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COMPOSITIONS AND METHODS FOR TREATING HERZ POSITIVE CANCERS
CROSS REFERENCE TO RELATED APPLICATIONS
[B001] This application claims priority to and benefit of U8, Provisional Patent Application
No. 63/149,952 filed on February 16, 2021, the content of which is incorporated herein by

reference 1n its entirety .

INCORPORATION BY REFERENCE OF SEQUENCE LISTING
16862} The present application is bemg filed with a Sequence Listing in clectronic format.
The Sequence Listing is provided as a file entitled A2BT 035 01WQO _Seq Last ST25ext,
created on February 16, 2022, and 1s 5,413,164 bytes in size. The mformation in electronic

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

BACKGROUND
(6063} Cell therapy is a powerful tool for the treatment of various diseases, particalarly
cancers. In conventional adoptive cell therapies, immume cells are engineered to express
specific receptors, for example chimeric antigen roceptors {CARs) or T celf receptors {TCRs),
which direct the activity of the munune cells to cellular targets via interaction of the receptor
with a higand expressed by the target cell. Identification of suitable target molecules remains
challenging, as many targets are expressed in normal tissues. One example of such as target is
crb-bZ receptor tyrosine kinase 2 (ERBB2, or HER2), which 1s expressed on the surface of
many solid tumors, as well as normal epithelial cells. This expression can lead to toxicity
when the transplanted cells target normal tissues expressing HER2 target molecules. Clindeal
trials with HER2 CAR have shown serious adverse effects, and the only current antibody
treatments that target HER2 are only effect for breast cancers with very high HERZ levels.
There is thus a need in the art for compositions and methods useful in the treatment of

discase, particularly cancers, by adoptive ¢cll therapy.

SUMMARY
[0004] The disclosure provides an immune cell responsive to loss of heterozygosity in a
cancer cell, comprising: (a) an activator receptor comprising an extracellular ligand binding
domain specific to an erb-b2 receptor tyrosine kinase 2 (HER2) antigen; and (b} an inhubitory
receptor comprising an extracellular ligand binding domain specific to a non-target antigen
that is not expressed by the cancer cell due to a loss of heterozygosity in the cancer cell.
[B005] In some embodiments of the immune cells of the disclosure, the non-target antigen is

an HLA class | allele or a minor histocompatibility antigen (MiHA). In some embodiments,
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the HLA class T allele comprises HEA-A, HLA-B, HLA-C or HLA-E. In some embodiments,
the HLA class T allele is HLA-A*02.

(G006 To some embodiments of the imumune cells of the disclosure, the target antigen is
HER?2 or a peptide antigen of HERZ2 1n a complex with a major histocompatibility class

complex (MHC I}

(4

6067} In some embodiments of the tomune cells of the disclosure, the cancer cell expresses
HERZ. In some embodiments, the cancer cell 1s a breast cancer cell, bladder cancer cell,
ovartan cancer cell, gastric cancer cell, a salivary duct carcimoma cell, a non-small cell fung
cancer cell, a pancreatic cancer cell, or a colon cancer cell. In some embodiments, the cancer
10 cell is a breast cancer cell or gastric cancer cell.
13608] In some embodiments of the tmmune celis of the disclosure, the HLA-AY(2 non-
target antigen is expressed by healthy cells of a subject. In some embodiments, healthy celis
of the subject express both the target antigen and the HLA-A*(2 nov-target antigen. In some

embodiments, the activator receptor and the inhibitory receptor together specifically activate

[
v

the immune cell in the presence of the cancer cell.

0009 o some embodiments of the imuaune colls of the disclosure, the invnune celiisa T

cell. Tn some embodiments, the T cell 19 a CD8+ CD4- T cell.

13618} In some embodiments of the immune celis of the disclosure, the HER? antigen

comprises a sequence or subsequence at least 95% wlentical to a sequence or subsequence of

23 any one of SEQ 1D NOs: 2-29.
[6011] In some embodiments of the immune cells of the disclosure, the activator receptor is a
T cell receptor (TCR) or a chimeric antigen receptor (CAR). In some embodiments, the
extracellular ligand binding domain of the activator receptor comprises an antibody fragment,
asingle chain Fv antibody fragment {scFv}, a § chain variable domain (VP), ora TCR a

25 chain vanable domain and a TCR P chain variable domain. I some embodiments, the
extraceliular ligand binding domain of the activator receptor comprises a beavy chain
variable (VH) region and a light chain vanable (VL) region. In some embodiments, the VH
and VL regions comprise complement deternuning regions ({CDRs) selected from the group
congisting of SEQ ID NOS: 30-42. In some embodiments, the VH region comprises one or

30 more CDR sequences selected from the group consisting of GFNIKDTYTH (SEQ ID NGO

36}, ARIYPTNGYTRYADSVKG (SEQ ID NO: 38}, and SRWGGDGFYAMDIY/V] (SEQ

I3 NO: 40) or (SEQ 1D NO: 41); and the VL region comprises one or more UDR sequences

selected from the group consisting of RASQDVNTAVA (SEQ 1D NO: 30), SASFLY (SEQ

ID NG 32), and QQHY TTPP (SEQ 1D NG: 34}, In some embodiments, the VH region
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comprises one or more CDR sequences selected from the group consisting of NYGMN (SEQ
1D NG 37), WINTSTGESTFADDFKG (SEQ 13 NO: 39) and WEVYHGYVPY (SEQ ID
NG: 42); and the VL region comprises one or more CDR sequences selected from the group
consisting of KASQDVYNAVA (SEQ ID NG: 31), SASSRYT (SEQ ID NG 33), and
QOHFRTPFT (SEG 1D NG: 35). In some enbodiments, the VH region comprises COR
sequences of GFNIKDTYIH (SEQ ID NO: 36), ARIYPTNGYTRY ADSVEG (SEQ ID NO:
38), and SRWGGDGFYAMD{Y/V] (SEQ ID NO: 40) or (SEQ 1D NO: 41); and the VL
region comprises CDR sequences of RASQDVNTAVA (SEQ ID NO: 30), SASFLY {SEQ
1D NG: 32) and QUHYTTPP (SEQ 1D NG: 34}, In some embodiments, the VH region
comprises CDR sequences of NYGMN (SEQ ID NG: 37), WINTSTGESTFADDFKG (SEQ
ID NG: 39 and WEVYHGYVPY (SEQ ID NQ: 423, and the VL region comprises CDR
sequences of KASQDVYNAVA (SEQ 1D NO: 31), SASSRYT (SEQ 1D NO: 33), and
QOHFRTPFT (SEQ ID NO: 35). In some embodiments, the VH region comprises CDR
sequences of DTYH (SEQ ID NO: 313), REYPTNGYTRYADSVKG (SEQ 1D NO: 314},
and WGGDGFYAMDY (SEQ ID NO: 315}, and the VL region comprises CDR sequences of
RASQDVNTAVA (SEQ ID NO: 30), SASFLYS (SEQ ID NO: 311), QQHYTTPPT (SEQ
B NO: 312y, and DTYHH (SEQ 1D NO: 313). In some embodiments, the scfv comprises a
sequence having at least 85%, at least 90%, at least 95%, at least 97%, at least 99% wdentity
or ig identical to a sequence selected from the group consisting of SEQ 1D NOS: 51, 53, 55,
57.59 and 61,

6012} In some embodiments of the immune cells of the disclosure, the CAR comprises a
hinge sequence isolated or derived from CD8, CD28, IaGl, or IgG4, or a synthetic hinge. In
some emboduments, the CAR comprises a transmembrane domain isolated or derived from
D8 or CD28. In some embodiments, the CAR comprises an intracelivlar domain isolated or
derived from CD28, 4-1BB or CD3z, or a combination thereof,

[6013] In some embodiments of the tomune cells of the disclosure, the indubitory receptor
comprises a TCR or CAR. In some embodiments, the extracellular ligand binding domam of
the inhibitory receptor comprises an antibody fragment, a single chain Fv antibody fragment
{scFv}), a § chain variable domain (VB), or a TCR ¢ chain variable domain and a TCR P chain
variable domaim. In some embodiments, the extracellular ligand binding domain of the
inhibitory receptor comprises a heavy chain variable (VH) region and a light chain variable
(VL) region. In some embodiments, the VH and VL regions comprise CDRs selected from
the group consisting of SEQ 1D NOS: 87-102. In some emobodiments, the VH region
comprises one or more CDRs selected from the group consisting of ASGYTFTSYHIH (SEQ
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D NG: 95), WIYPGNVNTEYNEKFKGK (SEQ ID NG: 98) and EEITYAMDY (SEQ ID
NO: 101}, and the VL region comprises one or more CDRs selected from the group
consisting of RSSQSIVHSNGNTYLE (SEQ ID NO: 87), KVSNRFSGVPIDVAIR (SEQ ID
NG:90) OR {(SEQ ID NG: 91), and FQGSHVPRT (SEQ ID NG: 92). In some embodiments,
the VH region comprises one or more CDRs selected from the group consisting of
SGYTFTSYHMH (SEQ ID NO: 97, WIYPGDGSTQYNEKFEG (SEQ ID NG: 100) and
EGTYYAMDY (SEQ ID NO: 102); and the VL region comprises one or more CDRs
selected from the group consisting of RSSQSIVHSNGNTYLD (SEQ ID NO: 89),
KVSNRFSGVPID/AIR (SEQ ID NO: 90) OR (SEQ ID NO: 91) and MOGSHYPRT (SEQ
T2 NO: 94). In some embodiments, the scFv comprises a sequence having at least 85%, at
least 90%, at least 95%, at least 97%, at least 99% identity or 15 1dentical to a sequence
selected from the group consisting of SEQ D NOS: 63-74, 207, 209 and 211, in some
embodunents, the VH region coraprises CDR sequences of SYHEH (SEQ D NO: 566),
WIYPGNVYNTEYNEKFKG (SEQ IDNG: 5367}, and EEITYAMDY (SEQ ID NQ: 101}, and
the VL region comprises CDR sequences of RESQSIVHSNGNTYLE (SEQ ID NO: 87},
KVENRFS (SEQ D NG: 565), and FQGSHVPRT (SEQ ID NG: 92},

{0814} In some embodiments of the immune cells of the disclosure, the whibitory receptor
comprises a LILRBI intracellular domain or a functional variant thereof. In some
embodiments, the inhibitory receptor comprises LILRBI hinge and transmembrane domains,
or functional variants thereof. In some embodiments, the mhibitory receptor comprises a
sequence having at least 85%, at least 90%, at least 95%, at least 97%, at least 99% identity
or is identical to

YGSOSSKPY LLTHPSDPLELVVSGPSGGPSSPTTGPTSTSGPEDQPLTPTGSDPQSGLG
RHLGVVIGILVAVILLLLLLLLEFLILRHRRQGKHWTSTORKADFQHPAGAVGPEPTD
RGLOWRSSPAADAGEENLY AAVKHTQPEDGVEMDTRSPHDEDPQAVTYAEVKHSR
PRREMASPPSPLSGEFLDTKDROAEEDROMDTEAAASEAPQDVTYAQLHSLTLRREA
TEPPPSQEGPSPAVPSIYATLATH (SEQ ID NQO: 254).

{8015 The disclosure provides a pharmaceatical composition, comprising a therapeotically
cffective amount of the immune cells of the disclosure. In some embodiments, the
pharmmaceutical composition further comprises a pharmaceutically acceptable carrier, difuent
or excipient.

13816] The disclosure provides a pharmaceutical composition comprising the tamune cells

of the disclosure, for use as a medicament in the treatment of cancer,
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[6017] The disclosure provides a polynucleotide svstem, comprising one or more
polynucleotides comprising polynucleotide sequences encoding: (a} an activator receptor
comprising an extracellular igand binding domain specific to an erb-b2 receptor tyrosine

kinase 2 (HER2) antigen; and (b} an inhibitory receptor comprising an extracellolar ligand

(4

binding domain specific to a non-target antigen that is not expressed by the cancer coll due to
a loss of heterozyegosity in the cancer cell.

[6018] The disclosure provides a vector, comprising the polynucleotide system of the
disclosure.

(8819} The disclosure provides a method of treating a HER2+ cancer in a subject identified
10 as having or suspected of having a loss of heterozygosity at an allele encoding a non-target
antigen 1 the HERZ+ cancer, comprising adnunistering to the sabject the immaune cells or
phamaceutical composition of the disclosure.

16628} The disclosure provides a method of making an imvmune cell therapy, comprising

transforming immune cells with the polynucleotide system or vector of the disclosure.

o,
v

[6¢21] The disclosure provides a kit comprising the immune cells or pharmaceutical
compositions of the disclosure. In some embodiments, the kit further comprises instructions
for use.
[3622] The disclosure also provides a method of selectively killing HER2-positive tumeor
cells having loss of heterozygosity at an alicle encoding a non-target antigen in the HER2-
2 positive cancer, comprising contacting the HER2-positive tumor cells with a composition or
an immeone cell the tumor cell is in a mixed colture. In some embodiments, the non-target
antigen is selected from the group consisting of HLA-A*02, HEA-A*0O1, HLA-A*03, HLA-
A¥L BLA-B*07, and HLA-C*07.
[3623] The disclosure also provides an immune cell comprising (a) an activator receptor
25 comprising an extracellular ligand binding domain specific to an erb-b2 receptor tyrosine
kinase 2 (HER2) antigen, wherein the extracellular igand binding domain of the activator
receptor compnises (1) a VH region comprising DR sequences of DTYTH (SEQ ID NO:
313), RIYPINGYTRYADSVKG (SEQ 1D NO: 314), and WGGDGFY AMDYV (SEQ 1D NO:
315); and (it} 2 VL region comprising CDR sequences of RASQDVNTAVA (SEQ ID NG
30 30) | SASFLYS (SEQIDNO: 31, QOHYTTPPT (SEQ ID NG: 312), and DTYIH (SEQ
ID NG: 313) region and a light chain vanable (VL) region.; and (b) an inhibitory receptor
comprising an extracellolar Hgand binding domain specific to a non-target antigen that is not
expressed by the cancer cell due to a loss of heterozvgosity in the cancer cell, wherein the
extracellular igand binding domain of the inhibitory receptor comprises (i) a heavy chain
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variable (VH) region comprising UDR sequencs of SYHIH (SEQ 1D NO: 566),
WIYPGNVNTEYNEKFKG (SEQ 1D NG: 567}, and EEITYAMDY (SEQ 1D NO: 101); and
(11} a light chain vanable (VL) region comprising of RSSQSIVHSNGNTYLE (SEQID NG
87), KVSNRFS (SEQ ID NG: 565), and FQGSHVPRT (SEQ 1D NO: 92).

13024} The disclosure also provides an tmanune cell comprising (&) an activator receptor
comprising an extracellular ligand binding domain specific to an erb-b2 receptor tyrosine
kinase 2 (HERZ) antigen, wherein the extracellular igand binding domain of the activator
receptor is an seFyv comprising the sequence of SEQ ID NO: 51; and (b) an inhibitory
receptor comprising an oxiracellular igand binding domain specific to a non-target antigen
that is not expressed by the cancer cell due to a loss of heterozygosity in the cancer cell,
wherein the extracelular ligand binding domain of the inlubitory receptor is an scFv
comprising the sequence of SEQ ID NG: 209

16625} The disclosure also provides a method of treating a HER2+ cancer in a subject
identified as having or suspected of having loss of heterozygosity at an allele encoding HLA-
A*02, comprising administering to the subject an immune cell comprising {a) an activator
receptor comprising an extraceltular igand binding domain specific to an erb-b2 receptor
tyrosine kinase 2 (HERZ) antigen, wheremn the extracellular igand binding domain of the
activator recepior comprises (i} a VH region comprnsing CDR sequences of DTYH (SEQ ID
NG 313), RIYPINGYTRYADSVKG (SEQ 1D NO: 314), and WGGDGFYAMDY {(SEQ ID
NO: 315); and (1) a VL region comprising CDR sequences of RASQDVNTAVA (SEQID
NO: 30}, SASFLYS (SEQID NO: 311}, QOHYTTPPT (SEQ IDNO: 312y, and DTYIH
(SEQ ID NG: 313) region and a light chain vartable (VL) region; and (b} an inhibitory
receptor coraprising an oxtracellular igand binding domain specific to a non-target antigen
that 1s not expressed by the cancer cell due to a loss of heterozygosity in the cancer cell,
wherein the extracellular higand binding domain of the inhibitory receptor comprises (i} a
heavy chain variable (VH) region comprising CDR sequencs of SYHIH (SEQ 1D NO: 566),
WIYPGNVNTEYNEKFKG (SEQ 1D NO: 567}, and EEITYAMDY (SEQ ID NG: 101); and
(i1} a light chain varable (VL) region comprising of RESQSIVHSNGNTYLE (SEQ ID NG:
87y, KVSNRFS (SEQ 1D NO: 3653, and FOGSHVPRT (SEQ ID NO: 92).

[03826] The disclosure also provides a method of treating a HERZ+ cancer in a subject
identified as having or suspected of having loss of heterozygosity at an allele encoding HLA-
A*02, comprising administering to the subject an immune cell comprising {(a} an activator
receptor comprising an extraceliular ligand binding domain specific to an crb-b2 receptor

tyrosine kinase 2 {HERZ2) antigen, wherein the extracellular Higand binding domain of the
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activator receptor 1s an scFv comprising the sequence of SEQ ID NG: 51; and (by an
inhubitory receptor comprising an extracellular ligand binding domam specific to a non-target
antigen that 1s not expressed by the cancer cell due to a loss of heterozygosity 1 the cancer
cell, wherein the extracellular ligand binding domain of the inlubitory receptor is an scFv
comprising the sequence of SEG 1D NG: 209

6027} The disclosure also provides a method of selectively killing HERZ-positive tumor
cells having loss of heterozygosity at an allele encoding HLA-A¥02, comprising contacting
the HER Z-positive tumor celis with an immune ccll comprising (a) an activator receptor
comprising an extracellular igand binding domain specific to an erb-b2 receptor tyrosine
kinase 2 (HERZ} antigen, wherein the extracellular higand binding domain of the activator
receptor comprises (i) a VH region comprising CDR sequences of DTYIH (SEQ ID NO:
313), RIYPINGYTRYADSVKG (SEQ 1D NG 314), and WGGDGFYAMDY (SEQ ID NO:
315); and (11} a VL region comprising CDR sequences of RASQDVNTAVA (SEQ ID NG,
30), SASFLYS (SEQ ID NO: 311). QOHYTTPPT (SEQ ID NO: 312), and DTYTH (SEQ ID
NO: 313) region and a light chain vanable (VL) region.; and (b) an inhibitory receptor
comprising an extracellular ligand binding domain spectfic to a non-target antigen that is not
expressed by the cancer cell due to a loss of heterozvgosity m the cancer ecll, wherein the
extracellolar ligand binding domain of the inhibitory receptor comprises (i) a heavy chain
variable (VH) region comprising CDR sequencs of SYHIH (SEQ ID NO: 566),
WIYPGNVNTEYNEKFKG (SEQ 1D NQ: 567}, and EEITYAMDY (SEQ ID NG: 101); and
(i1} a light chain variable (VL) region comprising of RESQSIVHSNGNTYLE (SEQ 1D NO:
873, KVSNRFS (SEQ 1D NO: 56%), and FOGSHVPRT (SEQ ID NO: 92).

(0028} The disclosure also provides a method of selectively killing HER2~pasitive tumor
cells having loss of heterozygosity at an allele encoding HLA-A*02, comprising contacting
the HER2-positive tomor cells with an immunse cell comprising an immune cell comprising
(a} an activator receptor comprising an extracellular ligand binding domain specific to an erb-
b2 receptor tyrosine kinase 2 (HER2) antigen, wherein the extracellular ligand binding
domain of the activator receptor is an scFv comprising the sequence of SEQ ID N(O: 51; and
(b} an inhibitory receptor comprising an extraccliular ligand binding domain specific to a
non-target antigen that is not expressed by the cancer cell due to a loss of heterozygosity in
the cancer cell, wherein the extracellolar ligand binding domain of the mhibitory receptor is

an scFv comprising the sequence of SEQ 1D NG: 209,
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BRIEF DESCRIPTION OF THE DRAWIRNGS
[6029] A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets torth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[6630] FIG. 1 1s a table companng the activity of different chimeric antigen receptors with
that target HERZ. FRPS* and 4D5* each have a single ammino acid change in the VH domain
compared to FRPS and 405, respectively. IsG4 (EQ) has a motated CH2 region to avoid Fe
receptor binding. Linker sequence: GGGSSGGGSG (SEQ ID NG 1),
[0831] FIG. 2A 13 a plot showing HERZ activator EC50 1n Jurkat cells, as measured by
antigen titration on a solid substrate. HERZ CARZ showed no activity.
16632] FIG. 2B is a plot showing HERZ activator EC50 in hurkat cells, as measured by
HCT.116 target cell number titration. HER2 CAR2 and HER2 CAR3 showed no activity.
[8033] FIG. 20 as aplot and a table showing HER2 activator EC50 in Jurkat cells, as
measured by titration of target HER2 mRNA. HER2 CAR2 (C297) showed no activity with
antigen titration on a solid substrate (FIG. 2A) or target cell number titration (FIG. 2B) and
was further engiveered with different hinges (CT1094, CT10935).
16834} FIC. 3 is a pair of plots showing that activation of Jarkat cells that co-express an
HLA-A*(2 specific mhibiiory receptor (HLA-A*02 Blocker) with the HER2 (CT292) CARI
activator is blocked by target cells that express higands for both the activator and blocker
receptors. Target A: activator ligand (HERZ); Target B mhibitor ligand (HLA-A*Q2); left
panci shows HCT 116 target cells; right panel: Hela target cells.
[8035] FIG. 4 is a plot showing that activation of Jurkat cclls that co-cxpress an HLA-A¥(2
specific whibitory receptor (HLA-A*02 Blockery with the HER2 ({'T299) CAR1 activator is
blocked by HUT. 116 target cells that express ligands for both the activator and blocker
receptors. Target A activator hgand (HER2); Target B: inhibitor ligand (HLA-A¥G2).
6036} FIG. 515 a series of fluorescence activated cell sorting (FACS) plota showing
expression of the HERZ CART or HERZ CARA, alone or in combination with the HLA-A*02
Blocker, in Jurkat cells.
6837} FIG. 6 is a senes of FACS plots showing expression of HER2 CART (CT292) in
primary T cells, alone and in combination with HLA-A*02 blocker constructs mPA2 1
(C1765), humanized (hu) PA2 1.14 (C2162) and humanized PAZ.1.18 {(€2163). HERZ CAR1

and PA2.1 HLA-A*0Z blockers can be expressed and enriched 1 primary T cells.
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6038} FIG. 7 is a series of plots and images showing that HER2 CAR1 (CT292) mediated
primary T cell killing of Hel.a target cells is mhibited when the T cells express an HLA-A*02
wthibitory receptors {(as mdicated), and the Hel.a target cclis co~express the HER2 activator
ligand and HLA-A*02 blocker target ligand at a 1:40 ratio. Target A activator ligand
(HERZ), Target B: inhibitor ligand (HLA-A*02); hu: humanized: SW. selectivity window.
Images were taken at 40 hours, and show Helaa cells expression of activator (left image in
cach panel), or a combination of activator and inhubitor ligands (right panel in each image).
Effector and target cells were at a ratio of 111,

[0039] FIG. 8 is a series of plots and images showing that HER2 CAR1 (U'T292) mediated
primary T cell killing of HCT. 116 target cells 13 inlubited when the T cells express an HLA-
A¥02 mhibitory receptors (as indicated), and the HCT. 116 target cells co-express the HER2
activator ligand and HELA-A*02 blocker target ligand at a 1:4 ratio. Target A: activator ligand
(HER2): Target B: mhibitor ligand (HLA-A*02); hu: humanized; SW: selectivity window.
Images were taken at 40 hours, and show HCT. 116 cells expression of activator (feft image in
cach panel), or a combination of activator and inhubitor ligands (right panel in cach image).
Effector and target cells were at a ratio of 111,

[03046] FIG. 9 18 a sertes of plots showing that inhibition of primary T cell activation by the
HER2 CART (C1292) by HLA-A*02 mhibifory receptors is reversible. Activation of primary
T cells was assayed using HCT 116 target cells. Target AB: HCT 116 cells expressing both
activator (HER2) and intubitor (HLA-A*(2) hgands; Target A: HCT 116 cells expressing
HERZ; RD: round; E:T stands for Effector: Target. Primary T cells that expressed only the
HERZ CAR, and not the HLA-A*2 inhibitory receptor were exhausted by Round 3, while
Primary T cells that expressed both the HER2 CAR and the HLA-A*02 nlubttory receptor
were not.

13041 FIG. 19 is a diagram showing an experiment assaying the ability of primary T cells
expressing the HER2 CAR and HLA-A*02 inhubitory receptor to kil target cells m a mouse
xenograft model of a HER2 positive cancer that has lost expression of HLA-A*02,

6042} FIG. 11 is a pair of plots showing that primary T cells expressing the HER2 CAR and
HLA-A*0Z inhibitory receptor selectively kill tumor colls, and not normal cells, 1n a mouse
xenograft model of a HERZ positive cancer that has lost expression of HLA-A¥02,

13043] FIG. 12 is a series of FACS plots showing the expression of activator and inhibitor
ligands by HeLa, HCT. 116 and MS751 target celis. Cell surface antigens were guantified
using the Agilent GIFI Ku.
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[6044] FIG. 13 15 a table summarizing the antigen density, and ratio of activator to blocker
antigen, on Heba, HCT 116 and MS751 target cells. Cell surface antigens were guantified
using the Agilent QIFI Kit,

[3845] FIG. 14 is a senes of plots showing sensitivity of ning receptor pairs comprising
scFvs CT292 (left colunwy), CT299 {middle column), or UT1094 (right coluron) paired with
no modules {CAR only}, murine blocker {C1765}), humanized blocker 1 {C2162), or
humanized blocker 2 (C2163). Activator {top row) and blocker (bottom row}.

[8046] FIG. 1S is a sertes of plots showing killing of Hela target cells by primary T cells
transduced with 6 candidates of activator-blocker pairs at 1.1 E.'T ratio. The activator-blocker
pairs compnse seFvs of {1292 (left column}, CT299 (muddle column), or CTH094; right
columm) with blockers in murine form (C1763; top row} or homanized form (C2162; bottom
row).

(6647} FIG. 16 is a pair of plots showing cell killing of tumor (solid cireles) or normal
{hollow circles) A375 target cells by CT1118 or CT1121 constructs. This analysis was
condacted in two HEA-A*02- T cell donors (left vs right).

[0048] FIG. 17 15 a pair of plots showing cell killing of Hela target cells (feft panel} or A375
target cells {right panct) by primary T cell transfected with HER2 CART (CT292) and
CARMuman blocker (CT21623 at 1:1 E:T ratio.

16049 FIG. 18 is a pair of plots showing cell killing of HERZ+HLA-A*02- Hela target
cells (left panel} or normal HelLa target cells (right panel} by primary T cells transfected with
HERZ CARLI or CT2162 in three 48-hour rounds of tumor rechallenge on at 11 E:T ratio.
G036} FIG. 19 is a series of plots showing reversibility of the ability of HER2 CARI and
CT2162 to kil tmor {target A; HER2+/HLA-A*(2-) or normal (target AB; HERZHHLA-
A*(2+) HeLla cells 1n 48-hour rounds at 1:1 E:T ratio. Arrows indicate the sequence of
exposure: tumor ~2 nommal ~¥ tumor (top pancl) vs normal - top ~2» nommal (bottom panel).
[6031] FIG. 20 s a seres of images showing reversibility of the ability of untransduced T
cells (UTD), HER2 CARI T cells, or CT2162 cells to kill HERZHHLA-A*02- Hela cells
{“Twmor™} or HERZ2H/HLA-A*02+ HeLa cells ("Normal™) at 1:1 E!T ratio. Images of the
target cells at t = 48hrs are shown for cach sequence 1.¢. loft pancl: tumor > normal — tumor
vs right panel: normal = tumor -» normal. Scale bar = 30 um.

13052] FIG. 21 is a plot showing selective killing of tumor {farget A solid circles} and
normal {target AB; hollow circles) Hela target cells by HER2 CARI and CT2162 cellsat a

1:1 ratio over three rounds of 48-hours,
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[B033] FIG. 22 15 a series of tmages showing selective killing of tumor but not normal Hela

target cells in a mixed culture after 20 hours of coculture with untransduced (UTD; left),

[3054] FIG. 23 is a senes of images showing selective killing of tumor but not nosmal Hela
target cells in a rechallenge (i.¢. round 2) of mixed culture after 24 hours of coculture with
undransduced (UTD: lefty, CT292 (middie), or CT118 {right) cells.

6033} FIG. 24 shows a Quant Plot of HER2 and HLA-AZ2 expression in normal, tumors
{assuming LOH of HLA-A2), and cell lines {stars). The EC50 and IC50 of CT1118 are
marked by dashed lines. Lighter dashed lines show the range of measured EC30 and 1C50s.
A375, the cell hne used in the in vivo study described n Example 12, has HER2 and HLA-
AZ expression similar to the ECS0 and IC50 of HER2 CT1118, respectively.

16056] FIG. 25 shows tumor volume in mice bearing tumor {(left panel) and nommal (right
panel} A375 xenografts after treatment with Untransduced ("UTD™) cells, €1292 cells, and
CT1118 celis.

8057} FIGs. 26A-26C show Jurkat NFAT luciferase (INL} cell inhibition with CT292
paired with cither a HLA-A*03 blocker, a HLA-A* 1] blocker, or a HLA-B*07 blocker
measured m an mRNA titration assay.

[3658] FIG. 27 shows titrated HLA-A*11:01 or HLA-B*07:02 proten on the surface of
Hela cells upon mRNA transfection. Helaa celis were transfected with 2x serally-diluted
mBNA encoding either FLAG-tagged HLA-A*11:01 or FLAG-agged HLA-B*07:02 with
top dose of 2000 ng per 200,000 HelLa cells. The botiom panel containg 0 ng mRNA.

DETAILED DESCRIPTION
[3652] The present disclosure describes engineered receptors, such as chimeric antigen
receptors {CARs) and cnginecered T cell receptors (TCRs), adoptive cell therapies, and
methods of use thereof. The engineered receptors can target the HER? antigen and activate
immune celis genetically altered to express the HER? targeting receptor. Immune cells
expressing the HERZ targeting activator receptors can be used m compositions as part of cell
adoptive therapies i the treatment, for example, of cancers that are HER2 positive. The
immune cells expressing the HER? targeting activator receptors are also contemplated to
turther comprise a sccond inhibitory receptor. The sccond inhibitory receptor can provent or
inhibit the activation of an immune cell mediated by the activator receptor. For example, an
immune celi expressing an activator receptor targeting HERZ and an mhibitory receptor that

specifically binds a separate antigen, e.g. an MHC Class T antigen, will be activated in the
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presence of a cell expressing HERZ, but will not be activated in the presence of a cell
expressing both HERZ and the HLA Class | antigen that is the target of the mhibitory
receptor. Selective activation and inhibition of the immune cell expressing both an activating
and inhibitory receptors is useful for reducing toxicity in adoptive cell therapies. The
nventors have found that this strategy can be employed using the HER2-targeting activator
receptors and juhibitory receptors described herein. Both activating and inhibitory receptors
can be, for example, chimenc antigen receptors {CARs) or T cell receptors (TCRs).

6066} The term “chimernic antigen receptors” or “CARSs” as used herein, may refer to
artificial T-celi receptors, chimeric T-cell receptors, or chimerie immumnorcceptors, for
example, and encompass enginecred receptors that graft an artificial specificity onto a
particular immune effector cell, such as ahelper T cell (CD4+), oyiotoxic T cell (CD&+) or
NK cell. CARs may be employed to impart the specificity of a2 monoclonal antibody onto a T
cell, thereby allowing a large number of specific T cells to be generated, for example, for use
in adoptive cell therapy. In specific embodiments, CARs direct specificity of the celf to a
tumor associated antigen such as a HERZ antigen. In some embodiments, CARs comprise an
untraceltular signaling domain, a transmembrane domain, and an extracellular domain
comprising an antigen-binding region. In some embodmments, CARs comprise fusions of
single-chain variable fragments (scFvs) or scFabs dertved from monoclonal antibodies, fused
to a transmembrane domain and ntraceliular signaling domamn{s). The fusion may also
comprise 3 hinge. Either heavy-light (H-L} and light-heavy (1-H) scFvs may be used. The
specificity of CAR designs may be derived from ligands of receptors {e.g., peptides).
Depending on the type of intracellular domain, a CAR can be an activator receptor or an
inhubitory receptor. In some cubodiments, for example when the CAR 1s an activator
receptor, the CAR comprises domaing for additional co-stimulatory signaling, such as CD3,
FeR, CD27, D28, CD137, DAPI0, and/or 0X40. In some embodiments, molecules can be
co~expressed with the CAR, meluding co-stimulatory molecules, reporter gencs for tmaging
{c.g., for positron emission tomographv), gene products that conditionally ablate the T cells
upon addition of a pro-drag, homing receptors, cytokines, and cytokine recepiors. As used
herein, characteristics attributed to a chimeric antigen receptor may be understood to refer to
the receptor itself or to a host cell comprising the receptor.

16861} As used herein, a “TCR”, sometimes also called a “TCR complex” or “TCR/CD3
complex” refers to a protein complex comprising a TCR alpha chain, a TCR beta chain, and
one or more of the nvariant CD3 chains (zeta, gamma, delta and epsilon), sometimes referred

to as subumts. The TCR alpha and beta chains can be disulfide-hinked to function as a
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heterodimer to bind {o peptide-MHC complexes. Once the TCR alpha/beta heterodimer
engages peptide-MHC, conformational changes in the TCR complex in the associated
invariant CD3 subunits are induced, which leads to their phosphorylation and association
with downstream proteins, thereby transducing a primary stimulatory signal. In an exemplary
TCR complex, the TCR alpha and TCR beta polypeptides fom a heterodimer, CD3 epsilon
and CD3 delta form a beterodimer, CD3 epsilon and D3 gavwna for a heterodimer, and two
D3 zeta form a homodimer.

[8062] The term “stimudation” refers to a primary response induced by binding of a
stirnulatory domain or stimulatory molecule (e.g.. a TCR/CH3 complex) with s cognate
ligand therchy mediating a signal transduction event, such as, but not Hmited to, signal
transduction via the TCR/CD3 complex. Stimulation can mediate altered expression of
certain molecules, and/or reorganization of cyvtoskeletal structures. and the like.

16663} The term “stimulatory molecule” or “stimulatory domain” refors to a molecule or
portion thereof that, when natively expressed by a T-cell, provides the primary cvioplasmic
signaling sequence(s) that regulate activation of the TCR complex in a stimulatory way for at
least some aspect of the T-cell signaling pathway. TCR alpha and/or TCR beta chains of wild
type TCR complexes do not contain stimulatory domains and require association with CD3
subunits such as CD3 zeta to mitiate signabing. In one aspect, the primary stimulatory signal
is initiated by, for instance, binding of a TCR/CD3 complex with an a major
histocompatibility complex (MHC) bound to peptide, and which leads to mediation of a T-
cell response, inclading, but not limited to, proliferation, activation, differentiation, and the
like. One or more stimudatory domains, as described herein, can be fused to the intracellular
portion of any one or reore subunits of the TCR comnplex, including TCR alpha, TCR beta,
D3 delta, CD3 gamma and CD3 epsilon.

13064] As used herein, a “domain capable of providing a stunulatory signal™ refers to any
domain that, cither directly or indirectly, can provide a stimulatory signal that enhances or
increases the effectiveness of signaling mediated by the TCR complex to enhance at least
some aspect of T-cell signaling. The domain capable of providing a stimulatory signal can
provide this signal directly, for example with the domain capable of providing the stimulatory
signal 1s a primary stimulatory domain or co-stimulatory domain. Altematively, orin
addition, the domain capable of providing the stimulatory signal can act indirectly. For
example, the domain can be a scaffold that recruits stimulatory proteins to the TCR, or
provide an cnzymatic activity, such as kinase activity, that acts through downstream targets to
provide a stimdatory signal.

13
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[80658] As used herein, a “domain capable of providing an inhibitory signal” refors to any
domain that, either directly or indirectly, can provide an inhibitory signal that mlubits or
decreases the effectiveness signaling mediated by the TCR complex. The domain capable of
providing an inhibitory signal can reduce, or block, totally or partially, at least some aspect of
T-cell signaling or function. The domain capable of providing an mhibitory signal can
provide this signal directly, for example with the domain capable of providing the whibitory
signal provides a primary inhubitory signal. Alternatively, or in addition, the domain capable
of providing the stimulatory signal can act indirectly. For example, the domain can recruit
additional inhibitory proteins to the TCR, or can provide an enzymatic activity that acts
through downstream targets to provide an inhibitory signal.

103066] Ranges: throughout this disclosure, various aspects of the mvention can be presented
in a range format. k should be understood that the description in range format is merely for
convenicnce and brevity and should vot be construed as an inflexsble lunttation on the scope
of the invention. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to 6 should be considered to
have specifically disclosed sabranges such as trom 110 3, from L to 4, from 110§, from 210
4, from 2 1o 6, from 3 {o 6 ete., as well as individeal numbers within that range, for example,
1,2,27,3,4,5, 53, and 6. As another oxample, a range such as 95-99% identity, includes
something with 95%, 96%, 97%, 98% or 999 identity, and includes subranges such as 96-
3%, 96-98%, 96-97%, 97-95%, 97-98% and 98-99% identity. This applies regardless of the
breadth of the range.

[8067] Yo general, “sequence identity” or “sequence homology” refers to an exact sucleotide-
to-nucleotide or amine acid-to-amino acid correspondence of two polynucleotides or
polypeptide sequences, respectively. Typically, techrniques for determining sequence wlentity
include deternuning the nucleotide sequence of a polynucleotide and/or determaiung the
amino acid sequence encoded thereby and comparing these sequences 1o a second nuclootide
or aming acid sequence. Two or more sequences (polvnuclestide or amino acid} can be
compared by determining their “percent identity.” The percent identity of two sequences,
whether nucleic acid or amino acid sequences, is the number of exact matches between two
aligned sequences divided by the length of the shorier sequences and multiphed by 100
Percent identity may also be determined, for example, by comparing sequence mformation
using the advanced BLAST computer program, including version 2.2.9, available from the

National Institutes of Health. The BLAST program is based on the alignment method of
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Karlin and Altschul, Proc. Natl. Acad. Sci. USA 87.2264-2268 (1990) and as discussed in
Altschul, et al, J. Mol. Biol. 215:403-410 (1990); Karlin And Altschul, Proc. Natl. Acad. Sct.
USA 90:5873-5877 {1993); and Alischul et al., Nucleic Acids Res. 25:3389-3402 (1997},
Briefly, the BLAST program defines identity as the number of identical aligned symbols
{generally nucleotides or amino acids), divided by the total number of symbols in the shorter
of the two sequences. The program may be used to determine percent identity over the entire
length of the proteins being compared. Default parameters are provided to optimize scarches
with short query sequences in, for example, with the blastp program. Ranges of desired
degrees of sequence identity are approximately 80% to 100% and intoger valucs
therebetween. Typically, the percent identities between a disclosed sequence and a clammed
seqaence are at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%.

13068] As used herein, a “subsequence” refers to a length of contiguous aming acids or
nucleotides that form a part of a sequence described herein, A subsequence may be identical
to a part of a full length sequence when aligned to the full length sequence, or less than 100%
identical to the part of the full length sequence to which it aligns (e.g., 90% identical to 56%
of the full sequence, or the like).

0069 The term “exogenous” 1s used herein to refer to any molecule, including nucleic acids,
protein or peptides, small molecular compounds, and the like that originate from outside the
organism. In contrast, the term “endogenous” refers to any molecule that originates from
inside the organism (.., naturally produced by the orgamism}.

(8073 A polymucleotide is "operably hinked" to another polynuciestide when it 1s placed into
a functional relationship with the other polynucieotide. For example, a promoter or enhancer
is operably hnked to a coding scquence it 1t affocts the transcription of the sequence. A
peptide 1s "operably linked" to ancther peptide when the polynucleotides encoding them are
operably linked, preferably they are in the same open reading frame.

66711 A “promoter” is a sequence of DNA needed to tum a gene on or off. Promoters are
located immediately upstream and/or overapping the transcription start site, and are usually
between about one hundred to several hundred base pairs in fength.

(84721 All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if cach mdividual publication or patent was specifically and individually
ndicated to be incorporated by reference. In case of conflict, the present application,
including any definitions hercin, will control. However, mention of any reference, article,

publication, patent, patent publication, and patent application cited hercin is not, and should
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not be taken as an acknowledgment, or any form of suggestion, that they constitute valid
prior art or form part of the common general knowledge 1o any country in the world.

[G073] To the present description, any conceniralion range, percentage range, ralio tange, or
integer range is to be understood to include the value of any integer within the recited range
and, when appropriate, fractions thereot {such as one tenth and one hundredth of an integer),
undess otherwise indicated. The term “abouwt”, when immediately preceding a nuwmber or

numeral, means that the number or numeral ranges plus or minus 10%.

Antigens

[3874] The activator receptors disclosed can specifically bind to an erb-b2 receptor tyrosine
kinase 2 (HER2) antigen. The HERZ antigen, also known as New, ErbBZ, and other aliases, is
a receptor tyrosine kinase that, upon activation, forms homo- or heterodimers with other
ErbB family members to promote intracellular signaling resulting in survival signals and
proliforation. HERZ is overexpressed or has differential expression of splice variants and
isoforms that contribute to the mechanisms driving various cancers, such as breast, lung, and
other cancers.

6875} In some embodiments, the target antigen is a peptide antigen of HER2 in a complex
with a major histocompatibility class I complex (MHC 1) or magor histocompatibility class H
complex (MHC ). In some embodiments, the HER2 peptide bound to MHC T comprises
KIFGSLAFL (SEQ ID NO: 309). In some embodiments, the HER2 peptide bound to MHC I
coraprises GSPY VSRLLUGICL (SEQ ID NG: 310). In some embodiments, the HER2 antigen
comprises a sequence or subsequence at least 80%, at least 85%, at least 90%, at least 953%, at
least 97%, at least 99% or is identical to a sequence or a subsequence of any one of SEQ ID
N(s: 2-29. However, all HER? isoforms, and sequences and subsequences thereof that act as
HER?2 antigens are envisaged as within the scope of the disclosure, In some embodunents, A
HER?2 antigen comprises a protein comprising a sequence any one of SEQ ID NOS: 2-29, or
a peptide fragment of any one of SEQ ID NOS: 2-29. In some embodiments, the HER2
antigen compriscs a peptide fragment of any one of SEQ 1D NOS: 2-29 1 a complex with a
major histocompatibility class T complex (MHC-I).

16876} Any cancer comprising a cancer cell that expresses a HERZ antigen is a HER2
positive (HERZ+) cancer. In some cmbodiments, the cancer cell is a breast cancer cell,
bladder cancer cell, ovarian cancer cell, gastric cancer cell, a sabivary duct carcinoma cell, a
non-small cell lung cancer cell, a pancreatic cancer cell, or a colon cancer cell. In some

cmbodiments, the cancer cell is a breast cancer cell or gastric cancer cell.
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Engineered Receptors

[8077] The disclosure provides an activator receptor and an inhibitory receptor, comprising
an extracellular region, the extraceliular region comprising a first ligand binding domain
capable of specifically binding a first ligand that activates or promotes activation of the
receptor, which promotes activation of effector cells expressing the receptor. The disclosure
further provides an mnhibitory receptor comprising a second ligand binding domain capable of
binding a second ligand, wherein binding of the second ligand by the second hgand binding
domain whibits, reduces, or prevents activation of effector cells even in the presence of the
first receptor bound fo the first ligand. The first ligand may also be referred to as activator
ligand. The second hgand may also be referred to as mhibitor higand. The activator and
inhibitory receptors that bind to these ligands may also be referred to generally herein as
engincercd receptors. Engineered receptors can refer to either chimeric antigen receptors
{CARs) and T cell receptors {TCRs) described i the disclosure. Engincered receptor may
also refer to any receptor designed using the binding domains, hinge regions, transmembrane
domains, and/or cytoplasmic domains described herein. Engincered receptors are sometimes

referred to heren as fusion proteins.

Activator Ligands

[6078] The disclosure provides a frst ligand, an activator, and a first engieered receptor
comprising the first hgand binding domain that binds to the first activator ligand. In some
crabodiments, the first engineered receptor is an activator receptor. fu some embodiments, the
activator receptor is a T cell receptor (TCR) or a chumeric antigen receptor {CAR). In some
embodiments, the first activator ligand is a HERZ antigen. In some embodiments, the HERZ
antigen comprises a sequence or subsequence that shares at least 80%, at least 85%, at least
86%, at least 879, at least 88%, at lcast 89%, at lcast 90%, at least 919, at least 92%, at least
3%, at least 949, at least 95%, at least 96%, at least 87%, at least 9896, at least 99%, or is
identical to a sequence or a subsequence of any one of SEQ 1D NOs: 2-29. An Ilustrative

HER? sequences is shown in Table 1

Table 1: Hlustraiive HER2 sequence

HER2 Sequesnce
Antigen

HER? | MELAALCRWGLLLALLPPGAASTOVCTGTDMELRLPASPETHLDMLRHL
Isoform a | YOGCOVVQGNLELTYLPTNASLSFLODIQEVQGY VLIAHNQVROVPLORL
RIVRGTQLFEDNY ALAVLDNGDPLNNTTPYVTGASPGGLRELOLRSLTEILK
GGVLIQRNPOLCYQDTILWKDIFHKNNOLALTLIDTNRSRACHPCSPMCK

i7
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HER2 Sequence
Antigen

GSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPRH

SDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACP
YNYLSTDVGSCTLVCPLHNQEVTAEDGTORCEKCSKPCARVOYGLGMEH
LREVRAVTSANIOEFAGCKKIFGSLAFLPESFDGDPASNTAPLOPEQLQVEE
TLEEITGYLYISAWPDSLPDLSVFQNLOVIRGRILHNGAYSLTLOGLGISWL
GLRSLRELGSGLALIHHNTHLCFVHTVPWDOQLFRNPHOALLHTANRPEDE
CVGEGLACHQLCARGHCWGPGPTQUVNCSOFLRGOECVEECRVLOGLPR
EYVNARHCLPCHPECGPONGSVTCFGPEADQCVACAHYKDPPFCVARCPS
GVKPDLSYMPIWK FPDEEGACQPCPINCTHSCVDLDDKGCPAEQRASPLY

SHSAVVGILLVVVLGVVEGILIKRRQOOKIRKY TMRRLLOETELVEPLTPSG
AMPNQAQMRILKETELRKVKVLGSGAFGTVYKGIWIPDGENVEIPVAIKY
LRENTSPKANKEILDEAYVMAGVGSPY VSRLLGICLTSTVOLVTOLMPYG
CLLDHVRENRGRLGSODLLNWCMOIAKGMSYLEDVRLVHRDLAARNYL

KSPNHVKITDFGLARLLDIDETEYHADGGK VPIKWMALESILRRRFTHOS
DVWSYGVTVWELMTFGAKPY DGIPAREIPDLLEKGERLPQPPICTIDVYMI
MVECWMIDSECRPRFRELVSEFSRMARDPQRFVVIQNEDLGPASPLDSTF
YRSLLEDDDMGDLVDAEEYLVPOOGFFCPDPAPGAGGMVHHRHRSSSTR
SGGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVEDGDLGMGAAKGLQSLPT
HDPSPLORYSEDPTVPLPSETDGY VAPLTCSPQPEYVNGPDVRPQPPSPRE
GPLPAARPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPEYLTPOGGAA
POPHPPPAFSPAFDNLY Y WDQDPPERGAPPSTFKGTPTAENPEYLGLDVPY
(SEQ ID NO: 2)

8079 In some embodiments, the activator antigen is a peptide antigen of HERZ n a
complex with a major histocompatibility class T complex (MHC I). In some embodiments, the
activator antigen is a peptide antigen of HER2 that is not in a complex with a major
histocompatibility class T complex (MHC 1)

6086G] As used heren, an “activator” or “activator ligand” refers to a first ligand that binds to
a first, activator ligand binding domamn (LBD) of an engineered receptor of the disclosure,
such as a CAR or TCR, thereby mediating activation of a T cell expressing the activator
receptor. The activator higand is expressed by target cells, for example cancer cells, and may
also be expressed more broadly than just the target cells. For example the activator can be
expressed on some, or all types of normal, non-target cells such as epithelial cells.

6081} In some cmbodiments, the activator igand 1s expressed by target colis and is not
expressed by non-target cells (i.c. normal cells not targeted by the adoptive cell therapyv}). In
some embodiments, the target cells are cancer cells and the non-target cells are non-
cancerous cells.

(G082} Yo some embodiments, the activator igand has high cell surface expression on the
target cells. This high cell sarface expression confers the ability to deliver large activation

signals. Methods of measuring cell surface expression will be known to the person of
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ordinary skill in the art and include, but are not limited to, immunochistochemistry using an
appropriate antibody against the activator ligand, followed by micrascopy or flusrescence
activated ccll sorting (FACS).

[3683] The activator ligand is present on all target cells. In some embodiments, the target
cells are cancer cells—such as HERZ+ cancer cells, e g, in HERZ+ breast cancer.

(6684} In some embodiments, the activator higand 1s present on a plurality of target cells. In
some embodiments, the target cells are cancer cells. In some embodiments, the activator
higand 1s present on at least 30%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, at least 99.5%
or at least 99.9% of target cells. In some embodiments, the activator higand is present on at
least 95% target cells. In some embodiments, the activator ligand 1s present on at least 99%
target cells.

(6085} In some embodiments, the first, activator higand is oxpressed by a plurality of target
cells and a plurality of non-target cells. In some embodiments, the phurality of non-target cells
expresses both the first, activator ligand and the second inhibitor ligand.

0086} To some embodiments, and the first, activator ligand and second, inhibitor ligand are
present on the plarality of non-target target cells at a ratio of about 1:100 to about 100:1 of
the first ligand to the second ligand. In some embodiments, and the first, activator ligand and
second, inhubitor Higand arc present on the plurality of non-target target cells at a ratio of
about 1:50 to about 501 of the first ligand to the second ligand. Tn some embodiments, and
the first, activator higand and second, inhibitor hgand are present on the phurality of non-
target target cells at a ratio of about 1:40 to about 40: 1 of the first ligand to the second ligand.
In some embodiments, and the first, activator igand and sccond, inhibitor ligand are present
on the plurality of non-target target ceils at a ratio of about 1:30 o about 30:1 of the first
ligand to the second ligand. In some embodiments, and the first, activator ligand and second,
inhibitor higand are present on the plurality of non-target target cells at a ratio of about 1:20 {0
about 2:1 of the first hgand to the second higand. In some embodiments, and the first,
activator ligand and second, inhibitor ligand are present on the plurality of non-target target
cells at a ratio of about 1:10 to about 10:1 of the first ligand to the sccond ligand. In some
embodiments, and the first, activator ligand and second, inlubitor ligand are present on the
plurality of non-target target cells at a ratio of about 1:5 to about 5:1 of the first ligand to the
second ligand. In some embodiments, and the first, activator ligand and second, inhibitor
ligand are present on the plurality of non-target target cells at a ratio of about 1:3 to about 3:1

of the first ligand to the second ligand. In some embodiments, and the first, activator ligand
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and second, mhibitor ligand are present on the plurality of non-target target cells at a ratio of
about 1.2 to about 2:1 of the first Higand to the second ligand. In some embodiments, and the
first, activator ligand and second, inhibitor ligand are present on the plurality of non-target

target cells at a ratio of about 111,

N

Extraceliular Licand Binding Domains

[8087] The disclosure provides chimeric antigen receptors {CARs} comprising a polvpeptide.
In some embodiments, the polypeptide coraprises a ligand binding domain, such as an
antigen-binding domain. Soitable antigen-binding domains include, but are not linmted to
antigen-binding domains from antibodies, antibody fragments, scFv, antigen-binding

10 domains derived from T cell receptors, and the like. All forms of antigen-binding domains
known in the art are envisaged as within the scope of the disclosure.
(6088} An “extracellular domain™, as used herein, refers to the extracellular portion of a
protein. For example, the TCR alpha and beta chains each comprise an extracellular domain,
which comprise a constant and a variable region jnvolved in peptide-MHC recognition. The

15 “extracellular domain™ can also comprise a fusion domamn, for example of fusions between
additional domains capable of binding to and targeting a specific antigen and the endogenous
extracellular domamn of the TCR subunit.
[6085] The term “antibody,” as used herein, refers to a protein, or polypeptide sequences
derived from an immunoglobulin molecule, which specifically binds to an antigen.

20 Antibodies can be intact immunoglobulins of polyclonal or monoclonal origin, or fragments
thereof and can be derived from natural or from recombinant sources.
(6090} The terms “antibody fragment” or “antibody binding domain” refer to at least one
portion of an antibody, or recombinant variants thereof, that contains the antigen-binding
domain, 1.¢., an antigenic deternuning variable region of an mtact antibody, that is sufficient

25 1o confer recognition and specific binding of the antibody fragment to a target, such as an
antigen and its defined epitope. Examples of antibody fragments mclade, buat are not himited
ta, Fab, Fab', F(ab")2. and Fv fragments, single-chain (s¢)Fv (“scFv™) antibody fragments,
linear antibodies, single domain antibodies (abbreviated “sdAb”) {either VL or VH}, camelhid
YVHH domains, and multi-specific antibodies formed from antibody fragments.

30 0091 The term “seFv” refers to a fusion protein comprising at least one antibody fragment
comprising a variable region of a light chain and at least one antibody fragment comprising a
variable region of a heavy chain, wherein the light and heavy chain variable regions are

contiguously linked via a short flexible polypeptide linker, and capable of being expressed as
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a single polypeptide chain, and wherein the scFv retains the specificity of the intact antibody
from which it is dertved.
(6892} “Heavy chain vartable region” or “VH” (o1, 1n the case of single domain antibodies,

e.g., nanobodies, “VHH"} with regard to an antibody refers to the fragment of the heavy

(4

chain that contains three CDRs interposed between flanking stretches known as framework
regions, these framework regions are generally mare bighly conserved than the CDRs and
form a scaffold to support the CDRs.

[8093] Unless specified, as used herein a scFv may have the VL and VH vanable regions in
cither order, ¢.g., with respect to the N-tcominal and C-terminal ends of the polypeptide, the
10 scFv may comprise VE-linker-VH or may compnse VH-linker-VL,

13094 The term “antibody light chain,” refers to the smaller of the two types of polypeptide
chains present in antibody molecules m their naturally cecurring conformations. Kappa ("K™)
and lambda ("A7) light chains refer to the two major antibody light chain isotypes.

[B095] The term “‘recombinant antibody™ refers to an antibody that is generated using

J—
v

recombinant DNA technology, sach as, for example, an antibody expressed by a
bacteriophage or veast expression system. The terma should also be construed to mean an
antibody which has been generated by the synthesis of a DNA molecule encoding the
antibody and which DNA molecide expresses an antibody protein, or an amino acid sequence
specifying the antibody, whercin the DNA or amino acid sequence has been obtained using
23 recombinant DNA or amuno acid sequence technology which is available and well known in
the art.
[8096] In some embodiments, for example those embodiments wherein the receptor
comprises a first and a second polypeptide, the antigen-binding dorain 1s isolated or derived
from a T cell receptor (TCR) extracelhdar domain or an antibody.

25 [6097] In some embodiments, the extracellular ligand binding domain of the activator
receptor comprises an antibody fragment, a single chain Fv antibody fragment {scFv), a p
chain variable domain {Vf), or a TCR o chain vanable domain and a TCR f chain vanable
domain. In some embodiments, the extracelivlar ligand binding domain of the activator
receptor comprises a heavy chain vanable (VH) region and a light chain varable (VL)

30 region. In some embodiments, the VH and VL regions comprise complement determining

regions {CDRs) selected from the groap of CDRs disclosed in Table 2.
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Table 2: HER2 anrigen binding domain complement determining regions {CDRs)

CDR-L1 CDRL2 |CDRL3 | CDRII CDR-I2 CDR-H3
RASQDVNT | SASFLY | QQHYTTP | GENIKDTYI | ARIYPINGYT | SRWGGDGF
AVA (SEQ {(SEQID |P(SEQID |H(SEQID | RYADSVKG |YAMDY
IDNG: 30} | NO:32) | NO:34) | NO:36) (SEQIDNO: | (SEQIDNO:
38) 40)
RASODVNT | SASFLY | QOHYTIP | GFNIKDTYI | ARIYPTINGYT | SRWGGDGF
AVA(SEQ {(SEQID |P(SEQID |H(SEQID | RYADSVKG | YAMDV
DNO:30) | NO:32) | NO:34) | NO:36) (SEQ IDNO: | (SEQ ID NO:
38) 41
KASQDVY | SASSRY | QOHFRTP | NYGMN WINTSTGEST | WEVYHGY
NAVA (SEQ | T(SEQ |FT(SEQ |(SEQID FADDFKG VPY (SEQ ID
IDNG: 31} [ IDNO: | IDNG: 35) [ NO:37) (SEQIDNO: | NO: 42)
33) 39)
RASQDVNT | SASFLY | QOHYTTP | DTYIH RIYPTNGYTR | WGGDGFYA
AVA (SEQ |S(SEQ |PT(SEQ |(SEQID YADSVKG MDV (SEQ
IDNO:30) {IDNO: | IDNO: NO: 313) (SEQIDNO: | IDNO: 315)
311) 31 314)

6098] In some embodiments, the VH region comprises one or more CDR sequences selected
from the group consisting of GFNIKDTYIH (SEQ ID NO: 36), ARIYPINGYTRYADSVKG
(SEQ ID NO: 38), and SRWGGDGFY AMDY/V] (SEQ ID NO: 40) or (SEQ ID NO: 41);

and the VL region corprises one or more CDR sequences selected from the group consisting

of RASQDVNTAVA (SEQ 1D NO: 303, SASFLY (SEQ ID NO: 32), and QQHYTTPP (SEQ

D NO: 34).

6099 In some embodiments, the VH region comprises one or more CDR sequences selected
from the group consisting of NYGMN (SEQ ID NG: 37, WINTSTGESTFADDIKG (SEQ
1D NGO 39) and WEVYHGYVPY (SEQ ID NO: 42); and the VL region comprises one or
more CDR sequences selected from the group consisting of KASQDVYNAVA (SEQ 1D NO:
31), SASSRYT (SEQ ID NO: 333, and QOQHFRTPFT (SEQ ID NO: 353
16160} In some embodiments, the VH region comprises DR sequences of GEFNIKDTYIH
(SEQ ID NG: 36), ARIYPINGYTRY ADSVKG (SEQ 1D NO: 38), and
SRWGGDGEFY AMDY (SEQ ID NG: 40) or SRWGGDGFYAMDY (SEQ ID NG: 41); and
the VL region comprises CDR sequences of RASQDVNTAVA (SEQ I NO: 30), SASFLY
(SEQ ID NO: 32) and QOHYTTPP (SEQ 1D NG: 34).
3161} In some embodiments, the VH region comprises CDR sequences of NYGMN (SEQ
[P NO: 373, WINTSTGESTFADDFKG (SEQ 1D NO: 39) and WEVYHGYVPY (SEQ ID
NG 42); and the VL region comprises CDR sequences of KASQDVYNAVA (SEQ 1D NG
313, SASSRYT (SEQ ID NG: 33), and QOQHFRTPFT (SEQ ID NG: 35).
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6102} In some embodiments, the VH region comprises CDR sequences DTYIH (S5EQ ID
NG: 313), RIYPTNGYTRYADSVKG (SEQ 1D NO: 314), and WGGDGFYAMDY (SEG 1D
NG: 315); and the VL region comprises CDR seguences of RASQDYNTAVA (SEQ IDNG:
30), SASFLYS (SEQ ID NO: 311), and QQHYTTPPT (SEQ ID NO: 312).

13103} In some embodiments, the foll length VH and VL regions comprise the sequences

disclosed in Table 3. To some embodiments, the binding domain comprises the full length VH

region and VL regions on a single polvpeptide. In some embodiments, the polypeptide

comprises from N-termunal to C-terminal the full length VH regions and the full length VL

region. In some crmbodiments, the polypeptide comprises from N-terminal to C-terminal the

full length VL region and the full length VH region. In some embodiments, the full length

VH and VL comprises the sequence selected from Table 3. In some embodiments, the

binding domain comprises SEQ 1D NO: 43 and SEQ 1D NO: 44 In some embodiments, the

binding domain comprises SEQ 1D NG: 45 and SEQ D NO: 46, In some embodiments, the
binding domain comprises SEQ ID NG: 47 and SEQ D NO: 48, In some embodiments, the
binding domatn comprises SEQ ID NG: 45 and SEQ ID NO: 49, In some embodiments, the
binding domain comprises SEQ 1D NO: 50 and SEQ 1D NO: 49,

Table 3:VH and VI Domains for HERZ CAR Constructs

(VH-VL)

Construct VH Full Length VL Full Length

and

Orientation

CT-292 EVOLVESGGGLYQPGGSLRLSCA | DIQMTOSPSSLSASVGDRVTTTCR

{(VL-VH) ASGFNIKDTYIHWVROAPGKGLE | ASGDVNTAVAWYQOKPGKAPK
WVARIYPINGYTRYADSVKGRY | LLIYSASFLY SGVPSRESGSRSGT
TISADTSKNTAYLOMNSLRAEDT | DFTLTISSLOPEDFATYYCQOHY
AVYYCSRWOGGDGFYAMDVWG | TIPPTFGOGTRVEIRRT (SEQ ID
QGTLVTVSSAAA (SEQ ID NO: NO: 443
433

CT-297 QVQLOQSGPELKKPGETVKISCK | DIQLTQSHEFLSTSVGDRVSITCE

ASGYPFINYGMNWVKQAPGQG
LEWMGWINTSTGESTFADDFRG

ASGDVYNAVAWYQQKPGOSPK
LLIYSASSRYTGVPSRFTGSGSGP

RFDFSLETSANTAYLQINNLKSE
DSATYFCARWEVYHOYVEYWE

DETFTISSVQAEDLAVYFCOUHE
RTPFIFGSGTKLEIK (SEQ ID NO:

QGTTVIVSS (SEQ ID NO: 43)

49)

CT-298
{VL-VH)

EVOLVESGGGLVOPGGSLRLACA
WYARIY PINGY IRYADSVKGRE
TISADTSKNTAYLOMNSLRAEDT
AVYYCSRWGGDGFY AMDYWG

DIQMTOSPSSLSASVGDRVTITCR
LLIYSASFLY SGVPSRESGSRSGT
DETLTISSLOPEDFATYYCQOQHY
TIPPTFGQGTKVEIK (SEQ ID NO:

QGTLYTVSS (SEQ ID NO: 47)

48)

CT-299
(VL-VED

EVQLVESGGGLVOPGGSLRLSCA
ASGFNIKDTYIHWVYRQAPGKGLE

DIOMTQSPSSLSASVGDRVTITCR
ASOBDVNTAVAWYQOKPGKAPK
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Counstruct VH Full Length VL Full Length

and

Orientation
WVARIYPINGYTRYADSVEGRF | LLIVSASFLYSGVPSRFSGSRSGT
TISADTSKNTAYLOMNSLRAEDT | DFTLTISSLOPEDFATYYCQOHY
AVYYCSRWOGGDGFYAMDYWG | TIPPTFGOQGTRVEIK (REQ 1D NO:
QGTLVTVSS (SEGQ ID NG 47) 48}

CT-1094 QVQLOQOQSGPELKKPGETVEISCE | PIQLTOSHKFLSTSVGDRVSITCK

{(VH-VL) ASGYPFTINYGMNWYVEQAPGOG | ASQDVYNAVAWYQQOKPGQSPK
LKWMGWINTSTGESTFADDEKG | LLIYSASSRYTGVPSRFTGSGSGP
RFDFSLETSANTAYLQINNLKSE | DFTFTISSVQAEDLAVYFCQQOHF
DSATYFCARWEVYHGYVPYWG | RTIPFTFGSGTKLEIK (SEQ ID NO:
QOTIVTVSS (SEQ ID NG: 45) 49)

CT-1095 QVOLOQGSGPELKKPGETVKISCK | DIQLTOSHKFLSTSYGDRVSITCK

VH-VL ASGYPFINYGMNWVEKQAPGQG | ASOBVYNAVAWYQQKPGGSPK
EKWMGWINTSTGESTFADRDEKG | LLIYSASSRYTGVPSREFTGSGRGP
RFDFSLETSANTAYLQINNLKSE | DFTFTISSVQAEDLAVYFCQQHE
DMATYFCARWEVYHGYVPYW G | RTPFTFGSGTRLEIK (SEQ ID NG
QGTTVTIVSS (SEQ ID NO: 50) 49)

[B104] In some embodiments, the binding domain is a HERZ scFv domain. In some

cmbodiments, the HERZ scFv domain is selected from a sequence listed in Table 4. In some

embodiments, the HERZ scFv domain comprises a polypeptide comprising SEQ 1D NG: 51

In some embodiments, the HERZ scFv domain 1s encoded by a polvnucieotide sequence

comprising SEQ D NO: 52, In some embodiments, the HER2 scFv domain comprises a

polyvpeptide comprisimg SEQ 1D NO: 53, In some embodiments, the HER? scFv domain is

encoded by a polynuclestide sequence comprising SEQ 1D NO: 54, In some embodiments,

the HERZ scFv domain comprises a polypeptide comprising SEQ ID NG: 55, In some

crnbodiments, the HERZ scFv domain is encoded by a polynucleotide sequence comprising

SEQ D NO: 56, In some embodiments, the HERZ2 sclFv domain comprises a polypeptide

comprising SEQ IDNG: 57, In some embodiments, the HER? scFv domain is encoded by a
polvnucleotide segquence comprsing SEQ Hx NO: 58, In some embodiments, the HERZ scFv
domain comprises a polypeptide comprising SEQ 1D NO: 39, In some embodiments, the
HERZ scFv domain is encoded by a polyvnuclestide sequence comprising SEQ ID NO: 60, In
some embodiments, the HER? scFv domain comprises a polypeptide comprising SEQ ID
NG: 61, In some emboduuvents, the HER2 scFv domain is encoded by a polynucleotide
sequence comprising SEQ ID NO: 62, In some embodiments, the HERZ2 scFv domain is

encoded by a polynucleotide sequence comprising SEQ [D NG: 21403,
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FTable 4: HER2 Scivy Domains for HERZ CAR Constructs

ASFLYSGVPSRFS
GSRSGTDFTLTIS
SLOPEDFATYY(
QOUYTIPPTFGQ
GTKVEIKRTGST
SGSGKPGSGEGS
EVQLVESGGGLY
QPGGSLRLSCAA
SGFNIKDTYIHW
VROAPGKGLEW
VARIYPTNGYTR
YADSVEGRFTIS
ADTSKNTAYLG
MNSLRAEDTAV
YYCSRWGGDGE
YAMDVWGQGTL
VIVSSAAA (SEQ

HER2 Protein Sequence | DNA Sequence

CAR

1292 MDFQVGIFSFLLI | ATGGATTTTCAGGTGCAGATTITICAGCTICCTGCT

(VL-VH) | SASVIMSRGDIQ | AATCAGTGCCTCAGTCATAATGTCCAGAGGAGAT
MTQSPSSLSASY | ATCCAGATGACCCAGTCCCCGAGCTCCCTGTCCGC
GDRVTITCRASQ | CTCTGTGOGCGATAGGGTCACCATCACCTGLCGTG
DYNTAVAWYQQ | CCAGTCAGGATGTGAATACTGCTGTAGCCTGGTAT
KPGKAPKLLIYS | CAACAGAAACCAGGAAAAGCTCCGAAACUTACTGA

TITACTCGGCATCCTTICCTITATICTGGAGTCCCTT
CTCGCTTCTCTGGATCTAGATCTGGGACGGATTTC
ACTCTGACCATCAGCAGTUTGCAGCCGGAAGACT
TCGCAACTTATTACTGTCAGCAACATTATACTACT
CCTCCCACGTTCGUGACAGGGTACCAAGGTGGAGA
TCAAACGCACTGGGTCTACATCTGGATCTGGGAA
GCCGGOGTTCTGOTGAGGGTICTCAGGTTICAGCTG
GTGGAGTCTGGCOGTGGUCTGGTGCAGCCAGGGG
GCTCACTCCGTTIGTCUTGTGCAGCTTCTGGCTTC
AACATTAAAGACACCTATATACACTGGGTGCGTC
AGGCCCCGOGTAAGGGCCTGGAATGOGTTGCAAG
GATTTATCCTACGAATGOGTTATACTAGATATGCCG
ATAGCGTCAAGGGCCGTTTICACTATAAGCGCAGA
CACATCCAAAAACACAGCCTACCTGCAGATGAAC
AGCCTGCGTGCTCGAGGACACTGCCGTCTATTATIC
TTCTAGATGGOGAGGGOGACGGUTTCTATGCTATG
GACGTGTGGGOTCAAGGAACCCTGOGTCACCGTCT

WYKQAPGOGLK
WMGWINTSTGE

FSLETSANTAYL
QINNLKSEDSAT
YFCARWEVYHG
YVPYWGQGTTV
TVSSGGGGSGGG
GSGGGGSDIQLT
QSHKFLSTSVGD
RVSITCKASODY
YNAVAWY QOKP
GOSPKLLIYSASS
RYTGVPSRFTGS
GSGPDFTFTISSV
QAEDLAVYFCQ
OHERTPFTFGSG

IDNG: 5 CCTCGGCGGCCGCA (SEQ D NO: 52
CT297 MDMRVPAQLLG | ATGGACATGAGGGTCCCCGCTCAGLTCCTGGGGC
{VH-VL) | LLLLWLRGARC | TCCTGCTACTCTGGCTCCGAGOGTGUCAGATGTCAG
QVQLOGQSGPELK | GTACAACTGCAGCAGTCAGGACCTGAACTGAAGA
KPGETVKISCKA | AGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGC
SOGYPFINYGMN | CTCTGGOTATCCTTTCACAAATUTATGGAATGAALT

GGGTGAAGCAGGCTCCAGGACAGGGTTITAAAGTG
GATGGGCTGGATTAACACCTCCACTGGAGAGTCA
ACATTIGCTGATGACTICAAGGGACGGTTIGACTT
CTCTTTGGAAACCTCTGCCAACACTGUCTATTIIGT
AGATCAACAACCTCAAAAGTGAAGACTCGGCTAC
ATATTTCTGTGCAAGATGGGAGGTTTACCACGGCT
ACGTTCCTTACTGGGGCCAAGGGACCACGOGTCAC
COTTICCTCTGOCGOTGOGCGOTTCTOGOTGGCOGOTG
GCTCCGGCGUGTGGCGOTICTGACATCCAGCTGAC
CCAGTCTCACAAATICCTGTCCACTTCAGTAGGAG
ACAGGGTCAGCATCACCTGCAAGGCCAGTCAGGA
TCTGTATAATGCTIGTTGCCTGGTATCAACAGAAAL
CAGGACAATCTCCTAAACTICTGATTTACTCGGCA
TCCTCCCGGTACACTGGAGTCCCTTCTCOCTTICAL
TGOGCAGTGGUTCTGGGCCGGATITCACTTITCACCA
TCAGCAGTGTGCAGGCTGAAGACCTGGCAGTTTA
TTTCTGTCAGCAACATITICGTACTCCATTICACGTT
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CAR

Protein Sequence

DNA Seguence

TKLEIK SEQ ID
NG: 53

CGGCTCGGGGACAAAATTIGGAGATCAAA (SEQ ID
NO: 54)

CT298
(VL-VH)

MLLLVTSLLLCE
LPHPAFLLIPDIO
MTQSPSSLSASY
GDRVTITCRASQ
DYNTAVAWYQQ
KPGKAPKLLIYS
ASFLYSGVPSRES
GSRSGTDFTLTIS
SLOPEDFATYYC
QOHYTIPPTFGQ
GTEVEIKGSTSG
GGSGGGSGGGG
SSEVOLVESGGG
LVQPGGSLRLSC
AASGENIKDTYI
HWVRGQAPGKGL
EWVARIYPTINGY
TRYADSVKGRFT
ISADTSKNTAYL
OMNSLRAEDTA
VYYCSRWGGDRG
FYAMDYWGQGT
LVTVSS (SEQ ID
NG 535

ATGCTGCTACTGOTCACCAGTCTACTGCTGTGCGA
ACTGCCACATCCGGCCTTCCTGCTAATACCGGATA
TCCAGATGACCCAGTCCCCGAGCTCCCTGTCCGCT
TCTGTGGGCGATAGGGTCACCATCACCTGCCGTGC
CAGTCAGGATGTGAATACTGCTGTAGCCTGGTATC
AACAGAAACCAGGAAAAGCTCOGAAACTACTGAT
TTACTCGGCATCCTTCCTTITATTCTGGAGTCCCTTIC
TCGOTTCTCTGGATCTAGATCTGGGACGGATITCA
CTCTGACCATCAGCAGTC TGCAGCCGGAAGACTT
CGCAACTTATTACTGTCAGCAACATTATACTACTC
CTCCCACGTTCGGACAGGGTACCAAGGTGGAGAT
CAAAGOGTCTACATCTGGCGGTGGCTCTGGTGGC
GGTTCCGGCOGTGGCGGTTCTTCCGAGGTTCAGOT
GGTGGAGTCTGGCGGTGGCCTGGTGCAGCCAGGG
GGCTCACTCCGTTTGTCCTGTGCAGCTTCTGGCTT
CAACATTAAAGACACCTATATACACTGGGTGCGT
CAGGCCCCGGGTAAGGGCCTGGAATGGGTTGCAA
GGATTTATCCTACGAATGGTTATACTAGATATGCC
GATAGCGTCAAGGGCCGTTTCACTATAAGCGCAG
ACACATCCAAAAACACAGCCTACCTGCAGATGAA
CAGCCTGCGTGCTGAGGACACTGCCGTCTATTATT
GTTCTAGATGGGGAGGGGACGGCTTCTATGCTAT
GGACTATTGGGGTCAAGGAACCCTGGTCACCGTC
TCCTCG (SEQ ID NO: 56)

CT299
{VL-VHj

MLLLVTSLLLCE
LPHPAFLLIPDIQ
MTQSPSSLSASY
GDRVTITCRASQ
DVNTAVAWYQQ
KPGKAPKLLIYS
ASFLYSGVPSRFS
GSRSGTDFTLTIS
SLOPEDFATYYC
QOHYTIPPTFGQ
GTKVEIKGSTSG
GGSGGGSGGGG
SSEVQLVESGGG
LVQPGGSLRLSC
AASGENIKDTY!
HWVRQAPGKGL
EWVARIYPTNGY
TRYADSYKGRFT
ISADTSKNTAYL
OMNSLRAEDTA
VYYCSRWGGDG
FYAMDYWGQGT

ATGCTGCTACTGGTCACCAGTCTACTGCTGTGCGA
ACTGCCACATCCGGCCTICCTGCTAATACCGGATA
TCCAGATGACCCAGTCCCCGAGCTCCCTGTCCGL
TCTOTGGGCCGATAGGUGTCACCATCACCTGCCGTGE
CAGTCAGGATOGTCGAATACTGCTGTAGCOTGOTATC
AACAGAAACCAGGAAAAGCTCCGAAACTACTGAT
TTACTCGGCATCCTTCCTTTATTCTGGAGTCCCTIC
TCGCTTCTCTGGATCTAGATCTGGGACGGATTTCA
CTCTGACCATCAGCAGTCTGCAGCCGGAAGACTT
CGCAACTTATTACTGTCAGCAACATTATACTACTC
CTCCCACGTTUGGACAGGUTACCAAGGTGOAGAT
CAAAGGGTCTACATCTGGCGOTGGCTCTGGTOGC
GOTTCCGOCGOTOGOGOTTICTTCCGAGOTTCAGCT
GGTGGAGTCTGGCGOGTGGCCTGOGTGCAGCCAGGG
GGCTCACTCCGTTTIGTCCTGTGCAGCTTCTGOOTT
CAACATTAAAGACACCTATATACACTGGGTGCGT
CAGGCCCCOGOTAAGGGCCTGGAATGGGTTIGLAA
GCATTTATCCTACGAATGGTTATACTAGATATGCC
GATAGCGTCAAGGGCCOTTTCACTATAAGCGCAG
ACACATCCAAAAACACAGUCTACCTGCAGATGAA
CAGCCTOGCOTOCTGAGGACACTGCCGTCTATTATT
GTICTAGATGGGCGAGGOGGACGGCTICTATGCTAT
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CAR

Protein Sequence

DNA Seguence

LVTVSS (SEQ ID
NO: 5T

GOACTATTGGOOGTCAAGGAACCCTGGTCACCGTC
TCCTCG (SEQ ID NG: 58)

CT1094
(VE-VL)

MDMRVPAGLLG
LLLLWLRGARC
QVOQLOQSGPELK
KPGETVKISCKA
SGYPFINYGMN
WVKQAPGQGLK
WMGWINTSTGE
STFADDFKGRFD
FSLETSANTAYL
QINNLESEDSAT
YFCARWEVYHG
TVSSGGGGSGGG
GSGGGGSDIQLT
QSHKFLSTSVGD
RVSITCKASODV
YNAVAWY QQKP
GQSPKLLIYSASS
RYTGVPSRFTGS
GSGPDFTFTISSY
QAEDLAVYFCQ
QHFRTPFTFGSG
TKLEIK (SEQ ID
NO: 59)

ATGGACATGAGGGTCCCCGCTCAGCTCCTGGGGE
TCCTGCTACTCTGGCTCCGAGOTGCCAGATGTCAG
GTACAACTGCAGCAGTCAGGACCTGAACTGAAGA
AGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGC
CTCTGGGTATCCTITCACAAACTATGGAATGAACLT
GOGTGAAGCAGGCTCCAGGACAGGGTTTAAAGTG
GATGGGCTGGATTAACACCTCCACTGGAGAGTCA
ACATTTGOTGATGACTTCAAGGGACGOGTITGACTT
CTCTTTGGAAACCTCTGCCAACACTGCCTATTTIGC
AGATCAACAACCTCAAAAGTGAAGACTCGGCTAC
ATATTTCTGTGCAAGATGGGAGGTTITACCACGGCT
ACGTTCCTTACTGGGGCCAAGGGACCACGGTCAL
CGTTTCCTCTGGCGGTGGCGGTICTGGTGGCGGTG
GCTCCGGUGGTGGCGGTTCTGACATCCAGCTGAL
CCAGTCTCACAAATTCCTGTCCACTTCAGTAGGAG
ACAGGGTCAGCATCACCTGCAAGGCCAGTCAGGA
TGTGTATAATGCTGTTGCCTOGOGTATCAACAGAAALC
CAGGACAATCTCCTAAACTTICTGATTTACTCGGCA
TCCTCCCOGTACACTGGAGTCCCTICTCGOTICAL
TGGCAGTGGCTCTGGGCCGGATTICACTTICALCCA
TCAGCAGTGTGCAGGCTGAAGACCTGGCAGTTTA
TTTCTGTCAGCAACATTTTICGTACTCCATICACGTT
CGGUTCGGGGACAAAATTGGAGATCAAA (SEQ ID
NG: 60)

CT1095
(VH-VL)

MDMRVPAGLLG
LLLLWLRGARC
OVOLOOSGPELK
KPGETVKISCKA
SGYPFTNYGMN
WYKQAPGQGLK
WMGWINTSTGE
STEARDREKGRFD
FSLETSANTAYL
QINNLKSEDMAT
YFCARWEVYHG
YVPYWGQGTTV
TVSSGGGGSGGG
GSGGGGSDIGLT
QSHKFLSTSVGD
RVSITCKASODY
YNAVAWYQOKP
GOSPKLLIYSASS
RYTGVPSRFTGS
GSGPDFTFTISSY
QAEDLAVYFCQ

ATGGACATGAGGGTCCCCGUTCAGCTCCTGGGGT
TCCTGCTACTCTGGCTCCGAGGTGCCAGATOTCAG
GTACAACTGCAGCAGTCAGGACCTGAACTGAAGA
AGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGE
CTCTGGGTATCCTTITCACAAACTATOGGAATGAACT
GGOTGAAGCAGGCTCCAGGACAGGGTTTAAAGTG
GATGGGCTGCATTAACACCTCCACTGGAGAGTCA
ACATTIGUTCATGACTTCAAGGGACGGTTTGACTT
CTCTTIGGAAACCTCTGCCAACACTGCCTATTTIGC
AGATCAACAACCTCAAAAGTGAAGACATGGCTAC
ATATTTCTGTGCAAGATGGGAGGTITACCACGGCT
ACGTTCCTTACTOGGGGCCAAGGOACCACGUTCAL
CGTTTCCTCTGGOGOGTGOCGGTICTGUTGGCGGTG
GCTCCGGCGETGGCOGTTCTGACATCCAGCTGAL
CCAGTCTCACAAATICCTGTCCACTICAGTAGGAG
ACAGGGTCAGCATCACCTGCAAGGCCAGTCAGGA
TGTCTATAATCGCTGTTGCCTGGTATCAACAGAAAL
CAGGACAATCTCCTAAACTTUTGATTTACTCGGCA
TCCTCCCGOTACACTGCGAGTCCCTICTCGCTTCAC
TGGCAGTOGGCTCTGOGCCGOGATTTCACTTTCACCA
TCAGCAGTGTGCAGGCTGAAGACCTCGCAGTITA
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HERZ2 Protein Sequence | DNA Sequence
CAR

QHERTPFTFGSG | TITCTGTCAGCAACATTITTICGTACTCCATTCACGTT
TKLEIK (SEQ D | CGGUTCGOOGACAAAATTGGAGATCAAA (SEQ D
NO: 61) NG: 62}

61605} In some embodiments, the HER2 scFv domain comprises a sequence of any one of
SEQ ID NOS: 51,53, 55, 57, 39 or 61, or a sequence having at least 90%, at least 95%, at

least 97%, at least 99% or 1s identical thereto.

inbibitory receptiors

161606} The disclosure provides a sccond ligand, an inhibitor, and a second idubitory receptor
comprising a second ligand binding domain that binds to the inlubitor ligand. In some
crmbodiments, the sccond, inhibitory ligand is an antigen, and the second inhibitory roceptor
comprises an antigen binding domain that specifically recognizes the second, mbibitory
antigen.

