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CHIMERIC RECEPTORS AND METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[06001] This application claims the benefit of U.S. Provisional Patent Application No.

62/317,068, filed April 1, 2016, which is hereby incorporated by reference in its entirety.

SEQUENCE LISTING
{06002} The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCH copy, created on March 31, 2017, is named K-1029 02 SL.txt and 1s 265,829 bytes

in size.

BACKGROUND OF THE INVENTION
[0003] C-type lectin-like-1 (CLL-1, also known as CLEC-1, CLECiZA, MICL,
Bendritic Celi-Associated Lectin-1 (DCAL-1), and DCAL-2) is a glycoprotein receptor and
member of a family of C-type lectin-like receptors involved in the regulation of cell
proliferation and tmmune regulation. CLL-1 is expressed in hematopoietic cells, primarily
on innate immune cells including monocytes, granulocytes, dendritic cells, as well as myeloid
progenitor cells. Van Rhenen ef af , Blood 2007:110(7). CLL-1 has been implicated in the
regulation of myeloid cell proliferation and differentiation (Bakker ef ol, Cancer Res.
64:8443-8450 (2004); Marshall eza/ | J. Biol. Chem. 279:14792-14802 (2004)), and is present
on acute myeloid (myelogenous) leukemia (AML) cells as well as on lfeukemic stem cells

(Zhao ef al , Haematologica 2010, 95(1).71-78).

[0004] Accordingly, CLIL-1 has been implicated in multiple diseases, ncluding but
not limited to, acute myeloid (myelogenous) leukemia (AML), chronic myeloid
(myelogenous) leukemia (CML), chronic myelomonocytic leukemia (CMML), juvenile
myelomonocytic leukemia, atypical chronic myeloid leukemia, acute promyelocytic
leukemia (APL), acute monocytic leukemia, acute monoblastic teukemia, acute erythroid
leukemia, acute megakaryoblastic leukemia, myelodysplastic syndrome (MDS),
myeloproliferative disorder, myeloid neoplasm, myeloid sarcoma), Blastic Plasmacytoid

Dendritic Cell Neoplasm (BPDCN), or combinations thereof.
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[0005] CLL-1 may additionally play a role in inflammatory or autoimmune diseases
such as rheumatoid arthritis, psoriasis, allergies, asthma, Crohn’s disease, IBD, IBS,

fibromyalga, mastocytosis, and Celiac disease.

[0006] Human CLL-1 protetn comprises a polypeptide of the following amino acid

sequence:

MSEEVTYADLOQFONSSEMEKIPEIGKFGEKAPPAPSHYVWRPAALFLTLLCLL
LLIGEGVLASMFHVTLRKIEMKKMNKLONISEELOQRNISLOLMSNMNISNKIR
NLSTTLQTIATKLCRELYSKEQEHKCKPCPRRWIWHKDSCYFLSDDVOQTWQ
ESKMACAAQNASLEKINNKNALEFIKSOSRSYDYWLGLSPEEDSTRGMRVD
NINSSAWVIRNAPDLNNMYCGYINRLYVQYYHCTYKKRMICEKMANPYV(Q

LGSTYFREA (SEQ 1D NOG. 140).

16007} Addttional sequence information is contained in the CLL-1 Uniprot listing at:
hitp./fwww uniprot org/uniprot/QSQGZS, as  well as NCBI  Reference  Sequence

NP 612210.4 (hitp://woww nebinlm nib.gov/protein/NP_612210.4)

[0008] When referring to CLL-1, it will be appreciated that reference thereto
encompasses fragments thereot, as well as related polypeptides, which include, but are not
limited to, allelic variants, splice variants, derivative variants, substitution variants, deletion
variants, and/or insertion variants including the addition of an N-terminal methionine, fusion
polypeptides, and interspecies homologs. In certain embodiments, a CLL-1 polypeptide
includes terminal residues, such as, but not limited to, leader sequence residues, targeting
residues, amino terminal methionine residues, lysine residues, tag residues and/or fusion

protein residues.

[6609] Certain antibodies to CLL-1 are described in U.S Patent No. 8,536,310 and in
.S, Patent No. 9,163 090

(0016} Engineered immune cells have been shown to possess desired qualities in
therapeutic treatments, particularly in oncology. Two main types of engineered immune cells
are those that contain chimeric antigen receptors {termed “CARs” or “CAR-Ts") and T-cell
receptors (“TCRs”). These engineered cells are engineered to endow thern with antigen
specificity while retaining or enhancing their ability to recognize and kill a target cell.
Chimeric antigen receptors may comprise, for example, (i) an antigen-specific component

{“antigen binding molecule™), (i1) an extracellular domain, (iit) one or more costimulatory
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domains, and (iv) one or more activating domains. Each domain may be heterogeneous, that
is, comprised of sequences derived from (or corresponding to) different protein chains.
Chimeric antigen receptor-expressing immune cells (such as T cells) may be used in various
therapies, including cancer therapies. It will be appreciated that costimulating domains may
be used to enhance the activation of CAR-expressing cells against target antigens, and

therefore increase the potency of adoptive immunotherapy.

[0011] Certain CARs to CLL-1 have been described in, e.g., U S. Patent Application
20160051651 (PCT US2015/041337).

[6612] T cells can be engineered to possess specificity to one or more desired targets.
For example, T cells can be transduced with DNA or other genetic material encoding an
antigen binding molecule, such as one or more single chain variable fragment (“scFv”) of an
antibody, in conjunction with one or more signaling molecules, and/or one or more activating

domains, such as CD3 zeta.

[0013] In addition to the CAR-T cells” ability to recognize and destroy the targeted
cells, successful T cell therapy benefits from the CAR-T cells’ ability to persist and maintain

the ability to proliferate in response to antigen.

06014} T cell receptors (TCRs) are molecules found on the surface of T cells that are
respounsible for recognizing antigen fragments as peptides bound to major histocompatibility
complex (MHC) molecules. The TCR is comprised of two different protein chains - in
approximately 95% of human TCRs, the TCR consists of an alpha () and beta (B) chain. In
approximately 5% of human T cells the TCR consists of gamma and delta (y/0) chains. Each
chain i1s composed of two extracellular domains: a variable (V) region and a constant {C})
region, both of the tmmunoglobulin superfamily. As in other immunoglobulins, the variable
domains of the TCR g-chain and f-chain {or gamma and delta (y/8) chains) each have three
hypervariable or complementarity determining regtons (CDRs). When the TCR engages with
antigenic peptide and MHC (peptide/MHC), the T cell becomes activated, enabling it to attack
and destroy the target cell.

[6015] However, current therapies have shown varying levels of effectiveness with
undesired side effects. Therefore, a need exists to identify novel and improved therapies for

treating CLL-1 related diseases and disorders.



10

30

WO 2017/173384 PCT/US2017/025573

SUMMARY OF THE IRVERNTION

06016} The invention relates to engineered immune cells {such as CARs or TCRs),
antigen binding molecules (including but not limited to, antibodies, scFvs, heavy and/or light

chatns, and CDRs of these antigen binding molecules) with specificity to CLL-1.

0017} The invention further relates to a novel CD28 extracellular (hinge) sequence

useful as costimulatory domains in these cells.

[6018] Chimeric antigen receptors of the invention typically comprise: (i} a CLL-1
specific antigen binding molecule, (i1} an extracellular (which may comprise a hinge) domain,
(111) one or more costimulatory domain, and (iv) one or more activating domain. It will be
appreciated that each domain may be heterogeneous, thus comprised of sequences derived

trom {or corresponding to) different protein chains.

106019] In some embodiments, the invention relates to a chimeric antigen receptor
comprising an antigen binding molecule that specifically binds to CLL-1, wherein the antigen
binding molecule comprises at least one oft a) a variable heavy chain CDRI comprising an
aming actd sequence selected from the group consisting of SEQ 1D NOs: 17, 51, 73, and 95,
b) a variable heavy chain CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NQs 18, 52, 74, and 96, ¢) a variable heavy chain CDR3 comprising an
amnino acid sequence selected from the group consisting of SEQ 1D NOs 19, 53, 75, and 97,
d) a variable light chain CDR1 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 22, 56, 78, and 100, e) a variable light chain CDR2 comprising
an amino acid sequence selected from the group consisting of SEQ 1D NGs. 23, 57, 79, and
101, and f) a variable light chain CDR3 comprising an amino acid sequence selected from the
group consisting of SEQ ID N(Os. 24, 58, 80, and 102, The chimeric antigen receptor can
turther comprise at least one costimulatory domain. The chimeric antigen receptor according

to claim 1 further comprising at least one activating domain.

[8020] In certain embodiments, the invention relates to chimeric antigen recepiors
having at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% tdentical to the chimeric antigen receptors set forth herein.

160621} Also encompassed by the invention are chimeric antigen receptors having no

more than & amino acid substitutions thereto.
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06022} In certain embodiments the costimulatory domain comprises a signaling
domain {or other suitable portion} of CD28, OX-40, 4-1BB/CD137, CD2, CD7, CD27, CD30,
CD40, Programyued Death-1 (PD-1), inducible T cell costimulator (ICOS), lymphocyte
tunction-associated antigen-1 (LFA-1, CDI-a/CD18), CD3 gamma, CD3 delta, CD3 epsilon,
D247, CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig alpha (CD79a), DAP-10, F¢
gamma receptor, MHC class 1 molecule, TNF receptor proteins, an Immunoglobulin protein,
cytokine receptor, integrins, Sigonaling Lymphocytic Activation Molecules (SLAM proteins),
activating NK cell receptors, BTLA, a Toll igand receptor, ICAM-1, B7-H3, CBS, ICAM-
1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1),
NKpd4d, NKp30, NKp46, CD19, CD4, CD8alpha, CDBbeta, 1L-2R beta, IL-2R gamma, -
7R alpha, ITGA4, VLAL, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD,
CDlId, ITGAE, CD103, ITGAL, CBl la, LFA-1, ITGAM, CDl 1b, ITGAX, CDi ¢, ITGBI,
CD29, 1ITGB2, CDI18, LFA-1, ITGB7, NKG2D, TNFR2, TRANCE/RANKL, DNAMI1
(CD226), SLAMF4 (CD244, 2B4), CD34, CD%6 (Tactile), CEACAMI, CRT AM, Ly©
(CD229), CD160 (BYS5S), PSGL1L, CD100 (SEMA4D), CD69, SLAMES (NTB-A, Lyl08),
SLAM (SLAMF1, CD150, IPG-3), BLAME (SLAMFSE), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, CD19%a, a ligand that specifically binds with CD83, or any

combination thereof

106023} In some embodiments, the costimulatory domain can comprise all or a portion
of the 4-1BB nucleic acid sequence set forth in SEQ ID NO. 141, and the corresponding
amino acid sequence as set forth in SEQ ID NO. 142, In other embodiments, the
costimulatory domain can comprise all or a portion of the amino acid sequence of 0X40 as
set forth in SEQ 1D NO. 143, See also Hombach ¢f o/, Oncoimmunology. 2012 Jul. 1; 1(4):
458-460. In still other embodiments, the costimulatory domain can comprise all or a portion
of the ICOS molecule as described in Guedan ¢f of , August 14, 2014; Blood: 124 (7) and
Shen ef a/., Journal of Hematology & Oncology (20133 6:33. In still other embodiments, the
costimulatory domain can comprise all or a portion of CD27 as described in Song ef /.,

Oncoimmunology. 2012 Jul. 1;1{(4): 547-549.

