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REDIRECTED CELLS WITH MHC CHIMERIC RECEPTORS AND
METHODS OF USE IN IMMUNQTHERAPY

CROSS REFERENCE

[e001] This application claims priorily to U8, Provisional Patent Application No.
62/186.865 filed June 30, 2015, the specification(s) of which is/are incorporated herein
in their entirety by reference,

REFERENCE TO SEQUENCE LISTING

{6002} Applicant asserts that the information recorded in the form of an Annex C/8T.25
text file submitted under Rule 13feri{a), eniiled UNIA_15 04 PCT ST25idt s
ientical to that forming part of the international application as filed. The content of the
seguence listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[6003] The present invention relates to T cells and T cell receptors, more particularly to
redirected T cells with engineered receplors, more particularly {0 redirected cells
expressing a chimeric recepior comprising a major histocompatibility complex (MHC)
molecule, including redirected cells further compriging a surrogate coreceptor, .g., as

components of a8 modular chimeric receptor system.

GOVERNMENT SUPPORT
jaddd] This invention was made with government support under Grant No. Rt
AHO01053 awarded by NIM. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

{6005} T cells normally recognize and respond to peplide antigens embedded within
major histocompalibility complex molecules {(pMHCs) of antigen presenting cells (APCs)
via their TOR-CD3 complex (see FIG. 1A}). This eight-subunit TCR-CD3 complex is
composed of the TCR, which is the receptor module that binds the pMHC, and the
{D3ye, CDA3%¢, and CO3LL signaling modules that connect the TCOR 1o the intracsliular
signaling machinery {see FIG. 18). The intraceliular domains of the CD3 subunits
confain  immunoreceptor tyrosine-based  activation motifs  {{TAMs) that are
phosphorylated by the Src kinases, e.q., Lk, Fyn. CD3y, CD3&, and CD3¢ each contain
one ITAM while CD3{ contains three ITAMs for a total of ten in a single complex. The

TOR-CD3 complex does not appear to have any intrinsic Sre kinase activity. In fact,
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coreceptors (e.g., CD4, CD8) appear to sequester Lok away from the TCR-CD3
complex until both a coreceptor and a TCR bind a pMHC. The Lck associaied with the
coreceptor is then brought into close proximity to the CD3 {TAMs 1o phosphorylate
tyrosines within these motifs and initiate signaling.

{6006} Ectopic T cell receptors {(TCRs) have been introduced info T cells in an effort to
reprogram or alter T cell specificily. However, in some cases, the introduction of eclopic
TCRs has been found to lead to cross-pairing evenis with endogenous TCRs, resulling
in novel TCRs with autoimmune specificities. This lead to the use of chimeric antigen
receptors {CARs), which are typically designed with {2) an exiraceliular domain
consisting of 2 single-chain variaghble fragment {sckFv} of 8 monoclonal antibody directed
against a target antigen; (b) a ftransmembrane domain that does nol mediate
interactions with other protein subunits; and (¢} an intracellular domain consisting of the
CD3{ intracelivlar signaling domain as well as signaling domains from a variaty of other
signaling molecules {e.g., CD28, CD27, ICOS, 4-1BB, OX40). Without wishing to fimit
the present invention to any theory or mechanism, it is believed that CARs do not
sufficiently {ake advantage of the modularily of the existing signaling apparatus, which is
optimized to direct T cell activation and effector functions. CARs are likely fo be
delivering incomplete signals that could have unintended consequences or side effects.

{6007} The present invention features novel chimeric receptors (e.g., "MHCRsY)
comprising a portion of a MHC molecule {(e.g., class |, dlass {l, non-classical MHC) and
a portion of the TCR. in some embodiments, the MHCR comprises a portion of an
antigen peptide. The present invention also features cells, such as T cells, expressing
said MHCRs {cells expressing a MHCR are herein referred {o as "redirected cells™). The
MHCRs are adapted to recognize and bind to appropriate (specific} TCRs. Redirected
cells {e.q., redirected T cells) expressing a MHCR would mimic antigen presenting cells
{APCs), the cells that normally express MHC molecules. In some cases, binding of a
TOR of a target T cell to the MHCR of the redirected cell may then result in destruction
of the target T celi; thus, in this case, the redirected celis may function as “anti-T celi" T
cells. The present invention is not limited {o redirected cells funclioning to destroy a
target. For example, in some embodiments, the redirected cell is adapted to help
reprogram a target cell, e.g., the redirected cell may deliver instructions to the target
cell.
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{6008} The present invention also features engineered cells expressing both an MHCR
and an SCR. It was surprsingly discovered that engineered celis co-sxpressing an
MHCR and an SCR had enhanced effects (e.g., increased IL-2 expression, see FIG. 5}
as compared {0 engineered cells expressing a MHCR without co~expression of an SCR.
Without wishing to limit the present invention {0 any theary or mechanism, it is believed
that the use of an SCR in combination with a MHCR enhances signaling and/or other
downstream effects. Without wishing {o imit the present invention o any theory or
mechanism, it is believed that the combination of the MHCR and SCR may provide a
synergistic effect, e.g., effects of the combination of the MHCR and SCR may provide
effects greater than those of the MHCR and SCR individually.

{6009} Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skilt in the art  Additional
advantages and aspects of the present invention are apparent in the following detailed

description and claims.

SUMMARY OF THE INVENTION

{8018} The present inveniion features novel chimeric receptors for engineering
redirected celis. For example, the present invention features an engineered cell co-
expressing on its surface a chimeric receptor (MHCR) comprising a major
histocompatibility complex (MHC) portion {derived from a MHC protein) direclly or
indirectly fused to a T cell receptor (TCR) portion {derived from a TCR protein); and a
swrrogate co-receptor (SCR) comprising a cell surface receptor ligand portion directly or
indirectly fused to a signaling molecude portion. In some embodiments, the MHCR is
adapted ¢ bind to a TCR of a target cell and the SCR is adapted to bind t© a cell
surface receptor of the target cell. In some embodiments, binding of the MHCR fo the
TCR of the targst cell and binding of the SCR 1o the cell surface receptor of the target
cell {i}) iniliates a signaling cascade effective for eliminating the target cell or (i) instructs
the target cell to differentiale to a specific effector function. In some embodiments, the
cell {e.g., genetically engineered cefl) is a T cell {e.g., CD4+, CD8+), however, the
present invention is not imited to T celis.

{8011} In some embodiments, the TCR portion comprises a tfransmembrane domain of

2
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the TCR protein and the MHC portion comprises an exiracellular domain of the MHC
protein. In some embodiments, the TCOR portion comprises at least a portion of a
fransmembrane domain of the TCR protein and the MHC portion comprises at least a
portion of an extraceliular domain of the MHC protein. In some embodiments, the TCR
pattion comprises at least a portion of g transmembrane domain and at least a portion of
a cytoplasmic domain of a TCR protein, and the MHC portion comprises at least a

portion of an exiraceliular domain of the MHC protein.

{80121 In some embodiments, the MHC portion of the MHCR is Nerminal to the TCR
portion of the MHCR. In some embaodiments, the MHC portion is directly fused to the
TCR portion. In some embodiments, the MHC potion is indirectly fused to the TCR
portion via & linker. In some embodiments, the MHCR further comprises a peptide
antigen integrated into the MHC portion, or directly or indirectly fused to the MHC
partion. in some embodimenis, the peptide antigen is linked to the MHC portion via a
linker. In some embodiments, the linker comprises a glycine-rich peptide. I some
embodiments, the SCR further comprises a transmembrane domain positioned in
between the cell surface receptor ligand portion and the signaling molecule portion. in
some embodiments, the MHC protein, the TCR protein, or both the MHC protein and the
TCR protein are mammalian proteins {e.g., human, mouse, cat, dog, efc. In some
embodiments, the signaling molecule porfion has kinase or phosphatase aclivity. In
some embodiments, the signaling molecule portion comprises a Sre kinase.

{6013} In some embodiments, the MHC protein comprises HLA-A, HLA-B, HLA-C, HLA-~
DPA1, HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB, H2-Aa, H2-B1, H2-
K1, H2-EB beta, H2-EK alpha, H2-EK beta, a fragment thereof, or a combination
thersof. In some embodiments, the MHC molecule comprises HLA-A, HLA-B, HLA-C,
HLA-DPAT, HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB, H2-Aa, H2.B1,
H2-K1, H2-EB betfa, H2-EK alpha, H2-EK beta, a peptide that is at least 90% identical to
HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DGQAT, HLA-DQB1, HLA-DRA,
HLA-DRB, H2-Ag, H2-B1, H2-K1, H2-EB beta, H2-EK alpha, or H2-EK bela, 3 fragment
thereof, or a combination theredf. In some embodiments, the TCR molecule comptises
TRAC, TRBC1, TRBCZ, TRDC, TRGC1, TRGC2, TCRA, TCB1, TCB2, TCC1, TCC2,
TCC3, TCL4, a fragment thereof, or a combination thereof. In some embodiments, the
TCR molecule comprises TRAC, TRBC1, TRBC2, TRDC, TRGC1, TRGC2, TCRA,
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TCB1, TCB2, TCCH, TCC2, TCC3, TCC4, a peplide that is at least 80% identical fo
TRAC, TRBCT, TRBCZ, TRDC, TRGCY, TRGC2, TCRA, TCB1, TCB2, TCCH, TCCZ,
TCC3, or TCC4, a fragment thereof, or a combination thereof. In some embodiments,
the cell surface receptor figand portion of the SCR comprises a CD28 ligand, a CTLA4
ligand, an 1COS ligand, an OX40 ligand, a PD-1 ligand, or a CD2 ligand. In some
embodiments, the CD28 ligand comprises CD80, CD88, or both CD80 and CD88. in
some embodiments, the MHCR is adapted to complex with a CD3 subunit. in some

gmbodiments, the engineered cell further co-expresses a second SCR.

{8014} The present invention also features a chimeric receptor (MHCR) as dssoribed
above. For example, the MHCR may comprise a major histocompatibility complex
{MHC) portion derived from a MHC protein directly or indirectly fused 1o a T cell receptor
(TCR) portion derived from a TCR protein, wherein the MHCR is adapted to bind fo a
TCR of a target call.

{6015} The present invention alsc features a method of eliminating a target cell or
reprogramming a target cell (the target cell comprising a TCR}. In some embodiments,
the method comprises introducing a genetically engineered cell that expresses on iis
surface a chimeric receptor (MHOR) according to the present invention to the {arget cell,
wherein the MHCR is specific for the TCR of the target cell, wherein upon binding of the
MHCR to the TCR the genetically engineered cell (8} initiates a signaling cascade that
eliminates the target cell, or {b) instructs the target cell {0 differentiate to a spscific
effector function. In some embodiments, the method is for immmunotherapy. In some
embodiments, the farget cell is an autoreactive T cell.

{6016} The present invention also features vectors encoding MHURs of the present
invention. The present invention also features vectors encoding SCRs of the present
invention.

{8017} Then present invention also fealures an engineered cell co-expressing on {8
surface a chimeric recepior (MHCR) comprising a major histocompatibility complex
{MHC) portion derived from an extracellular domain of a2 mammalian MHC protein
directly or indirectly linked to a fransmembrane domain of a T cell receptor (TOR)
portion derived from a mammalian TCR protein, wherein the MHC portion is N-terminal
fo the TCR portion; and a surrogate coreceptor {SCR) comprising a cell surface receptor
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ligand portion indirectly linked to a signaling molecule portion by a transmembrane
domain, wherein the signaling molecule portion has kinase or phosphatase activity. The
MHCR may be adapted to bind to a TCR of a target cell and the SCR may be adapted
to bind to a cell surface receptor of the target cell.

[6018] The present invention also fealures an engineered T-cell co-expressing on its
surface: a chimeric receptor (MHCR) comprising a major histocompatibility complex
{MHC) portion derived from an exiracellular domain of a mammalian MHC protein
directly or indirectly linked 10 a transmembrane domain of a T cell receptor (TCR)
portion derived from a mammalian TCR protein, the MHC portion being N-terminal to the
TCR portion, the MHC portion being selected from HLA-A, HLA-B, HLA-C, HLA-DPA1,
HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB, H2-Aa, H2-B1, H2-K1, H2-
EB beta, H2-EK alpha, and H2-EK beta, the TCR portion being sslected from TRAC,
TRBCT, TRBC2, TRDC, TRGCT, TRGCZ, TCRA, TCB1, TCB2, TCC1, TCC2, TCC3,
TCC4; and a surrogate coreceptor {SCR) comprising a cell surface recepfor ligand
portion indirectly linked to a signaling molecule portion by a transmembrane domain, the
signaling molecule portion having kinase or phosphatase aclivity. The MHCR may be
adapted to bind o 3 TCR of a target cell and the SCR may be adapied {o bind o a cell
surface receptor of the target cell.