13167] The disclosure provides a second mhibitory receptor comprising an extracelivlar
region, the extracellular region comprising a second ligand binding domain capable of
specifically binding to 3 second higand that inhibits activation of effector cells expressing the
first and second receptors, wherein the effector cells are activated by binding of the first
ligand to the first activator receptor.

0108} As used herein an “inhibitor” or “inhubitor ligand” refers to a second ligand that binds
to a second, ligand binding domain {inhibitor LBD) of an engineered receptor of the
disclosure, but inhibits activation of an immune cell expressing the engineered receptor. The
inhibitor is not expressed by the target cells. The inhibitor ligand 1s also expressed ina
plurality of normal, non-target cells, including nomal, non-target cells that express the
activator ligand, thereby protecting these celis from the eviotoxic effects of the adoptive cell
therapy. Without wishing to be bound by theory, inhibttor ligands can block activation of the
effector cells through a variety of mechanisms. For example, binding of the imhibitor ligand
to the inhibitor LBD can block transmission of a signal that occurs upos binding of the
activator ligand to the activator LBD that would, in the absence of the inhibitor, lead to
activation of the vomune cell expressing the engmeered receptors described bherein.

[6109] Altematively, or in addition, bindmg of the inhibitor higand to the second engineered
receptor can cause loss of cell surface exprossion the first, activator receptor from the surface
of the immune cells comprising the two receptor system described herein. Without wishing to

be bound by theory, i is thought that immune cell engagement of activator and inhibitor
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heands on nomal cells causes the mhubitory receptor to cause removal of nearby activator
receptor molecules from the immune cell surface. This process locally desensitizes the
vomune cell, reversibly raising its activation threshold. Tounune cells that cugage only the
activator ligand on a target cell cause local activation signals which are enimpeded by signals
from the second, inhibitory receptor. This local activation increases until release of cytotoxic
granules leads to target cell selective coll death. However, modulation of surface receptor
expression levels may not be the only mechanism by which mhuabitory receptors mhibit
activation of immune cells by the first activator receptor. Without wishing to be bound by
theory, other mechanisms may come into play, including, but not mited to, crogs-talk
between activator and inhibitory receptor signaling pathways.

[3116] In some embodiments, the second ligand is not expressed by the target cells, and 18
expressed by the non-target cells. In some embodiments, the target cells are cancer cells and
the non-target cells are non-cancerous cells.

{6111} In some embodiments, the second, wnhibitor ligand is an antigen and the second higand
binding domatn comprises an scFv domain.

6112} To some embodiments, the second, inhibitor ligand binding domain comprises a V-
only ligand binding domain.

13113} In some embodiments, the second, inhibitor ligand binding domain comprises an
antigen binding domain tsclated or derived from a T cell receptor {TCR). For cxample, the
second, mhibitor ligand binding domain comprises TCR o and f chain variable domains.
[6114] In some embodiments, the second, inhibitor ligand binding domain s an antigen
binding domain. Suaitable antigen-binding domains inchude, but are not limited to antigen-
binding dosains from antibodies, antibody fragments, scFv, antigen-binding domams derived

from T cell receptors, and the like.

Inlubitor Tarsets
[6115] The disclosure provides an inhibitory receptor. In some embodiments, the inhibitory
receptor comapuises an extracellular ligand binding domain specific to a non-target antigen
that is not expressed by the cancer cell due to a loss of heterozvgosity i the cancer cell. In
some embodiments, the non-target antigen is an HLA class { allele or a minor
histocompatibility antigen (MiHA). In some embodiments, the HLA Class { allele comprises
HLA-A, HLA-B, BLA-C, or HLA-E In some embodimentis, the BLA class [ allele 1s HLA-
A*(32. In some embodiments, the HLA-A*02 non-target antigen is expressed by healthy cells

of a subject.
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[6116] In some embodiments, the inhibitory receptor comprises an extracelhilar antigen
binding domain specific to a non-target antigen that is not expressed by the cancer cell due to
a loss of heterozygosity 1n the cancer cell.

[3117] Altematively, or in addition, expression of activator and nhibitor targets may be
correlated, i e. the two are expressed at similar levels on non-target cells.

6118} In some embodiments, the second, inhubitor igand is a peptide ligand. o some
embodiments, the second, inhibitor ligand is a peptide antigen complexed with a major
histocompatibility {(MHC} class I complex {peptide MHC, or pMHC}. Inhibitor ligands
comprising peptide antigens complexed with pMHC comprising any of HLA-A, HLA-B,
HLA-C, or HLA-E are envisaged as within the scope of the disclosure.

13119} In some embodiment, the mhibitor ligand 1s encoded by a gene that is absent or
polymorphic i many tumors.

[6126] Methods of distinguishung the differential expression of mhibttor ligands between
target and non-target cells will be readily apparent to the person or ordinary skill in the art.
For example, the presence or absence of mhibitor ligands in non-target and target cells can be
assaved by immunohistochemistry with an antibody that binds to the mhibitor ligand,
followed by microscopy or FACS, RNA expression profiling of target cells and non-target
cells, or DNA sequencing of non-target and target cells to determine if the genomic locus of

the inhibitor ligand comprises mustations in cither the target or non-target cells.

Alleles Lost Duc to Loss of Heterozyeosity {LOH)

[6121] Homozygous deletions i primary tumors are rare and small, and therefore unlikely to
vield target B candidates. For example, in an analysis of 2218 primary tumors across 21
human cancer types, the top four candidates were cyclin dependent kinase inhibitor 2A
(CDKNZA), RB transcrptional corepressor 1 (RB1), phosphatase and tensin homolog
{PTEN} and N3PB2. However, CDENZA (P16} was deleted in only 5% homozygous

deletion across all cancers. Homozygous HLA-A deletions were found in fess than 0.2% of

a gene in cancer cells due to loss of hemizygosity occurs far more frequently.

13122} In some embodiments, the second, inhibitor Ligand comprises an allele of a gene that
is lost in target colls duc to loss of heterozygosity. In some embodiments, the target cells
comprises cancer cells. Cancer cells undergo fregquent gonome rearrangements, including
duplication and deletions. These deletions can fead to the deletion of one copy of one or more

gencs in the cancer cells.
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[6123] Asused herein, “loss of heterozygosity (LOH)Y refers to a genetic change that ocours

at high frequency in cancers, whereby one of the two alleles is deleted, leaving a single

mono-allelic (hemizvgous) locus.

HLA class f alleles
5 [6124] In some embodiments, the second, inlubitor ligand comprises an HLA class 1 allele.
The major histocompatibility complex {(MHC) class I is a protein complex that displays
antigens to cells of the immune system, triggering invuune respoose. The Human Levkocyte
Antigens (HLASs) corresponding to MHFC class T are HLA-A, HLA-B, HLA-C, and HLA-E.
3125} In some embodiments, the second, inhibitor ligand comprises an HLA class [ allele. In
10 some cmbodiments, the second, inhibitor ligand comprises an allele of HUA class fthat is
lost m atarget cell through LOH. HLA-A 15 a group of buman leukocyte antigens (HLA) of
the major histocompatibility complex (MHC) that are encoded by the HLA-A locus. HLA-A
is one of three major types of human MHC class 1 coll surface receptors. The recepiorisa
heterodimer comprising a heavy ¢ chain and smalier P cham. The o cham is encoded by a
15 wvanant of HLA-A, while the B chain (f2-microglobulin} is mvariant. There are several
thousand HLA-A variants, all of which fall within the scope of the nstant disclosure.
13126] In some embodiments, the second, inhibitor ligand comprises an HLA-B allele.
The HLA-B gene has many possible vaniations (alleles). Hundreds of versions {alleles) of
the HLA-B geone are known, cach of which is given a particular number {such as HLA-B27).
20 (8127} In some embodiments, the sccond, inhibitor ligand comprises an HLA-C allele. HLA-
C belongs to the HLA class [ heavy chain paralogues. This class T molecule is a heterodumer
consisting of a heavy chain and a light chain (beta-2 microglobulin}. Gver one hundred HLA-
€ alleles have been described.
16128} In some emboduments, the HLA class T allele bas broad or ubiquitous RNA
25 expression.
(6129} In some embodiments, the HLA class | allele has a known, or generally ligh minor
allele frequency.
3136 In some embodmments, the HLA class | allele does not require a peptide-MHC
antigen, for example when the HLA class L allele is rocogmzed by a pan-HLA ligand binding
30 domain.
6131} In some embodiments, the second inhibitor higand comprises an HLA-A allele. In
some embodiments the HLA-A allele comprises HLA-A*02. Various single variable domains

known in the art or disclosed herein that bind to and recognize HLA-A*02 are suitable for
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use in embodiments. Such scFvs inclade, for example and without limitation, the following

mouse and humanized scFv antibodies that bind HLA-A*02 in a peptide-independent way

shown in Table 5 and Table 6 below {conmplementarity determining regions undedimed):

Table 5: HLA-A*02 Scky Sequences and Inhibitory receptor Constructs

Construct

Protein Sequence

DNA Sequence

C-1763
(PAZ1,
VL-VH)

MDMRVPAQLLGL
LLLWLRGARCDV
LMTQTPLSLPYSL
GDQASISCRSSOSE
VHSNGNTYLEWY
LOQKPGOSPKLLIY
KVSNRESGVPDRF
SGSGSGTDFTLKI
SRVEAEDLGVYY
CEQGSHVPRISGG
GTKLEIKGGGGSG
GGGSGGGGSGGQ
VOLQOSGPELVK
PGASVRISCKASG
YTFISYHIHWVK

IYPGNVNTEYNEK
FKGKATLTADKS

SSTAYMHLSSLTS
EDSAVYFCAREE!
TYAMDYWGQGT
SVTVSS (SEQ ID
NO: 207)

ATGGACATGAGGOTCCCCGUTCAGCTCCTGGOGLTC
CTGCTACTCTGGCTCCGAGGTGCCAGATGTGATGTT
TTGATCACCCAAACTCCACTCTCCCTGCCTGTCAGT
CTTGGAGATCAAGCCTCCATCTCTIGCAGATCTAGT
CAGAGCATTGTACATAGTAATOGAAACACCTATTTA
GAATGOGTACCTGCAGAAACCAGGUCAGTCTCCAAA
GCTCCTGATCTACAAAGTTTCCAACCGATTITICTGG
GGTCCCAGACAGGTTICAGTGGCAGTGGATCAGGGA
CAGATITCACACTCAAGATCAGTAGAGTGGAGGCT
GAGGATCTGGGAGTTTATTACTGCTTTCAAGGTTCA
CATGTTCCTCGGACGTCCGGTGGAGGCACCAAGLTG
GAAATCAAAGGCGGAGGTCGGAAGCGGAGGGGGAG
GATCTGGCGGUGGAGGAAGCGGAGGCCAGGTCCAG
CTGCAGCAGTCTGGACCTGAGCTGGTGAAGCCTGO
GGCTTCAGTGAGGATATCCTGCAAGGCTTICTGGCTA
CACCTTCACAAGTTACCATATACATTIGGGTGAAGCA
GAGGCCTGGACAGGGACTTGAGTGGATTIGGATGGA
TTTATCCTGCGAAATGTTAATACTGAGTACAATGAGA
AGTTCAAGGGCAAGGCCACACTCACTGCAGACAAA
TCOGTCCAGCACAGCCTACATGCACCTCAGCAGCCTG
ACCTCTGAGGACTCTGCGGTCTATTTICTGTGCCAGA
GAGGAGATTACCTATGCTATGGACTACTGGGOTCA
AGGAACCTCAGTCACCGTGTCCTCA (SEQ ID NO: 208)

C.2162
(huPA2 1,
VH-VL)

MDMRVPAGQLLGL
LLLWLRGARCQV
QLVOSGAEVKKP
GSSVEVSCKASG
QAPGOGLEWIGW
IYPGNVNTEYNEK
FKGKATITADEST
NTAYMELSSLRSE
DTAVYYCAREEIT
YAMDYWGOGTL
VTVSSGGGGSGG
GGSGGGGSGGDI
OMTOSPSTLSASY
GDRVTITCRSSOSI
VHSNGNTYLEWY
QOKPGKAPKLLIY
KVSNRFSGVPARF
SGSGSGTEFTLTIS

ATGGACATGAGGUTCCCCGCTCAGCTCCTGGGGCTC
CTGCTACTCTGGCTCCGAGOGTGCCAGATGTCAGGTG
CAGCTGOTGCAGTCTGGGGCTGAGGTGAAGAAGCC
TGGGTCCTCAGTGAAGGTITCCTGCAAGGCTTICTGG
ATACACCTTCACTAGCTATCATATACATTGGGTGCG
CCAGGCCCCCGGACAAGGGUTTGAGTGGATCGGAT
GOATCTACCCTGOCAATGTTAACACAGAATATAATG
AGAAGTTCAAGGGCAAAGCCACCATTACCGCGGAC
GAATCCACGAACACAGCCTACATOGAGCTGAGCAG
CCTGAGATCTGAAGACACGGCTOTGTATTACTGTGO
GAGGGAGGAAATTACCTACGCTATGGACTACTGGG
GCCAGGGAACCCTGUTCACCOGTGTCCTCAGGLGGA
GGTGCGAAGCGGAGHGGGCAGGATCTGLCGGCGGAG
GAAGCGGAGGCGACATTICAAATGACCCAGAGCCCA
TCCACCCTGAGCGCATCTGTAGGTGACCGGGTCACC
ATCACTTGTAGATCCAGTCAGAGTATTIGTACACAGT
AATGGGAACACCTATTTGGAATGGTATCAGCAGAA
ACCAGGTAAAGCCCCAAAATTIGCTCATCTACAAAG
TCTCTAACAGATTTAGTGGTGTACCAGCCAGGTICA

[¥5)
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Construct | Protein Sequence  |DNA Sequence
SLOPDDFATYY(FE [GCGGTTCCGGAAGTGGTACTGAATTCACCCTCACGA
OQGSHVPRTFGQG |TCTCCTCTCTCCAGCCAGATGATTTCGCCACTTATTA

TKVEVE (SEQ ID
NO: 209)

CTGTTTTCAAGOTTCACATGTGCCGCGCACATTCGG
TCAGGGTACTAAAGTAGAAGTCAAA (SEQ ID NO:
210)

€-2163
{(huPAZ
VH-VL}

MDMRVPAQLLGL
LLLWLRGARCQV
OLVQSGAEVKKP
GSSVKVSCKASG
YTFISYHMITWVR
YPGNYNTEYNEK
FKGKATLTADKS
TNTAYMELSSLRS
EDTAVYFCAREE]
TYAMDYWGOGT
LVIVSSGGGGSG
GGGSGGGGSGGD
VOMTQSPSTLSAS

SIVHSNGNTYME
WYQOKPGKAPKL
LIVKVSNRFSGVP
DRFSGSGSGTEFT
LTISSLOPDDFAT
YYCHOGSHYERT
FGQGTKVEVK
(SEQ ID NO: 211)

ATGGACATCGAGGGTCCCCGCTCAGCTCCTGGOGGCTC
CTGCTACTCTIGGCTCCGAGOGTOGCCAGATGTCAGGTG
CAGCTGOTGCAGTCTGGGGCTGAGGTGAAGAAGCC
TGGOTCCTCAGTGAAGGTTICCTGCAAGGLTICTGE
ATACACCTTCACTAGCTATCATATGCATIGGGTGCG
CCAGGCCCCCGGACAAGGGUTTGAGTGGATCGGAT
ACATCTACCCTGGCAATGTTAACACAGAATATAATG
AGAAGTTCAAGGGCAAAGCCACCCTTACCGCGGAC
AAATCCACGAACACAGCCTACATOGGAGCTGAGCAG
CCTGAGATCTGAAGACACGOCTOTOGTATTICTGTGC
GAGGGAGGAAATTACCTACGCTATGGACTACTGGG
GCCAGGGAACCCTGOGTCACCOGTGTCCTCAGGCGGA
GGTGCAAGCGGAGGGGCGAGGATCTGGLGGLGGAG
GAAGCGGAGGCGACGTTCAAATGACCCAGAGCCCA
TCCACCCTGAGCGCATCTGTAGGTGACCGGGTCACC
ATCACTTGTAGCTCCAGTCAGAGTATIGTACACAGT
AATGGGAACACCTATATGGAATGOGTATCAGCAGAA
ACCAGGTAAAGCCCCAAAATIGCTCATCTACAAAG
TCTCTAACAGATTTAGTGGTGTACCAGACAGGTTICA
GCGGTTCCGGAAGTGGTACTCAATTCACCCTCACGA
TCTCCTCTCTCCAGCCAGATGATTITCGCCACTTATTA
CTGTCATCAAGGTTCACATOTGCCGCGCACATTICGG
TCAGGGTACTAAAGTAGAAGTCAAA (SEQ ID NO:
212

[3132] In some embodiments, the second antigen binding domain comprises an scFv domain

that binds to HLA-A*0Z antigen. In some embodiments, the scFv domain comprises a

sequence of SEQ 1D NG: 207, 209 or 21 1, or sequences having at least 90%, at least 95%, at

7

least 97%, at least 999% or 1s identical thereto. In some embodiments, the seFv domain

comprises a sequence of SEQ ID NG 207, 209 or 211

Table 6: Additional HLA-A*02 scfv binding domains

HLA-A*Q2 antigen binding domains derived from PA2.1 mAb

C-001765 PAZ.1 scFv (mousel:

DVLMTQTPLSLPVSLGDQASISCRESOSIVHSNGNTYLEWYLQKPG

QSPKLLIVEVSNRIESGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC
FQGSHVPRTSGOGGTKLEIKGGGGSGGGOSGGOGGSGGOVOLQUSGP
ELVKPGASVRISCKASGY TFISYHIHWVKORPGQGLEWIGWIYPGN

C-001765 PAZ1
scFv (mouse)

DNA Seguence:
SEQIDNG: 75

YNTEYNEKFRGEKATLTADKSSSTAYMHLSSLTSEDSAVYFCAREEL

TYAMDYWGQGTSVTVSS (SEQ ID NG: 63)

[¥9)
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C-002139 PAZ.1 .8 scFv thumanized):
QVOLVOSGAEVKKPGSSVKVSCRASGYTFTSYHIHWVROAPGOQGL
EWMGWIYPGNVNTEYNEKFKGKATITADKSTSTAYMELSSLRSED
AVYYCAREEITYAMDYWGQGTTVTIVSSGGGGSGGGGSGGGGSG
GEIVLTQSPGTLSLSPGERATLSCRSSOSIVHSNGNTYLEWYQQKPG
GAPRLLIVKVSNRESGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCE

QCSHYPRTFGOGGTRVEIK (SEQ 1D NO: 64)

C-002159 PAZ. 18
scFv (humanized)
DNA Sequence:
SEQIDNG: 76

£-002160 PAZ 1.9 scFy

humanized):
QVOLVOQSGAEVKKPGSSVKVSCKASGYTETSYHIHWYVRQAPGQGL
EWMGWIYPGNVNTEYNEKFKGEATITADKSTSTAYMELSSLRSED
TAVYYCAREEITYAMDYWGQGTTVTVSSGGOGSGGGGSGOGGRG
GDIVMTOTPLSLPVTPGEPASISCRSSOSIVHSNGNTYLEWYLQKPG
QSPQLLIVEVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC

{SEQ I NO: 65}

C-002160 PA2.19
scFv (humanized)
DNA Sequence:
SEQIDNG: 77

C-002161 PAZ. 1,10 scFv (humanized):
EVQLVESGGGLVKPGGSLRLSCAASGYTFISYHIHWVRQAPGKGL
EWVOWIYPGNVNTEYNEKFKGRFTISRDDSKNTLYLOMNSLKTED
TAVYYCAREEITYAMDYWGQGTTVTIVSSGGGGRGGGGSGGGGSG
GDIQMTQSPSSLSASVGDRVTITCRSSQSIVHSNGNTYLEWYQQKP
GKAPKLLIYKVSNRFSGVPSRFSGRGSGTDFTLTISSLOPEDFATYY
CFOGSHVYPRTFGGGTKVEIK

(SEG ID NG: 66)

C-002161

PA21 10 scFv
{humamized) DNA
Sequence: SEQ 1D
NO: 78

C-002162 PA2.1.14 scFy {humanized):
QVOLVOSGAEVKEKPGSSVKVSCKASGYTFTSYHIHWVRQAPGOGL
EWICWIYPGNYVNTEYNERFKGKATITADESTNTAYMELSSLRSEDT
AVYYCAREEITY AMBYWGQGTLVTVSSGGGGSGGGGSGHEGESGH
DIOMTQSPSTLSASVGDRVTITCRSSQSIVHSNGNTYLEWY QQKPG
KAPKLLIVEVSNRFSGVPARFSGSGSGTEFTLTISSLOPDDFATYYC
FOGSHVPRTIFGOQGTKVEVK (SEQ ID NG 67)

{£-002162
PA2.1.14 scFy
(humanized) DNA
Sequence: SEQ ID
NG 79

C-002163 PAZ 1 18 scFv (humanized):

LEWIGYIYPONYNTEYNEKFKGKATLTA TAYMELSSLRSE

DTAVYFCAREEITYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGS
GGDYVOMTOSPSTLSASVGDRVTITCSSSOSIVHSNGNTY MEWY QO
KPOKAPKLLIYEKVANRFSGVPDRFSGSGSGTEFTLTISSLOPDDFAT

YYCHOGSHVPRTFGOGTREVEVE (SEQ ID NQ: 68)

C-002163

PA2.1 .18 scFv
(humanized) DNA
Sequence: SEQ 1D
NQG: 80

[¥9)
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HLA-A*02 antigen binding domains devived from BB7.2 mAb

C-002164 BB7.2 seFv {mouse):
QVQLOQSGPELVKPGASVEMSCKASGYTFISYHIOWVEQRPGQG
LEWIGWIYPGDGSTOYNERFKGKTTLTADKSSSTAYMLLSSLTSED

GOVLIMTQTPLSLPYVSLGDQVSISCRSSOSIVHASNGNTYLEWYLQKP

GOSPKLLIVKVSNRESGVPDRFSGSGSGTDFTLKISRVEAEDLGVYY
CFOGSHVPRTRFGGGTELEIK (SEQ ID NG: 693

{-002164 BB7 .2
scFv (mouse)
DNA Sequence:
SEQIDNO: 81

C-002165 BBY 2 1 scFv (humanized):
QLOLOQESGPGLYKPSETLSLTCTVSGY TFISYHIQWIRGPPGKGLE
WIGWIYPGDGSTOYNEKFKGRATISVDTSKNGFSLNLDSVSAADTA
IWWYCAREGTYYAMDYWGKGSTVTVSSGGGGSGGGGRGGGGSGG
DIQMTQSPSSLSASYGDRVTITCRESOSIVHSNGNTY LEWY QQKPG
KAPKLLIYKVSNRESGVPSRFSGSGSGTDEFTFTISSLOQPEDIATYYCE

QOSHYVPRTFGPGTRVDIK (SEQ ID NG: 70)

C-002165 BB7.2.1
scFv (humanized)
DNA Seguence:
SEQIDNG: 82

C-002166 BB7.2 2 scFv (humanized):

EVQLVQSGAELKKPGSSYRKVSCKASGYTFISYHIOWVRKQAPGQGL
EWICWIYPGDGSTOYNEKFKGKATLTVDKSTNTAYMELSSLRSED
TAVYYCAREGTYYAMDYWGOGTLVTVSESGGGGSGHGOGRGGGES
GODIQMTOSPSTLSASVGDRVTITCRESQSIVHSNGNTYLEWYQQK
POKAPKLLIYEVSNRESGVPSRFSGSGSGTDFTLTISSLOPDDFATY
YCEQGSHYPRTFGOGTKVEVK (SEQ 1D NO: 71)

C-002166 BB7.2.2
scFv (hamanized)
DNA Sequence:
SEQIDNQO: 83

C-002167 BB7.2.3 scFv (humanized):

EWMGWIYPGDGSTOYNEKFKGRVTITADKSTSTAYMELSSLRSED

TAVYYCAREGTYYAMBYWGGQGTTVTIVSSGGGGSGGGGSGGGES
GGEIVLTQSPGTLSLSPGERATLSCRSSOMVHENGNTYLEWYQQKP
GOAPRLLIYKVSNRFSGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYC
FOGSHVPRTIFGOOTKVEIK (SEQ ID NG 72y

C-002167BB7.23
scFv (humanized)
DNA Sequence:
SEQIDNG: 84

C-0021638 BB7.2 3 scfv (humanized):
QVTLEQSGAEVKKPGSSVKVSCTASGY TFTSYHVSWVROQAPGOGL
EWLGRIYPGDGSTOYNEKFKGKVTITADKSMDTSFMELTSLTSEDT
AVYYCAREGTYYAMBLWGQGTLVTVSSGGGGSGGGGSGGGESG
GEIVLTOQSPGTLALSPGERATLSCRSSOSIVHENGNTYLAWY QOQKPG
QAPRLLISKVENRFSGVPDRFSGSGSGTDFTLTISRLEPEDFAVYYC
QOGSHYPRTFGGGTKVEIK (SEQ ID NG: 73)

002168 BB7.25
scFv (humanized)
DNA Sequence:
SEQID NG 85

C-00216Y BB7.2 6 scFv thumanized):
QVOLVOSGAEVKRPGASVKVSCRASGYTRTSYHMHWVYRQAPGQ
RLEWMGWIYPGDGSTOYNERFKGKVTITRDTSASTAYMELSSLRES
EDTAVYYCAREGTYYAMDYWGQGTLVTVSSGGGGSGGGGRGGG
GSGGRIVMTOTPLSLPVTPGEPASISCRSSOSIVHSNGNTYLDWYLQ
KPGOSPOQLLIYKVSNRFSGYPDRESGSGSGTDFTLKISRVEAEDVGY
YYCMOGSHVPRTFGGGTKVEIK (SEQ ID NO: 74)

{-002169 BB7.26
scFv (humanized)
DNA Sequence:
SEQIDNO: 86

(6133} In some embodiments, the non-target antigen comprises HLA-B*(7. Varnious single

variable domains known in the art or disclosed herein that bind to and recognize HLA-B*07

are suitable for use in embodiments.
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[6134] In some embodiments, the non-target antigen comprises HLA-A*11. Various single

variable domains known in the art or disclosed herein that bind to and recognize HLA-A*11

are suitable for use 1 embodunonts.

(3135} In some embodiments, the non-target antigen comprises HLA-A¥01. Various single

variable domains known in the art or disclosed herein that bind to and recognize HLA-A*(1

are suitable for use m embodiments.

[6136] In some embodiments, the non-target antigen comprises HLA-A*03. Various single

variable domains known in the art or disclosed herein that bind to and recognize HLA-A*03

are suitable for use in embodiments.

[3137] In some embodiments, the non-target antigen comprises HLA-C*07. Various single

variable domains known in the art or disclosed herein that bind to and recognize HLA-C*07

are suitable for use in embodiments.

16138} Such scFvs include, for example and without limitation, the following mouse and

humanized scFv antibodies that bind non-target antigens {e.g. HLA-A*02, HLA-A*01, HLA-
A*03, HLA-A*11, HLA-B*07, or HLA-C*07) in a peptide-independent way shown in Table

7 below {(where indicated, complementanty determining regions underlined):

Table 7: Exemplary HLA-AX02, HLA-4*01, HLA-A%03, HLA-A*11, HLA-B*07, or HLA-
U*07 Binding Domains

HLA-B*07 antigen binding domains

BR7.1.10
scEv

QVOLQESGPGLVKPSQTLSLTCTVSGYSITSGY SWHWIRQPPGKGLEWIG
YIHPSGSTHYHPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGG
VVSHY AMDCWGQGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTQSPSS
LSASVGDRVTITCRASENIY SNLAWY QOKPGKAPKLLIYAATYLPDGVP
SRFSGSGSGTDFTLTISSLOPEDFATY Y CQHFWYVTPYTFGGGTKVEIK
(SEQ ID NO: 330)

BB719 ¢

EVQLVESGGGLVKPGGSLRLSCAASGYSITSGYSWHWVRQAPGKGLEW
VSYIHFSGSTHYHPSLKSRFTISRDNAKNSLYLOMNSLRAEDTAVYYCA
RGGVVSHYAMDCWGQGTTVTVSSGGGGSGGGGSGGGGSGGDIOMTRS
PSSVSASVGDRVTITCRASENIY SNLAWYQOQKPGKAPKLLIYAATYLPDG
VPSRFSGSGSGTDFTLTISSLOPEDFATYY CQHFWVTPY TFGGGTKVEIK
(SEQ ID NO: 331)

EVQLVESGGGLVKPGGSLRLSCAASGY SITSGYSWHWVRQAPGKGLEW
VGYIHFSGSTHYHPSLKSRFTISRDDSKNTLYLOMNSLKTEDTAVYYCA
RGGVVSHY AMDCWGQGTTVTVSSGGGGSGGGGSGGGGSGGEIVLTOS
PATLSLSPGERATLSCRASENIY SNLAWYQOKPGOAPRLLIYAATYLPDG
IPARFSGSGSGTDFTLTISSLEPEDFAVY Y CQHFWVTPY TFGGGTKVEIK
(SEQ 1D NO: 332)

2
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GVOLQOSGPGLVKPSQTLSLTCAISGY SITSGY SWHWIR(QSPSRGLEWLG
YIHFSGS THYHPSLKSRITINPDTSKNQFSLOLNSVIPEDTAVYYCARGG
VVSHY AMDCWGOGTTVIVSSGGGGSGGGGSGGGGSGGEIVLTOSPATL
SLSPGERATLSCRASENIYSNLAWYQQKPGOAPRLLIYAATYLPDGIPAR
FSGSGSGTDFTLTISRLEPEDFAVY YCQHFWVTPY TFGGGTK VEIK (SEQ
1D NO: 333)

BB7.1.6 sc

EVQLVESGGGLYVKPGGSLRLSCAASGYSITSGYSWHWVYRQAPGKGLEW
VOYIHESGSTHYHPSLKSRETISRDDSKNTLYLOMNSLKTEDTAVYYCA
RGOGVVSHYAMDCWGQOGTTVIVESSGGOGSGGHESGOGGSGORIGMTRS
PSSVSASVOGDRVTITCRASENIY SNLAWYQQEPGKAPKLLIYAATYLPDG
VPSRESGSGSGTDFTILTISSLOPEDFATYYCQHFWVTPY TFGGGTKVEIK
(SEQ 1D NO: 334)

BB7.13 s¢

EVOLVESGGGLVOPGGSLRLICAASGY SITSGY SWHWVROQAPGKGLEW
VSYIHFSGSTHYHPSLKSRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GOVVSHY AMDCWGQGTTVTVSSGGGGSGGGGSGGGGEGGDIOMTOSP
SSLSASVGDRVTITCRASENTY SNLAWY QQKPGKAPKLLIYAATYLPDG
VPSRFSGSGSGTDFTLTISSLOPEDFATY YCOHFWVTEY TFGGGTKVEIK
(SEQ ID NO: 335)

BB7.14 s
Fv

EVQLVESGGGLVK PGGSLRLSCAASGY SITSGYSWHWVRQAPGKGLEW
VGYHFSGSTHYHPSLKSRFTISRDDSKNTLYLOMNSLKTEDTAVYYCA
RGGVVSHYAMDCWGQGTTVTVSSGGGGSGGGGSGGGGSGGDIOMTQS
PSSLSASVGDRVTITCRASENIYSNLAWY QQKPGKAPKLLIY AATYLPDG
VPSRFSGSGSGTDFTLTISSLOPEDFATY Y COHFWVTPY TRGGGTKVEIK
(SEQ ID NO: 336)

QVQLOQWGAGLLKPSETLSLTCAVYGY SITSGY SWHWIRQPPGKGLEWI
GYIHFSGSTHYHPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARG
GVVSHY AMDCWGOQGTTVTVSSGOOGSGGGGSGGGGSGLDIQMTOSPS
SLSASVODRVTITCRASENIYSNLAWY QOKPGKAPKLLIYAATYLPDGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQHFWVTIPYTFGGUGTRVEIK
(SEQ ID NO: 337)

OVOLOESGPGLVKPSOTLSLTCTVSGY SITSGY SWHWIRQHPGKGLEWT
GYIHFSGSTHYHPSLKSRVTISVDTSKNOQFSLKLSSVTAADTAVYYCARG
GVVSHY AMDCWGQGTTVTVSSGGGGSGGGGSGGGGSGGDIOMTQSPS
SLSASVGDRVTITCRASENIYSNLAWY QQOKPGKAPKLLIYAATYLPDGY
PSRFSGSGSGTDFTLTISSLOPEDFATY YCQHFWVTPY TFGGGTKVEIK
(SEQ 1D NO: 338)

BBE7.11 sc | OVOLOOSGPGLVKPSOTLSLTCAISGYSITSGYSWHWIROSPSRGLEWLG

Fyv YIHFSGSTHYHPSLKSRITINPDTSKNQFSLOLNSVIPEDTAVYYCARGG
VVSHY AMDCWGOGTTVTVSSGGGGSGGGGSGGGGRGODIOMTOSPSS
LSASVGDRVTITCRASENIYSNLAWY QQKPGKAPKLLIYAATYLPDGVP
SRFSGSGSGTDFTLTISSLOPEDFATY Y CQHFWVTPY TEGGGTKVEIK
(SEQ 1D NO: 339)

BB7.] VOLOESGPDLVKPSQSLSLTCTVIGY SITSGY SWHWIRQFPRNKLEWMG

scFy YTHFSGSTHYHPSLK SRISTTRDTSKNQFFLOLNSVITEDTATY YCARGGY

VSHY AMDCWGQGTSVIVSSGGGGSGGGGSGGGGSGGDIOMTQSPASL
SVSVGETVTITCRASENIY SNLAWYQOKQGKSPHLLVY AATYLPDGVES
RFSGSGSGTQY SLKINSLQSEDFGSYY CQHFWVTPY TRFGGGTKVEIK
(SEQ ID NO: 21306)
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HEA-A1

inticen binding domains

S

QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGOY YWSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLESRVTISVDTSKENGFSLELSSVTAADTAVYYCARH
YYYYSMDVWGKGTTVTVSSGGGGRGGOGSGGGGSGODIQMTRSPSSLS
ASVGDRVTITCRASQSISSYLNWY QOQKPGKAPKLLIYAASSLQSGVPSRY
SGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLIFGGGTEVEIK (SEQ ID
NG 340y

joo

QITLKESGPTLVKPTQTLTLTCTFSGRSLSTSGVOGVOWIRQPPGKALEWL
ALTYWNDDKRYSPSLKSRUTITEKDTSKNGVVLTMTNMDPYDTATYYCA
HREMRLSCFDYWGOQGTLVTVSSGOOGSGGGGSCGCEGSGODIOMTOQSPS
SLSASYVGDRVTITCRASQSISSYLNWY QOQKPGRAPKLLIYAASSLOSGVP
SRESGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGUTKVEIK
(SEQ ID NG: 341}

I~

QVOLVOSGAEVKKPGASVKVSCKASGY TFTSY AMHWVROAPGORLEW
MGWINAGNGNTKY SOKFQGRVTITRDTSASTAYMELSSLRSEDTAVYY
CAREGNGANPDAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGDIgM
TQSPSSLSASVGDRVTITCRASQSISSY LNWY QQKPGKAPKLLIY AASSL
QSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVE
1K (SEQ ID NG: 342)

fon

EVOLVESGGGLVOPGGSLRLSCAASGFTFSSYDMHWVROQATGKGLEW
VSAIGTAGDTYYPGSVKGRFTISRENAKNSLYLOMNSLRAGDTAVYYC
ARDLPGSYWYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTO
SPSSLSASVGDRVTIITCRASQSISSYLNWYQOKPGKAPKLLIY AASSLOSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYY CQOSYSTPLTFGGGTKVEIK
(SEQ ID NO: 343)

[

QVOQLOESGPGLVKPSQTLSLTCTVSGGSISSGGY YWSWIRQPPGRGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARH
YYYYYLDVWGOKGTTVTVSSGGOGGSGGGGSGOGGSGGDIQMTQSPSSLS
ASYVGDRVTITCRASOSISSYLNWY QUK PGKAPKLLIY AASSLOSGVPSRF
SGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK (SEQ 1D
NO: 344y

b

EVQLVESGGGLVQPGGSLRLSCAASGFTFSSY WMHWVRQAPGKGLYW
VSRINSDGSSTSY ADSVKGRFTISRDNAKNTLY LOMNSLRAEDTAVYYC
CLGVLLYNWFDPWGQGTLYTVSSGGGGSGGGGSGGGGSGGDIOMTYS
PSSLSASVGDRVTITCRASQSISSYLNWYQOQKPGKAPKLLIYAASSLOSG
VPSRFSGSGSGTDFTLTISSLQPEDFATY Y CQOQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 345)

158

QVOQLOESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVY YCARH
YYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTQSPSSLS
ASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIY AASSLOSGVPSRF
SGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTEVEIK (SEQ ID
NO; 346)

o

QITLKESGPTLVKPTQTLTILTCTFSGFSLSTSGVOVOWIRQPPGKALEWL
ALTYWNDDKRYSPSLKSRLTITEDTSKNQVVLTMINMDPVDTATYYCA
HKTTSFYFDYWGQGTLVTVSSGGGGSGGGGSGOGGGSGEDIOMTQSPSS
LSASVGDRVTITCRASQSISSYLNWYQOQKPGKAPKLLIVAASSLOSGVPRS
RESGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK (SEQ

1D NG 347
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fr

QVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEW!
GYTYYSGSTYYNPSLKSRVTISVDTSKENGFSLKLSSVTAADTAVYYCARH
YYYYYMDVWGKGTTVIVSSGGGGSGGGGSGGGGSGGDIQMTQSPSSL
SASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIY AASSLOSGVPSR
FSGSGSGTDFTLTISSLOPEDFATYYCQQSY STPLTFGGGTKVEIK (SEQ
1D NO: 348)

HLA-C*$7 antisen binding domains

£7-45

EVOLLESGGGLVQPGGSLRLSCAASGFTFSSY AMSWVRQAPGKGLEWVY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCA
VSFDWFDPWGQGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTQSPSSLS
ASYGDRYTITCRASOSISSYLNWY QUK PGKAPKLLIY AASSLOSGVPSRE
SGSGSGTDFTLTISSLOPEDFATYYCQOQSYSTPLTFGGGTKVEIK (SEQ ID
NO: 349)

C7-44

OVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYTYYSGSTYYNPSLKSRVTISVDTSKNOQFSLKLSSVIAADTAVYYCARE
RSISPYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTOS
PSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSG
VPSRFSGSGSGTDFTLTISSLOPEDFATY YCQOSYSTPLTFGGGTKVEIK
(SEQ ID NO: 350)

£7-43

QLOLQESGPGLVYKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEW]

GSIYYSGSTYYNPSLKSRVTISVDTSENQFSLKLSSVTAADTAVYYCARD
SVIWYWEDPWGOQGTLVTVSSGGGGSGOGUSGOGOGGSGGQSVLTOPPSAS
GTPGORVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIVSNNOQRPSGVPD
RFSGSKSGTSASLAISGLOSEDEADYYCAAWDDSLNGWVFGGGTKLTV

L{SEQ 1D NO: 3513

£7-42

QVQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
EILPRLSYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTO
SPSSLSASVGDRVTITCRASQSISSY LNWY QOKPGKAPKLLIY AASSLOSG
VPSRFSGSGSGTDFTLTISSLOPEDFATY YCOQSY STPLTFGGGTKVEIK
(SEQ ID NO: 352)

C7-41

QVOLVQSGSELKKPGASYVKVSCKASGY TFTSYAMNWYRQAPGQGLEW
MGWINTNTGNPTY AQGETGRFVESFDTSVSTAYLOICSLKAEDTAVYYC
ARGGRAHSSWY FDLWGRGTLYVTVSSGGGGSGGGGSGGGGSGGDIOMT
QSPSSLSASVGDRVTITCRASOSISSYLNWY QUKPGKAPKLLIY AASSLOS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQOQSYSTPLTFGGGTK VEIK
(SEQ ID NO: 353)

C7-40

QVOQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEW!
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSYVTAADTAVYYCARD
RIKILPRLGYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIOM
TQSPSSLSASVGDRVTITCRASQSISSYLNWY QQOKPGKAPKLLIY AASSL
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCOOQSYSTPLTFGGGTEVE
K (SEQ 1D NO: 354)

OVOLQESGPGLVKPSOTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKL3SVIAADTAVYYCARD
TVIHY Y YYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTRS?
SSLSASVGDRVIITCRASQSISSY LNWY QOKPGRAPKLLIY AASSLOSGV
PSRFSGSGSGTDFTLTISSLQPEDFATY YCOQSY STPLTRFGGG TR VEIK
(SEQ D NO: 335)
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C7-38

QVOLQESGPGLVKPSOTLSLTCTVSGGSISSGOY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLEKSRVTISVDTSENGQEFSLEKLSSVTAADTAVYYCARD
VIVEVFLSYYYYMDVWGKGTTVTVSSGGGGSGGGESGGGGSGEDIOM
TOSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSL
QSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGOTKVE
IK (SEQ ID NQ: 356)

OVQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRGPPGRGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNOFSLKLSSVTAADTAVYYCARD
FIHYYYYMDVWGKGTTVIVSSGGGGSGGEGSGGGGSGGDIOMTOSPS
SLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLQSGVP
SRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLIFGGGTKVEIK
(SEQ ID NG: 357)

EVOLVESGGOLVOPGGSLRLSCAASGFIFSSY SMNWVROAPGKGLEWY
SYISSSSSTIVYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
DGTFYSYSPYYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGDIOMTO
SPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLQSG
VPSRESGSGSGTDFTLTISSLOPEDFATYYCOQSY STPLTRGGGTRVEIK
(SEQ 1D NO: 338)

£7-35

QVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEW!
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLELSSVTAADTAVYYCARE
WIKILPRLGY Y YYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQ
MTOSPSSLSASVGDRVTITCRASQSISSY LNWYQQKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOQSYSTPLTFGGGTKY
EIK (SEQ ID NO: 359)

C7-34

QVQLOESGPGLVEKPSQTLSLTCTVSGGSISSGGEY Y WSWIRQPPGRKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
RSLYYYYYMDVWGKGTTIVTVSSGGHGSGGGGSGHHGESGEDIQMTQSP
SSLSASYGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK
(SEQ ID NO: 360}

.
\i-l
3
)

QVOQLGESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNGQFSLKLSSVTAADTAVYYCARD
KILAPNYYYYMDVWORKGTTVTVSSGGGGSGOGOSGGGGSGGDIOMTO
SPSSLASASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLOSG
VPSRESGSGSCGTDFTILTISSLOPEDFATYYCQOQSYSTPLTRGGGTEVEIK
{(SEQ IDNQ: 361

€7-32

OVOLQESGPGLVKPSQTLSLTCTVSGGRISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLESRVTISVDTSKNOFSLKLSSYVTAADTAVYYCARE
KSWEYFYYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIC

MTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIY AASS

LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATY Y CQQSYSTPLTFGGGTKY
EIK (SEQ 1D NO: 362)

QVQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
NTSTIPYYYYYMDVWGKGTTIVTVSSGGGGSGGGGSGGGGSGGDIOMT
QSPSSLSASVGBRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLOS
GVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
{(SEQ ID NQ: 363}
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C7-30

GVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEWT
GYIVYSGSTYYNPSLKSRVTISVDTSKNGFSLKLSSVTAADTAVYYCARE
DVDKNTSTIYYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGD
IOMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAA
SSLOSGYPSRFSGSGSGTDFTLTISSLOPEDFATY YCQOSYSTPLTFGGGT
KVEIK (SEQ ID NO: 364)

OVQLVESGGGLVEKPGGSLRLSCAASGFTFSDY YMSWIRQAPGKGLEWY
SYISSSGSTIYYADSVKGRFTISRDNAKNSLY LOMNSLRAEDTAVYYCAR
DGGDIVSSSAIYWYFDLWGRGTLYTVSSGGGGSGGGGSGGGGSGGAIQ
LTQSPSSLSASVGDRVTITCRASQGISSALAWY GOKPGKAPKLLIYDASS
LESGVPSRFSGSGSGTDFTLTISSLOPEDFATY YCQOQFNSY PLTFGGGTKY
EIK (SEQ 1D NOQ: 365)

QVQLGESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
LILPPYYYYYMDVWGKGTTVTIVSSGGGGSGGGGSGOGGRGOGDIOMTOS
PSSLSASVODRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTRFGGGTRVEIK
{(SEQ 1D NO: 366)

C7-27

QVOLQESGPGLVEKPSQTLELTCTVSGGHISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLESRVTISVDTSKNGFSLELSSVTAADTAVYYCARE
TWIKILPRYYYYYYYMBDVWGRKGTTVTVSSGGGGSGGGGSGGGGSOGED
IOMTOSPSSLSASVGBRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAA
SSLOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQUSYSTPLTFGGGT
KVEIK (SEQ ID NO: 367)

QVQLOESGPGLVEKPSQTLSLTCTVSGGSISSGGEY Y WSWIRQPPGRKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
LSRYYYYYMDVWGKGTTVTVSSGGHGSGGGGSGHHGESGGDIQMTQSP
SSLSASYGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK
(SEQ ID NO: 368)

EVQLVESGGGLVQPGGSLRLSCAASGFTFSSY SMNWVRGQAPGKGLEWY
SYISSSSSTIYYADSVKOGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
EHIVLCFDYWGQGTLVTVESGGGGSGGGGSGGGGSGOGDIOMTQSPSSLS
ASVODRVTITCRASQGISSWLAWYQOKPEKAPKSLIYAASSLOSGVPSRF
SGSGSGTDFTLTISSLOPEDFATYYCQOYNSYPLTFGGUTRVEIK (SEQ ID
NO: 369}

C7-24

QVQLQESGPGLVEPSQTLSLTCTVSGGRISSGOGY Y WSWIRQPPGKGLEW]
GYTYYSGSTYYNPSLESRVTISVDTSENQFSLELSSVTAADTAVYYCARD
KILPRPYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGHSGERIOMT
QSPSSLSASVGDRVTITCRASQSISSYLNWY QOKPGKAPKLEIY AASSLQS
GVPSRESGSGSGTDFILTISSLOPEDFATYYCQUSYSTPLTFGGGTKVEIK
(SEQ I NO: 3703

QVOQLVOSGAEVKKPGASYKVSCKASGY TFTSYGISW VRQAPGQGLEW
MGWISAYNGNTNY AGKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVY
YCARGSNEY FOHWGOGTLYTVSSGGGGSGGGGSGGGGSGGQSALTOPR
SASGSPGOQSYTISCTGTSSDVGGYNYVSWY QOHPGKAPKLMIYEVSKRP
SGVPDRFSGSKSGNTASLTVSGLOAEDEADYYCSSYAGSNNWVEGGGT
KLTVL (SEQ ID NO: 371)
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C7-22

GVOLVQSGSELKKPGASVKVSCRASGY TFTSYAMNWVYROAPGQGLEW
MGWINTNTGNPTY AQGFTGRFVESFD TSVSTAYLOICSLKAEDTAVYYC
ARGTSYWYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTOSPS
SLSASVGDRVTITCRASQSISSYLNWY QOKPGKAPKLLIYAASSLOSGVP
SRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 372)

OVQLOESGPGLVKPSOTLSLTCTVSGGSISSGGYY WSWIRQPPGRGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
EIVEVFYYYYMDVWGKGTTVTVSSGGGGSGGGGSGOGGSGGDIOMTQ
SPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIY AASSLGSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 373)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVROQAPGKGLEWY
SAISGSGGSTY YADSVKGRETISRDNSKNTLY LOMNSLRAEDTAVYYCA
KVDDYYFDYWGQGTLVTVSSGGOGSGGGGSGGOGSGOGDIOMTOSPSSL
SASVOGDRVTITCRASQSISSYLNWY QQKPCGKAPKLLIYAASSLOSGVPSR
FSGSGSGTDRFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK (SEQ
DN 3T

C7-19

EVOQLVESGGGLVOPGGSLRLSCAASGFTFSSY WMHWVRQAPGKGLYW
VSRINSDGSSTSYADSVEGRFTISRDNAKNTLY LOMNSLRAEDTAVYYC
AWSTNILLSY TKAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGDIOM
TOSPSSLSASVGDRVTITCRASQSISSY LNWY QQKPGKAPKLLIYAASSL
QSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOQSYSTPLTRFGGGTKVE
IK (SEQ ID NO: 375)

C7-18

QVQLOESGPGLVEKPSQTLSLTCTVSGGSISSGGEY Y WSWIRQPPGRKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
KIYYYYYYMDVWGKGTTVTVSSGGGGESGGGHGSGHGGESGOGDIOMTQSP
SSLSASYGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK
(SEQ ID NO: 376)

C7-17

QVOQLGESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
KYFHDKYFHDYYYYYMDVWGKGTTVTIVSSGGGGSGGGGSGGGGSGE
DIOMTOQSPASLSASVGDRVTITCRASQSISSYLNWYQQKPGRAPKLLIYA
ASSLOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOQSY STPLTFGGG
TKVEIK (SEQ 1D NG: 37%)

C7-16

OVOLQESGPGLVKPSQTLSLTCTVSGGRISSGGY Y WSWIRQPPGKGLEW!
GYIYYSGSTYYNPSLESRVTISVDTSKNOFSLKLSSVTAADTAVYYCARD
TSVYYYYYMDVWGKGTTVTVISGOGGSGGGGSGGGGSGGDIOMTOSP
SSLSASVGDRVTITCRASQSISSY LNWYQQK PGKAPKLLIYAASSLOSGY
PSRFSGSGSGTDRTLTISSLOPEDFATYYCQOSYSTPLTFGGGTK VEIK
(SEQ 1D NO: 378)

C7-15

QVQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
KILPYYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGBIGMTO
SPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLQSG
VPSRESGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
{(SEQ ID NG 379}
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C7-14

EVQLVESGGGLVOPGGSLRLSCAASGFTFSSY SMNWVROQAPGKGLEWY
SYISSSSSTIVYADSVKGRFTISRDNAKNSLY LOMNSLRAEDTAVYYCAL
QWIYIYINPRGFIFLHDAFDIWGOQGTMYTVSSGGGGSGGGESGGGGSGE
QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYS
NNQRPSGVPDRFSGSKSGTSASLAISGLOSEDEADYYCAAWDDSLNGW
VIEGGGTKLTVL (SEQ ID NGO: 380}

C7-13

OVQLOOSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEW
LORTYYRSKWYNDYAVSVKSRITINPDTSKNQFSLOLNSVTIPEDTAVYY
CAKEDVDFHHDAFDIWGQGTMYTVSSGGGGSGOGGSGHGGSGGDIGM
TOSPSSLSASVODRVTITCRASQSISSYLNWY QOQEPGKAPKLLIYAASSL
OSGVPSRESGSGSCGTDFTLTISSLOPEDFATYYCQOQSYSTPLTFGGGTEVE
K (SEQ 1D NG: 381y

C7-12

QVOLOESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQOPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
GVDKNTSTIVYYYYYMDVWGKGTTVTVSSGGGGSGOOGSGGGGSGED
IQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAA
SSLOSGVPSRFSGSGSGTDFTLTISSLOQPEDFATYYCQQSY STPLTFGGGT
KVEIK (SEQ 1D NO: 382)

C7-11

EVOLVESGGGLVQPGGSLRLSCAASGFTFSSY SMNWVRQAPGKGLEWY
SYISSSSSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
DRRGYFDLWGRGTLYTVSSGGGGSGGGGSGGGGSGGDIQMTQSPSSLS

ASVGDRVTITCRASQGISSWLAWY QQKPEKAPKSLIY AASSLOSGVPSRE
SGSGSGTDFTLTISSLOPEDFATY YCQQYNSYPLTFGGGTKVEIK (SEQ ID
NQ: 383)

C7-10

EVOLVQSGAEVEKPGATVKISCKVSGYTFTDY Y MHWVQQAPGKGLEW
MGLVDPEDGETIYAEKFQGRVTITADTSTDTAYMELSSLRSEDTAVYYC
ATGIHVDIRSMEDWFDPWGQGTLVTVSSGGGGSGGGGSGGGGSGGDIQ
MTQSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIY AASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKY
EIK (SEQ ID NQ: 384)

7.9

OVOLQESGPGLVKPSOTLSLTCTVSGGSISSGGY YWSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
IGTSY YYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTOSPS
SLSASVGDRVTITCRASQSISSYLNWY GOKPGKAPKLLIYAASSLOSGVP
SRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ 1D NO: 385)

C7-8

OVOLQESGPGLVKPSQTLSLTCTVSGGSRISSGGY Y WSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLESRVTISVDTSKNOFSLKLSSYVTAADTAVYYCARE
VVEVFLYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIOMT
QSPSSLSASVGDRVTITCRASQSISSYLNWY QOKPGKAPKLLIY AASSLOS
GVPSRFSGSGSGTDFTLTISSLOPEDFATY Y CQOSYSTPLTFGGGTKVEIK

(SEQ 1D NO: 386)

QVQLOESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQPPGKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNOQFSLKLSSVTAADTAVYYCARD
LYYYYYYYMDVWGKGTTVTVSSGGOGSGGGGSGGEESGGDIOMTOSP
SSLSASVGDRVTITCRASOSISSYLNWYQUKPGKAPKLLIY AASSLOSGY
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQOQSYSSTPLTFGGGTRKVEIK
{(SEQ ID NQ: 387}
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C7-6

QVOLQESGPGLVKPSOTLSLTCTVSGGSISSGOY YWSWIRQPPGKGLEWI
GYIYYSGSTYYNPSLEKSRVTISVDTSENGFSLEKLSSVTAADTAVYYCARE
SWRKYFYPRGSIFIHYYYYMDVWGOGKGTTVTVSSGOGGSGGGGSGEGGSG
GBIGMTOSPSSLEASVGDRVTITCRASQSISSYLNWY QOQKPGKAPKLLIY
AASSLOSGVPSRESGSGSCGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGG
GTKVEIK (SEQ D NO: 3883

OVOQLOESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRGPPGRGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
RIVEVFYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMTO
SPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLGSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 389)

QVOLOESGPGLYKPSQTLSLTCTVSGGSISSGGY Y WSWIRGPPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARE
KYFHDWLYYYYYMDVWGKGTTVIVSSGGGGEGGGGSGGGGSGGDIO

MTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIY AASS

LOSGVPSRFSGRGSGTDFTLTISSLOPEDFATY YCOQSY STPLTRGGGTRY
EIK (SEQ 1D NO: 390)

C7-3

QVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGY YWSWIRQPPGKGLEW!
GYIYYSGSTYYNPSLKSRVTISVDTSKNGQFSLELSSVTAADTAVYYCARD
LVDKNTSYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDI
MTOSPSSLSASVGDRVTITCRASQSISSY LNWYQQKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKY
EIK (SEQ ID NO: 391)

OVOLVOSGAEVKKPGASYKVSCKASGY TFTSYGISWVRQAPGQGLEW
MGWISAYNGNTNY AQKLQGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARVONEY FQHWGQGTLVTVSSGGGGSGGGGSGGGGSGGQSALTRP
PSASGSPGQSVTISCTGTSSDVGGYNY VSWY QQUHPGKAPKLMIYEVSKR
PSGVPDRFSGSKSGNTASLTVSGLOAEDEADYYCSSY AGSNNWVFGGG
TKLTVL (SEQ ID NO: 392)

QVQLVESGGGLVKPGGSLRLSCAASGFTFSDY YMSWIRQAPGKGLEWY
SYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAT
ANWEFDPWGOQGTLVIVSSGGGGSGGGUGSGOOGSGGDIQMTQSPSSVEAS
VGDRVTITCRASQGISSWLAWYQOKPGRAPKLLIYAASSLOSGVPSRES
GSGSGTDRTLTISSLOPEDFATYYCQQANSFPLTFGGGTEVEIK (SEQ ID
NO: 393}

HLA-A*G3 scFv Sequences

i5

QVOLVOSGAEVKKPGASVKVSCKASGY TFTSYGISWVRQAPGQGLEW
MGWISAYNGNTNY AQKLQGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARERVSQRGAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGDIQM
TQSPSSLSASVGDRVTITCRASQSISSY LNWY QQOKPGKAPKLLIY AASSL
OSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCOQOQSYSTPLTFGGGTEVE
K (SEQ 1D NO: 394)

16

EVQLVESGGOLVGQPOGGSLRLSCAASGFTFSSY SMNWVRQAPGKGLEWY
SYISSSSSTIVYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
GNPDRDPFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTRSPSS
LSASVGDRVTITCRASQSISSYLNWYQOQKPGKAPKLLIVAASSLOSGVPRS
RESGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK (SEQ
1D NG 395
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17

QVOLQESGPGLVKPSETLSLTCTVSGGSVSSGSY YWSWIRQOPPGKGLEW
IGYTYYSGSTNYNPSLESRVTISVDTSKNQFSLELSSVTAADTAVY YCAR
DFYCTNWY FDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTOSES
SLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLOSGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 396)

1%

QVQLOESGPGLVKPSETLSLTUTVEGGSISSYYWSWIRQPPGKGLEWIGY
IYYSGSTNYNPSLEKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARESS
SGSYWYFBLWGRGTLVIVSSGGGGSGOGGSGOGOGGSGODIQMTQSPSSL
SASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIY AASSLOSGVPSR
FSGSGSGTDFTLTISSLOPEDFATYYCQOQSYSTPLTFGGOGTKVEIK (SEQ
1D NG: 3973

19

EVOLVOSGAEVKKPGESLKISCKGSGYSFISY WIGWVROMPGKGLEWM
GHYPGDSDTRY SPSFQGOVTISADKSISTAYLOWSSLKASDTAMYYCAR

DSGYKYNLYYYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGoD
IQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAA

SSLOSGVPSRFSGSGSGTDFTLTISSLOQPEDFATYYCQQSY STPLTFGGGT

KVEIK (SEQ 1D NO: 398)

OVOLVQSGAEVKKPGASVKVACKASGYTETSYGISWVRQAPGQUGLEW

MOWISAYNGNTNYAQKLOGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARGGDLSHYYYYMDVWGKGTTVTVSSGGOGGSGGGGSGGGGSGGQ
TVVTQEPSLTVSPGUTVTLTCASSTGAVTSGY YPNWEFQQKPGQAPRALL
YSTSNKHSWTPARFSGSLLGGKAALUTLSGVQPEDEAEYYCLLYYGGAQ
WVFGGGTKLTVL (SEQ 1D NO: 399

21

QVOLYOQSGAEVKKPGASVKVSCKASGYTFISYGISWYRQAPGQGLEW
MGOGWISAYNONTNYAQKLOQGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARENRRYNSCYYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGEDI
QMTQSPSSLSASYVGDRVTITCRASOSISSYLNWY QOQKPGKAPKLLIYAAS
SLOQSGVPSRFSGSGSGTDRTLTISSLOPEDFATYYCQQSYSTPLTFGGOTK
VEIK (SEQ ID NO: 400)

QVOQLVOQSGAEVKKPGASVKVSCKASGY TFTSYGISWVROQAPGQGLEW
MOWISAYNGNTNYAQKLOGRVTMITDTSTSTAYMELRSLRSDDTAVY
YCARGODLSEHYYYYLDVWGKGTTVIVESGGGOSGGGGSGGOGSGEQT
VVTOEPSLTVSPGGTVTLTCASSTCAVTSGY YPNWFQOQKPGQAPRALLY
STSNKHSWTPARFSGSLLGGRKAALTLSGVQPEDEAEYYCLLYYGGAQW
VEGGGTRLIVL (SEQ IDNO: 404

EVOLVESGGGLVOPGGSLRLSCAASGFTVSSNYMSWVROAPGKGLEWY
SVIYSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
ATLLSLSY DAFDIWGQGTMVTVSSGGGGSGGGGSGOGGAGGDIOMTOS
PSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIVAASSLQSG
VPSRFSGSGSGTDFTLTISSLOPEDFATY Y CQQSYSTPLTFGGGTKVEIK
(SEQ 1D NO: 402)

QVOQLVOSGAEVKKPGASVKVSCKASGY TFTSYGISWYRQAPGQGLEW
MGWISAYNGNTNY AGKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVY
YCARGGDLSHYYYMDVWGKGTTVIVSSGGGGSGGGGSGGGESGGOT
VVTQEPSLTVSPGGTVILTCASSTGAVTSGY Y PNWEQQKPGOQAPRALIY
STSNKHSWTPARFSGSLLGGKAALTLSGVOQPEDEAEYYCLLY YGGAQW
VFGGGTKLTVL (SEQ ID NO: 403)
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EVOLYOSGAEVKKPGESLKISCKGRGY SFISYWIGWVROMPGKGLEWM
GUHYPGDSDTRYSPSFOGQVTISADKSISTAYLOWSSLKASDTAMYYCAR

ERDRWFDPWGQGTLVTVSSGGGESGGGGSGLGESGGDIGMTOSPSSLS

ASVODRVTITCRASQSISSYLNWY QQKPGEKAPKLLIYAASSLQSGVPSRF

SGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGOTKVEIK (SEQ ID

NG 404)

26

QVQLVOSGAEVKKPGASVKVSCKASGYTFTSYGISWVYRQAPGQGLEW

MOWISAYNONTNYAQKLOGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARETPPSLGAFDIWGQOTMVTVSSGOOGSGGGGSGGGGSGGOSALT
QPPSASGSPGOSVTISCTGTSSDVGOYNYVSWY QOHPGKAPKLMIYEVS
KRPSGVPDRFSGSKSGNTASLTVSGLOAEDEADY Y CSSYAGSNNWVEG

GOTKLTVL (SEQ 1D NG: 405)

QLOLOESGPGLVKPSETLSLTCTVSGGSISSSSY YWGWIRQPPGKGLEWT
GBIV Y SGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVY YCARE
AYCLSDSYWYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGRSVLTQ
PPSASGTPGORVTISCSGSSSNIGSNTVNWY QQLPGTAPKLLIY SNNQRPS
GVPDRFSGSKSGTSASLAISGLOSEDEADYYCAAWDDSLNGWVEGGGT
KLTVL (SEQ ID NO: 406)

QVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGY Y WSWIRQPPGKGLEW!
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLELSSVTAADTAVYYCARE
SWKYFYPRGYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIQMT
QSPSSLSASVGDRVTITCRASOSISSYLNWY QUKPGKAPKLLIY AASSLOS
GVPSRFSGSGSGTDFTLTISSLOPEDFATY YCQQSYSTPLTFGGGTK VEIK
(SEQ ID NO: 407)

HLA-A*01 scFv Sequences

Al-9

QVOQLVQSGAEVKEKPGASVKVSCRASGYTFTSYGISWVRQAPGQGLEW
MGWISAYNGNTNY AQGKLQGRVIMTTDTSTSTAYMELRSLRSDDTAVY
YCARGOWTAWYYYMDVWGKGTTYVTVSSGGGGSGOGGSGGGESGGQ
TYVTQEPSLTVSPGGTVTILTCASSTGAVTSGY YPNWEFQUQKPGQAPRALL
YSTSNKHSWTPARFSGSLLGGKAALTLSGVQPEDEAEYYCLLYYGGAQ
WVFGGUGTKLTVE (SEQ ID NO: 408)

EVOQLVESGGGLVQPGGSLRLSCAASGRTFSSY SMNWVRQAPGKGLEWY
SYISSSSSTIVYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVY YCAR
AKYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGQSVLTOPPSAS
GTPGORVTISCSGSSSNIGSNTYNWY QOLPGTAPKLLIY SNNQRPSGVPD
RFSGSKSGTSASLAISGLOSEDEADY Y CAAWDDSLNGWVFGGGTKLTV
L (SEQ ID NO: 409)

Al-7

QVQLOESGPGLVEKPSQTLSLTCTVSGGSISSGGEY Y WSWIRQPPGRKGLEW]
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARD
QVBKNTYYYYMDVWGKGTTVTIVSSGGGGIGGGGESGOGGSGHDIOMT
QSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGEKAPKLLIYAASSLGS
GVPSRFSGSGRGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGOGTKVEIK
(SEQ ID NO: 410}

Al-6

QVOLVESGGGLVKPGGSLRLSCAASGFTFSDY YMSWIRQAPGKGLEWY
SYISSSGSTIYYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
ACQLAEYFQHWGQGTLVTVSSGGGGSGGGGSGGGGSGGDIQMTQSPSS
VSASVGDRVTITCRASQGISSWLAWYQQKPGKAPKLLIVAASSLOSGVP
SRFSGSGSGTDFTLTISSLOPEDFATY Y COQANSFPLTFGGGTKVEIK
(SEQ 1D NO: 411)
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Al-S

GVOLQESGPGLVKPSQTLSLTCTVSGGSISSGGYY WSWIRQPPGKGLEWT
GYIVYSGSTYYNPSLKSRVTISVDTSKNGFSLKLSSVTAADTAVYYCARD
RVDKNTSYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGDIOMT
QSPSSLSASVGDRVTITCRASQSISSYLNWY QOKPGKAPKLLIY AASSLOS
GVPSRFSGSGSGTDFTLTISSLOPEDFATY YOQQSYSTPLTFGGGTK VEIK
(SEQ ID NO: 412)

Al-4

OVQLOESGPGLVKPSDTLSLTCAVSGY SISSSNWWGWIRQPPGRGLEW]
GYIYYSGSTYYNPSLKSRVTMSVDTSKNQFSLKLSSVTAVDTAVYYCAR
RYQLKLVHWFDPWGQGTLYTVSSGGGGSGGGGSGGGGSGGDIOMTOS
PSSLSASVGDRVIITCRASGSISSYLNWYQOKPGKAPKLLIYAASSLGSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK
(SEQ ID NG: 413)

Al-3

QVOLVOQSGAEVKKPOASVEKVSCKASGYTFTSYDINWVRQATGQGLEW

MOWMNPNSGNTGYAQKFQOGRVTMTRNTSISTAYMELSSLRSEDTAVY

YCATYYDYVIVEYFOHWGQOGTLVTVSSGGGGIGGOGSGOGGSGGDEY

MTOSPSSLSASVUGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
LOSGVPSRESGSGSGTDFTLTISSLQPEDFATYYCOQOQSY STPLTFGGGTRY
EIK (SEQ ID NO: 414)

QLOLOESGSGLVKPSQTLSLTCAVSGGSISSGGY SWSWIRQPPGKGLEWI
GYIYHSGSTY YNPSLKSRVTISVDRSKNQFSLKLSSVTAADTAVYYCARE
SYPSFY AFDIWGQGTMVTVSSGGGGSGGGGSGGGGSCODIQMTQSPSSL
SASVGDRVTITCRASQSISSYLNWYQOQKPGKAPKLLIY AASSLOSGVPSR
FSGSGSGTDFTLTISSLOPEDFATYYCQQSY STPLTFGGGTKVEIK (SEQ
ID NO: 415)

Al-1

QITLKESGPTLVKPTOTLTLTCTFSGFSLSTSGVGVGWIRGPPGKALEWL

ALIYWNDDKRY SPSLKSRLTITKDTSKNQVVLTMTNMDPYDTATYYCA
HSNMWSY SLNDY YFDYWGQGTLYTVSSGGGGSGGGGSGGGGSGGDIY
MTQSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIY AASS

LOQSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKY
EIK (SEQ ID NQ: 416)

(6139} Exemplary heavy chain and hght chain CDRs (CDR-H1, CDR-H2 and CDR-H3 or
CDR-L1, CDR-L2 and CDR-L3, respectively) for HLA-A*02 antigen binding domains are

shown i Table & below.

Table &: HLA-

-A*02 CDR Sequences

CDR-LI  CDR-L2 CDR-L3  CDBR-HI  CBR-H2 CDR-H3
RSSQSIV | KVSNRFS | FQGSHVP | ASGYTFT | WIYPGNVN | EEITYAMD
CHSNGNT | GVPDR RT(SEQID | SYHIH TEYNEKFK | Y (SEQ D
CYLE(SEQ (SEQID  NO:92) (SEQID  GK(SEQID | NO: 101)
IDNG: 87) | NO: 90) NGO 95y NO:98)

RSSQSIV | KVSNRFS  FQGSHVP | ASGYTFT  WIYPGNVN | EEITYAMD
CHSNGNT | GVPAR  RT(SEQID  SYHIH TEYNEKFK | Y (SEQID
CYLE (SEQ  (SEQID N0 92) (SEQID  GK(SEQID  NO: 101
IDNO:87y  Noi9y NO:95) | NO: 98y o
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 CDR-L1 CDR-L2  CBR-L3 CCBR-HY CDR-H2 CDR-H3
CSSSQSIV  KVSNRFS  HQGSHVP | ASGYTFT | YIYPGNVN | EEITYAMD
HSNGNT | GVPDR RT(SEQID | SYHMH TEYNEKFK | Y (SEQID

YME (SEQ  (SEQ Iy | NO: 93) {SEQ D GK SEQID | NO: 10D

1 NO: 88} | NG; 90) o INO:98) O ONOI9y :
{ RSSQSIV | KVSNRFS | MQGSHVP | SGYTFIS | WIYPGDGS | EGTYYAMD
'HSNGNT | GVPDR RT(SEQID | YHMH TGYNEKFK | Y(SEQID
YLD (SEQ (SEQID NQ: 943 (SEQ ID G(SEQID NO:102)
ADNG:IR9y NG9y NG 9Ty MNOjogy oo
{ RE50SIY FOQUSHVP | SYHIH WIYH { BEITYAMD
{HSNGNT RT(SEQID Qm TH PY (SEQID
YLE (SEQ NO: 92y 66} { NO: 161
VIDNG: 8 I P N ooy :
[3146] In some embodiments, the scFv comprises the complementarity determined regions

{CDRs) of any one of SEQ 1D NOS: 87-102. In some embodiments, the scFv comprises a

sequence at least 95% wdentical to any one of SEGQ 1D NOS: 87-102. In some cmbodunents,

the scFv comprises a sequence identical to any one of SEQ ID NOS: 87-102. In some

embodiments, the heavy chain of the antibody comprises the heavy chain CBRs of anv one of

SEQ ID NOS: 95-102, and wherein the light chain of the antibody comprises the light chain
CDRs of any one of SEQ 1D NOS: 87-94. In some embodiments, the heavy chain of the

antibody comprises a sequence at least 95% identical to the heavy chain portion of any one of

SEQ 1D NGS: 93-102, and wherein the light chain of the antibody comprises a sequence at

least 95% 1dentical to the hight chain portion of any one of SEQ D NOS: §7-94.

6141} Additional exemplary heavy chain and light chain CDRs (CDR-HI, CDR-H2 and

CDR-H3, or CDR-LI, CBR-LZ and CBR-L3, respectively) for HLA-A*03, HLA-B*07,
HLA-A*1T, HLA-C*07 and HLA-A*01 Ligand Binding Domains binding domains are

shown m Table O below.