06024} Preferred embodiments include incorporation into the CARs of the invention
one or more of the following sequences: SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6, and
SEQ ID NG, 8. Additional preferred embodiments include incorporation into the CARs of

the invention the sequence set forth in SEQ 1D NO. 14.
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06025} In further embodiments, the activating domatn comprises (I3, preferably

CD3 zeta, more preferably CD3 zeta having the sequence set forth in SEQ 1D NO. 10,

6026} In other embodiments, the mvention relates to a chimeric antigen receptor
comprising an antigen binding molecule further comprising SEQ ID NO. 2 and further

comprising SEQ ID NO. 10,

16627] The invention further relates to isolated polynucleotides encoding the chimeric
antigen receptors, and vectors comprising the polynucleotides. Any vector known in the art
can be suitable for the present invention. In some embodiments, the vector is a viral vector.
In some embodiments, the vector is a retroviral vector (such as pMSVG1), a DNA vector, a
murine leukenua virus vector, an SFG vector, a plasmid, a RNA vector, an adenoviral vector,
a baculoviral vector, an Epstein Barr viral vector, a papovaviral vector, a vaccinia viral vector,
a herpes simplex viral vector, an adenovirus associated vector (AAV), alentiviral vector (such
as pGAR), or any combination thereof. The p(GAR sequence is as follows:

06028} CTGACGCGCCCTGTAGCGGCGLCATTAAGCGCGGCGGETGTGGTGG
TTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTT
CGCTTTCTTCCCTTCCTTICTCGCCACGTTICGCCGGCTTTCCCCGTCAAGCTC
TAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGA
CCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGA
TAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACT
CTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATT
TATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTA
ACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTGCCAT
TCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTT
CGCTATTACGCCAGCTGGCGAAAGGOGGATGTGCTGCAAGGCGATTAAGTT
GGGTAACGCCAGGGTTTITCCCAGTCACGACGTTGTAAAACGACGGCCAGTG
AATTGTAATACGACTCACTATAGGGCGACCCGGGGATGGCGCGLCAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATA
ACTTACGGTAAATGGCCCGCCTGGCTGACCGUCCAACGACCCCCGCCCATTG
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATT
GACGTCAATGOGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCA
AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGE
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGC
AGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCA

6
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GTACATCAATGGGCGTGGATAGCGOTTTGACTCACGGGGATTTCCAAGTCTC
CACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGOGTAGGC
OTGTACGOGTGGGAGGTCTATATAAGCAGAGCTGOTTTAGTGAACCGGGHTC
s TCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAAC
CCACTGUTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTG
CCCGTCTGTTOTGTGACTCTGOTAACTAGAGATCCCTCAGACCCTTTTAGTC
AGTGTGGAAAATCTCTAGCAGTGGUGUCCGAACAGGGACTTGAAAGUGAAA
GGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGE
10 ACGGCAAGAGOGCGAGGGGUGGUGACTGGTOGAGTACGCCAAAAATTTTGACT
AGCGGAGGCTAGAAGGAGAGAGATGGOTGCGAGAGCGTCAGTATTAAGCG
GGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGUCAGGGGGAA
AGAAAAAATATAAATTAAAACATATAGTATGOGGCAAGCAGGGAGUTAGAA
CGATTCGCAGTTAATCCTGGUCTOTTAGAAACATCAGAAGGCTGTAGACAA
15 ATACTGOGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGA
TCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGA
TAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAA
AGTAAGACCACCGCACAGCAAGCCGCCGCTGATCTTCAGACCTGGAGGAGG
AGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAA
20 AATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCA
GAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCOTTGGOGTTCTTGGE
AGCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGOTACAGGC
CAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCT
ATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAG
23 CTCCAGGCAAGAATCCTGOCTGTGGAAAGATACCTAAAGGATCAACAGCTC
CTGGGGATTTGGOGTTGCTCTGGAAAACTCATTTGCACCACTGUTGTGCCTT
GOAATGUTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCACACGA
CCTGGATGGAGTOGOACAGAGAAATTAACAATTACACAAGUCTTAATACACT
CCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTAT
30 TCGAATTAGATAAATGGGCAAGTTTOGTGGAATTGGTTTAACATAACAAATTG
GCTGTOGTATATAAAATTATTICATAATGATAGTAGGAGGCTTGGTAGGTTTA
AGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATT
CACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCC
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CGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTC
GATTAGTGAACGGATCTCGACGOGTATCGGTTAACTTTTAAAAGAAAAGGGE
GGATTGGGGGGTACAGTGCAGGGOAAAGAATAGTAGACATAATAGCAACA
GACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAAATTTTA
§ TCGCGATCOGCGOAATGAAAGACCCCACCTOTAGGTTTGGCAAGCTAGCTTA
AGTAACGUCCATTTTGCAAGGUCATGOAAAATACATAACTGAGAATAGAGAAG
TTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGOOCCAAACAGG
ATATCTGTGGTAAGCAGTTCCTGUCCCGOCTCAGGGUCCAAGAACAGATOGT
CCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATOTTTC
10 CAGGGTGUCCCAAGGACCTGAAAATGACCCTGTGCCTTATTTGAACTAACCA
ATCAGTTCOCTTCTCGCTTCTGTTCGCGLGCTTICTGCTCCCCGAGCTCAATAA
AAGAGCCCACAACCCCTCACTCGGUGUGCCAGTCCTTCGAAGTAGATCTTTGC
TCGATCCTACCATCCACTCGACACACCCGCCAGCGGUCGUTGCCAAGCTTCC
GAGCTCTCOGAATTAATTCACGGTACCCACCATGGCCTAGGGAGACTAGTCG
15 AATCGATATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGOGTATTC
TTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTG
TATCATGCTATTGCTTCCCGTATGGUTTTCATTTTCTCCTCCTTGTATAAATCC
TGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCG
TGOTGTGCACTGTOTTTGCTGACGUCAACCCCCACTGGTTGGGOGCATTGCCAL
20 CACCTGTCAGCTCCTTTCCGGGACTTTCOCTTTICCCCCTCCCTATTGCCACGG
CGGAACTCATCOGCCGCCTGUCTTGCCCOCTGUTGGACAGGOGGUTCGGCTGTT
GGGCACTGACAATTCCGTOGGTGTTGTCGOGGUAAGCTOGACGTCCTTTTCATGE
CTGCTCGCCTGTGTTGCCACCTGOGATTCTGCGUGGGACGTCCTTCTGCTACGT
CCCTTCOGGCCCTCAATCCAGCGGACCTTCCTTCCCOUGGCCTGLTGCCOGLT
25 CTGCGOGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCT
TTGGGCCGUCTCCCCGCCTGUTTAATTAAAGTACCTTTAAGACCAATGACTT
ACAAGGCAGCTOTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTOG
AAGOGGCGAATTCACTCCCAACGAAGACAAGATCTGUTTTTTIGCTTGTACTGG
GTCTCTCTGOGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGE
30 AACCCACTGCTTAAGUCCTCAATAAAGCTTGCCTTGAGTGUTTCAAGTAGTGT
GTGCCCOGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTA
GTCAGTGTGGAAAATCTCTAGCAGGCATGCCAGACATGATAAGATACATTGC
ATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTT
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GTGAAATTTGTGATGCTATTGCTTTATTITGTAACCATTATAAGCTGCAATAA
ACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAG
GTGTGGGAGGTTTTTTGGCGCGCCATCGTCGAGGTTCCCTTTAGTGAGGOGTT
AATTGCGAGCTTGGCGTAATCATGOTCATAGCTGTTTCCTOTGTGAAATTGT
s TATCCGCTCACAATTCCACACAACATACGAGCCGOAAGCATAAAGTGTAAA
GCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGUTCAC
TGCCCGCTTTCCAGTCGGGAAACCTGTCOTGUCAGCTGCATTAATGAATCGE
CCAACGUGCOGGGGAGAGGCGOTTTGCGTATTGGGUGCTCTTCCGUTTCCTCG
CTCACTOQACTCGCTGCGCTCOGTCOGTTCOGGCTGCOGCGAGCGGTATCAGCTC
10 ACTCAAAGGUGGTAATACGGTTATCCACAGAATCAGGGGATAACGUCAGGAA
AGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCOGTTGCTGGCOTTTITTCCATAGGCTCCGUCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGOTGGCGAAACCCGACAGGACTATAAAGATACC
AGGCOGTTTCCCCCTGGAAGCTCCCTCOGTGCGCTCTCCTGTTCCGACCCTGCC
15 GUTTACCGGATACCTGTCCGUCTTTCTCCCTTCGGGAAGCGTGGCGUTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCOTTCGCTCCAAGCT
GGGCTGTOGTGCACGAACCCCCCGTTCAGCCCOACCGUTGCGUCTTATCCGHT
AACTATCOTCTTGAGTCCAACCCOGUTAAGACACGACTTATCGCCACTGOCAG
CAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAG
20 AGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGG
TATCTGCGCTCTGUTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCT
TCATCCGGCAAACAAACCACCGCTGGTAGCGGTOOGTTTTTTITGTTTGCAAGC
AGCAGATTACGUGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTY
CTACGOGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGG
253 TCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAC
CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTOTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCOTCGTOGTAGATAACTACGATACGGGAGGGCTTA
CCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGUTCACCGGLTC
30 CAGATTTATCAGCAATAAACCAGCCAGCCGOGAAGOGGUCGAGCGCAGAAGTG
GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCT
AGAGTAAGTAGTTCGUCAGTTAATAGTTTGCGCAACGTTOTTGCCATTGCT
CAGOCATCOGTGOTGTCACGCTCOGTCGTTTGOGTATGGCTTICATTICAGCTCCGG
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TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATOTTGTGCAAAAAAGC
GGTTAGCTCCTTCGOTCCTCCOGATCOGTTOTCAGAAGTAAGTTGGCCGCAGTG
TTATCACTCATGGTTATGGUCAGCACTGCATAATTICTCTTACTGTCATGCCATC
CGTAAGATGCTTTICTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAA
TAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGOUCGTCAATACGGGATAATA
CCOCGUCACATAGCAGAACTTITAAAAGTGCTCATCATTGGAAAACGTTICTTC
GOOGCOAAAACTCTCAAGGATCTTACCOGCTGTTGAGATCCAGTTCGATGTAA
CCCACTCGTGCACCCAACTGATCTTCAGCATCTITTACTTTCACCAGCGTTTC
TGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGG
CGACACGGAAATOGTTGAATACTCATACTCTTCCTTTITCAATATTATTIGAAG
CATTTATCAGGGTTATTOTCTCATGAGCGGATACATATTTGAATGTATTITAG

AAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC
[6029] The pGAR vector map is set forth below:
E L S

pGAR

§762 bp

6030} Suitable additional exemplary vectors include ¢.g., pBABE-puro, pPBABE-nco
largeTcDNA, pBABE-hygro-h TERT, pMKO.1 GFP, MSCV-IRES-GFP, pMSCV PIG (Puro
IRES GFP empty plasmid), pMSCV-loxp-dsRed-loxp-eGFP-Puro-WPRE, MSCV IRES
Luciferase, pMIG, MDHI-PGK-GFP 2.0, TIRMPVIR, pMSCV-IRES-mCherry FP,
pRetroX GFP T2A Cre, pRXTN, pLncEXP, and pLXIN-Luc.

[6031] Exemplary immune cells include, but are not hmited to T cells, tumor

infiltrating lvmphocytes (TiLs), NK cells, TCR-expressing cells, dendritic cells, or NK-T
<10 -
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cells. The T cells can be autologous, allogeneic, or heterologous. In other embodiments, the
invention relates to pharmaceutical compositions comprising the immune cells of described

herein.

16632} in certain embodiments, the invention relates to antigen binding molecules

{and chimeric antigen receptors comprising these molecules) comprising at least one of:

{a) a VH region comprising the amino acid sequence of SEQ ID NOG: 16 and a VL

region comprising the amino acid sequence of SEQ D NO: 21;

(b} a VH region comprising the amino acid sequence of SEQ ID NO: 50 and a VL

region comprising the amino acid sequence of SEQ ID NO: 55;

(¢} a VH region comprising the amino acid sequence of SEQ ID NG: 72 and a VL

region comprising the amino acid sequence of SEQ ID NO: 77,

(d) a VH region comprising the amino acid sequence of SEQ ID NO: 94 and a VL

region comprising the amino acid sequence of SEQ D NO: 99;

and wherein the VH and VL region or regions are linked by at least one linker. Also
encompassed by the invention are chimeric antigen receptors and/or antigen binding
molecules having no more than 8 amino acid substitutions thereto.

{06033} The linker may be, e.g., a poly-Gly hnker such as GGGGSGGGGSGGGES
(SEQ ID NO. 130} or GGGGSGGGGSGGHGSGGGES (SEQ 1D NO. 145).

[0034] In other embodiments, the invention relates to antigen binding molecules {and
chimeric antigen receptors comprising these molecules) wherein the linker comprises at least

one of SEQ ID NO. 130 and SEQ ID NO. 132.

[0035] In certain embodiments, the invention relates to antigen binding molecules
and/or chimeric antigen receptors having at least about 75%, at least about 80%, at least about
85%%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, at least about 99%, or 100% identical to the antigen binding molecules and/or

chimeric antigen receptors set forth herein.

[0036] In other embodiments, the invention relates to isolated polynucleotides
comprising at least one of. SEQ 1D NO. 27, SEQ ID NO. 31; SEQ D NG, 35; SEQ ID NO.
39: SEQ ID NO. 43; SEQ ID NO. 47 SEQ ID NO. 61; SEQ ID NO. 65; SEQ ID NO. 69;
SEQ ID NO. 83: SEQ ID NO. 87; SEQ ID NO. 91, SEQ ID NO. 105: SEQ ID NO. 109; SEQ
IDNO. 113, SEQ IDNG. 117; SEQID NO. 121; and SEQ ID NO. 125,

11
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16037} In certain embodiments, the invention relates to isolated polynucleotides
having at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% identical to the polynuclectides set forth herein.

[0038] The invention further relates to vectors comprising these polynucleotides, as

well as cells transduced using these vectors.