{6019} In some embodiments, the MHC molecule comprises at least a portion of an
extraceliular domain of a MHC protein. In some embodiments, the TCR molecule
comprises at least a portion of g cyioplasmic domain of a TOR protein, at least a portion
of a transmembrane domain of a TCR protein, at least a portion of an extraceliular
domain of a TCR protein, or a combination thereof. In some embodiments, the chimeric
receptor is adapted {o bind to 8 TCR. In some embodiments, the chimeric receptor is

adapted o complex with at least one CD3 subunit.

{6028} The present invention also features a surrogate co-receptor (SCR) comprising a
cell surface receptor ligand portion directly or indirectly fused fo a signaling molecule
portion via a transmembrane domain, whersin the SCR is adapted to bind to a cell
surface recepinr of 2 target cell. In some embodiments, the cell surface receptor ligand
portion is indirectly fused fo the signaling molecule portion via g linker.

{80211 The present invention also features genetically engineered cells (8.g., redirected
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cells) that express on their surfaces a chimeric receptor according to the present
invention. In some embodiments, the cell is a T cell {e.g., CD8+ T cell, CD4+ T call,
etc.). In some embodiments, the cell co-expresses one or more SCRs according to the
present invention. In some embodiments, the chimeric receptor is complexed with at
least one CD3 subunit,

{6022} The present invention also features method of eliminating a target cell or
reprogramming a target cell (said target cell comprising a TCR). in some embodiments,
the method comprises introducing a genstically engineered cell that expresses on ils
surface a chimeric recepior {0 the target cell, wherein the chimeric receplor is specific
for the TCR of the target cell. in some embodiments, binding of the chimeric receptor on
the genetically engineered cell {o the TCR of the target cell initiales a signaling cascade
that eliminates the target cell. In some embodiments, binding of the chimeric receptor of
the genetically engineered cell {o the TCR of the target cell instructs the {arget cell to
differentiste to a specific effector function {e.g. Thi, Thz, Thi7, Th, Treg or cviotoxic T
cell). In some embodiments, the chimeric receptor {e.g., MHCR) is expressed on a Treg
and binding of the chimeric receplor to the TCR of a farget cell inhibits the target cell's
funclion {e.g., redirect the Treg function against an autcimmune cell). In some
embodiments, the genetically engineered cell co-expresses a SCR. In some
embodiments, the SCR comprises a cell surface receptor ligand specific for a cell
surface receptor on the farget ¢ell In some embodiments, binding of the chimeric
receptor to the TCR and binding of the cell surface receptor ligand of the SCR {o the celf
surface receptor of the target cell initiates a signaling cascade that eliminates the target
cell, or instructs the target cell to differentiate {0 a specific effector function.

{86231 In some embodiments, the method s for immunctherapy. in some embodiments,
the genetically engineered cell is surgically introduced to a host (e.g., &8 mammal). In
some embodiments, the target cell is an autoreactive T cell.

[6024] The present invention also features nucieotide sequences encoding the chimeric
recaptors of the present invention. The present invention also features vectors encoding
the chimeric receptors of the present invention. The present invention also festures
nucleotide sequences encoding the SCRs of the present invention. The present

invention also features vectors encading the SCRs of the present invention.
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{60251 Any feature or combination of features described herein are included within the
scope of the present invention provided that the featwes included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skili in the art  Additional
advantages and aspects of the present invention are apparent in the following detailed
description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{8026} The features and advantages of the present invention will become apparent from
a consideration of the following detalled description presented in connection with the
accompanving drawings in which:

{8027} FIG. 1A shows molecules involved in T cell activation. Engagement of the TCR
with pMHC (MHC with a peptide antigen) initiates T cell activation.

{6028} FIG. 1B shows the moleciudar components of the {lipha-beta-TCR-CD3 complex.
The TCR transfers pMHC-specific information to the CDS subunits and inside the T cell.
Triangles represent the inner and outer leafs of the cell membrane. Red and blue dots
and ovals represent the transmembrane charge interactions that drive subunit assembly
of the complexes {from Kuhns et al., 2008, immunity 24:133-138).

{6029} FIG. 2A shows a redirected T cell expressing & MHCR {pMHCR with peptide
antigen) of the present invention. The MHCR in complex with CD3 subunits is bound to
a target T cell's TCR.

100361 FIG. 2B shows nondimiting examples of MHCR configurations {(and the
schematics are not limiting with respect fo N-terminal and C-terminal orientation). TCR
refers fo the T cell receptor portion; MHC refers to the major histocompatibility portion,
antigen refers o the antigen portion, and L refers {o a linker. The present invention is
not fimited to these configurations. For example, in some embodiments the antigen
portion is integrated into the MHC portion. in some embodiments, the MHC portion is N-
terminal to the TCR portion (see orfentation of sequences below).

{60311 FIG. 3A is a schematic view of a chimeric surrogate coreceptor (SCR), e.g., one
compriging CDBY/CDEE-Lok.

{80321 FIG. 3B shows a redirected T cell expressing a MHCR (pMHCR) and fwo
surrogate coreceptors (SCRs). The MHCR, bound to a target T cell's TCR, is complexed
with CD3. The SCRs are bound fo the target T cell's coreceptors {CDR28, CTLA-4).
Binding of the SCRs to coreceptors on the target T cell may help initiate CD3J signaling

@
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similar to that seen in normal T cell activation.

{80331 FIG. 4 shows expression of pMHOR-CD3 complexes on T cell hybridomas. 58a®
cells that lack endogenous TCRs were transduced with a pMHCR composed of MCCH-
EX. The proportional expression {diagonal) of -E* and CD3 subunits suggests surface
co-dependent exprassion of the epitopes.

{6034} FIG. 5 shows TCR-specific IL-2 production by pMHCR-CD3 expressing T cell
hybridomas. 5Baf cells that lack endogenous TCRs were fransduced with a pMHCR
composed of MCC:IEY as well as a CD80-Lck surrogate coreceptor (SCR). The cells
were co-cultured with parental Mi2 B celis, or M12 celis stably transduced o express
the MCC1-E*-specific 284 TCR alone or with CD28. The increased IL-2 expression in
the presence of CDZ8 indicates that the swrogate coreceptor (SCR) enhances pMHCR-
CD3J signaling.

{6035} FIG. 6 shows TOR-specific killing of CD4 7 cells by redirected CTLs. Purnified
CD8 T celis from B10.A mice were activated in vitro and transduced with a MCCIHLES
corgceptor. The redirected CTLs were then co-cultured at the indicated ratios with naive
ex vive 5c.¢7 TCR transgenic CD4 T cells ovemight. Killing was evaluated by flow
cylomelry using count beads relative to the 0.1 samples.

Chimeric MHC Receptors (MHCRs)

{88361 The present invention features chimeric recepiors (e.g., "MHCRs") comprising at
least a MHC portion {e.g., class |, class ll, non-classical, a combination thereof, efc.)
and a TCR portion {e.g.. af}, & TCR, efc.) (see FG. 2B()). For example, the MHCR
may comprise a MHC portion and a TCR portion, a MHC and a TCR portion optionally
separated by a linker {(see FIG. 2B (i) and (iv}). A linker may be any appropriate linker
such as hut not limited to a peplide linker. In some embodiments, the MHCOR further
comprises a peptlide antigen (see FIG. 2B (ii}}; a MHCR comprising a peptide antigen
may herein be referred {0 as 8 “pMHCR". Note that MHC portions and/or TOR portions
may he from any appropriate species including bul not limited to human, monkey,
mouse, rat, rabbit, or the like, e.g., any other appropriate mammalian species, The
components and configurations of the MHRCs of the present invention are not limited to
those shown in FIG. 2B. For example, the MHCR may comprise a TUR portion and a
MHC portion; @ TCR porttion and a MHC portion separated by a linker; & TCR portion

G
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and a MHC portion and an antigen portion; a TCR portion and a MHC portion and an
antigen portion, wherein the TCR portion and MHC portion are separated by a linker; a
TCR portion and a MHC portion and an antigen portion, wherein the MHC portion and
antigen portion are separated by a linker; a TCR portion and a MHC portion and an
antigen portion, wherein the TCR and MHC portion are separated by a linker and the
MHC portion and the antigen portion are separate by a linker; efc

{68037} The MHC portion may comprise ons or more MHC proteing {(8.g., HLA-A, HLA-B,
HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQAT, HLA-DQB1, HLA-DRA, HLA-DRB1), one
or more fragments thereof, or combinations thereof. For reference, non-limiting MHC
seguences (human, mouse) are listed below in Table 1.1 and Table 1.2. Note that MHC
genes are highly polymorphic, and thus the present invention is not limited to the
seqguences in Table 1.1 And Table 12 The present invention includes MHC
polymorphisms and any other appropriate variant of MHC proteins.

{6038} Table 1.1, Examples of Human MHC Protein Sequences

SEQ
1D NQ. Description Amino Acid Sequence

1 Uniprot PO1881 | MAVMAPRTLY LLLSGALALT QTWAGSHSMR
HLA-A gene YFYTSVSRPG RGEPRFIAVG YVDDTQFVRF
{(MHC ) DSDAASQRME PRAPWIEQEG PEYWDRNTRN
VKAQSQTDRV DLGTLRGYYN QSEAGSHTIQ
MMYGCDVGSD GRFLRGYRQD AYDGKDYIAL
KEDLRSWTAA DMAAQTTKHK WEAAHVAEQW
RAYLEGTCVE WLRRYLENGK ETLORTDARK
WQRDGEDQTQ DTELVETRPA GDGTFQKWVA
VVWRSGQEQR YTCHVQHEGL PKPLTLRWEPR
SSQPTIPIVG HAGLVLFGA VITGAVVAAY
MWRRKESDRK GGEYSQAASS DSAQGSDVSL TACKY

2 Uniprot P184684 | MRVTAPRTVL LLLWGAVALT ETWAGSHSEMR
HLA-B gene YFYTAMSRPG RGEPRFIAVG YVDRDTQFVRF
{(MHC 1) DSDAASPRTE PRAPWIEQEG PEYWDRNTQH

FKTNTQTYRE NLRIALRYYN QSEAGSHTWQ
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TMYGCDVGPD GRLLRGHNQY AYDGKDYIAL
NEDLSSWTAA DTAAQITORK WEAAREAEQL
RAYLEGLCOVE WLRRHLENGK ETLOQRADPPK
THVTHHPVYSD HEATLRCWAL GFYPAEITLT
WQRDGEDQTQ DTELVETRPA CDRTFOKWAA
VVWVPSGEEQR YTCHVQHEGL PKPLTLRWEP
SSQSTIPIVG IVAGLAVLAV VVIGAVVATY
MCRRKSSGGK GGOYSQAASS DSAQGSDVSL TA

3 Uniprot Q29963 | MRVMAPRTLI LLLSGALALT ETWACSHSMR
HLA-C gene YFDTAVSRPG RGEPRFISVG YVDDTQFVRF
{(MHC 1} DSDAASPRGE PRAPWVEQEG PEYWDRETQK

YKRQAQADRV NLRKLRGYYN QSERGSHTLQ
WMYGCDLGPD GRLLRGYDQS AYDGKDYIAL
NEDLRSWTAA DTAAQITQRK WEAAREAEQW
RAYLEGTCOVE WLRRYLENGK ETLQRAEMHPK
THVTHHPVYSD HEATLRCWAL GFYPAEITLT
WQRDGEDQTQ DTELVETRPA GDGTFQKWAA
VVWPSGEEQR YTCHVQHEGL PEPLTLRWEP
SSQPTIPIVG IVAGLAVLAY LAVLGAVMAV
VMORRKSSGG KGGSCSQAAS SNSAQGSDES LIACKA

4 Uniprot P20036 | MRPEDRMFHI RAVILRALSL AFLLSLRGAG
HLA DRAY AIKADHVSTY AAFVQTHRPT GEFMFEFDED
{(MHC 11} EMFYVDLDKK ETVWHLEEFG QAFSFEAQGG

LANIAILNNN LNTLIQRSNH TQATNDPPEV
TVFPKEPVEL GQPNTLICH! DKFFPPVLNV
TWLONGELVT EGVAESLFLP RTDYSFHKFH
YLTFVPSAED FYDCRVEHWG LDQPLLKHWE
AQEPIQMPET TETVLCALGL VLGLVGHVG TVLIKSLRS