Terble 9: CDRs Of HLA-A¥03, HLA-B*07, HIA-A%11, HLA-C*07 and HIA-A01 Ligand

Binding Domains

CDR-L1  CDR-L2 "CDR-L3  CDR-HI  CDR-H2 CDR-H3
HEA-A*03 CDRs e e e eeseeg et
 RASQSISSY | AASSLQS | QOSYSTPL | SYGIS WISAYNGNT | ERVSQRGAF
LN(SEQID  (SEQIDNO: | T(SEQID  (S8EQID  NYAQKLQG  DI(SEQID |
NO: 417 424) L NO: 430) NO:438) | (SEQIDNO:  NO:478)
...................... 459)
 RASQSISSY | AASSLOS [ QQSYSTPL  SYSMN  YISSSSSTIVY | GNPDKDPED
CLN(SEQID | (SEQIDNO: | T(SEQID (SEQID | ADSVKG Y (SEQID :
NO:417) 424) NO: 430 NO:439) | (SEQIDNO:  NO: 479)

: 460}
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"RASQSISSY | AASSLOS | QOSYSTPL | SGSYYW | YIVYSGSTNY

LN(SEQ ID

(SEQ ID NO:

T(SEQ D

S (SEQID

NPSLKS (SEQ

DFYCTNWYF |
DL(SEQID |

 NO:417) 424y NG: 430) NO: 440) | IDNO: 461) NO: 480} i
RASQSISSY | AASSLOS | QOSYSTPL | SYYWS | YIVYSGSTNY | ESSSGSYWY
LNSEQID | (SEQIDNO: | T(SEQID  (SEQID | NPSLKS(SEQ FDL(SEQID
NO4n 44y . NG 430y I NO:4d4ly L IDNO:dely | NO:481) :
 RASQSISSY | AASSLOS | QQSYSTPL | SYWIG HYPGDSDTR | DSGYKYNLY |
LNGBEQID (SEQIDNO: | T(SEQID (SEQID | YSPSFQG YYYYYMDV
NO: 417) 424) P NG 430) NO: 442y (SEQIDNO: (SEQ IDNO:
R S S AOZY A82) ;
CASSTGAVT | STSNKHS | LLYYGGA | SYGIS WISAYNGNT | GGDLSHYYY !
| SGYYPN (SEQIDNO: | OWV (SEQ (SEQID | NYAQKLQOG | YMDV (SEQ
(SEGID NO: | 425) CIDNO: 431 NO: 438y (SEQIDNO: 1D NO: 483)
418 A5 S
 RASQSISSY | AASSLOS | QOSYSTPL | SYGIS WISAYNGNT  ENRRYNSCY
CLNGSEQID (SEQIDNO: i T(SEQID ((SEQID  NYAQKLQG | YFDY(SEQ
NO: 417) 424) | NO: 430) NO:438) (SEQIDNO:  IDNO: 484)
: 459)
[ASSTGAVT | STSNEHS [ LLYYGGA | SYGIS WISAYNGNT | GODLSHYYY |
| SGYYPN (SEQIDNO: | OWV (SEQ | (SEQID  NYAQKLOG | YLDV (SEQ |
(SEG ID NG: | 425) CIDNO: 431 NO:H438)  (SEQIDNO: 1D NO: 485)
AESY T A5D
 RASQSISSY | AASSLOS | QOQSYSTPL | SNYMS VIYSGGSTYY | ATLLSLSYD
CLNSEQID | (SEQIDNO: | T(SEQID [ (SEQID | ADSVKG AFDI (SEQID ¢
L NO: 41T 424) | NO: 430) NO: 443 (SEQIDNO:  NO: 486)
i 463)

[ ASSTGAVT | STSNEHS [ LLYYGGA | SYGIS WISAYNGNT | GODLSHYYY
 SGYYPEN (SEQIDNQ: i QWY (SEQ | (SEQID NYAQKLOG  MDV (SEQID
C{SEQIDNG: | 425) IDNQO: 431 | NO: 4383 ((SEQIDNO: | NO: 487
AESY B3P
 RASQSISSY | AASSLOS QOQSYSTPL | SYWIG HYPGDSDTR | ERDRWFDP
CLN(SEQID | (SEQIDNO: | T(SEQID |(SEQID | YSPSFQG {SEQ ID NO:
NG 417 424) NO: 430) NO: 442} | (SEQIDNO: 488)

““““““““““““““““““ 462) .
TGTSSDVG | EVSKRPS | SSYAGSN | SYGIS WISAYNGNT | ETPPSLUGAFD
 GYNYVS (SEQIDNO:  NWV(SEQ | (SEQID | NYAQKLQG  I(SEQIDNG:
{SEQIDNG: | 426) IDNO: 432)  NO: 438y (SEQIDNG: | 489) f
A0 SN W k) N
SGSSSNIGS | SNNQRPS | AAWDDSE | SSSYYW | SIYYSGSTYY | EAYCLSDSY
| NTVN (SEQ | (SEQIDNG: | NGWV G(SEQID | NPSLKS (SEQ  WYFDL (SEQ
IDNO: 4200 427 (SEQID NO: 444y  IDNO: 464y L IDNO 490
S R L0 S S0 I SN S S
RASQSISSY | AASSLQS | QOQSYSTPL | SGGYYW | YIYYSGSTYY  ESWKYFYPR
CLN(SEQID (SEQIDNO: | T(SEQID | S(SEQID  NPSLKS(SEQ GYMDV
- NO:41T) 424) NO: 4303 NO:445)  IDNO:465) | (SEQIDNO:
f 49D
HLA-B*JCDRs
RASENIYS | AATYLPD | QHFWVTP | SGYSWH | YIHFSGSTHY | GGVVSHYA
 NLA(SEQ | (SEQIDNO: | YT(SEQID (SEQID  HPSLKS{(SEQ MDC (SEQID |
LIDNO: 421 428) NO: 434 NO: 446y | IDNQ:466) | NO:49) '

49
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 HLA-A*11 CDRs

CHYYYYYMD

RASOSISSY | AASSLOS TOOSYSTRL TSGGYYW T VIVYSGETYY
LNGEQID  (SEQIDNO: T(SEQID | S(SEQID NPSLKS(SEQ V (SEQID
NO 41Ty 44y NO:430)  NO:445)  IDNO.465)  NO: 493
RASOSISSY T AASSTOE T QQSYSTRL T L RWNDDKR
LNGSEQID  (SEQIDNO: T(SEQID ét’gggin YSPSLKS ;éé';}sgi%‘f
NO4T) 424 NO- 430} (SEQID o0 i No: Q1D NG
| No.44ny OF 404)
RAGHSISEY TAASSTOR T BORVETRL T SGGYYW T VIVYSGRTYY T HYY YV MDY
LNGSEQID | (SEQIDNO: T(SEQID S (SEQID NPSLKS(SEQ (SEQ IDNO:
NO:417) | 424  NO.430)  NO.445)  IDNO: 465) 495
TRASGSISSY T AASSIOS T GOSYSTRL RINSDGSSTE
IN(SEQID (SEQIDNO. T(SEQID SYWMH  VYADSVKG  GVLLYNWE
NOL41T) | 424) NG 430) | (SEQID  (SEQIDNO:  DP(SEQID
NO: 448) | 468) NO: 496)
RASOSISSY AASSLOS T OOSVETRL | SGGVYW T VIVYSGSTYY T HYYYYVLD
IN(SEQ D | (SEQIDNO: T(SEQID | S(SEQID | NPSLKS (SEQ  V(SEQID
NO: 41Ty 424) NG 430) NO:445) | IDNO:465)  NO:497)
"RASOSISSY | AASSLOS U QOSVSTPL | SYDMH | AIGTAGDTYY DLPGSYWYF |
IN(SEQID | (SEQIDNO. T(SEQID (SEQID  PGSVKG(SEQ DL (SEQID
NOALT) 424 NO.430)  NO49)  IDNO:469)  NO498)
TRASOSISSY TAASSLOS T GOSYSTRL T WINAGNGNT o
LN(SEQID | (SEQIDNO: T(SEQID f;ffﬁg KYSQKFQG ggﬁg?g?g*\é
NO:417) 424 NG-430)  No-as0) f;ff(;? RO No:av)
CRASOSISSY AASSLOS U QaSYSTRL LU LIYWNDDRR ,
LNGSEQID | (SEQIDNO: T (SEQ ID gs(izg}& YSPSLKS f?gﬁ%ﬁffﬁé
NO:417) | 424) Noa30) eed gz};? pNo: (SR
RASOSISSY TAASSTOS T OOSVETPL T SGGYYW T YIVYSGEIYY T HYYYYSMD
LN(SEGID | (SEQIDNO: | T(EQID | S(SEQID | NPSLKS(SEQ  V(SEQ D
NO4T) 424 NO-430)  NO.445)  IDNO:465)  NO.501)
HEACCHBT CORS e
RASOSISSY | AASSLOS T OOSYSTPL TSVAMS T AISGSGGSTY T SFDWEDD
LNGEQID | (SEQIDNO- | T(SEQID | (SEQID | YADSVKG  (SEQ ID NO:
NO4UT) 424 NO- 430)  NO:451) | (SEQIDNO:  302)
.................................. N
RASOSISEY AASSIOS T QOSYSTRL  SGGYYW | YIVVSGSTYY | ERSISPYVYY
LNGEQID  (SEQIDNO. T(SEQID | S(SEQID | NPSLKS(SEQ YMDV (SEQ
NO: 41Ty 424) A NO: 430y NO: 445)  (IDNO:465) WD NO:503)
SGSSSNIGS T SNNORPS T AAWDDSL U SSSVYW U SIVYSGSTYY T DSVIWYWED
NTVN (SEQ | (SEQ IDNO:  NGWV G(SEQID | NPSLKS (SEQ P (SEQID
IDNQ:420) | 427) (SEQID NO:444) | IDNO:464)  NO: 504)
e NO43® e
CRASOSISSY TAASSLOS T O0SYSTRL T RGGYYW | VIVVEGSTVY BB PRLEVY
INGSEQID (SEQIDNO: T(SEQID | S(SEQID | NPSLKS(SEQ YYMDV
NO 4T 424 NO-430) | NO:445) | IDNO:465)  (SEQ IDNO:
TR P R SR M 05,
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 RASGSISSY | AASSLOS | QOSYSTPL | SYAMN | WINTNTGNPT  GGRAHSSW
CLN(SEQID | (SEQIDNG: | T(SEQID (SEQID | YAQGFIG  YFDL(SEQ
NO:417) 424) NO:430) I NO:452) | (SEQIDNO: | IDNO: 506)

: 472)
RASQSISSY | AASSLQS | QQSYSTPL | SGGYYW | YIYYSGSTYY DRIKILFRLG
CLN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID | NPSLKS(SEQ YYYYMDV
NO:417) 424) NO: 430y NO:445) 1D NO:465) (SEQ ID NO:

. 507)
RASQSISSY  AASSLOS | QOSYSTPL  SGGYYW  YIVYSGSTYY DTVIHYYYY
CLNGSEQID  (SEQIDNO: | T(SEQID | S(SEQID | NPSLKS(SEQ MDV (SEQID |
NO: 417 424) NG 430) I NO:443) | IDNO:465)  NO:508)
 RASGQSISSY | AASSLOS QOSYSTPL  SGGYYW  YIYYSGSTYY  DVIVEVFLS
LNSEQID  (SEQIDNOG: | T(SEQID | S(SEQID NPSLKS(SEQ YYYYMDV
NO:417) 424) NGO 430) I NO:445) | IDNO:465)  (SEQIDNO:
L 509)
 RASQSISSY | AASSLQS | QQSYSTPL | SGGYYW | YIVYSGSTYY DIFIHYYYY
LN(SEQID  (SEQIDNO: | T(SEQID  S(SEQID  NPSLKS(SEQ  MDV (SEQID
NO: 417y 424) COUNO: 4303 NO:445)  IDNO: 463} NO:1 S0
 RASQSISSY | AASSLQS  QOQSYSTPL  SYSMN | YISSSSSTIYY  DGTFYSYSP |
CLNESEQID | (SEQIDNO: | T(SEQID  (SEQID | ADSVKG YYFDY (SEQ |
NO:417) 424) I NO:430) NO:439)  (SEQIDNO:  IDNOG:SHD

: 460)
RASQSISSY | AASSLOS QQSYSTPL SGGYYW | YIYYSGSTYY  EWIKILPRLG |
CLNGEQID | (SEQIDNO: | T(SEQID  S(SEQID | NPSLKS(SEQ YYYYMDV |
NO:417) 424) NGO 430)  NO:445) 1D NO:463) (SEQ IDNO:

512)
 RASQSISSY | AASSLQS | QQSYSTPL  SGGYYW | YIYYSGSTYY DRSLYYYYY
CLN(SEGID | (SEQIDNO: | T(SEQID  S(SEQID | NPSLKS(SEQ MDV(SEQID |
NG 41T 424) (NG 430y NO:445) IDNO 465y NO:SE3)
RASQSISSY  AASSLQS | QOSYSTPL  SGGYYW | YIYYSGSTYY DKILAPNYY
CLN(SEQID | (SEQIDNO:  T(SEQID  S(SEQID NPSLKS(SEQ YYMDV
NO:417) 424) NO:430) I NO:445) IDNO:465) | (SEQ IDNO:
i 514)
RASQSISSY | AASSLQS QQSYSTPL | SGGYYW | YIYYSGSTYY  EKSWKYFY
LNGSEQID (SEQIDNO: T(SEQID  S(SEQID NPSLKS(SEQ YYYYYMDV
NG 417) 424) NO: 430y NO:445) | IDNO:465)  (SEQIDNO:
515)
RASQSISSY  AASSLQS | QOSYSTPL SGGYYW | YIYYSGSTYY  ENTSTIPYYY
LN(SEQID | (SEQIDNO: | T(SEQID | S(SEQID NPSLKS(SEQ YYMDV
NO: 41T 424) NO: 430y NO:445)  IDNO:485)  (SEQIDNO:
T T T T 516y :
 RASQSISSY | AASSLOS | QQSYSTPL SGGYYW | YIYYSGSTYY EDVDKNTST
LNGSEQID  (SEQIDNO: | T(SEQID  S(SEQID  NPSLKS(SEQ IYYYYYYM
NO:I 417 424) NO:-430) | NO:445) | IDNO:465) DV (SEQID
S SRS SR S NOSIT)
 RASQGISSA | DASSLES | QQFNSYPL DYYMS | YISSSGSTIYY DGGDIVSSS
LA (SEQID (SEQIDNO: | T(SEQID (SEQID | ADSVKG ATYWYFDL
NO: 422) 429) I NO:433) NO:453) (SEQIDNO:  (SEQIDNO:
T T T 473) 518)




NO: 417)

WO 2022/177979 PCT/US2022/016582
 RASQSISSY | AASSLQS QQSYSTPL | SGGYYW | YIYYSGSTYY  DLILPPYYY
CLN(SEQID | (SEQIDNO: T(SEQID  S(SEQID | NPSLKS{SEQ YYMDV
NG 417) 424) NO: 430) NO: 445) | ID NO: 465) (SEQ 1D NO:
: 519)
RASQSISSY | AASSLOS QOQSYSTPL | SGGYYW | YIYYSGSTYY | ETWIKILPRY
CLN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID NPSLKS(SEQ YYYYYYMD |
L NO: 41T 424) NO: 430) NO: 445) | IDNO: 465) V(SEQ ID i
‘ , NO: 520}
RASQSISSY | AASSLOS | QOSYSTPL | SGGYYW  YIVYSGSTYY  DLSRYYYYY
CLN(SEQID | (SEQIDNO:  T(SEQID | S(SEQID | NPSLKS(SEQ  MDV (SEQID !
LNG:417) 424) NO: 430) NO: 443) IDNO:465)  NO: 321
' RASQGISS | AASSLOS QUYNSYP | SYSMN YISSSSSTIVY | EHIVLCFDY
WELA (SEQ  (SEQIDNO: LT(SEQID | (SEQID ADSVKG (SEQ ID NO:
CIDNQ:423) | 424) NO: 436) NO: 439 (SEQIDNO: | 522)
460) 2
 RASQSISSY | AASSLQS QOSYSTPL | SGGYYW | YIYYSGSTYY  DKILPRPYY
LN(SEGID (SEQIDNO: | T(SEQID | S(SEQID NPSLKS(SEQ YYYMDV
424) CNO: 4303 NO:445) | IDNO:465)  (SEQIDNO:

SSDVG | EVSKRPS  SS) N SYGIS WISAYNG? SY FOH
GYNYVS (SEQIDNO: | NWV (SEQ | (SEQID  NYAQKLQG  (SEQIDNO:
(SEQ IDNO: | 426) CIDNO:432)  NO: 438} (SEQIDNO:  524)
419 459) § :
 RASQSISSY | AASSLOS | QOQSYSTPL  SYAMN | WINTNTGNPT GTSYWYFDL |
CLN(SEQID | (SEQIDNO: | T(SEQID  (SEQID | YAQGFIG (SEQ IDNO:
NO: 417) 424) CNO: 430y NO:452) (SEQIDNO:  52%)
« 4723 :
 RASQSISSY | AASSLQOS | QOSYSTPL | SGGYYW  YIYYSGSTYY  EEIVEVEYY
LN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID NPSLKS(SEQ YYMDV
NO: 417) 424) L NO: 430y NO:445) 1D NO: 465) (SEQ ID NO:

- 526)
- RASQSISSY | AASSLQS | QQSYSTPL | SYAMS  AISGSGGSTY  VDDYYFDY
CLN(SEQID | (SEQIDNO: | T(SEQID  (SEQID | YADSVKG (SEQ IDNO:
NO: 417) 424) INO:430)  NO:451)  (SEQIDNO: 527)

' 4713
 RASQSISSY | AASSLQS | QQSYSTPL  SYWMH | RINSDGSSTS  STNILLSYTK |
LN(SEQID | (SEQIDNO: | T(SEQID  (SEQID | YADSVKG AFDI(SEQID |
NO: 417) 424) INO:430) NO:44) (SEQIDNO:  NO:528)
% 468)

 RASQSISSY | AASSLQS | QQSYSTPL  SGGYYW | YIYYSGSTYY DKTYYYYY
CLN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID | NPSLKS(SEQ YMDV (SEQ
NO:417) 424) NO: 430 NO:445)  IDNO:465)  IDNO: 520y
RASQSISSY  AASSLOS | QOQSYSTPL | SGGYYW | YIYYSGSTYY EBKYFHDKYF
CLN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID NPSLKS(SEQ HDYYYYYM
NO:417) 424) NO: 4305 | NO:445) | IDNO:465) DV (SEQID |
N I | NO: 530)
RASQSISSY  AASSLOS QOSYSTPL  8GGYYW | YIVYSGSTYY DTSVYYYYY
LN(SEQID  (SEQIDNO: | T(SEQID | S(SEQID | NPSLKS(SEQ MDV (SEQID
 NO:417) 424) NO: 430y NO:445) | IDNO:465)  NO: 531
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 RASQSISSY | AASSLOS | QOSYSTPL  8GGYYW | YIYYSGSTYY EKILPYYYY
CLN(SEQID  (SEQIDNG: | T(SEQID  S(SEQID NPSLKS(SEQ YYMDV
NO:417) 424) NO: 430) NO: 445) | 1D NO: 465) (SEQ 1D NO:
: 532}
SGSSSNIGS | SNNQRPS | AAWDDSL | SYSMN YISSSSSTIYY | QWIYIYINPR
 NTVN(SEQ | (SEQIDNO: | NGWY (SEQID | ADSVKG  GFIFLHDAFD |
CIDNO: 420) | 427) (SEQ ID NO:439) (SEQIDNO: | I(SEQIDNO: |
‘ NG 433) 4603 533)
RASGSISSY | AASSLOS | QOSYSTPL | SNSAAW | RTYYRSKWY  EDVDFHHDA
LN(SEQID  (SEQIDNO: | T(SEQID | N(SEQID NDYAVSVKS | FDI(SEQID
NG 417) 424) NO: 430) NO: 434y | (SEQIDNO: NO:3534)
‘ 474)
RASQSISSY | AASSLOS  QOSYSTPL | SGGYYW | YIYYSGSTYY  EGVDKNTST
CLN(SEGID | (SEQIDNO: | T(SEQID | S(SEQID NPSLKS(SEQ IYYYYYYM
CNO: 41T 424) NO: 430} NO: 445) IDNO:463) DV (SEQID
N{: 535}
RASGGISS | AASSLOS | QOYNSYP  SYSMN | YISSSSSTIYY  DRRGYFDL
WLA (SEQ | (SEQIDNO: | LT(SEQID (SEQID | ADSVKG (SEGQ ID NO:
IDNO:423) | 424) NO: 436) NO: 439y L (SEQIDNO: | 536)
; 460)
RASQSISSY | AASSLQS | QQSYSTPL  DYYMH | LVDPEDGETI | GIHVDIRSM
LN(SEQID  (SEQIDNO: | T(SEQID | (SEQID | YAEKFQG EDWFDP
L NO:417) 424) NO: 430} NO:455) (SEQIDNO: (SEQIDNO:
475) 537
 RASQSISSY  AASSLOS | QOSYSTPL  SGGYYW  YIYYSGSTYY  DIGTSYYYY
LN(SEQID  (SEQIDNO: | T(SEQID | S(SEQID | NPSLKS (SEQ MDV (S8EQID
NO:417) 424) NO: 430) NO:445) | IDNO:465) | NO:538)
 RASQSISSY | AASSLOS | QOSYSTPL  SGGYYW | YIYYSGSTYY  EVVEVFLYY |
CLN(SEQID (SEQIDNG: | T(SEQID  S(SEQID NPSLKS(SEQ YYYMDV
NO: 417) 424) - NO: 430) NO:445) | 1D NO: 465) (SEQ IDNO:
539
 RASQSISSY | AASSLQS | QOQSYSTPL | SGGYYW | YIVYSGSTYY DLYYYYYY
CLN(SEGID (SEQIDNO: | T(SEQID | S(SEQID  NPSLKS(SEQ  YMDV (SEQ
NO:417) 24 1 NO: 4303 NO:443) IDNO:465) 1D NO:340)
RASQSISSY | AASSLQS  QQSYSTPL  SGGYYW | YIYYSGSTYY ESWKYFYPR
CLN(SEQID | (SEQIDNO: | T(SEQID  S(SEQID | NPSLKS(SEQ  GSIFIHYYYY |
CNO: 41T 424) NO: 430) NO: 445) | IDNO: 465) MDV (SEQ 1D
................... S et NO: 541)
RASQSISSY | AASSLOS | QQSYSTPL  SGGYYW | YIVYSGSTYY  DRIVEVEYY
CLN(SEQID (SEQIDNOG: | T(SEQID  S(SEQID NPSLKS{(SEQ YYMDV
NG 417) 424) NO: 430) NO:445) | IDNO:465)  (SEQ IDNO:
‘ 542
RASQSISSY | AASSLQS  QQSYSTPL  SGGYYW | YIYYSGSTYY | EKYFHDWL
CLN(SEGID | (SEQIDNO: | T(SEQID  S(SEQID NPSLKS(SEQ YYYYYMDV
NO:417) 424) NO: 430} NO:445)  IDNO:463) (SEQIDNO:
f 543)
RASQSISSY  AASSLOS | QQSYSTPL | SGGYYW | VIVYSGSTYY  DLVDENTSY
LNSEQID (SEQIDNO: | T(SEQID | S{SEQID  NPSLKS(SEQ YYYYMDV
NG 417) 424) NO: 430) NO:443) | IDNO:465) (SEQIDNO:
' 544)

v
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CTGTSSDVG | EVSKRPS SSYAGSN | SYGIS WISAYNGNT | VONEYFQH
CGYNYVS (SEQIDNG: | NWV(SEQ | (SEQID | NYAQKLQG  (SEQIDNO:
{SEQ IDNO: | 426) D NO: 432) | NG 438) | (SEQIDNO: 545)

419) ; 459)

RASQGISS | AASSLQS | QQANSFPL | DYYMS | YISSSGSTIYY  ANWEDP
CWLA(SEG (SEQIDNO:  T(SEQID | (SEQID ADSVKG (SEQ IDNO:
IDNO: 423y 424) NO: 4373 NO: 453) | (SEQIDNO: 546)

473)

HEA-A*GICDRs
 ASSTGAVT | STSNKHS | LLYYGGA | SYGIS WISAYNGNT | GGWTAWYY
 SGYYPN (SEQIDNG: | QWV (SEQ | (SEQID | NYAQKLQG | YMDV(SEQ
SEQID NG | 425) DN 431) | NO: 43%) | (SEQIDNO: IDNO: 547)

418y N 4599
 SGSSSNIGS | SNNQRPS AAWDDSL | SYSMN | YISSSSSTIVY | AKYYYMDV
CNTVN (SEQ  (SEQIDNO: | NGWV (SEQID ADSVKG L (SEQ IDNO:
D NG 4200 427 (SEQ D NO:439) | (SEQIDNO: 348)
....................... NO: 433) . 460y . o

RASQSISSY | AASSLOS | QQSYSTPL | SGGYYW | YIYYSGSTYY  DOVDKNTY
CLNSEQID (SEQIDNO: | T(SEQID  S(SEQID NPSLKS{SEQ  YYYMDV
NG 417 424) NO: 430) NO: 445y D NOQ: 465) (SEQ IDNO:

549)

RASQGISS | AASSLQS | QQANSFPL  DYYMS | YISSSGSTIYY | ACQLAEYF(Q
 WLA(SEQ | (SEQIDNO:  T(SEQID | (SEQID | ADSVKG H(SEQID
IDNO:423) 424 NO: 437 NO: 433y | (SEQIDNO: NO: 350)

, 473

RASQSISSY | AASSLQS | QQSYSTPL | SGGYYW | YIYYSGSTYY  DRVDKNTSY
CLN(SEQID | (SEQIDNO: | T(SEQID |S(SEQID | NPSLKS({SEQ  YYMDV
NG 41T 424) NO: 430) NO: 445y [V IDNO:465) | (SEQIDNO:

f 351

RASQSISSY | AASSLQS | QOSYSTPL | SSNWWG | YIYYSGSTYY | RVQLKLVH
CLN(SEQID | (SEQIDNO: T(SEQID  (SEQID  NPSLKS(SEQ | WFDP(SEQ
NO: 41T 4243 NG 430y NO: 436} | IDNQ: 465)  IDNG: 532y
 RASQSISSY | AASSLOS | QOSYSTPL | SYDIN WMNPNSGNT  YYDYVTVFY

LN(SEQID | (SEQIDNO: T(SEQID | (BEQID | GYAQKFQG | FQH(SEQID

NO:417) 424) ENG: 430) NO: 457y (SEQIDNG: | NO:533)

ﬁ 476) §
 RASQSISSY | AASSLQS | QQSYSTPL | SGGYSW | YIVHSGSTYY | ESYPSFYAF

LN(SEQID  (SEQIDNO: | T(SEQID | S(SEQID NPSLKS(SEQ DI(SEQID
NO: 417y 4 INOG:430) NQ: 458)  IDNO: 477y NO: 554)
| RASQSISSY | AASSLQS [ QQSYSTPL | TSGVGY | LIYWNDDKR | SNMWSYSL
CLN(SEQID | (SEQIDNO: | T(SEQID  G(SEQID  YSPSLKS  NDYYFBY
NO:417) 424) P NG 430) NO: 447y | (SEQIDNO: (SEQ IDNO:

S N S A67) L SRR ) N

[0142]

In some embodiments, the second, inhibitory ligand 1s HLA-A*(2, and the inhibitory

ligand binding domain comprises an HLA-A*0Z antigen binding domain. In some

embodiments, the second antigen binding domain binds HLA-A*02 independent of the

peptide m a pMHC complex comprising HLA-A*02. In some embodiments, the HLA-A*02

antigen binding domain comprises an scFv domain. In some embodiments, the HEA-A*0G2
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antigen binding domain comprises a sequence of any one of SEQ 1D NOs: 63-74, 207, 209 or
211, In some embodiments, the HLA-A*02 ligand binding domain comprises a sequence at
least 90%, at least 95% or at least 99% dentical to a sequence of any one of SEQ D NOs:
63-74, 207,209 or 211

13143} In some embodiments, the non-~target antigen comprises HLA-B*07, and the ligand
binding domain of the second receptor comprises an HLA-B*07 ligand binding domain. In
some embodiments, the ligand binding domain binds HLA-B¥07 mdependent of the peptide
in a pMHC complex comprising HLA-B*07. In some embodiments, the HLA-B*07 ligand
binding domain comprises an scFv domain. In some embodiments, the HLA-B*07 ligand
binding domain comprises a sequence of any one of the indicated B7 binding domains 1n
Table 7. In some embodiments, the HLA-B¥07 ligand binding domain comprises a sequence
at least 90%, at least 95% or at least 99% identical to a sequence of any one of the indicated
HLA-B*07 binding domains in Table 7Table 9. In some cmbodiments, the HLA-B*07 scFv
comprises any one of the indicated HLA-B*07 complementarnity determined regions ({{CDRs)
in Table 9. In some embodiments, the scFv comprises a sequence at least 95% identical to
any one of the indicated HLA-B*07 scFv scquences in Table 7. In some embodiments, the
scFv comprises a sequence wdentical to any one of the indicated HLA-B*07 scFv sequences
in Tabie 7.

16144} In some embodiments, the non-target antigen comprises HLA-A* 11, and the ligand
binding domain of the second receptor comprises an HLA-A™11 ligand binding domain. In
some embodiments, the ligand binding domain binds HEA-A*11 independent of the peptide
in a pMHC complex comprising HLA-A* 11 In some embodiments, the HLA-A*11 ligand
binding dorsain comprises an scFv domaiu. In some emboduuents, the HLA-A* 1] Hgand
binding domain comprises a sequence of any one of the indicated HLA-A*11 binding
domains in Table 7. o some embodiments, the HLA-A*11 ligand binding domain comprises
a scquence at least 90%, at least 95% or at least 99% identical o a sequence of any one of the
indicated HLA-A*11 binding domains in Table 7. In some embodiments, the HLA-A* 11
sclv comprises any one of the indicated HLA-A¥11 complementarity determined regions
{CDRs} in Table 9. In some cmbodiments, the scFv comprises a scquence at feast 95%
wdentical to any one of the indicated HLA-A* 11 scFv sequences in Table 7. In some
embodiments, the scFv comprises a sequence identical to any one of the mdicated HLA-A* 11
scFv sequences in Table 7.

[6145] In some cmbodiments, the nos~target antigen comprises HLA-A*01, and the Higand

binding domain of the second receptor comprises an HEA-A*01 ligand binding domain. In

v
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some embodiments, the ligand binding domain binds HLA-A*01 mmdependent of the peptide
in a pMHC complex comprising HLA-A*01. In some embodiments, the HLA-A*01 ligand
binding domain comprises an scFv domain. In some embodiments, the HLA-A*01 ligand
binding domain comprises a sequence of any one of the indicated HLA-A*01 binding
domains in Table 7. In some embodiments, the HLA-A*01 ligand binding domain comprises
a sequence at least 90%, at least 93% or at least 99% identical to a sequence of any one of the
ndicated HLA-A*01 binding domains in Table 7. In some embodiments, the HLA-A*01
sclv comprises any one of the indicated HLA-A¥01 complementarity determined regions
{CDRs} n Table 9. In some cmbodiments, the scFv comprises a scquence at feast 95%
wdentical to any one of the indicated HLA-A*01 scFv sequences i Table 7. In some
embodiments, the scFv comprises a sequence identical to any one of the indicated HLA-A*01
scFv sequences in Table 7.

(6146} In some embodiments, the non-target antigen comprises HLA-A*03, and the ligand
binding domain of the second receptor comprises an HEA-A*03 ligand binding domain. In
some embodiments, the ligand binding domain binds HLA-A*03 independent of the peptide
tn a pMHC complex comprnising HLA-A*03. In some cmbodiments, the HLA-A*03 ligand
bindmg domain comprises an scFv domam. In some embodiments, the HLA-A*03 ligand
binding domain comprises a sequence of any one of the indicated HLA-A*03 binding
domains in Table 7. In some embodiments, the HLA-A*03 ligand binding domain compriscs
a sequence at least 90%, at least 95% or at least 99% identical to a sequence of any one of the
indicated HEA-A*03 binding domains in Table 7. In some embodiments, the HLA-A*03
sclv comprises any one of the indicated HLA-A*03 complementarity determined regions
{CDRs) m Table 9. In some cmbodiments, the scFv comprises a scquence at least 95%
identical to any one of the indicated HLA-A*03 scFv sequences in Table 7. In some
embodiments, the scFv comprises a sequence identical to any one of the indicated HLA-A*(3
scFv sequences in Table 7.

6147} In some embodiments, the non~target antigen comprises HLA-C*G7, and the ligand
binding domain of the second receptor comprises an HLA- C*07 ligand binding domain. In
some embodiments, the ligand binding domain binds HLA- (*07 independent of the peptide
i a pMHC complex comprising HLA- C*07. In some embodiments, the HLA- C¥07 ligand
binding domain comprises an seFv domam. In some embodiments, the HLA- C*07 ligand
binding domain comprises a sequence of any one of the indicated HLA-~ C*07 binding
domains in Table 7. fo some erabodiments, the HLA-~ C*07 higand binding domain comprises

a sequence at least 90%, at least 95% or at least 99% identical to a sequence of any one of the
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indicated HEA- C*07 binding domains in Table 7. In some embodiments, the HLA- C*07
sclv comprises any one of the indicated HLA-C*07 complementarity determined regions
{CDRs) mn Table 9. In some embodiments, the scFv comprises a sequence at least 95%

identical to any one of the indicated HLA- C*07 scFv sequences i Table 7. In some

(4

embodiments, the scFv comprises a sequence identical to any one of the mdicated HLA-C*07

sciv sequences in Table 7.

Minor histocompatibility antigens
3148} In some embodiments, the second, mhibitor ligand comprises a minor
histocompatibility antigen (MiHA). In some embodiments, the second, inhibitor ligand
10 comprises an allele of a MiHA that is lost in a target cell through LOH.
[6149] MiHAs arc peptides derived from proteins that contain nonsynonymous differences
between alleles and are displaved by common HLA alleles. The non-synonymous differences
can anse from SNPs, deletions, frameshift mutations or insertions in the coding sequence of
the gene encoding the MiHA. Exemplary MiHAs can be about 9-12 amino acids in length
15 and can bind to MHC class T and MHC class T proteins. Binding of the TCR to the MHC
complex displaying the MiHA can activate T cells. The genetic and immunological
properties of MiHAs will be known to the person of ordinary skill in the art. Candidate
MiHAs are known peptides presented by known HLA class 1 alleles, are known to ehent T
cell responses in the chinic (for example, in graft versus host disease, or transplant rejection,
20 and allow for paticat selection by simple SNP genotyping.
{3156 To some embodiments, the MiHA has broad or ubiquitous RNA expression.
13151] In some embodiments, the MiHA has high minor allele frequency.
{3152} In some embodiments, the MiHA comprises a peptide derived from a Y chromosome
gene.
25 {0183} In some embodiments, the second inhibitor hgand comprises a MiHA selected from
the group of MiHAs disclosed in Table 10 and Table 11.

6154} Exemplary, but non-Himiting

=2

cxamples of MiHAS that are envisaged as within the
scope of the instant invention are disclosed in Table 10 below. Columns in Table 10 mdicate,
from left to right, the name of the MiHA, the gene which from which it is derived, MHC

30 colass I vartant which can display the MiHA and the scquences of the peptide variants {A/B

vanants indicated in brackets).

v
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MiHA Gene HLA Peptide A/B
LB-CYBA- | cytochrome b-245 alpha chain A*OLO | STMERWGQK]Y/H] (SEQ
1Y {CYBA) 1 D NG 103)
LB-OASE- | 2-5%oligoadenylate svathetase 1 A*01:0 | ETDDPRIR/TIYOQKY (SEQ
iR {(DASD i D NGO 104)
HA-1/A2 Rho GTPase activating protein 43 | A®02.0 | VLIH/RIDBLLEA (§EQ ID
{(HMHAD i NG 105}
HA-2 myosin IG(MYQIG) A*O2:0 | YIGEVLVS[V/M] (SEQ ID
i NO: 106)
HA-R pumilio RNA binding family A¥02:0 | [R/PITLDKVLEY (SEQ ID
member 3 (KIAA0020, PUM3) 1 NG 107
HA-3 A-kinase anchoring protein 13 A*QL0 | V[T/MIEPGTAQY (SEQID
{AKAPI3) i NO: 108)
HwATl-S chromosome 19 open reading A*02:0 | CIPPD{S/TILLFPA (SEQ 1D
frame 48 {C190RF48) J NG 109)
LB-ADIR- | torsin family 3 member A A¥02:0 | SVAPALALIF/SIPA (SEQ
1F {(TOR3A) 1 D NG 110)
LB- HIVEP zine finger 1 (HIVEP]) A*Q2:0 | SLPKH[S/NIVTI(SEQ ID
HIVEPI-IS§ 1 NO: 111)
LB-NISCH- | mscharin (NISCH) A¥02:0 | ALAPAP[A/VIEV (SEQ ID
1A 1 NG: 112}
LB-SSRI- | signal sequence receptor subunit 1 | A*02:0 | [S/LILAVAQDBLT (SEQ ID
18 {55R1} i NG 1i3)
LB-WNKI1- { WNK lysine deficient protein A*02:0 | RTLSPEIUMIITY (SEQ 1D
1 kinage T (WNK 1D} 1 NO: 114)
T4A tripartite motif containing 4 A*Q2:0 | GLYTYWSAG[A/E] (S8EQ
{(TRIM42) 1 D NO: 1135)
UTA2-1 retroclement silencing factor 1 A*02:0 | QLIL/PINSVLTL (SEQ ID
{(KIAAISS T 1 NG: 116}
LB- citramalvi-CoA lyase {(CLYBL} A¥O2:0 | SLAACY/DHIPRL (SEQ 1D
CLYBL-1Y i NO: 117)
TRIM22 tripartite motif containing 22 A*02:0 | MAVPPCIC/RIGY (SEQ ID
{TRIM22) 1 NGO 118)
PARPIO-1L | polyv(ADP-ribose) polymerase A*02:0 | GLIL/PIGQEGLVEI (SEQ
family member 10 (PARP D) i IDNG 119
FAMIISA- | methyltransforase hike 21A A¥02:0 | AMLERQFIT/TV SEQID
iT (FAMI1i9A) i NG: 120
GLRX3-18 | ghitaredoxin 3 (GLRX3) A*02:0 | FL{S/PISANEHL (SEQ ID
1 NG 12H
HNF4G-1M | hepatocyie nuclear factor 4 gaama | A*02:0 | M{M/ITYEDILLL (SEQ ID
(HNF4G) 1 NO: 122}
HMMR-1V | hyvaluronan mediated motility A¥02:0 | SLQEK[V/AJAKA (SEQ ID
receptor {HMMR) i NGO: 123)
BCL2AL BCL2 related protein Al A*02:0 | VLOINKIVAFSY (SEQ ID
{(BCLZAD i NG 124}
CDC26-1F | cell division cycle 26 (CDC26) A¥Q2:0 | [F/SIVAGTQEVEV (SEQ 1D
1 NO: 125)
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MiHA Gene HLA Peptide A/B
APOBEC3F | apolipoprotein B mRNA editing A*02:0 | FLIS/AIEHPNVTL (SEQ 1D
-18/A enzyme catalytic subunit 3F 1 NG 126)

(APOBEC3F)

L.B-PRCP-
1D

prolylcarboxypeptidase {(PRCP)

A*Q2:0
1

FMWDVAE{DYVEL (9mer)
(SEQ ID NO: 127),
FMWDVAE[D/EJLKA

{1 lmer} (SEQ ID NG: 128}

LB-CCL4- | C-C motif chemokine ligand 4 A*Q2:0 | CADPSE[T/SIWV (SEQ 1D
1T (CCLY 1 NO: 129)

LB- non~-SMC condensin I complex A¥02:0 | WLIQ/RJGVVPVY (SEQ 1D
NCAPD3~ | subwt D (NCAPD3) 1 NG: 130}

19

LB-NDC80- | NDC80 kinetochore complex A¥02:0 | HLEEQI[P/AIKV (SEQ ID
1P component {INDC8() i NG: 131

LB-TTK- TTK protein kinase (TTK) A*02:0 | RLH[D/EIGRVFVY (SEQ ID
1D 1 NG: 132

WDR27-1L

WD repeat domain 27 (WDR27)

A*02:0
i

S[L/PIDDHVVAV (SEQ ID
NO: 133)

{(APOBEC3H)

MIP migration and mvasion inhibitory | A*02:0 | SEESAVPIK/EIRSW
protein (MIP) i (1 lmer) (SEQ D NG 134),
EESAVP[K/EIRSW {10mer)
(SEQ 1D NO: 135)
HER- E erb-b2 receptor tyrosine kinase 2 | A*02:0 | not reported
2NEU {RBBZ) 1
LB- DEAH-box helicase 33 (DHX33) | A*02:0 | YLYEGGIS[C/RI(SEQ ID
DHX33-1C 1, NG: 136}
C*03:03
PANE] centromere protemn M {CENPM) A¥03:0 | RVWDBLPGVLK (SEQ ID
i NG: 137
SP1LO SP110 nuclear bady protein A*03:0 | SLPIR/GIGTSTPK (SEQ ID
{5P110) 1 NG: 138)
ACC-YC/Y | BCL2 related protein Al A*24:0 | DYLOQIY/CIVLGI(SEQ ID
(BCL2ZAL 2 NO: 139)
PIRX7 purinergic receptor P2X 7 A¥29:0 | WFHHCTH/RIPEY (SEQ ID
(P2RXT) 2 NGO: 140}
ACC-4 cathepsin H (CTSH) A*31:0 | ATLPLLCAIR/GI(BEQ ID
i NG: 141
ACC-5 CTSH A*33:0 | WATLPLLCA|R/G] (SEQ
3 D NG 142y
AKAPI3 A-kinase anchoring protein 13 B*07:02 | APAGVREVIM/TI (SEQ D
{AKAP13) NG: 143)
LB~ apolipoprotein B mRNA editing B*(7.02 | [K/EPQYHAEMCF (SEQ
APOBEC3 | enzyme catalytic subuntt 3B , D NO: 144)
B-1K {APOBEC3R) B*08:01
APOBEC3 | apolipoprotein B mRNA editing B*07:02 | KPQQK/EJGLRL (SEQ D
H enzyme catalytic subunit 3H NG 145}

v
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MiHA Gene HLA Peptide A/B

LB- Rbo GDP dissociation inhibitor B*07:02 | LPRACWI[R/PIEA (SEQ ID

ARHGDIB- | beta (ARHGDIB) NG: 146}

IR

LB- BCAT2 — branched chain amine | B*07:02 | QPIR/TIRALLFVIL (SEQ

BCAT2-1R | acid transaminase 2 (BCAT2) I3 NO: 147

BFAR bifunctional apoptosis regulator B*(7.02 | APNTGRANQO[M/R] (SEQ
{BFAR) D NG 148)

Cldorf169 | nbosomal oxygenase | B*07:02 | RPRIA/VIPTEELAL (REQ
(Cldorfl69 or RIOGX ) D NGO 149}

LB- C160R¥F B*07.02 | {R'WIPCPSVGLSFL (SEQ

C160RF- D NG: 150)

IR

C18orf21 chromosome 18 open reading B*07:02 | NPATP]A/TISKL (SEQ ID
frame 21 (Cl18orf21) NGO 155

LB-EBI3~11 | Epstein~-Barr virus mnduced 3 B¥(07.02 | RPRARYVY[I/VIQV (SEQ ID
{EBI3) NO: 152)

PGP POP! homolog, nbonuclease B*07.02 | LPOQKKSIN/KIAL (SEQ ID
P/MRP subunit (POP1) NGO 153)

SCRIB scribble planar cell polarty protein | B¥07:02 | LPOOPPIL/PISL (SEQ 1D
{SCRIB) NG: 154}

MTRR 3-methvltetrahydrofolate- B*07.02 | SPAS[S/LIRTDL (SEQID
homocysteine methyltransferase NO: 155)
reductase (MTRR}

LLGL2 LLGL scribble cell polarity B*(7.02 | SPSLIR/HJILATL (SEQ D
complex component 2 (LLGL2) NGO 156}

LB-ECGF- | thymudine phosphorviase (TYMP) | B*07:02 | RPF/RIAIRRPLAL (8EQ

iR IDNO: 157}

LB-ERAPI- | endoplasmic reticulam B*07:02 | HP[R/PIQEGQIALLA (1 1mer)

iR aminopeptidase 1 (ERAPD (SEQ TD NOG: 158),

HP[R/PIQEGIAL (9mer)
(SEQ ID NO: 159

LB- alpha-L-fucosidase 2 {FUCA2) B*07.02 | RLROQJV/MIGSWL (SEQ ID

FUCA2-1V NO: 160)

LB- gem nuclear organclle associated B*07:02 | FFALRFVE[V/E](SEQ ID

GEMIN4- protein 4 (GEMING) , NG 161)

1V B*08.01

HDGF hieparin binding growth factor B*07:02 | LPMEVEKNSTIL/P] (SEQ
{(HDGE) 13 NGO 162)

LB- programmed cell death 11 B*07.02 | GPDSSKTIF/LILCL (SEQ

PDCDII-IF | (PDCDIY D NG 163)

LB-PFAS- | phosphorbosylformylglycinanudi | B¥07:02 | A[P/SIGHTRRKL (SEQ ID

1P ne synthase {(PFAS) NO: 164)

LB-TEPI- | iclomerase associated protein | B*07:02 | APDGAKVA[S/PIL (S8EQ

18 {TEPL} ID NG 165)

LB- post~glveosyiphosphatidylinositol | B¥07:02 | RPRSVT{I/VIQPLL (SEQ

TMEMEA- | attachment to proteins 6 D NG 166)

1 {TMEMBSA or PGAPS)
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MiHA Gene HLA Peptide A/B
LB-USPI5- | ubiguitin specific peptidase 13 B*07:02 | MPSHLEN[VTILL (SEQ ID
i1 {USP15} NG: 167}
LRH-1 purinergic receptor P2X 35 B*07:02 | TPNQRONVC (SEQ ID NG
{PIRXS) 168)
LB- MOB kinase activator 3A B¥07:02 | [C/SIPRPGTWTC (SEQ 1D
MOB3A-1C | (MOB3A) NG: 169)
LB~ zine finger DHHC-type B*(7:02 | RPRIY/HIWILLVKI (SEQ
ZDHHCO- | palmitoyltransferase 6 (ZDHHC6) IDNQO: 170)
1Y
ZAPHIR zine finger protein 419 (ZNF419) | B*07:02 | IPRDSWWVEL (SEQ 1D
NG 17hH
HEATRI HEAT repeat containing 1 B*08:01 | ISKERA[E/GIAL (SEQ 1D
(HEATR1} NO: 172)
LB-GSTPI- | glutathione S-transferase pi | B*08:01 | DLRCKY{V/AISL (SEQ ID
iV (GSTP1) NG: 173)
HA-1/B60 Rho GTPase activating protein 45 | B¥40:01 | KECVLIH/RIDDL (SEQ ID
(HMHAD NG: 1743
LB-SON- SON DNA and RNA binding B*40:01 | SETKQIR/CITVL (SEQ ID
1R protein {(SON) NG: 1753
LB- switching B cell complex subumit | B¥40:01 | MEQLE[Q/E]LEL (SEQ 1D
SWAP70- SWAPT70 (SWAPTH) NO: 176}
10
LB- thyroid hormone receptor B*40:01 | GIE/AGHP/SIQDLIC/GITL
TRIPIO- weractor 10 {TRIP10) (SEQ IDNO: 177)
1EPC
LB- nucleoporm 133 (NUP133) B*40:01 | SEDLILCIR/QIL (SEQ ID
NUPI33-1R NG: 178}
LB-ZNFX1- | zine finger NFX1-type contaiming | B¥4(:01 | NEIEDVW[Q/HILDL (SE(
1 HEZNFXDH D NG 179
SLCIAS solute carrier family 1 member $ B*40:02 | AEJA/PTTANGGLAL (SEQ
(SLCIAS) D NGO 180}
ACC-2 BCL2AL B¥44.02 | KEFED{D/GIHNW (SEQ ID
, NO: 181
B*44.03
ACC-6 histocompatibility minor serpin B*44:03 | MEIFIEVEFSHE (SEQ ID
domain containing (HMSD) NO: 182)
HB-1H/Y histocompatibility minor HB-1 B*44:03 | EEKRGSLIFVY VW (SEQ
{(HMHB D NG 183)
DPHIL diphthamide biosynthesis 1 B*57.01 | S{V/LILPEVDVW (SEQ ID
(DPH1) NO: 184)
UGT2B17/ | UDP glucuronosyltransferase A¥Q2:0 | CVATMIFMI(SEQ ID NO:
A0Z family 2 member B17 (UGT2BIT) (6 185}
UGT2BL7 {UGT2BLT AF29:0 | AELLNIPFLY (SEQ ID NO»:
A29 2 186}
UGT2B17/ | UGT2B17 B*44:03 | AELLNIPFLY (SEQ ID NG:
B44 187}
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(0185} Exemplary, but non-himiting, examples of MiHA«s that are envisaged as within the
scope of the instant invention are disclosed in Table 11 below. Columng in Table 11 indicate,
from left to right, the name of the MiHA, the gene which from which 1t 1s derived, MHC
class 1 variant which can display the MiHA and the sequences of the peptide variants [A/B

variants indicated in brackets).

Table 11: HLA Class 'Y linked MiHAs

MiHA Gene HLA Peptide A/B
DFFRY ubiguitin specific peptidase 9 | A*01:01 WDIC/SILTEMY (SEQ ID
Y-linked (DFFRY) NO: 188)
SMCY tysine demethylase 5 A*(2:01 FIDSYICQV (SEQ ID NO:
{(SMCY) 189}
TMSB4Y thymosin beta 4 Y-linked A*33:03 EVLLRPGLHFR (SEQ ID
(TMSB4Y} N{3: 190)
SMCY SMCY B*07:02 SP{S/AVDKA[R/OIAEL
(SEQ ID NO: 195
UTY ubiquitously transcribed B*08:01 LPHN{H/R|T|D/NIL (SEQ
tetratricopeptide repeat D NG 198
containing, Y-linked (UTY)
RPS4Y ribosomal protein S4 Y- B*32:01 TIRYPDP[V/LII (SEQ ID
hinked | {RPS4Y) NG 193)
UTY UTyY B*60:01 [R/GIESEE[E/AIS[V/P|SL
(SEQ ID NG: 194y

3156} In some embodiments, the MiHA comprises HA-1. HA-1 is a peptide antigen having
a sequence of VLIH/RIDDLLEA (SEQ 1D NG 105), and 15 derived from the Rho GTPase
activating protein 45 (HA-1) gene.

{3157} Exemplary ligand binding domains that selectively bind to HA-1 vanant H peptide
(VLHDDLLEA (SEQ ID NO: 193)) are shown in Table 12 below. TCR alpha and TCR beta
sequences are separated by a P2A self-cleaving polypeptide of sequence

ATNFSLLEQAGDVEENPGP (SEQ ID NG: 196) with an N terminal GSG hinker.

Table 12: Feer HA-1{F)} Inhibitory receptor Sequences

C-003754 KP7 HA-1H TCRalpba T48C P2A KP7 HA-1H TCRbeta C-003754
8S57C: KP7 HA-1H

MVKIRQFLEATEWLOLSCVSAAKNEVEQSPOQNLTAQEGEFITINCS | TCRalpba

Y SVGISALHWLQQHPGGGIVSLFMLSSGKKKHGRLIATINIQEKH | T48C P2A
SSEHITASHPRDSAVYICAVRSVSGAGSYQLTFGKOTKLSVIPNIG | KP7 HA-IH
NPDPAVYQLRDSKSSDESVCLFTDFDSQTNVSQSKDSDVYITDKC | TCRbeta
VLDMRSMDFKSNSAVAWSNESDFACANAFNNSHPEDTFFPSPES | 857C DNA
SCOVELVEKSFETDTNLNFONLSVIGFRILLLKVAGFNLLMTLRL | Sequence:
WESGSGATNFSLLKQAGDVEENPGPMGTSLLCWMALCLLGADH | SEQID
ADTOYSONPRHKITKRGONVTERCDPISEHNRLYWYRGTLGOGP | NOG: 194
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EFLTYFQNEAQLEKSRLLSDRFSAERPKGSFSTLEIGRTEQGDSAM
YLCASSIDSENEQFFGPGTRLTVLEDLKNVEPPEVAVFEPSEAEISH
TQKATLVCLATGFY PDHVELSWWVNGKEVHSGVUTDPQPLKEQ
PALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWT
QDRAKPVTQIVSAEAWGRADCGFTSESY QQGVLSATILYEILLGK
ATLYAVLVSALVLMAMVKRKDSRG (SEQ D NO: 197)

HA-IH TCR alpha:
MVEKIRQFLLAILWLQLSCVSAAKNEVEQSPONLTAQEGEFITINGS
YSVGISALHWLQQHPGGGIVSLFMLSSGKKKHGRLIATINIQEKH
SSLHITASHPRDSAVYTICAVRSVSGAGSY QLTFGKGTELSVIPNIQ
NPDPAVYQLRDSKSSDKSVCLFTDFDSQTINVSQSKDSDVYITDEC
VIDMRSMDFKSNSAVAWSNKSDFACANAFNNSHPEDTFFPSPES
SCDVKLVEKSFETDTNLNFONLS (SEQ D 198)

HA-1H
TCR alpha
DNA
Sequence:
SEQID
NG: 201

HA-1(H) TCRbeta.
MGTSLLCWMALCLLGADHADTGVSQNPRHKITKRGONVTFRCD
PISEHNRLY WYRQTLGOQGPEFLTY FONEAQLEKSRLLSDRFSAER
PRGSESTLEIQRTEQGDSAMYLCASSIDSENEQFFGPGTRLTVLED
LKNVFPPEVAVFEPSEARISHTQOKATLVCLATGFYPDHVELSWW
VNGKEVHSGVUTDPQPLKEQPALNDSRY CLSSRLRVSATFWONP
RNHFRCQVOFYGLSENDEWTODRAKPVTOIVSAEAWGRADCGF
TSESYQOQGVLS (SEQ ID NO: 199)

HA-1H
TCRbeta
DNA
Sequence:
SEGID
N©G: 202

C-003755 KP7 HA-1H FTCRalpha LIR1 TICD.
MVKIRQFLLAILWLQLSCVSAAKNEVEQSPONLTAQEGEFITINGS
YSVGISALHWLQOQHPGGGIVSLFMLSSGKKKHGRLIATINIQEKH
SSLHITASHPRDSAVYICAVRSVSGAGSYQLTFGKGTKLSVIPNIQ
NPDPAVYGQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKC
VLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPES
SCDVKLVEKSFETDTNLNFQNLSVVIGILVAVILLLLLLLLLFLILR
HRROGKHWTSTORKADFQHPAGAVGPEPTDRGLOWRSSPAADA
QEENLYAAVKHTQPEDGVEMDTRSPHDEDPOAVTY AEVKHSRP
RREMASPPSPLSGEFLDTKDROAEEDROMDTEAAASEAPQDVTY
AQLHSLTLRREATEPPPSQEGPSPAVPSIY ATLAIH (SEQ ID NO:
200)

C-003755
KP7 HA-TH
FTCRalpha
LIR1 TICD
DNA
Sequence:
SEQID
NO: 196

C-003756 KP7 HA-1H FTCRbeta LIRI TICD:
MOTSLLCWMALCLLGADHADTGVSQNPRHKITKRGONVIFRCD
PISEHNRLYWYRQTLGQGPEFLTYFOQNEAQLEKSRLLSDRFSAER
PRGSFSTLEIQRTEQGDSAMYLCASSIDSFNEQFFGPGTRLUTVLED
LENVFPPEVAVFEPSEAEISHTOKATLVCLATGFYPDHVELSWW
VNCGEKEVHSGVCTDPOPLKEQPALNDSRYCLSSRLRVSATFWONP
RNHFRCOVOFYGLSENDEWTODRAKPVTOIVSAEAWGRADCGE
TSESYQOGVLSVVIGILVAVILLLLLLLLLFULRHRRGGKHWTST
QRKADFQHPAGAVGPEPTDRGLOWRSSPAADAQEENLY AAVKH
TOPEDGVEMDTRSPHDEDPQAVTY AEVKHSRPRREMASPPSPLS
GEFLDTKDRQAEEDROMDTEAAASEAPQDVIYAQLHSLTLRRE
ATEPPPSQEGPSPAVPSIYATLAIH (SEQ ID NO: 201)

C-003756
KP7 HA-1H
FTCRbeta
LIRITICD
DNA
Seguence:
SEQID
NG: 198

(3158} In some embodiments, the second, inhibitory ligand comprises HA-

H{H). In some

embodiments, the second, mmhibitory higand binding is isolated or derived from a TCR. In

some ernbodiments, the second, mwhibitory higand binding domain comprises TCR alpha and
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TCR beta variable domains. In some embodiments, the TCR alpha and TCR beta vanable
domaing are separated by a self~cleaving polypeptide sequence. In some embodiments, the
TCR alpha and TCR beta variable domains separated by a self-cleaving polypeptide sequence
comprise SEQ ID NO: 197 In some embodiments, the TCR alpha and TCR beta variable

(4

domains separated by a sel-~cleaving polvpeptide sequence comprise SEQ 1D NO: 197, ora
sequence having at least 90%, at least 95%, or at least 99% identity thereto. fn some
embodiments, the TCR alpha and TCR beta vanable domains are encoded by a sequence of
SEQ ID NGO: 202, or a sequence having at least 80% identity, at least 90%, at least 3%, or at
least 99% identity thereto. In some embodiments, the TCR alpha variable domain comprises
16 SEQID NO: 198 or a sequence having at least 90%, at least 85%, or at least 99% identity
thereto. In some embodiments, the TCR beta vanable domain comprises SEQ ID NO: 199 or

a sequence having at least 90%, at least 95%, or at least 99% identity thereto.

Loss of Y Chromosome Antigens
[6159] o some embodiments, the second, inhibitor ligand cornprises a Y chromosomie gene,

15 1e. peptide encoded by a gene on the Y chromosome. In some embodiments, the second,
inhibitor ligand comprises a peptide encoded by a Y chromosome gene that is lost m target
colls through loss of Y chromosome (LoY'). For example, about a third of the characterized
MiHAs come from the Y chromosome. The Y chromosome contains over 200 protein coding
gencs, all of which are envisaged as within the scope of the instant disclosure.

20 (0166} Asused herein, “loss of Y7, or “LoY 7 refers a genctic change that occurs at high
frequency in tumors whereby one copy of part or all of the Y chromosone is deloted, leading
to aloss of Y chromosome encoded gene(s).

13161 Loss of Y chromosome is known o occur 1o certain cancers. For example, there is a
reported 40% somatic loss of Y chromosome i renal clear cell cancers (Arsencault er al.,

25 Sci. Rep. 7: 44876 (2017)). Similarly, clonal loss of the Y chromosome was reported n 5 out
of 31 in male breast cancer subjects{Wong ef /., Oncotarget 6(42):44927-40 (2015)). Loss of
the Y chromosome in tumors from male patients has been described as a “consistent featare”
of head and neck cancer patients (el-Naggar et al,, Am J Chin Pathol 105¢(1):102-8 (1996)).
Further, Y chromosome loss was associated with X chromosome disomy in four of seven

3¢ male paticnts with gastric cancer {Saal ¢t al., Virchows Arch B Cell Pathol (1993)). Thus, Y
chromosome genes can be lost in a varety of cancers, and can be used as inhibitor ligands

with the enginecred receptors of the instant disclosure targeting cancer cclls,
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Chimeric Antigen Receptors {CARs)

6162} In some embodiments, the either the first or the second enginecred receptorisa
chimeric antigen receptor ({CAR). fn some embodiments, the first and sccond engineered
receptors are chumeric antigen receptors. All CAR architectures are envisaged as within the

scope of the instant disclosure.

Extracethular Bomains
(6163} To some embodiments, the extracellular domain of the CAR comprises the antigen

bindmg domains described supra.

Hinge Region
[B164] In some embodiments, the CARs of the present disclosure compnse an extraceliular
hinge region. Incorporation of a hinge region can affect cytokine production from CAR-T
cells and improve expansion of CAR-T cells in vivo. Exenmplary hinges can be isolated or
derived from Ig(s, CD28 or CD§, among others, for example IgGl. Exemplary hinge
domains are provided in Table 13.
16165} In some embodiments, the hinge is isolated or derived from CD8a or D28, In some
embodiments, the CD8a hinge comprises an amino acid sequence having at least 80%
identity, at least 90% dentity, at least 95% wdentity, at least 99% dentity or is tdentical o a
sequence of TUTPAPRPPTPAPTIASGPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ 1D
NG: 219). In some embodiments, the CD8g hinge comprises SEQ D NO: 219, fo some
embodiments, the CD8a hinge consists essentially of SEQ ID NG: 219, In some
embodiments, the CD8g hinge is encoded by a nucleotide sequence having at feast 80%
identity, at least 90% wdentity, at least 95% identity, at Jeast 99% identity oris identical to a
sequence of
[8166] ACCACGACGCCAGCGCUGUGACTCATCAACACCGGCGCCLACCATCGUGTC
GCAGCCCCTGTCCCTGUGUCCAGAGGUGTGCCGGCCAGCGGLGGGGGGLGCAGT
GCACACGAGGGGGCTGGACTTCGCOTGTGAT (SEQ ID NO: 220).
13167 In some embodiments, the D8« hinge 1s encoded by SEQ 1D NG: 220
13168 In some embodiments, the CD28 hinge comprises an amino acid sequence having at
least 80% identity, at least 90% identity, at least 95% identity, at least 99% identity oris
identical to a sequence of CTIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKP
(SEQ ID NO: 221). In some embodiments, the CD28 hinge comprises or consists essentially

of SEQ I NO: 221 In some embodiments, the CD28 hinge 15 encoded by a nucleotide
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sequence having at least 30% wdentity, at least 90% identity, at least 95% identity, at east

99% identity or s dentical o a sequence of:
8169 TGTACCATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGAAGAGC
AATGGAACCATTATCCATGTGAAAGGGAAACACCTTITGTCCAAGTCCCLTATTITC

CCGOACCTTCTAAGCCC (SEQ 1D NG

222).

[6176] In some embodiments, the CD28 hinge 1s encoded by SEQ D NO: 222,

16171} In some embodiments, the activator receptor comprises a hinge sequence isolated or

derived from CD, CD28, 1gG1, or IgG4, or a synthetic hinge.

Table 13: Hinge Domain Sequences and Their Use in HER2 CAR Construcis

CAR
Construct

Hinge

Protein Sequence

DNA Sequence

CD3

292

FVPVFLPAKPTT
TPAPRPPTPAPTI
ASQPLSLRPEAC
RPAAGGAVHTR
GLDFACD (SEQ
D NG 223)

TTCGTGCCGGTCTTCCTGCCAGCGAAGCCCA
CCACGACGCCAGCGCCGCGACCACCAACAC

CGGCGCCCACCATCGCGTCGCAGCCCCTGTC
CCTGCGCCCAGAGGCGTGCCGGCCAGCGGC

GGGGGGUGCAGTGCACACGAGGGGGUTGGA
CTTCGCCTGTGAT (SEQ ID NO 224)

CD28

1297

TEVMYPPPYLDN
EKSNGTHHVEG
KHLCPSPLFPGP

SKP (SEQ ID NO

225)

ATTGAAGTTATGTATCCTCCTCCTTACCTAG
ACAATGAGAAGAGCAATGGAACCATTATCC
ATGTGAAAGGGAAACACCTTTGTCCAAGTCC
CCTATTTCCCGGACCTICTAAGCCC (SEQ ID
NO 226)

Short

T_30% ‘
CT-29% linker

GGGSSGGGSG
(SEQ IDNO: 1)

GGTGGCGOTTICTTCCGGCGGTGOCTOTGOT
(SEQ WD NG 227}

1gG4
{EQ)

C1-299

ESKYGPPCPSCP
APEFEGGPSVFL
FPPRPKDTLMIS
RIPEVICVVVD
VSQEDPEVOFN
WYVDGVEVHN
AKTKPREEQFQ
STYRVVSVLTY
LHQDWLNGKE
YKCKVSNKGLP
SSIEKTISKAKG
QPREPQVYTLPP
SOEEMTKNQVS
LTCLVKGFYPS
DIAVEWESNGQ
PENNYKTTPPVL
DSDGSFFLYSRL
TYDKSRWQEGN
VESCSVMHEAL
HNHYTQKSLSL

GAGTCCAAATATGOGTCCCCCATGCCCATCAT
GCCCAGCACCTGAGTTICGAGGGGGGACCAT
CAGTCTTCCTGTTCCCCCCAAAACCCAAGGA
CACTCTCATGATCTCCCGGACCCCTGAGGTC
ACGTGCGTCCGTOGTGGACGTGAGCCAGGAA
GACCCCGAGGTCCAGTTCAACTGGTACGTGE
ATGGCGTGOAGGTGCATAATGUCAAGACAA
AGCCGCGGGAGGAGCAGTTCCAGAGCACGT
ACCGTGTGOTCAGCGTCCTCACCOTCCTGCA
CCAGGACTGOCTGAACGGCAAGGAGTACAA
GTGCAAGGTCTCCAACAAAGGCCTCCCGTICC
TCCATCGAGAAAACCATCTCCAAAGCCAAA
GGGCAGCCCCGAGAGUCACAGGTGTACALCC
CTGCCCCCATCCCAGGAGGAGATCGACCAAG
AACCAGGTCAGCCTGACCTGUCTGOTCAAA
GGCTTCTACCCCAGCGACATCGCCGTGGAGT
GGGAGAGCAATCGGOCAGCCGGAGAACAACT
ACAAGACCACGCCTCCCGTGCTGGACTCCGA
CGOCTCCTTCTICCTCTACAGCAGGCTCACC
GTGGACAAGAGCAGGTGGCAGGAGGGGAAT
GTCTICTCATGCTCCGTGATGCATCGAGGITC
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CAR | Hinge | Protein Sequenes DBNA Sequence
Construct

SLGK (SEQ ID TGCACAACCACTACACACAGAAGAGCCTCT
NG 2283 CCCTGTCTCTGGGTAAA (SEQ ID NO: 226)

oGl |AEPKSPDKTHT | GCCGAGCCCAAGTCCCUTGATAAAACTCAC

CT-1094, CPPCPKDPK | ACCTGOCCACCCTGTCCTAAGGACCCGAAG

CT-1095

(SEQ 1D NO: 230} |(SEQ ID NO: 231

13172] In some embodiments, for example those embodiments where the CAR is an activator
receptor, the hinge comprises a seguence of SEQ IDNO: 1, 223, 225, 228, or 230, ora
sequence having at least 80%, at least 85%, at least 90%, at cast 95%, at least 97%, at least
9%, or that 15 identical thereto. In some embodiments, for example those embodiments
where the CAR is an activator receptor, the hinge comprises a sequence of SEQ ID NG 1,

Fransmembrane Domain
16173} The CARs of the present disclosure can be designed to comprise a transmembrane
domain that 1s fused to the extracelular domain of the CAR. In some embodiments, the
transmembrane domain that naturally is associated with one of the domains in the CAR s
used. For example, a CAR comprismg a CD28 co-stimulatory domain might also use a CD28
transmembrane domain. In some mnstances, the transmembrane domain can be selected or
modified by amino acid substitetion to avoid binding of such domains to the transmembrane
domains of the same or different surface membrane protems to minimize interactions with
other members of the receptor complex.
[6174] The transmembrane domain may be derived either from a natural or from a synthetic
source. Where the source s natural, the domain may be derived from any menbranc-bound
or tramsmembrane protein. Transmembrane regions may be isolated or derived from (e
comprise at least the transmembrane region(s} of} the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD4S, CD4, CD5, CDS, CDY, CD16, CD22, CD33, CD37,
CDod, CDRO, CD8s, CD134, CD 37, CDI154, or from an immunoglobulin such as IgG4.
Alternatively the transmembrane domain may be syathetic, in which case it will comprise
predominantly hvdrophobic residues such as leucine and valine. In some embodiments, a
triplet of phenylalanine, tryvptophan and valine will be found at each end of a synthetic
transmembrane domain. Optionally, a short oligo- or polvpeptide linkes, preforably between 2
and 10 amino acids in length may form the linkage between the transmembrane domain and
the cytoplasauc signaling domain ofthe CAR. A glycine-serine doublet provides a

particularly suitable linker.
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(6175 In some embodiments of the CARs of the disclosure, the CARs comprise 3 CD28
transmembrane domam. In some embodiments, the CD28 transmembrane domain comprises
an araino acid sequence having at least 80% wdentity, at least 90% identity, at least 93%
wdentity, at least 99% identity or is identical {0 a sequence of
FWVLVVVGGVLACYSLLVIVAFIIFWY (SEQ 1D NO: 232). In some embodiments, the
CD28 transmembrane domain comprises or consists essentially of SEQ 1D NO: 232 In some
embodiments, the CD28 transmembrane domain 1s encoded by a nucleotide sequence having
at least 80% identity, at least 90% identity, at least 95% identity, at least 99% identity or is
identical to a sequence of
TTCTGGGTGCTGGTCGTIGTGOGCGGCOGTGUTGGCCTGCTACAGCCTGCTGGTGA
CAGTGGCCTTCATCATCTTTTGGOTG (SEQ 1D NOG: 233).

13176] In some embodiments, the CD28 transmembrane domain is encoded by SEQ 1D NO:
{6177} In some embodiments of the CARs of the disclosure, the CARs comprise an fL-
2Rbeta transmembrane domain. In some embodiments, the IL-2Rbeta transmembrane domain
comprises an anuno acid sequence having at least 80% identity, at least 90% dentity, at least
95% 1dentity, at least 99% identity or is identical 1o a sequence of
IPWLGHLLYGLSGAFGFULVYLLI (SEQ ID NG: 234). In some embodiments, the L-
ZRbeta transmembrane domain comprises or consists essentially of SEQ 1D NQO: 234 In
some embodiments, the TL-2Rbeta transmembrane domain is encoded by a nucleotide
seqguence having at least 80% 1dentity, at least 90% identity, at least 95% identity, at least
99% identity or is identical to a sequence of
ATTCCGTGGCTCGGCCACCTCCTCGTGGGCCTCAGCGGGOCTTTITGGCTITCATCA
TCTTAGTGTACTTGCTGATC (SEQ 1D NG: 235).

13178} In some embodiments, the IL-2Rbeta transmembrane domain is encoded by SEQ ID
NO: 235,

[6179] In some embodiments, the CAR comprises a transmembrane domain isolated or
derived from CD8 or {D28. In some embodiments, the CAR comprises a transmembrans
domain sequence in Table 14, In some cmbodiments, the CAR comprises a transmembrane
domain sequence of SEQ 1D NO: 232 or SEQ 1D NO: 236, or a sequence having at least 80%
identity, at least 90% identity, at least 95% identity, at least 99% identity or is identical
thereto. In some embodiments, the CAR comprises a transmembrane domain sequence of
SEQ 1D NO: 232 or SEQ ID NO: 236, In some embodiments, the CAR comprises a

transmembrane domain sequence of SEQ 1D NO: 561,
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FTable 14: Transmembrane Domain Sequences and their use in HER2 CAR Constructs

CAR TR Protein Sequence DNA Sequence

Coustruct | Domain

CT-298 Cbg IYIWAPLAGTCGVL | ATCTACATCTGGGCGCCCTIGGCCG

CT-‘71997 LLSLVIT(SEQ ID GGACTTGTGGGGTCCTTCT({CTGTC
T NG 236) ACTGGTTATCACC (SEQ IDNG: 237

D% IYIWAPLAGTCGVL | ATCTACATCTGGGCGLCCTIGGCCG

1292 LLSLVIT[V,YCNHRN GGACTTGTGOGGGTCUTTCTCCTIGTC

- (SEQ ID NO: 561) ACTGGTTATCACCCTTITACTGCAAC
CACAGGAALC (SEQ ID NO: 362)

CT297 D23 FWYLVVVGGVLAC TTCTGGG?:G‘CTG GTCGTTGTGG(%CG

CT-10 Q,Zg ‘/s’SLLV T‘s AFHFWY | GCOTGITGO (:(‘TG(‘TA;{*AG CCTGCT

T 109‘ 5 ’ (SEQ ID NG: 232) GGTGACAGTGGCCTTCATCATCTIT

TGGGETG (SEQ 2 NO: 233)

Cyvtonlasmie PDomain
13186] The disclosure provides an activator receptor comprising an extracelular ligand
binding domain specific to an erb-b2 receptor tyrosine kinase 2 (HERZ) antigen. In some
embodiments, the activator receptor is a T cell receptor (TCR) or a chimertc antigen receptor
{CAR). In some embodiments, the CAR comprises an miraceliular domain isolated or denved
from CD28, 4-1BB or CD3z, or a combination thereof.
63181} The cytoplasmic domain or otherwise the intraceliular signaling domain of the CARs
of the instant invention is responsible for activation of at least one of the normal effector
functions of the immune cell in which the CAR has been placed. The term “effector function”
refers to a specialized function of a cell. Effector functions of a regulatory T cell, for
example, include the suppression or downregulation of mduction or proliferation of effector
T cells. Thus the term “intracelhdar signaling domain” refers to the portion of a protein which
transduces the effector function signal and directs the cell to perform a specialized function.
While usually the entire intraceliular signaling domain can be cruployed, 1o many cases it is
not necessary to use the entire domain. To the extent that a truncated portion of the
intracellular signaling domain is used, sach truncated portion may be used in place of the
intact chain as long as it transduces the effector function signal. In some cases, multiple
intracellular domains can be combined to achieve the desired functions of the CAR-T celis of
the instant disclosure. The term mtracelhular signaling domain is thus meant to wnclude any
truncated portion of one or more intracellular signaling domains sufficient to transduce the
offector function signal.
(3182} Examples of intraceliular signaling domains for use in the CARs of the mstant

disclosure include the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors
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that act in concert to inttiate signal transduction following antigen receptor engagement, as
well as any derivative or varant of these sequences and any synthetic sequence that has the
same functional capabiity.

13183] Accordingly, the intraceltalar domain of CARs of the instant disclosure comprises at
fcast one cytoplasmic activation domain. In some embodiments, the tntracetiular activation
domain ensures that there is T-cell receptor ( TCR) signaling necessary to activate the effector
functions of the CAR T-cell. In some emnbodiments, the at least one cytoplasmic activation is
a CB247 molecule {CD3L) activation domain, a stimulatory kitler immunoglobulin-like
receptor {KIR) KIR2DS2 activation domain, or a DNAX-activating protein of 12 klDa
{(DAP12) activation domain. In some embodiments, the CD3{ activation doman comprises
an amino acid sequence having at least 80% identity, at least 90% identity, at least 95%
identity, at least 99% identity or is identical to a sequence of
RVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQ
EGLYNELQKDKMAEAYSEIGMEKGERRRGKGHDGLY QGLSTATKDTY DALHMQAL
PPR (SE{ 1D NO: 2383,

(6184} To some embodiments, the CD3{ activation domain comprises or consists essentially
of SEQ ID NO: 238, In some embodiments, the CD3{ activation domain 1s encoded by a
nuclectide sequence having at least 80% identity, at least 90% identity, at least 95% identity,
at least 99% identity or is identical to a sequence of
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCOCGCGTACAAGCAGGGCCAGAA
CCAGCTCTATAACGAGUTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA
CAAGCGTAGAGGCCGGGACCCTGAGATGGGGGGAAAGUCGAGAAGGAAGAALC
CTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA
GTGAGATTGGGATGAAAGGCGAGUGUCGOAGGGGCAAGGGGUACGATGGCCTT
TACCAGGGACTCAGTACAGUCACCAAGGACACCTACGACGUCCTICACATGCAG
GCCCTGCCCCCTOGE (SEQ 1D NO: 239). In some embodiments, the CD3{ activation
domain 1s encoded by SEQ 1D NO: 239

6185} It is known that signals generated through the TCR alone are often insafficient for full
activation of the T cell and that a secondary or co-stimulatory signal is also required. Thus, T
cell activation can be said to be mediated by two distinct classes of cvioplasmic signaling
sequence: those that initiate antigen-dependent primary activation through the TCR {primary
eytoplasmic signaling sequences) and those that act in an antigen-independent manuer to

provide a secondary or co-stimulatory signal (secondary cyvioplasmic signaling sequences).
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(6186} Primary cvtoplasmic signaling sequences regolate primary activation of the TCR
complex either in a stimulatory way, or in an inhibitory way. Primary cytoplasmic signaling
sequences that act in a stimulatory manner may contamn signaling motits which are known as
immunoreceptor tyrosme-based activation motifs or ITAMs. In some embodiments, the
ITAM contains a tyrosine separated from a leucine or an iscleucine by any two other amino
acids (YxxL} (SEQ H) NO: 240).