[6039] In further embodiments, the invention relates to isolated polypeptides
comprising the amino acid sequence set forth in at least one of: SEQ ID NGO . 28; SEQ ID NO.
32: SEQ ID NO. 36; SEQ ID NO. 40: SEQ ID NO. 44; SEQ ID NO. 48; SEQ ID NO. 62;
SEQ ID NO. 66; SEQ ID NO. 70, SEQ ID NO. $4; SEQ ID NO. 88; SEQ ID NO. 92: SEQ
I3 NO. 106, SEQ ID NGO, 110, SEQ ID NO. 114; SEQ ID NG, 118; SEQ ID NG, 122; and
SEQ ID NG. 126, In other embodiments, the invention relates to vectors encoding these
polypeptides, immune cells comprising these polypeptides. Preferred immune cells include
T cells, tumor infiitrating lymphoeytes (T1hs), NK cells, TCR-expressing cells, dendritic
cells, or NK-T cells. The T cells may be autologous, allogeneic, or heterologous. Also
encompassed by the invention are chimeric antigen receptors having no more than 8 amino

acid substitutions thereto,

[0040] in other embodiments, the invention relates to tsolated polynucleotides
encoding a chimeric antigen receptor (CAR) or T cell receptor (TCR) comprising an antigen
binding molecule that specifically binds to CLL-1, wherein the antigen binding ruolecule
comprises a variable heavy (Va) chain CDR3 comprising an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 19, 53, 75, and 97, Also encompassed by the
invention are chimeric antigen receptors having no more than 8 amino acid substitutions
thereto. The polynucleotides may further comprising an activating domain. In preferred
embodiments, the activating domain is CD3, more preferably CD3 zeta, more preferably the

amino acid sequence set forth in SEQ ID NO. 9.

[6041] In other embodiments, the invention includes a costimulatory domain
comprising the signaling domain {or other suitable portion) of CD2Z8, CD28T, 0X40, 4-
IBB/CDI137, CD2, CD3 (alpha, beta, delta, epsilon, gamma, zeta), CD4, CD35, CD7, CD9Y,
CDl1o, CD22, CD27, CD30, CD 33, CD37, CD40, CD 45, CDo4, CDEO0, CD86, CD134,
CD137, CD154, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1 (CDI
1a/CI318), CD247, CP276 (B7-H3), LIGHT (tumor necrosis factor superfamily member 14;
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TNFSF14), NKG2C, Ig alpha (CD79a}, DAP-10, Fc gamma receptor, MHC class I molecule,
TNF, TNFr, integrin, signaling lymphocytic activation molecule, BTL A, Toll ligand receptor,
ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2,
SEAME7, NKp8O (KLRF1), NKp44, NKp30, NKpd6, CD19, CD4, CD8alpha, CD8beta, IL-
2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLA, CD4%9a, ITGA4, 1A4, CD49D, ITGAS,
VLA-6, CDA49E, ITGAD, CDI-Id, ITGAE, CD103, ITGAL, CDi-la, LFA-1, ITGAM, CDl-1b,
ITGAX, CDldc, ITGBl, CD29, ITGB2, (D18, LFA-I. ITGB7, NKG2D, TNFRZ,
TRANCE/RANKL, DNAMI1 (CD226), SLAMF4 (D244, 2B4), CD84, CD96 (Tactile),
CEACAMI, CRT AM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69,
SLAMFS (NTB-A, Lyi0OB}, SLAM (SLAMF1, CDI150, IPO-3}, BLAME (SLAMES),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, CDS83 ligand, or

fragments or combinations thereof. Preferred costimulatory domains are recited hereinbelow.

[6042] in further embodiments, the invention relates to isolated polynucleotides
encoding a chimeric antigen receptor (CAR) or T cell receptor {TCR), wherein said CAR or
TCR comprises an antigen binding molecule that specifically binds to CLL-1, and wherein
the antigen binding molecule comprises a variable light (Vi) chain CDR3 comprising an
aminc acid sequence selected from the group consisting of SEQ 1D NQs: 24, 58, 80, and 102,
The polynucleotide can further comprise an activating domain. The polynucleotide can

further comprise a costimulatory domain.

106043} In other embodiments, the invention relates to isolated polynucleotides
encoding a chimeric antigen receptor (CAR) or T cell receptor (TCR) comprising an antigen
binding molecule that specifically binds to CLL-1, wherein the antigen binding molecule
heavy chain comprises CDR1 (SEQ ID NO. 17}, CDR2 (SEQ ID NO. 18), and CDR3 (SEQ
I3 NO. 19} and the antigen binding molecule light chain comprises CDR1T (SEQ 1D NG, 22),
CDR2 (SEQ ID NO. 23), and CBDR3 (SEQ ID NO. 24).

[0044] In certain embodiments, the invention relates to isolated polynucleotides
having at least about 75%, at least about 80%, at least about 5%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%%, at least about 98%, at least about 99%, or

100% 1dentical to the above sequences.

6045} In other embodiments, the invention relates to isolated polynucleotides
encoding a chimeric antigen receptor {CAR) or T cell receptor {TCR) comprising an antigen

binding molecule that specifically binds to CLL-1, wherein the antigen binding molecule

13



10

WO 2017/173384 PCT/US2017/025573

heavy chatn comprises CDR1 (SEQ 1D NO. 51), CDR2 (SEQ 1D NG. 52), and CDR3 (SEQ
ID NO. 53} and the antigen binding molecule light chain comprises CDR1 (SEGQ 1D NO. 56),
CDR2 (SEQ ID NO. 57}, and CDR3 (SEQ ID NO. 58).

6046} in certain embodiments, the invention relates to isolated polynucleotides
having at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% 1dentical to the above sequences.

[0047] In other embodiments, the invention relates to isolated polynucleotides
encoding a chimeric antigen receptor {CAR) or T cell receptor (TCR) comprising an antigen
binding molecule that specifically binds to CLL-1, wherein the antigen binding molecule
heavy chain comprises CDR1 (SEQ 1D NO. 73), CDR2 (SEQ ID NO. 74), and CDR3 (SEQ
ID NO. 75) and the antigen binding molecule light chain comprises CDR1 (SEGQ 1D NO. 78),
CDR2 (SEQ ID NO. 79), and CDR3 (SEQ 1D NG. 80}

{0048} in certain embodiments, the invention relates to isolated polynucleotides
having at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% 1dentical to the above sequences.

[06049] In other embodiments, the invention relates to isolated polynucleotides
encoding a chimeric antigen receptor {CAR) or T cell receptor (TCR) comprising an antigen
binding molecule that specifically binds to CLL-1, wherein the antigen binding molecule
heavy chain comprises CDR1 (SEQ 1D NO. 95), CDR2 (SEQ 1D NO. 96), and CDR3 (SEQ
D NO. 97) and the antigen binding molecule light chain comprises CDR1 (SEQ ID NO. 100),
CDR2 (SEQ ID NO. 101}, and CDR3 (SEQ 3 NG, 102).

[0056] In certain embodiments, the invention relates to isolated polynuclectides
having at least about 75%, at teast about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or
100% 1dentical to the above sequences.

[6031] In tfurther embodiments, the mvention relates to 1solated polynucleotides
encoding a chimeric antigen receptor {CAR) or T cell receptor (TCR) comprising an antigen
binding molecule that specifically binds to CLL-1, and wherein the antigen binding roolecule

comprises:
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(c)

(d)

()

[0052]

a heavy chain variable region (VH} complementarity determining region
(CDR) 1 comprising the amino acid sequence GXoXaXuXs XeX7X3Xo (SEQ 1D
NG 134), wherein X018 G, F, or Y; XaisSor T, Xe s LF, or L) XsisSor T,
Xo1s not present or S; X7 is not present or G; Xs is not present or E or G; and

XsisF, L, orY,

a heavy chain variable region (VH} complementarity determining region
(CDR) 2 comprising the amino acid sequence XiXoXoXaXsXes (SEQ ID NO:
135), wherem X0 s D H, S, or Y, Xo s H O P,or YV, X318 D, B o or 8, Xe1s D

or G; Xs is G or §; and Xe is not present of D or E;

a heavy chain variable region (VH) complementarity determining region
{(CDR) 3, comptising the amino acid sequence
KXo X5 XaXsXe Xy XKaXo X0 X1 X0 DY (SEQ 1D NO: 136), wherein X1 s E or
L XisR S, orV, XsisRor Y, Xa18C, G, or §; Xs is not present or G or [
Xo 18 not present or () X7 is not present or I, Xz is not present or C; Xy is not
present or W or Y, Xio is not present or P or 8; X11 18 not presentor Gor Y,

and Xsz2is For R,

a light chain variable region (VL) CDR1 comprising the amino acid sequence
KiASQXsXe X7 XXl X11 (SEQ 1D NG: 137), wherein Xaiis Q or R; Xs1s D
or §; XeislorV,; XsisNor8; XeisNorS; Xeis F L orY; and XunisNor
Th

a light chain variable region {VL} CDRZ comprising the amino acid sequence
KiASXaXsXe X7 (SEQ ID NO: 138), wherein X1 1s Dor G; Xais N, S, or T

XsisLorR, Xeis A, B, or K; and X7is S or T; and/or

a light chain variable region (VL) CDR3 comprising the amino acid sequence
QOXGXXXePXET(SEQ ID NOG: 139), wherein Xsis Sor Y, X418 D, G, or
Y. XsisN, S,or T XeisL, T,or Y, and XsisFor L.

The invention further relates to antigen binding molecules to CLL-1

comprising at least one variable heavy chain CDR3 or varnable light chain CDR3 sequence

as set forth herein. The tnvention further relates to antigen binding molecules to CL1-]

comprising at least one variable heavy chain CDR1, CDR2, and CDR3 sequences as

described herein. The tnvention further relates to antigen binding rolecules to CLL-1
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comprising at least one variable light chain CDR1, CDRZ, and CDR3 sequences as described
herein. The invention further relates to antigen binding molecules to CLL-1 comprising both
variable heavy chain CDR1, CDR2, CDR3, and vanable light chain CDR1, CDR2, and CDR3

sequences as described herein.

[0053] The invention further relates to methods of treating a disease or disorder in a
subject in need thereof comprising administering fo the subject the antigen binding molecules,
the CARs, TCRs, polynucleotides, vectors, cells, or compositions according to the invention.
Suttable diseases for treatment inchude, but are not limited to, acute myeloid leukemia (AML),
chronic myelogencus leukemia (UML), chronic myelomonocytic leukemia (CMML),
juvenile myelomonocytic leukemia, atypical chronic myeloid leukemia, acute promyelocytic
leukemia (APL), acute monoblastic leukemia, acute erythroid leukemia, acute
megakaryoblastic leukemia, myelodysplastic syndrome (MDS), myeloproliferative disorder,
myelotd neoplasm, myeloid sarcoma), Blastic Plasmacytoid Dendritic Cell Neoplasm
(BPDCN), or combinations thereof. Additional diseases include inflammatory and/or
autoimmune diseases such as rheumatoid arthritis, psortasis, aliergies, asthma, Crohn’s

disease, IBD, IBS, fibromyalga, mastocytosis, and Celiac disease.

BRIEF DESCRIPTION OF THE FIGURES
[0034] FIGURE 1 shows CLL-1 expression in different cancer cell lines.
[0035] FIGURE 2 shows CLL-1 CAR expression determined by protein L 6 hours
post mRNA electroporation.

[0056] FIGURE 3 shows the results from a cytokine release assay from different

CLL-1 CAR-T cell constructs 24 hours after mRNA electroporation.

06057} FIGURE 4 shows cytolytic activity of different CLL-T CAR-T cell constructs
24 hours after mRNA electroporation.

[0058] FIGURE 5 shows cytolytic activity of different CLEL-1 CAR-T cell constructs
24 hours after mRNA electroporation.

[0059] FIGURE 6 shows CLL-1 CAR expression determined by protein L at day 12
after transduction.

[06060] FIGURE 7 shows cytokine release assay from CLL-1 CAR-T cells 16 hours

after co-culture with different target cell lines.
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[0061] FIGURE 8 shows cytolytic activity from CLE-1 CAR-T cells 16 hours and 40

hours after co-culture with different target cell lines.

0062} FIGURES 9A-9D set forth sequence alignments of the CLL-1 antigen binding

molecules of the invention. CIDRs are notated in boxes.

[0063] FIGURE 10 sets forth bioluminescence results on NSG mice treated with

CARs according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0064] It will be appreciated that chimeric antigen receptors (CARs or CAR-Ts) and
T cell receptors (TCRs) are genetically engineered receptors. These engineered receptors can
be readily inserted into and expressed by immune cells, including T cells in accordance with
technigues known 1n the art. With a CAR, a single receptor can be programmed to both
recognize a specific antigen and, when bound to that antigen, activate the immune cell to
attack and destroy the cell bearing that antigen. When these antigens exist on tumor cells, an

immune cell that expresses the CAR can target and kill the tumor cell.

[0065] CARs can be engineered to bind to an antigen (such as a cell-surface antigen)
by incorporating an antigen binding molecule that interacts with that targeted antigen.
Preferably, the antigen binding molecule is an antibody fragment thereot, and more preferably
one or more single chain antibody fragment (“scFv”). An scFv 1s a single chain antibody
tragment having the variable regions of the heavy and light chains of an antibody linked
together. See U.S. Patent Nos. 7,741,465, and 6,319,494 as well as Eshhar ef o/, Cancer
Immunol Immunotherapy (1997) 45: 131-136. An scFv retains the parent antibody's ability
to specifically interact with target antigen. scFvs are preferred for use in chimeric antigen
receptors because they can be engineered to be expressed as part of a single chain along with
the other CAR components. /d See also Krause ef o/, J. Exp. Med,, Volume 188 No. 4,
1998 (619-626), Finney et af, Journal of Immunology, 1998, 161. 2791-2797. It will be
appreciated that the antigen binding molecule is typically contained within the extracellular
portion of the CAR such that it is capable of recognizing and binding to the antigen of interest.
Bispecific and multispecific CARs are contemplated within the scope of the invention, with

specificity to more than one target of interest.