GHDPRAQGTL
5 Uniprot P04440 | MMVLQVSAAP RTVALTALLM VLLTSVVQGR
HLA DPB1 ATPENYLFQG RQECYAFNGT QRFLERYIYN
{(MHC 11} REEFARFDSD VGEFRAVTEL GRPAAEYWNS

QKDILEEKRA VPDRMORHNY ELGGPMTLQR
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RVQPRVNVSP SKKGPLOHHEN LLVCHVTDFY
PGSIQVRWEL NGQEETAGVY STNLIRNGDW
VTIVEWKAQSD SARSKTLTGA GGFVLGLIIC
GVGIFMHRRS KKVORGSA

6 Uniprot PO1809 | MILNKALMLG ALALTTVMSP CGGEDIVADH
HLA DQAY VASYGVNLYQ SYGPSGQYTH EFDGDEQFYV
{(MHC 11} DLGRKETVWC LPVLRQFRFD PQFALTNIAV

LKHNLNSLIK RONSTAATNE VPEVTVFSKS
PVTLGQPNIL ICLVDNIFPP VVNITWLSNG
HSVTEGVSET SFLSKSDHSF FKISYLTLLP
SAEESYDCKY EMWGLDKPLL KHWEPEIPAP
MSELTETVVC ALGLEBVGLVG IVWGTVFIR

GLRSVGASRH QGPL
7 Uniprot PO1820 | MSWKKALRIP GGLRAATVTL MLAMLSTPVA
HLA DQB1 EGRDSPEDFV YOQFKAMOYFT NGTERVRYVT
{(MHC 1} RYIYNREEYA RFDSDVEVYR AVTPLGPPDA

EYWNSQKEVL ERTRAELDTV CRHNYQLELR
TTLQRRVEPT VTISPSRTEA LNHHNLLVCS
VTDFYPAQIK VRWFRNDQEE TTGVVSTPLI
RNGDWTFQIL VMLEMTPQHG DVYTCHVEHP
SLONPITVEW RAQSESAGSK MLSGIGGFVL
GLIFLGLGLI HHHRSQKGLL H

8 Uniprot PO1803 | MAISGVPVLG FFHAVLMSA QESWAIKEEH VHQAEFYLN
HLA DRA gene | PDQSGEFMFD FDGDEIFHVD MAKKETVWRL
{(MHC i) EEFGRFASFE AQGALANIAV DKANLEIMTK

RENYTPITNV PPEVTVLTNS PVELREPNVL ICFIDKFTPP
VVNVTWLRNG KPVTTGVSET VFLPREDHLF
RKFHYLPFLP STEDVYDCRV EHWGLDEPLL
KHWEFDAPSP LPETTENVVC ALGLTVGLVG HHGTIFIK
GVRKSNAAER RGPL

S Uniprot Q30167 | MVCLRLPGGS CMAVLTVTLM VLSSPLALAG
HLA DRB1 gene | DTRPRFLEEV KFECHFFNGT ERVRLLERRV
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{MHC 1) HNQEEYARYD SDVGEYRAVT ELGRPDAEYW

NOSQKDLLERR RAAVDTYCRH NYGVGESFTV
QRRVQPKVTY YPSKTQPLQOH HNLLVCSVNG
FYPGSIEVRW FRNGQEEKTG VVSTGLIGNG
DWTFQTLVML ETVPQSGEVY TCQVEHPSVYM
SPLTVEWRAR SESAQSKMLS GVGGFVLGLL
FLGAGLFIYF RNQKGHSGLP PTGFLS

{6039} Table 1.2. Examples of Mouse MHGC Protein Sequences

SEQ

Description

Amino Acid Sequence

Uniprot QBTQ72
MHC i antigen IE
alpha (H2-Ag)

AFYGISVYQS PGDIGQYTFE FDGDELFYVD
LOKKETVWML PEFGQLTSFD PQGGLQEIAT
GKYNLEILIK DENFTPAANE APQATVFPKS
PVLLGQPNTL ICFVONIFPP VINITWLRNS
KSVTDGVYYET SFLVNRDHSF HKLSYLTFIP
SDODIYDCOKY EHWGLEEPVL KHWEPEIPAP

GLRSGGTSRH

11

Uniprot 018440
MHC 1 antigen (H2-
B1)

MAQRTLFLLL AAALTMIETR AGPHSMRYFE
TAVFRPGLGE PRFISVGYVD NTQFVSFDSD
AENPRSEPRA PWMEQEGPEY WERETQIAKD
NEQSFGWSLR NLIHYYNQSK GGFHTFQRLS
GCOMGLDGRL LRGYLQFAYD GRDYITLNED
LKTWMAADLY ALITRRKWEQ AGAAELYKFY
LEGECVEWLR RYLELGNETL LRTDPPKAHYV
THHPRPAGDV TLRCWALGFY PADITLTWQL
NGEELTODME LVETRPAGDG TFQKWAAVVY
PLGKEQNYTC HVYHEGLPEP LTLRWEPPPS
TGONMVNIAV LVWLGAVH EAMVAFVLKS
SRKIAILPGP AGTKGSSAS

Uniprot Q31181

MAPCTLLLLL AAALAPTQTR AARAAARGPYV
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MHC | H2-K gene

RREGSHRAFF PGPHSLEDAD NPRFEPRAPW

(Haplotype ) {H2- | MEQEGPEYWE EQTQRAKSDE QWFRVSLRTA

K1) QRYYNQSKGG SHTFOQRMFGC DVGSDWRLLR
GYQQFAYDGR DYIALNEDLK TWTAADTAAL
{ITRRKWEQAG DAEYYRAYLE GECVEWLRRY
LELGNETLLR TDSPKAHVTY HPRSQVDVTL
RCWALGFYPA DITLTWQLNG EDLTQDMELV
ETRPAGDGTF QKWAAVWVPL GKEQNYTCHV
HHKGLPEPLT LRWKLPPPRTY SNTVHAVLY
VLGAAIVTGA VWAFVMKMRR NTGGKGVNYA
LAPGSQTSDL SLPDGKVYMVH

13 | Uniprot P04230 | MVWLPRVPCV AAVILLLTVL SPPMALVRDS

H2 Class i RPWFLEYCKS ECHFYNGTOR VRLLERYFYN

histocompatibility LEENLRFDSD VGEFHAVTEL GRPDAENWNS

antigen E-B beta QPEFLEQKRA EVDTVCRHNY EISDKFLVRR

chain RVEPTVTVYP TKTQPLEMHN LLVCSVEDFY
PGNIEVRWFR NGKEEKTGIV STGLVRNGDW
TFQTLVMLET VPQSGEVYTC QVEHPSLTDP
VTVEWKAQST SAQNKMLSGYV GGFVLGLLFL
CAGLFIYFRN QKGQSGLQPT GLLS

14 Uniprot PO4224 MATIGALVLR FFFIAVLMSS QKSWAIKEEH

MHC 1 E-K alpha THOAEFYLL PDKRGEFMFD FDGDEIFHVD

chain IEKSETIWRL EEFAKFASFE AQGALANIAV

{underlined portion is | DKANLDVMKE RENNTPDANY APEVIVLSRS

portion used in SEQ | PYNLGEPNIL ICFIDKFSPP VWNVTWLRNG

ID NO: 30) RPVTEGVSET VFLPRDDHLF RKFHYLTFLP
STDREYDCEY DHWGLEEPLR KHWEFEEKTL
LPETKENVVC ALGLFVGLVG IWVGHLIMK
GIKKRNVVER RQGAL

15 GenBank 1D: MWELPRVPCVAAVILLLTVE SPPVALVRDSRPWELE
M36834.1 YCKSECHFYNGTORVRLLVRYFYNLEENLRFDSD

MHC It E-K beta
chain

VGEFRAVTELGRPDAENWNSQPEFLEQKRAEVD
TVCORHNYEIFDNFLVPRRVEPTVIVYPTKTQPLEH




WO 2017/004252 PCT/US2016/040177

{underlined portion is | HNLLVCSVSDFYPOGNIEVRWEFRNGKEEKTGIVSTG
used in SEQ D NO: | LVRNGDWITFOQTLVMLETVPQSGEVYTCQVEHPSL
31, 32) IDPVTVEWKAQSTSAQNKMLSGVGGRVLGLLFLG
AGLFIYFRNOQKGQSGLQPTGLLS

{8040} Referring {o Table 1.1, the HLA-A (MHC 1} sequence {8EQ 1D NO: 1) includes the
signal peplide (amino acids 1-243); amino acids 25-.308 are believed to make up the
extraceliular region, amino acids 308-332 are believed o make up the transmembrane
region, and amino acids 333-385 are believed o make up the cyloplasmic region. The
HLA-B (MHC 1) sequence (8EQ ID NO: 2) includes the signal peptide {(amino acids 1~
24Y, amino acids 25-308 are believed 10 make up the extraceliular region, amino acids
308-332 are believed to make up the transmembrane region, and amino acids 333-362
are believed to make up the cytoplasmic region. The HLA-C (MMC 1) sequence (SEQ ID
NQ: 3) includes the signal peptide {amino acids 1-24); amino acids 25-308 are believed
10 make up the extracellular region, amino acids 309-333 are believed {0 make up the
fransmembrang region, and aming acids 334-366 are believed to make up the
cytoplasmic region. The HLA DPA1 (MHC 1) sequence (SEQ 1D NO: 4) includes the
signal peptide {amino acids 1-28), amino acids 29-222 are belisved to make up the
extraceliular region, amino acids 223-245 are believed 10 make up the transmembrane
region, and amino acids 246-280 are believed to make up the cytoplasmic region. The
HLA DPB1 (MHC i) sequence (SEQ 1D NO: 5} includes the signal peptide {amino acids
1-29}), amino acids 30-225 are believed to make up the exiraceliular region, amino acids
228-246 are believed to make up the ransmembrane region, and aminoe acids 247-258
are believed to make up the cyloplasmic region, The HLA DQAT {(MHC H) sequence
{(SEQ 1D NO: 8) includes the signal peptide (amine acids 1-23); amino acids 24-218 are
believed to make up the exiracellular region, amino acids 217-239 are believed {0 make
up the transmembrane region, and amino acids 240-254 are believed o make up the
cytoplasmic region. The HLA DQB1 (MHC Hl) seguence (SEQ 1D NO: 7) includes the
signal peptide (amino acids 1-32); amino acids 33-230 are believed o make up the
extraceliular region, amino acids 231-251 are believed to make up the transmembvane
ragion, and amino acids 252-261 are believed to make up the cyioplasmic region. The
HLA DRA {MHC ll) sequence (SEQ 1D NO: 8) includes the signal peptlide (amino acids
1-25) amino acids 26-216 are believed to make up the extraceliular region, amino acids

a



WO 2017/004252 PCT/US2016/040177

217-239 are believed to make up the transmembrane region, and amino acids 240-254
are believed to make up the cytoplasmic region. The HLA DRB1 (MHC H) sequence
{SEQ 1D NO: 9) includes the signal peptide {amino acids 1-29); amino acids 30-227 are
believed to make up the extracellular region, amino acids 228-250 are believed to make
up the fransmembrane region, and aming acids 251-266 are believed 1o make up the
cytoplasmic region. The MHC E-K alpha chain (SEQ 1D NO: 14} includes the signal
peptide {aa 1-25), the extracellular domain (aa 26-2186}, the ransmembrane domain (aa
217-24), and a cytoplasmic portion {aa 243-255).

{8041} As previously discussed, the MHGR of the present invention comprises al sast a
MHC portion and a TCR portion. in some embodiments, a MHC portion comprises one
or more MHC proteins (8.gq., HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-
DQA1, HLA-DQB1, HLA-DRA, HLA-DRB1, MHC E-K alpha, MHC E-K beta, etc),
fragments thereof, or combinations thereof. For example, in some embodiments, the
MHC portion comprises a fragment of any of SEQ 1D NO: 1-15.

160421 In some embodiments, the MHC portion comprises a peptide that is at least 80%
identical to a MHC protein or a fragment thereof In some embodiments, the MHC
portion comprises a peptide that is at least 85% identical to a MHC protein or a fragment
thersof. In some embodiments, the MHC portion comprises g peplide that is at least
80% identical to a MHC protein or a fragment thereof. In some embodiments, the MHC
portion comprises a peptide that is at least 85% identical to a MHC protein or a fragment
thereof. In some embodiments, the MHC portion comprises a peptide that is at least
04% identical to a MHC protein or a fragment thereof.

