerative colifis), Psoriasis, or a diseases meustioned
inn Table 1.

There are numerous stages in the immune cascade where, in general, an autoimmune
disease can be impacted. There is a continuum of interventions made possible by the
combination of edits that the methods disclosed herein comprises. For example, Treg cells

displaying a distinct set of surface molecules, in addition to the MHC-CAR, can be used for
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treating the autoimmune disease at different stages.

In the early stage of many immune disorders, including MS, there exist unexplained
deficits in regulatory mechanisms and/or tolerance induction exists in MS and there begin
repeated attacks on the nervous system by T cells. Treg cells expressing a suitable MHC-
CAR and anti-CD19 CAR (optionally with other genetic modifications as described herein)
may be used for intervention,

An advantage of autoreactive Treg cells is their ability to act as “bystander”
suppressors, to dampen inflammation at a site-specific manner in response to cognate antigen
expressed locally by affected tissues. The induction of regulatory T cells {by autoantigens)
can suppress disease progression even when there are a variety of autoantigens {or when the
initiating/primary) autoantigen is unknown. Tregs can travel relatively freely, and inhibit T
cells and B cells and prevent return to an inflammatory environment. These autoreactive
Tregs are advantageous in their ability to act as bystander suppressors and dampen
inflaromation in a site-specific manner in response to cognate antigen expressed locallv by
affected tissues.

Thus, the genetically modified Treg celis may be designed to numic the suppressor
function of the autoreactive Treg cells. Such Treg cells may be modified. for example, to
have PD-L1/PD-1 knocked out, to display CCR6 and/or scFv targeting MOG to route to the
site of inflanmmation, to express a suitable MHC-CAR and/or anti-CD19-CAR. Alternatively,
the Treg cells may be modified, for example, to have PD-L1/PD-1 knocked out, to display
CXCRS to route to germinal centers and/or ectopic lymph nodes, to express a suitable MHC-
CAR and/or anti-CD19-CAR. These types of Treg cells may interact with pathogenic cells at
the site of inflammation, block pathogenic interactions, and/or calm inflammatory
environment, They can be used at an earlv disease stage (fo imhibit pathogenicity) or after
cvtotoxic therapy (to prevent retumn to an inflammatory environment).

Relapsing-remitting MS {mid-stage) naturally regulates itself] and treatments which
augment these natural regulatory mechanisms will help control the disease process. In
successful disease treatment, there is a shift from Thi cells to Th2 and Th3 cells, and the
appearance of other regulatory celis. At this stage, therapeutic targets will include both
pathogenic B and pathogenic T cells. Treg cells for treating such mid-stage disease may
express a suitable MHC-CAR as described herein, and an additional CAR targeting B cells
{e.g, an anti-CD19 CAR) or targeting T cells such as CD8+ cells. The Treg cells may further
display CXCRS or free of CXCRS targeting. Treg cells expressing anti-CD19 CAR may be
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used to eliminate B cells in the germinal center.

When MS changes from relapsing remitiing to the chronic progressive form (late-
stage), T cells enter a state of chronic activation and degenerative processes occur.
Agoressive treatment against cytotoxic CD&+ T cells requires a CAR augmentation that is
sufficiently cytotoxic. At this point, a treatment may shift from one primarily driven by Treg
cells 1o one driven by MHC-CAR CD8+ T cells and even MHC-CAR C8-1 cells. The
wtimate goal remains the same: to suppress pathology through cytotoxicity enhanced by
bystander effect. Genetically engineered T cells for use at this disease stage may express a
suttable MHC-CAR, and an additional CAR targeting pathologic T cells involved in the late
stage of the disease, for example, CD8+ T cells. In some exarples, the additional CAR may
target C8-1 {also known as SLAMEF7}, which is a glycoprotein expressed on CDE+ T cells.

81 is a promising antigen that can be used to target and kill CD8+ T cells and plasma cells.

activation marker CD69, lugher capacity for degranulation, and display enbanced
cytotoxicity. Anti-CS51 CAR will target CP8+ T-celis. The genetically modified T cells may
further display a molecule for bone-marrow targeting of plasma cells, such as CXCR4, and
their targeting to inflamed tissues, with CXCR3.

Hiepe et al., Nature Reviews Rheumatology, 7(3):170-178, 2011, Examples include

targeting of plasma cells in hupus.

V. Kits for Therapeutic Uses

The present disclosure also provides kits for use of the MHC-CAR-expressing
immune cells for use in suppressing pathogenic immune cells such as avioreactive T cells in
autoiromunity. Such kits may include one or more containers comprising compositions
comprising immune cells expressing MAR-CAR such as those described herein), and a
pharmaceutically acceptable carrier.

In some embodiments, the kit can comprise instructions for use in any of the methods
described herein. The included instructions can comprise a description of administration of
the MHC-CAR-expressing immune cells to a subject who needs the treatment, e.g., an MS
patient. The kit may further comprise a description of selecting a subject suitable for
treatment based on identifying whether the subject is in need of the treatroent. In some
embodiments, the instructions comprise a description of administering the immune cellsto a

subject who is in need of the treatment.
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The instructions relating to the use of the immune cells expressing the MHC-CAR
described herein generally include information as to dosage, dosing schedule, and route of
admunistration for the intended treatment. The containers may be unit doses, bultk packages
{e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the
disclosure are typically written mstructions on a label or package insert. The label or package
insert indicates that the pharmaceutical compositions are used for treating, delaying the onset,
and/or alleviating a disease or disorder in a subject.

The kits provided herein are in suitable packaging. Suitable packaging includes, but
ts not limited to, vials, bottles, jars, flexible packaging, and the like. Also contemplated are
packages for use in combination with a specific device. A kit may have a sterile access port
(for example, the container may be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle}. The container may also have a sterile access
port. At least one active agent in the pharmaceutical composition is immune cells expressing
MHC-CAR as described herein.

Kits optionally may provide additional components such as buffers and interpretive
information. Normally, the kit comprises a container and a label or package insert(s} on or
associated with the container. In some ernbodirnent, the disclosure provides articles of
manufacture comprising contents of the kits described above.

Without further elaboration, it is believed that one skilled in the art can, based on the
above description, utilize the present invention to iis fullest extent. The {olfowing specific
embodiments are, therefore, to be construed as merely illustrative, and not linmitative of the
remainder of the disclosure in any way whatsoever. All publications cited herein are

incorporated by reference for the purposes or subject matter referenced herein.

EXAMPLES
The instant examples focuses on the development of a cellular immunotherapy
utilizing chimeric receptors o selectively redirect therapeutic T cells against myelin basic
protein {(MBP)-specific T Ivraphocytes implicated in MS [16]. The results of this program
can support the further development of redirected therapeutic T cells able to counteract
pathologic, self-specific T lymphocytes, and specifically validate humanized MBP-DR2-

chimeric receplors as a therapeutic target in MS [29].
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Exampie 1: Construction of Modified T-cells Specific to Myelin Basic Protein

A construct for an antigen-specific T-cell receplor {TCR} that targets a MBP-loaded
major histocompatibility complex-chimeric antigen receptor (MHC-CAR) s designed for
reintroduction into cells with TCR knockouts for assays. Design of the TCR constructs is
based on an antigen-specific TCR with a published structure and TCR expression constructs
validated in homan cell lings [17, 46, 51, 52]. Green fluorescent protein (eGFP) or luciferase
is genetically encoded for labeling {28} Exemplary lentiviral expression vectors comprising
the TCR construct and reporting gene are provided in Figure 1.