6187} In some embodiments, the cytoplasmic domain contains 1, 2, or 3 TTAMs. In some
embodiments, the cvioplasmic domain contains | ITAM. In some embodiments, the
cvioplasmic domain contains 2 ITAMs. In some embodiments, the cytoplasmic domain
contains 3 ITAMs. In some embodiments, the cyvioplasmic domain contains 4 [TAMs. In
some embodiments, the cvioplasmic domamn contains S ITAMs.

3188] In some embodiments, the cytoplasmic domain is a CD3{ activation domain. fn some
cmbodunents, CD3{ activation domain coroprises a single ITAM. To some embodinents,
CD3( activation domaim compnses two ITAMS. In some embodiments, CD3{ activation
domain comprises three ITAMs.

[6189] Tn some embodiments, the CD3{ activation domain comprising a single ITAM
comprises an aminoe acid sequence having at least 80% 1dentity, at least 90% identity, at least
95% identity, at least 99% identity or is identical o a sequence of
RVKFSRSADAPAYQQGONGLYNELNLGRREEYDVLHMOALPPR (SEQ I NG: 2413
In some embodiments, the CD3{ activation domain comprises SEQ 1D NO: 241 In some
embodiments, the CD3({ activation domain comprising a single ITAM consists essentially of
an amino acid sequence of
RVEFSRSADAPAYQOGONQLYNELNLGRREEYDVLHMQALPPR (SEQ 1D NG: 2413
In some embodiments, the CD3{ activation domain comprising a single TTAM is encoded by
a nucleotide sequence having at least 80% identity, at least 90% identity, at least 93%
identity, at least 99% wentity or is identical to a sequence of
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGUGTACCAGCAGGGCCAGAA
CCAGCTCTATAACGAGUTCAATCTAGGACGAAGAGAGGAGTACGATG
TFTTGCACATGCAGGCCCTGCCCCCTCGC (SEQ 1D NO: 242). In some embodiments,
the CD3{ activation domain is encoded by SEQ 1D NG 242,

(6190} Further examples of ITAM containing primary cvioplasmic signaling sequences that
can be used in the CARs of the instant disclosure include those derived from TCRE, FeRy.

FeRP, CD3y, CD33, CD3e, D3 CD3, CD22, CD79a, CD79b, and CD664. | is particularly

PCT/US2022/016582
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preferred that cytoplasmic signaling molecule in the CAR of the instant invention comprises

a cyioplasmic signaling sequence derived from CD3(

Co-Stimulatory Domamn

16191} In some embodiments, the cytoplasmic domain of the CAR can be designed to
comprise the CD3{ signaling domain by itself or combined with any other desired
cvtoplasmic domamn(s) useful in the context of the CAR of the instant disclosure. For
example, the cvtoplasioic domam of the CAR can comprise a U3 chain portion and a co-
stimulatory domamn. The co-stimulatory domain refers to a portion of the CAR comprising
the intracellular domain of a costimulatory moleculs. A costimulatory molecule 1s a cell
surface molecule other than an antigen receptor or its ligands that is required for an efficient
response of lymphocytes to an antigen. Examples of such molecules include the co-
stimulatory domain is selected from the group consisting of IL-2Rf, Fe Receptor gamma
(FcRy}, Fc Receptor beta (FcRpB), CD3g molecule gamma (CD3y), CD33, Ch3e, CD5
molecule (CD3), CD22 molecule (CD22), C7%a nolecule (CH79a), CD79b molecule
{CD79b), carcinoembryomc antigen related cell adhesion molecule 3 (CD66d), CD27
molecule (CD27), CB28 molecule (CD28}, TNF receptor superfamily member 9 (4-18BB),
TNF receptor superfamily member 4 (0X40), TNF receptor superfamily member 8 (CD30),
CD40 molecule (CD403, progranumed cell death 1 (PD-1), inducible T cell costimulatory
{(ICOS}, Iymphocyvie fimction-associated antigen-1 (LFA-1), CD2 molecule (D2}, CI¥7
molecule (CD7), TNF superfamily member 14 (LIGHT), killer celi lectin like receptor C2
(NKG2C)y and CD276 molecule (B7-H3) c-stimulatory domains, or functional fragments
thereof.

13192} The cvtoplasmic domains within the cytoplasmic signaling portion of the CARs of the
instant disclosure may be linked to cach other in a random or specified order. Optionally, a
short oligo- or polypeptide linker, for example between 2 and 10 anuno acids in length may
form the linkage. A glveine-serine doublet provides an example of a suitable linker.

193] In some embodiments, the intracelular domains of CARs of the mstant disclosure
comprise at least one co-stimulatory domain. In some embodiments, the co-stimulatory
domain s isolated or derived from CD28. In some embodiments, the CD28 co-stimulatory
domain comprises an amine acid sequence having at least 80% identity, at lcast 90% identity,
at least 953% identity, at least 99% identity or is identical to a sequence of

RSKRSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAYRS (SEQ 1D NO: 243).

-3
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[6194] In some embodiments, the CD28 co-stimmuiatory domain comprises or consists
essentially of SEQ ID NO: 243, In some embodiments, the CD28 co-stimulatory domain is
encoded by 3 nucleotide sequence having at least 80% identity, at least 90% dentity, at least
95% identity, at least 99% identity or is identical o a sequence of
AGGAGCAAGCGGAGCAGACTGCTGCACAGUGACTACATGAACATGACCCCCLGG
AGGCCTGGCCCCACCCGGAAGCACTACCAGCCCTACGCCCCTICCCAGGGATTTCG
CCGCCTACCGGAGC (SEQ ID NO: 244). In some embodiments, the CD28 co-stimulatory
domain 1s encoded by SEQ ID NO: 44,

(6195} In some embodiments, the intraceliular domain of the CARs of the instant disclosure
comprises an interlenkin-2 receptor beta-chain (JL.-2Rbeta or IL-2R-beta} cvioplasmic
domain. In some embodiments, the IL-2Rbeta domam 1s truncated. In some embodiments, the
IE.-2Rbeta cytoplasmic domain comprises one or more STAT5-recruitment motifs. In some
cmbodunents, the CAR comprises one or mwore STATS-recruttment motifs outside the Th-
2Rbeta cvtoplasmic domain.

(6196} In some embodiments, the IL-2-Rbeta intracellnlar domain comprises an amino acid
sequence having at least 80% identity, at least 90% wdentity, at least 953% identity, at least
99% 1dentity or 1s wdentical t0 a sequence of
NCRNTGPWLKKVLKCNTPDPSKFFSQLSSEHGGDVOKWLSSPFPSSSFSPGGLAPEIS
PLEVLERDKVTQLLPINTDAYLSLQELQGQDPTHLY (SEQ 1D NO: 245} In some
embodiments, the IL2R-beta intracellular domain comprises or consists essentially of SEQ D
NO: 245, In some embodiments, the IL-2R-beta intracelhular domain 1s encoded by a
nucleotide sequence having at least 80% identity, at feast 90% identity, at least 95% identity,
at least 99% identity or is idendical to a sequence of
AACTGCAGGAACACCGGGUCATGGCTGAAGAAGGTCCTGAAGTGTAACACCCCA
GACCCCTCGAAGTTICTTTICCCAGCTGAGCTCAGAGUATGGAGGUGACGTCCAGA
AGTGGCTCTCTTCGCCCTTCCCCTCATCGTCCTTCAGCCCTGGUGGUCTGGCACCT
GAGATCTCGCCACTAGAAGTGCTGGAGAGGGACAAGGTGACGCAGCTGCTCCCC
CTGAACACTGATGCCTACTIGTCTCTCCAAGAACTUCAGGGTCAGGALCCCAACTC
ACTTGGTG (SEQ 1D NO: 246). 1n some embodiments, the IL-2R-beta intracellvlar domain
is encoded by SEQ ID NO: 246,

13197 In an embodiment, the IL-2R-beta cvtoplasmic domain comprises one or more
STATS-recruitment motifs. Exemplary STATS-rocruitment motifs are provided by Passerini
ct al. (2008) STAT3-signalimg cvtokines regulate the exprossion of FOXP3 in CD4+CD25+

regulatory T cells and CD4-+CD25+ effector T cells. International Immaunology, Vol. 20, No.

73
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3, pp. 421431, and by Kagova et al. (2018) A novel chimeric antigen receptor containing a
JAK-STAT signaling domain mediates superior antitumor effects. Nature Medicine

doi: 10.1038/0m.4478.

[3198] In some embodiments, the STATS-recruitment motif{s) consists of the sequence Tyr-
Leu-Ser-Leu (SEQ ID NG: 2473,

3199 In some embodiments, the CAR comprises an intracellular domain 1solated or derived

from CD28, 4-1BB and/or CD3z, or a combination thereof. Exemplary domaings derived from

D28, 4-1BB and/or UD3z are shown in Table 15 below. In some embodiments, the CAR

comprises an intraceliular domain comprising a sequence of SEQ 1D NOS: 248, 250 or 252,

or a sequence having at least 80%, at least 85%, at least 90%, at least 93%, at least 97%, at

least 99%, or that 1s identical thereto. In some embodiments, the CAR comprises an

intraceliolar domain comprising a sequence of SEQ 1D NOS: 248, 250 or 252 Inn some

embodiments, the CAR intraceliular domain 1s encoded by the sequence set forth in anv one

of SEQ ID NQGs: 249, 251, 253, or 21804.

Table 15: Intracellular Domain Sequences and their use in HER2 CAR Constructs

CAR
Construct

IC Domain

Protein
Sequence

DNA Seguence

C1-292

CD28-4-
IBB-CDi3z

RSKRSRLLHS
DYMNMTPRR
PGPTRKHY QP
YAPPRDFAA
YRSRFSYVKR
GRKKLLYIFK
QPEMRPVQTT
QEEDGCSCRF
PEEEEGGCEL
RVKFSRSADA
PAYQQOGONG
LYNELNLGR
REEYDVLDK
RRGRDPEMG
GKPRRKNPQ
EGLYNELQK
DKMAEAYSE]
GMKGERRRG
KGHDGLYQG
LSTATKDTYD
ALHMOQALPP
R (SEQ ID NO:
248)

AGGAGTAAGAGGAGCAGGCTCCTGCAC
AGTGACTACATGAACATGACTCCCCGC
CGCCCCGGGCCCACCOGCAAGCATTAC
CAGCCUTATGCCCCACCACGUGACTTCG
CAGCCTATCGCTCCCGTTTCTCTGTIGT
TAAACGGGGCAGAAAGAAGCTCCTGTA
TATATTCAAACAACCATTTATGAGACCA
GTACAAACTACTCAAGAGGAAGATGGC
TGTAGCTGCCGATTTCCAGAAGAAGAA
GAAGGAGGATGTGAACTGAGAGTGAAG
TTCAGCAGGAGCGCAGACGCCCCCGLG
TACCAGCAGGGCCAGAACCAGCTCTAT
AACGAGCTCAATCTAGGACGAAGAGAG
GAGTACGATGTTTTIGGACAAGAGACGT
GGCCGGGACCCTGAGATGGGGGGAAAG
CCGAGAAGGAAGAACCCTCAGGAAGGC
CTGTACAATGAACTGCAGAAAGATAAG
ATGGCGGAGGCCTACAGTGAGATTGGG
ATGAAAGGUGAGCGCCGGAGGGGCAA
GGGGCACGATGGOCTITACCAGGGTCT
CAGTACAGCCACCAAGGACACCTACGA
CGCCOTTCACATGCAGGCCCTGCCCCCT
CGCTAG (SEQ ID NO: 249)
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CAR
Construct

¥IC Domain

Protein
Sequence

DBNA Seguence

CT-297,
CT-1094,
CT-1095

CD2s-
D3z

RSKRSRLLHS
DYMNMTPRR
PGPTRKHY QP
YAPPRIFAA
YRSRVKFSRS
ADAPAYKQG
QNQLYNELN
LGRREEYDV
LDKRRGRDP
EMGGKPRRE
NPQEGLYNEL
QKDKMABAY
SEIGMKGERR
RGKGHDGLY
QGLSTATKDT
YDALHMQAL
PPR (SEQ ID
NO: 250)

AGGAGCAAGCGUAGCAGACTGUTGCAC
AGCGACTACATGAACATGACCCCCCGG
AGGCCTGGCCCCACCCGGAAGCACTAC
CAGCCCTACGCOCCTCCCAGGGATTITCG
CCGCCTACCGGAGCAGAGTGAAGTICA
GCAGGAGCGCAGACGCCCCCGUGTACA
AGCAGGGCCAGAACCAGCTCTATAACG
AGCTCAATCTAGGACGAAGAGAGGAGT
ACGATGTITIGGACAAGCGTAGAGGCC
GGGACCCTGAGATGGGGGGAAAGCCGA
GAAGGAAGAACCCTCAGGAAGGCCTGT
ACAATGAACTGCAGAAAGATAAGATGG
COCAGGCCTACAGTGAGATTGGGATGA
AAGGCGAGCGCOGGAGGGGCAAGGGE
CACGATGGCCTTTACCAGGGACTCAGT
ACAGCCACCAAGGACACCTACGACGCC
CTTCACATGCAGGCCCTGCCCCOTCGOT
AG(SEQ IDNO: 251

CT-298,
CT-299

4-1BB-
iz

KRGRKKLLYI
FKQPFMRPY
QTTQEEDGCS
CRFPEEEEGG
CELGGGRVE
FSRSADAPAY
QQGONOLYN
ELNLGRREEY
DVLDKRRGR
DPEMGGKPR
REKNPQEGLY
NELQKDKMA
EAYSEIGMKG
ERRRGKGHD
GLYQGLSTAT
KDTYDALHM
QALPPR (SEQ
1D NO: 252)

AAACGGGGCAGAAAGAAGCTCCTGTAT
ATATTCAAACAACCATTTATGAGACCA
GTACAAACTACTCAAGAGGAAGATGGC
TCTAGCTGCCGATITCCAGAAGAAGAA
GAAGGAGGATGTGAACTGGGCGETGGC
AGAGTGAAGTICAGCAGGAGCGCAGAC
GCCCCCGCGTACCAGCAGGOUCAGAAL
CAGCTCTATAACGAGCTCAATCTAGGA
CGAAGAGAGGAGTACGATGTITIGGAC
AAGAGACGTGGCCGGUGACCCTGAGATG
GOGGGCGAAAGCCGAGAAGGAAGAACCC
TCAGGAAGGCCTGTACAATGAACTGCA
GAAAGATAAGATGGUGGAGGCCTACAG
TGAGATIGGGATGAAAGGCGAGLGLCG
GAGGGGCAAGGGGCACGATGGCCTTTA
CCAGOOTCTCAGTACAGCCACCAAGGA
CACCTACGACGCCCTICACATGCAGGC
CCTGCCCCCTCGUTAG (SEQ ID WNO: 253)

T Cell Receptors {TURs)

[G2048 The disclosure provides a first, activator receptor and inmune cells comprising same.

In some embodiments, the first receptor is a T eell receptor {TCR). Exemplary TCRs

comprising imntracelhular domains for use in the instant disclosure are described in

PCT/US2020/045250 filed on September 6, 2020, the contents of which are incorporated

herein by reference.

6261} Asused herein, a “TCR”, sometunes also called a “TCR complex” or “TCR/CD3

complex” refers to a protein complex comprising a TCR alpha chain, a TCR beta chain, and
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one or more of the wvariant CD3 chains (zeta, gamma, delta and epsilon), sometimes referred
to as subunits. The TCR alpha and beta chains can be disulfide-linked to function as a
heterodimer to bind o peptide-MHC compleses. Onee the TCR alpha/beta heterodumer
engages peptide-MHC, conformational changes in the TCR complex in the associated
wvariant D3 subunits are mduced, which leads to their phosphorylation and association
with downstream proteins, thereby transducing a prunary stimudatory signal. In an exemplary
TCR complex, the TCR alpha and TCR beta polypeptides form a heterodimer, CD3 epsilon
and CD3 delta form a heterodimer, CD3 epsilon and D3 gamma for a heterodimer, and two
CD¥3 zeta form a homodimer.

(6202} [204] Any suitable ligand binding domain may be fused to an extracellular domaim,
hinge domain or transmembrane of the TCRs described herein. For example, the ligand
binding domain can be an antigen binding domain of an antibody or TCR, or comprise an
antibody fragment, a VP onlv domain, a lincar antibody, a single-chain vanable fragment
{scFv}, or a single domain antibody (sdAb).

(6203 In some embodiments, the ligand binding domain is fused to one or more extracelivlar
domains or transmembrane domamns of one or more TCR subunits. The TCR subumit can be
TCR alpha, TCR beta, CD3 dehta, CD3 epsiton, CD3 gamma or CD3 zeta. For example, the
ligand binding domain can be fused to TCR alpha, or TCR beta, or portions of the ligand
binding can be fused to two subunits, for example portions of the ligand binding domain can
be fused to both TCR alpha and TCR beta.

[6204] TCR subunits include TCR alpha, TCR beta, CD3 zeta, CD3 delta, CD3 gamma and
CD3 epsilon. Any one or more of TCR alpha, TCR beta chain, CD3 gamma, D3 delta, CD3
epstlon, or CD3 zeta, or fragments or denivative thereof, can be fused to one or more domains
capable of providing a stimulatory signal of the disclosure, thereby enhancing TCR fanction
and activity.

6205] TCR transmembrane domains isolated or derived from any source are envisaged as
within the scope of the disclosure. The transmembrane domain may be derived either froma
natural or from a recombinant source. Where the source is nataral, the domain may be
derived from any membrane-bound or transmembrane protein.

[03206] In some embodiments, the transmembrane domain is capable of signaling to the
wtracellelar domain(s) whenever the TCR complex has bound {0 atarget. A transmembrane
domain of particular use in this disclosure may include at least the transmembrane region(s)

of e.z., the alpha, beta or zeta chain of the TCR, D3 delta, CD3 epsilon or CD3 gamma,
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CD28, Ch3 epsilon, CD4S, CB4, CD3, CDE, D9, Chl6, D22, D33, D37, CDo64,
CDBO, ChE&s, CD134, CD137, ChH134.

6207 To some embodiments, the transmembrane domain can be attached to the extracellular
region of a polypeptide of the TCR, e.g., the antigen binding domain of the TCR alpha or
beta chain, via a hinge, e.g., a hinge from a hwman protein. For exarmapile, the hinge canbe a
human iowonuneglobulin (Ig) hinge, e 2., an 124 hinge, or a CD8a hinge. In some
embodiments, the hinge is 1solated or derived from CD8a or CD28.

[6208] In some embodiments, the extracellular Higand binding domain is attached to one or
more transmembrane domains of the TCR. In some embodiments, the transmembrane domain
comprises a TCR alpha transmembrane domain, a TCR beta transmembrane domain, or both.
In some embodiments, the transmembrane comprises a CD3 zeta transmembrane domain.
13209] A transmembrane domain can include one or more additional amine acids adjacent to
the transmembrane region, ¢.3., one or more arnino acid associated with the extraceliular
region of the protein from which the {ransmembrane was derived {e.g., 1,2,3,4,5,6,7. 8, 9,
10 or up to 15 amino acids of the extracellular region) and/or one or more additional amino
acids associated with the tntracellular region of the protem from which the transmembrane
protein is denved {e.g., 1,2,3,4,5,6,7, 8,9, 10 or up to 15 amino acids of the intraccliular
region}.

16216} In some embodiments, the transmembrane domain can be selected or modified by
amino acid substitution to avoid binding of such domains to the transmembrane domams of
the same or different surface membrane proteins, e.g., to minimize interactions with other
meuntbers of the receptor complex.

[8211] When present, the transmembrane domain may be a vatural TCR transmembrane
domain, a natural transmembrane domain from a heterclogous membrane protein, or an
artificial transmembrane domain. The transmembrane domain may be a membrane anchor
domain. Without limitation, a natural or artificial transmembrane domain may comprise a
hydrophobic a-helix of about 20 anuno acids, often with positive charges flanking the
transmembrane segment. The transmembrane domain may have one transmembrane segment
or more than one trapsmembrane segment. Prediction of transmembrane domains/segments
may be made using publicly available prediction tools (e.g. TMHMM, Krogh et al. Joumal of
Molecular Biology 2001 305(33:5367-58{; or TMpred, Hofinann & Stotfel Biol. Chem.
Hoppe-Sevler 1993; 347 166). Non-limiting examples of membrane anchor systems inchude

platelet derived growth factor receptor (PDGFR) transmembrane domain,
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glveosyiphosphatidyviinositol (GPE) anchor (added post- translationally to a signal sequence)
and the like.

6212} To some embodiments, the transmembrane domain comprises a TCR alpha
transmembrane domain. In some embodiments, the TCR alpha transmembrane domain
comprises an amino acid sequence having at least 85% ideutity, at least 90% identity, at least
95% 1dentity, at least 96% tdentity, at least 97% identity, at least 98% identity, at least 99%
identity or is identical to a sequence oft VIGFRILLLKVAGFNLLMTLRLW (SEQ 1D NO:
316}, In some embodiments, the TCR alpha transmembrane domain comprises, or consists
cssentially of, SEQ 1D NO: 316, In some cmbodiments, the TCR alpha transmembrane
domain i3 encoded by a sequence of
GTGATTGGOTTCCGAATCCTCCTCCTGAAAGTOGCCGOGOTTTAATCTGCTCATGA
CGCTGCGGCTGTGG (SEQ 1y NO: 317).

16213} In some embodiments, the transmembrane domain comprises a TCR beta
transmembrane domain. In some embodiments, the TCR beta transmembrane domain
comprises an aming acid sequence having at least 35% identity, at least 90% identity, at least
053% identity, at least 96% identity, at least 97% identity, at least 98% identity, at least 99%
wdentity or 1s dentical fo a sequence of TILYEILLGKATLYAVLVSALVL (SEQ ID NG
318} In some embodiments, the TCR beta transmembrane domain comprises, or consisis
essentially of, SEQ ID NO: 318. In some embodiments, the TCR beta transmembrane domain
iz encoded by a sequence of
ACCATCCTCTATGAGATCTTGCTAGGGAAGGUCACCTTIGTATGCCGTGUTGGTCA
GTGCCCTCGTGUTG (SEQ D NO: 319).

[6214] TCRs of the disclosure can comprise one or more intracclular domams, In some
embodiments, the intracellolar domain comprises one or more domains capable of providing
a stimulatory signal to a transmembrane domain. n some embodiments, the intracellular
domain comprises a first mtracelinlar domain capable of providing a stimulatory signal and a
second intracetlular domain capable of providing a stimulatory signal. In other embodiments,
the intracellalar domain comprises a first, second and third intracellolar domain capable of
providing a stimulatory signal. The mtracellular domains capable of providing a stinwulatory
signal are selected from the group consisting of a CD28 molecule (CD28) domain, a LCK
proto-oncogene, Sre family tyrosine kinase (Lek} domam, a TNF receptor superfamuly
member 9 (4-1BB) domain, a TNF receptor superfamily member 18 (GITR) domain, a CD4
molecule (CD4) domain, a CD8a molecule (CD8a) domain, a FYN proto-oncogene, Ste
family tyrosine kinase (Fyn} domain, a zeta chamn of T cell receptor associated protein kinase
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70 {ZAPT0} doman, a linker for activation of T cells (LAT) domain, Iymphocyie cviosolic
protein 2 (SLP76) domam, (TCR) alpha, TCR beta, CD3 delta, CD3 gamma and D3 epsifon
wiracellular domains.

[3215] In some embodiments, an intraceliular domain comprises at least one intracellular
signaling domain. An miracelhular sipnaling domain generates a signal that promotes a
function a cell, for example an immune effector function of a TCR contaning cell, g, a
TCR-expressing T-cell. In some emboduments, the mtracellular domain of the first receptor of
the disclosure includes at least one intracellolar signaling domain. For example, the
intracellular domains of CD3 gamama, delta or epsilon comprise signaling domains.

[3216] In some embodiments, the extracellular domain, transmembrane domain and
wtracellelar domain are isolated or dertved from the same protein, for example T-cell
receptor (TCR} alpha, TCR beta, CD3 delta, CD3 gamma, CD3 opsilon or CD3 zeta.

16217} Exaroples of intracellular domaius for use 1o activator receptors of the disclosure
include the cvtoplasmic sequences of the TCR alpha, TCR beta, UD3 zeta, and 4-1BB, and
the intracellalar signaling co-receptors that act in concert {o initiate signal transduction
following antigen receptor engagement, as well as any derivative or varant of these
sequences and any recombinant sequence that has the same functional capability.

{3218} In some embodiments, the intracelular signaling domain comprises a primary
intracelivlar signaling domain. Excruplary primary intraceliular signaling domains include
those denved from the proteins responsible for primary stimulation, or antigen dependent
stimulation.

{6219} In some embodiments, the intraceHular domain comprises a CD3 delta intracetiular
domain, a CD3 ¢psiion intracellular domain, a CD3 garama intraccliular domain, a CD3 zeta
intracellalar domain, a TCR alpha intracellular domain or 8 TCR beta intracelludar domain.
1322¢] I some embodiments, the miraccHular domain comprises a TCR alpha mtraceltiular
domain. In some embodiments, a TCR alpba untracellular domain comprises Ser-Ser. In some
cmbodiments, a TCR alpha intracellular doman is encoded by a sequence of TCCAGC,
6221} In some embodiments, the intracelular domain comprises a TCR beta tracellular
domain. In some embodiments, the TCR beta intracelhular domain comprises an amino acid
sequence having at least 80% identity, at least 90% 1dentity, or 13 identical o a sequence of!
MAMVKRKDSR (SEQ 1D NO: 320). In some embodiments, the TCR beta imtraceliuvlar
domain comprises, or consists essentially of SEQ ID NO: 320. In some embodiments, the
TCR beta intracellular domain is encoded by a sequence of

ATCGGCCATGOTCAAGAGAAAGGATICCAGA (SEQ 1D NG: 321).
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[6222] In some embodiments, the intraceHular signaling domain comprises at least one
stimmulatory intracellular domain. In some embodiments, the intracellular signaling domain
comprises a primary udracellular signaling domain, such as a C133 delta, CH3 ganuna and
D3 epsilon intracellelar domain, and one additional stimulatory intracelular domain, for
example a co-stimulatory domain. In some embodiments, the intracellular signaling domain
comprises a primary intracelular signaling domaio, such as a CD3 delta, CD3 gamma and
CD3 epsilon intracellular domain, and two additional stimulatory intracellular domains.
{6223} Exemplary co-stinndatory intracellular signaling domains include those derived from
proteins responsible for co-stimulatory signals, or antigen independent stimulation. Co-
stimulatory molecules include, but are not limited to an MHC class I molecule, BTLA, a Toll
ligand receptor, as well as DAPIO, DAPIZ, CD30, LIGHT, 0X40, (B2, CD27, CbS,
ICAM-1, LFA-1 (CD11a/CD18) 4-18BB (CD137, TNF receptor superfamily member 9), and
D28 molecule (CD2R). A co-stimulatory protemn can be represented in the following protein
families: TNF receptor proteins, bnmunoglobulin-like proteins, cytokine receptors, integrins,
signaling Iymphocytic activation molecules (SLAM proteins), and activating NK cell
receptors. Examples of such molecules melude CD27, €28, 4-1BB (CDI37), 0X40, GITR,
D30, CD40, ICOS, BAFFR, HVEM, lvmphocyte function-associated antigen-1 (LFA-1),
D2, CD7, LIGHT, NKG2C, SLAMF7, NKp&0, CB160, B7-H3, aligand that specifically
binds with CD83, CD4, and the like. The co-stimulatory domain can comprise the entire
ntracellular portion, or the entire native miraceliular signaling domain, of the molecule from
which it is dertved, or a functional variant thercof.

6224 In some embodiments, the stinulatory domain comprises a co-stimulatory domain. In
some emboduments, the co-stimulatory domain comprises a CD28 or 4-1BB co-stimulatory
domain. CD28 and 4-1BB are well characterized co-stimulatory molecules requured for full T
cell activation and known to enhance T cell etfector function. For example, CD28 and 4-1BB
have been utilized 1o chimeric antigen receptors {CARs) to boost cytokine release, cytolytic
function, and persistence over the first-generation CAR containing only the CD3 zeta
signaling domain. Likewise, incluston of co-stimulatory domains, for example D28 and 4-
1BB domains, in TCRs can increase T cell effoctor function and specifically allow co-
stimulation in the absence of co-stimulatory higand, which is tvpically down-regulated on the
surface of tumor cells. In some embodiments, the stimulatory domain comprises a CD28

intracellular domain or a 4-1BB intracellular domain.
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Inhibitory Receptors

[6225] The disclosure provides a second receptor, comprising an extracelular ligand binding
domain specific to a non-target antigen that has been lost in a cancer cell, such as an alielic
vanant of a gene. The non-target allelic variant can be lost in the cancer cell through any
mechanism, such as, without linutation, epigenetic changes that effect non-target allelic
variant expression, swtations to the gene encoding the non-target allelic variant, disruption of
cellular signaling that regulates expression of the non-target allelic vanant, chromosome loss,
partial or complete deletion of the genomic locus, gene silencing through modification of
nucleic acids or heterochromatin, or fogs of oxpression through other mechanisms. In
variations of the compositions and methods disclosed herein, the cells or subject treated may
exhibit a logs of expression of the non-target allelic variant because of non-genetic changes.
Accordingly the disclosure provides compositions and methods for killing cells and/or
treating subject lacking expression of the non-target astigen from any cause, includiog but
not fimited to, loss of heterozygosity.

[6226] Exemplary inhibitory receptors are described in PCT/US2020/045228 filed on
September 6, 2020, PCT/US2020/064607, filed on Decomber 11, 2020,
PCT/US2021/029907, filed on Apnl 29, 2021 and PCT/US2(20/059856 filed on November
10, 2020, the contents of each of which are incorporated herein by reference.

16227} The term “mhibitory chimeric antigen receptor” or “mhibitory receptor” as used
herein refers to an antigen-binding domain that is fused to an ntracellular signaling domam
capable of transducing an inhibitory signal that inhibits or suppresses the immuone activity of
an immune cell. Inhibitory receptors have immune cell inhibitory potential, and are distinct
and distinguishable from CARs, which are receptors with imuvune celi activating potential,
For example, CARs are activating receptors as they include ntracellular stinndatory and/or
co-stitlatory domains. fnhibitory receptors are inhibiting receptors that contam intracellular
ishibitory domains.

[6228] As used herein “inhibitory signal” refers to signal transduction or changes in protein
expression in an immune cell resulting in suppression of an immune response {e.g., decrease
in cytokine production or reduction of munune cell activation}. Inbibition or suppression of
an immune cell can selective and/or reversible, or not selective and/or reversible. Inhibitory
receptors are responsive to non-target antigens (e.g. HLA-A*(02). For example, when a non-
target antigen {¢.g. HLA-A*02) binds to or contacts the inhibitory receptor, the inhibitory

receptor is responsive and activates an inhibitory signal in the amune cell expressing the
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inhibitory receptor upon binding of the non-target antigen by the extracellular ligand binding
domain of the inhibitory receptor.

(6229} The nov-target antigen can be a non-target allehic varant. A “non-target allchic
variant” as used herein refers {o an allele {e.g. an allelic variant of an MHC Class  gene),
whose expression is reduced or elimvinated in a target cell {e.g. a cancer cell) due to foss of
heterozygosity. or another mechanism of expression loss, but is expressed or detectably
expressed 1n a normal or healthy cell. The non-target antigen can be a protein, or an antigen
peptide thereof in a complex with a major histocompatibility complex class T (MHC-1}, where
the nop-target antigen comprises a polymorphism. Because the non-target antigen is
polymorphic, loss of a single copy of the gene encoding the non-target antigen, which may
occur through loss of heterozygosity in a cancer cell, vields a cancer cell that retains the other
polymorphic variant of gene, but has lost the non-target antigen. For example, a subject
having HLA-A*02 and HLA-A*01 alicles at the HLA locus may have a cancer in which only
the HLA-A*(02 allele is lost. In such a subject, the HLA-A*01 protein remains present, but is
not recognized by the inhibitory receptor of immune cells encountering the cancer cell,
because the inhibitor receptor s designed to be specific to the HLA-A*02 (or other non-target
antigen). In normal non-malignant cells, the HLA-A*02 {(or other non-target antigen) 1s
present and inhibiis activation of the engineered 1npnune cell. n cancer cells having loss of
heterozygosity, the HLA-A*02 allelic vanant (or other non-target antigen) is lost. founune
cells engimeered to express the inhibitory receptor do not receive an inhibitory signal from the
mhibitory receptor, as the inhibitory receptor only responds to the HLA-A*02 (or other non-
target antigen), which is absent on cancer cells. By this mechanism, the immune cell is
selectively activated, and selectively kills, cancer cells expressing HER2 but baving lost
HLA-A*(2 {or ancther non-target antigen} due to loss-of-heterozveosity. HLA-A is used
here as an example. Similar polymorphic variation occurs in the population at other MHC
gencs and 1o other non-MHC genes as well. Accordingly, in some embodiments, the non-
target antigen comprises a polvmorphic variant of COLECI2Z, APCDDI or CXCLIG, or
HLA-A¥02. In some embodiments, the non-target antigen is an HLA class T allele or a minor
histocompatibility antigen (MiHA}. In some embodiments, the HLA Class { allele comprises
HLA-A HLA-B, HLA-C, or HLA-E. In some embodiments, the HLA class [ allefe 1s HLA-
A¥02. In some embodiments, the HLA-A*02 non-target antigen is expressed by healthy cells
of a subject. In some embodiments, the non-target antigen is a non-target allelic variant. In
some erabodiments, the non-~target antigen is not expressed in a cancer cell of the subject. T

some embodiments, the non-target antigen is not expressed in a fraction of the cellsin a
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tumor in the subject. In some embodiments, a cancer cell in a subject has lost expression of
the non-target antigen. Loss of cxpression or lack of expression of the non-target antigen in a
cell can be by any mechanism, such as, without lmitation, epigenetic changes that effect non-
target gene expression, mutations to the gene encoding the non-target antigen, or disnuption
of cellular signaling that regulates expression of the non-target gene.

[6230] In some emboduments, the second receptor is an inhibitory chireric antigen receptor
{(i.e. inhubitory receptor). In some embodiments, the second receptor is an ishibitory receptor.
In some embodiments, the second receptor ts humanized.

(6231} In some embodiments, the sceond receptor comprises SEQ D NO: 323, or a sequence
sharing at least 75%, at least 809%, at least 85%, at least 90%, at least 95%, or at least 98%
wdentity thereto. In some embodiments, the second receptor comprises SEQ IDNQO: 324 ora
sequence sharing at least 75%. at least 80%., at least 85%, at least 90%, at least 95%, or at
least 98% identity thereto.

6232 The disclosure provides a second receptor, which s an inhibitory receptor, comprising
an extracellular ligand binding that can discniminate between single amino-acid variant
alleles of a non-target antigen. This ability to discriminate between allelic varants of a non-
target antigen allows the second receptor 1o inhibit activation of womune cclis comprising the
second receptor in the presence of non-target cells that express that the allele recognized by
the ligand binding domain. However, activation of immune cells is not inhibited in the
presence of target cells that have lost the allele, for example cancer cells that have lost one
allele of a gene through loss of heterozygosity.

{6233} The disclosure provides a second receptor, which is an inhibitory receptor, comprising
an extracellular higand binding that can discaminate between different lovels of expression of
a non-target antigen. This allows the second receptor to inhibit activation of immunce cells
comprising the second receptor in the presence of non-target cells that express the ligand for
the second receptor, but to allow activation of mounune cells in the presence of cancer cells

that express low levels, or have no expression, of the higand for the second receptor.

Inhibitor Ligands
13234} In some embodiments, the non-target antigen is not expressed by the target celis, and
is expressed by non-target colls. In some embodiments, the non-target antigen s expressed by
healthy cells, .¢. cells that are not cancer cells. In some embodiments, the target celisarc a
plurality of cancer cells that have lost expression of the non-target antigen through loss of

heterozygosity {LOH). In some embodiments, the non-target cells are a plurality of healthy
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cells (1.e., non-cancer, normal, or healthy cells), that express both the target and the non-
target antigen.
[0235] Anv cell surface molecule expressed by the non-target cells that is not expressed by
target cells may be a suitable non-target antigen for the second receptor extracellular ligand
binding domain. For example, a cell adhesion molecule, a cell-cell signaling molecule, an
extracellular domain, a molecule involved in chemotaxis, a glycoproten, a G protein-coupled
receptor, a transmembrane, a receptor for a neurotransmitier or a voltage gated ion channel
can be used as a non-target antigen.
(6236} In some embodiments, the target antigen 18 a peptide antigen of a cancer cell-specific
antigen 1 a complex with a major histocompatibility complex class T (MHC-T).
13237 In some embodiments, the non-target antigen is lost in the cancer cells due to loss of
heterozygosity. Exemplary non-target antigens lost in cancer cells due to loss of
heterozvgosity include COLECI2, APCDD1, CXCL16 and HLA-A*0Z. o some
embodiments, the non-target antigen is selected from the group consisting of a polymorphic
variant of COLEC12, APCDDI and CXCL166, or a peptide antigen thereof a complex with a
major histocompatibility complex class { (MHC-I), or HLA-A*02. In some embodiments, the
non-target antigen 1s an anfigen peptide comprising a polymorphic residue of COLECI2,
APCDDI and CXCL16 m a complex with a major histocompatibility complex class { (MHC-
b.
16238} MNon-target MHC-1 (MHC) antigens compnising any of HLA-A, HLA-B or HLA-C
are envisaged as within the scope of the disclosure. In some embodiments, the non-target
antigen comprises HEA-A In some embodiments, the non-target antigen comprises a human
leukocyte antigen A*02 allelic product (HLA-A*02). In some embodiments, the non-target
antigen comprises human leukocyvte antigen A*69. In some embodiments, the non-target
antigen comprises HLA-B. In some embodiments, the non-target antigen comprises HLA-C.
[6239] In some embodiments, the non-target antigen comprises HLA-A*02.
6246 In some embodiments, the nov-target antigen comprises C-X-C motif chemokine
ligand 16 (CXCL16} or an antigen peptide thereof in a complex with MHC-1. Homan
CXCL16 procursor s described in NCBI record number NP_001094282.1, the contents of
which are incorporated by reference herem in their entirety. In some embodiments, CXCLI6
comprises an amino acid sequence of!
1M

61
121

NE GSVTGSCYCG
0 BELMSCLDLKE
SDIHTPACML LSTLOSTORP TLFVGSLSSD
PEXNAGPTAR TSATVPVLCL LAIIFILTAA
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241 LSYVLCKRRR GQSPOSSPDL PVHYIPVAPD SNT (SEQ ID NG: 325).

(0241} In some embodiments, the non-target antigen comprises a polymorphism of CXCL16.
For example, the non-target antigen comprises a peptide derived from CXCL16 comprising a
polymorphic residue of CXCL16. Polymorphic residues of CXCL16 include positions 142
5 and 200 of SEQ ID NG: 325, In some embodiments, the non-target anfigen comprises a

peptide of CXCLI6 comprising amino acid 142 or 200 of SEQ IR NG 325, In some
embodiments, the non-target antigen comprises a peptide of CXCL1I6 comprising an A at
amino acid 200 of SEQ 1D NO: 325, In some embodiments, the non-target antigen comprises
a peptide of CXCL16 comprising a V at aming acid 200 of SEQ 1D NO: 325, In some

10 embodiments, the non-target antigen comprises a poptide of CXCL16 comprising an [ at
amino acid 142 of SEQ I NO: 325 Inn some embodiments, the non-target antigen comprises
a peptide of CXCL16 comprising a T at amino acid 142 of SEQ ID NG: 325,
6242} In some embodiments, the non-target antigen comprises a polymorphism of CXCL16.
In some embodiments, the non-target astigen comprises a pepiide of CXCL 16 comprising an

15 A atamino acid 200 of SEQ D NG: 325, and the second receptor compnises a ligand binding
domain with a higher affiruty for a CXCL16 higand with an A at position 200 of SEQ 1D NO:
3285 than for a CXCL16 ligand with a V at position 200 of SEQ 1D NO: 325, In some
cmbodiments, the non-target antigen comprises a peptide of CXCL16 comprising a V at
amino acid 200 of SEQ ID NG: 325, and the second receptor comprises a ligand binding

20 domain with a higher affimty for a CXCL16 ligand with a V at position 200 of SEQ ID NO:
325 than for a CXCLI6 higand with an A at position 200 of SEQ 1D NO: 325, In some
embodiments, the non-farget antigen comprises a peptide of CXCL16 comprising an [ at
amino acid 142 of SEQ I NO: 325, and the second receptor comprises a ligand binding
domain with a higher affuuty for a CXCL16 ligand with an { at position 142 of SEQ ID NO:

25 325 than for a CXCLI6 ligand with a T at position 142 of SEQ ID NO: 325, In some
cmbodiments, the non-target antigen comprises a peptide of CXCL16 comprising a T at
amino acid 142 of SEQ ID NGO: 325, and the sccond receptor comprises a ligand binding
domain with a higher affinity for a CXCL16 ligand with a T at position 142 of SEQ ID NO:
325 than for a CXCL16 ligand with an  at position 142 of SEQ 1D NG: 325,

30 6243 In some embodiments, the non~target antigen comprises collectin subfamily member
12 (COLEC12) or an antigen peptide thoreof i a coraplex with MHC-E Human COLECI2 15

described m NCBI record number NP 569057 2, the contents of which are incorporated by
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reference herein in their entivety. In some embodiments, COLECI2 comprises an amino acid

sequence of!

1 IQEGTQCT : TITVATLGYK
61 b ] JE:S Fi \] FRSDILDLRO
21 LEKLQ ASGDALVDRY SQLKE _hJW STL iTT“”FT LOAYNGYVIN

SQRIQRIhu,
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0244} To some embodiments, the non-target antigen comprises a polvmorphism of
COLECI2. For example, the non-target antigen comprises a pepiide denved from COLECI2
comprising a polymorphic residue of COLECIZ. Polymorphic residues of COLECT2 include
position 322 of SEQ 1D NO: 326, In some embodiments, the non-target antigen comprises a
peptide of COLEC12 comprising amino acid 522 of SEQ ID NG: 326, In some
embodiments, the non-target antigen comprises a peptide of COLEC12 comprising an 5 at
amino acid 522 of SEQ ID NG: 326, In some embodiments, the non-target antigen comprises
a peptide of COLECI12 comprising a P at anuno acid 522 of SEQ 1D NO: 326

3245] In some embodiments, the non-target antigen comprises APC down-regulated 1
{APCDD1) or an antigen peptide thereof in a complex with MHC-1. An exemplary human
APCDDH 1s described in UniProtKB record number QRI023, the contents of which are
ncorporated by reference herein m their entirety. In some embodiments, APCDDI comprises

an amino acid sequence of

R YLEPALLLHG

61 3 PTIFGHWW'P B . TNETY
121 TEADYQLHNY SFLADGGR
181 ¥ AV o) ITDAT
241 QRMFYRPSSY LONAKNH DHACIACRII , TIG LHGEWVSQRC
301 EVRPEVLELT R’r{ TFHDNNN TWEGHYYHYS - IYARGRYSRG VLSSRVMBST
361 EFVEKVNEMK * DAATAS LLNVENGNEC GAEGSHOVGT QODVTHINGC

121 EYEIFKMEQD ARGRYLLENG QRPSDGSSPD RPEKRATSYQ MPLVQCASSS PRAED

4871 GSSLYGRAPG RHTWSLLLAA LACLVPLLEW NIRrR {SEQIDNO: 327

[03246] In some embodiments, the non-target antigen comprises a polymorphism of
APCDDI. Exemplary polymorphisms of APCBD1 include £33748413, whichcan bea V, or
L at position 150 of SEQ ID NO: 327, In some embodiments, the non-target antigen
comprises a peptide of APCDDY comprising amme acid 150 of SEQ D NG 327, In some

embodiments, the non-target antigen comprises a peptide of APCDD! comprising an V at
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amino acid 150 of SEQ ID NG 327. In some embodiments, the non-target antigen comprises
a peptide of APCDD comprising an I at anmino acid 150 of SEQ 1D NO: 327, In some
crabodiments, the non-target antigen comaprises a peptide of APCDDI comprising an L at
amino acid 150 of SEQ 1D NG: 327,

16247} A forther exemplary human APCDD s described in UniProtKB record number

(4

YOGYR2, the contents of which are incorporated by reference herein o their entirety. In sone

embodiments, APCDDI comprises an amino acid sequence of:

EEQYLHHN LD

1 XDVAYDL GOCECTKAY N”AMHELQ I RV
61 MFYRP \K.CAAE S8 )
10 121 GPATAGCP3C LWPPAETGRK 2

181 NAKLSFKPRA SAPLETGHRV K RV QSPL ANK (%E‘Q ED NO: 328).

SQLVE 1

(0248} Exemplary polymorphisias of APCDDI inchude rs1786683, whichcanbea Y or S at

position 165 of SEQ 1D NO: 328, In some embodiments, the non-target antigen comprises a
15 peptide of APCDD1 comprising amino acid 165 of SEQ 1D NO: 328, In some embodiments,

the non-target antigen comprises a peptide of APCDD1 comprising a 'Y at amino acid 165 of

SEQ ID NG: 328, 1o somce embodiments, the non-target antigen comprises a peptide of

APCDDI comprising an S at amino acid 165 of SEQ 1D NO: 328,

6249} A further exemplary human APCDD s described in UmiProt record number I3QSE3,
20 the contents of which are incorporated by reference herein in their entirety. In somie

embodiments, APCDDH comprises an amino acid sequence of!

1 PEDVLPALQL PAPSAECQVE MGFHHVGELG LOLPTSISDPP ALASQSAGIT GVSHRPPGRU

61 LSNDLRTTTM PASPVGSSIG QTSTTLRSCP oRoT (SEQ ID NG: 329).

25 [0258] Exemplary polvmorphismos of APCDDI inclade 159952598, whichcan bea QorRat
position 28 of SEQ 1D NG: 329, In some embodiments, the non-target antigen comprises a
peptide of APCDD comprising amino acid 28 of SEQ ID NG: 329, In some embodiments,
the non-target antigen comprises a peptide of APCDDI comprising a Q at amino acid 28 of
SEQ ID NG: 329, In some embodiments, the non-target antigen comprises a peptide of

30 APCDDI comprising an R at amino acid 28 of SEQ 1D NO: 329,

[3251] Tn some embodiments, APCDD1 comprises a sequence that shares at least 80%, at

least 85%, at lcast 90%, at least 95%, at least 94%, at least 97%, at least 98%, or at least 99%
identity to any one of SEQ 1D NOs: 327-329. Polymorphic residues of APCDD1 are marked
as bold and underlined in SEQ ID NOs: 327-329.

53
2

[6252] In some embodiments, the non-target antigen comprising HLA-A¥(2, and the higand
binding domain of the second receptor comprises an HUA-A*(2 ligand binding domain. In

some embodiments, the ligand binding domain binds HLA-A*02 independent of the peptide
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in a pMHC complex comprising HLA-A*02. In some embodiments, the HLA-A*02 ligand
binding domain comprises an scFv domain. In some embodiments, the HLA-A*(2 ligand
binding domain comprises a sequence of any one of SEQ 1D NOs: 63-74. In some
embodiments, the HLA-A*02 ligand binding domain comprises a sequence at least 50%, at
feast 953% or at least 99% identical to a sequence of any one of SE(Q 1D NOs: 63-74.

16233} In some embodiments, the HLA-A*02 scFv comprises the coraplementarity
determined regions ({CDRs) of any one of SEQ ID NOS: 87-102. In some embodiments, the
scFv comprises a sequence at least 95% identical to any one of SEQ ID NOS: 87-102. In
some embodiments, the scFv comprises a sequence identical to any one of SEQ ID NOS: 87-
102, In some embodiments, the heavy chain of the antigen binding domain comprises the
heavy chain CDRs of any one of SEQ ID NOS: 87-102, and wherein the light chain of the
antigen binding domain comprises the light chain CDRs of any one of SEQ ID NOS: 87-102.
In some crbodiments, the BLA-A*0Z antigen binding domain comprises a heavy chain and a
light chain, and the heavy chain comprises CDRs selected from SEQ ID NQGs: 95-102 and the
light chain comprises CDRs selected from SEQ ID NQs: 87-94. In further embodiments of
anty of the ligand binding domaius, cach CDR sequence may have 1, 2, 3 or more
substitutions, insertions, or deletions, CDR sequences may tolerate substitutions, deletions, or
insertions. Using sequence alignment tools, routine experimentation, and known assays, those
of skill in the art may gencrate and test variant sequences having 1, 2. 3, or more
substifutions, msertions, or deletions in CDR sequences without undue experimentation.
(6234 In some embodiments, the HLA-A¥02 antigen binding domain comprises a heavy
chain and a light chain, and the heavy chain comprises a sequence at least 95% identical to
the heavy chain portion of any one of SEQ 1D NOS: 63-74, and the light chain comprises a
sequence at least 95% wdentical to the light chain portion of any one of SEQ ID NOS: 63-74.
13255] In some embodiments, the heavy chain comprises a sequence identical to the heavy
chain portion of any one of SEQ 1D NOS: 63-74, and whercin the light chain of comprises a
sequence identical to the light chain portion of any one of SEQ ID NGS: 63-74.

[6256] In some embodiments, the non-target antigen comprises HLA-B*07, and the ligand
binding domain of the sccond receptor comprises an HUA-B*07 ligand binding domain. in
some embodiments, the hgand binding domain binds HLA-B*07 independent of the peptide
in a pMHC complex comprising HLA-B*07. In some embodiments, the HLA-B*07 ligand
binding domain comprises an scFv domam. fn some embodiments, the HLA-B*07 ligand
binding domain comprises a sequence of any one of the indicated B7 binding domains in

Table 7. In some embodiments, the HLA-B*07 higand binding domain comprises a sequence
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at least 90%;, at least 95% or at least 99% wdentical to a sequence of any one of the indicated
HLA-B*07 binding domains in Table 7. In some embodiments, the HLA-B*07 scFv
comprises any one of the indicated HLA-B*(7 complementanty determined regions {CDRs)
i Table 9. In some embodiments, the scFv comprises a sequence at least 95% identical to
any one of the indicated HLA-B*07 scFv sequences in Table 7. In some embodiments, the
scEv comprises a sequence identical to any one of the indicated HLA-B*07 scFv sequences
in Table 7.

(6257} In some embodiments, the non-target antigen comprises HLA-A*11, and the ligand
binding domain of the sccond receptor comprises an HLA-A* 11 ligand binding domain. In
some embodiments, the ligand binding domain binds HLA-A¥ 1 independent of the peptide
in a pMHC complex comprising HLA-A*11. In some embodiments, the HLA-A*11 ligand
binding domain comprises an scFv domaimn. In some embodiments, the HLA-A*11 ligand
binding domain comprises a sequence of any one of the indicated HLA-A* 11 binding
domains in Table 7. In some embodiments, the HLA-A*11 hgand binding domain comprises
a sequence at feast 90%, at least 93% or at least 99% identical to a sequence of any one of the
indicated HLA-A* 1] binding domains in Table 7. In some embodiments, the HLA-A* 1]
scFv comprises any one of the indicated HLA-A*11 complementarity determined regions
(CDRs) in Table 9. In some embodiments, the scFv comprises a sequence at least 95%
identical to any one of the indicated HLA-A*11 scFv sequences m Table 7. In some
embodiments, the scFv comprises a sequence identical to any one of the indicated HLA-A* 11
scFy sequences in Table 7.

{0258} In some embodiments, the non-target antigen comprises HLA-A*01, and the ligand
binding dorsain of the sccond receptor comprises an HLA-A*01 ligand binding domain. In
some cmbodiments, the ligand binding domain binds HLA-A¥01 independent of the peptide
in a pMHC complex comprising HLA-A*01. In some embodiments, the HLA-A*01 ligand
binding domain comprises an scFv domain. In some embodiments, the HLA-A*01 Ligand
binding domain comprises a sequence of any one of the indicated HLA-A*01 binding
domains in Table 7. In some embodiments, the HLA-A*01 heand binding domain comprises
a sequence at least 90%, at least 93% or at least 99% identical to a sequence of any one of the
ndicated HLA-A¥O1 binding domains in Table 7. In some embodiments, the HLA-A*(]
scFv comprises any one of the indicated HLA-A*01 complementarity determined regions
{CDRs) in Table 9In some embodiments, the scFv comprises a sequence at least 95%

identical to any one of the mdicated HLA-A*01 scFv sequences in Table 7. In some
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cmbodiments, the scFv comprises a sequence identical to any one of the indicated HLA-A*01
scFv sequences in Table 7.

(62591 To some embodiments, the non-target antigen comprises HLA-A*03, and the higand
binding domain of the second receptor comprises an HLA-A*03 ligand binding domam. In
some erabodiments, the ligand binding domain binds HLA-A*03 independent of the peptide
in a pMHC complex comprnising HLA-A*03 . In some embodiments, the HLA-A*03 ligand
binding domain comprises an scFv domain. In some embodiments, the HLA-A*03 ligand
binding domain comprises a sequence of any one of the indicated HLA-A*03 binding
domains inn Table 7. In some cmbodiments, the HLA-A*03 higand binding domain comprises
a sequence at least 90%, at least 95% or at least 99% identical to a sequence of any one of the
indicated HEA-A*03 binding domains in Table 7. In some embodiments, the HLA-A*03
scFv comprises any one of the indicated HLA-A*03 complementarity determined regions
(CDRs) in Table 9. To some embodiments, the scFv comprises a sequence at least 95%
identical to any one of the indicated HLA-A*03 scFv sequences i Table 7. In some
cmbodiments, the scFv comprises a sequence identical to any one of the indicated HLA-A*03
sckFv sequences in Table 7.

(6266} Tn some embodiments, the non-target antigen comprises HLA-C*07, and the ligand
binding domain of the second receptor comprises an HLA- C*07 ligand binding domain. In
some cmbodiments, the ligand binding domain binds HLA-~ C*07 independent of the peptide
in a pMHC complex comprising HLA-~ C*07. In some embodiments, the HLA- C*07 hgand
binding domain comprises an sclv domain. In some embodiments, the HLA- C*07 ligand
binding domain comprises a sequence of any one of the mdicated HLA- C*07 binding
domains i Table 7. In some cmbodiraents, the HLA- C*07 ligand binding domain comprises
a sequence at least 90%, at least 95% or at least 99% identical to a sequence of any one of the
indicated HLA-~ C*07 binding domains in Table 7. In some embodiments, the HLA- C*07
scv compriscs any one of the indicated HLA-C*07 complementarity determined regions
{CDRas) i Table 9. In some embodiments, the seFv comprises a sequence at least 95%
identical to any one of the indicated HLA- C*07 scFv sequences in Table 7. In some
crmbodiments, the scFv comprises a sequence identical to any one of the indicated HLA-C*(7
scFv sequences in Table 7.

(6261} Inhibitory receptors of the disclosure may comprise an extracellular ligand binding
domain. Auny type of ligand binding domain that can regulate the activity of a receptorina

ligand dependent manner is envisaged as within the scope of the instant disclosure.
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[6262] In some embodiments, the ligand binding domain is an antigen binding domain.
Exemplary antigen binding domaimns include, tnfer alia, scFy, SdAb, VB-only domaias, and
TCR antigen binding domains denved from the TCR ¢ and § chain vaniable domains.

16263} Any tvpe of antigen binding domain is envisaged as within the scope of the instant
disclosure.

6264} In some embodiments, the extracellular igand binding domain of the second receptor
binds to and recognizes a polymorphic vanant of COLEC12, APCDD], CXCLI6 oran
antigen peptide thereof in a complex with a major histocompatibility complex class I (MHC-
I}, or HLA-A*02. In some embodiments, the extracellular ligand binding domain of the
second receptor is an scFv.

13265] In some embodiments, the extracellular hgand binding domain of the second recepior
is fused to the extracellular domain of an mhibitory recepior.

16266} In some embodiments, the ihibttory receptors of the present disclosure comprise an
extracelbular hinge region. Exemplary hinges can be isolated or derived from Igh and CDS8
domains, for example IgG1l. In some embodiments, the hinge is 1solated or derived from
CD8aor CD2E.

0267] The inhibitory receptors of the present disclosure can be designed fo comprise a
transmembrane domain that 1s fused to the extracellular domain of the inhibitory receptors. In
some instances, the transmembrane domain can be selected or modified by amine acid
substitution to avoid binding of such domains to the transmembrane domains of the same or
different surface membrane proteins {o nunimize inferactions with other members of the
receptor complex.

(0268} The transmembrane domain may be derived either from a natural or from a syothetic
source. Where the source is natural, the domain may be derived from any membrane-bound
of transmembrane protein. Transmembrane regions may be isolated or derived from (¢
comprise at least the transmembrane region(s) of) the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CB4, CDS, CD], CDO, CDI6, D22, D33, CD37,
CDhod, CDE0, CD86, D134, CD137, D154, or from an immunogiobalin such as IgG4.
Altematively, the transmembrane domain may be synthetic, in which case it will comprise
predomuinantly hydrophobie residues such as leucine and valine. In some embodiments, a
triplet of phenylalamne, tryptophan and valine will be found at cach end of a synthetic
transmembrane domain. Optionally, a short oligo- or polyvpeptide finker, preferably between 2

and 10 amino acids in leogth may foow the linkage between the transmembrane domain and
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the intracellular domain of the whibitory receptors. A glvcine-serine doublet provides a
particulady suttable linker.

(6269} The disclosure provides an inhibitory receptors coraprising an intraceltular domaim.
The intracellular domain of the inhibitory receptors of the instant disclosure is responsible for
inhibiting activation of the immune coils comprising the inhibitory receptors, which would
otherwise be activated in response to activation signals by the first receptor. In some
embodiments, for example in the second hibitory receptors of the disclosure which provide
an inhibitory signal, the inhibitory signal s transmitted through the intracellular domain of
the receptor. In some embodiments, the inhibitory receptor comprises an indubitory
wtraceltular domain. In some embodiments, the inhibitory engineered receptoris a CAR
comprising an inhibitory intracellular domain (an inhibitory CAR).

13276] In some embodiments, the mmhibitory mtracelular domain comprises an
imsunoreceptor tyrosine-based inhibitory motf (ITIM). o some embodiments, the
inhibitory intraceibidar domain comprising an FTIM can be isolated or derived from an
immune checkpoint inhibitor such as CTLA-4 and PD-1. CTLA-4 and PD-1 are immune
inhubitory receptors expressed on the surface of T cells, and play a pivotal role in attenuating
or termunating T cell responses.

13271} Inhibiory domains can be isolated from human tamor necrosis factor related
apoptosis inducing ligand (TRAIL) receptor and CD200 receptor 1. In some embodiments,
the TRAIL receptor comprises TRIOA, TR10B or TRIOD

[6272] In some embodiments, the inhibitory domain comprises an intracellolar domain, a
transmembrane or a combination thereof. In some embodiments, the inhibitory intracellular
domain is isolated from phosphoprotein membrane anchor with glvcosphingolipid
microdomains 1 (PAG1}. In some embodiments, the inlubitory intracetlular domain is
isolated from leukocyte immunoglobulin like receptor B1 (LILRBI}. In some embodiments,
the intubitory domain is isolated or dertved from a human protein, for exanple a human
TRAIL receptor, CTLA-4, or PD-1, PAGL or LILRBI1 protein.

[6273] In some embodiments, the inhibitory domain comprises an ntracellolar domain, a
transmembrane domain, a hinge region or a combination thereof. In some embodiments, the
ihibitory domain comprises an immunoreceptor tyrosine-based inhibitory motif (JITIM}. In
some embodiments, the inhibitory domain comprising an ITIM can be isolated or derived
from an imamune checkpoint inhibitor such as CTLA-4 and PD-1. Exemplary hinge,
transmembrane, and miracellular domains that may be used n inhibitory receptors described

herein are shown in Table 16,
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[6274] Inlubitory domains can be isolated from hwman tumor necrosis factor related
apoptosis inducing ligand {TRAIL) roceptor and CD200 receptor 1. In some embodiments,
the inhibttory domain s isolated or derived from a human protein, for example a buman
TRAIL receptor, CTLA-4, or PD-1 protein. In some embodiments, the TRAIL receptor
comprises TRIOA, TRIOB or TRIOD.

16273} Eodogenous TRAIL is expressed as a 28 F-amine acid type I trans-membrane protein,
which 15 anchored to the plasma membrane and presented on the cell surface. TRAIL 18
expressed by natural killer cells, which, following the establishment of cell-cell contacts, can
induce TRAIL-dependent apoptosis in target cells. Physiologically, the TRAIL-signaling
systern was shown fo be essential for immune surveillance, for shaping the ymmune system
through regulating T-helper cell T versus T-helper cell 2 as well as “helpless” CD8&+ T-cell
numbers, and for the suppression of spontaneous tumor formation.

[6276] In some cmbodiments, the inhibitory domain comprises an mtracelular domain
isolated or derived from a CD200 receptor. The cell sarface glveoprotein CD200 receptor 1
{Uniprot ref: Q8TD46) represents another example of an inhibitory intracellular domain of
the present invention. This inhibttory receptor for the CD200/0X2 cell surface glycoprotem
limits inflanumation by inhibiting the expression of promflammatory molecules including
TNF-alpha, interferons, and nducible nitric oxide synthase (INOS) in response to selected
stimuli.

16277} In some embodiments, the enginecred receptor comprises an inhibitory domain
1solated or dertved from killer cell immunoglobulin like receptor, three Ig domains and long
cvioplasmic tail 2 (KIR3DL2}, killer cell tmmunoglobulin like receptor, three Ig domains and
long cvtoplasoic tail 3 (KIR3DL3), leukocyte vumunoglobulin like receptor Bl (LIR]1, also
called LIR-1 and LILRB1}, programmed celf death 1 (PD-1), Fc gamma recepior 1B
(FegRUB), killer cell lectin like receptor K1 (NKG2D), CTLA-4, a domain containing a
synthetic consensus ITIM, a ZAP70 SHZ domain {¢.g., one or both of the N and C terminal
SH2 domains), or ZAPT70 KI K369A (kinase mactive ZAPT0).

[6278] In some embodiments, the inhibitory domain is isolated or derived from a human
protein. In some embodiments, the second, inhibitory receptor comprises an inhibitory
domain. In some embodiments, the second, mhibitory receptor comprises an inhibitory
intracellolar domain and/or an inhibitory domain and transmembrane domain. In some
embodiments, the mhibitory intracellular domain is fused to an intracellular domain of an
iohibitory receptors. o some embodiments, the inhibitory intraceliular domaio s fused to the
transmembrane domain of an mhibitory receptors.
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[6279] In some embodiments, the second, inhibitory receptor comprises a cvioplasmic
domain and transmembrane domain isolated or derived from the same protein, for example an
ITIM contatning protein. fo some embodiments, the sccond, inhibitory receptor comprises a
cytoplasmic domain, a ransmembrane domain, and an extracellular domain or a portion
thereot isolated or derived isolated or derived from the same protein, for example an ITHM
containing protein. In some embodiments, the second, 1nhibitoyr receptor comprises a hinge
region isolated or dertved from isolated or derived from the same protein as the intracellolar
domain and/or transmembrane domain, for example an ITIM containing protein. In some
crmbodiments, the sccond, inhibitory receptor comprises an inhubitory domain. In some
embodiments, the second, inhibitory receptor comprises an inhibitory ntracellular domam
and/or an mhubitory transmembrane domain. In some embodiments, the second engineered
receptor is a CAR comprising an irhibitory domain (an inlubitory CAR}. In some
cmbodunents, the iohibitory intraceliular domain is fused to the intraceliular domain of a
CAR. In some embodiments, the mhibitory intracetlular domain s fused to the

transmembrane domain of a CAR.

LILRB1 Inhibitorv receptors

163286] The present disclosure provides a second inhibitory receptor comprising a LILRB1
inhibitory domain, and optionally, a LILRB1 transmembrane and/or hinge domain, or
functional variants thereof. The inclusion of the LILRBI transmembrane domain and/or the
LILRBI linge domain in the inhibitory receptor may increase the inhibitory signal generated
by the inhibitory receptor compared to a reference indubitory receptor having another
transmembrane domain or another hinge domains. The second, inhibitory receptor
comprising the LILRB1 inhibitory domain may be a CAR or TCR, as described herein. Any
suitable higand binding domain, as described herein, may be fused to the LILRB1-based
second, inhibitory receptors having one or more domains from Leukocyie mmmunoglobulin-
like receptor subfamily B member 1 (LILRB1, or LIR1). In some embodiments, the
inhibitory receptor comprises a LILRBI intracellular domain or a fimctional variant thereof.
(6281} Leukocyte immunoglobulm-like receptor subfamily B member 1 {LILRB1), also
known as Leukocyte immunoglobulin-like receptor B1, as well as ILT2, LIRY, MIR7, PIRB,
CDE3E ILT-2 LIR-1, MIR-7 and PIR-B, is a member of the leukocyte immunoglobulin-like
receptor (LIR} family. The LILRBI protein belongs to the subfanuly B class of LIR
receptors. These receptors contain two to four extracellular immunoglobulin domains, a

transmembrane domain, and two to four cyioplasmic immunoreceptor tyrosine-based
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inhibitory motifs (ITIMs}. The LILRBI receptor is expressed on mmane cells, where it binds
to MHC class I molecules on antigen-presenting cells and transduces a negative signal that
wnthibits stivwlation of an immune response. LILRB1 is thought to regulate mflammatory
responses, as well as cytotoxicity, and to play a role in hmiting avto-reactivity. Multiple
transcript vanants encoding different isoforms of LILRB1 exist, all of which are
contemplated as within the scope of the mstant disclosure.

6282] In some embodiments of the inhibitory receptors described herein, the inhibitory
receptor comprises one or more domains isolated or derived from LILRB1. In some
crabodiments of the receptors having one or more domains isolated or derived from LILRBI,
the one or more domains of LILRBI comprise an anmuino acid sequence that 1s at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at lcast 98%, at least 99% or is identical o
a sequence or subsequence of SEQ 1D NG: 280. In some embodiments, the one or more
domains of LILRBI coraprise an anuno acid sequence that s identical to a sequence or
sabsequence of SEG 1D NG: 280, In some embodiments, the one or more domains of
LERBI consist of an amino acid sequence that is at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%. at least 9% or 1s identical to a sequence or
subsequence of SEQ ID NG: 280, In some embodiments, the one or more domains of
LILRB1 consist of an amino acid sequence that is identical fo a sequence or subsequence of
SEQ 1D NG: 280.

16283 In some embodiments of the receptors having one or more domains isolated or
derived from LILRB1, the one or more domains of LILRB1 are encoded by a polynuclectide
sequence that is at least 80%, at least 90%, at least 93%, at least 96%, at least 97%, at least
8%, at least 99% or 1s identical to a sequence or subsequence of SEQ 1D NO: 556,

16284} In some embodiments of the receptors having one or more domains of LILRBI, the
one or more domains of LILRBI are encoded by a polvnucleotide sequence that is identical
10 a sequence or subsequence of SEQ 1D NO: 556, In various embodiments, a chimeric
antigen receptor is provided, comprising a polypeptide, wherein the polypeptide comprnises
one or more of an LILRB1 hinge domain or functional fragment or variant thereof, an
LILRBI transmembrance domain or a functional varant thercof) and an LILRB1 miracellular
domain or an mtracellular domam comprising at least one, or at least two immunoreceptor
tyrosine-based inhibitory motifs (ITIMs), wherein cach ITIM is independently selected from
NLYAAY (SEQ ID NO: 256), VIYAEY (SEQ ID NO: 257), VIYAQL (SEQ ID NO: 258),
and SIYATL (SEQ ID NO: 259).



WO 2022/177979 PCT/US2022/016582

Intracelular Domain
[6285] The disclosure provides inhibitory receptors, the inhibitory recepiors comprising a
polypeptide. In some embodiments, the polypeptide comprises an miracelinlar domain. In
some embodiments, the inhibitory receptor comprises a LILRB1 mtracelluiar domain or a

functional vanant thereof,

(4

[6286] As used heremn, “intracellular domain™ refers to the cytoplasmic or intracellular
domain of a protein, such as a receptor, that interacts with the interior of the cell, and carries
out a cytosolic function. As used herein, “cytosclic function” refers o a function of a protein
or protein complex that is carried out in the cytosol of a cell. For example, intracellular signal
10 transduction cascades are cyvtosolic functions.
13287] As used herein an “mnmunoreceptor tyrosine-based imhubitory motif” or “TTEM” refers
to a conserved sequence of amino acids with a consensus sequence of S/U/V/LxYxxU/V/L
(SEQ 1D NG: 2603, or the like, that is found 1o the cytoplasmic tails of many indubitory

receptors of the immune system. After ITIM-possessing inhibitory receptors interact with

[
v

their ligand, the ITIM motif is phosphoryvlated, allowing the inhibitory receptor to recruit
other enzymes, such as the phosphotyrosine phosphatases SHP-1 and SHP-2, or the nositol-
phosphatase called SHIP.
1288} In some embodiments, the polyvpeptide comprises an intracellilar domain comprising
at least one invaunoreceptor tyrosine-based inhibitory motif (FTIM), at least two FTMs, at
20 least 3 TTIMs, at least 4 TTTMs, at least 5 TTIMs or at least 6 TTIMs. In some embodiments,
the intracellalar domain has 1, 2, 3, 4, §, or 6 [TiMs.
{6289} In some embodiments, the polypeptide comprises an intracellular domain comprising
at least one 1TIM sclected from the group of ITIMs consisting of NLYAAV (SEQ 1D NO:
236). VIYAEV (SEQ ID NO: 237), VTYAQL (SEQ ID NO: 258}, and SIYATL (SEQ ID
25 NG 259).
16290] In further particular erobodiments, the polypeptide comprises an intraceilular domain
comprising at least two immunoreceptor tyrosine-based inhibitory motifs (TIMs), wherein
cach ITIM 15 independently selected from NLYAAV (SEQ ID NO: 2563, VIYAEV (SEQ ID
NG: 257), VIYAQL (SEQ 1D NO: 238), and SIYATL (SEQ ID NGO: 259).
30 [98291] In some embodiments, the intracetiular domain comprises both ITIMs NLYAAV
(SEQ ID NO: 256) and VIYAEVY (SEQ D NOG: 257}, In some embodimenis, the intracelular
domain comprises a sequence at least 95% identical to SEQ 1D NO: 260. In some
cmbodiments, the itracclular domain comprises or consists essentially of a sequence

identical to SEQ ID NG: 281,
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[6292] In some embodiments, the intraceHular domain comprises both ITIMs VTYAEVY
(SEQ ID NO: 257y and VIYAQL (SEQ 1D NO: 258). In some cmbodiments, the intracellular
domain comprises a sequence at least 95% identical 1o SEQ 1D NO: 261, In some
embodiments, the mtracettolar domain comprises or consists essentially of a sequence
identical to SEG 1D NG: 261

6293} In some embodiments, the intracellular domain comprises both ITTMs VIYAQL
{(SEQ ID NG: 258) and SIYATL (SEQ ID NG: 259). In some embodiments, the intracellular
domain comprises a sequence at least 95% identical to SEQ ID NO: 262, In some
cmbodiments, the intracelhular domain comprises or consists ¢ssentially of a sequence
wentical to SEQ TDND: 262

103294] In some embodiments, the intracellular domain comprises the [TIMs NLY AAV (SEQ
1D NO: 256), VIYAEV (SEQ ID NO: 257), and VIYAQL (SEQ ID NO: 258). In some
cmbodunents, the intracellular domamn comprises a sequence at feast 95% identical to SEQ
ID NG: 263, In some embodiments, the intracellular domain comprises or consists essentially
of a sequence identical to SEQ ID NG 263,

[0295] Tn some embodiments, the intracellular domain comprises the [TIMs VIYAEV (SEQ
TDNG: 257, VIYAQL (SEQ ID NO: 258), and SIYATL (SEQ ID NO: 259). In some
embodiments, the mtracettular domain comprises a sequence at least 95% identical to SEQ
1D NO: 264, In some embodiments, the mtracellular domain comprises or consists essentially
of a sequence identical to SEQ TD NO: 264,

[6296] In some embodiments, the intracellular domain comprises the ITIMs NLYAAV (SEQ
1D NO: 256), VIYAEV (SEQ ID NO: 257), VIYAQL (SEQ ID NO: 258), and SIYATL
(SEQ 1D NO: 259). o embodiments, the imtracclular domain comprises a sequence at loast
953% identical to SEQ 1D NO: 265, In some embodiments, the intraceilular domain comprises
o1 consists cssentially of a sequence wdentical to SEQ 1D NO: 265,

162971 In some embodiments, the mtracellular domain comprises a sequence at least 3%
identical to the LILRBI intracellular domain (SEQ D NO: 266). In some embodiments, the
intracelhidar domain comprises or consists essentially of a sequence identical to the LILRBI
intracellular domain (SEQ 1D NO: 266}

[3298] LILRBI mtracellular domains or functional variants thereof of the disclosure can
have at least 1, at least 2, at least 4, at least 4, at least 5, at least 6, at least 7, or at least 8
ITiMs. In some embodiments, the LILRB1 intracellular domain or functional vanant thereof

has 2, 3.4, 5, or 6 ITIMs.
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162998} In particolar embodiments, the polypeptide comprises an intracellular domain
comprising two, three, four, five, or six immunoreccptor tyrosine-based inhibitory motifs
(IT1Ms), wherem each ITIM is independently selected from NLYAAV (SEQ 1D NO: 2563,
VTIYAEV (SEQ IDNG: 257y, VIYAQL (SEQ ID NO: 2583, and SIYATL (SEQ ID NO:

259).

(4

16300] In particular embodiments, the polypeptide comprises an intracellular domain
comprising at least three rnmunoreceptor tyrosme-based inhibitory motifs (JTIMs), wherein
cach ITIM 15 independently selected from NLYAAV (SEQ ID NG: 2563, VIYAEV (SEQ ID
NG 257), VIYAQL (SEQ 1D NO: 238}, and SIYATL (SEQ ID NO: 259).

16 [8301] In particular embodiments, the polypeptide comprises an intracellular domain
comprising three immunoreceptor tyrosine-based mhbitory motifs (TTEMs), wherein cach
ITIM 15 independently selected from NLYAAV (SEQ 1D NG: 256), VIYAEVY (SEQ ID NO:
257, VIYAQL (SEQ ID NO: 258), and SIVATL (SEQ 1D NO: 259).

6302} In particelar embodiments, the polypeptide comprises an intracellular domain

[
v

comprising four immunoreceptor tyrosine-based inhibitory motifs (ITIMs), wherein cach
ITIM 15 independently selected from NLYAAV (SEQ ID NO: 256), VIYVAEV (SEQ ID NG:
257y, VIYAQL (SEQ ID NO: 258), and SIYATL (SEQ ID NG: 259).
13303} In particular embodiments, the polypeptide comprises an intracelludar domain
comprising five immunorcceptor tyrosine-based inbibitory motifs (ITIMs), wherein cach
23 ITIM 15 independently selected from NLYAAV (SEQ ID NO: 256), VIYAEV (SEQ ID NG:
2587, VIYAQL (SEQ ID NQO: 258), and SIYATL (SEQ 1D NO: 259}
G304} In particular embodiments, the polypeptide comprises an intracellular domain
comprising six immunoreceptor tyrosine-based indubitory motifs (FTIMs), wherein each 1TIM
is independently selected from NLY AAV (SEQ ID NG: 256), VIYAEV (SEQ ID NQ: 257),
25 VTYAQL (SEQ 13 NO: 258), and SIYATL (SEQ 1D NO: 259).
[63058] In particular embodiments, the polypeptide comprises an intracellular domain
comprising af least seven inynunoreceptor tvrosine-based inhibitory motifs (ITIMs), wherein
cach ITIM 15 independently selected from NLYAAV (SEQ ID NO: 2563, VIYAEV (SEQ ID
NG: 257), VIYAQL (SEQ 1D NO: 238), and SIYATL (SEQ ID NGO: 259).
30 [8386] In some embodiments, the intracetlular domain comprises a TCR alpha mtracellular
domain. In some embodiments, the intracelhilar domain comprises a TCR alpha intracellular
domain and an LILRBI mtracellular domain, as described herein. In some embodiments, a
TCR alpba ntracellular domain comprises Ser-Ser. In some embodunents, a TCR alpha

intracelhudar domatn is encoded by a sequence of TCCAGC.
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[6307] In some embodiments, the intracellular domain comprises a TCR beta intracellular
domain. In some embodiments, the intracellular domain comprses a TCR beta intraceliular
domain and an LILEBI intracellular domain, as described herein. In some embodiments, the
TCR beta intracelludar domain comprises an amine acid sequence having at least 80%
identity, at least 90% identity, or is identical to a sequenee of MAMVEKRKDSR (SEQ (D
NO: 267). In some embodiments, the TCR beta intracellular domain comprises, or consists
casentially of MAMVKRKDSR (SEQ 1D NO: 267). In some embodiments, the TCR beta
intracelbular domain is encoded by a sequence of
ATGGCCATGGTCAAGAGAAAGGATTCCAGA (SEQ 1D NO: 268).