160431 In some embodiments, a fragment of a MHC protein is from 10 t0 28 aa in length.
in some embodiments, a fragment of a MHC protein is ffom 10 fo 50 aa in length. In
some embodiments, a fragment of a MHC protein is from 10 10 100 az in length. In
some embodiments, a fragment of a MHC protein is from 10 to 150 aa in length. In
some embodiments, a fragment of a MHC protein is from 10 fo 200 aa in length. In
some embodiments, a fragment of a MHC protein is from 10 fo 250 ag in length. In
some embodiments, a fragment of a MHC protein is from 10 fo 300 aa in length. In
some embodiments, a fragment of a MHC protein is from 10 to 350 az in fength. In
some embodiments, a fragment of a MHC protein is from 25 to 50 aa in length. In some
embaodiments, a fragment of a MHC profein is from 25 to 100 az in length. In some
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embodiments, a fragment of a MHC protfein
embodiments, a8 fragment of a MHC protein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC prolein
embodiments, a fragment of a MHC protein
embodiments, a fragment of 2 MHC protein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHQ prolein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC protsin
embodiments, a fragment of a MHC protein
gmbodiments, a fragment of 3 MHC protein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC protein
embodiments,

embodiments, a fragment of 3 MHC protein

a fragment of a MHC protein

embodiments, a fragment of a MHC protein
embodiments, a fragment of a MHC profein
embodiments, a8 fragment of a MHC protein
embodiments, a fragment of a MHC protein
embodimeants, a fragment of a MHC protein
embadiments, a fragment of @ MHC protein

embodiments, a fragment of @ MHC protein
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is from 25 o 150 aa
is from 25 to 200 aa
is from 25 to 250 as
is from 25 to 300 aa
1g from 25 {o 350 as
is from 50 {o 100 aa
is from 50 to 150 aa
is from 50 to 200 aa
is from 50 to 250 as
is from 50 to 300 aa
is from 50 to 350 aa
is from 100 {0 150 aa
is fram 100 to 200 as
is from 100 o 250 aa
is from 100 to 300 as
is from 100 to 350 aa
is from 150 to 200 aa
is from 150 fo 280 aa
is from 150 to 300 as
is from 150 {o 380 aa
is from 200 o 250 az
is from 200 to 300 aa
is from 200 o 350 aa
is from 250 to 300 aa
is from 250 fo 350 aa

in length.
in length.
in length.
in length.
in length.
in length,
in fength.
in length.
in length.
in length.
in length.
in length.
in length.
in length.
in fength.
in tength.
in tength.
in fength.
it length.
in length.
in length.
i length,
iy fength.
in fength.
in length.

embodiments, a fragment of a MHC protein is more than 350 az in length.

some
some
some
some
some
some
some
some
some
same
soMes
some
some
some
some
some
some
some
shma
some
sOme

some

Bome

some

some

{6044} A TCR portion may comprise one or mare TOR proteins (e.g., TCRA, TORB]), one

or more fragments thereof, or combinations thereof. For reference, non-dimiting TCR

sequences (human and mouse;} are listed bslow in Table 2.1 and Table 2.2. The present

invention is not limited to the TCR sequences in Table 2.1 and Table 2.2

{8843} Table 2.1, Examples of Human TCR Protein Sequences
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SEQ
1D NO, Description Amino Acid Sequence
18 Uniprot P01848 PNIQONPDPAVY YQLRDSKSSD KSVOLFTDFD
T cell receptor SQTNVSQSKD SDVYITDKTV LDMRSMDFKS
alpha chain NSAVAWSNKS DFACANAFNN SHPEDTFFP
canstant region SPESSCDVKL VEKSFETDTN LNFQNLSVIG
{TRAC, TCRA) FRILLLKVAG FNLLMTLRLW &S
17 Uniprot PO1850 EDLNKVFPPE VAVFEPSEAE ISHTQKATLY
T cell recepltor CLATGFFPDH VELSWWVYNGK EVHSGVSTDPR
heta-1 chain QPLKEQPALN DSRYCLSSRL RVSATFWQNP
constant region RNHFRCQVQF YGLSENDEWT QDRAKPVTOY
{TRBC1) VSAEAWGRAD CGFTSVSYQQ GVLSATILYE
ILLGKATLYA VLVSALVLMA MVKRKDF
18 Uniprot AGASBS | DLKNVFPPEV AVFEPSEAE! SHTQKATLVC
T cell receptor LATGFYPDHV ELSWWVNGKE
beta-2 chain VHEGVSTDPQ PLKEQPALND SRYCLSSRLR
constant region VSATFWQONPR NHFRCQVQFY
{TRBCZ, GLSENDEWTQ DRAKPVTQIV SAEAWGRADRC
TCRBC2) GFTSESYQQG VLSATILYE!
LLGKATLYAV LVSALVLMAM VKRKDSRG
19 Uniprot B7Z8K& | SQPHTKPSVF VMKNGTNVAC LVKEFYPKDI
T cell receptor RINLVSSKKI TEFDPAIVIS PSGKYNAVKL
delta chain GKYEDSNSVT CSVQHDNKTV HSTDFEVKTD
constant region STOHVKPKET ENTRKQPSKSC HKPKAIVHTE
(TRDC) KVNMMSLTVL GLRMLFAKTV AVNFLLTAKL FFL
20 | Uniprot POCF51 | DKQLDADVSP KPTIFLPSIA ETKLOKAGTY
T cell receptor LCLLEKFFPD VIKIHWQEKK SNTILGSQEG
gamma-1 chain NTMKTNDTYM KFSWLTVPEK SLDKEHRCIV
constant region RHENNKNGVD QEHFPRIKT DVITMDPKDN
{TRGC1) CSKDANDTLL LOLTNTSAYY MYLLLLLKSVY
VYFAITCCL LRRTAFCUONG EKS
21 Uniprot PO3386 DKQLDADVSP KPTIFLPSIA ETKLOKAGTY

T cell receptor

LCLLEKFFPD HKIHWQEKK SNTILGSQEG
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gamma-2 chain
constant region
{TRGCz2,
TCRGC2)

NTMKTNDTYM KFSWLTVPEE SLODKEHRCIV
RHENNKNGID QEHFPPIKT DVTTVDPKDS

NTSAYYMYLL LLLKSVVYFA HTCCLLGRT
AFCONGEKS

{8046} Table 2.2, Examples of Mouse TCR Protein Sequences

SEQ

1D NO. Description Amino Acid Sequence

22 Uniprot P01849 PYIONPEPAY YQLKDPRSEQD STLCLFTDFD
T cell receptor alpha SQINVPKTME SGTFITDKTV LOMKAMDSKS
chain constant region NGAIAWSNQT SFTCQDIFKE TNATYPSSDV
{TCRA-mouse) PCDATLTEKS FETDMNLNFQ NLSVMGLRIL
{underiined portion LLKVAGFNLL MTLRLWSS
refers to sequence also
used in SEQ 1D NO: 30)

23 Uniprot PO1852 EDLRNVTPPK VSLFEPSKAE IANKQKATLV
T cell receptor beta-1 CLARGFFPDH VELSWWVYNGK EVHSGVSTDP
chain constant region QAYKESNYSY CLSSRLRVSA TFWHNPRNHF
(TCB1-mouse) RCQVQFHGLS EEDKWPEGSP KPVTQNISAE

AWGRADCGIT SASYQQGVLS ATILYERLLG
KATLYAVLVS TLVVMAMVKR KNS

24 Uniprot PO1851 EDLRNVTPPK VSLFEPSKAE JANKQKATLY
T cell receptor beta-2 CLARGFFPDH VELSWWVNGK EVHSGVETDP
chain constant region QAYKESNYSY CLSSRULRVSA TFWHNPRNHF
{TCB2-mouse) RCQVQFHGLS EEDKWPEGSP KPVTQNISAE
{underiined portion AWGRADCGIT SASYHQGVLS ATILYEILLG
refers to sequence used | KATLYAVLVS GLVLMAMVYKK KNS
in SEQ 1D NO: 31, 32)

25 Uniprot PO1853 DRRLDADISP KPTIFLPSVA ETNLHKTGTY

T cell recepior gamma
chain constant region
£10.5 (TCC1-mouse)

LCLLEKFFPD VIRVYWKEKN GNTILDSQEG
DTLKTKGTYM KFSWLTVPER AMGKEHSCIV
KHENNKGGAD QEIFFPSIKK VATTCWQODKN
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DVLQFQFTST SAYYTYLLLL LKSVIYLAN
SFSLLRRTSY CGNEKKS

28 Uniprot PO3985 DKKLDADISP KPTIFLPSVA ETNLHKTGTY

T cell receptor gamma LCVLEKFFPD VIRVYWKEKK GNTILDSQEG
chain constant region DMLKTNDTYM KFSWLTVPER SMGKEHRCIV
C7.5 (TCC2-mouse) KHENNKGGAD QEFFPTIKK VAVSTKPTTC
WQDKNDVLQL QFTITSAYYT YLLLLLKSW]
YLAHSFSLL RRTSVCCNEK K&

27 Uniprot P08334 PSDKRLDADI SPKPTIFLPS VAETNLHKTG

T cell receptor gamma TYLCHLEKFF PDVIRVYWKD KNGNTILDSQ
chain constant region EGDTLKTKGT YMKFSWLTVF ERSMGKEHRC
DFL12 (TCC3-mouse) IVKHENNKGG ADQEIFFPSE KKVATTCWQD
KNDVLQLOFM STSAYYTYLL LLLKSVIYLA
ISFSLLRRT SVCCNEKRS

28 Uniprot POB335 DRKRTDSDFSP KPTIFLPSAA ETNLHKAGTY

T cell recepior gamma LCLLEKFFPK VIRVYWKEKD GEKILESQEG
chain constant region NTIKTNDRYM KFSWLTVTED SMAKEHSCIYV
5/10-13 (TCC4-mouse) | KHENNKRGVD QEILFPPIGK AFTTINVNPR
DSVLRHENVN NATDLEDCMK GRKDMLQLQV
TTTYAFYTYL ILFFKSMVHL AFVVFCLFRR

AAMSCDDQRS

{6647} Referring to the TRAC protein (SEQ 1D NO: 18) in Table 2, amino acids 118-137
are believed o make up the transmembrane domain, and amino acids 138-142 are
believed to make up the cyloplasmic domain. Referring {o the TRBC1 protein (SEQ D
NO: 17) in Table 2, amino acids 151-171 are believed to make up the transmembrane
domain. Referring o the TRBCZ protein (SEQ 1D NQ: 18) in Table 2, amino acids 145
167 are believed to make up the ransmembrane domain. Referring 10 the TRDO protein
(SEQ D NO: 19) in Table 2, amino acids 130-152 are believed o make up the
transmembrane domain. Referring to the TRGCT protein (SEQ 1D NO: 20) in Table 2,
amino acids 138-161 are believed {0 make up the transmembrane domain. Referring to
the TRGCZ protein {(SEQ 1D NO: 21) in Table 2, amino acids 157-177 are believed to
make up the transmembrane domain, and amino acids 178-189 are believed to make up
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the cytoplasmic domain.

00481 As previously discussed, the MHCR of the present invention comprises at least a
MHC portion and g TCR portion. in some embodiments, a TCR portion comprises one
or mare TCR proteins {(e.g., TRAC, TRBC1, TRBC2, TRDC, TRCG1, TRCGZ, TCRA-
mouse, TCB1-mouse, TCBZ-mouse, TCC1-mouse, TCC2-mouse, TCC3 mouse, TCC4
mouse, eic.), fragments thereof, or combinations thereof. For example, in some
embodiments, the TCR portion comprises a fragment of any of SEQ 1D NO: 16-28. {in
some embodiments, the fragment is from 5 to 10 aa in length. In some embodiments,
the fragment is from 10 {0 20 aa in length, in some embodiments, the fragment is from
10 to 30 aa in length. IN some embaodiments, the fragment is from 10 10 40 aa in {ength.
in some embodiments, the fragment is from 10 to 50 aa in length, ete.

{8049} In some embodiments, the TCR portion camprises a peptide that is at least 80%
identical 1o a TCR protein {e.g., any of SEQ 1D NO: 16-28), or a fragment thereof. In
some embodiments, the TCR portion comprises a peptide that is at least 85% identical
to a TCR protein (e.g., any of SEQ D NO: 16-28), or a fragment thereof. In some
embodiments, the TCR portion comprises a peptide that is at least 80% identical to a
TCR protein {e.g.. any of SEQ D NO: 16-28), or a fragment thereof. in some
embaodiments, the TCR portion comprises a peptide that is at least 85% identical to a
TCR protein {e.g., any of SEQ 1D NO: 16-28), or a fragment thereof. in some
embodiments, the TCR portion comprises a peplide that is at least 99% identical fo a
TCR protein (e.g., any of SEQ 1D NQO: 18-28), or a fragment thereof.