Several cell lines are selected for testing TCR expression and activity, including
Jurkat E6-1 (a control strain that expresses TCR), Jurkat J RT3-T3.5 (a strain that lacks
TCRb), SupT1 (a strain with damaged TCRa}, and primary human T cells (which contain a
diverse population of TCR clonotypes).

Jurkat E6-1 cells are an established human T lymphocyte cell line from peripheral
blood. 1t is used as a control cell line expressing TCR [15, 18]

Jurkat RT3-T3.5 lacks TCRP due to a mutation that precludes expression of the TCR P-chain.
It also fails to express surface CD3 or produce the T-cell receptor o,p heterodimer. It is
therefore used for validating T-cell receptor gene transfer [1, 6, 21, 491

SupT1 is a human Iymphoblast line expressing multiple T lineage markers and is used
because it encodes a non-functional receptor and fails to express TCRa {49].

PMBC-derived primary human T cells conlain a diverse repertoire of TCR
clonotypes.

Lentiviral vectors containing the antigen-specific TCR as illustrated in Figure 1 are
used to transduce cancer cell lines lacking at least one TCR chain, and are subsequently
assessed for expression using fluorescence-activated cell sorting (FACs). In cancer cell lines
containing the antigen-specific TCR, luciferase is added to the cell line following successful
stable expression to enable its use in mouse studies.

TCR constructs for mRNA, multicistronic mRNA, and lentiviral transduction proceed
straightforwardly, via a screen based oun the genetically encoded eGFP and labeling with anti-

TCR or anti-CD3 antibody [3, 19].

92



WO 2019/094847 PCT/US2018/060227

Exampie 2: Construction of MHC-Based Chimeric Receptors (MHC-CAR) and T-cells
Expressing Such

(1) Design of MHC-CAR Construcis

Receptors for adoptive cell therapy that genetically link the MBP 84-102 epitope to
human leukocyte antigen HLADRD? are generated and, either incorporate or lack chimerie
atracelluar signaling domains [29]. The antigen-major listocompatibility complex (Ag-
MHC) domain serves as receptor, binding the TCR of MBP-specific target cells. The Ag-
MHC-CAR has been validated in preclinical mouse models with CD3-{ (i.e. a first-
generation signaling domain), which may optionally be in combination with additional co-
stimulatory signaling domains (i.e. second- or third-generation signaling domains) for
efficacy in humans, following the methodology provided in [9, 25]. A schematic illustration
of the various designs of MHC-CAR is provided in Figure 2.

MHC-CARs are designed based on the structure of HLA-DR, and combined with a
variety of internal cytoplasmic costimulatory domains. The MHC-CAR has two subunits: (1)
an o-chain that contaings the leader sequence, DRA*1010 domain, and a cytoplasmic domain;
and (i1} a B-chain that contains a leader sequence (from HLA-DRBI*1501), a peptide
(DENPVVHFFKNIVTPRTPP (SEQ ID NO: 15) from mvelin basic protein), a domain (from
HLA-DRB1*1501), and a cvtoplasmic signal domain, for exaraple, CD3z [29]. Figure 3.
The DNA used to create mRNA contains either single chains {(shown as one embodiment in
Figure 4) or are multicistronic and separated by orthogonal 2A sequences as llustrated in
Figure S. Geoetically encoded eBFP or RQRS are introduced into the cells for cell-labeling or
to provide a mechanism for depletion [4, 3, 37, 40]. Figures 3 and 3.

As illustrated in Figure 6, the designed MHC-CAR has a number of sites for tagging.
Site 1 15 an HLA-DR antibody binding site for cases where native HLA-DR is either not
expressed due to CUTA editing [26, 38} Sites 2 and 3 are potential insertion sites for
polvhistidine-tag motifs {24]. Sites 4 and 5 represent RQR and RQRE, respectively [37].
Multiple sclerosis is shown to affect blood brain barrier permeability, s0 in order to enhance
the safety of therapeutic MHC-CAR, genetically encoded ROR would allow for rapid
depletion of MHC-CAR T cells upon administration of rituximab, a chimeric monoclonal

antibody treatment used offlabel in the treatment of severe MS [42].

{ii} Construction of T Cell Lines FExpressing MHC-CAR
A nursber of cell ines discussed below are selected for testing the MHC-CAR

construct. Assays are then continued in human T cells in order to establish clinically
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translatable protocols.

K56 cells lack Class T and Class I MHC, allowing for tagless verification of HLA-
DR expression using antibodies (HLA-DR is a component of the MHC-CAR) [43].
Expression assays will allow assessment of the MHC-CAR expression relative to RQRS
expression using flow cytometry, and the same lentiviral construct is then used in PMBC-
dertved T cells {23].

KM-H2 is a human Hodgkin’s lymphoma line that can be used as an HLA-DR
postiive control hine |34, 44}, Jurkat E6-1, as noted above, conditionally express HLA-DR
upon delivery of CIITA and can be used to evaluate CIITA TALEN if CH{TA knockout is
used {33].

in addition, primary human T cells can be used. PMBC-derived primary human T
cells are purified and enriched from whole blood, and then activated. Transduction follows
enrichment. The cells are incubated with recombinant human interleukin-2 {and/or 1L-7
and/or IL-15) {7, 12, 43]. Based on preclinical studies and the anticipated therapeutic course,
the desired cell type is CB8+ T cells with the molecular and functional featuwes of stem cell
memory TSCM, central memory TCM, and naive cells TN {11, 22, 32, 35]. Antibody
staining allows for cell immunotyping [27].

initial constructs, including a permutation of signaling domains (CD3z, 4188, CD28)
are expressed using mRNA, multicistronic mRNA, and lentiviral strategies in K562 cells.
The cell ling’s lack of MHC Class [ and 1 allow the tagless venification of MHC-CAR
expression using the HLA-DR antibodies, following a success{ully employed strategy [291.
Quantification of the expression efficiency in more clinically relevant cell lines, including
therapeutic T cells, depends on construct, and will be measured using genetically encoded
fluorescent reporters (BFP) or antibody staiming of the RQR site, a polyhistidine- (HiS)-tag,
or the MHCC AR (with an HLA-DR antibody if CHTA is inactivated using TALEN).
Labeling sites are indicated in Figure 6. To test rates of MHC-CAR delivery as a potential
therapeutic vector, BFP is removed from constructs while RQR is retained to provide for
depletion control. Expression rates of the clinically relevant construct are measured using
antibody staining post-editing.

The transcription activator-like effector technology (TALEN) can also be used for
preparing T cells expressing MHC-CAR. Human T cell lines are activated, transfected with
TALEN, and either transfected or transduced with MHC-CAR. They are then stamed and

analvzed by flow cytometry to assess TALEN gene inactivation and MHC-CAR expression.
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Upon verification of construct expression in desired cell lines, TALEN transduction (TCRa
and CD32 or CHTA as discussed below) into human T cell lines is performed. TALEN is
miroduced into activated human T cell lines, and the MHC-CAR 1is subsequently introduced
into the same T cell lines for evaluation. The modification of the human T cells can be
performed in this order to prevent incidental fratricidal killing of MHC modified celis due to

the native TCR {10}, The activity of TALEN-edited MHC-CAR T-cells is 1o be confirmed.