Costimulatory Domains.
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[0066] Chimertic antigen receptors may incorporate costimulatory (signaling)
domains to increase their potency. See U.S. Patent Nos. 7,741,468, and 6,319,494, as well as
Krause ef al. and Finney ef of. (supra), Song ef /., Blood 119:696-706 (2012); Kalos ef o/,
Scit Transl. Med. 3:95 (2011); Porter ez /., N. Engl. J. Med. 365:725-33 (2011), and Gross ef
al., Annu. Rev. Pharmacol. Toxicol. 56:59-83 (2016). For example, CD28 is a costimulatory
protein found naturally on T-cells. A variety of costimulatory molecules are set forth herein,
but it will be appreciated that additional costimulatory molecules are also included within the

scope of this invention.

10067} The complete native amino acid sequence of CD28 is described in NCBI
Reference Sequence: NP _006130.1. The complete native CD28 nucleic acid sequence is

described in NCBI Reference Sequence: NM_006139.1.

[0068] Certain CD28 domains have been used in chimeric antigen receptors. In
accordance with the present tnvention, it has now been found that a novel CD28 extracellular
{hinge) construct, termed “CD28T”, unexpectedly provides certain benefits when utilized in
a CAR construct. This construct demonstrates the ability to retain {and at times exceed) the
properties of CD28&-containing CARs, despite truncation (removal} of multiple amino acids
from the extraceliular CD28 sequence. These benefits include equivalent or superior cytokine
production, equivalent or superior cytolytic activity, and/or equivalent or superior CAR

expression levels,

[6069] The nucleotide sequence of the CD28T molecule, inchuding the extracellular
domain, and the CD28 transmembrane and intracellular domains is set forth in SEQ ID NO.

1:

CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGGCAAGC
ACCTCTGTICCGTCACCCTTGTTCCCTGGTCCATCCAAGCCATTCTGGGTGT
TGGTCGTAGTGGOTGGAGTCCTCGCTTGTTACTCTCTGCTCGTCACCGTG
GCTTTTATAATCTTCTGGOTTAGATCCAAAAGAAGCCGCCTGCTCCATAG
CGATTACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGGAAACALC
TACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATCGGAGC

{6076} The corresponding amino acid sequence is set forth in SEQ 1D NO. 2:

LDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVIVVVGOGVLACYSLLVTVAF
HFWVRSK RSRLLHSDYM NMTPRRPGPT RKHYQPYAPP RDFAAYRS
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{06071} The nucleotide sequence of the extraceliular portion of CD28T is set forth in

SEQ ID NO. 3:
CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGGCAAGC
ACCTCTOTCCGTCACCCTTIGTTCCCTGGTCCATCCAAGCCA

10072} The corresponding amino acid sequence of the CD28T extracellular domain is

set forth in SEQ 1D NO. 4; LDNEKSNGTI IHVEGKHLCP SPLFPGPSKP

16073} The nucleotide sequence of the CD28 transmembrane domain is set forth in

SEQ ID NO. 5):
TTCTGGGTGTTGGTCGTAGTGGGTGGAGTCCTCGCTTGTTACTCTCTGCTC
GTCACCGTGGCTTTTATAATCTTCTGOGGTT

(6074} The amino acid sequence of the CD28 transmembrane domain is set forth in

SEQID NG 60 FWVLVVVGGY LACYSLLVTV AFHIFWY

[6075] The nucleotide sequence of the CD28 intracellular signaling domain is set

forth in SEGQG ID NO. 7
AGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTC
CACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACC
TAGAGATTTCGCTGCCTATCGGAGC

[0076] The amino acid sequence of the CD28 intracellular signaling domain is set

forth in SEG ID NO. &
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

16077} Additional CD28 sequences suitable for use in the invention include the CD28

nucleotide sequence set forth in SEQ ID NO. 11
ATTGAGGTGATGTATCCACCGCCTTACCTGGATAACGAAAAGAGTAACG
GTACCATCATTCACGTGAAAGGTAAACACCTGTGTCCTTCTCCCCTCTTIC
CCCGOGGUCATCAAAGCCC

16078} The corresponding amino acid sequence is set forth in SEQ ID NO. 12:
EVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKP

[6079] It will be appreciated that the invention relates to antigen binding molecules,

CARs, TCRs, and the like comprising at least one isolated nucleic acid sequence of SEQ ID
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NG 1 or SEQ ID NG. 3. It will further be appreciated that the invention relates to antigen
hinding molecuies, CARs, TCRs, and the like wherein the extracellular portion consists of at
least one 1solated nucleic acid sequence of SEQ ID NG, 1 or SEQ ID NGO, 3. Additionally, 1t
will be appreciated that the invention relates to antigen binding molecules, CARs, TCRs, and
the like wherein the extracellular portion consists essentially of at least one isolated nucleic

acid sequence of SEQ ID NO. 1 or SEQ ID NO. 3.

[0080] It will be appreciated that the invention relates to antigen binding molecules,
CARs, TCRs, and the like comprising at least one amino acid sequence of SEQ ID NO. 2 or
SEQ ID NG, 4. It will further be appreciated that the invention relates to antigen binding
molecules, CARs, TCRs, and the like wherein the extracellular portion consists of at least one
amino acid sequence of SEQ ID NO. 2 or SEQ ID NO. 4. It will also be appreciated that the
invention relates to antigen binding molecules, CARs, TCRs, and the like wherein the
extracellular portion consists essentially of at feast one amino acid sequence of SEQ 1D NO.

2or SEQIDNO 4

16081} Another suitable source of extracellular and/or transmembrane domains can

be derived from (or correspond to) some or all of CD8. The nuclectide sequence of a suitable

CD38 exiracellular and transmembrane domain is set forth in SEQ ID NO. 13:
GCTGCAGCATTGAGCAACTCAATAATGTATTTTAGTCACTTTGTACCAGT
GTTCTTGCCGGCTAAGCCTACTACCACACCCGCTCCACGGCCACCTACCC
CAGCTCCTACCATCGCTTCACAGCCTCTGTCCCTGCGCCCAGAGGCTTGE
CGACCGGCCGCAGGGGOCGCTGTTCATACCAGAGGACTGGATTTCGCCY
GCGATATCTATATCTGGGCACCCCTGGCCGGAACCTGCGGCGTACTCCTC
CTGTCCCTGGTCATCACGCTCTATTGTAATCACAGGAAC

[0082] The corresponding amino acid sequence is set forth in SEQ 1D NO. 14
AAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAA

GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRN

16083} It will be appreciated that suitable costimulatory domains within the scope of
the invention can be derived from {or correspond to) for example, CD28, CD28T, 0X40, 4-
IBB/CDI37, CD2Z, CD3 (alpha, beta, delta, epsilon, gamma, zeta), CD4, CDS, CD7, CD9Y,
CD16, CD22, CD27, CD30, CD 33, CD37, CD40, CD 45, CD64, CDRO, CD86, CD134,
D137, CD154, PD-1, ICOS, lymphoeyie function-assoctated antigen-1 (LFA-1 {CD]
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1a/CD18), CD247, CDH276 (B7-H3), LIGHT (tumor necrosis factor superfamily member 14;
TNFSF14), NKG2C, Ig alpha (CD79a), DAP-10, Fe gamma receptor, MHC class Emolecule,
TNF, TNFr, integrin, signaling lymphocytic activation molecule, BTLA, Toll ligand receptor,
ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDSZ,
SLAMF7, NKp80 (KLRF1), NKp4d4, NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, 1L~
2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLA, CD4%a, ITGA4, 1A4, CD49D, ITGAS,
VLA-6, CD49f, ITGAD, CDI-ld, ITGAE, CD103, ITGAL, CDl-la, LFA-1, ITGAM, CDl-lb,
ITGAX, CDl-e, ITGBI, CD29, ITGB2, CD1E, LFA-1, ITGB7, NKGID, TNFRZ,
TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAMI, CRT AM, Ly9 (CD3229), CB160 (BY35), PSGL1, CD100 (SEMA4D), D69,
SLAMF6 (NTB-A, Lyi08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD1%a, CDE3 ligand, or
tragments or combinations thereof. It will be appreciated that additional costimulatory

molecules, or fragments thereof, not listed above are within the scope of the invention.

Activating Domains.

16084} CD3 is an element of the T cell receptor on native T cells, and has been shown
to be an important intracellular activating element in CARs. In a preferred embodiment, the

CD3 15 CD3 zeta, the nucleotide sequence of which is set forth in SEQ ID NO. 9:
AGGGTGAAGTTTTICCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCC
AGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATG
ACGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGGOGTGGCAAACC
AAGACGAAAAAACCCCCAGGAGGOGTCTCTATAATGAGCTGCAGAAGGA
TAAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAG
AAGGGGAAAAGGGCACGACGGTTTIGTACCAGGGACTCAGCACTGCTACG
AAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG

16085] The corresponding amino acid of intracellular CD3 zeta is set forth in SEQ ID

NO. 10:

RVKFSRSADAPAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPR.
REKNPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQOALPPR

Domain Orientation Relative to the Celi
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[06036] Structurally, it will appreciated that the domains described herein correspond
to locations relative to an immune or other cell. These domains thus can be part of the (i)
“hinge” or extracellular (EC) domain, (i1) the transmembrane (TM) domain, and/or (ii1) the
intracellular/cytoplasmic domain (IC). The intracellular component frequently comprises, in
part, an activating domain such as a portion of a member of the CD3 family, preferably CD3
zeta. This domain is capable of activating the T cell upon binding of the antigen binding
molecule to its target. Bt will be appreciated that the intraceliular domain typically further

comprises one or more costimulatory molecules as described herein.

[0087] “Activation” or “Stimulation” as used herein, refers to a primary response
induced by binding of an activating roolecule with 1ts cognate ligand, wherein the bindiong

mediates a signal transduction event.

[0088] An “activating molecule” or “stimulating molecule” refers to a molecule on a
T cell, e.g., the TCR/CD3 complex that specifically binds with a cognate stimulatory ligand

present on an antigen present cell. Suitable activating molecules are described herein.

[0089] A “costimulatory molecule” as used herein refers to a molecule that provides
a signal which mediates a T cell response, including, but not limited to, proliferation,
activation, differentiation, and the like. Costimulatory molecules can provide a signal in

addition to the primary signal provided by an activating molecule as described herein.

[0096] Suitable costimulatory molecules include, but are not limited to, all or portions
of CD28, CD28T, OX40, 4-1BB/CD137, CD2, CD3 (alpha, beta, delta, epsilon, gamma,
zeta), CD4, CDS, CD7, CD9Y, CD16, CD22, CD27, CD30, €D 33, CB37, €40, CD 45,
CDo64, CD20, CD36, CD134, CD137, CD154, PD-1, ICOS, lymphocyte function-associated
antigen-1 (LFA-1 (CDI1 [a/CB18), CD247, CD276 (B7-H3), LIGHT {(tumor necrosis factor
superfamily member 14; TNFSF14), NKG2ZC, Ig alpha (CD79a), DAP-10, Fc gamma
receptor, MHUC class I molecule, TNF, TNFr, integrin, signaling lymphocytic activation
molecule, BTLA, Toll ligand receptor, ICAM-1, B7-H3, CDS§, ICAM-1, GITR, BAFFR,
LIGHT, HVEM (LIGHTR), KIRDS2, SLAMEF7, NKp80 (KLRF 1), NKp44, NEp30, NKp46,
CD19, CD4, CDR8alpha, CDSbeta, 1L2R beta, [L2R gamma, IL7R alpha, ITGA4, VLAL,
CD49a, ITGA4, [A4, CD49D, ITGAS, VLA-6, CD49f, ITGAD, CBI-ld, ITGAE, CD103,
ITGAL, CDl-la, LFA-1, ITGAM, CDI-Ib, ITGAX, CDi-Ic, ITGBI, CD29, ITGB2, CDIS,
LFA-1, ITGB7, NKGZD, TNFR2, TRANCE/RANKL, DNAM!1! (CD226), SLAMF4
(CD244, 2B4), CDB4, CD96 (Tactile), CEACAMI, CRT AM, Ly9 (CD229), CDB160(BYS55),
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PSGLI, CD100 (SEMA4D), CDO9, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150,
IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Chp,
CD19a, CD83 higand, or fragments or combinations thereof It will be appreciated that the
hinge region may contain some or all of a member of the immunoglobulin family such as

IgG1, 1eQG2, 1eG3, 1gG4, IgA, IgD, IgE, IgM, or fragrent thereof.

106091} In some embodiments, the extracellular domain is positioned between the

antigen binding molecule and the transmembrane domain.