[3308] The LILRE! protein has four immunoglobulin (Ig) like domains termed D, D2, D3
and D4 In some embodiments, the LILRB1 hinge domain comprises an LILRB1I D3D4
domain or a functional variant thereof. In some embodiments, the LILRB 1 D304 domain
comprises a sequence at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
identical to SEQ ID NG: 274, In some embodiments, the LILRBT D304 domain comprises,
or conststs essentially of SEQ 1D NO: 274,

Transmembrane Domain
16309} The disclosure provides inhibitory receptors the receptors comprising a polypeptide.
In some embodiments, the polypeptide comprises a transmembrane domam. In some
embodiments, the mhibitory receptor comprises a LILRB1 hinge domain, or a functional
variant thercof. In some embodiments, the inhibitory receptor comprises a LILRBI
transmembranc domaim, or a functional variant thereof. In some embodiments, the mhibitory
receptor comprises LILRBI hinge and transmembrane domains, or functional variants
thereof.
[16318] A “transmembrane domain”, as used hercin, refers to a domain of a protein that spans
membrane of the cell. Transmembrane domains typically consist predominantly of non-polar
amino acids, and may traverse the hipid bilaver once or several times. Transmembrane
domains usually comprise alpha helices, a configuration which maximizes intermnal hydrogen
bonding,
13311} Transmembrane domains isolated or derived from any source are envisaged as within
the scope of the fusion proteins of the disclosure.
16312} In particular embodiments, the polypeptide comprises an LILRB1 transmembrane

domain or a functional variant thereof.
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[6313] In some embodiments, the LILRB1 transmembrane domain or a functional vanant
thereof comprises a sequence at least 95% identical, at least 96% identical, at least 97%
wdentical, at least 98% identical or at least 99% to SEQ D3 N(O: 269, In some embodiments,

the LILRBI transmembrane domain or a functional variant thereof comprises a sequence at

(4

feast 95% wdentical to SEQ D NG 269, In some embodiments, the LILRB1 transmembrane
domaim comprises a sequence identical to SEQ 1D NO: 269, o embodiments, the LILRB]
transmembrane domain consists essentially of a sequence wdentical to SEQ 1D NO: 269
(6314 In some embodiments of the chimeric antigen receptors of the disclosure, the
transmembrang domain is not a LILRB1 transmentbrane domain. In some embodiments, the
10 transmembrane domain 1s one that 15 associated with one of the other domains of the fusion
protein, or isolated or derived from the same protein as one of the other domains of the fusion
protein.

16315} The transmembrane doman may be derived erther from a natural or from a

recombinant source. Where the source is natural, the domain may be derived from any

[
v

membrane-bound or transmembrane protemn. Exemplary transmembrane domains may
include at least the transmembrane region(s) of ¢.g., the alpha, beta or zeta chain of the TCR,
CD3 delta, CD3 epsilon or CD3 gamma, CD2E, CD3 epsilon, CD45, CD4, CDS, CD8, D9,
CDi6, CD22, CD33, CD37, £D64, CD8O, (D86, CD134, CD137, D154,
16316} In some cmbodiments, the transmembrane comprises a TCR alpha transmembranc
23 domam. In some embodiments, the TCR alpha transmembrane domain comprises an amino
acid sequence having at least 85% identity, at least 90% identity, at least 95% identity, at
least 96% identity, at feast 97% identity, at least 98% identity, at least 99% identity oris
wlentical to a sequence of: VIGFRILLEKVAGFNLLMTLRLW (SEQ D NO: 270). In some
embodiments, the TCR alpha transmembrane domain comprises, or consists essentially of,
25 VIGFRILLLKVAGFNLLMTLRLW (SEQ D NO: 270}, In some embodiments, the TCR
alpha transmembrane domaio is encoded by a sequence of
GTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGGCCGGGTTTAATCTGCTCATGA
CGCTGUGGUTGTGG (SEQ ID NG 271).
(6317} In some embodiments, the transmembrane comprises a TCR beta transmermbrane
30 domain. In some embodiments, the TCR beta transmembrane domain comprises an aming
acid sequence having at least 85% identity, at least 90% identity, at least 95% identity, at
least 96% wdentity, at least 97% identity, at least 98% identity, at least 99% wdentity or is
identical 1o a sequence of TILYEILLGKATLYAVLVSALVL (SEQ ID NGO: 272). In some

embodiments, the TCR beta transmembrane domain comprises, or consists essentially of
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TILYEILLGKATLYAVLVSALVL (SEQ 1D NO: 2723 In some embodiments, the TCR beta
transmembrane domain is encoded by a sequence of
ACCATCCTCTATGAGATCTIGCTAGGGAAGGCCACCTTGTATGCCEGTGCTGGTCA
GTGCCCTCGTGCTG (SEQ 1D NG: 2733,

13318} In some embodiments, the TCR alpha and/or TCR beta transmembrane domain
comprises one or more mutations that attenuate or abolish interaction of the TCR with the
TCR CD3 subunit. In some embodiments, the TCR alpha transmembrane domam comprises a
R253L nnutation. In some embodiments, the TR beta transmembrance domain comprises a
K288L mutation.

{3319 In some embodiments the transmembrane domain comprise a CD28 transmembrane
domain. In some embodiments, the CD28 transmembrane domain comprises an amino acid
sequence having at least 80% wlentity, at least 90% identity, at least 953% wdentity, at least
99% identity or is identical to a sequence of FWVLVVVGGVLACY SLLVTVAFHFWY
{SEQ ID NG: 232). In some embodiments, the CD28 transmembrane domain comprises or
consists essentially of FWVLVVVGGVLACYSLLVTVAFHFWY (SEG IR NG: 232). In
some emboduments, the D24 transmernbrane domain is encoded by a nucleotide sequence
having at least 80% identity, at least 90% identity, at least 95% identity, at least 99% identity
or 1s identical to a sequence of
TICTGGGTGCTGGTCETIGTGGGCGGCGTGCTGGCCTGCTACAGLCTGUTGGTGA
CAGTGGCCTTCATCATCTTTTGGETG (SEQ 1D NG: 233).

6328 In some embodiments, the transmembrane domain can be attached to the extracelivlar
region chimeric antigen receptor, ¢.g., the antigen-binding domain or ligand binding domain,
via a hinge, ¢.g., a hinge from a human protemn. For example, tn some cmbodunents, the
hinge can be a human immuonoglobulin (Ig) hinge, e.g., an IgG4 hinge, a CD8a hinge or an

LIELRB1 hinge.

Hinge Domain
0321} The disclosure provides inhibitory receptors, the receptors comprising a polypeptide.
In some embodiments, the polypeptide comprises a hinge domain. In some embodiments, the
hinge domain is a LILRBI hinge domain or a finctional vanant thereof.
16322} The LILRBT protein has four immunoglobulin (Ig) like domains termed DI, D2, D3
and D4, In some embodiments, the LILRB1 hinge domain comprises an LILRBI D3D4
domain or a functional variant thereof. In some embodiments, the LILRB 1 D3D4 domain

comprises a sequence at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
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identical to SEQ ID NQG: 274, In some embodiments, the LERBT D304 domain comprises
or consists essentially of SEQ 1D NG: 274

(6323} To some embodiments, the polvpeptide coraprises the LILRBI hinge domain or
functional fragment or variant thereof. In embodiments, the LILRB1 hinge domain or

G/

functional fragment or variani thereof comprises a sequence at least 95%, at least 96%, at
least 97%. at least 989, at least 99% identical or identical to SEQ ID NO: 275, SEQ 1D NO:
274, or SEQ D NO: 276, In embodiments, the LILRB I linge domain or functional fragment
or variant thereof comprises a sequence at least 95% identical to SEQ ID NG: 275, SEGQ ID
NO: 274, or SEQ ID NO: 276,

(6324} In some embodiments, the LILRBI hinge domain comprises a sequence wdentical to
SEQ 1D NG: 275, SEQ ID NG: 274, or SEQ 1D NG: 276,

3325] In some embodiments, the LILRBI hinge domain consists essentially of a sequence
identical to SEQ 1D NG: 275, SEQ 1D NO: 274, or SEQ 1D NO: 276,

[68326] In some embodiments the chimeric antigen receptors of the disclosure, the
polypeptide comprises a hinge that is not isclated or derived from LILRBI.

0327} Tn some embodiments, the hinge 15 1solated or derived from CD8g or CD28. {n some
embodiments, the CD8a hinge comprises an amino acid sequence having at least 80%
identity, at least 90% identity, at least 95% identity, at least 99% identity or is identical to a
sequence of TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID
NG: 219). In some embodiments, the CD8a hinge comprises
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTIRGLDFACD (SEQ ID NG 219).
In some embodiments, the CD8a hinge consists essentially of
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 219).
In some embodiments, the CD8a hinge is encoded by a nucleotide sequence having af least
30% identity, at least 90% identity, at least 95% identity, at least 99% tdentity or is identical
10 a sequence of
accacgacgecagegecgegaccaccaacaceggegeecaccategegicgeageecetgtecctgegeecagaggegiocces
ccageggoggegeecgcagtgcacacgaggggectgeacticgectgigat (SEQ 1D NOG: 220).

(6328} In some embodiments, the CD2R hinge comprises an aming acid sequence having at
least 80% identity, at least 80% identity, at least 93% identity, at least 99% identity or 18
identical to a sequence of CTIEVMYPPPYLDNEKSNGTHHYVKGKHLCPSPLFPGPSKP
(SEQ 1D NG: 221). In some embodiments, the CDZ8 hinge comprises or consists essentialtly
of CTIEVMYPPPY LDNEKSNGTHHVKGKHLCPSPLFPGPSKP (SEQIDNG: 221 In

some embodiments, the CD28 hinge is encoded by a nuclestide sequence having at least 80%

102



WO 2022/177979 PCT/US2022/016582

identity, at least 90% dentity, at least 95% wdentity, at least 99% dentity or is tdentical to a
sequence of
[3329] tstaccatigaagtiatgiatectectecttacctagacaatgagaagagoaatggaaccatiatccatgigaaagegaaaca

cetttgiccaagtocectatttcceggaccttctaagece (SEQ 1D NG: 2223,

5 Combinations of LILRB 1 Domains

(63383 In some embodiments, the inhibtory receptors of the disclosure comprise a
polypeptide comprising more than one LILRB 1 domain or functional equivalent thereof. For
example, n some embodiments, the polypeptide comprises an LILRB1 transmembrane
domain and intraceliular domain, or an LILRB1 hinge domain, transmembrane domain and

16 intracelluvlar domain.
6331} In particular embodiments, the polypeptide comprises an LILRB/ hinge domain or
functional fragment or variant thereof, and the LILRB! transmersbrane domain or a
funsctional vanant thereof. In some embodiments, the polypeptide comprises a sequence at
least 93% identical, at least 96% identical, at least 97% identical, at least 98% dentical, at

15 least 99% identical or identical to SEQ 1D NO: 277, In some embodiments, the polypeptide
comprises a sequence at least 95% wdentical to SEQ ID NO: 277, In some embodiments, the
polypeptide comprises a sequence identical to SEQ D NG 277,
(6332} In further embodiments, the polypeptide comprises: the LILRBI transmembrane
domain or a functional variant thereof, and an LILRB intracellular domain and/or an

20 intracellular domain comprising at least one immunoreceptor tyrosime-based inhibitory motif
(TTIM), wherein the TTIM is selected from NLYAAV (SEQ ID NO: 236), VIYAEV (SEQ
[ NG: 257, VIYAQL (SEQ 1D NO: 258), and SIYATL (BEQ ID NO: 2539). In some
embodiments, the polypeptide comprises the LILRB1 transmembrane domain or a functional
variant thereof, and an LILRB1 wtracellular domain and/or an miraceliular domain

25 comprising at least two ITIM, wherein each ITIM i3 independently selected from NLYAAV
(SEQ ID NG: 256), VIYAEV (SEQ ID NG 257), VIYAQL (SEQ ID NO: 258), and
SIYATL (SEQ 1D NO: 259).
(6333} In some embodiments, the polvpeptide comprises a LILRB1 transmembrane domain
and mtracelhidar domain. In some embodiments, the polypeptide comprises a sequence at

30 least 95% identical, at least 96% identical, at least 979% identical, at least 98% identical, at
lcast 99% wdentical or identical to SEQ 1D NO: 278, In some emboduments, the polypeptide
comprises a sequence at least 95% identical to SEQ ID NG: 278, In some cmbodiments, the

polypeptide comprises a sequence wlentical to SEQ 1D NG 273,
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(6334} In preferred embodiments, the polypeptide comprises: an LILRBI hinge domain or
functional fragment or variant thereof, an LELRB1 transmembrane domain or a functional
vanant thereof, and an LILRB1 intracellular domain and/or an intracellular domain
comprising at least two immunorecepior tyrosine-based inhibitory motifs (ITIMs), wherein
cach ITIM 15 independently selected from NLYAAV (SEQ ID NG 256}, VIYAEV SEQ ID
NG 257, VIYAQL (SEQ ID NO: 258), and SIYATL (SEQ 1D NO: 259).

6333} In some embodiments, the polypeptide comprises a sequence at least 93% identical to
SEQ ID NG: 254 or SEG ID NG: 279, or at least 99% identical to SEQ [D NG 254 or SEQ
1D NG: 279, or identical to SEQ 1D NO: 254 or SEQ ID NG 279,

(6336} In some embodiments, the polvpeptide comprises a sequence at least 39% identical to
SEQ 1D NG: 277, or at least 99% identical to SEQ 1D NG: 277, or wdentical to SEQ D NO:
277.

16337} In some cmbodiments, the polypeptide comprises a sequence at least 99% identical to
SEQ ID NG: 278, or at least 99% identical to SEQ ID NO: 278, or identical to SEQ ID NG:

278,

[6338] Tn some embodiments, the inhibitory receptor comprises a LIRLRB1 hinge,

transmembrane and miracelivlar domain. In some embodiments, the LIRLRBI hinge,

transmembrane and intracelivlar domain comprises a sequence of SEQ ID NO: 254, or a

sequence at 90%, at least 95% identical, at least 96% identical, at least 97% tdeuntical, at least

98% identical, at least 99% wdentical or identical thereto.

Tahle 16: Inhibitory receptor Hinge, Transmembrane and Intracelllar Domains

RGLOWRSSPAA

Construct | Protein Sequence | BNA Seqguence
YGSQSSEPYLLT | TACGGCTCACAGAGCTCCAAACCCTACCTGC
HPSDPLELVVSG | TGACTCACCCCAGTGACCCCCTGGAGCTCGT
PSGGPSSPTIGP | GGTCTCAGGACCGTCTGGGGGCCCCAGCTCC
TSTSGPEDQPLT | CCGACAACAGGCCCCACCTCCACATUTGGCL
PTGSDPOSCGLOR | CTOAGCACCAGCCCCTCACCCCCACCLOUGTE
HLGVVIGILVAYV | GCATCCCCAGAGTGGTCTGGOAAGGCACCTG
ILLLLLLLLLFLL | GOGGTIGTGATCGGCATCTTGGTGGCCGTCA
C-1765S, LRHRROQGKHW | TCCTACTGCTCCTCCTCCTCCTCCTCCTCTICC
C2162, TSTOQRKADFGH | TCATCCTCCGACATCGACGTCAGGGCAAACA
C2163 PAGAVGPEPTD | CTGGACATCGACCCAGAGAAAGGCTGATYTC

CAACATCCTGCAGGOGCTGTGGGGLCAGAGC

DAQEENLYAAV | CCACAGACAGAGGCCTGCAGTGCAGGTCCAG
KHTQPEDGVEM | CCCAGCTGCCGATGUCCAGGAAGAAAACCTC
DTRSPHDEDPQ | TATGCTGCCOTGAAGCACACACAGUCTGAGG
AVTYAEVKHSR | ATGGGOTGGAGATGGACACTCGGAGCCCACA
PRREMASPPSPL | COATGAAGACCCCCAGGCAGTGACGTATGCC
SGEFLDTEDRO | GAGGTGAAACACTCCAGACCTAGGAGAGAA
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Counstruct | Protein Sequence | DNA Sequence

AEEDROMDTEA | ATGGCUTCTCCTCCTTCCCCACTGTCTGGGGA
AASEAPQDVTY | ATTCCTGGACACAAAGGACAGACAGGCGGA

AQLHSLTLRRE | AGAGGACAGGCAGATGGACACTGAGGITGC

ATEPPPSQEGPS | TGCATCTGAAGCCCCCCAGGATGTGALCCTAC
PAVPSIYATLAY | GCCCAGCYGCACAGCTTGACCCYCAGACGGG
H{SEQ ID NO: AGGCAACTGAGCCTCCTCCATCCCAGGAAGG
254) GUCCTCTCCAGCTGTGUCCAGCATCTACGCC

ACTCTGOCCATCCACTAG (SEQ 1D NO: 25353

[8339] Additional sequences for the LILRB1 based inhibitory receptors of the disclosure are

shown in Table 17 below.

Table 17: Polypeptide Sequences for Elements of Hlustrative Inhibitory Recepitors

Name

Sequence

LHERBI

MTPILTVLICLGLSLGPRTHVOAGHLPKPTLWAEPGSVITQ
GSPVTLRCOGGQETQEYRLYREKKTALWITRIPQELVKKG
QFPIPSITWEHAGRYRCYYGSDTAGRSESSDPLELVVTGA
YIKPTLSAQPSPYVNSGGNVILQUDSQVAFDGFSLCKEGED
EHPQCLNSQPHARGSSRAIFSVGPVEPSRRWWYRCYAYDS
NSPYEWSLPSDLLELEVLGVSKKPSLSVQPGPIVAPEETLT
LOQCGSDAGYNRFVLYKDGERDFLQLAGAQPQAGLSQANF
TLGPVSRSYGGOQYRCYGAHNLSSEWSAPSDPLDILIAGQF
YDRVSLSVOPGPTVASGENVTILLCQSQGWMGTFLLTKEG
AADDPWRLRSTYQSQKY QAEFPMGPVTSAHAGTYRCYG
SOSSKPYLLTHPSDPEELVVSGPSGGPSSPTTIGPTSTSGPE
DOPLTPTGSDPOSGLGRHLGVVIGILVAVILLLELELLEFLT
LRHRROQGKHWTSTORKADFQHPAGAVGPEPTDRGLOWR
SSPAADAQEENLYAAVEHTOQPEDGVEMDTRSPHDEDPQA
YIYAEVKHSRPRREMASPPSPLSGEFLDTRDRQAEEDRQ
MDTEAAASEAPQDY TYAQUHSLTLRREATEPPPSQEGPSP
AVPSIVATLAIH

SEQ 1D NG: 280

LILRB1 hinge-~
transmembrane-
mtracellular
domain

YGSOSSKPYLLTHPSDPLELVVSGPSGGPSSPTTGPTSTSG
PEDQPLTPTGSDPOSGLGRHLGVVIGILVAVILLLLLLLLL
FLILRHRROQGKHWTSTQRKADFQHPAGAVGPEPTDRGLO
WRSSPAADAQEENLY AAVKHTQPEDGVEMDTRSPHDEDP
CAVTYAEVKHSRPRREMASPPSPLSGEFLDTKDROAEEDR
OMDTEAAASEAPQDVTYAQLHSLTLRREATEPPPSQEGPS
PAVPSIYATLAIH

SEQ ID NG: 254

LILRBI hinge-
fransmembrane-
ntracellular
domain {(w/o

YGSQSSKPYLL

THPSDPLEL,
SEQID NG 18)

VVSGPSGGPSSPTTGPTSTSGPEDOQPLTPTGSDPOSGLGRH
LOGVVIGILVAVILLLLELLLLFLILRHRROQCGKHWTSTORK
ADFOHPAGAVGPEPTDROGLOWRSSPAADAQEENLYAAY
KHTOPEDGVEMDTRSPHDEDPQAVTYAEVKHSRPRREMA
SPPSPLSGEFLDTKDROQAEEDROMDTEAAASEAPQDVTYA
QGUHSLTLRREATEPPPSQEGPSPAVPSIVATLAIH

SEQ ID NG: 279
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Name Sequence
LILRB1 hinge YGSOSSKPYLLTHPSDPLELVVSGPSGGPSSPTTGPTSTSG
domain PEDQPLTPTGSDPOSGLGRHLG
SEQ IDNG: 275
LILRE} VVIGILVAVILLLLLLLLLFLIL
transmembrane SEQ ID NG: 269
domain
LILRB} RHRROGKHWTSTQRKADFQHPAGAVGPEPTDRGLOWRS
intracelular SPAADAGEENLYAAVEHTQPEDGVEMDTRSPHDEDPQAVY
domain TYAEVKHSRPRREMASPPSPLSGEFLDTKDRQAEEDROM
DTEAAASEAPQDVTYAQLHSLTLRREATEPPPSQEGPSPA
VESIYATLAIH
SEQ 1D NO: 266
ITiM1 NLYAAVY
SEQ ID NG: 236
ITiM2 VIYAEV
SEQ ID NO: 257
ITIM3 VTYAGL
SEQ ID NG: 258
TiM4 SIYATL
SEQ ID NG: 259
ITIM1-2 NLYAAVKHTQPEDGVEMDTRSPHDEDPQAVIYAEY
SEQ 1D NO: 281
FTIMZ-3 VIYAEVKHSRPRREMASPPSPLSGEFLDTKDROAEEDRQ

MDTEAAASEAPODYEIYAQL
SEQ ID NO: 261

ITIM3-4 YIYAQLHSLTLRREATEPPPSQEGPSPAVPSIYATL
SEQ ID NG 262

TiML-3 NLYAAVKHTQPEDGVEMDTRSPHDEDPOAVIYAEVEKHS
RPRREMASPPSPLSGEFLDTRKDRQAEEDROMDTEAAASEA

PODYVTYAQL
SEQ ID NO: 263

TiM2-4 YITYAEVKHSRPRREMASPPSPLSGEFLDTKDRQAEEDRQ
MDTEAAASEAPODYIYAQLHSLTLRREATEPPPSQEGPSP
AVPSIYATL
SEQ ID NG 264

M4 NLYAAVEKHTQPEDGVEMDTRSPHDEDPOAVIYAEVEKHS

RPRREMASPPSPLSGEFLDTKDROQAEEDRQMDTEAAASEA
PODYITYAQLHSUTLRREATEPPPSQEGPSPAVPSIYATL
SEQ 1> NG: 265

D304 domain YGSOSSKPYLLTHPSDPLEL

SEQ D NG 274

Short hinge VVSGPSGOGPSSPTTGPTSTSGPEDQPLTPTGSDPOSGLGRHE
LG
SEQ IDNG: 276
Hinge (TIM YGSQSSKPYLLTHPSDPLELVVSGPSGOPSSPTTGPTSTSGP
hunge) EDQPLTPTGSDPQSGLGRHLGY (SEQ ID NG: 282)
Short hinge 2 VVSGPSGGPSSPTTGRTSTSGPEDGPLTPTGSDPOSGLGRH

LGV (SEQ ID NO: 283)
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Name Sequence

Long hinge 1 AGSGGSGGSGGSPYPSTPPTPSPSTPPTPSPSGGSGNSSGSG
GSPVPSTPPTPSPSTPPIPSPSASY (SEQ ID NO: 284)

Long hinge 2 AGSGGSGGSGGSPVPSTPPTNSSSTPPTPSPSPYPSTPPTNSS
STPPTPSPSPYPSTPPTINSSSTPPTPSPSASY (SEQ 1D NO:
285)

2X short hinge VVSGPSGGPSSPTTGPTSTSGPEDQPLTPTGSDPQSGLGRH

VVSGPSGGPSSPTTGPTSTSGPEDQPLTPTGSDPOSGLGRH
LGV (SEQ ID NO: 286)
Hinge (iruncated) | TIGPTSTSGPEDQPLTPTGSDPOSGLGRHLGY (SEQ ID NG

287)

Hinge- YGSOSSKPYLLTHPSDPLEL VVSGPSGGPSSPTTGPTSTSG

transmembrane | PEDQPLTPTGSDPOSGLGRALGVVIGILVAYVILLLLLLLLL
FLIL

SEQ 1D NO: 277

Transmembrane- | VVIGILVAVILLLLLLLLLFLILRHRROQGKHWTSTQREA
wtracellular DFQHPAGAVGPEPTDRGLOWRSSPAADAQEENLY AAVK
domain HTQPEDGVEMDTRSPHDEDPOAVTY AEVEHSRPRREMAS
PPSPLSGEFLDTKDROAEEDROMDTEAAASEAPQDVIYA
QLHSLTLRREATEPPPSQEGPSPAVPSIYATLAIH

SEQID NO: 278

Assays

13348 Provided herein are assays that can be used to measure the activity of the engineered
receptors of the disclosure.

[6341] The activity of engingered receptors can be assaved using a cell line engineered to
express a reporter of receptor activity such as a luciferase reporter. Exemplary cell lines
include Jurkat T cells, although any suitable cell hine known in the art may be used. For
exampie, Jurkat cells expressing a luciferase reporter under the control of an NFAT promoter
can be used as effector cells. Expression of huciferase by this cell line reflects TCR-mediated
signaling.

[6342] The reporier cells can be transfected with each of the varnous fusion protem
constracts, combinations of fusion protein constructs or controls described herein.

16343} Expression of the fusion proteins inn reporter cells can be confirmed by using
fluorescently labeled MHC tetramers, for example Alexa Fluor 647-labeled HER2-MHC
tetramer, to detect expression of the fusion protein.

13344] To assay the activity of engincered receptors, target cells are loaded with antigen prior
o exposure 1o the effector cells comprising the reporter and the engineered receptor. For
example, target cells can be loaded with antigen at least 12, 14, 16, 18, 20, 22 or 24 hours
prior to exposure (o effector cells. Exemplary target cells inclode A375 cells, although any

suttable celis known in the art may be used. Tn some cases, target cells can be loaded with
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sertally dilated concentrations of an antigen, such as a HER2 antigen. The effector cells can
then be co-cultured with target cells for a suitable period of time, for example 6 howrs.
Luciferase is then measured by luminescence reading afier co-culture. Luciferase
faminescence can be nomalized to maximuam and minimum intensity to allow compartson of
activating peptide concentrations for cach engineered receptor construct.

[6345] Provided herein are methods of deterouning the relative EC30 of engineered receptors
of the disclosure. As used hevein, “ECS0” refers 1o the concentration of an inhibitor or agent
where the response {or binding} is reduced by half. ECS50s of engincered receptors of the
disclosure refer to concentration of antigen where binding of the enginecred receptor to the
antigen 1s reduced by half. Binding of the antigen, or probe to the engineered receptor can be
measured by staining with labeled peptide or labeled peptide-MBC complex, for example
MHC HERZ pMHC complex conjugated with fluorophore. EC30 can be obtained by
novlinear regression curve fitting of reporter signal with peptide titration. Probe binding and
EC30 can be normahized to the levels of benchmark TCR without a fusion protein, e.g.

HER2.

Polynucleotides

16346} The disclosure provides a polynucleotide system, comprising onc or more
polvnucleotides comprising polynucleotide sequences encoding: an activator receptor
comprising an extracellular Higand binding domain specific to an erb-b2 receptor tyrosine
kinase 2 (HERZ) antigen: and an inhibttory receptor comprising an extraceilular ligand
binding domain specific to a non-target antigen that is not expressed by the cancer cell due to
a loss of heterozygosity in the cancer cell.

13347} The disclosure provides vectors comprising the polynucleotide system described
herein. The disclosure provides vectors comprising the polyoucieotides described hercin.
[6348] The disclosure provides polynucleotides encoding the sequence(s) of the activator and
inhibitory receptors described herein. In some embodiments, the sequence of the activating
and/or inhubitory receptor, or a fusion protein of the activator and/or inhibitory receptor is
operably linked to a promoter. In some embodiments, the sequence encoding the activator
receptor, or a polyvpeptide thereof, is operably hinked to a first promoter, and the sequence
encoding an inhibitory receptor, or a fusion protein thereof is operably linked to a sceond
promaoter.

16345} In some embodiments, the polynucleotide or polynucleotide system comprises SEQ

1D NGO 52, or a sequence that shares at least 80%, at least 85%, at least 90%. at keast 95%, or
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at least 98% identity thereto. In some embodiments, the polynucleotide or polynuclestide
system comprises SEQ ID NQ: 54, or a sequence that shares at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98% identity thereto. In some emboduments, the
polynuclectide or polynucleotide system comprises SEQ ID NO: 56, or a sequence that
shares at least 809, at least 85%, at least 90%, at least 95%, or at icast 98% identity thercto.
I some embodiments, the polynuclentide or polynuclectide system comprises SEQ ID NO:
58, or a sequence that shares at least 80%, at least 85%, at least 90%, at least 93%, or at least
8% identity thereto. In some embodiments, the polynuclestide or polynucleotide system
comprises SEQ 1D NO: 60, or a sequence that shares at least 80%, at lecast 85%, at least 90%,
at least 95%, or at least 98% identity thereto. In some embodiments, the polynucleotide or
polynucleotide system comprises SEQ I3 NO: 62, or a sequence that shares at least 30%, at
least 83%. at least 90%, at least 95%, or at least 98% identity thereto. In some embodiments,
the polynucleotide or polynucieotide svstem comprises SEQ 1D NO: 21803, or a sequence
that shaves at least 80%, at least 85%, at least 90%, at least 95%. or at least 98% identity
thereto.

0356 o some embodiments, the polvoucleotide or polynucleotide system comprises anyone
of SEQ ID NOs: 75-86, or a sequence that shares at least 80%, at least 85%, at least 90%, at
least 953%, or at least 98% identity thereto. In some embodiments, the polvnucleotide or
polynucleotide system comprises SEQ I3 NO: 76, or a sequence that shares at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some embodiments,
the polynucleotide or polymucleotide system comprises SEQ 1D NO: 77, or a sequence that
shares at least 80%, at least 85%, at least 90%, at least 95%. or at least 98% wdentity thereto.
In some embodiments, the polynucleotide or polynucleotide system comprises SEQ ID NO:
78, or a sequence that shares at least 80%, at least 853%, at least 90%, at least 95%, or at least
8% identity thercto. In some embodiments, the polynucleotide or polynuclestide system
comprises SEQ ID NG 79, or a sequence that shares at least 0%, at least 83%, at least 90%,
at least 95%, or at least 98% identity thercto. In some embodiments, the polynucleotide or
polynucleotide system comprises SEQ 1D NO: 80, or a sequence that shares at least 80%, at
least 85%, at loast 90%, at least 95%. or at least 98% identity thereto. In some embodiments,
the polynucieotide or polvnucleotide system comprises SEQ ID NO: 81, or a sequence that
shares at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity thereto.
In some embodiments, the polynuclestide or polymicleotide system comprises SEQ ID NO:
82, or a sequence that shares at feast 80%, at least 83%, at least 90%, at least 93%, or at least

8% identity thereto. In some embodiments, the polynuclestide or polynucleotide system
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comprises SEQ IDNO: 83, or a sequence that shares at least 80%, at Teast 85%, at least 90%,
at feast 95%, or at least 98% identity thereto. In some embodiments, the polynucleotide or
polynucieotide system comprises SEQ H3 NO: 84, or a sequence that shares at least 80%, at
least 83%, at lsast 0%, at least 95%, or at least 98% identity thereto. In some embodiments,
the polynucleotide or polynucleotide svstem comprises SEQ 1D NO: 85, or a sequence that

shares at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity thereto.

In some embodiments, the polymucleotide or polvnucleotide svstem comprises SEQ ID NO:
86, or a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity thereto. In some embodiments, the polvoucleotide or polynuclectide systern
comprises SEQ ID NG: 208, or a sequence that shares at least 80%, at least 859, at least
0%, at least 95%, or at least 98% 1dentity thereto. In some embodiments, the polvnuoclestide
or polynucleotide system comprises SEQ ID NO: 210, or a sequence that shares at least 80%,
at least 85%, at least 90%, at lcast 95%, or at least 98% wdentity thereto, In some
embodiments, the polynucleotide or polynucleotide system comprises SEQ IDNO: 212, ora
sequence that shares at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
tdentity thereto.
3351} In some embodiments, the polvoucleotide or polymucleotide svstem comprises any
one of SEQ 1D NQOs: 224, 226,227, 229, or 231, or a sequence that shares at least 80%, at
cast #53%, at least 990%, at least 95%, or at least 98% identity thereto.
16332] In some embodiments, the polynucleotide or polvnuclestide systern comprises ny one
of SEQ 1D NQs: 202, 294, 296, 298, 300, 302 304, 306, or 308, or a sequence that shares at
least 80%, at least 83%, at least 90%, at least 95%, or at least 98% identity thereto.
[83583] The disclosure provides vectors encoding the coding seguence or sequences of any of
the enginecred receptors described herein. In some embodiments; the sequence of the
activating and/or mhibitory receptor is operably linked to a promoter. o some embodiments,
the sequence encoding the activating receptor is operably linked to a first promoter, and the
sequence encoding an inlubitory receptor 1s operably hinked to a second promoter.
{8354 In some embodiments, the activating receptor is encoded by a first vector and the
inhibitory receptor is cncoded by second vector. In some embodiments, both engineered
receptors are encoded by a single vector,
13355] In some embodiments, the activator and inhubitory receptors are encoded by a single
vector. Methods of encoding multiple polypeptides using a single vector will be known to
persons of ordimary skill 1o the art, and include, tnter alia, encoding multiple polypeptides

under control of different promoters, or, if a single promoter is used (o control transcription
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of multiple polypeptides, use of sequences encoding internal ribosome entry sties (IRES)
and/or sclf-cleaving peptides. Exemplary sclf-cleaving peptides include T2A, P2A, EZA and
F2A selt-cleaving peptides. n somae embodiments, the T2 A self-cleaving peptide comprises a
sequence of EGRGSLLTCGDVEENPGR (SEQ 1D NO: 288). In some embodiments, the
PZA self-cleaving peptide comprises a sequence of ATNFSLLKQAGDVEENPGP (SEQ ID
NO: 196). In some embodiments, the E2A self-cleaving peptide comprises a sequence of
QUINYALLKLAGDVESNPGP (SEQ 1D NO: 289). In some cmbodiments, the F2A self-
cleaving peptide comprises a sequence of VKQTINFDLLKLAGDVESNPGP (SEQ 1D NO:
290). Any of the foregoing can also include an N terminal GSG linker. For example, a T2A
seif-cleaving peptide can also comprise a sequence of GSGEGRGSLLTCGDVEENPGP
(SEQ ID NO: 5373, which can be encoded by a sequence of
GGATCCGGAGAGGGCAGAGGUAGUCTGUTGACATGOTGGUGACGTGGAAGAGAA
CCCTGGCCCC (SEQ 1D NO: 558),

[68356] In some embodiments, the vector comprises SEQ ID NG: 52, or a sequence that
shares at least 80%, at least 85%, at least 90%, at least 95%. or at least 98% identity thercto.
In some embodiments, the vector comprises SEQ 1D NO: 54, or a sequence that shares at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ ID N 536, or a sequence that shares at least 80%,
at least 85%, at least 90%, at least 93%. or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ ID NG: 38, or a sequence that shares at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ 1D NO: 60, or a sequence that shares at least 80%,
at feast 85%, at least 909%, at least 95%, or at least 98% identity thereto. fu some
embodiments, the vector comprises SEQ ID NG 62, or a sequence that shares at least 809%,
at least 85%, at least 90%, at least 95%, or at least 98% wdentity thereto. In some
embodiments, the vector compuses SEQ ID NO: 21803, or a sequence that shares at least
80%, at least 859, at least 90%, at least 95%, or at least 98% identity thereto.

{8357} In some embodiments, the vector comprises SEQ ID NG: 75, or a sequence that
shares at least 80%, at loast 85%, at least 90%, at least 95%. or at least 98% identity thereto.
In some embodiments, the vector comprises SEQ 1D NO: 76, or a sequence that shares at
least 80%, at loast 85%, at least 90%, at least 95%, or at least 98% identity thercto. In some
embodiments, the vector comprises SEQ 1D NO: 77, or a sequence that shares at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% wdentity thereto, In some

embodiments, the vector comprises SEQ 1D NO: 78, or a sequence that shares at least 80%,
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at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ 1D NO: 79, or a sequence that shares at least 80%.
at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. fu some
embodiments, the vector comprises SEQ ID NG 80, or a sequence that shares at least 809%,
at least 85%, at least 90%, at least 95%, or at least 98% wdentity thereto. In some
embodiments, the vector compuses SEQ ID NO: 81, or a sequence that shares at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ 1D NO: 82, or a sequence that shares at least 80%,
at fcast 83%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ ID NG 83, or a sequence that shares at least 80%,
at least 85%, at least 909%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ 1D NG 84, or a sequence that shares at least 80%,
at least 85%, at least 90%, at lcast 95%, or at least 98% wdentity thereto, In some
embodiments, the vector comprises SEQ 1D NO: 85, or a sequence that shares at least 80%.,
at feast 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
crabodiments, the vector comprises SEQ 1D NO: 86, or a sequence that shares at least 0%,
at least 85%, at least 909, at least 95%, or at least 98% identity thereto. fn some
embodiments, the vector comprises SEQ ID NG 208, or a sequence that shases at feast 80%,
at least 85%, at least 90%, at feast 93%. or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ ID NG: 210, or a sequence that shares at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some
embodiments, the vector comprises SEQ 1D NO: 212, or a sequence that shares at least 80%,
at least 85%, at least 909%, at least 95%, or at least 98% idenitty thereto.

13358] In some embodiments, the vector comprises SEQ 1D NG: 224, 226,227, 229, or 231,
o1 a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% 1dentity thereto. In some embodiments, the vector comprises SEQ 1D NO: 292, 294,
296, 298, 300, 302, 304, 306, or 308, or a sequence that shares at least 80%, at least 85%, at
least 90%, at least 93%, or at least 98% identity thercto.

(6359} In some embodiments, the vector encodes a polypeptide sequence comprising SEQ 1D
NG 51, or a sequence that shares at least 80%, at least 5%, at least 90%, at least 95%, or at
least 98% identity thereto. In some embodiments, the vector encodes a polypeptide sequence
comprising SEQ I NO: 53, or a sequence that shares at least 80%, at least 3%, at least
90%, at least 959%, or at least 98% identity thereto. In some embodiments, the vector encodes

a polypeptide sequence comprising SEQ ID NG: 55, or a sequence that shares at least 809, at
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least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some embodiments,
the vecior encodes a polypeptide sequence comprising SEQ ID NO: 57, or a sequence that
shares at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% wleuntity thereto.
In some embodiments, the vector encodes a polypeptide sequence comprising SEQ 1D NO:
59, or a sequence that shares at feast 80%, at least 85%. at least 90%, at least 95%, or at least
98% identity thercto. In some embodiments, the vector encodes a polypeptide sequence
comprising SEQ 1D NO: 61, or a sequence that shares at least 80%, at least 85%, at least
0%, at least 95%, or at feast 98% identity thereto. In some embodiments, the vector encodes
a polypeptide sequence comprising SEQ ID NO: 63, or a sequence that shares at least 80%, at
least 85%, at least 90%, at least 959, or at least 98% 1dentity thereto. In some embodiments,
the vector encodes a polypeptide sequence comprising SEQ ID NO: 64, or a sequence that
shares at least 809, at least 85%. at least 90%, at least 95%, or at least 98% identity thereto.
In some embodiments, the vector encodes a polypeptide sequence comprising SEG 1D NO:
65, or a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%, or at least
8% identity thereto. In some cmbodiments, the vector encodes a polypeptide sequence
comprising SEQ D NO: 66, or a sequence that shares at least 80%, at least 85%, at least
90%, at least 95%, or at least 98% identity thereto. In some embodiments, the vector encodes
a polypeptide sequence comprising SEQ ID NO: 67, or a sequence that shares at least 80%, at
cast #53%, at least 990%, at least 95%, or at least 98% identity thercto. In some embodiments,
the vector encodes a polypeptide sequence comprising SEQ 1D NO: 68, or a sequence that
shares at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% wdentity thereto.
In some embodiments, the vector encodes a polypeptide sequence comprising SEQ 1D NO:
69, or a sequence that shares at least 80%, at least 85%, at lcast 90%, at least 953%, or at least
98% identity thereto. In some embodiments, the vector encodes a polypeptide sequence
comprising SEQ 2 NO: 70, or a sequence that shares at least 80%, at least 3%, at least
0%, at least 959, or at least 98% identity thereto. In some cmbodiments, the vector encodes
a polypeptide sequence comprising SEQ ID NO: 72, or a sequence that shares at least 809, at
least 85%, at least 90%, at least 95%, or at least 98% identity thereto. In some embodiments,
the vector encodes a polypeptide sequence comprising SEQ 1D NG 73, or a sequence that
shares at least 809, at least 85%, at least 90%, at least 95%, or at least 98% wdentity thereto.
In some embodiments, the vector encodes a polypeptide sequence comprising SEQ ID NO:
74, or a sequence that shares at least 80%, at least 83%. at least 90%, at least 95%, or at least

98% identity thereto.
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6368 In some embodiments, the vector encodes a polvpeptide seqaence comprising SEQ ID
NG: 207, 209, or 211, or a sequence that shares at least 80%. at least 85%, at least 90%, at
least 95%, or at least 98% identity thereto. fn some ernbodiments, the vector encodes a
polypeptide sequence comprising SEQ 1D NG: 291, 293, 295, 297, 299, 301, 303, 305, 307,
21805, or a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%, or at
least 98% identity thercto.

6361} In some embodiments, a polvoucleotide sequenece provided herem is codon-
optimized. Codon-optimization is the process of introducing silent nucleotide changes into a
nucleic acid sequence which increase the production of the protein cncoded by the nucleic
acid sequence without changing the amino acid sequence of the proten,

13362] In some embodiments, the vector 1s an expression vector, 1.¢. for the expression of the
engincercd receptors of the disclosure in a suitable cell.

16363} Vectors dertved from retroviruses such as the lentivirus are suttable tools to achieve
long-term gene transfer since they allow long-term, stable ntegration of a transgene and its
propagation in daughter cells. Lentiviral vectors have the added advantage over vectors
derived from onco-retroviruses such as murine leukemia viruses in that they can transduce
non-proliferating cells, such as hepatocytes. They also have the added advantage of low
immunogenicity.

16364} The expression of natural or synthetic nucleic acids encoding engincered receptors is
typically achieved by operably linking a nucleic acid encoding the fusion protein or portions
thereof to a promoter, and incorporating the construct into an expression vector. The vectors
can be suitable for replication and integration cukaryotes. Typical cloning vectors contain
transcription and translation terminators, initiation sequences, and promoters useful for
regulation of the expression of the desired mucleic acid sequence.

16365} The polynucleotides encoding the fusion proteins can be cloned into a munber of
types of vectors. For example, the polynucleotides can be cloned into a vector including, but
not limited to a plasmid, a phagenud, a phage denvative, an animal virus, and a cosmid.
Vectors of particalar interest include expression vectors, replication vectors, probe generation
vectors, amnd scquencing vectors.

[B3366] Further, the expression vector may be provided to cells, such as immune cells, in the
form of a viral vector. Viral vector techneology 1s well known in the art and 15 deseribed, for
example, in Sambrook et al. (2001, Molecular Clonimg: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York), and in other virology and molecular binlogy manuals.

Viruses, which are useful as veciors include, but are not limited to, refroviruses,
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adenoviruses, adeno-associated viruses, herpes viruses, and lentiviruses. In general, a suitable
vector contains an origin of replication functional in at least one organism, a promeder
sequence, convenient restriction endonuclease sies, and one or more selectable markers,
{e.g.. WO 01/96384; WO 01/29058; and U.S. Pat. No. 6.326,193).

13367} A number of viral based systems have been developed for gene transfer into
mammalian cells. For example, wetrovituses provide a convenient platform for gene debivery
systems. A selected gene can be mserted mto a vector and packaged n retroviral particles
asing technigues known in the art. The recombinant viras can then be isolated and delivered
ta cells of the subjeet either in vivo or ex vivo. A pomber of retroviral systems are known in
the art. In some embodiments, adenovirus vectors are used. A number of adenovirus vectors
are known in the art. In one embodiment, lentivirus vectors are used.

13368] Additional promoter elements, ¢.g., enhancers, regulate the frequency of
transeriptional wutiation. Typically, these are located v the region 30-110 basepaus (bp)
upstream of the start site, although a number of promoters have recently been shown to
contain functional elements downstream of the start site as well. The spacing between
promoter elements frequently is flexible, so that promoter function is preserved when
elements are inverted or moved relative to one another. In the thymidme kinase {tk) promoter,
the spacing between promoter elements can be increased to 30 bp apart before activity begins
to decline. Depending on the promoter, it appears that individual clements can function either
cooperatively or independently to activate transcription.

[8369] One example of a suttable promoter is the immediate early cytomegalovirus (CMV})
promoter sequence. This promoter sequence is a strong constitutive promoter sequence
capable of duving high levels of expression of any polynuclestide sequence operatively
linked thereto. Another example of a suitable promoter is Elongation Growth Factor-1o (EF-
1a). Another example ot a suitable promoter is the U6 promoter. Another example of a
suitable promoter s the Hi promoter. However, other constitutive promoter sequences may
also be used, mncluding, but not limited to the siman virus 40 (8V40) carly promoter, mouse
mammary temor virus (MMTV}, human immanodeficiency viras (HIV} long terminal repeat
{(L'TR} promoter, MoMuLV promater, an avian levkemia virus promoter, an Epstein-Bare
virus immediate early promoter, a Rous sarcoma viras promoter, as well as human gene
promoters such as, but not hmted to, the actin promoter, the myosin promoter, the
hemoglobin promoter, and the creatine kinase promoter. Further, the mvention should not be
imirted to the use of constitutive promoters. Inducible promoters are also conteraplated as

part of the invention. The use of an inducible promoter provides a molecular switch capable
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of turning on expression of the polynucleotide sequence which it is operatively linked when
such expression is desired, or tuming off the expression when expression is not desired.
Exaniples of inducible promoters melude, but are not linmited to a metallothionine promater, a
glucocorticotd promoter, a progesterone promoter, and a tetracveling promoter. An
exemplary sequence of the U6 promoter s set forth m SEQ D NO: 21800, An exemplary
sequence of the Hi promoter is set forth in SEQ 1D NG: 21801,

16370 In certain aspect, a vector comprises a termination sequence, for example, a T6 or T7
termination sequence.

{6371} In order to assess the cxpression of an engincered receptor, the expression vector to be
mtroduced into a cell can also contain either a selectable marker gene or a reporter gene or
both to facilitate identification and selection of expressing cells from the population of eells
sought to be transfected or infected through viral vectors. In other aspects, the selectable
roarker may be carried on a separate piece of DNA and used in a co-transtection procedure.
Both selectable markers and reporter genes may be flanked with appropnate regulatory
seguences to enable expression in the host cells. Usefid selectable markers include, for
example, antibiotic-resistance genes, such as neo and the like.

13372} Reporter genes are used for wdentifving potentially transfected or transduced cells and
for evaluating the functionality of regulatory sequences. In gencral, a reporter gene is a gene
that is not present in or expressed by the recipient organism or tissue and that encodes a
polypeptide whose expression is manifested by some easily detectable property, e.g.,
enzymatic activity. Expression of the reporter gene 1 assaved at a suitable time after the
DINA has been infroduced into the recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol acetyl transferase, scereted atkalive
phosphatase, or the green fluorescent protein gene {e.g., Ui-Tet ot al,, 2000 FEES Letters
479: 79-82). Suitable expression systers are well known and may be prepared using known
technigues or obtamed commercially. In general, the construct with the mmmimal 3’ flanking
region showing the highest level of expression of reporter gene is dentified as the promoter.
Such promoter regions may be linked to a reporter gene and used to evaluate agents for the
ability to modulate promoter-driven transcription.

(6373} Methods of mtroducing and expressing genes nto a cell are known i the art. In the
context of an expression vector, the vector can be readily introduced into a host cell, e.g.,
mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the
expression vector can be transforred mto a host cell by physical, chemical, or biological
means.
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6374} Physical methods for introducing a polvnucleotide into a host cell inclade caleium
phosphate precipitation, lipofection, patticle bombardment, microinjection, electroporation,
and the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids
are well-known 1o the art. See, for example, Sambrook et al. (2001, Molecular Clonming: A
Laboratory Manual, Cold Spring Harbor Laboratory, New York). One method for the
introduction of a polyoucleotide nto a host cell is calctum phosphate transfection.

16375} Biological methods for introducing a polynucleotide of interest into a host cell include
the use of DBNA and RNA vectors. Viral vectors, and especially retroviral vectors, have
become the most widely used method for inserting gencs into mammalian, ¢.g., human cells,
(Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus [,
adenoviruses and adeno-associated virpses, and the hike. See, for example, U.S. Pat. Nos.
5,350,674 and 5,585,362,

16376} Chenucal means for idroducing 3 polynucleotide uto a host cell include colloidal
dispersion systems, sach as macromolecule complexes, nanocapsules, microspheres, beads,
and lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and
liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro and 10 vive is
a liposome {e.g., an artificial membrane vesicle).

13377} Regardless of the method used to introduce exogenous nucletc acids nto a host cell or
otherwise expose a cell to the inhibitor of the present invention, n order to confirm the
presence of the recombinant DNA sequence in the host cell, 3 vanety of assays may be
performed. Such assays include, for example, “moelecular biological™ assays well known to
those of skill in the art, such as Southem and Northern blotting, RT-PCR and PCR;
“biochemical” assays, such as detecting the presence or absence of a particular peptide, e.g.,
by immuonological means (ELISAs and Western blots) or by assavs described herein to

identify agents falling within the scope of the invention.

Fmmune cells

(6378} Provided berein are immune cells comprising the polynucleotides, vectors, fusion
proteins and enginecred receptors described herein.

13379] The disclosure provides an immume cell responsive to loss of heterozygosity ina
cancer cell, comprising: an activator receptor comprising an extracellular ligand bindiog
doman specific to an erb-b2 receptor tyrosine kinase 2 (HER2) antigen; and an hibitory
receptor comprising an extracellular Higand binding domain specific to a non-target antigen

that is not expressed by the cancer cell due to a loss of heterozygosity in the cancer cell. In
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some embodiments, the non-target antigen 1s an HLA class § allele or a minor
histocompatibility antigen (MiHA}. In some embodiments, the HLA class T allele comprises
HLA-A, HLA-B, HLA-C or HLA-E. In some embodiments, the non-target antigen is sclected
from CXCL16, COLEC12 and APCDD1, HLA-A*01, HLA-A%02, HLA-A%03, HLA-A*11,
HLA-B*07, HLA-C*07, or an antigen peptide thereof. In some embodiments, the HLA class
[ allele 1s HELA-A*02. In some embodiments, the target antigen 1s HER2. In somie
embodiments, the target antigen 1s a peptide antigen of HERZ in a complex with a major
histocompatibility class [ complex (MHC I} or MHC I In some embodiments, the cancer
cell expresses HERZ. In some embodiments, the cancer cell is a breast cancer cell, bladder
cancer cell, ovarian cancer cell, gastric cancer cell, a salivary duct carcinoma cell, a non-~
small cell hung cancer cell, a pancreatic cancer cell, or a colon cancer cell. In some
embodiments, the cancer cell is a breast cancer cell or gastric cancer cell.

16380} In some embodiments, the HLA-A*02 non-target antigen is expressed by healthy cells
of a subject. In some embodiments, the healthy cells of the subject express both the target
antigen and the HLA-A*02 non-target antigen. In some embodiments, the activator receptor
and the inlubttory receptor together specifically activate the inunune cell in the presence of
the cancer cell.

13381} In some embodiments, the immmume cell is a T cell. In some embodiments, the T cell is
a CDE+ CD4- T cell. In some embodiments, the immune cell is autologous. In some
embodiments, the immune cell 1s allogeneic.

[6382] As used herein, the term “immune cell” refers to a cell involved in the innate or
adaptive (acquired) immune systems. Exemplary innate immune cells inclade phagocytic
cells such as neutrophils, monocytes and macrophages, Natural Killer (NK) cells,
polymophonuctear leukocytes such as neutrophils eosinophils and basophils and
mononucicar cells such as monocyies, macrophages and mast cells. Immune cells with roles
in acquired inmumunity include Ivimphocytes such as T-cells and B-eells.

63831 As used herein, a “T-cell” refers to atype of lymphocyvte that onginates from a bone
marrow precursor that develops in the thymus gland. There are several distinet types of T-
celis which develop upon migration to the thymus, which include, helper CD4+ T-cells,
cyvtotoxic T8+ T cells, memory T cells, regulatory CD4+ T-cells and stem memory T-cells.
Different types of T-cells can be distmguished by the ordinanly skilled artisan based on their
expression of markers. Methods of distinguishing between T-cell types will be readily

apparcnt to the ordinanly skilled artisan.
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[6384] In some embodiments, the enginecred mmmune cell expresses the first and second
receptors at a ratio of about 100:1 to 1: 100 of first receptor to second receptor. In some
crabodiments, the engineered nunune coll expresses the first and second receptors at a ratio
of about 50:1 to 1.50 of first receptor to second receptor. In some embodiments, the
engincercd immune cell expresses the first and second receptors at a ratio of about 10:1 to
1:10 of first receptor to second receptor. In sone embodiments, the engineered immusne cell
expresses the first and second receptors at a ratio of about 5:1 1o 1:53 of first receptor o
second receptor. In some embodiments, the engineered immune cell expresses the first and
sccond receptors at a ratio of about 3:1 to 113 of first receptor to second receptor. In some
embodiments, the engincered immune cell expresses the first and second receptors at a ratio
of about 2.1 to 1:2 of first receptor to second receptor. In some embodiments, the engineered
immune cell expresses the first and second receptors at a ratio of about 1:1.

(6385} In some cmbodiments, the first receptor comprises SEQ 1D NG: 291, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, or at least 98%
identity thereto; and the sccond receptor comprnises SEQ ¥ NO: 303 or a sequence sharing at
least 753%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity
thereto. In some embodiments, the first receptor comprises SEQ 1D NG: 291, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thercto; and the second receptor comprises SEQ 1D NO: 305, or a sequence sharing
at least 75%, at least 80%, at least 85%, at least 909, at least 95%, or at least 98% identity
thereto. In some embodiments, the first receptor comprises SE(Q ID NO: 291, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
wdeuntity thereto; and the second rcceptor comprises SEQ 1D NO: 307, or a sequence sharing
at least 75%, at least 809%, at least 85%, at least 50%, at least 95%, or at least 98% 1dentity
thereto. fn some embodiments, the first receptor comprises SEQ D NO: 291, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thereto; and the sccond receptor comprises SEQ I NO: 21805, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 953%, or at least 98%
identity thereto.

[3386] In some embodiments, the first receptor comprises SEQ 1D NO: 295, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thercto; and the second receptor comprises SEQ I3 NO: 303, or a sequence sharing
at least 75%, at least 80%, at least 85%, at least 909%, at least 95%, or at least 98% identtty

thereto. In some embodiments, the first receptor comprises SEQ 1D NG: 295, or a sequence
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sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, or at least 98%
identity thereto; and the second receptor comprises SEQ D NO: 303, or a sequence sharing
at least 75%, at teast 809, at least 85%, at lcast 90%, at least 95%, or at least 98% wdeutity
thereto. In some embodiments, the first receptor comprises SEQ 1D NG: 295, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thereto; and the second receptor comprises SEQ H3 NO: 307, or a sequence sharing
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity
thereto. In some embodiments, the first receptor comprises SEQ 1D NG: 2953, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, or at least 98%
wdentity thereto; and the second receptor comprises SEQ 1D NO: 21805, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thereto.

(6387} In some cmbodiments, the first receptor comprises SEQ 1D NG: 299, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, or at least 98%
identity thereto; and the sccond receptor compnses SEQ 1D NO: 303, or a sequence sharing
at least 75%, at least 809, at least 85%, at least 90%, at least 95%, or at least 98% wentity
thereto. In some embodiments, the first receptor comprises SEQ ID NG: 299, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thercto; and the second receptor comprises SEQ 13 NO: 305, or a sequence sharing
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity
thereto. In some embodiments, the first receptor comprises SE(Q ID NO: 299, or a sequence

sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
wdeuntity thereto; and the second receptor comprises SEQ 1D NO: 307, or a sequence sharing
at least 75%, at least 809%, at least 85%, at least 50%, at least 95%, or at least 98% wdentity
thereto. fn some embodiments, the first receptor comprises SEQ 1D NO: 299, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity thereto; and the sccond receptor comprises SEQ 1D NG 21805, or a sequence
sharing at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, or at least 98%
identity thereto.

[3388] In some embodiments, the immume cell further comprises a T2A self-cleaving
peptide, wherein the TZA self-cleaving peptide comprises SEQ ID NG: 288 or 557, ora
sequence sharing at least 75%. at least 80%., at least 85%, at least 90%, at least 95%, or at

least 98% wdentity thereto.
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[6389] In some embodiments, the enginecred mmmune cell comprising the engineered
receptors of the disclosure is a T cell. In some embodiments, the T cell is an effector T celf or

o

a regulatory T cell. As used heremn, a “T-cell” refers to a type of lymphocyte that originates
from a bone marrow precursor that develops m the thymus gland. There are several distingt
types of T-cells which develop upon migration to the thyvmus, which include, helper CD4+ T-
cells, eytotoxic CDE+ T cells, memory T cells, regulatory CD4+ T-cells, NK Teells, v T
cells, Mucosal-associated mvanant T (MATT) cells, and stem memory T-cells. Dnfferent
types of T-cells can be distinguished by the ordinarily skitled artisan based on their
expression of markers, Methods of distinguishing between T-cell types will be readily
apparent to the ordinanly skilled artisan.

13396] In some embodiments, the immmume cell is selected form the group consisting of T
celis, B cells and Natural Killer (NK) cells. In some embodiments, the immune cell isa T
cell. In some embodiments, the inunune cell 1s a B cell. In some embodiments, the immune
cell 1s a Nataral Killer {(NK) cell. In some embodiments, the immune cell is CD8-. In some
embodiments, the immune cell is CD8+. In some embodiments, the immune cell 18 D4+ In
some embodiments, the immune cell 1s CD4-. In some embodiments, the iovnune cell is
CDE-/CD4+. In some embodiments, the immune cell 18 CD&+ CD4- T cell

13391} In some embodiments, the imamume cell is a gamma delta (y8) T cell. In some
embodiments, the immune cell is an invariant T cell. In some embodiments, the immune cell
iz an invariant natural killer T eell GNKT celly.

[6392] In some embodiments, the immone cell comprises a modification to an MHC Class |
gene or a H2AM gene. In some cmbodiments, the MHC Class | gene is HLA-A*0Z, oran
allelic variant thereof In some cmbodiments, the modification reduces or eluminates
expression of the MHC (lass I gene or the B24/ genc.

13393] I some embodiments, the mumune cell comprises a polynucleotide or polynucleotide
system described heretn. To some embodiments, the polynucieotide or polynucleotide system
comprises a sequence encoding a first receptor deseribed herein. In some embodiments, the
polynucleotide or polynucleotide system comprises a sequence encoding a second receptor
described herein. In some embodiments, the polynuclieotide or polynucleotide systems
encodes an shRNA described herein. In some embodiments, the polymucleotide or
polynucleotide system comprises a sequence encoding a first receptor deseribed herein and a
second receptor deseribed herein. fn some embodiments, the polyaucleotide or
polynucieotide svstem comprises a sequence encoding a first receptor described herein, a

second receptor described herein, and an shRNA described herein.
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(6394} Methods transforming populations of immuone cells, such as T cells, with the vectors
of the instant disclosure will be readily apparent to the person of ordinary skill in the art. For
example, CD3+ T cells can be isolated from PBMCs using a CD3+ T cell negative isolation
kit (Miltenyi}, according to manufacturer’s instractions. T cells can be cultured at a density of
1 x 1076 cells/mL in X-Vivo 15 media supplemented with 5% human A/B serum and 1%
Pen/strep i the presence of C133/28 Dvnabeads (1:1 cell to bead ratio} and 300 Units/mL of
[L-2 (Miltenvi). After 2 days, T cells can be transduced with viral vectors, such as lentiviral
vectors using methods known in the art. In some embodiments, the viral vector is transduced
at a multiplicity of infection (MO of 5. Cells can then be cultured in IL-2 or other cviokines
such as combinations of IL~7/15/21 for an additional 5 days prior to enrichment. Methods of
isolating and culturing other populations of mmane cells, sach as B cells, or other
populations of T cells, will be readily apparent to the person of ordinary skill in the art.
Although this method outlines a potential approach it should be noted that these
methodologics are rapidly evolving. For example excellent viral transduction of peripheral
blood mononuclear celis can be achieved after 5 days of growth to generate a >99% CD3+
highly transduced ccll population.

[6395] Methods of activating and culturing populations of T cells comprising the engineered
TCRs, CARs, fusion proteins or vectors encoding the fusion proteins of the instant disclosure,
will be readily apparent to the person of ordinary skill in the ast.

16396] Whether prior to or afier genetic modification of T cells to express an engineered
TCR, the T cells can be activated and expanded generally using methods as deseribed, for
example, in U.S. Pat. Nos. 6,352,694; 6,534,035 6,905,680; 6,692,964: 5 858.358;
6,887,466, 6,905 681; 7,144,575, 7,067,318, 7,172,869, 7,232 566, 7,175,843; 5,883,223,
6,905.874: 6,797,514; 6,867,041, 10040846; and U S. Pat. Appl. Pub. No. 2006/0121005.
13397] In some embodiments, T cells of the instant disclosure are expanded and activated
vitro. Generally, the T cells of the mstant disclosure are expanded n vitro by contact with a
surface having attached thereto an agent that stimudates a CD3/TCR complex associated
signal and a ligand that stimolates a co-stimulatory molecule on the surface of the T cells. In
particular, T cell populations may be stimulated as described herein, such as by contact with
an anti-CD3 antibody. For co-stimulation of an accessory molecule on the surface of the T
cells, a ligand that binds the accessory molecule 15 used. For example, a population of T cells
can be contacted with an anti-CD3 antibody and an anti-CD28 antibody, ander conditions
appropriate for stimulating proliferation of the T cclls. To stimulate proliferation of either

CD4+ T cells or CD&+ T cells, an anti-UD3 antibody and an anti-CD28 antibody can be used.
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Examples of an anti-CD28 antibody include 9.3, B-T3, XR-CB28 (Dhaclone, Besancon,
France} can be used as can other methods commonty known i the art (Berg et al, Transplant
Proc. 30(8):3975-3977, 1998; Haanen ¢t al., J. Exp. Mcd. 19G(9):13191328, 1999; Garland et
al., J. bnonmol Meth, 227(1-2)3:53-63, 1999).

13398] In some embodiments, the primary stimulatory signal and the co-stimulatory signal
for the T cell may be provided by different protocols. For example, the agents providing cach
signal may be in solution or coupled to a surface. When coupled to a surface, the agents may
be coapled to the same surface (1.e., in “cis” formation) or to separate surfaces {t.c., in “trans”
formation). Alteraatively, one agent may be coupled to a surface and the other agent in
solution. In some embodiments, the agent providing the co-stimulatory signal is bound to a
cell surface and the agent providing the primary activation signal is i solation or coupled to
a surface. In certain embodiments, both agents can be in sohition. In another embodiment, the
agents ray be 1o soluble foroy, and then cross-linked to a surface, such as a cell expressing Fe
receptors or an antibody or other binding agent which will bind to the agents. In this regard,
see for example, U.S. Patent Application Publication Nos. 20040161519 and 20060034810
for artificial antigen presenting cells (aAPCs) that are contemplated for use in activating and
expanding T eclis in the present nvention.

13399 In some embodiments, the two agents are immobilized on beads, either on the same
bead, Lo, “cis.” or to separate beads, 1.¢., “trans.” By way of example, the agent providing
the primary activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof
and the agent providing the co-stimulatory signal 1s an anti-CD28 antibody or antigen-
binding fragment thereof] and bath agents are co-immobilized to the same bead in equivalent
molecular amounts. In one embodiment, a 1.1 ratio of cach antibody bound to the beads for
D4+ T cell expansion and T cell growth is ased. In some embodiments, the ratio of
CH3:CH28 antibody bound to the beads ranges from 100:1 to 1:100 and all integer valucs
there between. In one aspect of the present invention, more anti-CD28 antibody 1s bound to
the particles than anti-CD3 antibody, i.¢, the ratio of CD3:CD28 15 less than one. In cortain
embodiments of the invention, the ratio of antt CD28 antibody to anti CD3 antibody bound to
the beads is greater than 2:1.

[34006] Ratios of particles to cells from 1:300 to 500:1 and any integer values in between may
be vsed to stimulate T cells or other target cells. Asthose of ordinary skill in the art can
readily appreciate, the ratio of particles to cells may depend on particle size relative to the
target cell. For cxample, small sized beads could only bind a fow cells, while larger beads

could bind many. In certain embodiments the ratio of cells to particles ranges from 1:100 to
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100:1 and anv integer values in-between and in further embodiments the ratio comprises 1.9
1 9:1 and any integer values in between, can also be used to stimuelate T cells. In some
crabodiments, a ratio of 1:1 cells to beads is used. Ooe of skill 10 the art will appreciate that a
variety of other ratios may be suitable for use in the present invention. In particular, ratios
will vary depending on particle size and on cell size and type.

16401} In finther embodiments of the present invention, the cells, such as T cells, are
combined with agent-coated beads, the beads and the cells are subsequently separated, and
then the cells are cultured. In an alternative embodiment, prior to colture, the agent-coated
beads and cells arc not separated but are cultured together. In a further embodiment, the
beads and cells are first concentrated by application of a force, such as a magoetic foree,
resalting in increased ligation of cell surface markers, thereby inducing cell stimulation.
13402] By way of example, cell surface proteins may be ligated by allowmg paramagnetic
beads to which anti-CD3 and anti-CD28 are attached to contact the T cells. Tn one
embodiment the cells {for example, D4+ T celis) and beads (for example, DYNABEADS
CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer. Again, those of
ordinary skill in the art can readily approciate any cell concentration may be used. In certain
embodiments, it may be desirable to significantly decrease the volume in which particles and
cells are mixed fogether (1o, increase the concentration of cells}, to ensare maximum contact
of colls and particles. For example, in one cmibodiment, a concentration of about 2 billion
cells/ml 1s used. In another embodiment, greater than 100 million celis/ml is used. In a further
embodiment, a concentration of cells of 10, 13, 20, 25, 30, 35, 40, 45, or 50 million cells/mi
is used. In yet another embodiment, a concentration of cells from 75, 80, 85, 90, 95, or 100
wulhion cells/ond is used. In further crubodiments, conceuntrations of 125 or 150 million
cells/ml can be used. In some embodiments, cells that are cultured at a density of 1x106
cells/mL are used.

6403} In some embodiments, the mixture may be cultured for several hours {about 3 hours)
to about 14 days or any hourly integer value in between. In another embodiment, the beads
and T cells are cultured together for 2-3 days. Conditions appropriate for T eell culture
include an appropriate media (o.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo
i3, (Lonza}} that may contain factors necessary for proliferation and viability, including
seram {¢.g., fetal bovine or human serom), mterleukan-2 (JL-2}, insulin, IFN-y, L4, 1L-7,
GM-CSF, IL-10, L-12, 1L-15, TGP, and TNF-¢ or any other additives for the growth of
cells known to the skilled artisan. Other additives for the growth of cells include, but are not

himited to, surfactant, plasmanate, and reducing agents such as N-acetyl-cysteine and 2-
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mercaptocthanol. Media can inchide RPMI 1640, AIM-V, DMEM, MEM, o-MEM, F-12, X-
Vive 15, and X-Vive 20, Optimizer, with added amino acids, sodium pyruvate, and vitamins,
cither serum-free or supplemented with an appropriate amount of serum {or plasma} ora
defined set of hormones, and/or an amount of cytokine(s) sufficient for the growth and
expansion of T cells. In some embodiments, the media comprises X-VIVO-15 media
supplemented with 5% human A/B senwn, 1% pentcillin/streptormyein (pen/strep) and 300
Units/ml of 1L-2 (Miltenyi).

[8404] The T cells are maintamed under conditions necessary to support growth, for
example, an appropuate teraperature {e.g., 37° C.) and atmosphere {c.g., air plus 5% CO2).
[0405] In some embodiments, the T cells comprising engineered TCRs, CARs, and/or
whibitory receptors of the disclosure are autologous. Prior to expanston and genetic
modification, a source of T cells 1s obtained from a subject. Immune cells such as T cells can
be obtamed from a number of sources, including peripheral blood mononuclear cells, bone
marrow, fymph node tissue, cord Mood, thymus tissue, tissue from a site of infection, ascites,
pleural effusion, spleen tissue, and tumors. In certain embodiments of the present invention,
any mumber of T ccll lines available 1o the art, may be used. In certam embodiments of the
present invention, T cells can be obtained from a unit of blood collected from a subject using
any number of techniques known to the skilled artisan, sach as Ficoll™ separation.

16406} In some embodiments, cells from the circulating blood of an individual are obtained
by apheresis. The apheresis produet tvpically contains lvmphocytes, meluding T cells,
monocyies, gramidocvies, B cells, other nucleated white blood celis, red blood cells, and
platelets. In some embodiments, the cells collected by apheresis may be washed to remove
the plasma fraction and to place the cells in an appropriate buffer or media for subsequent
processing steps. In some embodiments, the cells are washed with phosphate buffered saline
(PBS). In alternative embodiments, the wash sohition lacks calemm and may lack magnesium
or may lack many if not all divalent cations. As those of ordinary skill in the art would
readily appreciate a washing step may be accomplished by methods known to those in the art,
sach as by using a semi-agtomated “How-through” centrifuge (for example, the Cobe 2991
cell processor, the Baxter CyvtoMate, or the Hacmonetics Cell Saver 5} according to the
manufacturer's instructions. Afier washing, the cells may be resuspended in a vanety of
biccompatible buffers, such as, for example, CaZ+-free, Mg2-+-free PBS, Plasmalyie A, or
other saline solution with or without buffer. Alternatively, the undesivable components of the

apheresis sample may be removed and the cells durectly resuspended in culture media.
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[6407] In some embodiments, mmmune cells such as T cells are 1solated from penipheral
blood tymphocyies by tysing the red blood cells and depleting the monocytes, for example,
by centrifugation through a PERCOLL™ gradient or by counterflow centrifugal ehmtriation.
Specific subpopulations of immane cells, such as T cells, B cells, or D4+ T cells can be
further isolated by positive or negative selection technigues. For example, in one
embodiment. T cells are isolated by incubation with anti-CD4 -conjugated beads, for a time
period sufficient for positive selection of the desired T celis.

[6408] Enrichment of an immune cell population, such as a T cell population, by negative
selection can be accomplished with a combination of antibodies directed to surface markers
unigue to the negatively selected cells. One method 1s cell sorting and/or selection via
negative magnetic immune-adherence or flow cytometry that uses a cocktail of monoclonal
antibodies directed to cell surface markers present on the cells negatively selected. For
example, to enrich for CD4+ cells by negative selection, a monoclonal antibody cocktail
typically includes antibodies to CD 14, CD20, CD 11b, CD 16, HLA-DR, and CD8.

(8409} For isolation of a desired population of wmmane cells by posttive or negative
selection, the concentration of cells and surface (¢.g., particles such as beads) can be varned.
In certain embodiments, it may be desirable to significantly decrease the volume m which
beads and celis are mixed together (1.e., increase the concentration of cells), to ensure
maximum condact of cells and beads.

16414 In some embodiments, the cells may be incubated on a rotator for varying lengths of
fime at varving speeds at erther 2-10° € or at room temperatare.

[B41 8] T celis for stimulation, or PBMCs from which mmmune celis such as T cells are
isolated, can also be frozen aficr a washing step. Wishing not to be bound by theory, the
freeze and subsequent thaw step provides a more uniform product by removing gramilocyics
and to some extent monocyies in the cell population. After the washing step that removes
plasma and plateiets, the cells may be suspended in a freezing solution. While many freezing
solutions and parameters are known in the art and will be useful in this context, one method
involves using PBS containing 209 DMSO and 8% human serum albanun, or culture media
containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin and 7.5%
DMS0, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.459% Na(ll, 10% Dextran 40 and
5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suttable cell freezing
media containing for example. Hespan and Plasmal.yte A, the cells then are frozen to —80° C

at a rate of 1° per minute and stored in the vapor phase of a liquid nitrogen storage tank.
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Other methods of controlled freezing may be used as well as uncontrolled freczing
immediately at —20° C or in liguid nifrogen.

(6412} The disclosure provides an tmmune cell expressing the activator and/or inhibttory
receptors described herein, wherein the immune cell has reduced expression and/or function
the major histocompatibility (MHC) class | complex.

6413} In some embodiments, the imumune cell is antologous. For example, the immune cells
1 isolated or derived from same subject who will receive the cell as part of a therapeutic
regimen. It can be advantageous to modify autologous immune cells o have reduced
expression and/or fimction of MHC class |with the inhibitory receptor is speceific to an MHC
class [ antigen. Without wishing to be bound by theory, modification of autologous mmune
cells o have reduced expression and/or function of MHC class I reduces binding of the
inhibitory receptor by MHC class T expressed by the immune cells, either in cis or in trans.
16414} In some embodiments, the immune cell ts all allogencic. Allogencic immune cells can
be derived from a donor other than the subject to which the immune cells will be
administered. Allogeneic immune cells have been commonly referred to in cell therapy as
“off-the-shelf” or “wuversal” because of the possibility for allogeneic cells to be prepared
and stored for use mn subjects of a vanety of genotypes.

[3415] Any suitable methods of reducing expression and/or function the MHC class [
complex are envisaged as within the scope of the instant disclosure, and include, inter alia,
expression of interfering RNAg that knock down one or more RNAs encoding MHC class 1
components, or modifications of genes encoding MHC class I components.

{6416} The major histocompatibility complex {MHC) is a locus on the vertcbrate genome
that encodes a set of polypeptides required for the adaptive immune system, Among these are
MHC class [ polypeptides that include HLA-A, HLA-B, and HLA-C and alleles thereof.
MHC class | alleles are highly polymorphic and expressed in all nucleated cells. MHC class [
polvpeptides encoded by HLA-A, HLA-B, and HLA-C and alleles thereof form heterodimers
with B2 microglobulin (B2M) and present in complex with antigens on the surface of cells.
As referred to herein, an MHC class T gene or polypeptide may refer to any polypeptide
found in the the MHC or the corresponding gene encoding said polypeptide. o some
embodiments, the romune cells of the disclosure are mactivated by an inhibitor ligand
comprising an MHC class | polypeptide, e.g. HLA-A, HLA-B, and HLA-C and alleles
thereof. HLA-A alleles can be, for example and without limitation, HLA-A*02, HLA-
A*02:01, HLA-A*02:01:01, HLA-A*02:01:01:01, and/or any gene that encodes protein

identical or similar to HLA-A*02 protein. Thus, to prevent avtocrine signaling/binding as

]
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described herein, it is desirable to climinate or reduce expression of polypeptides encoded by

HLA-A, HLA-B, and HLA-C and allcles thercof in the tmmune cells.

Immune Cells with Reduced MHC Class I Polvpeptide Expression

16417} In some emboduments, the mumune cells deseribed herem are modified to inactivaie,
5 orreduce or eliminate expression or function of an endogenous gene encoding an allele of an

endogenous MHC class T polypeptide. In some embodiments, the gene encoding the MHC
class I polypeptide ts HLA-A, HLA-B, and/or HLA-C HLA-A, HLA-B and HUA-C are
encoded by the HLA-A, HLA-B and HLA-C loci. Each of HLA-A, HLA-B and HLA-C
inclades many variant alleles, all of which are envisaged as within the scope of the mstant

16 disclosure. Inn some embodiments. the gene encoding the MHC class I polypeptide 1s HLA-A.
In some embodiments, the gene encoding the MHC class 1 polvpeptide is HLA-A*02. In
some embodiments, the gene encoding the MHC class T polypeptide is HLA-A*02:01. Tn
some embodiments, the gene encoding the MHC class { polypeptide is HLA-A*¥02:01:01. In
some embodiments, the gene encoding the MHC class { polypeptide ts HLA-A¥02:01:01:01.