(iii) Modification of MHC-CAR-Expressing T Cells via Transcription activator-like
effectors (TALENs)

Human T cells are selected to confirm inactivation of TCRa, and CD52 or CHTA
genes by TALEN, followed by evaluation in combination with MHC-CAR, using TALENs.
Transcription activator-like effectors (TALENSs) bind PNA in a sequence-speci{ic manner.
The DNA binding domain contains a hughly conserved 33-34 amino acid sequence with a
divergent 2 amino acid RV D {repeat variable dipeptide motif) conferring specific nucleotide
recognition {23, 31}

Mutation of either & or B chain of the TCR is sufficient for disruption of surface TCR
expression {15, 36]. TALEN is used to inhibit expression of two genes in the therapeutic cell
without introducing a proliferative advantage through undesired translocations [39]{47].
TCR expression is inhibited through a TRAC-targeted TALEN to prevent graft versus host
disease {(GvHD} and allow for the creation of an allogeneic therapy [15. 39, 471

D32 deletion can be made for alemtuzumab compatibility. Alemtuzumab is a
humanized anti-CD32 1gG1 monoclonal antibody that targets and depletes circulating T and
B lymphocytes [41]. Alemtuzumab can be used as rescue therapy or as first line drug in
severe-onset MS [50], and will be co-administered in the human patient population. TALEN
knockout will make MHC-CAR corpatible with concurrent treatment in patients {14, 391
Further, CHTA deletion can be made for characterization of HLA-DR 10 MHC-CAR CHTA
is a protein coding gene essential for the transcriptional activity of HLA Class If promoter
[26]. Knockout would allow for the direct measurement of HLA-DR using antibodies for
characterization of MHC-CAR expression {38, 33]. The inhibition of CD52 expression
allows for concurrent treatment with Lemtrada R {alemtuzumab), an FDA-approved
treatment for muldtiple sclerosis [42]. Alemtuzumab is also used as a lvmpho-
depleting/lympho-suppressive agent that aids in the engraftment of CAR T therapies [39]. A

CAR T-cell therapy modified with TRAC- and CD32-targeted TALENSs is currently being
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tested in clinical trials {38, 40, 43].

TALEN to inactivate MHC Class 1 transactivator (CIITA} in place of CDS2, as
mactivation of CHTA is expected to inhibit HLA-DR expression [26]{38], thus allowing for
the direct identification of MHC-CAR-containing cells by HLA-DR antibody staining.
Validated TALENs (TRAC:
TTGTCCCACAGATATCCagaaceetgaccctgCCGTGTACCAGCTGAGA (SEQ 1D NG
376), CDS2Z.TTCCTCCTACTCACC ATeagectectgettatGGTACAGGTAAGAGC AA (SEQ
1D NO: 371), CHTA:
TTCCCTCCCAGGCAGC T CacagtgtgecaccaTGGAGTTGGGGCCCCTA (SEQ ID NO:
366)) are obtained from Cellectis or designed to target previously validated sites [38, 43].

Human T cells are activated and electroporated with mRNA encoding variants of 3
different TALEN: TCR-alpha constant chain, CD352, and CHTA. Cells are surface stained
with anti-CD3 or anii-TCR (TCR-alpha constant chain), anti~-CD32 (CD352), or anti-HLA-DR
(CIIT A). and then analyzed by flow evtometry.

in the TALEN expression assays, the ability of previously validated TALENs to
inactive target genes are re-validated [39]. Translocation studies and of{-target studies are
reperformed. and several whole-genome sequences confirm results. GUIDE-seq can be used
as an alternative to whole genome sequencing to confirm on- and off-target editing {8].

One of more of the following endogenous genes are to be edited to reduce interaction
with other cells: TCR (through TCR alpha or beta chain; to reduce targeting to undesired
cells), CITA (regulates expression of MHC Class 1T genes; target cells for taster deletion),
B7-1{CD&0) and/or B7-2(CD86) knockout, and b2m (regulates expression of MHC Class |
genes) with NKG2D ligands or UL18,

Further, one or more of the following genes can be edited to modify the function of an
interacting cefl: PD-L1 +/- CTLA4-Ig overexpression, PD-L1/2 overexpression +/- PD-1
knockout; FasL overexpression +/- Fas knockout; Galeetin 9 overexpression +/- TIM3
knockout; and/or PVT/CD135 overexpression +/- TIGIT knockout. Defects in PD-1, Fas,
Tim3, TIGIT predispose patients to autoumrounity. Some drugs can restore function (for
example: Tim3, glatiramer acetate and IFN-beta}. If autologous cells from a patient suffering
autoimmune disease are utilized they may require patient specific correction of defective
genes that influence CTL and Treg function. Their personal muiation set may also determine
whether CTL or Treg cells will be the most therapeutically relevant, and whether some

celiudar modification will be effective, if either autologous or allogeneic celis are used.
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Further, the following edits may modify the location and/or function of the cells (for

example, to make it more like a {ollicular regulatory cell):

MHC-CAR-(FOX3P)-(CS1 or CD19 CARY(CS-1 knockout required for CS-1 CAR)
MHC-CAR-(FOX3P)-(CCR7 or CXCRS)

Moreover, the following edits can enable combination therapies for autoimmune

diseases (e.g., MS specific therapeutics)

ROR tag: engineered T cells can be removed with rituximab (kill switch). A tag for
the newly approved anti-CD20 antibody Ocrevus could be generated.

Rapamycin switch | CARs only m/active when patient is treated with rapamycin
{(tacrolimus)

D32 knockout: allows pretreaiment with Lemtrada {alemtuzumab} to decrease
number of immune cells present

VELA-~4 knockout: can treat with tysabri to move pathogenic immune cells to
periphery but engineered cells are forced to stay there (may not be ideal for patients
with established MS as cells that are stuck in the brain spinal cord; however,
simultaneous mRNA expression of VLA-4 can provide temporary access to those
locations)

iL-6 antibody {Toclizumab} secretion from engineered T cell: helpful when the
engineered T cell must access the brain and spinal cord, but this drug cannot access

the ocations due to the BBB

Example 3: Investigation of MHC-CAR Activities

() Preparation of primary T cells expressing MHC-CAR

Primary T cells can be prepared as follows. T cells are isolated from peripheral blood

mononuciear cells (EasySep Human T Cell Enrichment Kit, Stemcell Technologies) and

activated (Dynabeads Human T-Activator CD3/CD28, Life Technologies) with (X-Vivo 15

medium, Lonza; 20 mg/ml -2, Miltenyi; 5% human AB serum, Seralab}. A suitable MHC-

CAR construet containing a MBP antigenic peptide is introduced into the primary T cells

using a conventional method. Surface expression of the MHC-CAR construct 1s verified by

FACS and antibody staiming,

(1) MHC-CAR activity tests in vitro

Upon vertfication of construct trafflicking and expression (with mRNA, multicistronic

mRNA, lentivirus), activity tests are conducted in vitro. Al tests are conducted at different

effectortarget (E:F) cell concentrations. The in vitro tests provide an initial evaluation of
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MHC-CAR signaling domains and T cell subsets.

(i1} Signaling domain assessment by HL-2 prodhuction
24 hours post electroporation. human T cells transiently engineered with MHC-CAR
¢ stimulated with plate-bound HLA-DR antibody, to determine whether MHC-CAR
{containing various signaling domains) is functional. 11-2 production is measured 24 hours
tater using a StemCell 1L-2 ELISA kit. This test provides a quick assay as to whether

variants should be reengineered or abandoned {29].