06092} Exemplary CAR constructs in accordance with the invention are set forth in

Table 1.
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Table l

Construct Name seFv Hinge Domain Activating Domain
24CT CD28Y 24C1 CD2Z8T CD3 zeta
24C1 CD28 24C1 CD28 CD3 zeta
24C1 CBS8 24C1 CD3 CD3 zeta
24C8 CD28Y 24C8 CD28T Ch3 zeta
24C8 CP28 24C8 CD28 D3 zeta
24C8 CD3 24CR CDS8 CD3 zeta
2681 CD28T 20C5.1 CD28T CD3 zeta
265,81 CD28 20C5.1 D28 CD3 zeta
26C5.1 Chs 20C5.1 CD3 CD3 zeta
200C5.2 CD28T 20052 CD28T CD3 zeta
20C3.2 CD28 20052 CD28 CD3 zeta
20C5.2 CDS8 20052 CDE D3 zeta

16093] As noted, the engineered T cells of the invention comprise an antigen binding

molecule (such as an scFv), an extracetiular domain (which may comprise a “hinge” domain),
a transmermbrane domain, and an intracellular domain. The intracellular domain can comprise
at least in part an activating domain, preferably comprised of a CD3 family member such as

CD3 zeta, CD3 epsilon, CD3 gamma, or portions thereof.

[0094] It will further be appreciated that the antigen binding molecule {e.g., one or
more scFvs) ts engineered such that it is located in the extracellular portion of the

molecule/construct, such that it is capable of recognizing and binding to its target or targets.

[6095] Extracellular Domain, BExtracellular domains of particular use in this
invention may be derived from (i.e., comprise} all or some of CD28, 0X-40, 4-1BB/CD137,
CD2, CD7, CD27, CD30, CD40, programmed death-1 (PD-1), inducible T cell costimulator
(1COS), lymphocyte function-associated antigen-1 (LFA-1, CDI-a/CD18), CD3 gamma,
CD3 delta, CD3 epsilon, CD247, CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig alpha
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{CD79a), DAP-10, Fc gamma receptor, MHC class T molecule, TNF receptor proteins, an
Immunoglobulin protein, cytokine receptor, integrins, Signaling Lymphocytic Activation
Molecules (SLAM proteins), activating NK cell receptors, BTLA, a Toll ligand receptor,
ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDSZ,
SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, TL-
2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLA, CD4%a, ITGA4, 1A4, CD49D, ITGAS,
VLA-6, CD49f, ITGAD, CDI 1d, ITGAE, CD103, ITGAL, CD! la, LFA-1, ITGAM, CDI b,
ITGAX, CDi le, ITGBI, D29, [TGB2, CDI18§, LFA-1, ITGB7, NKG2D, TNFRZ,
TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAMI, CRT AM, Ly9 (CD3229), CB160 (BY35), PSGL1, CD100 (SEMA4D), D69,
SLAMF6 (NTB-A, Lyi08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19%a, a ligand that
specifically binds with CDS83, or any combination thereof. The extracellular domain may be

derived either from a natural or from a synthetic source.

106096] Extracellular domains often comprise the hinge portion, sometimes referred to
as the “spacer” region. A variety of hinges can be emploved in accordance with the invention,

including portions or derivatives of the molecules described herein.

10097} In certain embodiments, the hinge region comprises an amine acid sequence
that 1s at feast about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% 1dentical to the extracelular domain amino acid sequences set forth herein.

[0098] In certain embodiments, the hinge region comprises an anuno acid sequence
that is at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or

100% 1dentical to the extracellular nucleotide amino acid sequences set forth herein.
Transmembrane Domain,

[6099] The CAR can be designed with a transmembrane domain that 1s fused to the
extracellular domain of the CAR. It can similarly be fused to the intracellular domain of the
CAR. In some instances, the transmembrane domain can be selected or modified by amino
acid substitution to avoid binding of such domains to the fransmembrane domains of the same
or different surface membrane proteins to minimize interactions with other members of

the receptor complex.  The transmembrane domain may be denived either from a natural or
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from a synthetic source. Where the source is natural, the domain may be derived from any
membrane-bound or transmembrane protein. Transmembrane regions of particular use in this
invention may be derived from (comprise, or correspond toy CD28, CD28T, OX-40, 4-
IBB/CDI37, CD2, CD7, CD27, CD30, CD40, programmed death-1 (PD-1), inducible T cell
costimulator (ICOS), lymphocyte function-associated antigen-1 (LFA-1, CDI-la/CD18), CD3
gamma, CD3 delta, CD3 epsilon, CD247, CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig
alpha (CD79a), DAP-10, Fc gamma receptor, MHC class 1 molecule, TNF receptor proteins,
an Immunogiobulin protein, cytokine receptor, integrins, Stignaling Lymphocytic Activation
Molecules (SLAM proteins), activating NK cell receptors, BTLA, a Toll ligand receptor,
ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2,
SLAMF7, NKp80 (KLRF1), NKpd4, NKp30, NKpd6, CD19, CD4, CDSalpha, CD8beta, IL-
2R beta, H.-2R gamma, IL-7R alpha, ITGA4, VLA1, (D493, ITGA4, 1A4, CD49D, ITGAS,
VLA-6, CD4of ITGAD, CDI Id, ITGAE, CD103, ITGAL, CDl la, LFA-1, ITGAM, CDI b,
ITGAX, CDI le, ITGBIL, CD29, ITGB2, CDI18, LFA-1, ITGB7, NKG2D, TNFR2,
TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAMI, CRT AM, Ly9 (CD229), CD160 (BYSS), PSGLI, CDI100 (SEMAA4D), CD69,
SLAMF6 (NTB-A, Lyi08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, a ligand that

specifically binds with CD&3, or any combination thereof.

{6100} Optionally, short linkers may form linkages between any or some of the

extracellular, transmembrane, and intracellular domains of the CAR.

[0101] in other embodiments, the transmembrane domain in the CAR of the invention
is a CD8 transmembrane domain. In one embodiment, the CDS8 transmembrane domain
comprises the transmembrane portion of the nucleic acid sequence of SEQ 1D NO: 13, In
another embodiment, the CDS transmembrane domain comprises the nucleic acid sequence

that encodes the transmembrane amino acid sequence contained within SEQ ID NO: 14

[6102] in certain embodiments, the transmembrane domain in the CAR of the
invention is the CD2ZR transmembrane domain. In one embodiment, the CD28 transmembrane
domain comprises the nucleic acid sequence of SEQG D NG: 5. In one embodiment, the CD28
transmembrane domain comprises the nucleic acid sequence that encodes the amino acid
sequence of SEQ ID NO: 6. In another embodiment, the CD28 transmembrane domain

comprises the amino acid sequence of SEQ ID NO: 6.
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{0103} Intracellular {Cvioplasmic) Bemain. The intracellular (cytoplasmic)

domain of the engineered T cells of the invention can provide activation of at least one of the
normal effector functions of the immune cell. Effector function of a T cell, for example, may

refer to cytolytic activity or helper activity, including the secretion of cytokines.

[0104] It will be appreciated that suitable intracellular molecules include (ie.,
comprise}, but are not limited to signaling domains derived from {or corresponding to} CD28,
CD28T, OX-40, 4-1BB/CD137, CD2, CD7, CD27, CD30, CD40, programmed death-1 (PD-
1), inducible T cell costimulator (ICOS), lymphocyte function-associated antigen-1 (LFA-1,
CDl-1la/CD18), CD3 gamma, CD3 delta, CD3 epsilon, {247, CD276 (B7-H3), LIGHT,
(TNFSF14), NKQG2C, Ig alpha (CD79%a), DAP-10, Fc gamra receptor, MHC class 1
molecule, TNF receptor proteins, an Immunoglobulin protein, cyvtokine receptor, integrins,
Signaling Lymphocytic Activation Molecules (SLAM proteins), activating NK cell receptors,
BTLA, a Toll ligand receptor, ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT,
HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF 1), NKp44, NKp30, NKp46, CD19,
D4, CD8alpha, CD8beta, 1L-2R beta, IL-2R gamma, [L.-7R alpha, ITGA4, VLA1, CD493,
ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDI 1d, ITGAE, CD103, ITGAL,
CDl fa, LFA-1, ITGAM, CDI b, ITGAX, CDI lc, [TGBL, CD29, ITGBZ, CB1§, LFA-I,
ITGR7, NKG2D, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4),
D84, CD%6 (Tactile), CEACAMI, CRT AM, Ly9 (CD229), CD160 (BYSS), PSGLI,
CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3),
BLAME (SLAMTR), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19%a, a

ligand that specifically binds with CD83, or any combination thereof.

[0105] In a preterred embodiment, the intracellular/cytoplasmic domain of the CAR
can be designed to comprise the CD3 zeta domain by itself or combined with any other desired
intracellular domain{s} usetul in the context of the CAR of the invention. For example, the
intraceltular domain of the CAR can comprise a CD3 zeta chain portion and a portion of a
costimulatory signaling molecule.  The intracellular signaling sequences within the
intracellular signaling portion of the CAR of the invention may be linked to each other ina

random or specified order.

[0106] In another preferred embodiment, the intracellular domain is designed to
coruprise the activating domain of CD3 zeta and a signaling domain of CD28. In another

embodiment, the intracellular domain is designed to comprise the activating domain of CD3
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zeta and a signaling domain of 4-1BB. In another embodiment, the intracellular domain in
the CAR is designed to comprise a portion of CD28 and CD3 zeta, wherein the intracellular
CD28 comprises the nucleic acid sequence set forth in SEQ ID NO: 7 and the amivno acid
sequence set forth in SEQ ID NO. 8. The CD3 zeta nucleic acid sequence is set forth in SEQ
I3 NO: 9, and the amino acid sequence is set forth in SEQ 1D NGO 8.

10107} It will be appreciated that one preferred orientation of the CARs in accordance
with the invention comprises an antigen binding molecule (such as scFv} in tandem with an
extraceltular and/or hinge domain, a costimulatory domain, and an activating domain. It will

be further appreciated that multiple domains can be utilized in tandem.

[0108] In some embodiments, isolated nucleic acids are provided comprising a
promoter operably linked to a first polynucleotide encoding an antigen binding molecule, at
least one costimulatory molecule, and an activating domain. In some embodiments, the
nucleic acid construct is contained within a viral vector. In some embodiments, the viral
vector is selected from the group consisting of retroviral vectors, murine leukemia virus
vectors, SFG vectors, adenoviral vectors, lentiviral vectors, adeno-associated virus (AAV)
vectors, Herpes virus vectors, and vaccinia virus vectors. In some embodiments, the nucleic

acid 15 contained within a plasoud.

[6109] in some embodiments, the engineered immune cell s a2 T cell, tumor
infiltrating lymphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell. In
some embodiments, the cell is obtained or prepared from peripheral blood. In some
embodiments, the cell is obtained or prepared from peripheral blood mononuclear cells
(PBMCs). In some embodiments, the cell is obtained or prepared from bone marrow. In
some embodiments, the cell is obtained or prepared from umbilical cord blood. In some
embodiments, the cell 1s a human cell. In some embodiments, the cell is transfected or
transduced by the nucleic acid vector using a method selected from the group consisting of
electroporation, sonoporation, biolistics {(e.g., Gene Gun), lipid transtection, polymer

transfection, nanoparticles, or polyplexes.

[0116] In some embodiments, chimeric antigen receptors are expressed in the
engineered immune cells that comprise the nmucleic acids of the present application. These
chimeric antigen receptors of the present application may comprise, in some embodiments,
(1) an antigen binding molecule (such as an scFv), (i1} a transmembrane region, and (tii)a T

cell activation molecule or region.
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0111} It is to be further understood that wherever aspects are described herein with
the language “comprising,” otherwise analogous aspects described in terms of “consisting of”

and/or “consisting essentially of” are also provided.

0112 Additionally, the terms “about” or “comprising essentially of” refer to a value
or composition that is within an acceptable error range for the particular value or composition
as determined by one of ordinary skill in the art, which will depend in part on how the value
or composition 1s measured or determined, 7.e., the limitations of the measurement system.
For example, “about” or “comprising essentially of” can mean within 1 or more than 1
standard deviation per the practice in the art.  Alternatively, “about” or “comprising
essentially of” can mwean a range of up to 10% (r.e., +£10%). For example, about 3mg can
include any number between 2.7 mg and 3.3 mg (for 10%). Furthermore, particularly with
respect to biological systems or processes, the terms can mean up to an order of magnitude
or up to 5-fold of a value. When particular values or compositions are provided in the
application and claims, unless otherwise stated, the meaning of “about” or “comprising
essentially of” should be assumed to be within an acceptable error range for that particular

value or composition.

Antigen Binding Meolecules

[0113] Antigen binding molecules are within the scope of the invention. An “antigen
binding molecule” as used herein means any protein that binds a specified target antigen. In
the instant application, the specified target antigen is the CLL-1 protein or fragment thereof.
Antigen binding molecules include, but are not limited to antibodies and binding parts thereof,
such as immunologically functional fragments. Peptibodies (i.e, Fe fusion molecules
comprising peptide binding domains) are another example of suitable antigen binding

molecules.