15 [6418] In some embodiments, the geneticallv engineered immune cells described herein are
modified to reduce or climinaie expression of the B2M gene product. The beta-2
microglobulin {B2M) gene encodes a protein that associates with the major
histocompatibility complex (MHC) class 1, 1.e. MHC-I complex. The MHC-I complex is
required for presentation of antigens on the cell surface. The MHC -1 complex is disrupted

20 and non-functional when the B2M is deleted (Wang D et al. Stem Cells Trans! Med. 4:1234-
1245 {2015)). Furthermore, the B2M gene can be disrupted with high efficiency using gene
editing techniques known mn the art (Ren et al. Chin. Cancer Res. 23:2255-2266 (2017)).
Reducing or eliminating B2M can reduce, or eliminate functional MHC { on the surface of
the tuowne cell

25 [0419] The disclosure provides gene editing systems for editing an endogenous target gene in
an immane cell. The disclosure provides interfering RNAs specific to sequences of target
genes. Gene editing systems such as CRISPR/Cas systems, TALENs and zinc fingers can be
used to generate double strand breaks, which, through gene repair mechanisms such as
homology directed repair or non-homologous end joining (NHEJ), can be used to mtroduce

3¢ mutations. NHEJ afier rescetion of the ends of the break, or improper end joining, can be
used to introduce deletions. In some embodiments, the target gene comprises a gene encoding

a subumnit of the MHC-I complex.
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0428 Target gene sequences inchude, but are not Hmited fo, promoters, enhancers, mtrons,
exons, intron/exon junctions, transcription products {pre-mRNA, mRNA, and splice variants),
and/or 37 and 5~ untransiated regions (UTRs). Any gene clement or combination of gene
elements may be targeted for the purpose of genetic editing in the wvmaone cells desceribed
herein. Modifications to the target genes can be accomplished using any method known in the
art to edit the target gene that results in altered or distupted expression or function the target
gene or gene product,

(8421} In some embodiments, modifying the gene encoding the MHC class I polypeptide
comprises deleting all or a portion of the gene. In some embodiments, modifyving the gene
encoding the MHC class I polypeptide comprises introducing a mutation in the gene. In some
embodiments, the mutation comprises a deletion, insertion, substitution, or frameshift
mutation. In some embodiments, modifving the gene comprises using a nucleic acid guided
endonuclease.

8422} Gene sequences for the target genes described hercin are known in the art. The
seguences can be found at public databases, such as NCBI GenBank or the NCBI nucleotide
database. Sequences may be found using gene identifiers, for example, the HLA-A gene has
NCBI Gene 1D: 3105, the HLA-B gene has NCBI Gene 1D: 3106, the HLA-C gene has NCBI
Gene ID: 3107, and the B2M gene has NCBI Gene ID: 567 and NCBI Reference Sequence:
NC 00001510, Gene sequences may also be found by scarching public databases using
kevwords. For example, HLA-A alleles may be found in the NCBI nucleotide database by
searching keywords, “"HLA-A*027, “HLA-A%*02:017, “HLA-A*02:01:017, or “HLA-
A*02:01:01:01.” These sequences can be used for targeting in various gene editing
techiiques known 1 the art. Table 18 provides non-limiting illustrative sequences of HLA-A

alfele and BZM gene sequences targeted for modification as described herein.

Table 18: FExemplary Target Gene Sequences

Target Sequence
B2AM AUUCCUGAAGCUGACAGCAUUCGGOCCGAGAUGUCUCGCUCCGUGE
mRNA CCUUAGCUGUGCUCGCGCUACUCUCUCUUUCUGGCCUGGAGGCUAUC

CAGCGQUACUCCAAAGAUUCAGGUUUACUCACGUCAUCCAGCAGAGA
AUGGAAAGUCAAAUUUCCUGAAUUGCUAUGUGUCUGGGUUUCAUCT
AUCCCGACAUUGAAGUUGACUUACUGAAGAAUGGAGAGAGAAUUGAA
AAAGUGGAGCAUUCAGACUUGUCUUUCAGCAAGGACUGGUCUUUCY
AUCUCUUGUACUACACUGAAUUCACCUCCACUGAAAAAGAUGAGUA
UGCCUGCCGUGUGAACCAUGUGACUUUGUCACAGCCCAAGAUAGUU
AAGUGGGAUCGAGACAUGUAAGCAGCAUCAUGGAGGUUUGAAGATG
CCGCAUUUGGAUUGGAUGAAUUCCAAAUUCUGCUUGCUUGCUUUUU
AAUAUUGAUAUGCUUAUACACUUACACUUUAUGCACAAAAUGUAGG
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Target

Sequence

GUUAUAAUAAUGUUAACAUGGACAUGAUCUUCUUUAUAAUUCUACU
VUGAGUGCUGUCUCCAUGUUUGAUGUAUCUGAGCAGGUUGCUCCAC
AGGUAGCUCUAGGAGGGCUGGCAACUVAGAGGUGGGGAGCAGAGAA
UUCUCUUAUCCAACAUCAACAUCUUGGUCAGAUUUGAACUCUUCAA
UCUCUUGCACUCAAAGCUUGUUAAGAUAGUUAAGCGUGCAUAAGUU
AACUUCCAAUUUACAUACUCUGCUUAGAAUUUGGGGGAAAAUUUAG
AAAUVAUAAUUGACAGGAUUAUUGGAAAUUUGUUAUAAUGAAUGAA
ACAUUULUGUCAUAUVAAGAUUCAUAUUUACUUCUUVAUACAUUUGAUA
AAGUAAGGCAUGGUUGUGGUUAAUCUGGUUUATLTUUUGUUCCACAA
GQUUAAAUTAAAUCAUAAAACUUGA (SEQ ID NO: 571

B2M Gene
{GenBank:
367}

AAGTGGAGGCOCTCOCGCTGCCGGGCATTCCTGAAGCTGACAGCATTCG
GGUCCGAGATOTCTCGCTCCGTGOCCTTAGCTGTGCTCGCGCTACTITCT
CTITCTGGCCTGGAGGUTATCCAGCGTGAGTCTCTCCTACCCTCCCGT
CTGOTCCTICCTCTCCCGCTCTOCACCCTCTOTGGCCCTCGOTOTGOTCT
CTCGCTCCGTGACTTCCCTICTCCAAGTICTCOTTGOGTOGCCCGCOGTE
GOGGCTAGTCCAGGGLCTGGATCTCGGGGAAGCGOLGHGGTGGLCTGRE
AGTGGOGAAGGGGGTGCGCACCOGGGACGCGUGCTACTTIGCCCCTTIC
GGCGGGGAGCAGGGGAGACCTTTGOCCTACGGCGACGGGAGGETCGE
GACAAAGTTTAGGGCGTCGATAAGCGTCAGAGCGCCGAGGTTIGGGGE
AGGGTTTICTCTTCCGUTCTTTICGCGGGGCCTCTOGCTCCCCCAGCGUAD
CTGGAGTGGGOGGACGGOTAGGCTCOTCCCAAAGGCGCGGCGCTGAGG
TITOGTGAACGCGTGGAGGGOGCGOTTIGGGOTCTGOGGOGAGGCGTCGCCC
GOGTAAGCCTGTCTGCTGCGGCTCTGCTTCCCTTAGACTGGAGAGCTGY
GOACTICOTCTAGGCGCCCOGCTAAGTICGCATGTCCTAGCACCTCTGG
GTCTATGTGGGGUCACACCGTGGOGAGGAAACAGCACGUCGACGTTIGT
AGAATGCTTGGUTGTGATACAAAGCGOTITCGAATAATTAACTTATIT
GTTCCCATCACATGTCACTTITAAAAAATTATAAGAACTACCCGTTATT
GACATCTTITCTGTGTGCCAAGGACTTTATGTGCTTTIGCGTCATTTAATY
TIGAAAACAGTTATCTICCOGCCATAGATAACTACTATGOGTTATCTICTG
CCTCTCACAGATGAAGAAACTAAGGCACCGAGATTTTAAGAAACTTAA
TTACACAGGGGATAAATGGCAGCAATCGAGATTGAAGTCAAGCCTAA
CCAGGGCTTTTGCGGGAGCGCATGCCTTTTIGGUTGTAATTCGTGCATIT
TITTTTAAGAAAAACGCCTGCCTICTGCGTGAGATTICTCCAGAGUAAA
CTGGOGCGOCATGCGOCCTOTOOTCTITITCCTACAGAGGGUTTICCTCTIT
GOUTCTTITGCCTGOTTOTTTCCAAGATOTACTOTGCCTCTTACTTICGOT
TITGAAAACATCGAGGOGGTTGOGGCGTGGTAGCTTACGCOTGTAATCCC
AGCACTTAGGGAGGCCGAGGCGGGAGGATOGGCTTGAGGTCCGTAGTT
GAGACCAGCCTGGCCAACATGGTGAAGCCTGGTCTCTACAAAAAATAA
TAACAAAAATTAGCCGGGTOTGGTGGCTCGTGCCTGTGGTCCCAGCTG
CTCCGOTGGUTGAGGCCGCGOAGGATCTCTIGAGUTTAGGCTTITGAGCT
ATCATGGCGCCAGTGCACTCCAGCOTGGGCAACAGAGUGAGACCCIGT
CTCTCAAAAAAGAAAAAAAAAAAAAAAGAAAGAGAAAAGAAAAGAA
AGAAAGAAGTGAAGOGTTTGTCAGTCAGGOGAGCTGTAAAACCATTAA
TAAAGATAATCCAAGATGOGTTACCAAGACTGTTIGAGGACGCCAGAGAT
CTTGAGCACTTTCTAAGTACCTGGCAATACACTAAGCGCGCTCACCTTT
TCCTCTGGCAAAACATCGATCGAAAGCAGAATGTTTIGATCATGAGAAA
ATTGCATTTAATTTGAATACAATITATTTACAACATAAAGGATAATGTA
TATATCACCACCATTACTGOTATTIGCTGGTTATGTTAGATETCATTTT
AAAAAATAACAATCTCGATATTTAAAAAAAAATCTTATTTIGAAAATIT
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Target

Sequence

CCAAAGTAATACATGCCATCGCATAGACCATTICTGGAAGATACCACAA
GAAACATGTAATCGATCGATTGCCTCTGAAGGTCTATTITCCTCCTCTGAL
CTGTGTGTGGOGTTTIGTTITIOTITTACTGTGGGCATAAATTAATITTTIC
AGTTAAGTTITTGGAAGCTTAAATAACTCTCCAAAAGTCATAAAGCCAG
TAACTGGTTGAGCCCAAATTCAAACCCAGCCTGTCTGATACTTIGTCCTC
TTCTTAGAAAAGATTACAGTGATGCTCTCACAAAATCTTGCCGCCTICL
CTCAAACAGAGAGTTCCAGGCAGGATGAATCTGTGCTCTGATCCCTGA
GGCATITAATATGTICTTATTATTAGAAGUTCAGATGCAAAGAGCTCTC
TTAGCTTTTAATGTTATGAAAAAAATCAGGTCTTCATTAGATICCCCAA
TCCACCTCTTGATGGOGOCTAGTAGCCTTITCCTTAATCGATAGGOTGTTIC
TAGAGAGATATATCTGGTCAAGGTGGCCTGGTACTCCTCCTTCTCCCCA
CAGCCTCCCAGACAAGGAGGAGTAGCTGCCTTITAGTGATCATGTACC
CTGAATATAAGTOTATTTAAAAGAATTTTATACACATATATITAGTGTC
AATCTGTATATITAGTAGCACTAACACTTICTCTTCATTITCAATGAAAA
ATATAGAGTTTATAATATTITCTTCCCACTTCCCCATGGATGGTCTAGT
CATGCCTCTCATTTTGGAAAGTACTOTTTCTCGAAACATTAGGCAATATA
TICCCAACCTOGGCTAGTTTACAGCAATCACCTGTGGATGCTAATTAAA
ACGCAAATCCCACTOTCACATGCATTACTCCATITGATCATAATGGAA
AGTATGTICTGTCCCATTTGCCATAGTCCTCACCTATCCOCTGTIGTATTT
TATCGOGTCCAACTCAACCATITAAGGTATTIGCCAGCTCTIGTATGCA
TTTAGGTTITIGTTTICTTTGTTTTTTAGCTCATGAAATTAGGTACAAAGTC
AGAGAGGGGTUTGGCATATAAAACCTCAGCAGAAATAAAGAGGTTIT
GTITOTTTGOTAAGAACATACCTTIGOOTTIGOTICGGCACGGTGGCTCGT
GCCTGTAATCCCAACACTTTGGUAGGCCAAGGCAGGCTGATCACTIGA
AGTTGGGAGTTCAAGACCAGCCTOGGCCAACATGOTCGAAATCCCGTCTC
TACTGAAAATACAAAAATTAACCAGGCATGGTGGTGTGTGCCTGTAGT
CCCAGGAATCACTTGAACCCAGGAGGCGGAGGTTGCAGTGAGCTGAG
ATCTCACCACTGCACACTGUCACTCCAGCCTGGGCAATOGAATGAGATT
CCATCCCAAAAAATAAAAAAATAAAAAAATAAAGAACATACCTIGGE
TTGATCCACTTAGGAACCTCAGATAATAACATCTGCCACGTATAGAGC
AATTGCTATCTCCCAGGUACTCTACTAGACACTTCATACAGTITAGAA
AATCAGATOGGTGTAGATCAAGGCAGGAGCAGGAACCAAAAAGAAAG
GCATAAACATAAGAAAAAAAATGGAAGGGOTGGAAACAGAGTACAAT
AACATGAGTAATTTGATOGGGGGCTATTATGAACTGAGAAATGAACTTT
GAAAAGTATCTTGGGGCCAAATCATGTAGACTCTTIGAGTGATGTGTTA
AGGAATGCTATGAGTGCTGAGAGGGCATCAGAAGTCCTTGAGAGLCTC
CAGAGAAAGGCTCTTAAAAATGCAGCGUAATCTCCAGTGACAGAAGA
ACTGCTAGAAATCTGCTAGAAAAAAAACAAAAAAGGCATGTATAGA
GOAATTATGAGGGAAAGATACCAAGTCACGOTTTATICTTCAAAATGG
AGGTGGCTTGTTIGGGAAGOGTGUAAGCTCATTTOGGCCAGAGTGUGAAATG
GAATTGGGAGAAATCGATGACCAAATGTAAACACTTIGGTGCCTGATAT
AGCTTGACACCAAGTTAGCCCCAAGTGAAATACCCTGGCAATATTAAT
GIGTCTTTICCCGATATTCCTCAGGTACTCCAAAGATTCAGGTITACTC
ACGTCATCCAGCAGAGAATGGAAAGTCAAATTTCCTGAATIGCTATGT
GTCTGGGTTICATCCATCCGACATIGAAGTTGACTTACTGAAGAATGG
AGAGAGAATTGAAAAAGTGGAGCATTCAGACTIGTCTTTCAGCAAGGA
CTGOTCTTTCTATCTCTTGTACTACACTGAATICACCCCCACTGAAAAA
CATGAGTATOCCTGCCOTGTGAACCATGTCGACTTITGTCACAGCCCAAG
ATAGTTAAGTGGGGTAAGTCTTACATICTITIGTAAGCTGCTGAAAGTT
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Target

Sequence

OGTGTATGAGTAGTCATATCATAAAGCTGUTTTGATATAAAAAAGGTCT
ATGGCCATACTACCCTGAATGAGTCCCATCCCATCTGATATAAACAAT
CTGCATATTGGOATTGTCAGGGAATGTTCTTAAAGATCAGATTAGTGG
CACCTGCTGAGATACTCGATGCACAGCATGGTTTCTGAACCAGTAGTTT
CCCTGCAGTTGAGCAGGGAGCAGCAGCAGCACTIGCACAAATACATATY
ACACTCTTAACACTICTTACCTACTGGUTTCCTCTAGCTTITIGTGGCAG
CTTCAGGTATATTTAGCACTGAACGAACATCTCAAGAAGGTATAGGCC
TITOTTIGCTAAGTCCTGCTOTCCTAGCATCCTATAATCCTGGACTTICTCC
AGTACTTTCTGGCTGGATTGOTATCTGAGGCTAGTAGGAAGGGCTTGT
TCCTGCTGGOTAGCTCTAAACAATGTATTCATGOGOTAGGAACAGCAGC
CTATTCTGCCAGCCTTATTICTAACCATTTTAGACATTIGTTAGTACAT
GOTATTTTAAAAGTAAAACTTAATGTCTICCTTITITTITTCTCCACTGTCT
TITICATAGATCCAGACATGTAAGCAGCATCATGCAGGTAAGTITITG
ACCTTGAGAAAATGTTTTIGTTTCACTGTCCTGAGGACTATITATAGAC
AGCTCTAACATGATAACCCTCACTATCGTGOAGAACATIGACAGAGTAA
CATTTTAGCAGGGAAAGAAGAATCCTACAGGGTCATOTTCCCTTICTCC
TCTGGAGTGGCATGAAGAAGGTGTATGGCCCCAGGTATGGCCATATTA
CTGACCCTCTACAGAGAGGGCAAAGGAACTGCCAGTATGGTATTGCAG
GATAAAGGCAGGTGGTTACCCACATTACCTGCAAGGCTTTGATCTTICT
TCYGCCATITCCACATIGGACATCTICTGCTGAGGAGAGAAAATGAACC
ACTCTTTICCTTTIGTATAATGTIGTITTATICTTICAGACAGAAGAGAGG
AGTTATACAGCTCTGCAGACATCCCATICCTGTATGGGGALCTGTIGTTIC
CCTCTTAGAGGTTCCCAGGUCACTAGAGGAGATAAAGGGAAACAGATT
GTTATAACTTGATATAATGATACTATAATAGATGTAACTACAAGGAGC
TCCAGAAGCAAGAGAGAGGGAGGAACTTGCACTTICTCTGCATCTTTAG
TIGGAGTCCAAAGGCTITTCAATGAAATTCTACTGCCCAGGGTACATY
GATGCTGAAACCCCATTCAAATCTCCTGTTATATICTAGAACAGGGAA
TTGATITGGGAGAGCATCAGGAAGGTGGATGATCTGCCCAGTCACACT
GTTAGTAAATTIGTAGAGCCAGGACCTGAACTCTAATATAGTCATGTGT
TACTTAATGACGGGOGACATOGTTCTCGAGAAATGCTTACACAAACCTAGG
TGTTGTAGCCTACTACACGCATAGGUTACATGOTATAGCCTATIGCTEC
TAGACTACAAACCTGTACAGCCTGTTACTGTACTGAATACTGTGGGCA
GTTGTAACACAATGOTAAGTATITGTGTATCTAAACATAGAAGTTGCA
GTAAAAATATGCTATTTTAATCTTATGAGACCACTGTCATATATACAGT
CCATCATTGACCAAAACATCATATCAGCATTITTTTCTTICTAAGATTTTG
GGAGCACCAAAGGGATACACTAACAGGATATACTCTTITATAATGGGTT
TGCGAGAACTOTCTGCAGCTACTTICTITTAAAAAGGTCGATCTACACAGT
AGAAATTAGACAAGTTTOOTAATCGAGATCTGCAATCCAAATAAAATAA
ATTCATTGCTAACCTTTTICTITICTTITTCAGOGTTITGAAGATGCCGCATT
TGOATTGGATCGAATTCCAAATTCTGUCTTGCTTGCTTTTTAATATIGATA
TGCTTATACACTTACACTITATGCACAAAATGTAGGGTTATAATAATGT
TAACATGGACATGATCTTCTTTATAATICTACTTIGAGTGCTGTCTCCA
TGTTTGATGTATCTGAGCAGOGTTGUTCCACAGGTAGCTCTAGGAGGGC
TGGCAACTTAGAGGTGGGGAGCAGAGAATICTUTTATCCAACATCAALC
ATCTTGGTCAGATITGAACTCTTCAATCTCTIGCACTCAAAGCTTGTTA
AGATAGTTAAGCOGTGCATAAGTTAACTTICCAATITACATACTCTGCTTA
GAATTTGOGGGAAAATTITAGAAATATAATTCGACAGGATTATTGGAAAT
TTGTTATAATCAATCAAACATITIGTCATATAAGATICATATTTACTIC
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Target

Sequence

TTATACATTTGATAAAGTAAGGCATGOTTGTGGTTAATCTGOTITATTT
TTGTTCCACAAGTTAAATAAATCATAAAACTTGA (SEQ ID NG: 572)

HLA-
A*Q2:01:0
1:01
sequence
encoding
mRNA

CAGAAGCAGAGGGGTCAGGGCGAAGTCCCAGGOCCCCAGGUGTGGCT
CTCAGGUGTCTCAGGCCCCGAAGGCGGTOTATGCGATTIGGGGAGTUCCAG
CCTTGGGOGATTCCCCAACTCCGCAGTTTICTTITCTCCCTCTCCCAACCT
ATGTAGGOGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTICTCAC
TCCCATTGOGGTOTCGOGOTITCCAGAGAAGCCAATCAGTGTCGTCGCGE
TCGCGGTTCTAAAGTCCGCACGCACCCACCGGUACTCAGATICTCCCC
AGACGCCGAGGATOGCCGTCATGECGCUCCGAACCCTCGTCOTGCTAL
TCTCGGGOGGCTCTGGUCCTGACCCAGACCTGGOCGLOGCTCTCACTCCA
TOGAGGTATTICTTCACATCCGTOGTCCOGGUCCGGCCGCGGGGAGECCC
GCTTCATCGCAGTGOGUTACGTGGACGACACGCAGTTUGTGCGOTICG
ACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGOGOGCCGTGUGATA
GAGCAGGAGGGTCCGGAGTATTOGGACGGGGAGACACGUGAAAGTGAA
GGCCCACTCACAGACTCACCGAGTGGACCTGGOGGACCCTGCGCGOGCTA
CTACAACCAGAGCGAGGCCGHGTTICTCACACCGTCCAGAGGATGTATGG
CTGCQACGTOGOGTCOGACTGGCGCTTICCTCCGCGGGTACCACCAGTA
CGCCTACGACGGCAAGGATTACATCGCCCTCGAAAGAGGACCTGCGCTC
TTGGACCGUGGUGGACATGGCAGUTCAGACCACCAAGCACAAGTGGE
AGGCGGCCCATGTGCCGGAGCAGTTGAGAGCCTACCTGGAGGGCACG
TGCOGTGGAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGET
GCAGCGCACGGACGCCCCCAAAACGCATATGACTCACCACGCTGTCTC
TGACCATGAAGCCACCCTGAGGTGCTGGGCCCTGAGCTTCTACCOTGC
GGAGATCACACTGACCTGGCAGCGGUGATGGOGAGCACCAGACCCAGG
ACACGGAGCTCGTGGAGACCAGGUCTGCAGGGCGATGGAACCTICCAG
AAGTGGGUGGCTETOO TGO TGCCTTIUTGGACAGGAGCAGAGATACALCC
TGCCATGTGCAGCATGAGGGTTTGCCCAAGCCOCTCACCCTGAGATOG
GAGCCOTCTTCCCAGCCCACCATCCCCATCGTGGOGCATCATTIGCTGGCC
TGOTTCTCTTTGCGAGCTGTGATCACTGGAGCTGTGGTCGCTGCTGTGAT
GTGGAGGAGGAAGAGCTCAGATAGAAAAGCGAGGGAGCTACTCTCAGG
CTGCAAGCAGTGACAGTGLUCCAGGGUTCTCATGTGTCTCTCACAGCTT
GTAAAGTGTGAGACAGCTGCCTTIOTGTGGGACTGAGAGGCAAGAGTTG
TTCCTGCCCTICCOTTIGTGACTTGAAGAACCCTGACTTIGTITCTGCA
AAGGCACCTGCATGTOTCTGTGTTICOTGTAGGCATAATGTCGAGGAGGT
GOOGAGACCACCCCACCCCCATGTCCACCATCACCCTCTTCCCACGCT
GACCTGTOGCTCCCTCCCCAATCATCTTICCTGTTCCAGAGAGGTGGGGT
TGAGGTGTCTCCATCTCTGTCTCAACTTCATGOTGCACTGAGCTGTAAC
TICTTCCTICCCTATTAAAA (SEQID NO: 573

HLA-A*(2
{GenBank:

LKO21978.
1y

ATGGCCOGTCATGGUGCCCCCAACCCTCOGTCCTOCTACTCTCGGGGGET
CTGOGCCCTGACCCAGACCTGGGCGGGTGAGTGCGOGOTCGGGAGGGA
AACGGCCTCTGTGOGGAGAAGCAACGGGCCCGUCTGGCGGGGGIGCA
GGACCCGOGAAGCCGLGCCGGHAGGAGGUTCOGGLGHGTCTCAGCCA
CTCCTCGTCCCCAGGCTCTCACTCCATGAGGTATTTCTTCACATCCGTG
TCCCGGCCCGGLLCGUGGHGAGCCLCCGCTTCATCGCAGTGGGCTACGTG
GACGACACGCAGTTCOTGCGGTTCGACAGCGACGUCGCGAGCCAGAG
GATGGAGCCGCOGGCGCCGTCOATAGAGCAGGAGGGTCCGGAGTATT
GOUACGGGGAGACACGGAAAGTGAAGGCCCACTCACAGACTCACCGA
GTGGACCTGGGGACCCTGCOGCOGGITACTACAACCAGAGCGAGGCCGH
TOAGTGACCCCGGCCCGOGGUGCAGUTCACGACCTCTCATCCCCCACG
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Target

Sequence

GACGGGCCAGGTCGCCCACAGTCTCCOGOOTCCCAGATCCGCLCCCGAAG
CCGCGGUACCCCCAGACCCTTGCCCCGGGAGAGGCCCAGGCGOOTTTA
CCCGOTTTCATITICAGTTITAGGCCAAAAATCCCCCCAGOGTTOGOTCGGE
GCGGGGLGGHHEITCGGOGGACCGOGGLTGACCGCGGGUTCCGGGLCAG
GTTCTCACACCGTCCAGAGGATOTATGUGCTGCGACGTGGGGTCGGACT
GGCGCTTCCTCCGCGGUTACCACCAGTACGUCTACGACGGCAAGGATT
ACATCGCCCTGAAAGAGGACCTGCGCTCTTTGACCGUGGUGGACATGE
CAGCTCAGACCACCAAGCACAAGTOOGAGGCGGCCCATUTGGLGGAG
CAGTTGAGAGCCTACCTGGAGGGCACGTGCOGTGGAGTOGGCTCCGCAGA
TACCTGGAGAACGGGAAGGAGACGUTGCAGCGCACGOGUGTACCAGGGG
CCACGGGGCGCCTCCCTGATCGCCTGTAGATCTCCCGGGCTGGCCTCC
CACAAGGAGGGGAGACAATIGGCACCAACACTAGAATATCGCCCTCC
CTCTGOTCCTGAGGGAGAGGAATCCTCCTGGOTITCCAGATCCTGTAL
CAGAGAGTGACTCTGAGGTICCGCCCTGUTCTCTGACACAATTAAGGG
ATAAAATCTCTGAAGGAATGACGGGAAGACCGATCOCTCGAATACTGAT
GAGTGGTTCCCTTTGACACACACAGGCAGCAGCCTTGGGCCCGTGACT
TITCCTCTCAGGCCTTGTTICTCTGUTTCACACTCAATOTOGTGTGGGGET
CTGAGTCCAGCACTICTGAGTCCTTCAGCCTCCACTCAGGTCAGGACC
AGAAGTCGCTGTTCCCTCTICAGGGACTAGAATITICCACGGAATAGE
AGATTATCCCAGGTGCCTGTGTCCAGGCTOOTGTCTGGGTICTGTGCTC
CCTTCCCCATCCCAGGTGTCCTIGTCCATTICTCAAGATAGCCACATGTGT
GCTGGAGCGAGTOTCCCATOGACAGATGCAAAATGCCTGAATGATCTGAL
TCTTCCTGACAGACGCCCCCAAAACGCATATGACTCACCACGCTGTCT
CTGACCATGAAGCCACCCTGAGGTGCTGGGUCCTGAGCTTICTACCCTG
CGOGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAG
GACACGGAGCTCGTGCAGACCAGGCCTGCAGGGGATGGAACCTTICCA
GAAGTGOGCGGCTGTGOGTGOTGCCTTCTGCGACAGGAGCAGAGATACA
CCTGCCATCGTGUCAGCATGAGGGTTTIGCCCAAGCCCCTCACCOTGAGAT
GGGGTAAGGAGGCAGACGGGGUTGTCATGTCTTTTAGGGAAAGCAGG
AGCCTCTCTGACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCOTCTTT
TCCCAGAGCCGTUTTCCCAGCCCACCATCCCCATCGTGGGCATCATTIC
TGGCCTGOTTCTCTTTGGAGCTGTGATCACTGGAGCTGTGOTCGETGCT
GTGATGTGGAGCGAGGAAGAGCTCAGGTGGGGAAGGGGTGAAGGOTGE
GICTCAGATTICTIGTCTCACTGAGGGTICCAAGACCCAGGTAGAAGT
GTGCCCTGCCTCOTTACTGGGAAGCACCACCCACAATTATGGGCCTAC
CCAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACCTGY
TAAAATCGAAGGACAGATTTATCACCTTGATTACAGCGGTCGATGGGACC
TOATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTICA
GOAGGGCGGTTGOTCCAGGACCCACACCTGCTTICTTCATGTITCOTGA
TCCCGCCCTGGOGTCTGCAGTCACACATTICTGGAAACTYCTCTGAGGTC
CAAGACTTOGAGGTTICCTCTAGGACCTTAAGGCCCTGACTCCTTITOTGG
TATCTCACAGGACATTITCTICCCACAGATAGAAAAGGAGGGAGCTAC
TCTCAGGCTGCAAGTAAGTATGAAGCGAGGCTGATGCCTGAGGTCCTTG
GOATATIGTGTITOOCAGCCCATGGGGGAGCTCACCCACCCCACAATT
CCTCCTCTAGCCACATCTICTGTGOGATCTCGACCAGGTTICTGTTITICTT
CTACCCCAGGUAGTGACAGTGCCCAGGGUTCTGATGTGTCTCTCACAG
CTTGTAAAGGTOAGAGCCTGGAGGOCCTGATOTCTGTIGGGTOTIGGG
CGOGAACAGTGGACACAGCTOTGCTATGOGOGOTITCTTTCCATTGGATGT
ATTGAGCATGLCGATGOGOCTGTTITAAAGTGTGACCCCTCACTGTGACAG
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Target Sequence

ATACGAATITGTTCATGAATATITITTICTATAGTGTGAGACAGCTGCC
TTGTGTGGGACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTIGTGAC
TTGAAGAACCCTOACTTTGTTITCTGCAAAGGCACCTGCATGTGTCTOTG
TTCGTGTAGGCATAATGTGAGGAGGTGGGGAGACCACCCCACCOCCAT
GTCCACCATGACCCTCTTCCCACGCTGACCTGTGCTCCCTCCCCAATCA
TCTTTCCTGTICCAGAGAGGTGGGGCTGAGGTGTCTCCATCICTGTICTC
AACTTCATGGTGCACTGAGCTGTAACTTCTTCCTTCCCTATTAAAA
(SEQ ID NO: 574)

{3423} The person of ordinary skill in the art will appreciate that T can be substituted for U to
convert an RNA sequence to a DNA sequence and vice versa, and both are envisaged as
target gene sequences of the disclosure.

(6424} In some embodiments, a target gone is edited in the nunune cells described herein
using a nucleic acid guided endonuclease. Exemplary nucleic acid guided endonucleases
include Class I endonucleases, such as CRISPR/Cas9.

[0425] “CRISPR” or “CRISPR gene editmg” as used herein refers to a set of clustered
regularly interspaced short palindromic repeats, or a system comprising such a set of repeats.
“Cas”, as used herein, refers to a CRISPR-associated protein. A “CRISPR/Cas” system refors
1o a svstem derived from CRISPR and Cas which can be used to silence, knock out, or mutate
atarget gene. This system is a type of prokarvotic immune system that confors resistance to
foreign genetic elements such as plasmids and phages and provides a form of acquired
immunity. The CRISPR/Cas system has been modified for use in gene editing. This is
accomplished by ntroducing into the eukarvotic cell a one or more specifically designed
guide nucleic acids (gNAs), typically gude RNAs (gRNAs), and an appropnate Cas
endonuclease which forms a nbonuckeoprotein complex with the gNA. The gNA guides the
eNA-~cndonuclease protein complex to a target genomic location, and the endonucicase
introduces a strand break at the target genomic location. This double strand break can be
repaired by cellular mechanisms such non-homologous end joining (fcading to deletions) or
homologous repair (which can generate insertions), thereby mtroducing genetic modifications
wmto the host cell genome.

13426] CRISPR/Cas systems are classified by class and by type. Class 2 systems currently
represent a single interference protein that is categorized o three distinct tvpes (types L V
and VI}. Any class 2 CRISPR/Cas system suitable for gene editing, for example atype ll, a
tyvpe V or atype VI system, is envisaged as within the scope of the instant disclosure.

Exemplary Class 2 type H CRISPR systems inclade Cas9, Csn? and Cas4. Exemplary Class
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2, type V CRISPR systems melude, Casl2, Cas12a {Cpfl), Casl2b (C2¢1), CasiZe ({2¢3),
Casi2d (CasY), CaslZe (CasX), Casi2f Casi2g, CasiZh, Casl2i and CaslZk (C2c5).
Exenplary Class 2 Type V1 systerns include Casl3, Casi3a (C2¢2) Casi3b, Casi3c and
Casi3d.

13427] The CRISPR sequence, sometimes called a CRISPR locus, comprises alternating
repeats and spacers. In a naturally-occurning CRISPR, the spacers usually comprise
sequences foreign to the bacteriam such as a plasmid or phage sequence. As described herein,
spacer sequences may also be referred to as “targeting sequences.” In CRISPR/Cas systems
for a genctic engincering, the spacers are derived from the target gene sequence {the gNA).
[3428] An exemplary Class 2 type H CRISPR system relies on the protein Cas®, which isa
nuclease with two active cutting sttes, one for cach sirand of the double helix. Combining
Cas?® and madified CRISPR locus RNA can be used in a system for gene editing. Pennisi
(2013} Science 341: 833-836. In some embodiments, the Cas protein used to modify the
immune cells is Cas9.

(8429} The CRISPR/Cas system can thus be used to edit a target gene, such as a gene
targeted for editing in the invnune cells described herein, by adding or deleting a base pair, or
wntroducing a premature stop wihich thus decreases expression of the target. The CRISPR/Cas
system can alternatively be used like RNA interference, tuming off a target gene in a
reversible fashion. In a mammalian cell, for example, the RNA can guide the Cas proteinto a
target gene promoter, sterically blocking RNA polymerases.

(6438 A Cas protein may be dertved from any bacterial or archaeal Cas protein. Any
suitable CRISPR/Cas system is envisaged as within the scope of the instant disclosure. In
other aspects, Cas protein comprises one or more of Casl, CasiB, Cas2, Cas3, Cas4, Cas5,
Cas6, Cas?, Cask, Cas9, Casl0, Casl2a (Cpfl), Casi3, Csyl, Cev2, Csy3, Csel, Cse2, Uscl,
Csc2, Csal, Csn2, Csm2, Csm3, Csmd, CamS, Cam6, Cmrl, Conr3, Cmrd, Cmr5, Cmr,
Csbl, Csb2, Csb3, Cex17, Csx14, Cex10, Csx16, CsaX, Csx3, Csxi, Csx15, Csfl, Ust?,
Csf3, Caf4, CasX, CasY, homologs thereof, or modified versions thereof. In some
embodiments, the Cas protein is a Cas9 protein, a Cpfl protein, a C2¢1 protein, a C2¢2
protein, a £2¢3 protein, Cas3, Cas3-HD, Cas 5, Cas?, Cas8, CaslO, or convbinations or
complexes of these. In some embodiments, the Cas protein is a Cas9 protein.

3431} Artificial CRISPR/Cas systems can be generated which inhibit a target gene, using
technology known in the art, ¢.g., that described in U.S. Publication No. 20140068797 and
Coung (2613} Science 339: 819-823. Other artificial CRISPR/Cas systems that are known in

the art may also be generated which inhibit a target gene, e.g., that described in Tsai (2014)
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Nature Biotechnol., 32:6 569-376, U.S. Pat. Nos. §,871,443; 8,865,406; 8,795,965,
8.771.945; and 8,697,359, Methods of designing suitable gNAs for a particular Cas protein
will be known by persons of ordinary skill m the art.

[3432] The present disclosure provides gene-targeting guide nucleic acids (gNAs) that can
direct the activities of an associated polypeptide {¢.g., nucleic acid guided cndonuciease) to a
specific target gene sequence within a target sucleic acid genome. The genome-targeting
nucleic acid can be an RNA. A genome-targeting RNA 15 referred o as a “guide RNA” or
“oRNA” herein. A guide RNA can comprise at least a targeting sequence that hvbridizes to a
target nucleic acid scquence of interest, and a CRISPR repeat sequence. fn some Type I
systems, the gRNA also comprises a second RNA called the tracsRNA sequence, also
referred to heretn as a “scaffold” sequence. In the Tyvpe I guide RNA (gRNA), the CRISPR
repeat sequence and scaffold sequence hybridize to each other to form a duplex. In the Type
V guide RNA {(gRNA), the crRNA forms a duplex. In both systoms, the duplex canbind a
site-directed polypeptide, such that the guide RNA and site-directed polypeptide form a
complex. The gene-targeting nucleic acid can provide target specificity to the complex by
virtue of its assoctation with the site-directed polypeptide. The gene-targeting nucleic acid
thus can direct the activity of the site-directed polvpeptide.

13433} In some embodiments, the disclosure provides a ginde RNA comprising a targeting
sequence and a guide RNA scaffold sequence, wherein the targeting sequence is
complementary to the sequence of a target gene.

(0434} Exemplary guide RNAs include targeting sequences of aboat 15-20 bases. Ag is
understood by the person of ordinary skill in the art, cach gRNA can be designed to include a
targeting sequence complementary to 1fs genomic target scquence. For example, cach of the
targeting sequences, ¢.g., the RNA version of the DNA sequences presented in

13435] Table 19, minus the three 37 nucleotides which represent that PAM site, can be put
into a single RNA chimera or a crRNA.

(6436} The gene targeting nucleic acid can be a double-molecule guide RNA. The gene
targeting nucleic acid can be a single-molecale guide RNA. The gene targeting mucleic acid
can be any known configuration of guide RNA known 1o the art, such as, for example,
mcluding paired gRNA, or multiple gRNAs used i a single step. Although it is clear from
genomic seqaences where the coding sequences and splice junctions are, other features
required for gene expression may be wdiosyncratic and unclear.

(6437} A double~molecule guide RNA can comprise two strands of RNA. The fust strand

comprises a sequence in the 5' to 3 direction, an optional spacer extension sequence, a
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targeting sequence and a minimum CRISPR repeat sequence. The second strand can
comprise a minimum tractRNA sequence {complementary to the minmom CRISPR repeat
sequence), a 3’ tracrRNA sequence and an optional tractTRN A extension sequence.

13438} A single-molecule gunde RNA (sgRNA) in a Type H system can comprise, in the 5" to
3" direction, an optional spacer extension sequence, a targeting sequenee, a minmum
CRISPR repeat sequence, a single-molecule guide hinker, a mivowm tractRNA sequence, a
3" tractRNA sequence and an optional tracrRNA extension sequence. The optional tracrRNA
extension can comprise clements that contribute additional functionahty {e.g., stability} to the
guide RNA. The single-molecule guide linker can link the minimum CRISPR repeat and the
munimum tractBNA sequence to form a bairpin structure. The optional tracrRNA extension
can comprise one or more hairping.

13439] In some embodiments, guide RNA or single-molecule guide RNA {sgRNA) can
comprise a targeting sequence and a scatfold sequence. In some embodiments, the scaftold
sequence is a Cas? gRNA sequence. In some embodiments, the scaffold sequence is encoded
by a DNA sequence that comprises a sequence that shares at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTT (SEQ D NG: 575). In some embodiments,
the scaffold sequence is encoded by a DNA sequence that comprises
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCOGTGCTTTTTTT (SEQ 1D NO: 573},

6444 In some embodiments, for example those embodiments where the CRISPR/Cas
system 18 a CasY systom, the sgRNA can comprise a 20 nucleotide targeting sequence at the
5" end of the sgRNA scquence. The sgRNA can comprise a less than a 20 nuclestide targeting
sequence at the 5’ ond of the sgRNA sequence. The sgRNA can comprise a more than 20
nucleotide targeting sequence at the 5’ ond of the sgRNA sequence. The sgRNA can comprise
a variable length targeting sequence with 17-30 nucleotides at the 3 end of the sgRNA
sequence.

{6441} Suitable scaffold sequences, and arrangement of scaffold targeting sequences, wilk
depend on choice of endonuclease, and will be known to persons of skill in the art.

13442] A single-molecule ginde RNA (sgRNA} in a Type Hsysiem, e.g. Cas9, can comprise,
in the 5" to 3’ direction, a miminuun CRISPR repeat sequence and a targeting sequence.

[6443] By way of tllustration, guide RNAs used in the CRISPR/Cas9 or CRISPR/Cpfl

system, or other smaller RNAs can be readily synthesized by chemical means, as illustrated

138



(4

10

[
v

2
W

30

WO 2022/177979 PCT/US2022/016582

below and described in the art. While chemical synthetic procedures are continually
expanding, purifications of such RNAs by procedures such as high performance liquid
chromatography (HPLC, which avoids the use of gels such as PAGE]) tends to become more
challenging as polynucleotide lengths increase significantly bevond a hundred or so
nucleotides. One approach used for generating RNAs of greater length is to produce two or
more molecules that are ligated together. Much longer RNAs, such as those encoding a Cas®
or Cpfl endonuclease, are more readily generated enzymatically. Various types of RNA
modifications can be introduced during or after chemical syanthesis and/or enzymatic
gencration of RNAs, ¢.g., modifications that enhance stability, reduce the likelihood or
degree of imate immune response, and/or enhance other atiributes, as described in the art.
13444} [423] The targeting sequence of a gRNA hybndizes to a sequence i a target nueleic
acid of interest. The targeting sequence of a genome-targeting nucleic acid can interact with a
target nucleic acid 1 a sequence-specific manner via hybridization (i.¢., base pairing). The
nucleotide sequence of the targeting sequence can vary depending on the sequence of the
target nucleic acid of mterest.

[0445] o a Cas9 system described herein, the targeting sequence can be designed to
hybridize to atarget nucleic acid that 1s located 5" of the reverse complement of a PAM of the
Cas? enzyme used in the system. The targeting sequence may perfectly match the target
sequence or may have mismatches. Each CRISPR/Cas system protein may have a particular
PAM sequence, in a particular orientation and position, that 1t recognizes in a target DNA.
For example, S. pvogenes Cas® recognizes in a target nucleic acid a PAM that comprises the
sequence 3'-NRG-3', where R comprises either A or G, where N is any nucleotide and N is
mmediately 37 of the target nucleic acid sequence targeted by the targeting sequence.
Selection of appropriate PAM sequences will be apparent to the person of ordinary skill in
the art.

[6446] The target sequence is complementary 1o, and hvbridizes with, the targeting sequence
of the gRNA. The target nucleic acid scquence can comprise 20 nucleotides. The target
nucleic acid can comprise less than 20 nucleotides. The target nucleic acid can comprise
more than 2C nucleotides. The target nucleic acid can comprise at least: 5, 16, 15, 16, 17, 18,
19,20, 21,22, 23, 24, 25, 30 or more nucleotides. In some embodiments, for example those
embodiments where the CRISPR/Cas system 1s a CasY system, the target nocleie acid
sequence can comprise 20 nucleotides immediately 8 of the first nucleotide of the reverse
complement of the PAM sequence. This target nucleic acid scquence is often referred to as

the PAM strand or a target strand, and the complementary nucleic acid seguence is often

139



(4

10

[
v

2
W

30

WO 2022/177979 PCT/US2022/016582

referred to the non-PAM strand or non-target strand. One of skill in the art woeld recognize
that the targcting sequence hybridizes to the non-PAM strand of the target nucleic acid, see
c.g., USZ0100185849A1

13447 In some examples, the percent complementarity between the targeting sequence and
the target nucleic acid is at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 65%, at least about 709, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 9539, at least about 97%, at least about
8%, at least about 99%, or 160%. In some examples, the percent complementarity between
the targeting sequence and the target nucleic acid i1s at most about 30%, at most about 40%, at
most about 50%, at most about 60%, at most about 65%, at most about 70%, at most about
73%, at most about 80%, at most abowt €5%, at most about 90%, at most about 95%, at most
about 97%, at most about 98%, at most about 99%, or 100%. In some examples, the percent
complementarity between the targeting sequence and the target nucleic acid is 100% over the
six contiguous 5'-most nucleotides of the target sequence of the complementary strand of the
target nucleic acid. The percent complementarity between the targeting sequence and the
target nucleic acid can be at least 60% over about 20 contiguous nucieotides. The length of
the targeting sequence and the target nucleic acid can differ by 1 1o 6 nucleotides, which may
be thought of as a bulge or bulges.

16448} The targeting sequonce can be designed or chosen using computer programs kaown to
persons of ordinary skill in the art. The computer program can use variables, such as
predicted melting temperature, secondary structure formation, predicted annealing
temperature, sequence identity, genomic context, chromatin accessibility, % GC, frequency
of genomic occurtence {¢.g., of sequences that are identical or are similar but vary in one o1
more spots as a result of mismatch, msertion or deletion), methylation status, presence of
ShPs, and the like. Available computer programs can take as input NCBI gene 1Ds, official
gene symbols, Ensernbl Gene IDs, genomic coordinates, or DNA sequences, and create an
output file containing sgRNAs targeting the appropriate genomic regions designated as input.
The computer program may also provide a summary of statistics and scores indicating on-
and offtarget binding of the sgRNA for the target gene {Doench et al. Nat Biotechnol.
34:184-191 (2016)). The disclosure provides guide RNAs comprising a targeting sequence. In
some embodiments, the guide RNA further comprises a guide RNA scaffold sequence. In
some embodiments, the targeting sequence s complementary to the sequence of a target gene
selected from the group consisting of HLA-A, HLA-B, HLA-C, BZM or an allele thereof, In

some embodiments, the target gene is an HLA-A gene. In some embodiments, the target gene
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13 an HLA-B gene. In some embodiments, the target gene 1s an HEA-C gene. In some
embodiments the target gene s HLA-A, HLA-B, HLA-C, or a combination thereof. In some
crabodiments, targeting sequence comprises a sequence that shares about 90%, about 95%,
about 96%, about 7%, about 98%, about 99% identity to or is identical to a sequence
disclosed m Table 18

16449} Table 19

(4

0438 In some embodiments, the gNAs specifically target the sequence of an endogenous

HLA-A. In some embodiments, the gNAs that specifically target the sequence of an HLA-A

locus comprise a sequence that shares about 90%, about 95%, about 96%, about 97%, about
10 98%, or about 99% identity to a sequence selected from the sequences disclosed in

13451 Table 19 In some embodiments, the gNAg that specifically target the sequence of an

HLA-A locus comprise a sequence selected from the sequences disclosed in

(64382} Table 19. In some cmbodiments, the gNAs that specifically target the sequence of an

HLA-A locus comprise a sequence set forth in any one of SEQ ID NO: 576-8650.

J—
v

(6453} In some embodiments, the gNAs specifically target a sequence of HLA-A*02 alleles.
For example, the gRNAs specifically target, and hvbrnidize to, a sequence shared by all HLA-
A¥(2 alleles, but that is not shared by HLA-A¥02 and HLA-A*03. Tn some embodiments, the
gNAs specifically target a sequence of HLA-A*02:01 alleles. In some embodiments, the
eNAs specifically target a sequence of HLA-A*®02:01:01 alleles. In some embodiments, the
2 gNAs specifically target a sequence of HLA-A*02:01:01:01 alleles. In some embodiments,
the gNAs specifically target a sequence of HLA-A¥02:01:01:01 alleles. In some
embodiments, the gNAs specifically target a coding DNA sequence of HLA-A*(Z.

[0454] In some embodments, the gNAs specifically target a coding DNA sequence that is
shared by more than 1000 HLA-A*02 alleles..

25 Table 19: Hlustrative Sequences Targeting HLA-A and HILA-Alleles
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Sg? Guide Nucleic Acid Targeting S;%Q Guide Nucleie Acid Targeting
NO Sequences NO Sequences

576 {TGGACGACACGCAGTTCGTG 617 |GGATGTATGGCTGCGACOGTOGGE
577 {CAGATACCTGGAGAACGGGA 618 |{CTCAGACCACCAAGCACAAGTGG
ST | TCCCGTTCTCCAGGTATCTG 619 [TCAGACCACCAAGCACAAGTGGG
579 |{CCGCCGCGGTCCAAGAGCGC 620 {[CACCAAGCACAAGTGGGAGGCGG
580 ([ CCTGCGCTCTTGGACCGUGG 621 |GACCACCAAGCACAAGTGGGAGG
581 |GGACCTGQCGCTCTTGGACCGC 622 |GAGCCCCOCTTCATCQCAGTGGG
$82 |AAGGAGACGCTYGCAGCGCACGGG 623 |GTAGCCCACTGCGATGAAGCGGG
583 | GAAGGAGACGCTGCAGCGCACGE 624 |[TAGCCCACTGCGATGAAGCGGGG
584 {GCGGGCGCCGTGGATAGAGCAGE 625 |{CGTAGCCCACTGCGATGAAGCGG
585 | TGCTCTATCCACGGCGCCOGLGE o260 [CTTCATCGCAGTGGGCTACGTGG
580 |{COGATGAAGUGGGGCTCCCCGLGE 627 {GGAGCCCCGCTTCATCGCAGTOG
587 ICGTGTCCLGOGCCCGHCCGLGGEE 628 |{CGGGGAGACACGGAAAGTGAAGG
588 {COGGUTCCATCCTCTGGUTCGUGG 629 |AGTATTGGGACGGGGAGACACGE
589 |{GATGTAATCCTTGCCGTICGTAGG 630 |AGGGTCCGGAGTATTGGGACGGG
590 |ACAGUCGACGCCGLGAGCCAGAGG 631 |GAGGUTCCGGAGTATIGGGACGE
591 {GGATGGAGLCGCGGLCGLCOTOG 632 |{QGACCCTCCTQUTCTATCCACGG
592 {GGCGCCGTGGATAGAGCAGGAGG 633 |GTGGATAGAGCAGGAGGGETCCGO
593 |GCGUCCGTGGATAGAGCAGGAGGE 634 |AGACTCACCGAGTGGACCTGGGG
594 |{CQGCTACTACAACCAGAGCGAGG 635 |[CACTCGGTGAGTCTGTGAGTGGG
595 |{ICTGGTTGTAGTYAGCCGCGCAGGG 636 |CAGACTCACCGAGTGGACCTGGG
596 |[TACTACAACCAGAGCGAGGCCGG 637 [CCACTCACAGACTCACCGAGTGG
597 |[ICTACCTGGAGGGCACGTIGCGTGG 638 |{CCACTCGGTGAGTCTGIGAGTIGG
598 |{CACGCACGTGCCCTCCAGGTAGG 639 | TCGGACTGGCGCTTCCTCCGCGG
599 {GCAGGGTCCCCAGGTCCACTCGG 640 |GCAGCCATACATCCTCTGGACGG
600 {GTGGACCTGGOGACCCTGCGUGG 641 | TCTCAACTOCTCCGCCACATOGE
601 (TGGAGOGGCACGTGCGTGGAGTGG 642 |ACCCTCATGCTGCACATGOCAGG
602 {GTATGGCTGCGACGTGGOGTCGO 643 |ACCTGCCATGTGCAGCATGAGGG
603 {CTGAGUTGCCATOTCCGCCGUGE 644 |{CACCTGUCCATGTGCAGCATGAGE
604 {GGATTACATCGCCCTGAAAGAGG 645 |{GOGAGGACCAGACCCAGGACACGE
605 {CAAGTOGGAGGUGGUCCATGTGG 646 |{GGATGGOGAGGACCAGACCCAGG
606 (GTGOGAGGCGGCCCATETGGCGG 647 |{GACCTGOCAGCGGGATGGLGAGE
607 {CAGTTGAGAGCCTACCTGGAGGS 648 |AGATCACACTGACCTGGCAGCGG
608 {GCAGTTGAGAGCCTACCTGGAGG 649 |GATCACACTGACCTIGGCAGLCGGE
600 ITACCACCAGTACGCCTACGACGG 650 |AGGTCAGTGTGATCTCCGCAGGG
610 ITGCCGTCGTAGGLGTACTGGTIGG 631 |AAGCCCCTCACCCTGAGATGOGGG
611 \{CCAGTACGCCTACGACGGCAAGG 652 ICTGCGGAGATCACACTGACCTGG
512 {GGATGTGAAGAAATACCTCATGG 633 |{CAGCAATGATGCCCACGATGGGG
613 [ATTTCTTCACATCCGTGTCCCGG 654 {CCAGCAATGATGCCCACGATGGE
614 (AGGCGTACTGGTGGTACCCGLGG 635 |GCCAGCAATGATGCCCACGATGG
615 [ CGTACTGGTGGTACCCGCGGAGE 650 |GGATGGAACCTTCCAGAAGTGGG
616 {GAGGATGTATGGCTGCGACGTGE 657 {GGGATGGAACCTTCCAGAAGTGG
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Sg? Guide Nucleic Acid Targeting S;%Q Guide Nucleie Acid Targeting
NO Sequences NO Sequences
658 |ATGCCCACGATGGGGATGOTGGE 677 ITATCTCTGCTCCTGTCCAGAAGG
659 [CAGCCCACCATCCCCATCETGGG 678 [AQTAGCAGGACGAGGOTTCGGGG
660 [CCAGCCCACCATCCCCATCGTIGG 679 |{CCCCGAGAGTAGCAGGACGAGGG
661 {GATGCCCACGATGGGGATGGTIGG 680 |{CCCTCGTCCTGCTACTCTCGGGG
662 {CAGGGCCCAGCACCTCAGGGTGG 681 ICCTCGTCCTGCTACTCTCGGGGG
663 AATGATGCCCACGATGGGGATGG 682 ICTGTGGTCGCTGCTGTGATGTGE
64 {GGCCCTGACCCAGACCTGGGCGG 683 I TCGCTGCTGIGATGTGGAGGAGG
665 |GACCCAGGACACGGAGCTCGETIGG 684 ITGGTCGCTGCTGTGATGTGGAGG
606 | ACACGGAGCTCGTGGAGACCAGE 685 (CACAGCCGCCCACTTCTGGAAGE
667 [{CGTGGAGACCAGGCCTGCAGGGG 680 ICCAGAAGTGGGCGGETGTGETGE
668 |\ TCGTGGAGACCAGGCCTGCAGEG 687 I TGGAACCTTCCAGAAGTGGGUGG
669 |AGCTGTGATCACTGGAGCTOTGG 688 ITCACAGCTCCAAAGAGAACCAGG
670 IAAAAGGAGGGAGCTACTCTCAGE 689 ICTGACCATGAAGCCACCCTGAGE
671 |ATGTGGAGUAGGAAGAGCTCAGE 690 {GCAAACCCTCATGUTGCACATGE
672 1GTGTCTCTCACAGCTTGTAAAGE 691 ITGAAGCCACCCTGAGGTGCTGGE
673 IGAGAGACACATCAGAGCCCTGRG 692 IGGTGAGTCATATGUGTTTTGGGG
674 [CTCCGCAGOGTAGAAGCTCAGHG 693 IGTGAGTICATATGCGTTITGGGGG
675 {GOGCCCTGAGUTICTACCCTGCGG 694 |{CTTCATGGTCAGAGACAGCGTGG
676 {GCTCAGGGCCCAGCACCTCAGGG 695 | TCTGGCCOTGACCCAGACCTGGG

10455} The sequences disclosed in Table 19 include the corresponding genomic sequences,

mclusive of the PAM sequence. The skilled artisan will understand that the targeting sequence of

the gRNA does not include three 37 ternunal nucleotides of the sequences in Table 19, which

represent the corresponding PAM site for the gRNA.

[8456] The disclosure provides gRNAs comprising a targeting sequence specific to the B2M

gene. In some embodiments, the gRNAs specifically target the coding sequence {CDS) sequence

of the B2M gene. In some embodiments, the gRNA comprises a sequence that targets the 520

gene promoter sequence,

18457} In some embodiments the gRNA comprise a targeting sequence and a gRNA scaffold

sequence. In some embodiments, the targeting sequence comprises 8 sequence set forth m Table

20, or a sequence shares about 90%, about 95%, about 96%, about 7%, about 98%, about 99%

identity thereto.

[0458] In some embodiments, the targeting sequence is complementary to a sequence of the

BIM gene. In some embodiments, the B2M gene comprises 8 seguence that shares about 90%,
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about 95%, about 96%, about 97%, about 98%, about 99% identity to the B2M sequence set

forth in Table 18.

Table 20: Hustrative Sequences Targeting BIM

SEQ SEQ

i Seguence D Sequence

NG NO

8657 | CGCGAGCACAGUTAAGGCCA 8694 | CTCGCGCTACTCTCTCTTTIC
8658 | GAGTAGCGCGAGCACAGCTA 8693 | TCGATCTATGAAAAAGACAG
8659 | AGGGTAGGAGAGACTCACGC 8696 | GAGACATGTAAGCAGCATCA
8660 | CTGAATCTITGGAGTACCTG 8697 | ACATGTAAGCAGCATCATGG
8661 | TCACGTCATCCAGCAGAGAA 8698 | GAAGTCUTAGAATGAGCGCC
8662 | TCCTGAATTGCTATGTGICT 8699 | GAGCGLCCCGGTGTICCCAAGT
8663 | AAGTCAACTTCAATGICGGA 8700 | AGCGCCCGGTGTCCCAAGCT
8664 | GTCTTITCCCGATATICCTIC 8701 | GCGCCCGGIGTICCCAAGLTG
8665 | TGGAGTACCTGAGGAATATC 8702 | CTGGGGUGCGCACCCCAGAT
8666 | CAGCCCAAGATAGTTAAGTG 8703 | GGGCGLGCACCCCAGATCGG
8667 | ACAAAGTCACATGGITCACA 8704 | GGCGCGCACCCCAGATCGGA
8668 | ACTCTICTCTTTICTGGLCTGG 8705 | CATCACGAGACTCTAAGAAA
8669 | TGGGLTGTGACAAAGTCACA 8706 | TAAGAAAAGGAAACTGAAAA
8670 | GGCCGAGATOTCTCGCTCCG 8707 | AAGAAAAGGAAACTGAAAAC
8671 | CAGTAAGTCAACTICAATGT 8708 | GAAAGTCCCTCTICTCTAALC
8672 | ACTCACGCTGGATAGLCTCC 8709 | CTAACCTGGUCACTGCGTCGC
8673 | CATACTCATCTTTITCAGTG 710 | CTGGCACTGCGTCGCTGGCT
8674 | CACAGCCCAAGATAGTTAAG 8711 | TGCGTCOGCTGGCTTGGAGAL
8675 | TTCAGACTTGTICTTTCAGCA 8712 | GCTGGCTTGGAGACAGGTGA
8676 | AGTCACATGGTTCACACGGC 8713 | GAGACAGGTGACGGTCCCTG
8677 | ATACTCATCTTTTTCAGTGG 8714 | AGACAGGTGACGGTCCCTGC
8678 | GGCATACTCATCTITITCAG 8715 | CCTGCGGGUCTTIGTCCTIGAT
8679 | ACAGCCCAAGATAGTTAAGT 8716 | CGGGCCTTGICCTGATTGGC
8680 | GCTACTCTCTCTTTICTGGCC 8717 | GGGCCTTGTCCTGATTIGHCT

8681

TGGAGAGAGAATTGAAAAAG

3718

GGGCACGCGTITAATATAAG

8682 | ACTTOTCTTTCAGCAAGGAC 8719 | CACGCGTTTAATATAAGIGG
8683 | GAAGTTGACTTACTGAAGAA 8720 | TATAAGTGGAGGCGTCGCGC
8684 | GOGCCACGGAGCGAGACATCT 8721 | AAGTGGAGGCOTCGCGLTGE
8685 | GCATACTCATCTITTICAGT 8722 | AGTGGAGGCGTICGCGCTOGC
8686 | CGTGAGTAAACCTGAATCTT 8723 | TECCTGAAGCTGACAGCATT
8687 | TTACCCCACTTAACTATCTY 8724 | TCCTGAAGCTGACAGCATTIC
8688 | TTGGAGTACCTGAGGAATAT 8725 | GCCCGAATGCTGTCAGCTTIC
8689 | ACCCAGACACATAGCAATIC 8726 | AAACGCGTGCCCAGCCAATC
8690 | TTTGACTTTCCATTICTCTIGC 8727 | GTGCCCAGCCAATCAGGACA
3691 | TTCCTGAATTGCTATGTGTC 8728 | CCAATCAGGACAAGGCCCGE
8692 | CTCAGGTACTCCAAAGATIC 8725 | CAATCAGGACAAGGLCCGCA

8693

CTTACCCCACTTAACTATCT

8730

CAAGCCAGCGACGCAGTGCC

2831
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SEG
D
NO

Seguence

8731

CGCAGTGCCAGGTTAGAGAG

87372

GCAGTGCCAGGTTAGAGAGA

8733

GAGICTCGTGATGTTTAAGA

8734

TAAGAAGGCATGCACTAGAC

8735

AAGAAGGCATGCACTAGACT

8736

TCGAGTITGCTGTICTGTACAT

8737

TACATCOGCGCCCTCCGATC

8738

ACATCGGUCGCCCTCCGATCT

8739

CATCGGCGCCCICCGATCTG

3740

CTGGGOGTGCGCGCCCCAGET

8741

TCGGGIGLGCGCCCCAGOTT

8742

CGOGCCCCAGCTTOGGGACAC

8743

GCGLCCCAGUTTGGGACACC

8744

CAAGTCACTTAGCATCTCTG

8745

ACAGAAGTTICTCCTICTGLT

&746

ATTCAAAGATCTTAATCTTC

8747

TICAAAGATCTTAATCTICT

3748

TITTCTCGAATGAAAAATGC

8749

TGCAGGTCCGAGCAGTTAAL

&750

GOTCCCGAGCAGTTAACTGGL

8751

GICCGAGCAGTTAACTGGCT

3752

TCCCGAGCAGTTAACTGGCTIG

8753

AGCAAGTCACTTAGCATCTIC

&754

GCAAGTCACTTAGCATCICT

8755

TGGGGCCAGTCTGCAAAGCG

8756

GGOGCCAGTCTGCAAAGCGA

3757

GGOGUCAGTCTGCAAAGCGAG

&758

GOCCAGTCTGCAAAGCGAGG

8759

GGACACCGGGCGCTCATICT

8760

GGCGCTCATTCTAGGACTTC

3761

CTCATTCTAGGACTTICAGGC

8762

ATTCTAGGACTTCAGGCTIGG

8763

TTCAGGCTGGAGGCACATTA

8764

TGCCCCCICGCTTTGCAGAL

B765

GATGCTAAGTGACTTGCTAA

8766

GCCCCAGCCAGTTAACTGCT

8767

GCATTTTICATICGAGAAAA

8768

TTTGAATGCTACCTAGCAGA

3769

TTCTGTTTATAACTACAGCT

8770

TCTGTTTATAACTACAGCTT

2831
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[0439] In some embodiments, the immoene cells desenibed herein are edited using TALEN
gene cditing.

[B460] “TALEN” or “TALEN gene editing” refers to a transcription activator-like effector
nuclease, which is an artificial nuclease vsed to edit a target gene.

16461} TALENSs are produced artificially by fusing a TAL effector DNA binding domainto a
DNA cleavage domain. Transcription activator-like effectors (TALEs) derived from
Xanthomonas bacteria can be enginecred to bind any desired DNA sequence, meluding a
portion of target genes sach as TCR subunits, MHC class I complex components, or D52,
By combining an engincered TALE with a DNA cleavage domain, a restriction enzyme can
be produced which is specific to any desired DNA sequence, mcluding a target gene
sequence. These can then be mtroduced into a cell, wherein they can be used for genome
editing.

16462} To produce a TALEN, a TALE protein 1s fused to a nuclease (N), which 15 a wild-
type or mutated Fold endonuclease. Several mutations to Fokl have been made for its use in
TALENSs; these, for example, improve cleavage specificity or activity.

[0463] The Foki domain functions as a dumer, requiring two constructs with umigue DNA
binding domains for sites in the target genome with proper orientation and spacing. Both the
number of amine acid residaes between the TALE DNA binding domain and the Foki
cleavage domain and the number of bases between the two individeal TALEN binding sites
appear to be important parameters for achieving high levels of activity.

[0464] TALENs specific to sequences in a target gene can be constructed vsing any method
known in the art, including various schemes using modular components.

[8465] In some embodiments, a target geoe is edited in the immuose cells described berein
using ZFN gene editing.

13466] “2FN” or “Linc Finger Nuclease” or “ZFN gene editing” refer to a zing finger
nuclease, an artificial nuclease which can be used to edit a target gene.

6467} Like a TALEN, a ZFN comprises a Fold nuclease domain {or derivative thereof)
fused to a DNA-binding domain. In the case of a ZFN, the DNA-binding domain compriges
one or more zing fingers.

[03468] A zinc finger 13 a small protein structural motif stabilized by one or more zinc 10ns. A
zine finger can comprise, for example, CysZHis2, and can recognize an approxunately 3-bp
sequence. Varous zinc fingers of known specificity can be combined to produce multi-finger
polypeptides which recogunize about 6, 9, 12, 15 or 18-bp sequences. Varous selection and

modalar assembly techniques are available to generate zinc fingers {and combinations
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thereof) recognizing specific sequences, including phage display, yeast one-hybrid systems,
bacterial one-hybrid and two-hvbrid systermas, and mammalian cells.

0469 Like a TALEN, a £ZFN must dimerize to cleave DNA. Thus, a pair of ZFNs are
required to target non-patindromic BNA sites. The two individual ZFNs mast bind opposite
strands of the DNA with their nucleases properly spaced apart.

[6476] Also ke a TALEN, a ZFN can create a double-stranded break in the DNA, which can
create a frame-shift muotation if tmproperdy repaired, leading to a decrease in the expression
and amount of a target gene or gene product in a cell. ZFNs can also be used with
homologous recombination to mutate i a target genc.

[3471] ZFNs specific to sequences n a farget gene can be constructed using any method
known in the art.

13472] In some embodiments, the expression and of fimction of one or more MUH-
compounents are reduced using RNA interference. “RNAL” or “RNA wnterference” refers to
the process of sequence-specific post-transeriptional gene silencing, mediated by double-
stranded RNA {dsRNA). Duplex RNAs such as siRNA (small interfering RNA), muRNA
{micro RNA), shRNA (short hairpin RNA), ddRNA (DNA- directed RNA), pRNA (Piwi-
nteracting RNA), or rasiRNA (repeat associated siRNA)Y and modified forms thereof are all
capable of mediating RNA interference. These dsRNA molecules may be commercially
available or may be designed and prepared based on known sequence information. The anti-
sense strand of these molecules can include RNA, DNA, PNA, or a combination thereof.
DNA/RNA chimeric polynucleotides include, but are not limited to, a double-strand
polynucleatide composed of DNA and RNA that inhibits the expression of a target gene.
dsRNA molecules can also include one or more modified nucleotides, as described herein,
which can be mmcorporated on either or both strands.

13473] In RNA gene silencing or knockdown, dsRNA comprising a first (anti-sense) strand
that is complementary to a portion of a target gene and a second (sense) strand that s fully or
partially complementary to the first anti-sense strand 1s introduced mto an organism. After
introduction into the organism, the target gene-specific dsRNA is processed into relatively
small fragments {siIRNAs) and can subsequently become distributed throughout the organism,
decrease messenger RNA of target gene, leading to a phenotype that may come to closely
resemble the phenotype ansing from a complete or partial deletion of the target gene.

13474} Certain dsRNAs in cells can undergo the action of Dicer enzyme, a ribonuclease 1H
cuzyme. Dicer can process the dsRNA into shorter picces of dsRNA, 1.¢. siRNAs. RNA;j also

involves an endonuclease complex known as the RNA induced silencing complex (RISC).
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Following cleavage by Dicer, siRNAs enter the RISC complex and direct cleavage of a single
stranded RNA target having a sequence complementary to the anti-sense strand of the siRNA
duplex. The other strand of the siRNA 1s the passenger strand. Cleavage of the target RNA
takes place in the muddle of the region complementary to the anti-sense strand of the siRNA
duplex. siRNAs can thus down regulate or knock down gene cxpression by mediating RNA
interference m a sequence-specific manner.

164738] As used herein with respect to RNA interference, “target gene” or “arget sequence”
refers to a gene or gene sequence whose corresponding RNA 1s tasgeted for degradation
through the RNAI pathway using dsRNAs or siRNAs as deseribed herein. Exemplary target
gene sequences are shown in Table 18, To target a gene, for example using an siRNA, the
siRNA comprises an anti-sense region complementary {o, or substantially complementary to,
at least a portion of the target gene or sequence, and sense strand complementary to the anti-
sense strand. Quce introduced mto a cell, the siRNA directs the RISC complex to cleave an
RNA comprising a target sequence, thereby degrading the RNA The disclosure provides
interfering RNAs. The double stranded RNA molecule of the disclosure may be in the form
of any type of RNA interference molecule known in the art. In some embodiments, the
double stranded RNA molecule 13 a small mterfering RNA (siRNA). In other embodiments,
the double stranded RNA molecule is a short hairpin RNA (shRNA) molecule. In other
embodiments, the double stranded RNA molecule is a Dicer substrate that is processed in a
cell to produce an siRNA. In other embodiments the double stranded RNA molecule 1s part of
a microRNA precursor molecule.

8476 In some embodiments, the shRNA s a length to be suitable as a Dicer substrate,
which can be processed to produce a RISC active siRNA molecule. See, ¢.g., Rossi et al,
US20(5/0244858.

13477} A Dicer substrate double stranded RNA {e.g a shRNAJ can be of a length sufficient
that it is processed by Dicer to produce an active stRNA, and may further include one or
more of the following properties: (i} the Dicer substrate shRNA can be asynunetric, for
example, having a 3' overhang on the anti-sense strand, (it} the Dicer substrate shRNA can
have a modified 3' end on the sense strand to direct oricntation of Dicer binding and
processing of the dsRNA {0 an active siRNA, for example the mcorporation of one or more
DINA nuocleotides, and (111) the fivst and second strands of the Bieer substrate ds RNA can be
from 21-30 bp in length ..

16478] In some embodiments, the interforing RNAs comprise a sequence complementary to a

seqguence of a B2M mRNA. In some embodiments, the interfering RNA is capable of
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inducing RNAi-mediated degradation of the B2M mRNA . In some embodiments, the B2M
mRNA sequence comprises a coding sequence. In some cmbodiments, the B2M mRNA
sequence coraprises an untranslated region

13479 In some embodiments, the interfering RINAs comprise a sequence complementary to a
sequence of an HLA-A*02 mRNA. In some embodiments, the interfering RNA is capable of
inducing RNAt-mediated degradation of the HLA-A*(2 mRNA. In some embodiments, the
HLA-A*02 mRNA sequence comprises a coding sequence. In some embodiments, the HLA-
A*02 mRNA sequence comprises an untranslated region.

(G486} In some embodiments, the interforing RNA is a short hairpin RNA (shRNA}. In some
embodiments, the shRNA comprises a first sequence, having from 57 to 37 end a sequence
complementary to the B2M mRNA; and a second sequence, having from 57 t0 3" end a
sequence complementary to the first sequence, wherein the first sequence and second
sequence form the shRNA,

[6481] In some embodiments, the first sequence 1s 18, 19, 20, 21, or 22 nucleotides. In some
cmbodiments, the first sequence is complementary to a sequence selected from the sequences
set forth m Table 21 and Table 22. In some embodiments, the first sequence has GC content
greater than or equal o 25% and less than 60%. In some embodiments, the first sequence is
complementary {0 a sequence selected from the sequences set forth in Table 21 and Table 22.
I some cmbodiments, the first sequence does not comprise four nucleotides of the same base
or arun of seven € or G nucleotide bases. In some embodiments, the first sequence 1s 21
nucleotides.

6482} In some embodiments, the first sequence is complementary to a sequence sclected
from SEQ 1D NOs §771-13382. In some cmbodiments, the first sequence has GC content
greater than or equal to 25% and less than 60%. In some embodiments, the first sequence is
complementary 1o a sequence selected from SEQ ID NOs: 8771-13382. In some
embodiments, the first sequence docs not comprise four nucleotides of the same base or a run
of seven € or G nucleotide bases. In some embodiments, the first sequence 15 complementary
1o a sequence selected from SEQ 1D NOg: 8771-13382. In some embodiments, the first
sequence s 21 nucleotides. In some embodiments, the first sequence is complementary to a
sequence selected from SEQ ID NOs: 8771-9332. In some embodiments, the first sequence is
complementary (o a sequence selected from SEQ ID NOs: 8771-9052. In some embodiments,
the first sequence is complementary to a soquence selected from SEQ 1D NOs: 8771-8908.
Blustrative target B2M sequences complementary to the first sequence are set forth 1o SEQ

1D NQGs: 8771-8908.
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(0483} IHustrative target BZM sequences complementary to the first sequence are shown in
Table 21. In some embodiments, the first sequence targeting B2M comprises a sequence set
forth in any one of SEQ 1D NOs: 8771-13382.

[3484] In some cases, the first sequence may have 100% identity, i.¢. complete wdentity,
homology, complementarity to the target nucleic acid sequence. In other cases, there may be
one or more mismaiches between the first sequence and the target nucleic acid sequence. For
example, there mav be 1, 2,3, 4, 5, 6, or 7 mismatches between the sense region and the
target nucleic acid sequence.

(8485} The sequences st forth in Table 21 arc presented as DNA sequences. In all sequences
set forth i Table 21, thymmne (T} may be replaced by uracil (U) to arrive at the sequence of

the target mRNA sequence.

Table 21: IHlustrative target BIM seqguerices complementary to fivst sequence.