(v) Interaction of MHC-CAR cells and pathogenic TCR cells through proliferation
assay

Target cell lines transiently expressing TCR are magnetically sorted for TCR
expression 24 hours after eleciroporation and rradiated, in order 1o test whether engagement
of the MHC-CAR with antigen-specific TCR stinwlates proliferation of MHC-CAR
containing T cells. Alternatively, target cell lines that stably express TCR are irradiated. The
irradiated cells displaying (+/-antigen-specific) TCR are incubated with CFSE-labeled

MHCCAR cells and proliferation is measured after culture at different T:E ratios {30}

(v) Degramilation assay

CAR T-cells are labeled through epitopes on RQR (which are not being expressed on
the target cells used) or eBFP instead of T cell markers. The assay is performed for cell lines
with transient or stable expression (the example of transient expression is described). 24
hours post-electroporation, MHC-CAR hurman T-cells with either RQR8 or BFP are co-
cultured with target (antigen-specific TCR SupT1 or Jurkat) or control (+/- TCR Jurkat or
TCR- SupT1) cells for 6 hours. Transiently expressed {and later stably expressing} target
cells are electroporated with antigen-specific TCR and sorted with CD3 magnetic beads post-
electroporation. The RQR+ or BFP+ MHC-CAR T-cells {as identified with anti-rituximab
antibody, QBEnd10 antibody) are analyzed by flow cytometry to detect the expression of the

degranuiation marker CD107a on their surface {2}

(vi) Cyrokine secretion assay
The assay is performed for cell ines with transient or stable expression (transient
expression 1s described). The human T cells transiently expressing the MHC-CARs are

assessed for cvtokine secretion following co-culture with target cells 24 hours post
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electroporation. Human T cells transiently expressing the MHC-CARSs are co-cultured with
targel {antigen-specific TCR containing Jurkat or SupT1 cells) or control (+/- non-antigen-
specific Jurkat or SupT1) cells for 24 hours. The antigen-specific TCR is then killed by
rradiation before the assay. The supernatants are harvested and analvzed using the TH1/TH2
cvtokine cyiometric bead array kit to quantify the cytokines produced by T cells [13]. MHC-
CAR T-cells produce IFN and other cytokines in co-culture with antigen-specific TCR

expressing target cells but not in co-culture with controf cells.

(vii) IE Ny release assay
Various levels of MHC-CAR expressing cells are incubated with irradiated TCR T-
cells 24 hours afier transfection. Co-cultures are maintained for 24 hours. After incubation

and centrifugation, supermatants are tested with IFNy detection by ELISA.

{viii} Cyrotoxicity assay

TCR T-cells are incubated with therapeutic MHC-CAR as well as control cells.
Target and control cells are labeled with fluorescent intraceliular dyes (CFSE or Cell Trace
Violet) before co-culturing with MHC-CAR T-cells. The co-cultures are incubated for 4
hours. After this incubation period, cells are labeled with a fixable viability dve and analyzed
by flow cytometry. Viability of each cell population (target or negative control) is determined
and the percentage of specific cell lysis is calculated. Cytotoxicity assavs are carried out 48

hours after fransduction.

{(ix} Inhibition Assay

PBMCs are co-cultured with irradiated or nutomycin-treated engimeered T cells
expressing the MHC-CAR construct. As control, PBMCs are co-cultured with irradiated or
mitomycin-treated engineered T cells that do not express the MHC-CAR construct. 7 days
later, cell proliferation from a haman patient donor A is measured by XTT colorimetric assay
or by CFSE dilution (FACS analysis). Although cell proliferation would be observed in
control, no or limited cell proliferation is expected when engineered T cells express secreted
FP. The results from this experiment aim to show that alloreactive T cells proliferation is

inhibited when the MHC-CAR expressing T cells express FP.

(x} Proliferation
To test whether engagement of the MHC-CAR with antigen-specific TCR stimulates

proliferation of MHC-CAR containing T cells, target cell lines transiently expressing TCR
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are magnetically sorted for TCR expression 24 hours after electroporation and irradiated.
Alternatively, target cell lines that stably express TCR are irradiated. The irradiated cells
displaving (+/~antigen-specific) TCR are incubated with CFSE-labeled MHC-CAR cells and

proliferation is measured after culture at different T:E ratios.

(1) In Vivo Tests

MHC-CAR (with mouse and human MHC) in mouse T cells has previously shown
therapeutic efficacy in experimental allergic encephalomyelitis, the mouse model for multiple
sclerosis {23, 29]. Here we test whether MHC-CAR in human cells can target human TCR in
human T cell lines, using an in vivo mouse model analogous to that in prior CAR T
preclinical studies [39]. The in vivo tests allow further evaluation of MHC-CAR signaling
domains and T cell subsets.

The o vivo activity of MHC-CAR T-celis can be verified in a moouse xenograft model
as illustrated in Figure 7.

Immunodefficient NOG mice are intravenousty injected with antigen-specific TCR-~
tuciferase expressing T-cells as an MS xenograft mouse model. Mice then receive
intravenous doses of MHC-CAR T-cells tested at different doses, either 2 or 7 days post-
injection with tumor cell line. Intravenous injection with T-cells that are not transduced with
the CAR lentiviral vector serve as conirol. Bioluminescent signals are determined at the day
of T-cell injection (D0), at D7, 14, 21, 28 and 40 after T-cell injection in order to follow the
expansion of TCR-luciferase expressing cells in different animals [39].

CAR T-cells with similar background modifications (TALEN to inactivate native
TCR and miniroize graft vs host, TALEN {o inactivate CDS2 and allow simultaneous
treatment with alemtuzumab, and RQRS to allow depletion) to the ones shown here have
been previously validated in mouse models and are now used in a UCART19 ¢linical trial

[39].

(xit} Kill-swirch verification

Transduced T cells are exposed to 25% baby-rabbit complement (AbD Serotec) for 4
hours with or without inclusion of pharmacewtical complements {rituximab, tysabri, or
alemtuzumab) to examine complement-dependent cytotoxicity (CDC)-mediated sensitivity.
Miltenyi CD34 magnetic bead-selected-transduced RQRS T-cells are compared against a

similarly treated population of Q8-transduced T cells to demonstraie specificity of CDC-
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mediated deletion. Further examination of CDC assay parameters was achieved through time-
course/dose-~titration assays using ROR&-transduced T cells incubated with pharmaceutical

complerent at 12.5, 25, 50, and 100 rog/ml. and time-point assessments ranging between 1

to 120 minutes.

Example 4: Regulatory T Cells (Treg) Expressing MHC-CAR

Therapies that antigen specifically target pathologic T lymphocytes responsibie for
mutltiple sclerosis and other autoimmune diseases are expected to have improved therapeutic
indices compared with antigen-nonspecific therapies. This example provides an exemplary
cellular immunotherapy that uses chimeric antigen receptors to selectively redirect

therapeutic T cells against myelin basic protein-specific T lymphocytes implicated in MS

Treg Cell Sorting, Transduction, and Expansion

CD4+ T cells are isolated from PMBC via RosetteSep (STEMCELL Technologies)

and enriched for CD25+ cells (Miltenyi Biotec) prior to sorting into live CD4+CD45R0O-
CDASRA+CD2S+ Tregs and CD4+CD43RO-CD4SRA+CD25- control T cells by FACS.
Sorted T cells are stimulated with artificial APCs (aAPCs) loaded with aCD3 mAbs in 1,000
U/ml or 100 U/ml of 1L-2, for Tregs or non-reg control T, respectively. One day later, cells
are transduced with lentivirus. At day 7, ANGFR+ cells were purified with magnetic
selection (Miltenyi Biotec), then re-stimulated with aAPCs as above and expanded for 610 7

days.