[0114] In certain embodiments, the invention is directed to an antigen binding
molecule comprising:

(a) a heavy chain variable region (VH) complementarity determining region

(CDR) 1 comprising the amino acid sequence GXo XXy XsXe X7 XsXo (SEQ 1D

NG: 134), wherein Xpis G, F,or Y; XsisSorT; Xs s L F orL; XsisSor T,

Xets not present or §; X7 is not present or 5; Xs 18 not present or E or G; and

XoisF L orY;
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(b)

(d)

(e)

[6115]

a heavy chain variable region (VH} complementarity determining region
(CDR) 2 comprising the amino acid sequence XiXoXoXaXsXes (SEQ ID NO:
135), wherem X0 s D H, S, or Y, Xo s H O P,or YV, X318 D, B o or 8, Xe1s D
or G; Xs is G or §; and Xe is not present of D or E;

a heavy chain variable region (VH) complementanty determining region
(CDR) 3, comprising the amingo acid sequence
KXo XX XsXe X7 XeXoX10X 11Xz DY (SEQ ID NG: 136), wherein X1 s E or
L XisR S, orV, XsisRor Y, Xa18C, G, or §; Xs is not present or G or [
X 15 not present or G; X7 is not present or B, Xz 18 not present or C; X 1s not
present or W or Y, Xio 18 not present or P or §; Xi1is not presentor G or Y,
and XizisForR;

a light chain variable region (VL) CDR1 comprising the amino acid sequence
KiASQXsXe X7 XaXoL X1 (SEQ ID NO: 137), wherein Xhis Q or R; X515 D
or 5, Xetslor V, XoisNor§; XsisNorS; Xeits F, L, orY; and X1 1s N or
T:
a light chain variable region (VL) CDR2 comprising the amino acid sequence
KiASKaXsXe X7 (SEQ D NO: 138), wherein Xy s Dor (5, Xa1s N, §, or T
XsisLorR; Xets A, E, orK; and X715 S or T; and/or

a light chain variable region (VL) CDR3 comprising the amino acid sequence
QOXXaXsXPXT(SEQ 1D NOG: 139), wherein X318 Sor Y, Xeis D, G, or
Y Xsis N, S, or T, Xeis L, T, or Y; and Xgis F or L.

In some embodiments, the invention relates to antigen binding molecules

comprising at least one of: (a) a variable heavy chain CDR1 comprising an amino acid

sequence selected from the group consisting of SEQ ID NQOs: 17, 51, 73,95, 5, and 97, (b) a

variable heavy chain CDR2 comprising an amino acid sequence selected from the group

consisting of SEQ II» NOs 18, 52, 74, 96, (¢} a variable heavy chain CDR3 comprising an

amino acid sequence selected from the group consisting of SEQ 1D NOs SEQ 1D NO: 19, 53,

75, and 97; {d) a variable light chain CDR1 comprising an amino acid sequence selected from

the group consisting of SEQ ID NOs: 22, 56, 78, and 100; {e) a variable light chain CDR2

comprising an amino acid sequence selected from the group consisting of SEQ 1D NGs. 23,

57,79, and 101, (f} a variable light chain CDR3 comprising an amino acid sequence selected

tfrom the group consisting of SEQ 1D NOs. 24, 58, 80, and 102,
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0116} In other embodiments, the invention relates o antigen binding molecules (and
chimeric antigen receptors comprising these molecules) comprising at least one of: (a) a VH
region comprising the amino acid sequence of SEQ 1D NO: 16 and a VL region comprising
the amino acid sequence of SEQ 1D NG: 21; (b} a VH region comprising the amino acid
sequence of SEQ ID NO: 50 and a VL region comprising the amino acid sequence of SEQ
I NO: 55; (¢} a VH region comprising the amino acid sequence of SEQ ID NO: 72 and a
VL region comprising the amino acid sequence of SEQ ID NG: 77, (d) a VH region
comprising the amino acid sequence of SEQ ID NG: 94 and a VL region comprising the
amino acid sequence of SEQ ID NO: 99; and wherein the VH and VL region or regions are
linked by at least one linker. In other embodiments, the invention relates to antigen binding
molecules (and chimeric antigen receptors comprising these molecules) wherein the linker

comprises at least one of SEQ ID NO. 130 and SEQ ID NO. 132,

[0117] in further embodiments, the invention relates to antigen binding molecules
comprising a variable light (Vi) chain CDR3 comprising an anmino acid sequence selected

from the group consisting of SEQ 1D NQOs: 24, 58, 80, and 102,

{0118} In other embodiments, the invention relates to isolated polynucleotides
encoding an antigen binding molecule that specifically binds to CLL-1, wherein the antigen
binding molecule heavy chain comprises CDR1 (SEQ ID NO. 17), CDR2 (SEQ 1D NO. 18),
and CDR3 (SEQ ID NO. 19) and the antigen binding roolecule light chain comprises CDR1
(SEQ [P NO. 22, CDR2 {SEQ ID NO. 23), and CDR3 (SEQ [D NO. 24).

[06119] In other embodiments, the invention relates to an antigen binding molecule
that specifically binds to CLL-1, wherein the antigen binding molecule heavy chain comprises
CDR1 (SEQ ID NO. 51}, CDRZ (SEQ ID NO. 52}, and CDR3 (S8EQ ID NO. 53) and the
antigen binding molecule hight chain comprises CDR1 (SEQ ID NO. 56), CDR2 (SEQ ID
NG. 57}, and CDR3 (SEQ ID NO. 58).

10120} In other embodiments, the invention relates an antigen binding molecule that
specifically binds to CLL-1, wherein the antigen binding molecule heavy chain comprises
CDR1 (SEQ ID NO. 73}, CDRZ (SEQ ID NO. 74), and CDR3 (S8EQ ID NO. 75) and the
antigen binding molecule hight chain comprises CDR1 (SEQ 1D NO. 78), CDR2 (SEQ ID
NG. 79}, and CDR3 (SEQ ID NO. 80).

0121} In other embodiments, the invention relates to isolated polynucleotides

encoding an antigen binding molecule that specifically binds to CLL-1, wherein the antigen
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binding molecule heavy chain comprises CDR1 (SEQ ID NO. 95), CDR2 {(SEQ 1D NO. 96),
and CDR3 (SEQ ID NO. 97) and the antigen binding molecule light chain comprises CDR1
(SEQ ID NO. 100), CDR2 (SEQ 1D NG, 101), and CDR3 (SEQ ID NO. 102).

[0122] in certain embodiments, the present invention s directed fo an isolated
polynucleotide encoding an anti-CLL-1 antigen binding molecule which cross competes with
one or more antibodies described herein or an antigen binding molecule thereof encoded by
the polynucleotide. In one embodiment, the invention 1s directed to isolated polynucleotides
encoding an anti~-CLL-1 antigen binding molecule thereof which binds to the same epitope as

one or more of the antigen binding molecules described herein.

[0123] In some embodiments, the antigen binding molecule binds to an antigen on a
tumor cell. In some embodiments, the antigen binding molecule binds to an antigen on a cell
involved in a hyperproliferative disease or to a viral or bacterial antigen. In further
embodiments, the antigen binding molecule is an antibody of fragment thereof, including one
or more of the complementarity determining regions (CDRs) thereof  In further

embodiments, the antigen binding molecule 1s a single chain variable fragment (scFv).

[0824] The term “immunologically functional fragment” (or “fragment”) of an
antigen binding molecule 1s a species of antigen binding molecule comprising a portion
(regardless of how that portion is obtained or synthesized) of an antibody that lacks at least
some of the amino acids present in a full-length chain but which 1s stilf capable of specifically
binding to an antigen. Such fragments are biologically active in that they bind to the target
antigen and can compete with other antigen binding molecules, including intact antibodies,
for binding to a given epitope. In some embodiments, the fragments are neutralizing
tragments. In some embodiments, the fragments can block or reduce the activity of CLL-1.
Iu one aspect, such a fragment will retain at feast one CDR present in the full-length light or
heavy chain, and in some embodiments will comprise a single heavy chain and/or light chain
or portion thereof. These fragments can be produced by recombinant DNA techniques, or
can be produced by enzymatic or chemical cleavage of antigen binding molecules, including
intact antibodies.

[0125] Imrounologically functional immunoglobulin fragments include, but are not
limited to, scFv fragments, Fab fragments (Fab', F(ab')y, and the like), one or more CDR, a
diabody (heavy chain variable domain on the same polypeptide as a light chain variable

domain, connected via a short peptide linker that is too short to permit pairing between the
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two domains on the same chain), domain antibodies, and single-chain antibodies. These
fragments can be derived from any mammalian source, including but not limited to human,
mouse, rat, camelid or rabbit. As will be appreciated by one of skill in the art, an antigen

binding molecule can include non-protein components.

[0126] Varants of the antigen binding molecules are also within the scope of the
invention, e.g., variable light and/or variable heavy chains that each have at least 70-80%, 80-
85%, 85-90%, 90-95%, 95-97%, 97-99%, or above 99% identity to the amino acid sequences
of the sequences described herein. In some instances, such molecules inchude at least one
heavy chain and one light chain, whereas in other instances the variant forms contain two
identical light chains and two identical heavy chains (or subparts thereof). A skilled artisan
will be able to determine suitable variants of the antigen binding molecules as set forth herein
using well-known technigues. In certain embodiments, one skilled in the art can identify
suitable areas of the molecule that may be changed without destroying activity by targeting

regions not helieved to be important for activity.

06127} In certain embodiments, the polypeptide structure of the antigen binding
molecules is based on antibodies, including, but not limited to, monoclonal antibodies,
bispecific antibodies, minibodies, domain antibodies, synthetic antibodies (sometimes
referred to herein as “antibody mimetics”), chimeric antibodies, humanized antibodies,
human antibodies, antibody fusions (sometimes referred to herein as “antibody conjugates”),
and fragments thereof, respectively. In some embodiments, the antigen binding molecule

comprises or consists of avimers.

[0128] In some embodiments, an antigen binding molecule to CLL-1 is administered
as part of a CAR, TCR, or other immune cell. In such immune cells, the antigen binding
molecule to CLL-1 can be under the control of the same promoter region, or a separate
promoter. In certain embodiments, the genes encoding protein agents and/or an antigen

binding molecule to CLL-1 can be in separate vectors.

10129] The invention further provides for pharmaceutical compositions comprising
an antigen binding molecule to CLL-1 together with a pharmaceutically acceptable diluent,
carrier, solubilizer, emulsifier, preservative and/or adjuvant. In certain embodiments,
pharmaceutical compositions will include more than one different antigen binding molecule
to CLL-1. In certain embodiments, pharmaceutical compositions will include more than one

antigen binding molecule to CLL-~1 wherein the antigen binding molecules to CLL-1 bind
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more than one epitope. In some embodiments, the various antigen binding molecules will not

compete with one another for binding to CLL-1.

[0130] In other embodiments, the pharmaceutical composition can be selected for
parenteral delivery, for inhalation, or for delivery through the digestive tract, such as orally.
The preparation of such pharmaceutically acceptable compositions is within the ability of one
skilled in the art. In certain embodiments, buffers are used to maintain the composition at
physiological pH or at a slightly lower pH, typically within a pH range of from about 5 to
about 8  In certain embodiments, when parenteral administration is contemplated, a
therapeutic composition can be in the form of a pyrogen-free, parenterally acceptable aqueous
solution comprising a desired antigen binding molecule to CLL-1, with or without additional
therapeutic agents, in a pharmaceutically acceptable vehicle. In certain embodiments, a
vehicle for parenteral injection 1s sterile distilled water in which an antigen binding molecule
to CLI-1, with or without at least one additional therapeutic agent, is formulated as a sterile,
isotonic solution, properly preserved. In certain embodiments, the preparation can involve
the formulation of the desired molecule with polymeric compounds (such as pelylactic acid
or polyglycolic acid), beads or liposomes that can provide for the controlled or sustained
release of the product which can then be delivered via a depot injection. In certain
embodiments, implantable drug delivery devices can be used to introduce the desired

molecule.

{0131} In some embodiments, the antigen binding molecule is used as a diagnostic or
validation tool. The antigen binding molecule can be used to assay the amount of CLL-
1 present in a sample and/or subject. In some embodiments, the diagnostic antigen binding
molecule is not neutralizing.  In some embodiments, the antigen binding molecules disclosed
herein are used or provided in an assay kit and/or method for the detection of CLL-1in
mammalian tissues or cells in order to screen/diagnose for a disease or disorder associated
with changes in levels of CLL-~1. The kit can comprise an antigen binding molecule that binds
CLL-1

along with means for indicating the binding of the antigen binding molecule

E

with CLL-1, if present, and optionally CLL-1 protein levels.

[0132] The antigen binding molecules will be further understood in view of the

definitions and descriptions below.
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[0133] An “Fc” region comprises two heavy chain fragments comprising the CH1 and
CH2 domains of an antibody. The two heavy chain fragments are held together by two or

more disutfide bonds and by hydrophobic interactions of the CH3 domains.

[0134] A “Fab fragment” comprises one light chain and the CH1 and variable regions
of one heavy chain. The heavy chain of a Fab molecule cannot form a disultide bond with
anocther heavy chain molecule. A “Fab”™ fragment” comprises one light chain and a portion
of one heavy chain that contains the VH domain and the CHI domain and also the region
between the CHI and CH2 domains, such that an interchain disulfide bond can be formed
between the two heavy chains of two Fab' fragments to form an F{ab’ }» molecule. An“F(ab’ )
fragment” contains two light chains and two heavy chains containing a portion of the constant
region between the CH1 and CH2 domains, such that an interchain disulfide bond is formed
between the two heavy chains. An F(ab’ ) fragment thus is composed of two Fab’ fragments

that are held together by a disulfide bond between the two heavy chains.