{6656} In some embodiments, a fragment of 8 TOR protein is from 10 {0 25 aa in length.
In some embodiments, a fragment of a TCR protein is from 10 to 50 aa in length. In
some emboediments, a fragment of a TCR protein is from 10 fo 100 aa in length. In some
embaodiments, a fragment of a TCR protein is from 10 to 150 az in length. In some
embodiments, a fragment of a TCR protein is from 25 o 50 as in length. In some
embodiments, a fragment of a TCR protein is from 25 to 100 aa in length. In some
embodiments, a fragment of a TCR protein is from 25 to 150 aa in length. In some
embodiments, a fragment of a TCR profein is from 50 to 100 aa in length. In some
embodiments, a fragment of a TCR protein is from 58 to 150 aa in length. In some
embodiments, a fragment of a TOR protein is from 100 16 150 aa in fength. In some
embaodiments, a fragment of a TCR protein is more than 150 aa in fength.
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{60511 In some embodiments, the MHCR comprises a peptide antigen, Any appropriate
peptide antigen may be used. The peptide antigen in the pMHCR compiex directs the
specificity of the pMHCR molecule, therefore the pMHCR molecule will be specific for T
cells with TCRs that are specific for that peptide antigen/pMHCR. A non-limiting
example of a peptide antigen that may be used with the MHCR is moth cytochrome ¢
peptide {(aa 88-103, ANERADLIAYLKQATK {SEQ D NO: 28)). The peptide antigens
used in the Examples (see below) are peptides commonly used as model antigens in
mouse models. Any appropriate peptide antigen may be used, and the present invention
is not fimited to the peplide anligens disclosed herein. For example, in some
embaodiments, the peplide antigen comprises any immunodominant peptide antigen
identified to bind a class | or class i MHC. In some embodiments, the peptide antigen
comprises any immunocdominant peptide antigen identified to bind a class § or class i
MHC and elict a response. A response may include but is not imiled {o an autoimmune
response, an allergic response, an asthma response, of an inappropriste Treg
response. The peplide antigen may be any appropriate length.

{80321 In some embodiments, the MHCR comprises at least a portion of a MHC
molecule that aliows for binding fo an appropriate TCR. In some embodiments, the
MHCOR comprises at least a portion of a MHC molecule that allows for binding to an
appropriate TCR and at least a portion of a TCR molecule {a.g., a portion of a TCR
molecule that allows for appropriate signaling and/or complexing subunits such as CD3
subunits}. In some embodiments, the MHCR comprises a transmembrane domain that
is at feast partially derived from (i} a MHC molecule, (i)} a TCR molecule, or {iii} both the
MHC molecule and TCR molecule. in some embodiments, the MHCR comprises a
fransmembrane domain, wherein a portion {or all} of the transmembrane domain is not
derived from a MHC molecule or a8 TCR molecule. In some embodiments, the MHCR
comprises an extracelilar domain that 5 at least partially derved from {i) 8 MHC
malecude, {) a8 TOR molecule, or (B} both the MHC molecule and TCR molecule. In
some embodiments, the MHCR comprises an exiraceliular domain, wherein a portion of
the extraceliular domain is not derived from a MHC molecule or a TCR molscule.

100531 As an example, in some embodiments, the MHCR comprises at least a portion of
the extraceliular domain of a MHC molecule (e.g., the exiracellular domain of HLA-DRA}
and at least a portion of the transmembrane domain of 8 TCR molecule and at least a
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portion of the cytoplasmic domain of a TCR molecule. As another example, in some
embodiments, the MHCR comprises at least 3 portion of the exiraceliular domain of a
TCR molecule.

{8034} The present invention also features redirected cells, such as redirected T cells,
expressing MHCRs of the present invention, e.g.. as described above. Without wishing
o fimit the present invention to any theory or mechanism, the MHCRs are generally
adapted o recognize and bind fo appropriate (specific} TORs. in some embodiments,
the MHCR is expressed in a CD8+ T cell (e.g., & cylotoxic T cell, T¢ cells, CTLs). In
some embodiments, the MHCR is expressed in a CD4+ T cell (8.g., a T helper call, Ty
cell or a requiatory T cell {Treg cell)). The present invention is not imiled o the
expression of MHCRs in T cells, nor is the present invention limited to expression of
MHCRs in CD8+ or CD4+ T cells, e g., the MHCRs may be expressed in CD8+/CD4+
thymaocytes, voT cells, NK cells, NK T cells, efc. in some embodiments, the MHCR of the
redirected T cell complexes or is adapted to complex with CD3 subunits (e.g., forming a
MHCR-CD32 complex).

{6035} In some embodiments, the MHCR comprises a MHC portion derived from an
extraceiiular portion of a MHC protein and a TOR portion derived from & fransmembrane
domain of a TCR protein. In some embodiments, the MHC portion and TCR portion are
directly linked. In some embodiments, the MHG portion and TCR portion are separated
by a linker. In some embodiments, the linker comprises a glycine-rich linker.

{8836} The present invention i not limited to the MHC portions and TCR portions
described herein. For example, the MHC portion may comprise any MHC peptide, e.g.,
an extraceliular domain {or a portion thereof) of any MHC peplide. The TUR portion may
comprise any TCOR peplide, &.4., a transmembrane domain {or portion thersof) of any
TCR peptide. Further, the present invention is not limited to antigens, signaling
molecules, and cell surface receptor ligands described herein, e.g.. the present
invention may be applicable fo a wide range of MHC molecules, TOR moleculss,
antigens, signaling moleucles cell surface receptor ligands, etc.

Surrogate Coreceptors (SCRs)
{8857} The present invention also features chimeric surrogate coreceptors (SCR), e.g.,
receptors that recruit signaling molecules (e.g., kinases such as but not limited o Src
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kinases (e.g.. Lck), phosphatases, efc.). In some embodiments, the SRCs recruit
signaling molecules {e.g., kinases} fo the MHCOR andior OD3 subunifs. The present
invention also features cells expressing a SCR. In some embodiments, redirected cells,
e.g., redirected T cells, express both a MHCR and a SCR. In some embodiments, cells
express more than one type of SCR. Without wishing {o imit the present invention to
any theory or mechanism, it is belleved that certain SCRs may enhance signaling
through the pMHCR-CD3 complex.

{80581 In some embodiments, the SCR comprises a cell surface receptor tigand {(eg., T
cell surface receptor ligand) fused to a sighaling molecule {e.g., kinase (e.g., Lok or
other appropriate kinase), phosphatase, etc}). In some smbodiments, the cell surface
receptor figand and the kinase are separated by a linker, e.g., a peptide linker or any
other appropriate linker. The signaling molecule is not limited fo a kinase or a
phosphatase.

{60591 In some embodiments, the cell surface receptor ligand {e.g., T cell swface
receptor ligand) comprises CD80, CD86, fragments thereof, or combinations thereof.
The present invention is not limited fo CD80 and CD886; any other appropriate cell
surface receptor ligand (or a fragment thereof) may be used. For example, in some
embodiments, the cell surface receptor ligand comprises a CD28 ligand, a CTLA-4
ligand, an ICOS ligand, an OX40 ligand, a PD-1 ligand {e.g., PD-1L}, a CD2 ligand, etc.

[6060} As an example, in some embodiments, when a T cell is expressing a pMHCR (a
MHCR with a peptide antigen), the pMHCR may complex with CD3 subunits, forming a
pMHCR-CD3 complex. if the cell is also expressing a CD80-Lek SCR, then when the
pMHCR binds a TCR on a target T cell, the CD380-Lck may also bind to CD28 on the
same target T cell. Without wishing to limit the present invention o any theory or
mechanism, it is believed that then the CDBO-Lck SCR should recruit Lok o the
pMHCR-~-CD3 complex to phosphorylate the pMHCR-CD3 {TAMs for robust signaling.

[ad6i] In some embodiments, the SCR is engineerad {e.g., a paricular cell surface
receptor ligand of the SCR is selected) {o {arget a specific set of farget cells. For
exampie, T follicular helper cells express a molecule called PD-1 and these celis provide
help to B cells to make autoantibodies in autcimmune diseases such as Lupus. The
ligand for PD-1 is PD-1L, s0 a SCR comprising PD-1L and Lck may be co-expressed
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with a pMHCR recognized by the TCR of the T follicular helper cell. This may allow for
fargeting of this specific T follicular helper cell population.

{8062} The present invention also features maethods of use of said MHCRs, SCRs,
andfor said redirected cells, for example for immunotherapy. In some embodiments, the
redirected cells may eliminate auloreactive T cells, regulatory T cells (Tregs) that protect
umor cells by suppressing anti-tumor T cell responses, or any other appropriate T cell.
For example, in some embodiments, the MHCR is an aulo-antigen MHCR, and the
MHCR's target is an autoreactive T cell.

EXAMPLES

{8063} Example 1: Redirected T cells fargeting CD4 T Helper Cells. Examplse 1
describes a non-miting experimental approach o tamget CD4 T cells. & profolype
pMHCR was engineered with a peptide antigen: the moth cytochrome ¢ peptide (SEQ
ID NO: 29) was fused to the mouse class It MHC LEX (MCC:-EY; e.g.. see SEQ ID NO:
31). This pMHCR was expressed {8.Q., refrovirally expressed) in T cell hybridomas. it
was determined that this pMHCR (e.g., pMHCR-CD3 complex} was expressed on the
surface of T cell hybridomas (see FIG. 4). IL-2 production was induced after interactions
with cognate TCRs {e.q., 5¢.c7, 2B4), vet an irrelevant peplide {control peptide antigen)
in the pMHCR-CD3 complex rendered it non-stimulatory (data not shown).

jan64} Lok fusions were generated with known ligands for T cell surface receptors. For
example, all T cells express CD28. Lok fusions with CD28 ligands {e.g., CD80, CD8G)
were enginesred {0 generate surrogate coreceptors (SCRs), e.g., CD80-L.ck {see SEQ
I NO: 33, SEQ 1D NO: 38), e.g., CD86-Lck {see SEQ ID NO: 34, SEQ ID NO: 38).
When the pMHCR-CD3 complex was co-expressed with SCR CD80-Lck in hybridomas,
these cells produced significantly more IL-2 in response to celis expressing the 2B4
TCR ligand + CD28 than they did in response {o cells expressing only the 28B4 TCR
ligand (see FIG. 5). This suggested that signaling through the pMHCR-CD3 complex
could be augmented through the use of a SCR.

{6065} MCCE® pMHCR-0D3 and the SCR CD80-Lek or HBIE® pMHCR-CD3 {e.g., see
SEQ ID NO: 32) and the SCR CD80-Lck were expressed in in vifro differentiated CD8
cytotoxic T cells (CTLs) and their ability to kill S5c.¢7 TCR transgenic CD4 T cells
expressing the TCR specific for the MCCIHE® pMHCR was evaluated. Surface

a
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expression of the pMHCRSs on the redirected CTLS was observed, suggesting that these
chimeric receptor modules compele with the endogenous TCR for assembly with the
endogenous CD3 subunits (data not shown). CTLs expressing the MCC:E" pMHCR
rohustly killed the target CD4 T cells while those expressing the null HBJE® pMHCR did
not {see FIG. 8). This suggests that CD8 T cells can be redirected to target and
eliminate antigen-specific CD4 T cells.

{6066} Example 2: Redirected T cells targeting CD4 T Helper Cells in Allergic
Asthma. Example 2 describes a non-imiting experimental approach to target CD4 1
helper cells involved in allergic asthma, e.g., 10 help eliminate naive Der p 1-specific
D4 T cells from the reperioire prior o MHouse Dust Mile (HDM) sensitization. Without
wishing to limit the present invention to any theory or mechanism, it is believed that
eliminating allergen-specific CD4 T cells from the repertoire may help prevent the onset
of Tu2 immunity upon HDM sensitization.

{60671 A pMHCR (pMHCR-CD3 complex) will be retrovirally expressed in in vifro
activated CTLs. The pMHCR will bear a pMHCR comprising either the immunodominant
HDM-derived Der p 1 epitope {aa117-127) in the context of -A" {Derp1:1A®) or the
immunodominant West Nile Virus peptide from the envelope protein (aa841-855) in the
context of A" (EB414A°%). The E641:1A° pMHCR cefls will serve as a non-specific
control population.