Flow Cviometrv:

For phenotypic analysis, cells were stained with fixable viability dyve (FVD) (63~
0865-~14 and 65-0866-~14, eBioscience) and for surface markers before fix/perm with
FOXP3/Transcription Factor Staining Buffer Set (eBioscience), followed by staining for
intracellular proteins. For analysis of cytokine production, cells were stimulated with 10
ng/ml PMA and 300 ng/ml 1onomycin, in the presence of brefeldin A (10 ug/ml) (all Sigma-

Aldrich) for 4 hours. Samples were analyzed by flow cytometry.

Microscopy:
PBMCs are labeled with PKH26 or PKH47 (Sigma-Aldrich, PKHZ6GL-1KT and
PKHO7GL-1KT), and Tregs are labeled with cell proliferation dye (CPD) eFluord50

(eBiosciences, 65-0842-85) and then suspended in a 3D gel of 1.5% rat tail collagen typel
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(Ibidiy composed of 1 x DMEM and 10% FCS per the manufacturer’s general 31 gel
protocol. The cell suspension is pipetted into a u-Slide Chemotaxis3D and allowed to
polymerize for 30 muinutes in a hunudified incubator at 35°C and 5% CO2 (Tokai Hityon a
Leica TCS SP8 confocal microscope. The outer chambers are filled with 1x DMEM and
tmages recorded using a ¥ 10/0.30 objective every 2 minutes for 3 hours. eFluord50, PKH67,
and PKH26 were excited at 405 nm, 488 nm, and 561 nm, and the fluorescence emission 1s
collected at 415470 nm, 495-525 nm, and 570650 nm, respectively. The number of
interactions between CAR-Tregs and either target or control cells is quantified every 20
minutes. Cells that do not move were excluded from the analysis. The total numbers of each
labeled cell type per tield of view can be counted using the analyze particles function in

Imagel (imagej.nih.gov/ij/).

Treg-Specific Demethvlated Resion (TSDR) analvsis

Treg stable expression of stable Foxp3 is associated with selective demethylation of
TSDR within the Foxp3 locus. In order to test for stable expression, DNA from frozen T cell
pellets is was isolated with the DNeasy Blood and Tissue Kit (QLAGEN) and bisulfite
converted with the EZ Direct Kit (Zvmo Research). PCR of BisDNA was performed with the
Human FOXP3 Kit (Epigen DX) and prepared for pyrosequencing using PvroMark buffers
(QIAGEN), then assayed on a Biotage PyroMark Q96 MD pyrosequencer (QIAGEN}.

Results were calculated with Pyvro Q-CpG software (Biotage).

Cviokine production

To measure cytokine production, T cell lines are stimulated with K562 cells {1
K362:2'T cells) for 48 hours. Supemnatants are collected and cytokine concentration was

determined by the Human Th1/Th2/Th17 Cytokine Kit (BD Biosciences) and analyzed.

Suppression of MHC CAR-specific proliferation

To test whether Treg specific for target were also capable of suppressing CDéd+ T cell
proliferation, MBC CAR-specific CD4+ T clones are isolated. An Epstein Barr Virus-
tranformed B lymphablastoid cell line was transduced with MHC-CAR using lentivirus. EBVY
celi lines were were grown overnight, irradiated at 150 Gy, and cocultured with CPD-labeled
MHC CAR-specific CD¥4+ T clones in the absence or presence of CAR-expressing Tregs or

conventional T cells. Proliferation 1s determined after 4 days, and percentage of suppression
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of MHC CAR-specific clones calculated using percentage of proliferation as follows: (100 -
[(% proliferated MHC CAR + test)/(% proliferated MHC CAR alone)] = 100).

Upon verification of construct trafficking and expression (with mRNA, multicistronic
mRNA, and/or lentivirus), activity tests will begin in vifro. All tests are conducted at
different effector:target (E.F} cell concentrations. The in vifro tests are expected to provide

an initial evaluation of MHC-CAR signaling domains and T cell subsets.

Transient ot lentiviral expression of chemokine and adhesion receptors in T cells

Receptors are expressed 1o hurnan T cells after electroporation of mono/polycistronic
mRNA or lentiviral transduction. Expression of the receptor is analyzed using flow
cytometry. In summary: 5x10°T cells preactivated several days (3-5) with anti CD3/CD28
coated beads and L2 were re-suspended in cytoporation buffer T, and electroporated with 45
ug of mMRNA. Twenty-four hours after electroporation, human T cells engineered using
polycistronic mRNAs encoding the multi-chain CARs were labeled with a fixable viability
dye eFluor-780 and a PE-conjugated goat anti mouse Ig(G F{ab')2 fragment specific, and
analyzed by flow cvtometry. Alternately the receptors were vectorized in lentivirus,

expressed, and analyzed similarly.

In vitro chemotaxis assay

Transduced T cells were used in chemotasis assays as previously described [Birkle et
al., Blood, 110(9y:3316-3325, 2007, Wu and Hwang, Journal of immunology, 168(10).5096,
2002.; Singh et al., Journal of immunology, 180(1):214-221, 2008.; Ryu et al., Molecules and
Cells, 39.12:898-908, 2016.1. Cells (~20,000 cells in medium, one million cells, 5 x 10%/mL)
were placed on top of the 5-pm pore size filters in duplicate, whereas medium with and
withowt chemokines were placed into the lower chamber. After 30 mun, 1 h, 3 h, 5hr, 24 hr

at 37°C, migrated cells that had fallen to the bottom of the plate were:

A. photographed using a 4x objective. Three random views from each of two wells
were counted using Tmage Pro Plus (Media Cybernetics, Silver Spring, MD). Three

independent experiments were performed with similar results.

B. 400 pL of the cell suspension was added to 100 pL of a solution containing 4 x
107 M FITC-labeled phallodin, 0.5 mg/ml. 1-alpha-lyvsophosphatidyicholine (both from
Sigma, St Louis, MO), and 7% formaldehyvde in phosphate-buffered saline (PBS). The fixed
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cells were analyzed by flow cytometry on a FACSCalibur, and all time points are plotted

relative to the mean relative fluorescence of the sample before addition of the chemokine.

C. the cells in the lower chamber were counted using Countess I FL {(Thermo Fisher
Scientific, USA) or the 0.D. value at 450 nm was measured using a Versamax mucroplate

reader (Molecular Devices).

Example 8: Expression of MHC-based Chimeric Receptors (MHC-CAR) in HEK293
cells

Construets encoding MHC-CARSs were constructed as discussed in Example 2 and
assessed for expression in HEK293 cells. Briefly, Construct I includes an EF 1alpha short
promoter, CD19 CAR (4G7-CAR), CCR6, and GFP (provided by SEQ 1D NO: 426); and
Construct 2 includes a EF lalpha short promoter, RQRE, MHC-CAR]1 part B MHC-CAR1
part A, and GFP (provided by SEQ 1D NG 409},

Constructs 1, 2, or media control (non-transfected) was transfected into HEK293 cells
and cultured. The cells were assessed for expression by microscopy based on GFP
expression. Populations of GF-positive cells were observed in the groups that were
transfected with Construct | or Construct 2. The cells were also assessed for expression of

the components encoded by the constructs by flow cyviometry. Tables 8 and 9.

Construct 1 Expression

For detection of CCRG, cells were incubated with an anti-CCRS monoclonal antibody
conjugated to APC {(17-1969-42, eBioscience); and for detection of CD19, cells were
incubated with a biotinylated CD19 (Acro CD9 - H8259, Acro Biosystems) followed by a
streptavidin-PE (405203, BioLegend®).