SEQ SEQ

b Sequence b Sequence

NG NO
8771AGAGAATGGAAAGTCAAATTT 798I TCCAGCGTACTCCAAAGATIC
8TT2IATGGACATGATCTTITITATA 879G TACTCCAAAGATICAGGTITA
STT3TGGACATGATCTICTTTATAA S800ACTCCAAAGATTCAGGTTITAC
8774 GCGACATGATCTTCTTTATAAT 8801 ICACGTCATCCAGCAGAGAATG
8775 TGACAGGATTATIGGAAATIT R802IGGTTTCATCCATCCGACATIC
87760 TIGTGOTTAATCTGGTTITATT 8BOJICCCACATTGAAGTIGACTTAC
877TTTGTGGTTAATCTIGGTTTATIT 8804 TGAAGAATGGAGAGAGAATIG
STI8 I GCAGAGAATGGAAAGTCAAATY 805 I GAGCATTCAGACTIGICTTIC
87781 CAGAGAATGGAAAGTCAAATT 8806 TTCAGCAAGGACTGGTCTTIC
BT8O IGAGAATGGAAAGTCAAATITC R807TIGCAAGGACTGGICTTICTATC
R781 GTCACAGCCCAAGATAGTTAA RRO8ICGTGTGAACCATGTIGACTITG
STR2ITGCTTATACACTTACACTTTA 88OVICTTIGTCACAGUCCAAGATAG
ST83IGCTTATACACTTACACTITAT S8I0ITCACAGCCCAAGATAGTTAAG
§784 I CTTATACACTTACACTTITATG 581 HAGTGGGATCGAGACATGTAAG
RT785 I ACATGGACATGATCTTCTTITA R&12IAGGTTTGAAGATGCCGCATTT
8786 I CATGGACATGATCTTCTTTAT B8I3IGGTITGAAGATGCCGCATTTG
8TR7TIATCAACATCTTIGGTCAGATIT S8I4ITTGATATGCTTATACACTTAC
SISRICTIGUCACTCAAAGCTIGTTAA S8ISITGAGTIGCTGTCTCCATETTIG
§78AGTTAAGCGTGCATAAGTTAA S8IGITCTCTCCATGTITGATGTATC
8790 GCATAAGTTAACTICCAATIT SEITITCAACATCTTIGGTCAGATTITG
RIOLTACATACTCTGCTTAGAATTY B8ISITCAGATTTGAACTCTICAATC
8792 ACATACTCTGCTTAGAATTIC S8ISITICAATCTCTTIGCACTCAAAG
8793 I TTGACAGGATTATIGGAAATT 8820 TTGCACTCAAAGCTIGTTAAG
8794 IGACAGGATTATIGGAAATTIG S22 LACTCAAAGCTTGTTAAGATAG
8795 I TAAGGCATGOTIGTGGTTAAT 8822 AGATAGTTAAGCGTGCATAAG
796 I GTTGTGGTTAATCTGGTITAT REIITGCATAAGTTAACTICCAATTY
8797 GTICCACAAGTTAAATAAATC 8RILIGTTAACTTCCAATTTACATAC
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SEQ SEQ

i Sequence i Sequence

NO NO

SRS IATTGACAGGATTATIGGAAAT §867TITAAGCGTGCATAAGTTAACTT
8826 GTAAGGCATGOGTTIGTGGTTAA BEO8IATTTACATACTCTGCTTAGAA
BE27TIGGTIGTGGTTAATCTGGTTTA BESOITTTACATACTCTGCTTAGAAT
8825 ITTCCTGAAGCTGACAGCATIC 8870 ACAGGATTATIGGAAATTIGT
8823 GCTATCCAGCGTACTCCAAAG S871ICAGGATTATIGGAAATIIGTT
8830 CATCCAGCAGAGAATGGAAAG S8TUAGGCATGGTIGTGGTTAATCT
B831ICAAATTICCTGAATTIGCTATG 8873 1 CAGCAGAGAATGGAAAGTCAA
R&32 ATTGCYATGTGICTGGGTTIC RET4ITCCCGACATIGAAGTTIGACTTA
88IZIGAAGATGCCGCATTIGGATIG 88TSICTGGTCTITICTATCICTIGTA
S8I4ICAATTITACATACTCTGUTITAG 8876 ICCGTGTGAACCATGTCGACTIT
8835 TATCCAGCGTACTCCAAAGAT §87TICCCAAGATAGTTAAGTGGGAT
8836 ATCCAGCGTACTCCAAAGATT 8878 GGTTGCTCCACAGGTAGCTICT
8837 CTCCAAAGATICAGGTTTACY BTOIGCTCCACAGGTAGCTCTAGGA
88ISITGCTATGTGTCTGGGTITCAT 883GIGGGAGCAGAGAATTCICTTAT
8839 TTTCATCCATCCGACATIGAA 8881 IGGAGCAGAGAATICTICTTATC
S840 IGAAGTIGACTTACTGAAGAAT $882IGAGCAGAGAATICTCTYATCC
5841 IGAAGAATGUAGAGAGAATTGA S883IGAGAATICTICTTATCCAACAT
2842 I AGAATGGAGAGAGAATTIGAAA REBAIGAATTCTICTTATCCAACATCA
8843ICAGCAAGGACTGGTICTITCTA 8835 AAGTGCAGCATICAGACTIGT
8844 AGCAAGGACTGGTCTTICTIAT 8836 AAGGACTGGTCTTICTATCIC
S84SIACTTTGTCACAGCCCAAGATA S88TIAAGCTTGTTAAGATAGITAAG
§846 TTIGTCACAGCCCAAGATAGTT 5888IAAGCGTGCATAAGTTAACTIC
8847 TGTCACAGCCCAAGATAGTTA REEOAAGATGCCGCATITGGATIGG
8R48ICACAGCCCAAGATAGTTAAGT 8800 AAGAATGGAGAGAGAATIGAA
884G GCAGCATCATGGAGGTTTIGAA 889 LIAACATCAACATCTTGGTCAGA
830 CCGCATITGGATIGGATGAAT 8892 AAGGCATGGTIGTGGTTAATC
B85 LHITTGAGTGCTGTCTCCATGTIT 8893 AAGCAGCATCATGGAGGTTIG
BES2IAGTGCTGICTCCATGTTTIGAT REOHAAGATGAGTATGCCTGCCGETG
R&33 CTGTCTCCATGTTTIGATGTAT REOSIAAGTTIGACTTACTGAAGAATG
8854 TCTAGGAGGGCTGGCAACTTA 8896 AAGATAGTTAAGCGTGLATAA
8835 ICAACATCTTGGTICAGATTIGA SSOTIAACTTCCAATITACATACICT
8856 GTCAGATTITGAACTCTICAAT 5898 AACATCTTGGTCAGATTTIGAA
R&37 TCTTGCACTCAAAGCTIGTTA REOUAACTCTTCAATCTCTTIGCACT
88S5ITGCACTCAAAGCTTGTTAAGA SAOGIAATITCCTGAATIGCTATGTG
S8SHGCACTCAAAGCTIGTTAAGAT S80I AATGGAAAGTCAAATITCCEG
8860 I CACTCAAAGCTTIGTTAAGATA 8902 AACCATGTGACTTIGTCACAG
5861 ITCAAAGCTTIGTTAAGATAGTT 5903 AATTGACAGGATTATIGGAAA
8862 I CAAAGUTTGTTAAGATAGTTA S904 AATTCTCTTATCCAACATCAA
8863 IGATAGTTAAGCGTGCATAAGT BAOSIAAAGTGGAGCATICAGACTIC
8864  ATAGTTAAGCGTGCATAAGTT 8906 AMAGTCAAATTITCCTGAATTC
8865 I TAGTTAAGCGTGCATAAGTTA 8907TIGTTGCTCCACAGGTAGCTICTA
8866 TTAAGCGTGCATAAGTTAACT E908 AATTTACATACTCTGCTTAGA
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(0486} An exemplary sequence encoding a BZM shRNA comprises a sequence of
GCACTCAAAGCTTIGTTAAGATCGAAATCTTAACAAGCTTTGAGTGC (SEQ ID NG:
13383), or a sequence having at least 90%, at least 95%, at least 97% or at least 99% identity
thereto. A further exemplary sequence encoding a BZM shRNA comprises a sequence of
GTTAACTTICCAATTTACATACCGAAGTATGTAAATTIGGAAGTTAAC (SEG 1D NO:
13384}, or a sequence having at least 90%, at least 953%, at least 97% or at least 99% wdentity
thereto.

8487 In some embodiments, the shRNA comprises a first sequence, having from 5 end to
3" end a sequence complomentary to an HEA-A* 02 mRNA, and a sccond sequence, having
from 5 end to 37 end a sequence complementary to the first sequence. In some embodiments,
the HLA-A¥02 mRNA sequence comprises a coding sequence. In some embodiments, the
HLA-A*02 mRNA sequence comprises an untransiated region. In some embodiments, the
first and second sequence are prosent on a polvoucleotide, wherein the first sequence and the
second sequence are separated by 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, or 15 nuclestides,
wherein the 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, or 15 nuclestides form a loop region in the
shRNA. In some embodiments, the shRNA further comprises a 57 flank sequence and a 3°
flank sequence, wherein the 57 flank sequence i3 joined to the 57 end of the first sequence,
and wherein the 37 flank sequence s joined to the 37 end of the second sequence.

13488} In some embodiments, the polyvnuclestide encoding an shRNA has from 5” end t0 37
end, a 57 flank sequence, a first sequence, a loop sequence, a second sequence, a 37 flank
sequence. In some embodiments, the polynucleotide encoding an shRNA has from 57 end to
3" end, a 5’ flank sequence, a second sequence, a loop sequence, a first sequence, and a 3’
flank sequence.

[348%] In some embodiments, the first sequences is 18, 19, 26, 21, or 22 nucleotides. In some
embodiments, the first sequence is complementary to a sequence selected from SEQ D NOs:
13385~ 21779. In some embodiments, the first sequence has GC content greater than or equal
10 25% and less than 60%. In some embodiments, the first sequence is complementary to a
sequence selected from SEQ ID N{s: 13385-16975. In some embodiments, the first sequence
does not comprise four nucleotides of the same base or a run of seven € or G nucleotide
bases. In some embodiments, the first sequence is complementary {0 a sequence selected
from SEQ ID NQGs: 13385- 16493, In some embodiments, the first sequence is
complementary 1o a sequence selected from SEQ ID NOs: 13385- 13663, In some
cmbodunents, the first scquence is complementary to a sequence selected from SEQ ID NOs:

13385- 13470,
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(0496} Iustrative target HLA sequences complementary to the first sequence are shown in

Table 22.

Yable 22:

filustraiive target HLA sequences complementary o first sequence

SEQ SEQ

IBDNQ Sequence B NG Sequence

13385 | CTICTTICCTTCCCTATTAAAA 13426 | TTGTTCCTGCCCTTICCCTITG
13386 | TCTCACTCCATGAGGTATTTIC 13427 | ACCCAGTTCTCACTCCCATIC
13387 | CTCTCACTCCATGAGGTATIT 13428 | GGGTITCCAGAGAAGCCAATC
13388 |GAGGAGGAAGAGCTCAGATAG 13429 | TTCTCCCTCTCCCAALCTATG
13389 | GCTCTCACTCCATGAGGTATT 13430 | GTCTICTCACAGCTIGTAAAGT
13360 | AGGATTACATCGCCCTGAAAG 13431 | TGTGTCTCTCACAGUTTIGTAA
13391 | ACACCGTCCAGAGGATGTATG 13432 1GAGGAAGAGCTCAGATAGAAA
13392 | AGGGTCCTTICTICCTGGATAC 13433 | TGAAGAACCCTGACTTTIGITT
13393 | CCTACGACGGCAAGGATTACA 13434 | TIGAAGAACCCTGACTTTGTT
13394 | TCACTCCATGAGGTATTICTT 13435 | GTGTTCGTGTAGGCATAATGY
13365 | CTACGACGGCAAGGATTACAT 13436 | TGGTGCACTGAGCTGTAACTT
13396 | CTCACTCCATGAGGTATITCT 13437 | CYCCCTCTCCCAACCTATGTA
13397 [GGAGGAAGAGCTCAGATAGAA 13438 IAGGAGGAAGAGCTCAGATAGA
13398 | CACACCGTCCAGAGGATGTAT 13439 | ACCTATGTAGGGTCCTTCTIC
13399 | CACGCTGTCTCTGACCATGAA 13440 | GOOTCCTICTICCTGGATACT
13400 [CTGGACAGGAGCAGAGATACA 13441 | GOTCCTTCTICCTGGATACTC
13401 | TGGAGGAGGAAGAGCTCAGAT 13442 | GTCCTTCTTCCTGGATACTCA
13402 | GGCTCTCACTCCATGAGGTAT 13443 | AAGCCAATCAGTGTCGTCGCG
13403 | CATCTCTGICTCAACTTCATG 13444 | AAGAGGACCTGCGUTCTIGGA
13404 | TACGACGGCAAGGATTACATC 13445 | AAGTGTGAGACAGCTGCCTIG
13405 | GGATTACATCGCCUTGAAAGA 13446 | AAGGCACCTGCATGTGTCTGT
13406 | GATTACATCGCCCTGAAAGAG 13447 | AATCATCTTTICCTGTTCCAGA
13407 | CTCAGACCACCAAGCACAAGT 13448 | AAAGGCACCTGCATGTGTCTG
13408 | TCACACCGTCCAGAGGATGTA 13449 | AAAGAGGACCTGCGUTICTICG
13409 | ACTCCATGAGGTATITCITCA 13450 | AAACGCATATGACTCACCACG
13410 | CACTCCATGAGGTATITCTTIC 13451 | GGAAGAGCTCAGATAGAAA
13411 | CCATGAGGTATTICTICACAT 13452 | GGGAGACACGGAAAGTGAA
13412 | ACTTCTTCCTICCCTATTAAA 13433 | CACCTGCCATGTGCAGCATGA
13413 | GTGTCTCTCACAGCTTIGTAAA 13454 | GGAGATCACACTGACCTGGCA
13414 | CTGTGTTICGTGTAGGCATAAT 134535 | GGATTACATCGCCCTGAAAG
13415 | TGTGTICGTCTAGGCATAATG 13456 | GCAGGAGGGTCCGGAGTATT
13416 | TAACTTICTICCTICCCTATTA 13457 | GGACGGGGAGACACGGAAAG
13417 | TCTGGACAGGAGCAGAGATALC 13458 | GAAAGTGAAGGCCCACTCA
13418 | TIGCTGGCCTGGTITCICTTIC 13439 | GATACCTGGAGAACGGGAAG
13419 | TGTCTCTCACAGCTTGTAAAG 13460 | GCTGTGGTGGTGCCTICTIGG
13420 | ACTTGAAGAACCCTGACTTIGC 13461 | GCTACTACAACCAGAGCGAG
13421 | GAAGAACCCTGACTTITGTTIC 13462 | GTGGCTCCGCAGATACCTG
13422 | TCTGTGTICGTGTAGGCATAA 13463 | GCCAATCAGIGTCGTICGCG
13423 | CATGGTGCACTGAGCTGTAAC 13464 | GAGGACCTGCGCTCTTGGA
13424 | GTAACTTCTTCCTICCCTATT 13465 | GTGTGAGACAGCTGCCTIG
13425 | CATGTGCAGCATGAGGOTTIG 13466 |  GGCACCTGCATGTGTCTIGT
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SEQ SEQ

D NG Sequence NG Sequence
13467 | TCATCTTICCTGTICCAGA 13469 |  AGAGGACCTOGCGCTCTIGG
13468 | AGGCACCTIGCATGIGICIG 13470 | ACGCATATGACTCACCACG

[6491] In some embodiments, the first sequence and second sequence are separated by a
hinker, sometimes referred to as a loop. In some embodiments, both the first sequence and the
second sequence are encoded by one single-stranded RNA or DNA vector. In some
embodiments, the loop is between the first and second sequences. In these embodiments, and
the first sequence and the second sequence hybridize to form a duplex region. The first
sequence and second sequence are joined by a linker sequence, forming a “hairpin” or “stem-
loop” structure. The shRNA can have complementary first sequences and second sequences
at opposing ends of a single stranded molecule, so that the molecule can form a duplex region
with the complementary sequence portions, and the strands are linked at one end of the
duplex region by a linker {i.c. loop sequence}. The hinker, or loop sequence, can be cither a
nucleotide or non-nucleotide linker. The hnker can interact with the first sequence, and
optionally, second sequence through covalent bonds or non-covalent interactions.

[6492] Any suitable nucleotide loop sequence is envisaged as within the scope of the
disclosure. An shRNA of this disclosure may mclude a nucleotide, non-nucleotide, or mixed
nucleotide/non-nucleotide hinker that joins the first sequence of the shRNA to the second
sequence of the shRNA. A nucleotide loop sequence can be 2 2 nucleotides i length, for
example about 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, or 15 nucleotides in length. Hustrative loop
sequences are disclosed in Table 23.

13493} In some embodiments, the shRNA further comprises a 37 flank sequence and a 3°
flank sequence. In some embodiments, wherein the 3 flank sequence is joined 1o the 5” end
of the first sequence, and wherein the 37 flank sequence 1s joined to the 37 end of the second
SeqUence.

(6494} Without wishing to be bound by theory, 1t is thouglht that flanking shRNA stem loop
sequence with 57 and 37 sequences similar to those found in microRNAs can target the
shRNA for processing by the endogenous microRNA processing machinery, increasing the
effectiveness of shRNA processing. Alternatively, or in addition, flanking sequences may
increase shRNA compatibility with polymerase II or polvmerase HI promoters, leading to
more effective regulation of sShRNA expression.

[8495] In some embodiments, the 57 flank sequence is selected from the sequences set forth

n Table 23, Hustrative flank sequence are shown in Table 23
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FTable 23 Hlustrative flank sequences

SEQ ID NO 5’ Flank Sequence
21780 GG
21781 ACACCAUGUUGCCAGUCUCUAGG
21782 UGAUAGCAAUGUCAGCAGUGCCU
21783 UAUUGCUGUUGACAGUGAGCGAC
SEQID NG 3 Flank Sequence
21784 UGGCGUCUGGCCCAACCACAL
21785 GUAAGGUUGACCAUACUCUAC

[6496] In some embodiments, the first and second sequence are present on a single stranded

polynucleotide, wherein the first sequence and second sequence are separated by 4, 5,6, 7, &,
9,10, 11, 12, 13, 14, or 15 nucleotides, whercin the 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, or i3
nucleotides form a loop region in the shRNA . In some embodiments, the loop region

comprises a sequence selected from the sequences set forth in Table 24

FTable 24: Hlusirative loop region sequences

SEG IDNO Loop Region Sequence
21786 CGAA
21787 UUCAAGA
21788 AUAUUCA
21789 UGUGCUGUC
21790 CUCGAG
21791 CUUCCUGUCAGA
21792 CUUCCCUUUGUCAGA
21793 GUGUUAUUCUUG
21794 GUGUCUUAAUUG
21795 GUGUUAGUCUUG
21796 UCAAGAG
21797 GGACAUCCAGGG
21798 GUGAAGCCACAGAUG
21799 GAUUCUAAAA

[0497] shRNAs of the disclosure may be generated exogenously by chemical synthesis, by
n vitro transcription, or by cleavage of longer double-stranded RNA with Dicer or another
appropriate nuclease with stmular activity. Chemically synthesized siRNAs, produced from
protected ribonucleoside phosphoramidites using a conventional DNA/RNA synthesizer, may
be obtained from commercial suppliers such as Millipore Sigma (Houston, Tex.}, Ambion
Inc. {Austin, Tex.). Invitrogen (Carlsbad, Calif}, or Dharmacon (Lafavette, Colo ). siRNAs
can be purnified by extraction with a solvent or resin, precipitation, electrophoresis,
chromatography, or a combination thereof, for example. Alternatively, siRNAs may be used
with hittle if any purification to avoid losses due to sample processing. In some embodiments,

shRNAs of the disclosure can be produced using an expression vector into which a mucleic
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acid encoding the double stranded RNA has been cloned, for example under control of a

suitable promoter.

Pharmaceutical Compositions

[6498] The disclosure provides pharmaceutical compositions comprising immune cells
expressing the engineered receptors of the disclosure and a pharmaceutically acceptable
diluent, carrer or excipient. In some embodiments, the pharmaceutical composition is for use
as a medicament in the treatment of cancer. In some embodiments, the cancer is breast
cancer, bladder cancer, ovanan cancer, gastrie cancer, salivary duct carcinoma, non-small cell
lang cancer, pancreatic cancer, or colon cancer. In some embodiments, the cancer is breast
cancer. In some embodiments, the cancer is gastric cancer.

[6499] Such compositions may comprise buffers such as neutral buffered saline, phosphate
buffered saline and the like; carbohydrates such as glucose, mannose, sucrose or dextrans,
mangitol; proteins; polypeptides or amine acids such as glyeine; antioxidants; chelating
agents such as EDTA or glutathione; and preservatives.

[3366] In some embodiments, the immune cell expresses both the first receptor and the
second receptor. In some embodiments, at least about 30%, about 55%, about 60%, about
63%, about 70%, about 75%. about 80%, about 85%, about 90%. or about 95% of the
mmmune cells express both the first receptor and the second receptor. In some embodiments,
at feast 90% of the immune cells express both the first receptor and the second receptor.
{6581} The disclosure provides pharmaceutical compositions comprising a plurality of
mmmune cells of the disclosure, and a pharmaceutically acceptable carrier, diuent or
excipient.

13562] Formulations of a phammaceutical composition switable for parenteral administration
typically generally comprise of immune cells corabined with a pharmmaceutically acceptable
carrier, such as sterile water or stenle 1sotonic saline. Such formulations may be prepared,
packaged, or sold in a form suitable for bolus administration or for contimuous administration.
Injectable formulations may be prepared, packaged, or sold i unit dosage formy, such asin
ampoules or in multi-dose contamers containing a preservative. Formulations for parenteral
administration include, but are not imited to, suspensions, solutions, enudsions in otly or
aqueous vehicles, pastes, and the like. Such formulations may further comprise one or more
additional ingredients including, but not limited to, suspending, stabilizing, or dispersing
agents. Parenteral formulations also include agueous solutions which may contain excipients

such as salts, carbohyvdrates and buffering agents. Exemplary parenteral administration forms
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include solutions or suspensions in sterile aqueous solations, for example, agueous propylene
glveol or dextrose solutions. Such dosage forms can be suitably buffered, if desired.
Formulations for parenteral administration may be formulated o be immediate and/or
modified release. Modified release formulations inclade delayed-, sustained-, pulsed-,
controlied-, targeted and programmed release.

[6503] In some embodiments, the formulated composition comprising the tmowne cells 15
suitable for admimstration via mjection. In some embodiments, the formulated composttion
comprising the immune cells is suitable for administration via infusion.

(6504} The pharmacoutical compositions of the present disclosure, which may conveniently
be presented n unit dosage form, may be prepared according to conventional technigues well
known in the pharmaceutical industry. Such technigues inchide the step of bringing into
association the immune cells with the phammaceutical carrier(s} or excipient(s), such as Hguid
Carmners.

6505} Aqucous suspensions may further contain sabstances that increase the viscosity of the
suspension including, for example, sodium carboxymethyleelhilose, sorbitol and/or dextran.
The suspension may also contain stabihizers.

[03506] The compositions of the present disclosure may additionally contain other adjunct
componenis conventionally found in pharmaceutical compositions. Thas, for example, the
compositions may contain additional, compatible, pharmaceutically-active materials such as,
for example, antipruritics, astringents, local anesthetics or anti~inflammatory agents, or may
contain additional materials usefol in physically formulating varions dosage forms of the
compositions of the present disclosure, such as dyes, prescrvatives, antioxidants, opacifiers,
thickening agents and stabilizers. However, such matcnals, when added, should not unduly
nterfere with the biclogical activities of the immune celis of the compositions of the present
disclosure.

65471 The formulation or composition may also contaim more than one active mgredient
uscful for the particular indication, disease, or condition being treated with the immume cells,
where the respective activities do not adversely affect one ancther. Such active ingredients
arc suitably present in combination 1n amounts that are effective for the purpose ttended.
Thus, m some embodiments, the pharmaceutical composition further includes other
phamaceutically active agents or drogs, such as chemotherapeutic agents.

13508] The pharmaceutical composition in some aspects can employ time-released, delayed
release, and sustamed release delivery svstems such that the delivery of the composition
occurs prior to, and with sufficient time to cause, sensitization of the site to be treated. Many
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types of release delivery systems are available and known. Such systems can avoid repeated
administrations of the composition, therchy increasing convenience to the subject and the
physician,

[3502] Administration can be effected in one dose, continuously or intermittently throughout
the course of treatment. Single or multiple administrations can be carried out with the dose
level and pattern being selected by the treating physician.

[6514] The pharmaceutical composifion in some embodiments contains the immune cells in
amounts effective to treat or prevent a cancer, such as a therapeutically effective or
prophylactically effective amount. Therapoutic or prophylactic efficacy in some embodiments
1s monitored by periodic assessment of treated subjects. For repeated administrations over
days, weeks or months, depending on the condition, the treatment can be repeated until a
desired suppression of cancer signs of symptoms occurs. However, other dosage regimens
may be useful and can be determined. The desired dosage can be delivered by a single bolus
administration or infusion of the composition or by maltiple bolus administrations or

infusions of the composttion.

Methods of Use

13511] Provided herein are methods for selectively killing HER2-positive tumor cells having
loss of heterozvgosity at an allele encoding a non-target antigen in the HER2-positive cancer,
comprising contacting the HER2-positive tumor cells with an immuone cell comprising the
engincered receptors of the disclosure. The colls may be, for example, m a tissue {c.g.,
vivoy or in a nmixed culture. In some embodiments, the non-target antigen is an HLA class 1
allele or a minor histocompatibility antigen (MiHA). In some embodiments, the HLA class |
allele comprises HLA-A, HLA-B, HLA-C or HLA-E. In some embodiments, the HLA class T
allele 1s HLA-A*02. In some cmboduments, the noun~target antigen is selected fron the group
consisting of HLA-A¥02, HLA-A*01, HLA-A*03, HLA-A* 1], HLA-B*07, and HLA-C*07.
(8512} Provided herein are methods of treating a subject in need thereof, comprising
adminstering to the subject a therapeutically effective amount of a composition comprising
wamune cells comprising the engineered receptors of the disclosure.

13513} In some embodiments, the method comprises treating a HERZ+ cancer in a subject
identified as having or suspected of having a loss of heterozygosity at an allele encoding a
non-target antigen in the HER2+ cancer, comprising adnunistering to the subject the immune
cells described herein. In some emboduments, the immune cells are autologous. In some

embodiments, the immune cells are allogencic. In some embodiments, the non-target antigen

158



(4

10

[
v

2
W

30

WO 2022/177979 PCT/US2022/016582

i3 an HLA class { allele or a minor histocompatibility antigen (MiHA}. In some embodiments,
the HLA class 1 allele comprises HLA-A, HLA-B, HLA-C or HLA-E. In some embodiments,
the HLA class T allele 1s HLLA-A*02. In some emboduments, the noun~target antigen is selected
from the group consisting of HLA-A¥02, HLA-A*01, HLA-A*03, HLA-A*11, HLA-B*(7,
and HLA-C*07.

3514} The disclosure provides raethods of making an tmmune cell therapy. In some
embodiments, the method comprises transforming immune cells with the polynucleotide
system described herein. In some embodiments, the polynucleotide system comprises one or
more polynucleotides comprising polynucleotide sequences encoding: an activator receptor
comprising an extracellular ligand binding domain specific to an erb-b2 receptor tyrosine
kinase 2 (HER2} antigen; and an mhibitory receptor comprising an extracellular ligand
binding domain specific to a non-target antigen that is not expressed by the cancer ¢oll due to
a loss of heterozygosity i the cancer cell.

(6515 In some embodiments, the method of treating a subject comprises providing immune
cells from a subject suffering from or at risk for a HER2 positive (HER2+) cancer. In some
crabodiments, the method comprises transducing the immune cell with the polyvnucleotide
system described herem.

[3516] The current method for adoptive cell therapy using autologous cells includes tsolating
immune celis from paticat blood, performing a series of modifications on the isolated cells,
and administering the cells to a patient (Papathanasiou et al. Cancer Gene Therapy. 27.799-
809 {2020}}. Providing immane cells from a subject suffering from or at risk for cancerora
hematological malignancy requires isolation of immmune cell from the patient’s blood, and can
be accomplished through methods known in the art, for exarople, by leukapheresis. During
leukapherests, blood from a subject is extracted and the peripheral blood mononuclear cells
{(PBMs} are separated, and the remainder of the blood is returned to the subject’s
circulation. The PBMCs are stored etther frozen or eryopreserved as a sample of immune
cells and provided for further processing steps, such as, ¢.g. the modifications described
herein.

6517} In some embodiments, the method of treating a subject described herein comprises
modifications to immune cells from the subject comprising a series of modifications
comprising enrichment, activation, genetic modification, expansion, formulation, and
cryopreservation.

16518} The disclosure provides corichmont steps that can be, for example, washing and

fractionating methods known in the art for preparation of subject PBMCs for downstream
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procedures, ¢.g. the modifications described herein. For example, without limitation, methods
can include devices to remove gross red blood cells and platelet contaminants, systoms for
size-based cell fractionation for the depletion of monocytes and the 1solation of lvmphocytes,
and/or systems that allow the ennchment of specific sabsets of T cells, such as, e.g. D4+,
CDR+, D25+, or CDO2L+ T cells. Following the enrichment steps, a target sub-population
of immune cells will be isolated from the subject PMBCs for further processing. Those
skilled m the art will appreciate that ennchment steps, as provided herein, may also
encompass any newly discovered method, device, reagent or combination thereof.

(8519} The disclosure provides activation steps that can be any method known in the art to
induce activation of immune cells, e.g. T cells, required for their ex vivo expansion. Immune
cell activation can be achieved, for example, by calturing the subject immune cells in the
presence of dendritic cells, culturing the subject immune cells in the presence of artificial
antigen-presenting cells (AAPCs), or culturing the tmowune celis i the presence of irradiated
K562-derived AAPCs. Other methods for activating subject immune cells can be, for
example, culturing the immuone cells o the presence of isolated activating factors and
compositions, ¢.g. beads, surfaces, or particles functionalized with activating factors.
Activating factors can include, for example, antibodies, e.g. anti-CD3 and/or anti-CD28
antibodies. Activating factors can also be, for example, cytokines, e.g. interleukin (JL)}-2 or
1E-21. Activating factors can also be costimulatory molecules, such as, for example, CD40,
CD40L, CD70, CDRO, CDR3, CD86, CDI3TL, ICOSL, GITRL, and UD134L. Those skilled
in the art will appreciate that activating factors, as provided herein, may also encompass any
newly discovered activating factor, reagent, composition, or combination thereof that can
activate tmoune cells.

[3526] The disclosure provides genetic modification steps for modifving the subject tmmune
cells. In some embodiments, the genetic modification comprises transducing the immune celf
with an engineered receptor. In some embodiments, the method comprises transducing the
immune cell with a first vector comprising a sequence encoding the activator receptor and a
second vector comprising a sequence encoding the inhibitory receptor, thereby producing an
immune cell expressing the activator and inhibitory receptors.

[3521] The disclosure provides expansion steps for the genetically modified subject omune
cella. Genetically modified subject immune cells can be expanded in any immune cell
expansion system known in the art to generate therapeutic doses of immune cells for
adnunistration. For exarople, bioreactor bags for use in a systers comprising controlier
pumps, and probes that allow for antomatic feeding and waste removal can be used for
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immune cell expansion. Cell caltare flasks with gas-permeable membranes at the base may
be used for immune cell expansion. Any such system known in the art that enables expansion
of mmmume cells for clinical use is encorapassed by the expansion step provided herein.
Immaune cells are expanded in cultare systems in media formulated specifically for
expansion. Expansion can also be facilitated by culturing the immune cell of the disclosure in
the presence of activation factors as described herein. Those skilled in the art will appreciate
that expansion steps, as provided herein, may also encompass anv newly discovered culture
systems, media, or activating factors that can be used to expand immune celis.

(6522} The disclosure provides formulation and crvopreservation steps for the expanded
genetically modified subject immune cells. Formulation steps provided include, for example,
washing away excess components used in the preparation and expansion of immane cells of
the methods of treatment described herein. Any pharmaceutically acceptable formulation
roedium or wash buffer compatible with immuse ccll known in the art may be used to wash,
dilute/concentration immune cells, and prepare doses for adsunistration. Formulation
medium can be acceptable for administration of the immuone cells, such as, for example
crystalloid solutions for intravenous mfusion. Cryopreservation can optionally be used to
store immune cells long-term. Cryopreservation can be achieved using known methods in the
art, including for example, storing cells in a eryopreservation mediun containing
cryopreservation components. Cryopreservation components can include, for example,
dimethyl sulfoxide or glycerol. Immune cells stored m cryopreservation medium can be
crvopreserved by redacing the storage temperature to -800( to -180 °C.

6523} In some embodiments, the method comprises administering tmmune cells descrbed
herein. In some embodiments, the method comprises administering a conditionimg regimen
prior to admnistering the immune cells described herein. In some embodiments, the
conditioning regimen is lymphodepletion. A lymphodepletion regimen can include, for
example, adounisiration of alemtuzumab, cyclophosphamide, benduamustin, rituximab,
pentostatin, and/or fludarabine. Lymphodepletion regimen can be adnunistered in one or
more cyeles until the desired outcome of reduced circulating immane cells.

(6524} In some embodiments, the conditioning regimen comprises administening an agent
that specifically targets, and reduces or ehiminates CD¥S2+ cells in the subject, and the
immune cells are modified to reduce or ehminate U352 expression.

1525] In some embodiments, the method of treatment comprises determining the HLA

germline type of the subject. In some embodiments, detenniming the HLA gerodine type
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comprises determining the presence of HLA-A*02:01 heterozyvgosity. In some embodiments,
the HLA gemmline type is determined in bone marrow.

(6526} To some embodiments, the method of treatment comprises determining the level of
expression of an activator ligand, e g a HERZ antigen. In some embodiments, the level of
expression of an activator ligand is determined in tomor tissue samples from the subject. In
some erabodiments, the expression level of an activator higand 1s determined using next
generation sequencing. In some embodiments, the expression level of an activator ligand 1s
determined using RNA sequencing. In some embodiments, the fevel of an activator ligand is
determined vsing immunochistochemistry.

[3527] In some embodiments, the method of treatment comprises administering 3
therapeutically effective dose of immmume cells in a sabject in need thereof, wherem the
subject is determined to be HLA germline HLA-A*02:01 heterozygous and have tumor tissue
with activator cxpression and loss of HLA-A¥02:01.

[6528] In some embodiments, a therapeatically effective dose of the immune cells described
herein are administered. In some embodiments, the immune cells of the disclosure are
admuustered by imtravenous mjection. In some embodunents, the inunune cells of the
disclosure are admimstered by intraperitoneal injection. In some embodiments, a
therapeutically effective dose comprises about ¢.5x10° cells, about 1x 106 cells, about 2x10°
cells, about 3x10° cells, 4+10° cells, about 5x10° cells, about 6 10° cells, about 7x10° cells,
about 8x10° cells, about 9x10° cells, about 1x107, about 2x107, about 3x107, about 4x107,
about 5x107, about 6x107, about 7107, about 8x107, about 9x107, 1x10% cells, about 2x10°
cells, about 3<10° cells, about 4x10° calis, about 5+10°% cells, or about 6<10% cells. In some
embodiments, a therapeutically effective dose comprises about 0.5x10° cells to about 6x16°
cells, about 1x10° cells to about $x108 cells, about 2x10° cells to about 3x10° cells, about
3:10° colls to about 4+ 108 cells, about 4x10° cels to about 3x10° celis, about 5x10° cells to
about 2x108 cells, about 6x10° cells to about 1x10° cells, about 7x10° cells to about 9x1¢7
cells, about §x10° cells to about §x107 cells, about 9x10° celis to about 7x107 cells, about
1x197 celis to about 6x107 cells, or about 2x 107 cells to about 5x 107 cells. Inn some
embodiments, a therapeutically effective dose comprises about 0.5x10° cells to about 6x16°
cells. The term “about” as referred to in a therapeutically dose, can be, for example, &
.5x10° cells, + 0.5x107 cells, or+ 0.5%10% cells.

13529] In some embodiments, the subject in need thereof has cancer. In some embodiments,
the cancer is a HER2 posttive (HER2+) cancer. Cancer is a discase in which abnormal cells

divide without control and spread to nearby tissue. In some embodiments, the cancer
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comprises a liguid tumor or a solid tumor. Exemplary liquid tomors include levkemias and
lymphomas. Exerplary solid tumors include sarcomas and carcinomas. {ancers can arise in
virtually an organ in the body, including blood, bone marrow, fung, breast, colon, boug,
central nervous system, pancreas, prostate and ovary. Further cancers that are solid tumors
include, for example, prostate cancer, testicular cancer, breast cancer, brain cancer, pancreatic
cancer, colon cancer, thyrowd cancer, stomach cancer, lung cancer, ovarian cancer, Kapost's
sarcoma, skin cancer, squamous cell skin cancer, renal cancer, head and neck cancers, throat
cancer, squamous carcinomas that form on the moist mucosal linings of the nose, mouth,
throat, bladder cancer, osteosarcoma, cervical cancer, endometrial cancer, esophageal cancer,
tiver cancer, and kidney cancer. In some embodiments, the condition treated by the methods
described herein 1s metastasis of melanoma cells, prostate cancer cells, testicudar cancer cells,
breast cancer cells, brain cancer cclls, pancreatic cancer cels, colon cancer cells, thyroid
cancer cells, stomach cancer cells, lung cancer cells, ovanan cancer colls, Kapost's sarcoma
cells, skin cancer cells, renal cancer cells, head or neck cancer cells, throat cancer cells,
squamous carcinoma cells, bladder cancer cells, osteosarcoma cells, cervical cancer cells,
endometrial cancer cells, esophageal cancer cells, liver cancer cells, or kidney cancer cells.
13536] Any cancer wherein a plurality of the cancer cells express the first, activator Higand
and do not express the second, inhibitor ligand 1s envisaged as within the scope of the instant
disclosure. For example, HERZ posttive cancers that can be treated using the methods
described herein include breast cancer cell, bladder cancer cell, ovanan cancer cell, gastric
cancer cell, a salivary duct carcinoma cell, a non-small cell hung cancer cell, a pancreatic
cancer cell, or a colon cancer cell.

(3531} To some embodiments, a plurality of cancer cells do not express a polvmorphic allele
of COLECI2, APCDD! or CXCL16. In some embodiments, a plurality of cancer cells do not
express a non-farget antigen. In some embodiments. a plorality of cancer cells do not express
HLA-A*(2. In some embodiments, the plurality of cancer cells do not express an atlelic
variant of HLA-A*02. In some embodiments, the plurality of cancer cells do not express
HLA-A¥(1. In some embodiments, the plarality of cancer cells do not express HLA-A*03 . In
some embodiments, the plurality of cancer cells do not expression HLA-A*11. In some
embodiments, the plurality of cancer cells do not express HLA-B*07. In some embodiments,
the plurality of cancer cells do not expression HLA-C*07. For example, the cancer cells have
lost an allele of COLEC12, APCDBD1 or CXCL16, or HLA-A*02 through loss of

heterozygosity at that locus.
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[8532] Treating cancer can result in a reduction in size of a tumor. A reduction in size of a
tumor may also be referred to as “tumor regression”. Preferably, after treatment, tumor size i8
reduced by 5% or greater relative 1o its size prior to treatment; more preferably, tioor size is
reduced by 10% or greater; more preferably, reduced by 20% or greater; more preferably,
reduced by 30% or greater; more preferably, reduced by 40% or greater; even more
preferably, reduced by 30% or greater; and most preferably, reduced by greater than 73% or
greater. Size of a tumor mayv be measured by any reproducible means of measurement. The
size of a tumor may be measared as a diameter of the tumor.

(8533} Treating cancer can result in a reduction in tumor volume. Preferably, after treatment,
tamor volume is reduced by 5% or greater relative 1o 1fs size prior o treatment; more
preferably, tumor volume is reduced by 10% or greater; more preferably, reduced by 20% or
greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or
greater; even rore preferably, reduced by 50% or greater; and most preferably, reduced by
greater than 75% or greater. Tumor volume may be measured by any reproducible means of
measurement.

0534 Treating cancer results in a decrease in number of tumors. Preferably, after treatment,
tamor number is reduced by 3% or greater relative to number prior to treatment; more
preferably, tumor mumber 1s reduced by 10% or greater: more preferably, redaced by 20% or
greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or

reatey,

s

g gven more preferably, reduced by 50% or greater; and most preferably, reduced by
greater than 75%. Number of tumors may be measored by any reproducible means of
measurement. The number of tumors may be measured by counting tumors visible to the
naked cve or at a specified magnification. Preferably, the specified magnification is 2x, 3x,
4x, 5%, 10x, or 30x.

13535 Treating cancer can result in a decrease in mumber of metastatic lesions i other
tissues or organs distant from the primary tumor site. Preferably, after treatment, the number
of metastatic lesions is reduced by 5% or greater relative to number prior to freatment; more
preferably, the number of metastatic lesions is reduced by 10% or greater; more preferably,
reduced by 20% or greater; more preferably, reduced by 30% or greater: more preferably,
reduced by 40% or greater; even more preferably, reduced by 50% or greater; and most
preferably, reduced by greater than 75%. The number of metastatic lesions mayv be measured
by any reproducible means of measurement. The number of metastatic lesions may be
roeasured by counting metastatic lestons visible to the naked eve or at a specificd

magnification. Preferably, the specified magnification 1s 2x, 3x, 4x, 5x, 10x, or S0x.
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[08836] Treating cancer can result in an increase in average survival time of a population of
treated subjects in comparison to a population receiving carrier alone. Preferably, the average
survival time 1s increased by more than 30 days: more preferably, by more than 60 days;
more preferably, by more than 90 days; and most preferably, by more than 120 davs. An
increase i average survival time of a population may be measured by any reproducible
roeans. An increase in average survival time of a population may be measured, for example,
by calculating for a population the average length of survival following imtiation of treatment
with an active compound. An increase in average sarvival time of a population may also be
measured, for example, by calculating for a population the average length of survival
following completion of a first round of treatment with an active compound.

13337] Treating cancer can result in an increase in average sarvival time of a population of
treated subjects in comparison to a population of untreated subjects. Preferably, the average
survival time 18 increased by more than 30 davs; more preferably, by more than 60 days;
more preferably, by more than 90 davs; and most preferably, by more than 120 days. An
increase m average survival time of a population may be measured by any reproducible
means. An increase i average survival time of a population may be measured, for example,
by calculating for a population the average length of survival following mitiation of treatment
with an active compound. An increase in average survival time of a population may also be
measured, for cxample, by calculating for a population the average length of survival
following completion of a first round of treatment with an active compound.

[6838] Treating cancer can result in increase in average survival time of a population of
treated subjects in comparison to a population receiving monotherapy with a drug that isnot a
compound of the present invention, or a pharmaceutically acceptable salt, prodrug,
metabolite, analog or derivative thereof Preferably, the average survival time is increased by
more than 36 days; more preferably, by more than 60 days; more preferably, by more than 90
days; and most preferably, by more than 120 days. An increase in average survival time of a
population may be measured by any reproducible means. An increase in average survival
tme of a population may be measured, for example, by calculating for a population the
average length of survival following mitiation of treatment with an active compound. An
merease i average survival time of a population may also be measured, for example, by
calculating for a population the average length of survival following completion of a first
round of treatment with an active compound.

16839] Treating cancer can result in a decrease m the mortality rate of a population of treated
subjects in comparison to a population receiving carrier alone. Treating cancer can result in a
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decrease in the mortality rate of a population of treated subjects in comparison (o an entreated
population. Treating cancer can result in a decrease in the mortality rate of a population of
treated subjects in comparison to a population receiving monctherapy with a dmgthatisnota
compound of the present invention, or a pharmaceatically acceptable salt, prodrug,
metabolite, analog or derivative thercof. Preferably, the montality rate is decreased by more
than 2%; more preferably, by more than 5%; more preferably, by more than 10%; and most
preferably, by more than 25%. A decrease 1n the mortality rate of a population of treated
subjects may be measured by any reproducible means. A decrease in the mortality rate of a
population may be measured, for example, by calculating for a population the average
number of discase-related deaths per unit time following imitiation of treatment with an active
compound. A decrease in the mortality rate of a population may also be measured, for
example, by caleulating for a population the average number of discase-related deaths per
unit ime followimg completion of a first round of treatment with an active compound.

G544 Treating cancer can result in a decrease in tumor growth rate. Preferably, after
treatment, tumor growth rate is reduced by at least 3% relative to number prior to treatment;
more preferably, tumor growth rate is reduced by at least 10%:; more preferably, reduced by
at least 20%: more preferably, reduced by at least 30%; more preferably, reduced by at least
40%,; more preferably, reduced by at least 50%; even more preferably, reduced by at least
50%; and most preferably, reduced by at least 75%. Temor growth rate may be measured by
any reproducible means of measurement. Tumor growth rate can be measured according to a
change in tumor diameter per unit time.

{6541} Treating cancer can result in a decrease in tumor regrowth, Preferably, after treatment,
turor regrowth s less than 5%; more preferably, tumor regrowth is less than 10%; more
preferably, less than 20%; more preferably, less than 30%: more preferably, less than 40%;
more preferably, less than 30%; even more preferably, less than 50%:; and most preferably,
less than 75%. Tumor regrowth may be measured by any reproducible means of
measurement. Tumor regrowth is measured, for example, by measuring an increase n the
diameter of a tumor after a prior tumor shrinkage that followed treatment. A decrease in
turnor regrowth is indicated by failure of tumors to reoccur after treatment has stoppoed.

{6342} Treating or preventing a cell proliferative disorder can result in a reduction in the rate
of cellular proliferation. Preferably, after treatment, the rate of cellolar proliferation is
reduced by at least 5%; more preferably, by at least 10%:; more preferably, by at least 20%;
more preferably, by at least 30%; more preferably, by at least 40%; more preferably, by at

least 50%:; even more preferably, by at least 50%,; and most preferably, by at least 75%. The
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rate of cellular proliferation may be measured by any reproducible means of measurenient.
The rate of cellular profiferation is measured, for example, by measaring the number of
dividing cells 10 a tissue sample per unit time.

13543} Treating or preventing a cell proliferative disorder can result in a reduction i the
proportion of proliferating cells. Preferably, after treatment, the proportion of proliferating
cells 1s reduced by at least 5%; more preferably, by at least 16%; more preferably, by at least
20%; more preferably, by at least 30%; more preferably, by at least 40%; more preferably, by
at least 30%:; even more preferably, by at least 50%; and most preferably, by at least 75%.
The proportion of proliferating cells may be measured by any reproducibic means of
measurement. Preferably, the proportion of prohiferating cells is measured, for example, by
quantifying the number of dividing cells relative to the mumber of nondividing cells in a
tissue sample. The proportion of proliferating cells can be equivalent to the mitotic index.
[6544] Treating or preventing a cell proliferative disorder can result in a decrease in size of
an arca or zone of cellular proliferation. Preferably, after treatment, size of an area or zone of
cellular prohiferation is reduced by at least 5% relative to its size prior to treatment; more
preferably, reduced by at least 10%; more preferably, reduced by at least 20%; more
preferably, reduced by at least 30%; move preferably, reduced by at least 40%; more
preferably, reduced by at least S0%; even more preferably, redaced by at least 50%: and most
preferably. reduced by at least 75%. Size of an area or zone of cellular proliferation may be
measured by any reproducible means of measurement. The size of an area or zone of cellular
proliferation may be measured as a diameter or width of an area or zone of cellalar
proliferation.

[0545] Treating or preventing a ccll proliferative disorder can result in a decrease ju the
number or proportion of cells having an abnomal appearance or morphology. Preferably,
after treatment, the number of cells baving an abnormal morphology is reduced by at least 5%
relative to 1S size prior to freatment; more preferably, reduced by at least 10%:; more
preferably, reduced by at least 20%,; more preferably, reduced by at least 30%; more
preferably, reduced by at feast 40%; more preferably, reduced by at least 50%; even more
preforably, reduced by at least 30%; and most preferably, reduced by at feast 75%. An
abnormal cellular appearance or morphology may be measured by any reproducible means of
measurement. An abnormal celivlar morphology can be measured by microscopy, €.g., using
an mnverted tissue culture microscope. An abnormal cellular morphology can take the form of

nuclear pleiomaorphism.
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[8846] The disclosure provides methods of treating a cancer in a sabject comprising: (a)
determining the genotype of normal cells and a plurality of cancer cells of the subjectata
polymorphic locus sclected from the group consisting of a polymorphic locus of COLECI2, 3
polymorphic locos of APCDDI and a polymorphic locus of CXCLI16, or the HLA-A*(02
focus; (b} determining the expression of HERZ in a plurality of cancer cells; and {¢)
administering a plurality of immune cells to the subject if the normal cells are beterozygous
for the polymorphic locus and the plurality of cancer cells are hemizygous for the
polymorphic locus or have lost HLA-A*02, and the plurality of cancer cells are HER2-
positive, wherein the plurality of immune celis comprise: (1) a first recoptor, opticnally a
chimeric antigen receptor {CAR} or T cell receptor (TCR), comprising an extracellular ligand
binding domain specific to HER2, or a peptide antigen thereof in a complex with a major
histocompatibility complex clags I (MHC-1}; and (it} a second receptor, optionally an
inhibitory chimeric antigen receptor (1., inhibitory receptors), comprising an extracellular
ligand binding specific to a non-target antigen selected from COLEC12, APCDDI, and
CXCL16, or an antigen peptide thereof in 3 complex with an a major histocompatibility
complex class TIMHC-1), or HLA-A*02, wherein the non-farget antigen comprises a
polymorphism.

13547} Methods of genotyping cancer cells and normal cells from a subject for the presence
or absence of SNPs will be readily apparent to persons of ordinary skill in the art. SNP
genotyping methods include, inter aha, PCR based methods such as dual-probe TagMan
assavs, array based hybridization methods and sequencing.

[6548] Mecthods of measuring the expression of the target antigen in cancer or normal cells
from a subject will be readily apparent to persons of ordinary skill in the art. These include,
inter alia, methods of measaring RNA expression such as RNA sequencing and reverse
transcription polymerase chain reaction (RT-PCR). as well as methods of measurning protein
expression such as immunohistochemistry based methods. Methods of measuring loss of
heterozygosity in a plurality of cancer cells, include, inter alia, high throughput sequencing of
genomic DNA extracted from cancer cells using methods known in the art.

(65491 Methods of measuring the expression of the target antigen in cancer or normal cells
from a subject will be readily apparent to persons of ordinary skill in the art. These mclude,
wnter alia, methods of measuring RNA expression such as RNA sequencing and reverse
transeription polymerase chain reaction (RT-PCR}, as well as methods of measuring protein
expression such as immunolustochernistry based methods.

[B55¢] In some embodiments, the mmone cells are T cells.
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[6531] In some embodiments, the immuone cells are allogencic or autologons.
65521 In some embodiments, the second recepior mcreases the specificity of the immune
cells for the HERZ2-positive cancer cells comapared to monwne cells that express the first

receptor but do not express the second receptor. In some embodiments, the immune cells

(4

have reduced side effects compared to immune cells that express the first receptor but do not

express the second receptor.

Dosage and Admimstration

(35353} The immune cells and of the present disclosure may be administered in a number of
ways depending upon whether local or systemic treatment is desired.

10 (6554} In general, administration may be parenteral.

[6535] Methods for admuustration of colls for adoptive cell therapy are known and may be
used 1 connection with the provided methods and compositions. For example, adoptive T
cell therapy methods are described, ¢.g., m US Patent Application Publication No.
2003/0170238 1o Gruenberg ot al and U S, Pat. No. 4,690,915 10 Rosenberg.

15 [8556] The compositions of the disclosure are suitable for parenteral administration. As used
herein, “parcnteral administration” of a pharmaceutical composition includes any route of
administration characterized by physical breaching of a tissue of a subject and administration
of the pharmaceutical composttion through the breach n the tissue, thus generally resulting m
the direct adomnistration into the blood stream, into mascle, or into an imternal organ.

20 Parcnteral administration thus includes, but is not limited to, administration of a
pharmaceutical composition by tnjection of the composition, by applhication of the
composition through a surgical incision, by application of the composition through a tissue-
penetrating non-surgical wound, and the hike. In particular, parenteral administration is
contemplated 1o include, but 15 not imited to, subcutaneous, intrapertioneal, intramuscular,

25 intrasternal, intravenous, intraartenal, intrathecal, intraventricular, intravrethral, intracramal,
intratumoral, intrasynovial imection or infusions; and kidney dialytic infusion techniques. In
some embodiments, parenteral adrmmistration of the coraposttions of the present disclosure
comprises intravenous or infraarterial admimistration.

13557} The cells or population of cells can be administrated in one or more doses. In some
3¢ embodiments, an effective amount of cells can be administrated as a single dose. In some

embodiments, an effective amount of cells can be admuustrated as more than one doses over

a period time. Timing of administration 1s within the judgment of a managing physician and

depends on the chinical condition of the patient.
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(0558} The cells or population of cells may be obtained from any souree, such as a blood
bank or a donor, or the patient themselves.

(3559 An effective amount raeans an amount which provides a therapeutic or prophylactic
benefit. The dosage admintstered will be dependent upon the age, health and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment and the nature of the
cffect desired. In some embodiments, an effective amount of cells or composition comprising
those cells are administrated parenterally. In some embodiments, administration can be an
intravencus administration. In some embodiments, administration can be directly done by
injection within a tumor.

{3568 For purposes of the disclosure, an assay, which comprises, for example, comparing
the extent to which target cells are lysed or one or more cytokines are secreted by immane
colls expressing the receptors, upon administration of a given dose of such tmmune celisto a
roaromal, among a st of manuuals of which s cach given a different dose of the toowune
cells, can be used to determine a starting dose to be administered to a mammal.

(8561} In some embodiments, the cells are administered as part of a combination treatment,
such as simultancously with or sequentially with, in any order, another therapeutic
ntervention, such as an antibody or engineered cell or receptor or agent, such as a eytotoxic
or therapeutic agent. The tmmune cells of the disclosure are in some embodiments are co-
administered with one or more additional therapeutic agents or in connection with another
therapeutic intervention, either sinmiltancousty or sequentially m any order. In some contexts,
the tmmune cells are co-administered with ancther therapy sufficiently close in time such that
the immune cell populations enhance the effect of one or more additional therapeutic agents,
or vice versa. In some embodiments, the immune colls are adminstered prior to the one or
more additional therapeutic agents. In some embodiments, the immune cells are administered
after to the one or more addiional therapeutic agents.

16362} In embodiments, a lymphodepleting chemotherapy ts admmistered to the subjoct prior
to, concurrently with, or after administration {¢.g., infusion) of adoptive immume cells. In an
example, the lymphodepleting chemotherapy is administered to the sabject prior to
administration of the immune cells. For example, the lymphodepleting chemotherapy ends 1-
4days{e.g., 1, 2, 3, or 4 days) prior to adoptive cell infusion. In embodiments, multiple doses
of adoptive cells are administered, e.g., as descnibed heremn. In embodiments, a
Iymphodepleting chemotherapy is administered fo the subject prior to, concurrently with, or
after admunistration {¢.g., infusion} of the mmmoune cells desceribed herein, Examples of

tvmphodepletion mchide, but may not be himited to, nonmycloablative Iymphodepleting

176



(4

10

[
v

2
W

30

WO 2022/177979 PCT/US2022/016582

chemotherapy, mveloablative lvmphodepleting chemotherapy, total body irradiation, etc.
Examples of lymphodepleting agents include, but are not limited to, antithymocyte globulin,
anti-CD3 antibodies, anti~-C4 antibodies, anti~-CD8 antibodies, anti-CID32 antibodies, anti-
D2 antibodies, TCRof blockers, anti-CD20 antibodies, anti-CD Y antibodies, Bortezomb,
rituxinab, anti-CD 154 antibodies, rapamycin, CD3 immunotoxin, fludarabine,
cvclophosphamide, busulfan, melphalan, Mabthera, Tacrolimus, alefacept, alentuzumab,
OKT3, OKT4, OKTE, OKT11, fingolimod, anti~CD40 antibodies, anti-BR3 antibodies,
Campath-1H, anti-CD25 antibodies, calcingurin inhibitors, mycophenolate, and steroids,
which may be used alone or in combination. As a further example. a lymphodepletion
regimen can include, admuustration of alemtuzumab, cyclophosphamide, benduamastin,
rituximab, pentostatin, and/or fludarabine. Lymphodepletion regimen can be administered in
one or more cvcles until the desired outcome of reduced circulating tmmune cells. In some
cembodiments, the lymphodepletion comprises administering an agent that specifically targets,
and reduces or ehminates CD32+ cells in the sabject, and the immune cells are modified to
redace or climinate CD32 expression.

[0563] o some embodiments, an mmune stimulating therapy is administered to the subject
prior 0, concurrently with, or afier admunustration {e.g. infusion) of adoptive immune cells. In
some embodiments, the immune stimulating therapy comprises homeostatic cytokines. In
some embodiments, the tmmune stimulating therapy comprises immune-stimulatory
molecules. In some embodiments, the immune stimulating therapy comprises IL-2, IL-7, IL-
12, 1L-15, HL-21, 119, or a fenctional fragment thereof. In some embodiments, the inunone
stimulating therapy comprises IL-2, IL-7, fL-12, IL-15, IL-21, IL-9, or combinations thereof.
In some embodiments, the immune stimulating therapy comprises -2, or a functional
fragment thereof.

13564] Methods for adoptive cell therapy using autologous colls tncludes isolating tromune
cells from patient blood, performing a series of modifications on the isolated cells including
transducing the cclls with one or more vectors encoding the dual receptor system described
herein, and adnunistering the cells to a patient. Providing immune cells from a subject
suffering from or at risk for cancer or a hematological malignancy requires isolation of
wamune cell from the patient’s blood, and can be accomplished through methods known n
the art, for example, by lenkapheresis. Daring leukapheresis, blood from a subject is
extracted and the peripheral blood mononuclear cells (PBMCs) are separated, and the

remainder of the blood ts returned to the subject’s circulation. The PBMCs are stored cither
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frozen or crvopreserved as a sample of immane cells and provided for forther processing
steps, such as, e.g. the modifications described herein.

(0565 To some embodiments, the method of treating a subject described beremn comprises
modifications o tmmune cells from the sabject comprising a series of modifications
comprising enrichment and/or depletion, activation, genctic modification, expansion,
formulation, and cryopreservation.

[6566] The disclosure provides enrichment and/or depletion steps that can be, for example,
washing and fractionating methods known in the art for preparation of subject PBMCs for
downstream procedures, ¢.g. the modifications described herein. For example, without
himitation, methods can include devices {o remove gross red blood cells and platelet
contaminants, systems for size-based cell fractionation for the depletion of monocyies and the
isolation of lvmphocytes, and/or systems that allow the enrichment or depletion of specific
subsets of T cells, such as, ¢.g. CD4+, CD8+, CDZ5+, or CD62LA T cells. Following the
enrichment steps, a target sub-population of immune cells will be isolated from the subject
PMBCs for further processing. Those skilled in the art will appreciate that enrichment steps,
as provided herein, may also encompass any newly discovered method, device, reagent or
combination thereof.

13567] The disclosure provides activation steps that can be any method known in the art to
induce activation of immune cells, ¢.g. T cells, required for their ex vivo expansion. Immune
cell activation can be achieved, for example, by culturing the subject immune cells in the
presence of dendritic cells, culturing the sebject immune cells i the presence of artificial
antigen-presenting cells (AAPCs), or culturing the inumune celis in the presence of irradiated
K562-derived AAPCs. Other methods for activating subject tmmune cells can be, for
example, calturing the immune cells in the presence of isolated activating factors and
compositions, ¢.g. beads, surfaces, or particles functionalized with activating factors.
Activating factors can include, for example, antibodies, ¢.g. anti-CD3 and/or anti-CD28
antibodies. Activating factors can also be, for example, cytokines, ¢.g. interleukin (JL}-2 or
IL-21. Activating factors can also be costimulatory moleculdes, sach as, for example, CB40,
CD40L, CDT70, CDEO, CD83, D86, CRI37L, ICOSL, GITRL, and CD134L. Those skilied
n the art will appreciate that activating factors, as provided herein, may also encompass any
newly discovered activating factor, reagent, composttion, or combination thereof that can
activate immuae cells.

16568] The disclosure provides genetic modification steps for modifying the subject tmmune

cells. In some embodiments, the genctic modification comprises transducing the immune cell
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with a vector comprising a shRNA deseribed herein complementary to B2M or HLA-A In
some embodiments, the genetic modification comprises modifying the genome of the
wmune cells to induce routations in B2M or HLA-A using CRISPR/Cas mediated genome
engineering. In some embodiments, the method comprises transducing the immune cell with
one or more vectors encoding the activator and inhibitory receptors, thereby producing
inmune cells expressing the activator and inbitbitory receptors.

6565 The disclosure provides expansion steps for the genetically modified subject immune
cells. Genetically modified subject immune cells can be expanded in any immuane cell
cxpansion system known in the art to generate therapeutic doses of immune cells for
admimstration. For example, broreactor bags for use in a system comprising controller
pumps, and probes that allow for automatic feeding and waste removal can be used for
immune cell expansion. Cell culture flasks with gas-permeable membranes at the base may
be used for immune cell expansion. Avy such systern known in the art that enables expansion
of immune cells for clinical use is encompassed by the expansion step provided herein.
Immmme cells are expanded in culture systems in media formulated specifically for
expansion. Expansion can also be facilitated by culturing the tuomune cell of the disclosure in
the presence of activation factors as deseribed herem. Those skilled 1o the art will appreciate
that expansion steps, as provided heretn, may also encompass any newly discovered culture
systems, media, or activating factors that can be used to expand immune cells.

16578 The disclosure provides formulation and crvopreservation steps for the expanded
genctically modified subject immune cells. Formudation steps provided inclade, for example,
washing away excess components used in the preparation and expansion of immune cells of
the methods of treatment described herein. Any pharmaceutically aceeptable formulation
medium or wash buffer compatible with immune cell known in the art may be ased to wash,
dilute/concentration invnune cells, and prepare doses for administration. Formulation
medium can be acceptable for administration of the immune cells, such as, for example
crystaliowd solutions for mtravenous mfusion.

6571} Cryopreservation can optionally be used to store immune cells long-term.
Cryopreservation can be achieved using known methods in the art, including for example,
storing cells 1 a eryopreservation medium contaming crvopreservation components.
Cryopreservation components can inclade, for example, dimethyv sulfoxide or glycerol.
Immune cells stored in cryvopreservation medium can be cryopreserved by reducing the

storage teraperature o -80 °C 1o -196 °C.
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6572} In some embodiments, the method of treatment comprises determining the HLA
germling type of the subject. In some embodiments, the HLA germline type is determined in
bone marrow.

135373} In some embodiments, the method of treatment comprises determining the level of
expression of HERZ. In some embodiments, the level of expression of HERZ 1s determined in
tumor tissue samples from the subject. In some embodunents, the expression level of HER2
13 determined using next generation sequencing. In some embodiments, the expression level
of HERZ is determined osing RNA sequencing. In some embodiments, the level of HERZ is
determined using immunochistochemistry.

[3574] In some embodiments, the method of treatment comprises administering 3
therapeutically effective dose of immmume cells comprising an HLA-A*02 inhibitory receptor
to a subject in need thereof, wherein the subject is determined to be HLA germbine HUA-
A*Q2 heterozygous and bave cancer colls with loss of HLA-A*02. In some embodiuments, the
method of treatment comprises administering a therapeutically effective dose of immune cells
comprising an HLA-A¥(1 inhibitory receptor to a subject in need thereof, wherein the subject
ts determined to be HLA germbine HLA-A*01 heterozygous and have cancer cells with Joss
of HLA-A*01. In some embodiments, the method of treatment comprises administering a
therapeotically effective dose of immune cells comprising an HLA-A*03 to a subject in need
thereof, wherein the subjoct is detemmined to be HLA germline HLA-A*03 heterozygous and
have cancer cells with loss of HLA-A*03. In some embodiments, the method of treatment
comprises administering a therapestically effective dose of immune cells comprising an
HLA-A*07 inhibitory receptor to a subject in need thereof, wherein the subject is determined
to be HLA germdine HLA-A*07 heterozygous and bave cancer celis with loss of HLA-A*07.
In some embodiments, the method of treatment comprises administering a therapeutically
effective dose of immune cells comprising an HLA-C*07 mhibitory receptor to a subject in
need thereof, wherein the subject is determined to be HLA gerline HLA-C*07
heterozvgous and have cancer cells with and loss of HLA-C*07. In some embodiments, the
method of treatment comprises administering a therapeutically effective dose of immune cells
comprising an HLA-B*07 ihibitory receptor in a subject in need thereof, wherein the subject
1s determined to be HLA germline HLA-B*07 heterozygous and have cancer cells with loss
of HLA-B*07.

13575] In various embodiments, the disclosure provides method of treatment of heterozygous
HLA-A¥02 patients with malignancics that express HERZ? and have lost HLA-A*02

expression; and/or of treatment of heterozygous HLA-A*02 adult patients with recurrent

174



(4

10

[
v

2
W

30

WO 2022/177979 PCT/US2022/016582

anresectable or metastatic solid timors that express HERZ and have lost HLA-A*02
CXPICSSInn,

(6576} To some embodiments, a therapeutically effective dose of the inunune celis described
herein are administered. In some embodiments, the immuane cells of the disclosure are
administered by intravenous injection. In some embodiments, the mmune cells of the
disclosure are administered by intraperttoneal mjection. In some embodiments, a
therapeutically effective dose comprises about 0.5x 10° cells, about 1x10° cells, about 22 10°
cells. about 3x10° cells, 4x10° cells, about 5x10° cells, about 6% 10° cells, about 7x10° cells,
about 8x10° cells, about 9+ 10° colls, about 1x107, about 2x107, about 3= 107, about 4107,
about 52107, about 65107, about 7107, about §4107, about 9x107, about 1x10% cells, about
2x10° cells, about 3x10% cells, about 4+ 108 cells, about 3x10% cells, about 6+ 10° cells, about
7:10° cells, about 8x10° cells, about 9 10° cells, about 1x107 cells, about 2x 107 cells, about
3x1907 cells, about 3x190” cells, about 4x 107 cells, about 5x10% cells, about 5x10° cells, about

6x10° celis. about 7+107 cells, about 8x10° cells, about $# 107 cells, about 1x10" cells, about

2x10" cells, about 3x10' cells, about 4x10' cells, about 3x10' cells, about 6x10' cells,
about 710 cells, about 810 cells, or about 9x10'0 ¢ells.

6377} In some embodiments, a therapeutically effective dose comprises about 0.5x106 cells
to about 9x 10 cells, about 1+10° cells to about 3x 10™ cells, about 2x10° cells to about
$5x10° cells, about 3x10° cells to about 5x10” cells, about 4> 10° cells to about 3x10° cells,
about 5x10° cells to about 2x107 cells, about 62 10° cells to about 12107 cells, 0.5x10° cells
o about 6x10° cells, about 1+10° cells to about 5107 cells, about 2x10° celis to about 5x10°
cells, about 3+10° cells to about 4107 cells, about 4210° cells to about 3+ 107 celis, about
3x10° cells to about 2x 10 cells, about 6x10° celis to about 1x10° celis, 0.5x10° cells to
about 6+ 10° cells, about 1x10° cells to about 5x10° ceils, about 2% 10° cells to about 5% 10°
cells, about 3x10° cells to about 4x10° cells, about 4+ 10° colls to about 3x10° cells, about
5x10° cells to about 2x10% colis, about 6x10° colls to about 1x10% cells, about 7x10° cells to
about 9x10% cells, about §x10° cells to about §#10° cells, about 9x10° cells to about 710°
cells, about 1x107 cells to about 6 10°% colls, about 2x107 cells to about 5x10% cells, about
7x10° cells to about 9x107 cells, about 8x10° cells to about 82107 cells, about 9x10° cells to
about 7x107 cells, about 1x107 cells to about 6x< 107 cells, or about 2x107 cells to about 5x107
cells.

[#578] In some embodiments, a therapeutically effective dose comprises about 0.5%10° celis
to about 9410 cells, In some embodiments, a therapeutically effective dose comprises about

0.5x10° cells to about 1310 cells. In some embodiments, a therapeutically effective dose
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comprises about 0.5x10° celis to about $x10° cells. In some embodiments, a therapeutically
effective dose comprises about 0.5x10° cells to about 1x10% cells. In some embodiments, a
therapeutically effective dose comprises about 0.5 10° cells to about 6x10° cells. Tn some

embodiments, a therapeutically effective dose comprises about 0.5 10° cells to about 9x101°

(4

cells. In some embodiments, a therapeutically effective dose comprises about 0.5x107 cells to
about 1310 cells. Tn some embodiments, a therapeutically effective dose comprises about
0.5x107 cells to about 3x10° cells. In some embodiments, a therapeutically effective dose
comprises about 0.5x107 cells to about 1x10” cells. In some embodiments, a therapeutically
effective dose comprises about 0.5x107 cells to about 6x10° cells. In some embodiments, a
10 therapeutically effective dose comprises about 0.5x10% cells to about 9x10% cells. In some
embodiments, a therapeutically effective dose comprises about 0.5+ 10° cells to about 1x10°
cells. In some embodiments, a therapeutically effective dose comprises about 0.5%10% cells to
about 5x10° cells. Tn some embodiments, a therapeutically effective dose comprises about

0.5x10" cells to about 1x10° cells. The term “about”™ as referred to in a therapeuticaily dose,

[
v

can be, for example, = 0.5710° cells, £ 0.5x107 cells, or + 0.53x10% cells.

Kits and Articles of Manufacture
13579] The disclosure provides kits and articles of manufacture comprising the
polynucleotides and vectors encoding the engineered receptors desceribed heren, and immune
cells edited using gene editing systems described herein and comprising the engineered

20 receptors described herein. In some embodiments, the kit comprises articles such as vials,
syringes and instructions for use.
13386] In some embodiments, the kit comprises a polvnuclectide or vector comprising a
sequence encoding one or more engineered receptors of the disclosure.
16581] In some emboduments, the kit comprises a plurality of immune cells comprising an

25 engineered receptor as described heren. In some embodiments, the plarality of immune cells

comprises a plurality of T eclls.
EXAMPLES

Example 1: Methods of Assaying HER2Z CAR Activity in Jurkat and Primary T Cells

30 Cell Culture
(6582} Jurkat cells encoding an NFAT luciferase reporter were obtained from BPS

Bioscience. In culture, Jurkat cells were maintained in RPMI media supplemented with 10%
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FBS, 1% Pen/Strep and 0.dmg/mL G418/Geneticin. HCT 116 and Hela cells were

maintained as suggested by ATCC.

Furkat Cell Transfection
106583 Jurkat cells were transiently transfected via 100ul, or 20 ul format 4D Nucleotactor
{Lonza} according to manufacturer's protocol. Cotransfection was performed with §-3ug of
activator receptor construct and 1-3 ug of inhibitory receptor constructs or empty vector per
ieb cells and recovered in RPMI media supplermented with 20% heat-inactivated FBS and
(.1% Pen/Strep. To confirm inhibitory receptor surface expression, Jurkat cells were stained
18-24 hours post-transfection with 10ug/mL streptavidin-PE-HLA-A*02-pMHC tetramer for
60 minutes at 4°C in PBS with 1% BSA and characterized by flow cytometry (BD
FACSCanto 11}

Jurkat-NF A T-luciferase activation studies

[6384] Briefly, Jurkat NFAT-Fireflv-Luciferase cells were transfected with activator and
inhibitory {(blocker) receptor constnicts using Lonza 4D Nucleofector™ (AAF-1002B) or
Neon™ transfection systoms {ThermoFisher, MPKS000). mRNA transfocted target cclls
{10,000 cells/well), activator only or activator/blocker expressing target cells at different
densities, were added to transfected Furkat-NFAT-Firefly-Luciferase cells {12,000 cells/vell}
to a final volume of 20 mL in 384-well plates {Coming 3570). After a 6-hour incubation at

37°C, the One-Step™ Luciferase fuefly assay systom (BPS Bioscience, 50690} was used to

determine luminescence intensity on a Tecan Infinite® M1000.

Solid Substrate Antigen Titration

{8585} Biotinviated pMHCs were added to streptavidin-coated plates with and without
biotinylated recombinant CD2E agonist, biotinylated recombinant PD-L1, or both at
concentrations equimolar to the highest pMHC molarity. Mouse Ig(G1 was used as a control
to ensure the binding capacity of the well was not exceeded. The unbound molecules were
washed off and transduced T-cells were added. Half of the T-cells were recovered and

stained with anti-CD6Y at 24 hours and the rest were stained with anti~-CID25 at 48 hours.

Activator mRNA Titration
[65386] HER2 or HLA-AZ mRNA were synthesized as described below and were diluted two

fold 12 times. Each dilution of mRNA was mixed with two million Her2 knock-out Hela

colls (Her2-HLA-A2-} and clectroporated using 413 Nucleofactor. mRNA transfected target
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cells were then co-cultured with Jurkat cells transfected with HERZ CAR or blocker receptor

for 6 hours before the degree of activation was measured as described above.

In vitro Transcription of mRNA

16387] HER2 scquence was synthesized by Genseript with T7 promoter in the 57 end
together with 57 and 37 synthetic UTR sequences. Jn vitro transeription was done in IX IVT
buffer (40mM Tris, 10mM DTT, 2mM Spermudine, 0.002% Triton X-100, and 27 mM
MgCh) with T7 RNA polvmerase (NEB, MO2518S), Inorganic pyrophosphatase (NER,
M2403S5) and murine RNase infubitor (NEB, M03148). In addition, 500 ng PCR punfied
template, SmM CleanCap Capl AG trimer, 5 mM cach of ATP, CTP, GTP and pseado-
uridine triphosphate (pseudo-UTP) were added. and the transcription reaction was incubated
at 37 @ for 2 hours, followed by addition of DNase T (NEB, M0303S) for additional 15
minuies incubation at 37 °C.

[GS88] i vitro transcription reaction was finalized by the addition of poly A tailing with poly
A enzyvme (NEB, M02768) and incubation at 37 °C for 30 minutes. THe mRNA was then

cleaned using the NEB Monarch kit. The purnified mRNA was treated with Antarctic

phosphatase (NEB, MO289S) for | hour at 37 °C in 1X Antarctic phosphatase baffer (NEB).
oBRNA was then purified again using the NEB Monarch kit. mRNA concentrations were
measured by Nanodrop. The quality of mRBNA was accessed by gel electrophoresis. The final

in vitro transeribed mRNA was aliquoted and stored at -80 ° C antil shortly before use.

Prmary T cell transduction. expansion. and enrichment

(6589 Human PBMCs were purified from Leukopaks purchased from Allcells® according
to methods described previously (Garcia et al, 20143, Collection protocols and donor
informed consent were approved by an Institutional Review Board (IRB) at Allcells®.
Allcells® also followed HIPAA compliance and approved protocols with strict oversight
{(htips:/www allcells.convesli-tissue-procurement/donor-facilities/). Unless otherwise
specified, all LymphoONE media (Takara WKS552} was supplemented with 1% human AB
Serum (GeminiBio 100-512). Human PBMCs were grown in LymphoONE plas TransAct™
(Miltenyt 130-111-160) following the manufacturers guidelines (1:100 diution) for 24 hours
before transduction with lentivirus encoding the activator (CAR) and/or the blocker. 24
hours after transduction, additional LymphoONE phus IL-2 (300 1U/ml} was added to
transduced cells, grown for 3 days before transfer to a 24-well G-Rex plate (Wilson Wolf

80192M). Fresh 1L-2 (300 IU/ml) was added every 48 hours with media change every 7 days
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when the celis were expanded in G-Rex plates. Expression and antigen binding of transduced
activator or activator and Mocker m primary T cells were confirmed by flow cytometry using
protein L for the activator and HLA-AZ pMHC or LIL-RBI antibody for the blocker. if
needed, CAR- or blocker-expressing cells were labeled with protein L-biotin/streptavidin-PE
or pMHC/streptavidin-PE, followed by anti-PE microbeads (Miltenyi 130-048-801}
according to the manufacturer’s fustructions, and subsequently enriched using AutoMACS®

Pro Separator (Milteny). Enniched cells were grown in G-Rex plates unti use.

Primary T cell in vitro eviotoxicity studics

1635396} For cviotoxicity studies, enrniched primary T cells were incubated with HeLa and
HCT 116 cells expressing remlla huciferase {(Biosettia). Live fuciferase-expressing target ccls
were quantified using a Renilla Luciferase Reporter Assay System {Promega). Target cells
stably oxpressing GFP and remilla luciferase {(Biosettia) or stably expressing RFP and firefly
luciferase (Biosettia) were imaged together with unlabeled primary T eclls using an IncuCyte
live cell imager. Fluorescence utensity of live target cells over time was quantified using
IncuCyie imaging software after 40 hours. For reversibility studies, enriched primary T cells
were similady cocubtured with “normal” or “tumor” target cells for 3 days and tmaged. After
3 days, T cells were separated from remaining target cells by pipetting, FACS or magnetic
beads. In separate wells, hive luciferase-expressing target cells were guantified using a Dual-

Luciferase Reporter Assay System (Promega) &t 72 houss.

Mouse Xenograft Study

13591] Activator and blocker expressing T cells were gencrated as descubed in above.
[8592] Five to six week old fomale NSG (NOD.Cg-Prkdc™ M 2rg™™i/821), JAX stock No.
005557 mice were purchased from The Jackson Labs. Animals were acclimated to the
housing environment for at least 3 days prior to the initiation of the study. Animals were
injected with 5e6 HER2+ HCT 116 cells that were HLA-A*02 positive in one flank and
HLA-A*(2 negative cells | n the other flank. When total volume of tumors in both flanks
reached an average of 100 mm3 (V = L x W x W/2), animals were randomized into groups,
and 2e6, 3¢6, or 106 total T cells were administered via the tail vein. Post T cell injection,

tumor measurernents on both flanks were performed 3 times per week for 4 weeks.

Statistical Analyvsis

[3593] Statistical analvses were performed using GraphPad Prism software. All peptide and

cel titration studics are shown as mean = standard deviation (SD), while in vitro and In vivo
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studics nsing primary T cells are shown as mean + standard error of the mean (SEM), unless

otherwise noted. Peptide and cell titration curves were fit using a four-parameter non-linear

regression analysis. ECS0 values were caleulated directly from the curves. Al other groups

of data were analyzed using an ordinary two-way ANGOVA followed by a Tukey’s multiple-

comparisons test, unless otherwise noted.

Example 2: Activity of HERZ Chimeric Antigen Receptors in Jurkat Cells

13594] The sensitivity of different HERZ chimeric antigen receptors (CARs) was determined

in Jurkat cells and rank ordered. The formats of the different HER? CARs assayed, and the

HER2 antigen binding domains for these CARs, are shown in FIG. 1. Sequences of the HER2

CARs assayed are shown in Table 25 below.

[3595] The activity of Jurkat cells expressing HERZ CARS 1-4 (1202, CT297 CT298 and

CT299, respectively) was assayed using a titration of HER2 antigen on a sohid substrate (FIG.

2A}, and by titrating the mumber of HCT. 116 HER2 positive target cells (FIG. 2B). In both

cases, the HER2 CAR2, which had an FRPS antigen binding domain, showed little to no

activity. The FRPS antigen binding domain, and a variant of FRPS, were assayed 1 g

different CAR format that used an IgG1 hinge domain (CT1094 and CT1095). As shown in

FiG. 2C, FRPS antigen binding domain in combination with an igG1 hinge shows detectable

activity.