{8068} The in witro activated CTLs will also be transduced with a CDBO-Lek SCR to
enhance signaling. These redirected CTLs will then be transferred infravenously into
CS7BY6 mice to target and efiminate Derp1:1A%- or EB414A -specific najve CD4 T cells
from the endogenous reperioire. After a certain length of time, eg., 1 week, the
elimination of antigen-specific CD4 T cells will be evaluated. This will be performed via
tetramer envichment experiments using a Serm:iAb tetramer and a E6414A° tetramer.
The presence of the redirected CD8 T cells will also be assessed by flow cylometry by
gating on CD3ICDBYMA™ T cells since mouse T cells do not express class It MHC.

[6069] After determining if the redirected CTLs eliminate the target population, mice that
received redirected CTLs one~week prior will be sensifized with HDM {e.q., intranasally,
e.g., with HDM extracts). This will be done even if endogenous CD4 T cells specific for
Derp1:1A" are detected, but only if redirected T cells are still present in the mice. This
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may help to determine I activation of the CD4 T cells made them more susceptible fo
fargeting by the redirected CTLs.

{68761 Example 3: Redirected T cells targeting CD4 T Helper Cells in Lungs After
Sensitization. Example 3 describes a non-limiting experimental approach to target CD4
T helper cells in lungs of HDM-sensitized mice. Without wishing fo limit the present
invention o any theory or mechanism, i is believed thatl sliminating allergen-specific
CD4 T celis from the lungs of HDM-sensitized mice may help attenuate T2 immunity.

{6671} Der p 1-specific CD4 T cells will be targeted similarly {0 Example 2, but only after
HDM sensitization. In hrief, mice will be sensilized with HDM according to the protocol
described above. They will then receive redirected Demp1:1A® or E841:1A" pMHCR-CD3
CTls on day 14. Various surragate co-recepiors will be employed to explore the efficacy
of the technology and approach. For example, the CDB0-Lek fusion SCR will be used,
as well as others, e.g., 8 TIM-4-Lck SCR (since the TiM-1 expressed on CD4 T cells is
genstically linked with asthma and fhis combination for targeting might enhance
effectiveness). One week after transfer of redirected CTLs, cviokine and cellular
analysis will be performed as described above in Example 2 s0 as to assess the impact
of these cells on the lung cytokine milieu and cellulanty. The status of the redirected
CTLs will also be evaluated.

[e072] Example 4: Attenuation of Der p t-specific CD4 T cell function in situ.
Example 4 describes a non-limiting experimental approach 1o redirect Tregs against Der
p 1-specific CD4 T celis. Without wishing to limit the present invention to any theory or
mechanism, it is believed that this may help attenuate function of said CD4 T cells and
help diminish T2 immunity.

{60731 In vitro generated induced Tregs {iTregs) expressing a MHCR will be {ested for
sfficacy in reducing HDM-induced airway hypersensitivily. Induced Tregs (iTregs) will be
generated in vitro and transduced with pMHCR and SCRs as described in Examples 2
and 3 above. These cells will then either be transferred prior to HDM sensitization as in
Example 2 or after sensitization as in Example 3. kEvaluation of the lung cytokine milieu
and cellularity will then be performed as described above,

{6074} Table 3 shows examples of protein sequences for reagents the above examples.
Table 4 shows the nucleotide sequences for the proteins in Table 3. Note that in SEQ D

Dchaca
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NO: 30, a portion is derived from SEQ 1D NO- 14 and a portion is derived from SEQ 1D
NO: 22 In SEQ 1D NQO: 31, a portion is derived from SEQ D NO: 15, a portion is derived
from SEQ {D NO: 23, and a portion is derived from SEQ 1D NO: 28 (and other residues
may correspond to a glycine-rich linking region). in SEQ ID NO: 32, a portion is derived
from SEQ ID NO: 15 and a portion is derived from SEQ 1D NO: 23 {and other residues

may correspond to a glycine-rich linking region).

{86751 Table 3. Peptide sequences for reagents in Examples.

""" seq |

1D NQ. Description Amino Acid Sequence

30 -E*a-TCRa MATIGALLLRFFFIAVLMSSOKSWAIKEEHTHQAEFY
Note: underlined LLPDKRGEFMEFDFDGDEIFHVDIEKSETIWRLEEFA
portion is from SEQ | KFASFEAQGALANIAVDRANLDVMKERSNNTPDAN
1D NO: 14 (MHC VAPEVTVLSRSPVNLGEPNILICFIDKFSPPVVNVTW
portion}, bold portion | ERNGRPVTEGVSETVFLPRDDHLFRKFHYLTFLPS
is from SEQ IDNO: | TDDFYDCEVDHWGLEEPLRKHWEFEEKTLLPETK
22 {TCR portion) ECDATLTEKSFETDMNLNFONLSVMGLRILLLKVA

GFNLLMTLRLWSS

31 MCCI-E*B-TCRB MVWLPRVPCVAAVILLLTVLSPPVALVYRDSGSANE
{note: italic portion RADLIAYLKQATKEFRSGGGGSLVPRGSGGEGRY
shows peptide DRPWFLEYCKSECHFYNGTQRVRLLVRYFYNLEE
antigen sequence, NLRFDSDVGEFRAVTELGRPDAENWNSQPEFLEQ
underlined portion is | KRAEVDTVCRHNYEIFDNFLVPRRVEPTVIVYPTKT
from SEQ ID NO: 15 | QPLEHHNLLVCSVSBFYPONIEVRWEFRNGKEEKTG
{MHC portion), and IVSTGLYRNGDWTFQTLYMLETVPQSGEVYTCQVE
hoid portion is from HPSLIDPVTIVEWKAQSTSAGNKCGITSASYHQGY
SEQID NO: 24 {TCR | LSATILYEILLGKATLYAVLVSGLVLMAMVKKKNS
portion} AAA

32 HB.-E'B-TCRB MVWLPRVPCVAAVILLLTVLSPPVALVRDSGSGKK
Note: italic portion VITAFNEGLKEFRSGGGGSLVPRGSGGGGSVDRP
shows peptide WELEYCKSECHEYNGTORVRLLVRYFYNLEENLRE
antigen sequence, DSDVGEFRAVTELGRPDAENWNSQPEFLEQKRAE
underlined portion is | VDTVCRHNYEIFDNFLVPRRVEPTVTIVYPTKTQPLE
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from BEQ 1D NO: 15
{MHC portion), and
bold portion is from
SEQIDNO: 24 (TCR
portion}

HHNLLVCSVSDEYPGNIEVRWIRNGKEEKTGIVST
GLVRNGDWTFQTLVMLETVPQSGEVYTCQVEHPS
LIDPVIVEWKAQSTSAQNKCGITSASYHQGVLSAT

LYEILLGKATLYAVLVSGLVLMAMVKKKNSAAA

33

CDBG-Lek (mCD80-
mick fusion)

MACNCQLMQDTPLLKFPCPRLILLFVLLIRLBQVSS
DVDEQLSKSVKDKVLLPCRYNSPHEDESEDRIYWQ
LVLSDRGTYSCVVQKKERGTYEVRKHLALVKLSIKAD
FSTPNITESGNPSADTKRITCFASGGFPKPRFSWLE
NGRELPGINTTISQDPESELYTISSQLDFNTTRNHTY
KCLIKYGDAMVSEDFTWEKPPEDPPDSKNTLVLFG
AGFGAVITYWWIVWIHIKCFCKHRSCFRRNEASRETNN
SLTFGPEEALAEQTVFLTTSHYPIVPLDSKISLPIRN
GSEVRDPLVTYEGSLPPASPLQDNLVIALHSYEPSH
DGDLGFEKGEQLRILEQSGEWWKAQSLTTGQEGF
IPENFVAKANSLEPEPWFFKNLSRKDAERQLLARG
NTHGSFURESESTAGSFSLSVRDFDONQGEVVRH
YKIRNLDNGGFYISPRITFPGLHDLVRHYTNASDGL
CTKLSRPCQTOKPOQKPWWEDEWEVPRETLKLVER
LGAGQFGEVWMGYYNGHTKVAVKSLKQGSMSPD
AFLAEANLMKQLQHPRLVRLYAVVTQEPIYHTEYME
NGSLVDFLKTRPSGIKLNVNKLLDMAAQIAEGMAFIE
EQNYIHRDLRAANILVSDTLSCKIADFGLARLIEDNE
YTAREGAKFPIKWTAPEAINYGTFTIKSDVWSFGILL
TENVTHGRIPYPGMTNPEVIQNLERGYRMVRPDNC
PEELYHLMMLCWKERPEDRPTFDYLRSVLDDFFTA
TEGQYQPQPGT

34

CD88-Lek (mCD86-
mi.ck fusion}

MDPRCTMGLAILIFVTVLLISDAVSVETQAYFNGTAY
LPCPFTKAQNISLSELVWFRWQDQOQKLVLYEHYLGT
EKLDSVNAKYLGRTSFDRNNWTLRLHNVQIKDMG
SYDCFIQKKPPTGSHLOQTLTELSVIANFSEPEIKLA
QNVTGNSGINLTCTSKQGHPKPKKMYFLITNSTNE
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YGDNMQISQDNVTELFSISNSLELEFPDGVWHMTY
VOVLETESMKISSKRPLNFTQEFPSPQTYWKEITASV
TVALLLVMLLIVCHKKPNGQPSRPSNTASKLERDSN

ADRETINLKELEPQIASAKPNAECTSHYPIVPLDSKI

SLPIRNGEEVRDPLVTYEGSLPPASPLQDNLVIALH

SYEPSHDGDLGFEKGEQLRILEQSGEWWKAQSLT
TGQEGFIPFNFVAKANSLEPEPWFFKNLSRKDAER
QLLAPGNTHGSFLIRESESTAGSFSLSVRDFDONG
GEVVKHYKIRNLDONGGFYISPRITFPGLHDLVRHYT
NASDGLCTKLSRPCQTQKPOKPWWEDEWEVPRE
TLKLVERLGAGQFGEVWMGYYNGHTKVAVKSLKQ
GOMSPDAFLAEANLMKQLOHPRLVRLYAVVTQEP]
YHTEYMENGSLVDFLKTPSGIKLNVNKLLDMAAQIA
RLIEDNEYTAREGAKFPIKWTAPEAINYGTFTIKSDY
WSFGILLTEIVTHGRIPYPGMTNPEVIONLERGYRM
VRPDNCPEELYHLMMLCWKERPEDRPTFDYLRSYV
LDDFFTATEGQYQPQPGT

{6076} Table 4. Examples of DNA sequences for encoding the proteins in Table 3.

SEQ
1D NO. | Description Gene Sequence
35 FESa-TCORa | aataageticionagoegocaccATGGCCACAAT TGGAGCCCTGUTGTTAAGATTY
fusion TYCTTCATTOCTGTTCTGATGAGCTCCCAGAAGTCATGGGCTATCAAA

GAGGAACACACCATCATCCAGGUGGAGTTCTATCTTTTACCAGACAAA
COTGGAGAGTTTATGTTTGACTTTGACGGCGATGAGATTTTCCATGTA
GACATTGAAAAGTCAGAGACCATCTGGAGACTTGAAGAATTTGCAAAG
TTTGCCAGCTTTGABGCTCAGGGTGCACTGGUTAATATAGCTGTGGAC
AAAGCTAACCTGGATOTCATRAAAGAGCGTTCCAACAACACTCCAGAT
GCCAACGTGBCCCCAGAGGTBACTGTACTCTCCAGAAGUCCTETGAA
CCTGGGAGAGCCCAACATCCTCATCTGTTTCATTIGACAAGTTCTLCCC
TCLAGTGGTCAATGTCACCTBGTTCLGGAATGGACGBCCTGTCACLG
AAGGLGTGTCAGAGACAGTETTTCTOCUGAGGCACGATCACCTETTC
COCAAATTCCACTATCTGACCTTOCTGCCCTCCACAGATGATTTCTATG
ACTGTGAGGTGGATCACTGGGGTTTGGAGGAGCCTCTCGGAAGCAL
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aegtigaccgagaaaaBCTTTGAAACAGATATgascctigaactiicaasancigicaGTT
ATGGGACTCCGAATC C CleolgaigaaagtagegguatttaacCTGCTCATGARGCT
gaggoigiggicoagtigaggateogeta

astCTCGAGUGCTACCATGETGTGGCTCCCCAGAGTTCCOTGTATGGR
AGCTETGATCOCTETTREUTGACAGTGUTGAGCLCTLCAGTEBOTTTGS
TCAGAGACTCCEBATCCGCCAACGAGABGGCUGACCTGATCGLCTAC
CTGARAGCAGGCCACCAAGGAATTCAGATCCGHAGGCGGAGGCTCCCT
GOTGCCTOGGEGCTCCGGAGRCGEAGHCTCOGTCBACAGACTATGES
TTTTTGGAATACTGTARATCTCASTGTCATTTCTACAACGGGACGCAG
CGCOTGCGBCTTCTOGTAAGATACTTCTACAACCTGGAGGAGAACCT
GUGCTTCGACAGCGACGTRGGCGAGTTCCGCOUGGTRACCOAGLTG
GEGCEECLAGACGUCEAGAACTGEAACAGLCAGCCGEASTTOCTEE
AGCAAAAGCGGGUCGAGGTOOACALGOTOTGUAGACACAATTATGA
SATCTTCGATAACTTCCTTGTGUCECGBAGAGTTCAGCCTACGGTGA
CTGTGTACCCCACAAAGACGUAGCLCLTGGARCACCATAALCTLCTG
GTCTGLTCTOTBABTGACTTCTACCCTGGCAACATTGAAGTCAGATGES
TTCCGCAATGOCAAGBAGBABAAAACAGCGAATTETGTCOACGGGEOCT
GGTCCGAAATGGAGACTGGACCTTCCAGACACTGC TGATCLTCGAGA
CGGTTCCTCAGAGTGGAGAGGTTTACACCTGCCAGGTGGAGCATCCC
AGCCTCACCGACCCTETCACOGTOCGAGTOCAAAGCACAGTCCACATC
TGCACAGAACAAGIgIgnaalcactagligeatoctatnalcagggaagtintgicigeaacealent
clatgagateciactggggasggesaceoiatalgotgigcigalsagiggectagigetgaigGCCA
TEGETCAAGAANAAAAAT TCCgoggcrgaatgatgagatetigagotocatagaggeg
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38 MCC-E*B-
TCRB fusion