Table & Expression of Construct 1

CCRS Expression FITC (GFP) APC (CCRS) PE (CD1%)
Unstained 719 0.1 17.4
CCRS 71.3 $1.9 169
D19 Expression FITC (GFP) APC (CCR8) PE (CD19)
Unstained 719 0.1 17.4
CPi9g 713 0.1 333
streptavidin-PE ondy | 71.5 0.1 18.5
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Construct 2 Expression
For detection of CD34 expression from the epitope included in RQRSE, cells were

mcubated with an anti-CD34 APC-conjugated monoclonal antibody; and for detection of

i

MHC-CAR expression, the cells were incubated an anti-HLA-DR antibody.

Table 9. Construct 2 Expression

GFP Expression FITC (GFP) APC (CD34) PE
Unstained 62.3 0.1 2.4

ROR Expression FITC (GFP) APC (CD34) PE
Unstained 62.3 0.0 2
D34 61.8 58.0 2.

MHC CAR FITC (GFP) APC (HLA-DR) PE
Expressien
Unstained 623 0.0 2.4
HLA-DR 63.9 98%.1 2.1

Mucleic acid sequence of Construct 1 (SEQ ID NG: 426)

atggagacagacactertictectitgggtettgetgetgtgggttccecggaagcacaggaga Ta gcaa
cagtctygggccagaactcatcaaaceccggagettctgtaaaaatgte caaagcragtggatat tact
fﬁttacg gétﬂ\ ﬁ"qqqtaddaCAgaaaﬁc"qwt”'gggg;ttcao:cqat cgggtacattaacccatataat
ga acgagaaattcaagggaaagyotacgettacatcagataagrecady t
ttacttccgaagattcegeggtgts thchqconggac*‘ar‘

anu cqéttéx\qqqufxaaqqcrvmnrqctﬁa cgyt ~caggtggt Ugdqqqtvxqqqqqtuwcqqu

aqfooquqnggqrttuqacaqu gatgacccaggeag il o“aioccgq aﬂﬁﬁﬂarqpqeofckq*“
tatcagttgteg tccacﬂaaq“évvf\c\caaﬁa;.aavq\V atacatat
gggcaaagtcocet tggeat
-t ggacgtc
ctt ggcgot ggta,aaaqh' gaaacge
tac tccaactattgeotocc “gagteott
cgt tatctat
fele; tet gtaaaaggggtcgaaagaaactectetat
atat tat aggacggatgctcttgtegatiteccggaa
gag tga ccgacqcoccagﬂﬁraw ]
aac ta act acgtﬁ
cetga g acc s fol; Tttt
gccgaagoctatteegaaat datgaeag it Tgta
ctetetacggecacgaaggatacttacgacyge T cgagc 9
ggagagggcagaggaagtetgcectaacatgeagy ggda Ty
aacttecagegatgtatitgactectecegaaga cegt gt
gaaalbgotc ctgta tecaagaagteecyce actcecttatt
tgtgtt ct gtaacatcetggt gaqtatgact
gatgt tggctatageocgga gugcttac ctgaqccat
gcaé tttCQaatgccacatqtaan,\VV aaaqqqat“ caattge
ggga tgcatcagtatggat *1qﬁfawaq aca jcctg
cgat ggagcaaa at T gt
acqg aatat ca aa
(o] cttaty? tT t
T gttaag gt e
at tettyg ca tg
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Nucleic acid sequence of Construct 2 (SEQ 1D NO: 409)

jtettitgggtge

aactccecctacac

cacaggaacag
e

gocaatgtactaactacgotittg aaacthctaccqa:

gttgaaagtaacccc tatgettgaagetoecogggogggectgeatgacogetate
gatgagaatccegtggttcatttttttaag

cggeggaggcgggagtyggaggetcaggagacaca

qagtactggaa”

tggtgtggtggaa gtqca7cctaaaqtcaccgtqtatc

tctaaaa CC caaccccltccaacacca

gtcaggtggttecte

ctggtettat

ta
q‘QLataravq

tatcageaaggtcaaaaccagcetttacaacgaactgaacttggyga
aacccacaac
qquaauqqm

ge gttgcac»tg

gtcacq:awacs‘gaatcc

]

ctgatgtcagcacaggaate

gaccagagcgghtgagttcatg aa

gtgtggagacttgaggagtt cgattegeatcatttgagygcacaagga :'u,n\CCQletcgccg?g;ac

aaggccaacctyggagaceat caattatacgocctatecact “gtgccoootyg actygty
o

aat
s tgttteatcgacaagttecact

ot

9]

cacaaattctccocecgtagaa

s
gl
Q

a a
gtcaatgtaac Jggtcaccacgggtgtetcagagac j‘aff\O*q

gﬁccacctctt

ihgacgtactcgacaageggagaggtegagacectgagatggge
acaaqqatraqa+gﬁctua<
ttaccaggga

aaaccgagacyy

gagatagggatgaaaggcgag g
cttacgacgcccttcacat qﬁﬂ
Fok

a
asacaagcoggagatgtegaagagaa

ctggteg gaggygdgcegaggygc

g
gocaagptgaﬁcct .-g“*ca+‘tﬂcaCC'uvgccaagc‘duccq »uvvyggcppa'cc;
cac

(e}
Q

aag
caagaccecgege

aaggagga

rgagggcgac
aagctggagtacaact

106



WO 2019/094847 PCT/US2018/060227

getgeccgacaaccactacetgageac

gceectgagoaaagacoocaacgag
aagogegatcacatggtoctgetggagttegtgacegeegecygggatecacteteggeatggacgagetgtacaag

zaa  (SEQ ID NO: 409)

Example 6: Expression of CD3

Expression of CD3 was assessed to determine the efficacy of CRISPR methods
targeting the T cell receptor alpha constant (TRAC) gene. Briefly, sgRNAs targeting the
TRAL gene were generated by amplifying the target site using forward primer (5~
AGCGCTCTCGTACAGAGTTGG-3 (SEQ ID NG: 385)) and reverse primer (57~
AAAAAAAGCACCGACTCGGTGCC-3™ (SEQ D NO: 386).

The unmodified sgRNA is provided by the nucleic acid sequence:

5f- GAG ARU CAA AAU CGG UGA AUG UUU UAG AGC UAG AAX UAG CAA GUU ARA
AUA AGG CUA GUC CGU UAU CAa CUU GAA AAA GUG GCA CCG AGU CGG UGC UUU
U ~-3. (SEQ ID NG&: 384)

The modified sgRNA is provided by the nucleic acid sequence:

s)A{ps)G(ps)) AAU CAA AAU CGG UGA AUG UUU UAG AGC UAG
-UU AAA AUA AGG CUA GUC CGUJ UAU CAA CUU GAA AAA GUG GCA

U{ps) U =37 {(SEQ ID NO: 387).

Primary human stimulated CD3+ T-cells were transfected with an mRNA encoding
Cas9 (Cas9 only) or both an mRNA encoding Cas9 and sgRNAs targeting the TRAC gene.
After 7 days post-transfection, expression of CD3 was assessed by fow cytometry. The cells
were incubated with a 1:100 dilution of an anti-CD3-APC antibody (clone OKT3;
BioLegend® cat. no. 317318). As shown in Figure 11, fransfection of an mRNA encoding
Cas9 and sgRNAs targeting the TRAC gene resulted in a substantial reduction in CD3

exXpPression.