[0135] The “Fv region” comprises the variable regions from both the heavy and light

chains, but lacks the constant regions.

[0136] “Single chain variable fragment” (“scFv”, also termed “single-chain
antibody”) refers to Fv molecules in which the heavy and light chain variable regions have
been connected by a flexible linker to form a single polypeptide chain, which forms an antigen
binding region. See PCT application WO88/01649 and U.S. Patent Nos. 4,946,778 and

5,260,203, the disclosures of which are incorporated by reference in their entirety .

[0137] A “bivalent antigen binding molecule” comprises two antigen binding sites.
In some instances, the two binding sites have the same antigen specificities. Bivalent antigen
binding molecules can be bispecific. A “multispecific antigen binding molecule” is one that
targets more than one antigen or epitope. A “bispecific,” “dual-specific” or “bifunctional”
antigen binding molecule is a hybrid antigen binding molecule or antibody, respectively,
having two different antigen binding sites. The two binding sites of a bispecific antigen
binding molecule will bind to two different epitopes, which can reside on the same or different
protein targets.

[0138] An antigen binding molecule is said to “specifically bind” its target antigen
when the dissociation constant (Kq) is ~Ix10”7 M. The antigen binding molecule specifically
binds antigen with “high affinity” when the Kq is 1-5x10° M, and with “very high affinity”

when the Ka is -5x10°° M. In one embodiment, the antigen binding molecule has a Ka of
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10 M. In one embodiment, the off-rate is <Ix107°. In other embodiments, the antigen
binding molecules will bind to human CLL-1 with a K4 of between about 1077 M and 1077 M,

and in yet another ervbodirnent the antigen binding molecules will bind with a Ka L0-5x1071°,

[0139] in some embodiments, the antibody or antigen binding molecules of the
present invention specifically bind CLL-1 {e.g., hCLL-1). In certain embodiments, an anti-
CLE-1 antibody or antigen binding molecule of the present invention binds buman CLL-1
with a Kp of less than 1 x 10 M, less than 1 x 107 M, less than | x 10*M, or less than [ x
10° M. In one particular embodiment, the anti-CLL-1 antibody or antigen binding molecules
binds human CLL-1 with a Kp of less than 1 x 107 M. In another embodiment, the anti-CLL-
1 antibody or antigen binding molecules binds buman CLL-1 with a Ko of less than 1 x 10°®
M. In some embodiments, the anti-CLL-1 antibody or antigen binding molecules binds
human CLL-1 with a Kp of about 1 x 1077 M, about 2 x 107 M, about 3 x 107 M, about 4 x
107 M, about 5 x 107 M, about 6 x 107" M, about 7 x 107 M, about 8 x 107 M, about 9 x 107
M, about I x 10 M, about 2 x 10®* M, about 3 x 10¥ M, about 4 x 10°°M, about 5 x 10 M,
about 6 x 10 M, about 7 x 10°* M, about 8 x 10 M, about 9 x 10 M, about 1 x 10" M, about
2x 10" M, about 3 x 10°M, about 4 x 10" M, about 5 x 10" M, about 6 x 107 M, about 7 x
10 M, about 8 x 107 M, about 9 x 10 M, about 1 x 10-9M, or about 5 x 107" M. In certain
embodiments, the Kp is calculated as the quotient of ke/kon, and the kon and ko are
determined using a monovalent antibody, such as a Fab fragment, as measured by, e.g.,
BlAcore®” surface plasmon resonance technology. In other embodiments, the Kpis calculated
as the quotient of Koe/kon, and the kos and kogr are determined using a bivalent antibody, such

as a Fab fragment, as measured by, ¢.g., BlAcore® surface plasmon resonance technology.

[0146] In other embodiments, the anti-CLL-1 antibody or antigen binding molecule
binds human CLL-1-Fc with a Kp of less than 1 x 10" M, less than 3 x 10° M, less than 5 x
107 M, less than 1 x 1071 M, less than 3 x 109 M, or less than 5 x 10" M. In other
emnbodiments, the anti-CLL-1 antibody or antigen binding molecules binds cyno CLL-1-F¢
with a Kp of less than 1 x 10° M, less than 1 x 10 M, less than 1 x 107 M, less than 1 x 10
SM, less than 1 x 10" M, or less than 1 x 10719 M.

{0141} In some embodiments, the anti-CLL-1 antibody or antigen binding molecule
binds human CLL-1 with an association rate (kKor) of less than 1 x 107 Mt ¢ less than 2 x
10 M s less than 3 x 107 M s, less than 4 x 107 M 57! less than 5 x 107 M 57! fess

than 6 x 107 Mt g7 less than 7 x 107 M 57! less than 8 x 10-* M s}, less than 9 x 107 M-
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Ps tess than 1 x 107 M- st less than 2 x 109 M ¢4 less than 3 x 105 M-t 7 less than 4
x 107 Mt gt less than 5 x 107 Mt st less than 6 x 107 Mt ¢!, less than 7 x 107 M 57!,
less than 8 x 107 M 57! fess than 9 x 107 M ¢! less than 1 x 10°° MUs?, less than 2 x 10
M st fessthan 3 x 109 Ml st lessthan 4 x 10° M 57! less than 5 x 107° M 571, fess than
6 x 100 Mt g7 less than 7 x 100 Mt s, less than 8 x 100 M s, less than 9 x 100 M s,
or less than 1 x 107 Mt s7!. In certain embodiments, the kon is determined using a monovalent
antibody, such as a Fab fragment, as measured by, e.g., BlAcore® surface plasmon resonance
technology. In other embodiments, the kon 15 determined using a bivalent antibody as

measured by, e.g.. BIAcore® surface plasmon resonance technology.

[6142] In some embodiments, the anti-CLL-1 antibody or antigen binding molecule
binds human CLL-1 with an dissociation rate (kotr) of less than 1 x 1072 57!, less than 2 x 1072
st less than 3 x 107 57 less than 4 x 1077 ¢°1 less than 5 x 10 571, less than 6 x 107 571, less
than 7 x 1077 57, less than 8 x 107 57!, less than O x 102 s'!, less than 1 x 107 s°%, less than 2 x
107 57!, less than 3 x 107 57!, less than 4 x 1077 57, less than 5 x 107 574, less than 6 x 107 74,
less than 7 x 107 57! less than 8 x 107 ¢71, less than 9 x 10 57!, less than 1 x 107 7, less than
2x 10 57!, less than 3 x 107 57!, less than 4 x 10 571, less than 5 x 10 57!, less than 6 x 10
s less than 7 x 10 s, less than 8 x 10 ¢!, less than 9 x 10 57!, less than 1 x 107 57!, or
less than 5 x 107 s7' In certain embodiments, the korr is determined using a monovalent
antibody, such as a Fab fragment, as measured by, e.g., BlAcore® surface plasmon resonance
technology. In other embodiments, the ko s determined using a bivalent antibody as

measured by, e.g., BlAcore® surface plasmon resonance technology.

[0143] An antigen binding molecule is said to be “selective” when it binds to one

target more tightly than it binds to a second target.

[3144] The term “antibody” refers to an intact immunoglobulin of any isotype, or a
fragment thereof that can compete with the intact antibody for specific binding to the target
antigen, and includes, for instance, chimeric, humanized, fully human, and bispecific
anttbodies. An “antibody” is a species of an antigen binding molecule as defined herein. An
intact antibody will generally comprise at least two full-length heavy chains and two full-
length light chains, but in some instances can include fewer chains such as antibodies
naturally occurring in camelids which can comprise only heavy chains. Antibodies can be
derived solely from a single source, or can be chimeric, that 1s, different portions of the

antibody can be derived from two different antibodies as described further below. The
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antigen binding molecules, antibodies, or binding fragments can be produced in hybridomas,
by recombinant DNA techniques, or by enzymatic or chemical cleavage of intact antibodies.
Unless otherwise indicated, the term “antibody” includes, in addition to antibodies
comprising two full-length heavy chains and two full-length light chains, derivatives,
variants, fragments, and muteins thereof, examples of which are described below.
Furthermore, unless explicitly excluded, antibodies include monoclonal antibodies, bispecific
antibodies, minbodies, domain antibodies, synthetic antibodies (sometimes referred to herein
as “antibody mimetics”), chimeric antibodies, humanized antibodies, human antibodies,
antibody fusions (sometimes referred to herein as “antibody conjugates”} and fragments
thereof, respectively.

0145} The variable regions typically exhibit the same general structure of relatively
conserved framework regions (FR) joined by the 3 hypervariable regions (i.e., “CDRs”). The
CDRs from the two chains of each pair typically are aligned by the framework regions, which
can enable binding to a specific epitope. From N-terminal to C-terminal, both light and heavy
chain variable regions typically comprise the domains FR1, CDR1, FR2, CDRZ, FR3, CDR3
and FR4. By convention, CDR regions in the heavy chain are typically referred to as HC
CDRI, CDR2, and CDR3. The CDR regions in the light chain are typically referred to as L.C
CDRI1, CDR2, and CDR3. The assignment of amino acids to each domain is typically in

accordance with the definitions of Kabat, Chothia, or the AbM definition.

[146] The term “Kabat numbering” and like terms are recognized in the art and refer
to a system of numbering anuno acid residues in the heavy and hight chain variable regions
of an antibody, or an antigen-binding portion thereof In certain aspects, the CDBRs of an
antibody can be determined according to the Kabat numbering system (see, e.g., Kabat EA &
Wu TT (1971) Ann NY Acad Sci 190: 382-391 and Kabat EA ef af, (1991) Sequences of
Proteins of Immunological Interest, Fifth Edition, U.8. Department of Health and Human
Services, NIH Publication No. 91-3242). Using the Kabat numbering systemn, CDRs within
an antibody heavy chain molecule are typically present at amino acid positions 31 to 35,
which optionally can include one or two additional amino acids, following 35 (referred to in
the Kabat mumbering scheme as 35A and 35B) (CDR1), amino acid positions 50 to 65
(CDR2), and amino acid positions 95 to 102 (CDR3). Using the Kabat numbering syster,
CDRs within an antibody light chain molecule are typically present at aming acid positions

24 to 34 (CDR1), amino acid positions 50 to 56 (CDR2), and amino acid positions 89 to 97
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(CDR3). In a specific embodiment, the CDRs of the antibodies described herein have been

determined according to the Kabat numbering scheme.

[0147] In certain aspects, the CDRs of an antibody can be determined according to
the Chothia numbering scheme, which refers to the location of immunoglobulin structural
loops (see, e.g., Chothia C & Lesk AM, (1987), J Mol Biol 196: 901-917; Al-Lazikan B ef
afl., (1997y } Mol Biol 273: 927-948; Chothia C er o/, (1992} J Mol Biol 227 799-817,
Tramontano A ef al., (1990} J Mol Biol 215(1): 175-82; and U.S. Patent No. 7,709,226).
Typically, when using the Kabat numbering convention, the Chothia CDR-HI loop is present
at heavy chain amino acids 26 t0 32, 33, or 34, the Chothia CDR-H2 loop is present at heavy
chain amino acids 52 to 56, and the Chothia CDR-H3 loop is present at heavy chain amino
acids 95 to 102, while the Chothia CDR-L1 loop is present at light chain amino acids 24 to
34, the Chothia CDR-L2 loop 1s present at light chain aroino acids 50 to 56, and the Chothia
CDR-L3 loop is present at light chain amino acids 89 10 97. The end of the Chothia CDR-HI
loop when numbered using the Kabat numbering convention varies between H32 and H34
depending on the length of the loop (this is because the Kabat numbering scheme places the
insertions at H35A and H35B; if neither 35A nor 35B 1s present, the loop ends at 32; if only

35A is present, the loop ends at 33; if both 35A and 35B are present, the loop ends at 34).

[0148] In a specific embodiment, the CDRs of the antibodies described herein have

been deternmined according to the Chothia numbering scheme.

10149] A number of definitions of the CDRs are commonly in use: Kabat numbering,
Chothia numbering, AbM numbering, or contact numbering. The AbM definition is a
corupromise between the two used by Oxford Molecular's AbM antibody modelhing software.

The contact definition is based on an analysis of the avatlable complex crystal structures.

Table 2: CDR Numberine

Loop Kabat AbM Chothia Contact
L1 L24--134 L24--134 L24--L34 L30--L36
L2 L50--L56 L50--L56 L50--L.56 L46--L55
L3 1.89--1.97 1.89--1.97 L.89--L.97 1.89--1.96
H1 H31--H358 H26--H358 H26--H32.34 | H30--H35B

{Kabat
Numbering)
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Hi1 H31--H35 H26--H35 H26--H32 H30--H35
{Chothia
Numbering}
H2 H50--H65 H5G--HSSE H52--H56 H47--HS8
H3 HOS5--H102 HOS5--H102 HO5--H102 HO3--HI101
[0150] As used herein, the term “heavy chain” when used in reference to an antibody

can refer to any distinct type, e.g., alpha (), delta (0}, epsilon (&), gamma (y) and mu (),
based on the amino acid sequence of the constant domain, which give rise to IgA, IgD, IgE,
IgG and IgM classes of antibodies, respectively, including subclasses of 1gG, ez, 1gG1, 1gGo,

IgGs and IgGa.