37 HB:-E'B-
TCRE fusion

astCTCGAGCGUCACCATGETETGGCTCCCCAGAGTTCRCTETGTRGL
AGCTGTGATCCTGTTGCTGACAGTGCTGAGLCCTCCAGTGGLTITGG
TCAGAGACTCCGGATCCGGLAAGAAGGTGATCACCGCCTTCAACGAG
GOCCTGAAGGAATTCAGATCCGBAGGCGGAGGUTCCCTGGTGCCTC
GGRECTCCGGAGECAGAGEBCTCCGTCCACACACCATGETTTITTGGA
ATACTGTAAATCTGARTGTCATTTCTACAACGGGACGUAGCGLGTGELG
GUTTCTGOTAAGATACTTCTACAACCT GBAGGAGAACCTGCECTTCGA
CAGCBACGTGGGCCAGTTCCCGUGCOGTGACCGAGCTGEEGGCEHBCO
COGOGCCHAGGTGCACACGGTCTGUAGATACAACTATGAGATCTTCGA
TAADTTCOTTGTGCCGUGCACGACTTCGAGCCTACGHBTGACTGTGTACC
CCACAAAGACGLAGCLCCTGGAACACCACAACCTCCTGGTLTGLETCY
GTGAGTGACTTCTACCCTGGLAACATTGAAGTCAGATGGTTCCGGAAT
GGUAAGGAGGAGABRAACAGGAATTGTGTCCACGEGCCTGRTCLGAAS
TGGAGACTGGACCTTCCAGACACTRGTGATGCTGGAGACGGTTCCTC
AGAGTCGAGAGGTTTACACCTGCCAGGTGBABCATCCCAGCCTGACT
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GACCCTGTCACGGTCGAGTGGAMMGCACALGTCCACATUTGCATAGBAA
CAAGHgtggaatcactiagigeatoctatcatoagggagticigiclgoasceatocttatgagatucta
clggugaaggocacoeiatatgotgigotggicagiggociagliootgatgGUCATGGTCAAGA
AAAAAAATT CCgeggrogeatigatgagaitigagetceatagaggeg

38

COBO-Lek
{mCD80-
mi.ck fusion)

acgictagatacetogagaecaccATEGCTTGLAATTETCAGHalgeaggatacatcas
toctcaagiitceatgtocaaggeicaticivietiigigoigaigattegiciticacaagigiciicagaigiiy
atgascaacigiccaagicagigaaagalaaggiattgcigecitgecgitacaaciclecicatgaagat
gagicigaagaccgaatciactygoaaaaacatgacaaagiggiocigivigicaligagggaaacta
azagiglagoengagiataagaaccygacitiatatgacaacaciacoiacicictiateatocigggect
gglectitcagaceggggeacatacageinigicgticaaaagaaggaaagaggaacgialgaagtia
aacactiggoitiagtaaagiigicoalcaaagelgacticictacoescaacataacigagiciggasac
ccalotgcagacaciagaaggatiacoigetiigoticegggggtiicocaaagocingeticicligniias
aaagiggaagageatiaceiggosicaatacgacaatiicecaggalccigaatotgaatiglacacaat
tagtagosaaciagatitcaatacgactegoaaceacaccatiaagigicicatiaaatatggagsigelc
acgigteagaggaciicaccligggaaasaccoccagaagaceciceigalagenagaacacactigt
gotettiggageaggaticggegeagiaataacagiogicgteategtigicatoatcaaatgeticiylas
geacagaagelgiticagaagasalgaggeaagtagagaaacaaacaacagectaceticggges
tgasgaageattagoetGAACAGALCETOTTCCT TaccactagiCACTATCCCATAG
TCeoaciggacageaagaicicgeigoeoateogoaaiggotelgaaglgegagacceaciggicac
cltalgagggatoicicocaceageatecoegotgeaagacaacciggtiategrectgoacaghiaigag
ccoicocalgatggagactigogcttigagaagggigascageicegaaicciggagoagagoeggiga
gioniggaaggcicagicocligacgaciggocaagaaggaiicaticoniinaaniingiggrgaaagn
aaacagociggagecigaacatiggticticaagaaleigagocgiaaggacgocgageggoagetiit
gangecngggaacacgceatggalceticcigatecgggaaagegaasgeacigoggagtentiitoce
igicggteagagacticgaccagaaceagggagsagionigeaanatiacaagalcogiaacctaga
caacggiggriictacalciveocicgtateactitcceggatigeangaictagiocgenatiacaceaa
cgeolcigatgggetgtgoacaaagitgageogtestigonagactcagaagoronagaaaccatggt
gugaggacyasigggaagticocaggyaaacactyaagiiggiggagegqaigggagoiggocagt
tcggagsagtgiggatggagtaciacaacggacacacgasggigaeqaigaagagictgaaacaag
ggageaigicocecgacgeoticctggetgaggelsaceicalgaagoagoelgeageacoegoggeta
gtcoggoittatgoagiggicasosaggaaceoaictacatcalcacggaatacatlggagaacgggag
cclagtagatiticicaagacicocicgggoalcaagligaalgicaacaaactitiggacalggoagoee
agatigeagaggaealggegiicalcgaagaacagastiacalcoalogggaceigegegocgenaa
catcotggigicigacacgoigagoigeaagatigeagactiiggeciggegogocicatigaggacaat
gaglacacggeccqggaggangenaaatiteccaliaaglggacageaccagaagocatiaactatg
ggacciicaccateaagteagacgtatygtecticgggataetigetiaagagategtoancracggiey
azsiccctiaccoaggaalgactaacceigaagtesticagaacciggagagaggetacageatggiga
gacctgacaaciglccggaagagoiglacoancicatgalgalatgetygaaggaogecoagagaa
coggoceacgitigaciaccicggagigiiciggatgacticticacagocacagagggoeCAGTAC
CAGCCLCAGCT T gglacelagigagaaticlacalg
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38 CORG-Lek tacictagatacclegaggecacc ATGGACUCTAGATGCAC Calggotiggeaaicntiat
(mCD86- cittgtgacagtctigoigaictoagatgoigtticogigoagacgeaagottatifoaatgggactgoatate
. tgcogtgoenattiacaaaggeicaaaacataagecigagigageiggtagiatitiggoaggaccage
mi.ck fusion) S ,
azaagitggtictgtacgageactattigggescagagaaactigatagigigaatgeeaagiacelagy
cogoacgagetiigacaggaacasaciggaciciacgacticacaaigiticagatoaaggacalgggeic
glalgatigitliatacaasaaaagecaccoacaggatoaaliaicriocasragacaiaanagaaciy
{cagigatogocaacticagigaaccigaaataaasaciggeicagaalglaacaggaaaticiggeata
aatiigaccigoacgiclaageaaggicacecgaaaceiaagaagalgiattiicigalaactaalicaac
taatgagialggtgstascatgeagatalcacaagataaigicacagaacigticagialcicoaacage
cleteicttteaticceggatggigigiggratatgacegiigigigtgtictggaaacygagicaatgaagal
tiectecaaacttctoaatticacicaagagiiooaicicoicaaacgiatigyaagyagatiacagetica
ghactgtggoociccicctigtgatgoigetoatcatigiaigicacaagaagorgaattagectageagg
ccoagoaacatagesictaagtiagagegqgatagiaacgeigacagagagactalcanceigaag
gaactigaasccecaaatigolicagoasaascoaasigeagagiglactagiCACTATCCCATA
GTCcraclggacageaagaicicgeigoccatcrggaalggolctgaagligogggaccraciggica
colalgagggaiciciacaaccagealocuegeigeaagacaaccignitategoesigeacagitaiga
goccicecatgatggagactigngeitinagaagggigascagelnegaateniggageagagoggiy
aglogiggaaggeicagicesigacgaciggocaagaaggctivaticocticaactiogliggegaaayg
nazacageoiggagecigaanchigghcticaagaalcigageegliaaggangrenagegaragotl
tggegeceggoaacacycaigyatecticolgatocgagaaagegasaageacigeggngtoctitics
olgtegatcagagacticgaceagaaccagigegaagiggigaaacatiacaagatccgtascetag
acaacggigygetictacatctcecetogiatcactiiceoggatigoacgatdagiongeeattacacna
acgecteigatgguciglgeacasagiigagocgincigecagacooagaagocccagaaaceatly
glaggagyacgasigggaagticcoagggaaacacigaagiigyigoagoggdcioggagsiggeca
gHegaogaagiplggatggogtactacaacggacacacgaaggigaegyigaagagictgaaaca
agggageatgicccoegacgecticctggeigaggotaaccicalgaageageigeageaccegegg
clagioeggetttatgeagiggtcaccraggaaceeatciacaleaticacggaatacalggagsacygy
ageclagiagatiiictoaagacticocicgggestcaagtigastgivaacasacittiggacalggeage
coagatigeagaggucatggegiicatogaagaacagastiacalcealogggacolgegegocges
aacatcoiggtaictgacacgcigageigeaagatigoagactiggontggegegentoatigaggaca
atgaglacacggecegugagogagecaaatiiccealiaaglygacagraccagaagecatiaacta
igggaccticaccateaagtoagacyiglogtoctiogggateiqetiaragagatogteacocacygic
gaatcocttaccoaggaatgacoaanceigaagicalicagaacciggagagaggotacogoalggig
agaccigacaactiglorggaagagolgtaccaccinatgalgoigigotlggaaggagegescagang
acoggoccangittgactaccticggagigticiggaigacticlicacagrtacagaggaeCAGTAC
CAGCCLCAGCCT galacclagigagaatictacalg

{80771 The disclosures of the following U.S. Patents are incorporated in their entirely by
reference herein: U.8. Pat. Application No. 20140218975; L1.&. Pat. No. 8450112 U.S.




WO 2017/004252 PCT/US2016/040177

Pat. No. 7741465; U.S. Pat, No. 6319494, CA 2208300, CA 2104057, EP 0574512,
LL8. Pat. No. 6407221, U.S. Pat. No. 8268411; U.5. Pal. Apphication No, 20040258697,
EP 1292621, EP 2658893, WO 2011101881, WO 2005054292; EP 1378670, U.B. Pat.
No. 6056952; U.S. Pat. No. 8410319; U.S. Pat. No. 8524234, U.S. Pat. No. 7871817.

[6078} As used herein, the term "about’ refers to plus or minus 10% of the referenced
number.

{6079} Various modifications of the invention, in addition to those described herein, will
be apparent to those skilled in the art from the foregoing description. Such modifications
are also intended o fall within the scope of the appended claims. Each reference cited
in the prasent application is incorporated herein by reference in its entiratly.