Example 7: Kill switch verification

Efficacy of the RQRS kill switch encoded in example Construct 2 was assessed using
a cell viability assay. Briefly, HEK cells were transfected with media only, Construct 1 (SEQ
ID NQ: X)), Construct 2 {which encodes the rituximab-mediated RQRS kill switch, SEQ ID
N X3, or both Construct 1 and Construct 2. The transfected HEK 293 cells were harvested,

counted, and resuspended at 1x10°6 cells/mL. 300 uL of the cellular suspension was
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transferred into each of 4 wells of a 48-well tissue culture plate. 100 uL of complete medium
and 4 ul. of Rituximab were added o the second well, and 100 ul. of freshly prepared baby
rabbit complement and 4 ul. of Rituximab were added to the fourth well. The plates were
incubated for 2, 4, or 24 hours. The assay was terminated by the adding 1 ul of chilled
Anpexin V buffer {150 mMNa(l, 10 mM HEPES, 16 mM Ca(’l), and then the sample was
transferred into a pre~-prepared flow cytometry tube contaming 3 mL of Annexin V buffer.

Samples were harvested by centrifugation and anv residual buffer was blotted with
paper towels. The samples were then stained with T ul of Annexin V APC, vortexed, and
placed in subdued lighting for 15 minutes. The samples were then washed with Annexin V
buffer and supplemented with 5 ul. of propridiurn jodide/mb. buffer and placed on ice
pending flow cytometry performed immediately following final suspension.

The percentage of GFP-positive cells was quantified to quantify the killing induced by
the RQR3 kill switch. As shown in Figure 12, incubation with complement alone resulied in
some cell death, however this reduction m viability was observed in all of the groups of cells.
Cell death was observed in cells that expressed Construct 2 or both Constructs 1 and 2 the
presence of the combination of ntuximab and complement, indicating specific RQRS-

mediated cell death.
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OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any
combination. Each feature disclosed in this specification may be replaced by an aliernative
feature serving the same, equivalent, or similar purpose. Thus, unless expressly stated
otherwise, each feature disclosed is only an exarnple of a generic series of equivalent or
similar features.

From the above description, one skilled in the art can eastly ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions. Thus, other embodiments are also within the claims.
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What Is Claimed Is:

1. A major histocompatibility complex (MHC)-based chimeric receptor,
COMprising;
(1) an extracellular domain of a MHC molecule conjugated to an antigenic

peptide from an antigen involved in an autoimmune disease; and
(ity  acytoplasmic signaling domain, at least one co-stimndatory domain, or a

combination thereof

2. The MHC-based chimeric receptor of claim 1, which comprises the at least

one co-stimulatory domain.

3. The MHC-based chimeric receptor of claim 2, wherein the at least one co-
stimulatory domain i3 a co-stimulatory domain from 4-1BB (CD137), a co-stimudatory

domain from CD28, or a combination thereof.

4. The MHC-based chimeric receplor of claim 2 or claim 3, wherein the MHC-

based chimerie receptor is free of a cvioplasmic signaling domain.

5. The MHC-based chimeric receptor of any one of claims 1-4, which further

comprises a hinge domain located between (1) and (i1},

6. The MHC-based chimeric receptor of any one of claims -3, which comprises

a cytoplasmic signaling domain of CD3(

7. The MHC-based chimeric receptor of any one of claims 1-3, wherein the
antigenic peptide is from myelin basic protein (MBP), myelin oligodendrocyte glycoprotein

{(MOG), proteolipid protein (PLP), insulin, ghitamate decarboxylase, or described in Table 1.

8. The MHC-based chimeric receptor of any one of claims 1-7, wherein the

MHC molecule is a class I MHC.

9. The MHC-based chimeric receptor of claim 8, wherein the class IMHC s a

human class I MHC.
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10.  The MHC-based chimeric receptor of claim & or claim 9, wherein the
exiracellular domain of the chimeric receptor comprises an extracellular domain of the alpha

chain of the class I MHC, which is fused to the antigenic peptide.

11 The MHC-based chimeric receptor of claim 10, wherein the chimeric receptor
is a fusion polypeptide comprising (i} the extracellular domain of the class I MHC molecule,
and (i1) the cytoplasmic domain, the at least one co-stimulatory domain, or the combination

thereof

12.  The MHC-based chimeric receptor of claim 11, wherein the chimeric receptor
is a fusion polypeptide, which comprises, from N-terminus to C-terminus, a signal peptide, a
first peptide linker, the antigenic peptide, a second peptide linker, an exiracellular domain of
macroglobulin, a third peptide linker, the class I MHC molecule, a transmembrane domain,

the at least one co-stimulatory domain, and CD3(.

13, The MHC-based chimeric receptor of any one of claims 1-7, wherein the

MHC molecule is a class {I MHC.

14, The MHC-based chimeric receptor of claim 13, wherein the class T MHC 15 a
human MHC 1L
15. The MHC-based chimeric receplor of claim 13 or claim 14, wherein the
chimeric receptor coraprises a furst polypeptide, which coraprises an extracellular domain of a
first MHC class I, and a second polypeptide, which comprises an extracellular domain of a
beta chain of a second MHC class I, and wherein the antigenic peptide is fused to either the
first polypeptide or the second polypeptide, and wherein etther the first polypeptide or the
second polypeptide further comprises the cvtoplasmuc signaling domain, the at least one co-

stimulatory domain, or the combination thereof.

16. The MHC-based chimeric receplor of claim 13 or claim 14, wherein the
chimeric receptor s a fusion polypeptide comprising (1} an extracellular domain of the alpha

chain of a first MHC class I molecule, (11} an extracellular domain of the beta chain of a
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second MHC class Il molecule, (ii1) the antigenic peptide, and {iv) the cytoplasmic signaling

domain, the af least one co-stimulatory domain, or the combination thereof.

17. The MHC -based chimeric receptor of any one of claims 13-16, wherein the

first MHC class 1 1s HLA-DRA*1010.

18. The MHC-based chimeric recepior of any one of claims 13-17, wherein the

second MHC class Il is HLA-DRB1*1501.

19. A nucleic acid or a nucleic acid set, which collectively encodes the MHC-

based chimeric receptor of any one of claims 1-18.

20, The nuclete acid or nuclete actd set of claim 19, wherein the nucleic acid or

nucleic acid set is located in a viral vector(s).

21. A genetically modified imroune cell, which expresses a MHC-based chimeric

receptor of any one of claims 1-18.

22. The genetically modified immune cell of claim 21, which is a T cell.

23, The genetically modified immune cell of claim 22, wherein the activity of the

endogenous T cell receptor (TCR) is suppressed.
24, The genetically modified vmune cell of clairo 23, wherein the alpha chain of
the endogenous TCR, the beta chain of the endogenous TCR, or both are mutated or deleted

to disrupt surface expression of the endogenous TCR.

25, The genetically modified immune cell of any one of claims 22-24, wherein

expression of the endogenous CD¥S2 is disrupted.

26, The genstically modified immune cell of any one of claims 21-23, further

expressing a suicide gene, a marker gene, or both.
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27.  The genetically modified immune cell of claim 26, wherein the suicide gene is

28. The genetically modified immune cell of claim 26, wherein the marker gene is

a fluprescent protein gene.

29. The genetically modified immune cell of any one of claims 21-28, wherein the
immune cell 1s further modified for lymph node delivery and retention.
30. The genetically modified tmumune cell of clairo 29, wherein the imnune cell s

further engineered to overexpress VAP-1, L-selectin, CCR7, or a combination thereof.

31 The genetically modified imvmumne cell of claim 29 or claim 30, wherein the
expression of endogenous sphingosine-1-phosphate receptor | 1s disrupted in the immune

cell.

32. The genetically modified imomune cell of any one of clairos 21-28, wherein the
immune cell is further modified to express one or more surface molecules for tertzary lymph

node or ectopic fymph node delivery and retention.

33. The genetically modified inunune cell of any one of claims 21-32, wherein the

immune cell is modified with IL68T knockout, IL6R knockout, or both.