Table 25

Consty
act

Aming Acid
Sequence

BNA Sequence

1292

MDFQVOTFSFLLIS
ASVIMSRGDIGMT
QSPSSLSASVGDR
VTITCRASQDVNT
AVAWY QQKPGK
APKLLIYSASFLY
SGVPSRFSGSRSG
TDFTLTISSLQPED
FATYYCQQHYTT
PPTFGOGTKVEIK
RTGSTSGSGKPGS
GEGSEVOLVESG
GGLVQPGGSLRLS
CAASGFNIKDTY]
HWVRQAPGKGLE
WVARIYPINGYT
RYADSVKGRFTIS

ATGCGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTA
ATCAGTGCCTCAGTCATAATGTCCAGAGGAGATAT
CCAGATGACCCAGTCCCCGAGCTCCCTGTICCGOLT
CTGTGGGUGATAGGGTCACCATCACCTGUCGTGCC
AGTCAGGATGTGAATACTGCTOTAGCCTGGTATCA
ACAGAAACCAGGAAAAGCTCCGAAACTACTGATIT
ACTCGGCATCCTTCCTTTATICTGGAGTCCCTICTC
GCTTCTCTGGATCTAGATCTGGGACGGATTTCACTC
TGACCATCAGCAGTCTGCAGCCGGAAGACTTICGCA
ACTTATTACTGTCAGCAACATTATACTACTCCTCCC
ACGTTCGGACAGGOTACCAAGGTGGAGATCAAAC
GCACTGGOGTCTACATCTGGATCTGOGAAGCCGGOT
TCTGGTGAGGOGTTCTGAGGTTCAGUTGGTGGAGTC
TGGCGOGTGGCCTGOTGCAGCCAGGGOGGCTCACTCC
GTTIGTCCTGTGCAGCTICTGGCTTCAACATTAAAG
ACACCTATATACACTGGGTIGCOTCAGGLCCCGOGT
AAGGGCCTGGAATGGOTIGCAAGGATTTATCCTAL
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Constr
uct

Amine Acid
Sequence

DNA Sequence

ADTSKNTAYLQM
NSLRAEDTAVYY
CSRWGGDGFYA
MDYWGQGTLYT
VSSAAAFVPVELP
AKPTTTPAPRPPT
PAPTIASQPLSLRP
EACRPAAGGAVH
TRGLDFACDIYIW
APLAGTCGVLLLS
LVITLYCNHRNRS
KRSRLLHSDYMN
MTPRRPGPTRKH
YQPYAPPRDFAA
YRSRFSVVKRGR
KKLLYIFKQPFMR
PVQTTQEEDGCSC
RFPEEEEGGCELR
VKFSRSADAPAY
QOGONQLYNELN
LGRREEYDVLDK
RRGRDPEMGGKP
RRKNPQEGLYNE
LOKDKMAEAYSE
IGMKGERRRGKG
HDGLYQGLSTAT
KDTYDALHMOQAL
PPR (SEQ 1D NO:
291}

GAATGOTTATACTAGATATGCCGATAGCGTCAAGG
GCCGTTTCACTATAAGCGCAGACACATCCAAAAAC
ACAGCCTACCTGCAGATGAACAGCCTGLGTGCTGA
GGACACTGCCOGTCTATTATIGTICTAGATGGGGAG
GGGACGGCTTCTATGCTATGCACGTGTGGGGTCAA
GGAACCCTGOGTCACCGTTTCCTCGGCGGCCGCATT
COTGCCGOTCTTICCTGCCAGCGAAGCCCACCACGA
CGCCAGCGCCGOGACCACCAACACCGGCGCOCACC
ATCGCGTCGCAGCCCCTOTCCCTGCGCCCAGAGGT
GTGCCGOCCAGCGGCGRGOGGCGCAGTGCACALCG
AGGGGOCTCGGACTTCGCCTGTGATATCTACATCTG
GGUGCCCTTGGCCGGGACTIGTGGGGTCCTTICTCCY
CTCACTGOTTATCACCCTITACTGCAACCACAGGA
ACAGGAGTAAGAGGAGCAGGUTCCTGCACAGTGA
CTACATGAACATGACTCCCOGUCGCCCOGGGLCCA
CCCGCAAGCATTACCAGCCCTATGCCCCACCACGT
GACTTCGCAGCCTATCGOCTCCCGTTTICTCTGTITGTT
AAACGGGGCAGAAAGAAGCTCCTGTATATATICAA
ACAACCATTTATGAGACCAGTACAAACTACTCAAG
AGGAAGATGGCTGTAGUTGCCGATTTCCAGAAGAA
GAAGAAGGAGGATGTCGAACTGAGAGTGAAGTICA
GCAGGAGCOGCAGACGCCCCCGUGTACCAGCAGGE
CCAGAACCAGCTCTATAACGAGCTCAATCTAGGAC
GAAGAGAGGAGTACGATGTTITGGACAAGAGGCG
TGGCCGGGACCCTGAGATGGGUGGGAAAGCCGAGA
AGGAAGAACCCTCAGGAAGGCUTGTACAATGAAC
TGCAGAAAGATAAGATGGCGGAGGCCTACAGTIGA
GATTGGGATGAAAGGCGAGCGCCGGAGGOGCAAG
GGGCACGATGGCCTTTACCAGGGTCTCAGTACAGT
CACCAAGGACACCTACGACGCCUCTTICACATGCAGG
CCCTGCCCCCTCGCTAG (SEQ ID NG: 292)

1298

MLLLVTSLLLCEL
PHPAFLLIPDIQMT
(SPSSLSASVGDR
VTITCRASQDVNT
AVAWYQQKPGK
APKLLIYSASFLY
SGVPSRFSGSRSG
TDFTLTISSLOQPED
FATYYCQOHYTT
PPTFGOGTKVEIK
GSTSGGGSGGGS
GGGGSSEVOLVE
SGGGLVOPGGSL
RLSCAASGFNIKD
TYIHWVRQAPGK
GLEWVARIYPTN
GYTRYADSVKGR

ATGCTGCTACTGOTCACCAGTICTACTGUTGTGLGA
ACTGCCACATCCOOGCCTTCCTOCTAATACCGGATA
TCCAGATGACCCAGTCCCCGAGCTCCCTGTECGEC
TCTGTGGGCOGATAGOGGTCACCATCACCTGCCGTGO
CAGTCAGGATGTGAATACTGCTGTAGCCTGGTATC
AACAGAAACCAGGAAAAGCTCCGAAACTACTGAT
TTACTCGGCATCCTICCTTITATICTGGAGTCCCTIC
TCGCTTCTCTGGATCTAGATCTGGGACGGATITCAL
TCTGACCATCAGCAGTCTGCAGCCGGAAGACTTICG
CAACTTATTACTGTCAGCAACATTATACTACTCCTC
CCACGTTCGGACAGGGTACCAAGGTGGAGATCAA
AGGGTCTACATCTGGCGGTOGCTCTOGOTGGOGOTT
CCGGCGUTGGCGOTTICTTCCGAGGTTCAGCTGOGTG
GAGTCTGGCOGTGHGCCTGOTGCAGCCAGHGOGTTC
ACTCCOGTTIGTCCTGTGCAGCTICTOGCTTCAACAT
TAAAGACACCTATATACACTGGGTGCOTCAGGLCC
COOOTAAGGGCCTGGAATCGGOTTOCAAGGATITAT
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Constr
uct

Amine Acid
Sequence

DNA Sequence

FTISADTSKNTAY
LOMNSLRAEDTA
VYYCSRWGGDGF
YAMDYWGQGTL
VIVSSGGGSSGG
GSGIYIWAPLAGT
CGVLLLSLVITKR
GRKKLLYIFKQPF
MRPVQTTQEEDG
CSCRFPEEREGGC
ELGGGRVKFSRS
ADAPAYQQGONQ
LYNELNLGRREE
YDVLDKRRGRDP
EMGGKPRRKNPQ
EGLYNELQKDKM
AEAYSEIGMKGE
RRRGKGHDGLYQ
GLSTATKDTYDA
LHMOQALPPR
(SEQ ID NO: 293)

CCTACGAATGGTTATACTAGATATGCCGATAGCGT
CAAGGGCCGTTTCACTATAAGCGCAGACACATCCA
AAAACACAGCCTACCTGCAGATGAACAGCCTGCGT
GCTGAGGACACTGCCGTCTATTATIGTTCTAGATG
GGGAGGGGACGGUTTCTATGCTATGGACTATIGGG
GTCAAGGAACCCTGGTCACCGTCTCCTCGGGTGGC
GOTTCTTCCGGCGOTGGCTCTGGTATCTACATCTGG
GOGCCCTTGOCCGGOACTTGTGGGGTCCTTCTICCTG
TCACTGGTTATCACCAAACGGGGCAGAAAGAAGCT
CCTGTATATATTCAAACAACCATTTATGAGACCAG
TACAAACTACTCAAGAGGAAGATGGCTGTAGCTGC
CGATTTCCAGAAGAAGAAGAAGGAGGATGTGAAC
TGGGCGOTGGCAGAGTGAAGTTCAGCAGGAGCGC
AGACGCCCCCGCGTACCAGCAGGGUCAGAACCAG
CTCTATAACGAGCTCAATCTAGGACGAAGAGAGGA
GTACGATGTTTTGGACAAGAGACGTGGCCGGGACC
CTGAGATGGGOGGAAAGCCGAGAAGGAAGAACCC
TCAGGAAGGCCTGTACAATGAACTGCAGAAAGAT
AAGATGGCGGAGGCCTACAGTGAGATTGGGATGA
AAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGG
COTTTACCAGGGTCTCAGTACAGCCACCAAGGACA
CCTACGACGCCCTTCACATGCAGGCCCTGCCCCCT
CGCTAG (SEQ ID NQ: 294)

1299

MELEVTSLLICEL

PHPAFLLIPDIOQMT

OSPSSLSASVGDR
VTITCRASQDVNT
AVAWYGQOKPGK
APKLLIYSASFLY
SGVPSRFSGSRSG
TDFTLTISSLOPED
FATYYCQOHYTT
PPTFGQGTKVEIK
GSTSGGGSGGGS
GGGGSSEVQLVE
SGGGLVQPGGSL
RLSCAASGFNIKD
TYHWVROAPGK
GLEWVARIYPTN
GYTRYADSVKGR
FTISADTSKNTAY
LOMNSLRAEDTA
VYYCSRWGGDGF
YAMDYWGQGTL
VIVSSESKYGPPC
PSCPAPEFEGGPS
VFLEPPKPKDTLM
ISRTPEVICVVVD

ATGCTGLTACTGUGTCACCAGTCTACTGCTGTGCGA
ACTGUCACATCCGGUCTICCTGCTAATACCGGATA
TCCAGATGACCCAGTCCCCGAGUTCCCTGTCCGCC
TCTGTGOGCOATAGGOTCACCATCACCTGCCGTGC
CAGTCAGGATGTGAATACTGCTGTAGCCTGGTATC
AACAGAAACCAGGAAAAGUTCCGAAACTACTGAT
TTACTCGGCATCCTTCCTTTATICTGGAGTCCCTTC
TCGCTICTCTGGATCTAGATCTGGGACGGATTICAL
TCTGACCATCAGCAGTCTGCAGCCGGAAGALTTICG
CAACTTATTACTOTCAGCAACATTATACTACTCCTC
CCACGTTCGGACAGGOTACCAAGGTGGAGATCAA
AGGGTCTACATCTGGCOGGTGGOTCTGGTGGCGOTT
CCGOCGOGTGOCGOTTCTITCCGAGGTTCAGOTGOTG
GAGTCTGGCGGTGGCCTGGTGCAGCCAGGGGGLTC
ACTCCGTTTGTCCTOTGCAGCTTCTGGUTTCAACATY
TAAAGACACCTATATACACTGGGTGUGTCAGGCCC
COGOOTAAGGOUCTGOAATOGOGTTGCAAGGATTTAT
CCTACGAATGOTTATACTAGATATGCCGATAGCGT
CAAGGOCCOGTTTCACTATAAGCGCAGACACATCCA
AAAACACAGCCTACCTGCAGATGAACAGCCTGOGT
GCTGAGGACACTGCCOTCTATTATTGTTCTAGATG
GGGAGGGGACGGCTTCTATGCTATGGACTATIGGE
GTCAAGGAACCCTGOTCACCGTCTCCTCGGAGTCC
AAATATCGTCCCCCATGCCCATCATGCCCAGUACC
TGAGTICGAGGGGGGACCATCAGTCTICCTGTTICC
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Constr
uct

Amine Acid
Sequence

DNA Sequence

VSQEDPEVQFNW
YVDGVEVHNAKT
KPREEQFQSTYRY
VSVLTVLHODWL
NGKEYKCKVSNK
GLPSSIEKTISKAK
GQPREPQVYTLPP
SQEEMTKNQVSL
TCLVKGFYPSDIA
VEWESNGOPENN
YKTTPPVLDSDGS
FFLYSRLUTVDKSR
WQEGNVESCSVM
HEALHNHYTOQKS
LSLSLGKIYIWAP
LAGTCGVLLLSLY
ITKRGRKKLLYIF
KQPFMRPVQTTQ
BEDGCSCRFPEER
EGGCELGGGRVK
FSRSADAPAYQQ
GONOLYNELNLG
RREEYDVLDKRR
GRDPEMGGKPRR
KNPOEGLYNELQ
KDKMAEAYSEIG
MKGERRRGKGH
DGLYOGLSTATK
DTYDALHMOQALP
PR {SEQ ID NO:
295)

CCCCAAAACCCAAGGACACTCTCATGATCTCCCGG
ACCCCTGAGGTCACGTGCOTGGTGGTAGGACGTGAG
CCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACG
TGGATGGCGTGOAGGTGCATAATGCCAAGACAAA
GCCGCGGGAGGAGCAGTTICCAGAGCACGTACCGT
GTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTG
GCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCC
AACAAAGGCCTCOCGTCCTCOATCGAGAAAACCAT
CTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAG
GTGTACACCCTGCCCCCATCCCAGGAGGAGATGAL
CAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAG
AGCAATGGGCAGCCGGAGAACAACTACAAGACCA
CGOCTCCCGTGUTGGACTCCGACGGCTCCTTCTTCC
TCTACAGCAGGCTCACCGTGGACAAGAGCAGGTGG
CAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCA
TGAGGCTCTGCACAACCACTACACACAGAAGAGCC
TCTCCCTGTCTCTGGGTAAAATCTACATCTGGGCGE
CCTTGGCCGGOACTTGTGGGGTCCTTCTCCTGTCAC
TGGTTATCACCAAACGGGGCAGAAAGAAGCTCCTG
TATATATTCAAACAACCATTTATGAGACCAGTACA
AACTACTCAAGAGGAAGATGGUTGTAGCTGCCGAT
TTCCAGAAGAAGAAGAAGGAGGATGTGAACTGGG
CGGTOGCAGAGTGAAGTTCAGCAGGAGCGCAGAC
GOCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTA
TAACGAGCTCAATCTAGGACGAAGAGAGGAGTAC
GATGTTTIGGACAAGAGACGTGGCCGGGACCCTGA
GATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAG
GAAGGCCTGTACAATGAACTGCAGAAAGATAAGA
TGGCGGAGGCCTACAGTGAGATTGGGATGAAAGG
CGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT
TACCAGGGTCTCAGTACAGCCACCAAGGACACCTA
CGACGCCCTTCACATGCAGGCCCTGCCCCCTCGET
AG (SEQ 1D NO: 296)

1297

MDMRVPAQLLGL
LLLWLRGARCQV
GLOOQSGPELKKP
GETVKISCKASGY
PFTNY GMNWVK
QAPGQGLKWMG
WINTSTGESTFAD
DFKGRFDFSLETS
ANTAYLQINNLES
EDSATYFCARWE
VYHGYVPYWGQ
GTTVTVSSGGGG
SGGGGSGGGGSDI
QLTOSHKFLSTSV

ATGGACATCGAGGGTCCCCGUTCAGCTCCTIGGGGOT
CCTGCTACTCTGGUTCCGAGGTGCCAGATOTCAGE
TACAACTGCAGCAGTCAGGACCTGAACTGAAGAA
GCCTGCAGAGACAGTCAAGATCTCCTGCAAGGCCT
CTGGGTATCCTTTICACAAACTATGGAATGAACTGG
GTGAAGCAGGCTCCAGGACAGGGTTITAAAGTGGAT
GGGCTGGATTAACACCTCCACTGGAGAGTCAACAT
TTOGCTGATCACTTCAAGGGACGGTTTGACTTCTCTT
TGGAAACCTCTGCCAACACTGCCTATITGCAGATC
AACAACCTCAAAAGTCGAAGACTCGGCTACATATIT
CTOTGCAAGATGGGAGGTTITACCACGGCTACGTYC
CTTACTGGGGCCAAGGGACCACGGTCACCGETTITCC
TCTGGCGHTGGCGOGTTCTGETGGLGGTGGCTICGE
COOTOOCOGGTTCTCGACATCCAGCTGACCCAGTCTC
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Constr
uct

Amine Acid
Sequence

DNA Sequence

GDRVSITCKASQD
VYNAVAWYQQK
PGQSPKLLIYSASS
RYTGVPSRFTGSG
SGPDFTFTISSVQA
EDLAVYFCQQHF
RTPFTFGSGTKLEI
KIEVMYPPPYLDN
EKSNGTHHVKGE
HLCPSPLFPGPSKP
FWVLVVVGGVLA
CYSLLVTVAFHF
WVYRSKRSRLLHS
DYMNMTPRRPGP
TRKHYQPYAPPR
DFAAYRSRVEFS
RSADAPAYKQGO
NOQLYNELNLGRR
EEYDVLDKRRGR
DPEMGGKPRRKN
POEGLYNELQKD
KMAEAYSEIGMK
GERRRGKGHDGL
YQGLSTATEDTY
DALHMQALPPR
(SEQ ID NO: 297)

ACAAATTCCTGTCCACTTCAGTAGGAGACAGGGTC
AGCATCACCTGCAAGGCCAGTCAGGATGTGTATAA
TGCTGTTGCCTGGTATCAACAGAAACCAGGACAAT
CTCCTAAACTTCTGATTTACTCGGCATCCTCCCGGT
ACACTGGAGTCCCTTCTCGCTTCACTGGCAGTGGCT
CTGGGCCGGATTICACTITCACCATCAGCAGTGTG
CAGGCTGAAGACCTGGCAGTTTATTTCTGTCAGCA
ACATTTTCGTACTCCATTCACGTTCGGCTCGGGGAC
AAAATTGGAGATCAAAATTGAAGTTATGTATCCTC
CTCCTTACCTAGACAATGAGAAGAGCAATGGAACC
ATTATCCATGTGAAAGGGAAACACCTTTIGTCCAAG
TCCCCTATTTCCCGGACCTICTAAGCCCTTICTGGGT
GCTGGTCGTIGTGGGCGGCGTGUTGGCCTGCTACA
GCCTGCTGGTGACAGTGGCCTTCATCATCTTTIGGG
TGAGGAGCAAGCGGAGCAGACTGCTGCACAGCGA
CTACATGAACATGACCCCCCGGAGGCCTGGCCCCA
CCCGOAAGCACTACCAGCCCTACGCCCCTCOCAGS
GATTTCGCCGCCTACCGGAGCAGAGTGAAGTTCAG
CAGGAGCGCAGACGCCCCCGCGTACAAGCAGGGE
CAGAACCAGCTCTATAACGAGUTCAATCTAGGACG
AAGAGAGGAGTACGATGTTTTGGACAAGCGTAGA
GGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAA
GOAAGAACCCTCAGGAAGGCCTGTACAATGAACT
GCAGAAAGATAAGATGGCGGAGGCCTACAGTGAG
ATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGG
GGCACGATGGCCTTTACCAGGGACTCAGTACAGCC
ACCAAGGACACCTACGACGCCCTTCACATGCAGGE
CCTGCCCCCTCGCTAG (SEQ ID NO: 298)

CT109
4

MDMRVPAGLLGL
LLLWLRGARCQV
QLQOSGPELKKP
GETVKISCKASGY
PFTNYGMNWVK
QAPGQGLKWMG
WINTSTGESTFAD
DFKGRFDFSLETS
ANTAYLQINNLKS
EDSATYFCARWE
VYHGYVEYWGQ
GTIVTVSSGGGG
SGGGGSGGGGSDI
QLTQSHKFLSTSV
GDRVSITCKASQD
VYNAVAWYQQK
PGQSPKLLIYSASS
RYTGVPSRFTGSG
SGPDFTFTISSVQA
EDLAVYFCQQHF

ATGGACATGAGGOTCCCCGCTCAGUTCCTGGGGCT
CCTGCTACTCTGGCTCCGAGGTGCCAGATGTCAGG
TACAACTGCAGCAGTCAGGACCTGAAUTGAAGAA
GCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCCY
CTGOOTATCCTITCACAAACTATGOAATCGAACTGG
GTGAAGCAGGCTCCAGGACAGGOTTTAAAGTGGAT
GOGCTOGGATTAACACUTCCACTGGAGAGTCAACAT
TTGCTGATGACTTCAAGGGACGOGTTTGACTICTOTY
TGGAAACCTCTGCCAACACTGUCTATTTGCAGATC
AACAACCTCAAAAGTCGAAGACTCGGCTACATATIT
CTGTGCAAGATCGCAGGTTITACCACGGCTACGTIC
CTTACTGGGGCCAAGGGACCACGGTCACCGTTICT
TCTGGCGOTGOUGOTTCTGGTGOCGOGTGLITCCGG
CGOTGGCGOTTCTGACATCCAGCTGACCCAGTCIC
ACAAATTCCTOGTCCACTTCAGTAGGAGACAGGGTC
AGCATCACCTOGCAAGGCCAGTCAGGATOGTGTATAA
TGCTGTTGCCTGGTATCAACAGAAACCAGGACAAT
CTCCTAAACTTICTGATTTACTCGGCATCCTCCCGGT
ACACTGGAGTCCCTICTCGCTTCACTGGUAGTGGET
CTCGOCCCGOATTTICACTTITCACCATCAGCAGTGTE

184



WO 2022/177979

PCT/US2022/016582

Constr
uct

Amine Acid
Sequence

DNA Sequence

RIPFTFGSGTRLEL
KAEPKSPDKTHTC
PPCPKDPKFWVL
VVVGGVLACYSL
LVTVAFIIFWVRS
KRSRLLHSDYMN
MTPRRPGPTRKH
YQPYAPPRDFAA
YRSRVKFSRSAD
APAYKQGQNQLY
NELNLGRREEYD
VLDKRRGRDPEM
GGKPRRKNPQEG
LYNELQKDKMAE
AYSEIGMKGERR
RGKGHDGLYQGL
STATKDTYDALH
MOALPPR (SEQ ID
NO: 299)

CAGGCTGAAGACCTGGCAGTTTATITCTGTCAGCA
ACATTTTCGTACTCCATTCACGTTCGGCTCGGGGAC
AAAATTGGAGATCAAAGCCGAGCCCAAGTCCCCTG
ATAAAACTCACACCTGCCCACCCTGTCCTAAGGAC
COCGAAGTTCTGGGTGCTGGTCGTTGTGGGCGGCGT
GCTGGCCTGCTACAGCCTGCTGGTGACAGTGGCCT
TCATCATCTTTTGGGTGAGGAGCAAGCGGAGCAGA
CTGCTGCACAGCGACTACATGAACATGACCCCCCG
GAGGCCTGGCCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGATTTCGCCGCCTACCGGAGC
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCG
CGTACAAGCAGGGCCAGAACCAGCTCTATAACGA
GCTCAATCTAGGACGAAGAGAGGAGTACGATGTTT
TGGACAAGCGTAGAGGCCGGGACCCTGAGATGGE
GGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGC
CTGTACAATGAACTGCAGAAAGATAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCG
CCGGAGGGGCAAGGGGCACGATGGCCTTTACCAG
GGACTCAGTACAGCCACCAAGGACACCTACGACGC
COTTCACATGCAGGCCCTGCCCCCTCGUTAG (SEQ
1D NO: 300)

CT109

MDMRVPAGLLGL
LLLWLRGARCQV
QLOQSGPELKKP
GETVKISCKASGY
PFTNYGMNWVK
QAPGOGLEWMG
WINTSTGESTFAD
DFKGRFDFSLETS
ANTAYLQINNLKS
EDMATYFCARWE
VYHGYVPYWGQ
GTTVTVSSGGGG
SGGGGSGOGGSDI
QLTQSHKFLSTSV
GDRVSITCKASQD
VYNAVAWY QQK
PGOSPKLLIYSASS
RYTGVPSRFTGSG
SGPDFTFTISSVQA
EDLAVYFCQQHF
RTPFTFGSGTKLEI
KAEPKSPDKTHTC
PPCPKDPKFWVL
VVVGGVLACYSL
LVTVAFUFWVRS
KRSRLLHSDY MN
MTPRRPGPTRKH

ATGGACATGAGGGTCCCCGCTCAGUTCCTGGGGOT
CCTGCTACTCTGGCTCCGAGGTGCCAGATGTCAGG
TACAACTGCAGCAGTCAGGACCTGAACTGAAGAA
GCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCCY
CTGGGTATCCTITCACAAACTATGGAATGAACTGG
GTGAAGCAGGCTCCAGGACAGGGTTTAAAGTGGAT
GOGCTGGATTAACACCTCCACTGGAGAGTCAACAT
TTGCTGATGACTICAAGGGACGGTTTGACTICTICTY
TGGAAACCTCTGCCAACACTGCCTATTIGCAGATC
AACAACCTCAAAAGTGAAGACATGGCTACATATIT
CTGTGCAAGATGGGAGGTITACCACGGCTACGTIC
CTTACTGGGGCCAAGGOACCACGOTCACCGTTITC
TCTGGCOOTGOUGOTTCTGGTGGCOGETGGITCCGE
CGOTGOCGGTTCTGACATCCAGCTGACCCAGTCTC
ACAAATTCCTGTCCACTTCAGTAGGAGACAGGOTC
AGCATCACCTGCAAGGCCAGTCAGGATGTGTATAA
TCGCTGTTGCCTGGTATCAACAGAAACCAGGACAAT
CTCCTAAACTTCTGATITACTCGGCATCCTCCCGGT
ACACTGCAGTCCCTTICTCGCTTCACTGGUAGTGGET
CTGGGUCGGATTTCACTTTCACCATCAGCAGTGTG
CAGGCTGAAGACCTOOCAGTITATTITCTCTCAGCA
ACATITICGTACTCCATTCACGTTCGGCTCGGGGAC
AAAATTGGAGATCAAAGCCGAGCCCAAGTCCCCTG
ATAAAACTCACACCTGCCCACCCTGTCCTAAGGALC
CCGAAGTTCTGGGTGCTGOTCGTTGTGGGCEGCGT
GUTGGCCTGCTACAGCUTGCTGGTGACAGTGECCT
TCATCATCTITIGGGTCGAGCGAGCAAGCGGAGCAGA
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Constr | Amino Acid DMNA Sequence

uct Sequence
YQPYAPPRDFAA [CTGCTGCACAGCGACTACATGAACATGACCCCCCG
YRSRVKFSRSAD [GAGGCCTGGCCCCACCCGGAAGCACTACCAGCCCT
APAYKQGONQLY |ACGCCCCTCCCAGGGATTTCGUCGCCTACCGGAGC
NELNLGRREEYD [AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCG
VLDKRRGRDPEM | CGTACAAGCAGGGCCAGAACCAGCTCTATAACGA
GOGKPRRKNPQEG |GCTCAATCTAGGACGAAGAGAGGAGTACGATGTTT
LYNELOQKDKMAE | TGGACAAGUGTAGAGGCCGGGACCCTGAGATGGE
AYSEIGMKGERR |GGGAAAGCCGAGAAGGAAGAACCUTCAGGAAGGC

RGKGHDGLYQGL
STATKDTYDALH
MOALPPR (SEG ID
NO: 301)

CTOTACAATGAACTGCAGAAAGATAAGATGGCGG
AGGCCTACAGTGAGATTIGGGATGAAAGGCGAGCG
CCGGAGGGGCAAGGGGCACGATGGCCTTTACCAG
GOACTCAGTACAGUCACCAAGGACACCTACGACGC
CCTTCACATGCAGGCCCTGCCCCCTCGUTAG (SEQ
ID NG: 302)

Example 3: An HLA-A*02 Inhibitory receptor Can Inhibit HER2 CAR Mediated
Activation of Jurkat Cells
(6596} The ability of an HLA-A*-02 LIR1 based mlubitory receptor to inhibit HERZ

mediated activation of Jurkat cells expressing both a HERZ CAR and the based inhibitory

receptor was assayed.
165971 Jurkat cells expressing either the HER2 CARI (FIG. 3) or HER2 CAR4 (FIG. 4),
¢ither alone or in combination with the CT1765 HLA-A*02 LIR1 mubitory receptor, were
co-cultured with HOT 116 or Hela cells. HUT 116 Hela cells expressed HERZ {Target A), or
HERZ and HLA-A*02 (Target AB}. As can be seen from FHG. 3, activation Jurkat cells
expressing the HLA-A*02 mhubitory receptor and HER2 CAR1 was inbhibited by HCT 116 or
HeLa target cells that expressed both HERZ and HLA-A*02. In contrast, activation Jurkat

cells expressing only HERZ CAR1 was not inhibited in the presence of target cells expressing

both HERZ and BLA-A*02. Similar results were observed for HER2 CAR4, as shown m

FIG. 4.

10598} Serface expression of both the HERZ CAR, and the HLA-A*02 inhibitory receptor by

Jurkat cells was validated by staining Jurkat cells using protein L for the activator receptor

and pMHC or anti-LILRB1 antibody for the blocker receptor as shown i FIG. 5.
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Example 4: An HLA-A*02 Inhibitory receptor Can Inhibit HERZ CAR Mediated

Activation of Primary T Cells

(65991 The efficacy, selectivity, and reversibility of HER2 CAR1 (CT292) in combination

with an HLA-A*02 LIR] inhibitory receptor was demonstrated in primary T cells. A murine

version of the HLA-A*0Z LIR] inhibitory receptor ({C1765), as well as two humanized

versions (C2162 and C2163) were assaved in combination with HER2 CAR. The sequences

of the HLA-A*02 inlabitory receptors are provided in Table 26 below,

G604 As can be seen 1o FIG. 6, all of the HER2 CARI, and the three inhibitory receptor

constructs, were expressed by primary T cells following lentiviral transduction and

ennichment. The activity of pnimary T cells expressing cach of the three inlubitory receptors

i combination with HER2 CAR was assaved using Hela target cells expressing activator

ligand to inhibitor ligand at a ratio of 1:40 (HER: HLA-A*-02). As shown in FIG. 7, all

inhibitory recepiors were able to inlubit HER2 mediated primary T cell activation. Sumilar

results were obtained using HCT 116 target cells expressed activator to blocker antigen at a

ratio of about 1:4 (FIG. 8). Antigen expression, and antigen densities, for HeLa and HCT 116

target cells are shown in FIGS. 12 and 13,

Table 26: HLA-A%02 Inhibitory recepiors

Construct

Aming Aad
Sequence

BNA Sequence

C-1765

MDMRVPAQLLG
LLLLWLRGARCD
VLMTQTPLSLPY
SLGDQASISCRSS
QSIVHSNGNTYL
EWYLQKPGQSPK
LLIYKVSNRESGY
PDRFSGSGSGTDF
TLKISRVEAEDLG
VYYCFOGSHVPR
TSGGGTKLEIKG
GGGSGGGGSGG
GGSGGOVQLRNS
GPELVKPGASVRI
SCKASGYTFTSY
HIHWVKQRPGQ
GLEWIGWIYPGN
VNTEYNEKFKGK
ATLTADKSSSTA
YMHLSSLTSEDS

ATGGACATGAGGGTCCCCGUTCAGCTCCTGGGRUTC
CIGCTACTCTGGCTCCGAGGTGCCAGATGTGATOTET
TOATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCT
TGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAG
AGCATTGTACATAGTAATGGAAACACCTATTTAGAA
TGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTC
CTGATCTACAAAQGTTTCCAACCGATTTTCTGGGGTCC
CAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATT
TCACACTCAAGATCAGTAGAGTGGAGGCTGAGGATC
TGGGAGTTTATTACTGCTTITCAAGGTTCACATGTTICC
TCGGACGTCCGOTOGAGGCACCAAGCTGGAAATCAA
AGGCGGAGOTGGAAGCGGAGGGGGAGGATCTGGCG
GCGGAGGAAGCGGAGUGCCAGUGTCCAGCTGCAGCAG
TCTGGACCTGAGCTGGTGAAGCCTGGGGCTTCAGTG
AGGATATCCTGCAAGGCTTCTGGCTACACCTTCACAA
GTTACCATATACATIGGGTGAAGCAGAGGCCTGGALC
AGGGACTTGAGTGGATTGGATGGATTTATCCTGGAA
ATGTTAATACTCGAGTACAATGAGAAGTTICAAGGGCA
AGGCCACACTGACTGCAGACAAATCGTCCAGCACAG
CCTACATGCACCTCAGCAGCCTCACCTCTGAGGACTC

AVYFCAREEITY [TGCGGTCTATTTICTGTGCCAGAGAGGAGATTACCTAT
AMDYWGOGTSV IGCTATGCACTACTGGOGGTCAAGGAACCTCAGTCACC
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Construct {Amino Acid DNA Sequence
Sequence
TVSSYGSQSSKP  (GTGTCCTCATACGGCTCACAGAGCTCCAAACCCTACC

YLLTHPSDPLELY
VSGPSGGPSSPTT
GPTSTSGPEDQPL
TPTGSDPOSGLG
RHLGVVIGILVA
VILLLLLLLLLFLI
LRHRRQGKHWT
STQRKADFQHPA
GAVGPEPTDRGL
QWRSSPAADAQR
ENLYAAVKHTQP
EDGVEMDTRSPH
DEDPQAVTYAEV
KHSRPRREMASP
PSPLSGEFLDTKD
ROAEEDRQMDT
EAAASEAPQDVT
YAGQLHSLTLRRE
ATEPPPSQEGPSP
AVPSIYATLAIH
(SEQ ID NO: 303)

TGCTGACTCACCCCAGTGACCCCCTGOAGCTCGTGGT
CTCAGGACCGTCTGGGGGCCCCAGCTCCCCGACAAL
AGGCCCCACCTCCACATCTGGCCCTGAGGACCAGCC
CCTCACCCCCACCGGGTCGGATCCCCAGAGTGGTCT
GGGAAGGCACCTGGGGGTTGTGATCGGUATCTIGGT
GOCCGTCATCCTACTGCTCCTCCTCCTCCTCOTCCTCT
TCCTCATCCTCCGACATCGACGTCAGGGCAAACACT
GOACATCGACCCAGAGAAAGGCTGATTTCCAACATC
CTGCAGGGGCTOTGGGGCCAGAGCCCACAGACAGAG
GOCTGCAGTGGAGGTCCAGCCCAGCTGCCGATGCCT
AGGAAGAAAACCTCTATGOTGCCGTGAAGCACACAL
AGCCTGAGGATGGGGTGGAGATGGACACTOGGAGCC
CACACGATGAAGACCCCOAGGCAGTGACGTATGCCG
AGGTGAAACACTCCAGACCTAGGAGAGAAATGGCCT
CTCCTCOTTCCCCACTGTCTGGGGAATTCCTGGACAC
AAAGGACAGACAGGCGGAAGAGGACAGGCAGATGE
ACACTGAGGCTGCTGCATCTGAAGCCCCCCAGGATG
TGACCTACGCCCAGCTGCACAGCTTGACCCTCAGAC
GGGAGGCAACTGAGCCTCCTCCATCUCAGGAAGGGC
CCTCTCCAGCTGTGCCCAGCATCTACGCCACTCTGGC
CATCCACTAG (SEQ 1D NO: 304)

MDMRVPAQLLG
LELLWLRGARCG
VOLVQSGAEVK
KPGSSVKVSCKA
SGYTFTSYHIHW
VROAPGQGLEWI
GWIYPGNVNTEY
NEKFKGKATITA
DESTNTAYMELS
SLRSEDTAVYYC
AREEITYAMDY
WGOQGTLVTVSSG
GGGSGGGGSGG
GGSGGDIOMTGS
PSTLSASVGDRY
TITCRSSQSIVHS
NGNTYLEWYQQ
KPGKAPKLLIVK
VSNRFSGVPARF
SGSGSGTEFTLTI
SSLOPDDFATYY
CFOGSHVPRTFG
QGTKVEVKYGS
OSSKPYLLTHPSD
PLELYVSGPSGGP

SSPTTGPISTSGP

ATGGACATGAGGOTCCCCQCTCAGCTCOTGHGGOTC
CTGCTACTCTGGCTCCGAGGTGCCAGATGTCAGGTGL
AGCTGGTGCAGTCTGGGGUTCGAGGTGAAGAAGCCTG
GOTCCTCAGTGAAGGTTTCCTGCAAGGUTICTGGATA
CACCTTCACTAGCTATCATATACATTOGOGTOCGCCAG
GCCCCCGCGACAAGGGCTTGAGTGGATCGGATGGATC
TACCCTGGCAATGTTAACACAGAATATAATGAGAAG
TTCAAGGGCAAAGCCACCATTACCGCGGACGAATCC
ACGAACACAGUCTACATGGAGUTGAGCAGCCTGAGA
TCTGAAGACACGGCTGTGTATTACTGTGCGAGGGAG
GAAATTACCTACGCTATGCGACTACTGGGGUCAGGGA
ACCCTGCTCACCOGTOTCCTCAGGCGGAGGTGGAAGC
GGAGGGOUGAGGATCTGGCGGCGGAGGAAGCGGAGE
CGACATICAAATCGACCCAGAGCCCATCCACCCTGAG
CGCATCTGTAGGTCGACCGGGTCACCATCACTTOTAG
ATCCAGTCAGAGTATIGTACACAGTAATGGGAACAL
CTATTTGGAATGGTATCAGCAGAAACCAGGTAAAGC
CCCAAAATTGUTCATCTACAAAGTCTCTAACAGATIT
AGTOGGTGTACCAGCCAGOTICAGCGOTTCCGGAAGT
GGTACTGAATTCACCCTCACGATCTCCTCTCTCCAGC
CAGATGATTTCGCCACTTATTACTGTITICAAGGTTC
ACATGTGCCGCGCACATICGGTCAGGGTACTAAAGT
AGAAGTCAAATACGGCTCACAGAGUTCCAAACCCTA
CCTGCTGACTCACCCCAGTGACCCCCTGGAGCTCOTG
GTCTCAGGACCGTCTGGGGGUCCCAGCTCCCCGACA
ACAGGCCCCACCTCCACATCTGGCCCTCAGGACCAG
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Construct

Amine Acid
Sequence

DMA Sequence

EDQPLTPTGSDP
QSGLGRHULGVV]
GILVAVILLLLLL
LLLFLILRHRROG
KHWTSTORKAD
FQHPAGAVGPEP
TDRGLOWRSSPA
ADAQEENLYAA
VKHTQPEDGVE
MDTRSPHDEDPQ
AVTYAEVKHSRP
RREMASPPSPLSG
EFLDTKDROAEE
DROMDTEAAAS
EAPODVTYAQLH
SLTLRREATEPPP
SQEGPSPAVPSIY
ATLAIH (SEQ ID
NO: 305)

CCCCTCACCCCCACCGGGTCGGATCCCCAGAGTGGT
CTGGGAAGGCACCTAGGGGTTGTGATCGGCATCTTG
GTGGCCGTCATCCTACTGCTCCTCCTCCTCCTCCTCCT
CTTCCTCATCCTCCGACATCGACGTCAGGGCAAACAL
TGGACATCGACCCAGAGAAAGGCTGATTTCCAACAT
CCTGCAGGGGCTGTGOOGCCAGAGCCCACAGACAGA
GOCCTGCAGTGGAGGTCCAGCCCAGCTGCCGATGCC
CAGGAAGAAAACCTCTATGCTGCCGTGAAGCACACA
CAGCCTGAGGATGGGGTGGAGATGGACACTCGGAGC
CCACACGATGAAGACCCCCAGGCAGTGACGTATGCC
GAGGTGAAACACTCCAGACCTAGGAGAGAAATGGCC
TCTCCTCCTTCCCCACTGTCTGGOGAATICCTGGACA
CAAAGGACAGACAGGCGGAAGAGGACAGGCAGATG
GACACTGAGGCTGCTGCATCTGAAGCCCCCCAGGAT
GTGACCTACGCCCAGCTGCACAGCTTGACCCTCAGA
CGGGAGGCAACTGAGCCTCCTCCATCCCAGGAAGGG
CCCTCTCCAGCTGTGCCCAGCATCTACGCCACTOTGG
CCATCCACTAG (SEQ ID NO: 306)

C-2163

MDMRVPAQLLG
LLLLWLRGARCOQ
VOLVOSGAEVK
KPGSSVKVSCKA
SGYTFTSYHMH
WVRQAPGQGLE
WIGYIYPGNVNT
EYNEKFKGKATL
TADKSTNTAYME
LSSLRSEDTAVYF
CAREEITY AMDY
WGQGTLYTVSSG
GGGSGGGGSGG
GGSGGDVOMTO
SPSTLSASVGDR
VTITCSSSQSIVHS
NGNTYMEWYQQ
KPGKAPKLLIYK
VSNRFSGVPDRF
SGSGSGTEFTLTI
SSLOPDDFATYY
CHOGSHVPRTFG
QGTKVEVKYGS
QSSKPYLLTHPSD
PLELVVSGPSGGP
SSPTTGPTSTSGP
EDQPLTPTGSDP
QSGLGRHLGVYL

GHVAVILLLLLL

ATGGACATCGAGGGTCCCCGCTCAGCTCCTGOGGLTC
CTGCTACTCTGGCTCCGAGGTGCCAGATOGTCAGGTGC
AGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GOTCCTCAGTGAAGGTTTCCTGCAAGGCTTICTGGATA
CACCTTCACTAGUTATCATATGCATTIGGGTGCGCCAG
GCCCCCGGACAAGGOUTTGAGTGGATCGGATACATC
TACCCTGGCAATOTTAACACAGAATATAATGAGAAG
TICAAGGGCAAAGCCACCCTTACCGCGGACAAATCC
ACGAACACAGCCTACATGOGAGCTGAGCAGCCTGAGA
TCTGAAGACACGGCTOGTGTATTTCTGTGCGAGGGAG
GAAATTACCTACGCTATGGACTACTGGGGCCAGGGA
ACCCTGGTCACCGTGTCCTCAGGCGGAGGTGGAAGT
GGAGGGGCAGGATCTGGCGGLGGAGGAAGCGGAGS
COACGTTICAAATCGACCCAGAGCCCATCCACCITGAG
COCATCTOTAGGTGACCGGGTCACCATCACTTGTAGC
TCCAGTCAGAGTATIGTACACAGTAATGGGAACACC
TATATGGAATGGTATCAGCAGAAACCAGGTAAAGCC
CCAAAATTGCTCATCTACAAAGTCTCTAACAGATTTA
GTGGTGTACCAGACAGGTTCAGUGUOTTCCGGAAGTG
GTACTGAATTCACCCTCACGATCTCCTCTCTCCAGEC
AGATGATTTCGCCACTTATTACTGTCATCAAGGTTICA
CATGTGCCGCGCACATTCOGTCAGGGTACTAAAGTA
GAAGTCAAATACGGCTCACAGAGUTCCAAACCCTAL
CTGCTGACTCACCCCAGTGACCCCCTGGAGCTOGTGG
TCTCAGGACCGTCTIGGGGGCCCCAGCTCCCCGACAA
CAGGCCCCACCTCCACATCTGGCCCTGAGGACCAGC
CCCTCACCCCCACCGOUTCGGATCCCCAGAGTGOGTCT
GGGAAGGCACCTGGGOOTICTGATCGGCATCTIGGT
OOCCOTCATCCTACTGCTCCTCCTCCTCCTCCTCCTCT
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Construct

Amine Acid
Sequence

DMA Sequence

LLLFLILRHRRQG
KHWTSTQREKAD
FQHPAGAVGPEP
TDRGLOWRSSPA
ADAQEENLYAA
VKHTQPEDGVE
MDTRSPHDEDPQ
AVTYAEVKHSRP
RREMASPPSPLSG
EFLDTKDROQAEE
DROMDTEAAAS
EAPQDVTYAQLH
SLTLRREATEPPP
SQEGPSPAVPSIY
ATLAIH (SEQ ID
NO: 307)

TCCTCATCCTCCGACATCGACGTCAGGGCAAACACT
GOACATCGACCCAGAGAAAGGCTGATTTCCAACATC
CTGCAGGGGCTGTGOGOGGCCAGAGCCCACAGACAGAG
GCCTGCAGTGCGAGGTCCAGUCCAGCTGCCGATGCCC
AGGAAGAAAACCTCTATGCTGCCOTGAAGCACACAL
AGCCTGAGGATGGGETGGAGATGGACACTCGGAGCC
CACACGATCGAAGACCCCCAGGCAGTOACGTATGCCG
AGGTGAAACACTCCAGACCTAGGAGAGAAATGGOCT
CTCCTCCTTCCCCACTGTCTGGGUGAATTCOTGGACAC
AAAGGACAGACAGGCGGAAGAGGACAGGCAGATGEG
ACACTGAGGCTGCTGCATCTGAAGCCCCCCAGGATG
TGACCTACGCCCAGCTGCACAGCTIGACCCTCAGAL
GGGAGGCAACTCAGCCTCCTCCATCCCAGGAAGGGC
CCTCTCCAGCTGTGUCCAGCATCTACGCCACTCTGEE
CATCCACTAG (SEQQ ID NDG: 308)

Example §:

Inhibitien of HER CAR-Mediated Primary T Cell Activation by the HLA-

A*Q2 Inhibitory Receptor is Reversible
6601} The ability of the HLA-A*02 LIR]1 mhibitory receptor to inhibit HERZ mediated

activation of primary T cells expressing a HERZ CAR was reversible. Pramary T cells
expressing HER2 CARI {CT292) alone or in combination with the CT1765 HLA-A¥(02
inhibitory receptor were co-cultured with HCT. 116 cells expressing both HERZ and HLA-

A*02(FIG. 9, RD1, or round 1} at aratio of 1:1. HCT 116 target cells were then removed,

and the primary T cells were co~cubtured with HCT. 116 target cells expressing HER2 only

{FIG. 9, RD2, or round 2} at a ratio of 11, Fmally, primary T cells were again co-cultured
with HCT.116 cells cxpressing both HER2 and HLA-A*02, or HERZ alone as a control (FIG.

9. RD3, orround 3} at a ratio of 111, As can be seen in FIG. 9, activation and mactivation of

>

the T cells was reversible. In addition, T cells expressing only the HERZ CAR were

exhausted by round 3 of co-culture, while T cells that expressed both the HER2 CAR and the

HLA-A%02 LIR1 inbibitory receptor were vot.

Exampie 6: Activity Of Primary T Cells Expressing HER2 CAR and HLA-A*Q2
Inhibitory Receptor in a Mouse Xenograft Model

163602} The optimal dose of T cells to be used for in vivo treatments and studies was assaved

using a mouse xenograft model. Mice were implanted with 5¢6 target cells in cach flank.

Target cells were HCT. 116 wild type cells (“nommal™ cells) which are HER2+ and HLA-
A*Q2 positive, or HUT 116 in which HLA-A*02 had been knocked out (“tumeor” celis). The
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normmal target cells were grafied in one flank and the tumor cells were gratted in the other
flank. Mice were treated with T cells from HLA-A*02 negative donors which were either
untransduced, or transduced with the HER2 CARI activator receptor (CT292) 1 combination
with the €2162 HLA-A*02 LIR1 inlubitory receptor. Xenograft model mice were injected
with 2e6, 5¢6, or 10e6 total T cells, and tumor vohune was monitored in the days following T
cell injection. A diagram of the experiment 1s shown in FIG. 10, As scenin FIG. 11, T celis
expressing the combination of the HER2 CAR and the HLA-A*02 LIR mhibttory receptor
showed cytotoxicity and blocking effect in the xenograft in vivo model and a dose of 1e7

total T cells per mouse.

Example 7: Activity of HER2Z CAR and HLA-A*QZ Inhibitory Recepter Expressed in
Jurkat Cells

(8603} Nine candidates of receptor pairs were tested. scFvs CT292, CT299, or CT1094 were
paired with no modules {CAR only), muring blocker {C1765), humanized blocker 1 {{2162),
ot humanized blocker 2 (C2163}. The various combinations of blockers and inhibitors are
shown in Table 27.

13604] Activator and blocker sensitivity was measured using the mRNA titration assay.
oRNA was titrated and used to transfect HER2- Hela target cells, which was then
cocultured with Jorkat cells expressing the appropriate HER2 constructs and NFAT
huciferase. After 6 hours of coculture, Jurkat cell activation was measured by luminescence
intensity. Results are shown in FIG. 14 and summarized in Table 27. Blocker C2163 showed

simular blocking activity to C2162 with lower level of activation and was not studied further.

Table 27: HER2 CARs and Inhibitory Receptors Screened

Activator | Blocker |Construct| E{S8 IC58 T cell T cell Killing/
seFv {molecales/ | (molecules/ |Eapression| Blocking
cell) ceddy
1292 N/A 1292 7.200 N/A -+ A
Murine | CT1110 7,600 28.000 -+ RLARE
Human-1{ CT1118 7.000 17.600 + bt
Human-2 | CT1184 6,400 44 800 N/D N/D
1299 N/A 1299 7.800 N/A +
Murige | CT1112 5,500 33,700 + +/+
Human-1 | CT1120 5,800 22.800 + +/++
Human-2 | CT1186 5,200 33,300 N/D N/D
CT1094 N/A CT1094 6,500 N/A A+ ++
Murine | CT1113 4,900 38,800 -+ A+
Human-1{ CT1i21 4,600 37,900 A+ A
Human-2 | CT1187 4,500 87,400 N/D N/D
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Example 8: Selective Cell Killing by Primary T Cell Expressing HER2Z CAR and HLA-
A*Q2 Inhibitory Receptor

[G605] Primary T cells were transduced with six activator-blocker receptor paitrs and
measured for acute cytotoxicity function on Hela target cells at 1:1 E:T ratic. Cells were
transfected with @ HER2Z CAR (1292, CT299, or CT1094) only or with HERZ CAR and
blockers 1 murine form (C1765) or humanized form {C2162). Resulis are shown in FIG. 15,
Cell transfected with any one of the receptor pairs tested selectively killed tumor cells but
spared normal cells, while cells transfected with CARs only killed both cell tvpes.

(6606} Primary T cells were transduced with HERZ CAR CT292 and human blocker 1
{(CT111R cells) or with HER2 CAR CT1094 and human blocker 1 {CT121 cells} and co~
cultared with A375 normal (HLA-A¥02-proficient} or tumor (HLA-A*02-deficient) target
colls over a wide range of E:'T ratios for 48 hours, and the maximum specific killing at cach
E:T ratio was recorded. The data was fitted using nounlinear regression to dertve the BT ratio
giving rise to 50% maximam cviotoxicity (ECS0). Results are shown in FIG. 16, where the
foid-change of EC50 from tumor to normal target cells is indicated as the selectivity ratio.
This analyvsis was conducted in two ndividual HLA-A*02- T cell donors (left vs right).
Overall, the CT1211 receptor combination 18 more potent than CT1118. Both constructs are
selective, bat the UT1118 receptor combination appears {6 protect normal A375 target cells

better over the range of E:T ratios tested.

Example 9: Further Characterization of the {11118 Receptor Combination

[06607] The CT1118 receptor combination {1292 CAR and human blocker CT2162) was
benchmarked against the CT292 CAR alone. Primary T cells were transduced with 1292
alone or in combination with CT2162 and acute cytotoxicity at 111 E/'T ratio on Hela target
cells or A37S target cells was evaluated. Results are shown in FIG. 17, CT292 celis killed
both tamor and normal cells than CT1118 cells. CT11R cells killed tumor cells with sinular
cfficiency as the CT292 celis while sparing normal cells, thus demonstrating improved
selectivity of the receptor combination over the CAR alone.

[03608] Next, the activity and selectivity of the CT1118 cells was evaluated after rechallenge.
Results are shown in FIG. 18, Primary CT292 T cells and CT1118 T cells maintained similar
potency for up to three 48-hour rounds of tumor rechallenge on HERZ+/HLA-A*02- Hela
target cells at 11 BT ratio. However, the CT1118 cells continuously spared HER24+/HLA-

A*(2+ HeLa target cells, while CT292 cells did not.



(4

10

20

WO 2022/177979 PCT/US2022/016582

Example 18: Reversibility of CT1118 Fanction

[8609] The reversibility of the function of CT292 and CT1118 cclls was evaluated by co-
culturig CT292 cells and CT1118 cells with Hella isotvpes of tumor (farget A
HER2+/HLA-A*C2-} or normal (target AB; HERZ+/HLA-A*02+} for 48 hours per round at
i1 E:7 ratio. Results are shown in FIG. 19, CT292 T celis killed both cell types while
CT1118 cells showed reversible activation. Moreover, CT1118 cells showed mactivation of
cvitotoxicity, which was dependent on the HLA-A*02 status. This reversibility of function
was observed regardless of the sequence of exposure, tumor ~> normal = tumor of normal ~2
top ~» normal. FIG. 20 shows images of the target cells at t = 48hrs for cach sequence (left
panel: tumor = normal - tumor; right panel: normal -» tumor -> normal). Regardiess of the
seqaence, CT1118 cells exiubited reversible function. UTD treatment resulted i healthy,
adherent target cells regardless of HLA-A*(2 expression while CT292 cells killed both tumor

and poumal target cells. 11118 cells selectively killed tumor cclls but spared normal cells

Exampie 11: Selectivity Toxicity of CT1118 in Mixed Culture

[0618] Sclective cyvtotoxicity was assessed by coculturing CT292 cells or CT1HHE cells with
tamor and normmal Hela target cells mixned at a 111 ratio for three 48-hoar rounds. Results are
shown i FIG. 21. CT1118 cells showed continuous selective killing of tumor cells, whereas
1292 cells killed both celf types. FIG. 22 shows umages of tumor and normal Hela target
celis in a mixed culture after 20 hours of cocubture with entransduced T cells, TT292 cells, or
CT1118 cells. CT292 celis kilied both normal and tumor cells, while CT1118 cells
selectively killed tumor cells. FIG. 23 shows that the selectivity of CT1118 is maintained

after a rechallenge for 24 hours.

Example 12: Effects of CT292 In Vive

{6611} 1E6 A375 A2+ (normal) and AZ- (tumor) were grafied on each flank of the NSG nice
on day 0. A375 cells have HER2 and HLA-AZ expression simiar to the ECS50 and IC50 of
CTHE, respectively (FIG. 24). On day 8§, untransduced (UTD™), €T292 cells, and CT1118
cells were injected at 20 mutlion cells per mouse. Tumor volumes were measured by caliper
every 2-3 dayvs after injection.

16612} Resulis are shown in FIG. 25. CT292 cells reduced both tumor and normal xenogratis,

while CT1118 cells selectively redaced the tumor xenograft but not the normal xenograft.
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Example 13: In Vitro Efficacy of CT292 Paired With HLA-AG3, HLA-A*11 or HLA-
B3G7 Blockers

0613 Jurkat NFAT luciferase (INL) cell inhibition with the CT292 paired with either HLA-
A¥(3:01 blocker 26 (comprising an scFv of SEQ ID NO: 405), HLA-A*11:01 blocker 4
{comprising an scFv of SEQ 1D NO: 345), or HLA-B*07.02 blocker BB7.1 {comprising an
scFv of SEQ 1D NO: 21806) was measured in an mRNA titration assay.

[6614] INL cell activation was measured in an mBNA fitration assay using HeLa cells
transfected with mRNA. HeLa cells were transfected with senally-dituted mRNA encoding
cither the A*03:01, A*11:01, or B*07:02 blocker. INL cells were transiently transtected with
CT292 and negative control vector {open circle), or CT292 and either the HLA-A*03:01,
HLA-A*11:01, or HLA-B*07:02 blocker {closed circle}. The fimctional response was
assessed after a 6-hour co-culture of 3,000 INL cells and 5,000 Hela cells. Data are shown in
FiGs. 26A-26C. The results show that all blockers block activation of the HERZ CAR inthe
presence of titrated corresponding HLA mRNAs.

86151 HLA-A*11:01 or HLA-B*(7:02 protein on the surface of Hela cells upon mRNA
transfection was assessed by flow cytomerter. Hela cells were transfected with 2x senally-
diluted mRNA encoding etther FLAG-tagged HLA-A¥[1:01 or FLAG-tagged HLA-B*07:02
with top dose of 2000 ng per 200,000 HeLa cells. Cells were transfected using the 4D
nucleofector X-Unit (Lonza) 1o the 20 ull format, according to manufacturet’s instructions.
Transfected cells were transferred to MEM media containing 10% FRS and 0.1% penicillin
and streptomycin and tcubated at 37°C, 5% CO» for 16-24 hours. On the next day, celis
were mechanically detached and washed twice with 100 ul. FACS buffer (PBS + 1% BSA),
then stained with either anti-HEA*ATL:01 (One Lambda 0284HA) or anti-B*07:02 mRNA
(BB7.1) antibody for 30 minutes on tce. After 2x wash with 100 ol FACS buffer, cells were
Cells were then washed twice with FACS buffer and fluorescence was measured. Results are

shown in FIG. 27, where the bottom panel contains 0 ng mRNA.
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CLAIMS
What 15 clammed is:
1. An moune cell respounsive 1o loss of heterozygosity in a cancer cell, comprising:
a. an activator receptor comprising an extracelludar ligand binding domain
specific to an erb-b2 receptor tyrosine kinase 2 {(HERZ) antigen; and
b. an whibitory receptor comprising an extracclular higand binding domam
specific to a non-target antigen that is not expressed by the cancer cell due to a

ioss of heterozvgosity in the cancer cell,

2. The immune cell of claim 1, wherein the non-target antigen is an HLA class I allele ora

minor histocompatibility antigen (MiHA).

3. The immuse cell of claim 2, whercin the HLA class {allele comprises HLA-A, HLA-B,
HLA-C or HLA-E.

4. The inmune cell of claim 2, wherein the HLA class 1 allcle is HLA-A*0Z.

5. The imamune cell of any one of claims 1-4, wherein the target antigen is HERZ or a
peptide antigen of HER?2 in a coroplex with a major hustocompatibility class T conplex (MHC

D
6. The immune cell of claim 5, wherein the cancer cell expresses HER2.

7. The iramune cell of any one of claims 1-6, wherein the cancer cell 1s a breast cancer cell,
bladder cancer cell, ovanan cancer cell, gastric cancer cell, a sahivary duct carcmoma cell, a

non-small cell lung cancer cell, a pancreatic cancer cell, or a colon cancer cell.

8. The immune cell of any one of claims I-6, wherein the cancer cell is a breast cancer cell

or gastric cancer cell.

9. 'The iounune cell of any one of claims 4-8, wherein the HLA-A*02 non-target antigen is

expressed by healthy cells of a subject.

10. The immune cell of any one of claims 4-9, wherein healthy cells of the subject express

both the target antigen and the HLA-A*02 non-target antigen.



WO 2022/177979 PCT/US2022/016582

i1. The immune cell of any one of claims 1-10, wherein the activator receptor and the
inhibitory receptor together specifically activate the inunune cell in the presence of the cancer

coll.

12. The inunune coll of any one of claims 1-11, wherem the immune cell is a T cell.

v
[
fad

3. The immune cell of claim 12, wherein the T cell is a CDE+ CD4- T cell.

14. The inunune cell of any one of claims 1-13, wherein the HER2 antigen comprises a
sequence or subsequence at least 95% identical to a sequence or subsequence of any one of

SEQ 1D NQOs: 2-26,

i5. The iramnme cell of any one of claims 1-14, wherein the activator receptoris a T cell

10 receptor {TCR} or a chimeric antigen receptor {CAR).

16. The immune cell of claim 15, wherein the extracelular ligand binding domain of the
activator receptor comprises an antibody fragment, a single chain Fv antibody fragment
{scFv}, a § chain variable domain (VB}, or a TCR ¢ chain variable domain and a TCR B chamn

variable domain,

15 17 The inunune cell of claim 15 or 16, wherein the extracellular ligand binding domain of
the activator receptor comprises a heavy chain vanable (VH) region and a hight chain vartable

(VL) region.

18. The immume cell of claim 17, wherein the VH and VL regions comprise complement

determuning regions {CDRs) selected from the group consisting of SEQ 1D NOS: 30-42.

20 19 The immaune cell of claim 17, wherein the VH region comprises one or more CDR
sequences selected from the group consisting of GFNIKDTYH (SEQ ID NO: 36),
ARTYPTNGYTRYADSVEG (SEQ ID NG: 38), and SRWGGDGFYAMD{Y/V] (SEQ 1D
NG 40y or (SEQ [D NO: 41); and the VL region comprises one or more COR sequences
selected from the group consisting of RASQDVNTAVA (SEQ 1D NO: 30), SASFLY (SEQ

25 IDNG: 32), and QOQHYTTPP (SEQ ID NG: 34).

20. The immume cell of claim 17, wherein the VH region comprises one or more CDR
seqaences selected from the group consisting of NYGMN (SEQ 1D NG: 373,
WINTSTGESTFADDFKG (SEQ ID NG 39) and WEVYHGY VPY (SEQ 1D NG: 42); and
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the VL region comprises one or more CDR sequences selected from the group consisting of
KASQDVYNAVA (SEQ ID NG: 31), SASSRYT (SEQ 1D NG: 33}, and QOHFRTPFT
(SEQ 1D NO: 35).

21, The ounune cell of clatm 17, wherein the VH region comprises CDR seguences of
GENIKDTYIH (SEQ ID NO: 36}, ARIVPINGYTRYADSVKG (SEQ ID NO: 38}, and
SRWGGDRGFY AMDBY/V(SEQ ID NO: 40} or (SEQ 1D NO: 41); and the VL region
comprises CDR sequences of RASQDVNTAVA (SEQ 1D NGO 30), SASFLY (SEQ IDNO:
32) and QOQHYTTPP (SEQ 1D NO: 343,

22. The ounune cell of clatm 17, wheretn the VH region comprises CDR seguences of
NYGMN {(SEQ ID NG: 37), WINTSTGESTFADDFKG (SEQ 1D NO: 39y and
WEVYHGYVPY (SEQ ID NO: 42}, and the VL region comprises UDR sequences of
KASQDVYNAVA (SEQ ID NGO: 31), SASSRYT (SEQ ID NG: 33), and QQHFRTPFT
(SEQ ID NO: 353

23. The immune cell of claim 17, wherein the VH region comprises CDR sequences of
DTYIH (SEQ ID NG: 313), RIYPTNGYTRYADSVKG (SEQ ID NG 314), and
WOGDGFYAMDY (SEQ 1D NG: 315); and the VL region comprises CDR sequences of
RASGDVNTAVA (SEQ I NO: 30}, SASFLYS (SEQ 13 NO: 311), QOHYTTPPT (SEQ
D NO: 312), and DTYIH(SEQ ID NG: 313).

24. The mmmune cell of claim 16 or 17, wherein the scFv comprises a sequenee having at
least 85%, at least 90%, at least 95%, at least 97%, at least 99% wdentity or i identical to a

sequence selected from the group consisting of SEG 1D NOS: 51, 53, 55, 537, 59 and 61.

25. The wunune cell of any one of claims 15-24, wherem the CAR comprises a hinge

sequence 1solated or derived from CD8, CD28, IgG L, or IgG4, or a synthetic hinge.

26. The tromune cell of any one of clatms 15-25, whercin the CAR comprises a

transmembrane domaim 1solated or denived from D8 or CD28.

27. The iounune cell of any one of claims 15-26, wherein the CAR comprises an intracellular

domain 1solated or derived from CD28, 4-1BB or CD3z, or a combination thereof.

28. The immune cell of any one of clavms 1-27, wherein the mhibitory receptor comprises a

TCR or CAR.
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29 The immune cell of claim 28, wherein the extracellnlar ligand binding domain of the
inhibitory receptor comprises an antibody fragment, a single chain Fv antibody fragment
{sc¥v}, a B chain variable domain (VB), or a TCR ¢ chain variable domain and a TCR B chain

variable domain.

39, The immune cell of claim 28 or 29, wheren the extracellular igand binding domain of

the inhibitory receptor comprises a heavy chain variable (VH) region and a light chain

variable (VL) region.

31. The inunune coll of claim 30, wherein the VH and VL regions comprise CDRs selected

from the group consisting of SEQ D NOS: 87-162.

32. The iromwme cell of clain 29 or 3¢, wherein the VH region comprises one or more CDRs
selected from the group consisting of ASGYTFTSYHIH (SEQ ID NG: 95),
WIYPGNVNTEYNEKFRGK (SEQ ID NO: 98) and EEITYAMDY (SEQ ID NG: 101}, and
the VL region comprises one or more CDRs selected from the group consisting of
RSSQSIVHSNGNTYLE (SEQ ID NQG: 87), KVSNRFSGVP{D/AIR (SEQ ID NG: 90) OR
(SEQ ID NG: 91), and FQGSHVPRT (SEQ ID NG: 623,

33. The imnume ccll of claim 29 or 30, wheremn the VH region comprises one or more CDRs
selected from the group consisting of SGYTFTSYHMH (SEQ 1D NG 973,
WIYPGDGSTQYNEKFKG (SEQ ID NO: 100) and EGTYYAMDY (SEQ 1D NG: 102); and
the VL region comprises one or more CDRs selected from the group consisting of
RSSOSIVHSNGNTYLD (SEQ 1D NO: 89), KVSNRFSGVPID/AJR (SEQ ID NO: 90) OR
(SEQ ID NO: 91) and MOGSHVPRT (SEQ 1D NG 94).

34. The inunune cell of claim 29 or 30, wherein the VH region comprises CDR sequences of
SYHIH (SEQ D NO: 566), WIYPGNVNTEYNEKFKG (SEQ ID NG 567), and
EEITYAMDY (SEQ ID NG: 101); and the VL region comprises CDR sequences of
RSSOQSIVHSNGNTYLE (SEQ ID NO: 87), KVSNRFS (SEQ ID NO- 563), and
FQGSHYPRT (SEQ D NO: 92).

35. The inunune coll of any one of claims 29-32, wherein the s¢Fv comprises a sequence
having at least 85%, at least 90%, at least 95%, at least 97%, at least 99% identity or is
identical to a sequence selected from the group consisting of SEQ 1D NGOS: 63-74, 207, 209

and 211,
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36, The immune cell of any one of claims 1-35, wherein the mhubitory receptor comprises a

LILRB1 intraceliular domain or a functional variant thereof

37. The immune cell of any one of claims 1-36, wherein the mhibitory receptor comprises

LILRB1 hinge and transmembrane domains, or functional variants thereof.

38. The immune cell of any onc of claims 1-37, wherein the mhibitory receptor comprises a
sequence having at least 85%, at least 90%, at least 959, at least 97%, at least 99% identity
or 1s identical to
YGEQSSKPYLLUTHPSDPLELVVSGPSGGPSSPTTGPTSTSGPEDQPLTPTGSDPQSGLG
RHLGYVIGILVAVILLLLLLLLLFLILRHRRQGKHWTSTQRRADFOQHPAGAVGPEPTD
RGLOWRSSPAADAQEENLY AAVKHTQPEDGVEMDTRSPHDEDPQAVTYAEVKHSR
PRREMASPPSPLSGEFLDTKDRQGAEEDROQMDTEAAASEAPQDVTY AQLHSLTLRREA
TEPPPSQEGPSPAVPSIYATLAIR (SEQ 1D NO: 234}

39. The inunune coll of any one of claims 1-38, wherein the immune cell is modified to
mactivate, or reduce or eliminate expression or function of an endogenous gene encoding an

allele of an endogenous MHC class T polypeptide.

40, The immune cell of claim 39, wherein the gene encoding the MHC class I polypeptide 1s

HLA-A®(2.

41. The immune cell of any one of claims 1-40, wherein the immune cell is modified to

reduce or eliminate expression of the B2ZM gene product.

42. A phamaceutical composition, comprising a therapeutically effective amount of the

imvoune celis of any ove of claims 1-41,

43. The pharmaceutical composition of claim 42, further comprising a pharmaceutically

acceptable camer, diluent or excipient.

44. The pbarmaceutical composition of clatm 42 or 43, for use as a medicament in the

treatment of cancer.

45. A polynucleotide system, comprising one or more polynucleotides comprising

polynucleotide sequences encoding:
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a. an activator receptor comprising an extracellular ligand binding domaim

specific to an erb-b2 receptor tyrosine kinase 2 (HER?) antigen; and

b. an inhibitory receptor comprising an extracellolar ligand binding domain
specific to a non-target antigen that is not expressed by the cancer cell due to a

loss of heterozygosity in the cancer cell.
46. A vector, comprising the polvaucleotide system of claim 45.

47. A method of treating a HERZ+ cancer in a subject identified as having or suspected of
having a loss of heterozygosity at an allele encoding a non-target antigen in the HER2-
positive cancer, comprising administering to the subjoct the immune cells of any one of

claims 1-41.

48. A method of making an immune cell therapy, comprising transforming inunune cells with

the polynucleotide system of claint 45 or the vector of claun 46.

49, A kit comprising the immune cell of any one of claims §-41 or the pbarmaceutical

composition of any one of claims 42-44.
50. The kit of claim 49, further comprising mstructions for use,

51 A method of selectively kitling HERZ-posttive tumor cells having loss of heterozygosity
at an allele encoding a non-target antigen in the HER2-positive cancer, comprising confacting

the HERZ-positive tumor celis with the immune cells of any one of claims 1-41.
52 The method of claim 51, wherein the tumor cell is in a tissue.
33 The method of clamm 51, wherein the tumor cell is in a mixed culture.

54. The method of any one of claims 51-53, wherein the non-target antigen 1s selected from
the group congsisting of HLA-AY02, HLA-A*01, HLA-A*03, HLA-A*11, HLA-B*(7, and
HLA-C*07.

55, An tmumune cell comprising:
(a} an activator receptor comprising an extracellular ligand binding domain specific to an erb-
b2 receptor tyrosine kinase 2 (HER2) antigen, wherein the extracellular ligand binding

domain of the activator receptor comprises (i) a VH region comprising CDR sequences of
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DTYIH (SEQ ID NG: 313), RIYPTNGYTRYADSVKG (BEQ [D NO: 314}, and
WGGDGFYAMDY (SEQ ID NQO: 315); and (i1} a VL region comprising UDR sequences of
RASQDVNTAVA (SEQ IDNO: 30), SASFLYS (SEQ ID NO: 311), QOHYTTPPY (SEQ
1D NG: 312), and DTYHH (SEQ ID NO: 313) region and a light chain variable (VL) region

and

(4

(b) an mhibitory receptor comprising an extracellular ligand binding domaio specifictoa
non-target antigen that 13 not expressed by the cancer cell due 1o a loss of heterozvgosity in
the cancer cell, wherein the extracellular ligand binding domain of the mhibitory receptor
comprises (1} a heavy chain variable (VH) region comprising CDR sequencs of SYHIH (SEQ
10 TDNO: 566), WIYPGNVNTEYNEKFRG (SEQ ID NG: 567), and EEITYAMDY (SEQ ID
NG 101); and (1) a hight chain variable (VL) region comprising of RESQSIVHSNGNTYLE
(SEQ 1D NO: 87). KVSNRFS (SEQ ID NO: 565), and FOQGSHVPRT (SEQ 1D NO: 92).

56. An imumune cell comprising:

(a} an activator receptor comprising an extraceilular ligand binding domamn specific to an erb-
15 b2 receptor tyrosine kinase 2 (HERZ2} antigen, wherein the extraceliular hgand binding

domain of the activator recepior 18 an sclFy comprising the sequence of SEQ ID NO: 51; and

{b) an inhibitory receptor comprising an extracellular ligand binding domain specific to a

non-target antigen that 13 not expressed by the cancer cell due 1o a loss of heterozvgosity in

the cancer cell, wherein the extracellular ligand binding domain of the mhibitory receptor is

20 an scFv comprising the sequence of SEQ D NG: 2090

57. A method of treating a HERZ+ cancer 1n a subject identified as having or suspected of
having loss of heterozygosity at an allele encoding HLA-A*02, comprising adounistering o
the subject an immune cell comprising

{a) an activator receptor comprising an extracellular igand binding domain specific to an erb-

b
v

b2 receptor tyrosine kinase 2 (HERZ) antigen, wherein the extracellular ligand binding
domain of the activator receptor compnises (i} a VH region comprnising CDR sequences of
DTYIH (SEG ID NO: 313}, RIYPTNGYTRYADSVEG (SEQ ID NG: 314), and
WGOGDGFYAMDY (SEG 1D NG: 315); and (i) a VL region comprising CDR sequences of
RASQDVNTAVA (SEQID NG 30), SASFLYS (SEQ IDNO: 311, QOHYTTPPT (SEQ
30 IDNG: 312), and DTYIH (SEQ D NGO: 313) region and a hght chain variable (VL} region.;

and
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{(b) an inhibitory receptor comprising an extracellular ligand binding domain specificto a
non-target antigen that is not expressed by the cancer cell due to a loss of heterozygosity in
the cancer cell, whercin the extracellular ligand binding domam of the inhibitory receptor
comprises {1} a heavy chain variable (VH) region comprising CDR sequencs of SYHIH {(SEQ
1D NO: 566), WIYPGNVNTEYNEKFKG (SEQ ID NO: 567), and EEITYAMDY (SEQ 1D
NO: 101); and (1) a light chain vanable (VL) region comprising of RSSQSIVHSNGNTYLE
(SEG ID NG: 87), KVSNRFS (SEQ ID NO: 565), and FQGSHVPRT (SEQ D NO: 92).

58. A method of treating a HER2+ cancer in a subject identified as having or suspected of
having loss of heterozygosity at an allele encoding HLA-A*02 comprising administering to
the subject an imumune cell comprising {a} an activator receptor comprising an extracellular
ligand binding domain specific to an erb-b2 receptor tyrosine kinase 2 (HER2) antigen,
wherein the extracellular ligand binding domain of the activator receptor is an scFv
comprising the sequence of SEQ 1D NO: 51, and (b} an mhibitory receptor comprising an
extracellular ligand binding domain specific to a non-target antigen that is not expressed by
the cancer cell due to a loss of heterozygosity 1n the cancer cell, wherein the extraceliular
ligand binding domain of the inhibitory receptor i3 an scFv comprising the sequence of SEQ
I3 NG: 209,

59. A method of selectively killing HER2-positive tumor cells having loss of heterozygosity
at an allele encoding HLA-A*02, comprising contacting the HERZ2-positive tumor cells with
an immune coll comprising

{a} an activator receptor comprising an extracellolar ligand binding domain specific to an erb-
b2 receptor tyrosine kinase 2 (HER2) antigen, wherein the extracellular hgand binding
domain of the activator receptor comprises (i) a VH region comprising CDR sequences of
DTYIH (SEQ ID NG: 313), RIYPTNGYTRYADSVKG (SEQ ID NG: 314), and
WGEGDGFYAMDY (SEQ ID NO: 315); and (i} a VL region comprising CBR sequences of
RASGDVNTAVA (SEQ 1D NO: 303, SASFLYS (SEQ 1D NO: 311), QOHYTTPPT (SEQ
IBNO: 312}, and DTYHH (SEQ 1D NGO: 313) region and a light chain vanable (VL) region.;
and

(b} an inhibitory receptor comprising an extracellular ligand binding domaiao specific to a
non-target antigen that is not expressed by the cancer cell due 1o a loss of heterozygosity in
the cancer cell, wherein the extracellular ligand binding domain of the mhibitory receptor

comprises {1} a heavy chain variable (VH) region comprising CDR sequenes of SYHIH (SEQ

o
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ID NG 566), WIYPOGNVNTEYNEKFKG (SEQ ID NO: 5367}, and EEITYAMDY {SEQ ID
NG: 1013 and (11) a light chain vanable (VL) region comprising of RSSOSIVHENGNTYLE
(SEQ ID NG: 87), KVSNRFS (SEQ D NO: 565), and FQGSHVPRT (SEQ ID NG: 92).

60. A method of sclectively killing HER2-paosttive tumor cells having loss of heterozygosity
at an allele encoding HLA~A*02, comprising contacting the HERZ-positive tumor cells with
an immone cell comprising an imumane cell comprising (8) an activator receptor comprising
an extraceilular ligand binding domain specific to an erb-b2 recepior tyrosive kinase 2
(HER2) antigen, wherein the extracellular ligand binding domain of the activator receptor s
an scFv comprising the sequence of SEQ 1D NO: 31; and (b) an inhibitory receptor
comprising an extracellular ligand binding domain specific to a non-target antigen that is not
expressed by the cancer cell due to a loss of heterozygosity i the cancer cell, wherein the
extraceltular ligand binding domain of the inhibitory receptor is an scFv comprising the

seqguence of SEG 1D NG: 209,
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