{0080} Although there has been shown and described the preferred embodiment of the
present invention, it will be readily apparent to those skilled it the art that modifications
may be made thereto which do not exceed the scope of the appended claims.
Therefore, the scope of the invention is only {0 be limited by the following claims. In
some embodiments, the figures presented in this patent application are drawn to scale,
including the angles, ratios of dimensions, ete. In some embodiments, the figures are
representative only and the claims are not limited by the dimensions of the figures. In
some embodiments, descriptions of the inventions described herein using the phrase
“comprising” includes embodiments that could be described as "consisting of, and as
such the written description requirement for claiming one or more embodiments of the
present invention using the phrase “consisting of is met
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WHAT IS CLAIMED i8;

1. Anenginserad cell co-expressing on its surface:

a. a chimeric receptor (MHOR Y comprising a major histocompatibility complex
{(MHC) portion derived from a MHC protein directly or indirectly fused to g
T cell receptor (TCR) portion derived from a TCR protein; and

b. a surrogate coreceptor (SCR) comprising a cell swface recepior ligand
portion directly or indirectly fused to a signaling molecule portion;

wherein the MHCR is adapted o bind to a TCR of a targst cell and the SCR is

adapted to bind to a cell surface receptor of the target cell.

2. The engineered cell of claim 1, wherein binding of the MHCR {o the TCR of the
target cell and binding of the SCR {o the cell surface receptor of the target cell (i)
initiates a signaling cascade effective for eliminating the target cell or (i} instructs
the target cell {0 differentiate {0 a specific effector function.

The engineered ceall of claim 1, wherein the cell is 8 T cell.

4.  The engineered cell of claim 1, wherein the MHC portion of the MHCR is N-
terminal to the TCR portion of the MHCR.

5.  The engineered cell of claim 1, wherein the MHC portion is indirectly fused o
the TCR portion via a linker.

6. The enginsered cell of claim 5, wherein the linker comprises a glycine-rich
peptide,

7. The engineered cell of claim 1, wherein the MHC protein, the TCR protein, or
both the MHC protein and the TCR protsin are mammalian proteins.

8. The engineered cel] of claim 7, wherein the mammal is a human or a mouse.

9.  The engineered cell of claim 1, wherein the TCR portion comprises at least a
portion of a transmembrane domain of the TCR protein and the MHC portion
comprises at least a portion of an extraceliular domain of the MHC protein.

10. The engineered cell of claim 1, wherein the TCR portion comprises at least a
porticn of a fransmembrane domain and at least a portion of a cytoplasmic
domain of a TOR protein, and the MHC portion comprises at least a portion of an
extraceliular domain of the MHC protein.

11. The engineered cell of claim 1, wherein the MHCR further comprises a peptide
antigen integrated into the MHC portion, or directly or indirectly fused to the MHC
portion.

{ad
n
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12. The engineered cell of claim 1, wherein the signaling meolecule portion has
kinase or phosphatase activity.

13. The engineered cell of claim 1, wherein the signaling molecule portion
comprises a Src kinase.

14. The engineered cell of claim 1, wherein the MHC protein comprises HLA-A,
HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DOB1, HLA-DRA,
HLA-DREB, H2-Aa, HZ-B1, H2-K1, H2-EB beta, HZ-EK alpha, H2-EK befa, a
fragment thereof, or a combination thereof,

15. The engineered cell of claim 1, whersin the MHC molecule comprises HLA-A,
HLA-B, HLA-C, HLADPAY, HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA,
HLA-DRB, Hz-Aa, H2-B1, HZ2-K1, H2-EB beta, H2-EK salpha, H2-EK beta, 3
peptide that is at least 80% identical {o HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-
DPB1, HLA-DQAT, HLA-DQB1, HLA-DRA, HLA-DRB, H2-Ag, H2-BY, H2-K1, H2-
EB beta, H2-EK alpha, or H2-EK beta, a fragment thereof, or a combination
thereof.

18. The engineered cell of claim 1, wherain the TCR molecule comprisas TRAC,
TRBC1, TRBC2, TRDC, TRGC1, TRGC2Z, TCRA, TCB1, TCBZ, TCCY, TCLCE,
TCCS, TCCA4, a fragment thereof, or a combination thereof.

TRBCY, TRBC2, TRDC, TRGC1T, TRGEZ, TCRA, TCB1, TCB2, TCCH, TCCZ,
TCC3, TCC4, a peptide that is at least 90% identical 1o TRACG, TRBC1, TRBC2,

fragment thereof, or a combination thereof.

18. The engineerad cell of claim 1, wherein the cell swrface receptor ligand portion
of the SCR comprises g CD28 ligand, a CTLA4 figand. an ICOS ligand, an
OX40 ligand, a PD-1 figand, or a CD2 ligand.

19. The engineered cell of claim 18, wherein the CD28 ligand comprises CD8G,
CD86, or both CDBO and CDB6.

20. The enginsered cell of olaim 1, wherein the MHCR is adapted 1 complex with a
€03 subunit.

21. The engineered cell of claim 1 further co-expressing a second SCR.

22. A chimeric receptor (MHCR) comprising a major histocompatibility complex
{MHC) portion derived from a MHC protein directly or indirectly fused to a 7 cell
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receptor (TCR) portion derived from g TCR protein, wherein the MHCR is
adapted to bind {0 a TOR of a target cell.

23. The MHCR of claim 22, wherein binding of the MHCR t the TCR of the target
cell () initiates a signaling cascade effective for sliminating the target cell or (i)
instructs the target cell to differentiate o a specific effector function.

24, The MHCR of claim 22, wherein the cell is a T cell.

25. The MHCR of claim 22, wherein the MHC portion of the MHCR is N-terminal to
the TOR portion of the MHCR.

28. The MHCR of claim 22, wherein the MHC porion is indirectly fused fo the TCR
portion via a linker.

27. The MHCR of claim 28, whersin the linker comprises g glveine-rich psplids.

28. The MHCR of claim 22, wherein the MMC protein, the TOR protein, or both the
MHC protein and the TOR profein are mammalian proteins.

28, The MHCR of claim 28, wherein the mammal is a2 human or a mouse.

30. The MHOR of claim 22, wherein the TOR portion comprises at least a portion of
a transmembrane domain and at least a portion of a cytoplasmic domain of a
TCR protein, and the MHC portion comprises at least a portion of an exiraceliular
domain of the MHC protein.

31. The MHCR of daim 22, wherein the MHCR further comprises a peptide antigen
integrated into the MHUC portion, or directly or indirectly fused fo the MHC portion.

32. The MHCR of claim 22, whersin the MHC protein comprises HLA-A, HLA-B,
HLA-C, HLA-DPAT, HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB,
H2-Aa, H2-B1, H2-K1, H2-EB beta, MH2-EK alpha, HZ-EK beta, a fragment
thereof, or a combination thereof,

33. The MHCR of claim 22, wherein the MHC molecule comprises HLA-A, HLARB,
HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1T, HLA-DQB1, HLA-DRA, HLA-DREB,
H2-Aa, H2-B1, H2-K1, H2-EB betla, H2-EK alpha, H2-EK bets, a peptlide that is at
least 80% identical to HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-
DQAY, HLA-DQB1, HLA-DRA, HLA-DRB, H2-As, HZ-B1, H2-K1, H2-EB bets,
H2-EK alpha, or H2-EK beta, a fragment thereof, or a combination thereof.

34. The MHCR of claim 22, wherein the TCR molecule comprises TRAC, TRBCH,
TRBCZ, TRDC, TRGC1, TRGC2, TCRA, TCB1, TCB2, TCC1, TCCZ, TCLC3,
TCC4, a fragment thereof, or a combination thereof.

-2
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35.

36,

37,

38.
38.
40,
41,
42.

43.
44,

The MHCR of claim 22, wherein the TOR molecule comprises TRAC, TRBCH,
TRBC2, TRDC, TRGCT, TRGC2, TCRA, TCB1, TCB2, TCCH, TCC2, TCCS,
TCC4, a peptide that is at least 80% identical to TRAC, TRBC1, TRBC2, TRDC,
TRGCT, TRGCZ, TCRA, TCB1, TCB2, TCCH, TCC2, TCCS, or TCC4, a fragment
thereof, or 3 combination thereof.

The MHCR of claim 22, wherein the MHCR is adapted o complex with a CD3
subunit.

A method of eliminating a target cell or reprogramming a {arget cell, said target
cell comprising & TCR, said method comprising introducing a genstically
engineered cell that expresses on its surface a chimeric receptor (MHCR)
according {0 any of claims 1-21 to the target cell, the MHCR is specific for the
TCR of the farget cell, wherein upon binding of the MHCR o the TCR the
genetically engineered cell () initiates a signaling cascade that eliminates the
targat cell, or () instructs the target cell {0 differentiate {0 a specific effector
function.

The method of claim 37, wherein the method is for immunotherapy.

The method of claim 37, wherein the target cell is an autoreactive T cell.

A vector encoding the MHCR of any of Claims 1-21.

A vector encoding the SCR of any of Claims 1-21.

An engineered cell co-expressing on its surface:

a. & chimeric recepior (MHGR) comprising & major histocompatibility complex
{MHC) portion derved from an extraceliular domain of & mammalian MHC
protein direclly or indirectly linked {o 8 transmembrane domain of a T cell
receptor (TCR) portion derived from a mammalian TCR protein, the MHC
portion being N-terminal to the TCR portion; and

b. a surrogate coreceptor (SCR) comprising a cell swface recepior ligand
portion indirectly linked {0 a signaling molecule portion by a
transmembrane domain, the signaling molecule portion having kinase or
phosphatase activily,

whersin the MHCR is adapted to bind {0 a TCR of a target cell and the SCR is

adapted to bind to a cell surface receplor of the target ceil.

The engineersd cell of claim 42, wherein the cellis a T cell.

The engineered cell of claim 42, wherein the MHOR further comprises a peplide
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antigen integrated into the MHC portion, or directly or indirectly fused {o the MHC
portion.

45 The engineered cell of claim 42, wherein the signaling molecule portion
comprises a Src kinase,

48. The engineered cell of claim 42, wherein the MHC protein comprises HLA-A,
HLA-B, HLA-C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DOB1, HLA-DRA,
HLA-DREB, H2-Aa, HZ-B1, H2-K1, H2-EB beta, HZ-EK alpha, H2-EK befa, a
fragment thereof, or a combination thereof,

47. The engineered cell of claim 42, wherein the TCR molecule comprises TRAC,
TRBC1, TRBCZ, TRDC, TRGCHY, TRGCZ, TCRA, TCB1, TCB2, TCCH, TCCZ,
TCCS, TCC4, a fragment thersof, or 3 combination thereof,

48. An enginesred T-cell co-expressing on ifs surface:

a. a chimeric receptor (MHCR) comprising a major histocompatibility complex
{MHC) portion denved from an extraceliular domain of a mammalian MHC
protein directly or indirectly linked {fo a transmembrane domain of a T cell
receptor {TCR} portion derived from a mammalian TCR protein, the MHC
portion being N-erminal to the TCR portion, the MHC portion being
selected from HLA-A, HLA-B, HLA-C, HLA-DPAT, HLA-DPB1, HLA-DQAY,
HLA-DQB1, HLA-DRA, HLA-DRB, H2-Ag, H2-B1, H2-K1, H2-EB beta, H2-
EK alpha, and H2-EK beta, the TCR portion being selected from TRAC,
TRBC1, TRBCZ, TRDC, TRGC1, TRGC2, TCRA, TCB1, TCB2, TCCH1,
TCC2, TCC3, TCC4; and

b. & surregate coreceptor (SCRY comprising a cell surface receptor ligand
portion  indirectly linked fo a signaling molecyle portion by 8
fransmembrane domain, the signaling molecule portion having kinase or
phosphatase activity;

wherein the MHCR is adapted to bind to a TCR of a target cell and the SCR is

adapted to bind o a cell surface receplor of the {argset cell.

49. The engineersed T-cell of claim 48, wherein the MHCR further comprises a
peplide antigen integrated into the MHC portion, or directly or indirectly fused fo
the MHC portion.

50. A surrogate coreceptor (SCR) comprising a cell surface receptor ligand portion

directly or indirectly fused {fo a signaling malecule portion via a transmembrang
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domain, wherein the SCR is adapted to bind {0 a cell surface receptor of a {arget
cell.

51. The SCR of claim 50, wherein the cell surface receptor figand portion is
indirectly fused fo the signaling molecule portion via a linker.

52. The SCR of claim 50, wherein the signaling molecule portion has kinase or
phosphatase activity.

53. The SCR of claim 50, wherein the signaling molecule portion comprises a Sre
kinase.

54, The SCR of claim 54, wherein the cell surface recepior ligand portion of the
SCR comprises a CD28 ligand, a CTLA-4 ligand, an ICOS ligand, an OX40
ligand, a PD-1 ligand, or a CD2 ligand.

55. The SCR of claim 54, wherein the CDZ8 ligand comprises CD80, CDBE, or both
CD80 and CDE8.
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