34. The genetically roodified inwnune cell of any one of claims 21-33, wherein the

immune cell is further modified to express or overly express a chemokine receptor.

35 The genetically modified immune cell of claim 34, wherein the chemokine

receptor is itaplicated in nugration of pathologic cells to an inflamed tissue.

36. The genetically modified immune cell of claim 35, wherein the chemokine
recepior comprises CCRS3, CXCR3, CCR4, CCR3, CCRG, CXCR3, CXCR4, CXCRS, ora

combination thereof.
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37. The genetically modified immune cell of any one of claims 21-36, wherein the

mmune cell is further modified to express or overly express an adhesion receptor.

38. The genetically modified immune cell of claim 37, wherein the adhesion receptor

is involved in trafficking of pathologic immune cells to inflamed regions.

39. The genetically modified immune cell of claim 38, wherein the adhesion receptor

comprises VLA-4, B, aufly, Bz, or a combination thereof

40. The genetically modified imamune cell of any one of claims 21-39, further

comprising a genetic modification that results in blockade of PD-1 signaling.

41. The genetically modified invmumne cell of claim 40, wherein the modification is

a PD-1 knockout, a PD-L.1 knockout, or a combination thereof,

42.  The genetically modified immune cell of any one of claims 21-41, whichis a

regulatory T cell, wherein the regulatory T cell is CD25+
43. The genetically modified immume cell of claim 42, wherein the regulatory T
cell is derived from CD25++CDASR+ T cells isolated from peripheral blood mononuclear

celis.

44, The genetically modified immune cell of claim 42, wherein the regulatory T

cell comprises a transgene coding for CD25.

4

(s

The genetically modified immune cell of any one of claims 42-44, wherein the

regulatory T cell comprises a transgene coding for FoxP3.
46. The genetically modified immune cell of any one of claims 42-45, wherein the

regulatory T cell further expresses a chimeric receptor specific to CD19, a chimeric receptor

specific to CS-1, or both.
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47. The genetically modified immune cell of any one of claims 42-46, wherein the

regulatory T cell further express CCRS, CXCRS, PD-1, or a combination thereof.

48, The genetically modified immune cell of any one of claims 42-47, wherein the

regulatory T cell is CD4+.

49. The genetically modified immune cell of any one of claims 42-48, wherein the

regulatory T cell displays an antibody specific to an autoantigen.

50. The genetically modified imamune cell of clairo 49, wherein the autoantigen is

an awtoantigen listed in Table 1.

51 The genetically modified invmumne cell of claim 50, wherein the autoantigen i3
MOG.
52. The genetically modified immune cell of any one of claims 42-31, wherein the

cell secretes an anti-inflammatory cytokine.

53, The genetically modified immume cell of 52, wherein the anti-inflammatory

cvtokine comprises 11-35, HL.-10, and/or TGF-beta.

54. The genetically modified immune cell of any one of claims 21-41, which is a

cytotoxic lvmphocyie, wherein the ¢vtotoxic T cell is CDB+.

55, The genetically modified immune cell of claim 54, wherein the cytotoxic T

cell is derived from CDE+ T cells isolated from penipheral blood mononuclear cells.

56. The genetically modified immune cell of claim 54 or claim 35, whereio the
cytotoxic T cell further expresses a chimeric receptor specific to CD19, a chimeric receptor

specific to CS-1, or both.

57. The genetically modified immune cell of any one of claims 54-36, wherein the

cvitotoxic T cell further express CCR6, CXCRS, PD-1, or a combination thereof.
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58. A method for suppressing autoreactive immune cells in a subject having an
autoinwoune disease, coroprising administering to the subject an effective amount of

genetically modified immune cells set forth in any one of claims 21-57,

59, The method of claim 58, wherein the genetically modified immune cells are T

60, The method of claim 38 or claim 539, wherein the avtoimmune disease is

multiple sclerosis.

61. The method of any one of claims 58-60, wherein the genetically modified

immune cells are auviologous.

62. The method of any one of claims 58-60, wherein the genetically modified

immune cells are allogenic.

63. The method of any one of claims 58-62, wherein the genetically modified

immune cells are administered to a lymph node of the subject.

64, The method of any one of claims 58-63, wherein the subject is undergoing a

therapy comprising an antibody specific to CD52.

65, The method of any one of claims 58-64, wherein the subject is a human
patient having or at risk for multiple sclerosis and the genetically modified T cells are Treg

cells as set forth in any one of claims 33-43.

66. The method of claim 65, wherein the human patient 1s an early-stage MS
patient and the Treg cells express the MHC-CAR and have one or more of the following
genetic modifications:

(i) PD-L1 and/or PD-1 knockout;

(i1} surface expression of CCR6 and/or CXCRS;

(i) surface display of an antibody or an antigen-binding fragment thereof that is
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specific to MOG; and

(iv)  surface expression of a chimeric receptor targeting CD19.

67. The method of claim 66, wherein the human patient has relapsing-remitting
MS or early stage progressive and the Treg cells express the MHC-CAR and have one or
more of the following modifications:

(1) surface expression of a chimeric receptor targeting CD19; and

(i1) surface expression of CXCRS.

68, The method of claim 66, wherein the human patient has relapsing-reraitting
MS or early stage progressive and the Treg cells exprass the MHC-C AR and have one or
more of the following modifications:

® surface display of an anttbody or an antigen-binding fragment thereof that 1s
specific to MOG; and

{it) surface expression of CCR6.

69. The method of claim 66, where the human patient has MS in chronic
progressive form and the Treg cells express the MHC-CAR and have one or more of the
following modifications:

) surface expression of a chimeric receptor targeting C8-1; and

(i)  surface expression of an agent targeting CXCR4 and/or CXCR3.

70. The method of claim 66, wherein the human patient is an early-stage MS
patient and the cviotoxic CD8 T cells express the MHC-CAR and have one or more of the
following genetic modifications:

(1) PD-L1 and/or PD-1 knockout;

(i1} surface expression of CCR6 and/or CXCRS;

(1} surface display of an antibody or an antigen-binding fragment thereof that is
specific to MOG; and

{ivy  surface expression of a chimeric receptor targeting CD 9.

71. The method of any one of claims 58-67, wherein the subject 1s a human

patient having or at risk for multiple sclerosis and the genetically modified T cells are
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cytotoxic CD8+ T cells set forth in any one of claims 54-57.

72. The method of claim 71, wherein the human patient has relapsing-remiiting
MS or early stage progressive and the cytotoxic CD8 T cells express the MHC-CAR and
have one or more of the following modifications:

® surface expression of a chimeric receptor targeting CD19; and

(11} surface expression of CXCRS.

73.  The method of claim 71, wherein the human patient has relapsing-remitting
MS or early stage progressive and the cytotoxic CD8 T cells express the MAC-CAR and
have one or more of the following modifications:

® surface display of an antibody or an antigen-binding fragment thereof that s
specific to MOG; and

(11} surface expression of CCR6.

74. The method of claim 71, where the human patient has MS in chronic
progressive form and the cytotoxic CD8 T cells express the MHC-CAR and have one or more
of the following modifications:

® surface expression of a chimeric receptor targeting C58-1; and

(i1} surface expression of an agent targeting CXCR4 and/or CXCR3.
75.  The method of any one of claims 58-74, wherein the human patient is
admunistered both the Treg cells set forth in any one of claims 33-43, and the cytotoxic cells

set forth in any one of claims 34-37.

76. The method of claim 75, wherein the Treg cells and the cytotoxic cells are

admimstered simultaneously or sequentially.
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