[0151] As used herein, the term “light chain” when used in reference to an antibody
can refer to any distinct type, e.g., kappa (x) or lambda () based on the amivo acid sequence
of the constant domains. Light chain amino acid sequences are well known in the art. In

specific embodiments, the light chain is a buroan hight chain.

[0152] The term “variable region” or “variable domain” refers to a portion of the light
and/or heavy chains of an antibody, typically including approximately the amino-terminal
120 to 130 amino acids in the heavy chain and about 100 to 110 amino terminal amino acids
in the light chain. The variable region of an antibody typically determines specificity of a

particular antibody for its target.

{0153 Vartability 15 not evenly distributed throughout the variable domains of
antibodies or antigen binding molecules; it is concentrated in sub-domains of each of the
heavy and light chain variable regions. These subdomains are called “hypervariable regions”
or “complementarity determining regions” {CDRs) as further described herein. The more
conserved (i.e., non-hypervariable) portions of the variable domains are called the
“framework” regions (FRM or FR} and provide a scaffold for the six CDRs in three
dimensional space to form an antigen-binding surface. The variable domains of naturally
occurring heavy and light chains each comprise four FRM regions (FR1, FR2, FR3, and FR4),
largely adopting a B-sheet configuration, connected by three hypervariable regions, which
form loops connecting, and itn some cases forming part of, the P-sheet structure. The
hypervariable regions in each chain are held together in close proximity by the FRM and,
with the hypervariable regions from the other chain, contribute to the formation of the

antigen-binding site (see Kabat ef of | described further herein.
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[0154] Typically, CDRs form a loop structure that can be classified as a canonical
structure. The term “canonical structure” refers to the main chain conformation that is adopted
by the antigen binding (CDR) loops. From comparative structural studies, it has been found
that five of the six antigen binding loops have only a limited repertoire of available
conformations. Each canonical structure can be characterized by the torsion angles of the
polypeptide backbone. Correspondent loops between antibodies may, therefore, have very
similar three dimensional structures, despite high amino acid sequence variability in most
parts of the loops {Chothia and Lesk, J. Mol Biol, 1987, 196: 901, Chothia er o/, Nature,
1989, 342: 877; Martin and Thornton, J. Mol. Biol, 1996, 263: 800}. Furthermore, thereis a
relationship between the adopted loop structure and the amino acid sequences surrounding it
The conformation of a particular canonical class 1s determined by the length of the loop and
the amino acid residues residing at key positions within the loop, as well as within the
conserved framework (i.¢., outside of the loop). Assignment to a particular canonical class

can therefore be made based on the presence of these key amino acid residues.

[0155] The term “canonical structure” may also include considerations as to the linear
sequence of the antibody, for example, as catalogued by Kabat (Kabat ¢7 of | herein). The
Kabat numbering scheme {system} is a widely adopted standard for numbering the amino acid
residues of an antibody variable domain in a consistent manner and 1s the preferred scheme
applied in the present tnvention as also mentioned elsewhere herein. Additional structural
considerations can also be used to determine the canonical structure of an antibody. For
exarmple, those differences not fully reflected by Kabat numbering can be described by the
numbering system of Chothia ef @/ and/or revealed by other techniques, for example,
crystallography and two- or three-dimensional computational modeling.  Accordingly, a
given antibody sequence may be placed into a canonical class which allows for, among other
things, identifying appropriate chassis sequences {e.g., based on a desire to include a variety
of canonical structures in a library). Kabat numbering of antibody amino acid sequences and
structural considerations as described by Chothia er /. (herein) and their implications for
construing canonical aspects of antibody structure, are described in the hiterature. The subunit
structures and three-dimensional configurations of different classes of immunoglobuling are
well known in the art. For a review of the antibody structure, see Antibodies: A Laboratory

Manual, Cold Spring Harbor Laboratory, eds. Harlow ef o/, 1988.
[0156] The CDR3 of the light chain and, particularly, the CDR3 of the heavy chain
may constitute the most important determinants in antigen binding within the light and heavy
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chain variable regions. In some antibody constructs, the heavy chain CDR3 appears o
constitute the major area of contact between the antigen and the antibody. In vitro selection
schemes in which CDR3 alone is varied can be used to vary the binding properties of an
antibody or determine which residues contribute to the binding of an antigen. Hence, CDR3
is typically the greatest source of molecular diversity within the antibody-binding site. H3,

for example, can be as short as two amino acid residues or greater than 26 amino acids.

[0157] As used herein, the terms “constant region” and “constant domain” are
interchangeable and have a meaning common in the art. The constant region i3 an antibody
portion, e.g., a carboxyl! terminal portion of a light and/or heavy chain which is not directly
involved in binding of an antibody to antigen but which can exhubit various effector functions,
such as interaction with the Fc receptor. The constant region of an immunoglobulin molecule
generally has a more conserved amino acid sequence relative to an immunoglobulin variable

domain.

[0158] “Binding affinity” generally refers to the strength of the sum total of non-
covalent interactions between a single binding site of a molecule {e.g., an antibody) and its
binding partner {e.g., an antigen). Unless indicated otherwise, as used herein, “binding
atfinity” refers to wotrinsic binding affinity which reflects a 1:1 interaction between members
of a binding pair {e.g., antibody and antigen). The affinity of a molecule X for its partner Y
can generally be represented by the dissociation constant (Kp). Affinity can be measured
and/or expressed in a number of ways known in the art, including, but not limited to,
equilibrium dissociation constant (Kp), and equilibrium association constant {(Ka). The Kp is
calculated from the quotient of kor/kon, whereas Ka is calculated from the quotient of kon/kosr.
kon refers to the association rate constant of, e.g., an antibody to an antigen, and kos refers to
the dissociation of, e.g., an antibody to an antigen. The kon and kosr can be determined by

techniques known to one of ordinary skill in the art, such as BIAcore® or KinExA.

013591 The term “neutralizing” refers to an antigen binding molecule, scFv, or
anttbody, respectively, that binds to a ligand and prevents or reduces the biclogical effect of
that ligand. This can be done, for example, by directly blocking a binding site on the ligand
or by binding to the ligand and altering the ligand's ability to bind through indirect means
{(such as structural or energetic alterations in the ligand}. In some embodiments, the term can
also denote an antigen binding molecule that prevents the protein to which it is bound from

performing a biological function.
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{0160} The term “target” or “antigen” refers to a molecule or a portion of a molecule
capable of being bound by an antigen binding molecule. In certain embodiments, a target can

have one or more epitopes.

0161} The term “compete” when used in the context of antigen binding molecules
that compete for the same epitope means competition between antigen binding molecules as
determined by an assay in which the antigen binding molecule (e.g., antibody or
immunologically functional fragment thereof) being tested prevents or inhibits {e.g., reduces)
specific binding of a reference antigen binding molecule to an antigen. Numerous types of
competitive binding assays can be used to determine if one antigen binding molecule
competes with another, for example: solid phase direct or indirect radioimmunoassay (RIA),
solid phase direct or indirect enzyme immunocassay (ElA), sandwich competition assay
(Stahli et of, 1983, Methods in Enzymology 9:242-253); solid phase direct biotin-avidin EIA
(Kirkland er o/, 1986, J. Immunol. 137.3614-3619}, solid phase direct labeled assay, solid
phase direct labeled sandwich assay {(Harlow and Lane, 1988, Antibodies, A Laboratory
Mamual, Cold Spring Harbor Press); solid phase direct label REA using 1-125 label (Morel ef
al., 1988, Molec. Immunol. 25:7-15); solid phase direct biotin-avidin EIA (Cheung, ¢7 of ,
1990, Virology 176:546-552), and direct labeled RIA (Moldenhauer ef o/, 1990, Scand. [.

Immunol. 32:77-82).

[0162] As used herein, the term “epitope” refers to a localized region of an antigen to
which an antibody can specifically bind. An epitope can be, for example, contiguous amino
acids of a polypeptide (linear or contiguous epitope) or an epitope can, for example, come
together from two or more non-contiguous regions of a polypeptide or polypeptides
{conformational, non-linear, discontinuous, or non-contiguous epitope). In certain
embodiments, the epitope to which an antibody binds can be determined by, e.g., NMR
spectroscopy, X-ray diffraction crystallography studies, FLISA assays, hyvdrogen/deuterium
exchange coupled with mass spectrometry {e.g., liquid chromatography electrospray mass
spectrometry ), array-based oligo-peptide scanning assays, and/or mutagenesis mapping {(e.g.,
site~directed mutagenesis mapping). For X-ray crystallography, crystallization may be
accomplished using any of the known methods in the art {e.g., Gieg€ R. er o/, (1994) Acta
Crystallogr D Biol Crystallogr 50(Pt 4): 339-350; McPherson A (1990) Eur J Biochem 189:
1-23; Chayen NE (1997} Structure 5: 1269-1274; McPherson A (1976) J Biol Chem 251:
6300-6303). Antibody:antigen crystals may be studied using well known X-ray diffraction

technigues and may be refined using computer software such as X-PLOR (Yale University,
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1992, distributed by Molecular Simulations, Inc.; see e.g. Meth Enzymol (1985) volumes 114
& 115, eds Wyckoff HW eral,; U.S. 2004/0014194), and BUSTER (Bricogne G (1993} Acta
Crystallogr D Biol Crystallogr 49(Pt 1): 37-60; Bricogne G (1997) Meth Enzymol 276A:361-
423, ed Carter CW; Roversi P ef al, (2000) Acta Crystallogr D Biol Crystallogr 56(Pt 10}
1316-1323) Mutagenesis mapping studies may be accomplished using any method known to
one of skill in the art. See, e.g., Champe M er al,, (1995) J Biol Chem 270: 1388-1394 and
Cunningham BC & Wells JA (1989) Science 244: 1081-1085 for a description of mutagenesis

techniques, including alanine scanning mutagenesis techniques.

[0163] As used herein, the terms “label” or “labeled” refers to incorporation of a
detectable marker, e.g., by ncorporation of a radiolabeled amino acid or attachment to a
polypeptide of biotin moieties that can be detected by marked avidin {(e.g., streptavidin
containing a fluorescent marker or enzymatic activity that can be detected by optical or
colonimetric methods). In certain embodiments, the label or marker can also be therapeutic.

Various methods of labeling polypeptides and glycoproteins are known in the art and can be

used.
METHODS OF TREATMENT
[0164] Using adoptive immunotherapy, native T cells can be (i) removed from a

patient, {it) genetically engineered to express a chimeric antigen receptor {CAR) that binds to
at feast one tumor antigen (i) expanded ex vive into a larger population of engineered T cells,
and (iv} reintroduced into the patient. See e.g., U.S. Patent Nos. 7,741,465, and 6,319,494,
Eshhar ef /. (Cancer Immunol, supra);, Krause ef af. (supra), Finney ef al. (supra). After the
engineered T cells are reintroduced into the patient, they mediate an immune response against
cells expressing the tumor antigen. See e.g., Krause ¢f ¢/, J. Exp. Med., Volume 18§, No. 4,
1998 (619-626). This immune response includes secretion of IL-2 and other cytokines by T
cells, the clonal expansion of T cells recognzing the tumor antigen, and T cell-mediated
specific killing of target-positive cells. See Hombach ef o/, Journal of Immun. 167 6123~
6131 (2001),

[0165] The term “lymphocyte” as used herein includes natural kaller (NK) cells, T
cells, or B celis. NK cells are a type of cytotoxic {cell toxic) lymphocyte that represent a major
component of the inherent immune systern. NK cells reject tumors and cells infected by

viruses. It works through the process of apoptosis or programmed cell death. They were
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termed “natural killers” because they do not require activation in order to kill cells. T-cells
play a major role in cell-mediated-immunity (no antibody involvement). Its T-cell receptors
(TCR) differentiate themselves from other lymphocyte types. The thymus, a specialized
organ of the immune system, is primarily responsible for the T cell’s maturation. There are
six types of T-cells, namely: Helper T-cells (e.g.,, CD4+ cells), Cytotoxic T-cells (also known
as TC, cytotoxic T tymphocyte, CTL, T-killer cell, cytolytic T cell, CD8+ T-cells or killer T
cell), Memory T-cells ((1) stern memory Tsowm cells, like naive cells, are CD45RO~, CCR7H,
CD45SRA+, CD62LA (L-selectin}, CD27+, CD28+ and IL-7Ra+, but they also express large
amounts of CD9S, IL-2ZRP, CXCR3, and LFA-1, and show numerous functional attributes
distinctive of memory celis); (i1) central memory Tom cells express L-selectin and the CCR7,
they secrete 1L-2, but not IFNy or IL-4, and (ii1) effector memory Tem cells, however, do not
express L-selectin or CCR7 but produce effector cytokines like IFNy and 1L-4), Regulatory
T-cells (Tregs, suppressor T cells, or CD4+CD25+ regulatory T cells), Natural Killer T-cells
(NKT) and Gamma Delta T-cells. B-cells, on the other hand, play a principal role in humoral
immunity {(with antibody invelvement). It makes antibodies and antigens and performs the
role of antigen-presenting cells (APCs) and turns into mersory B-cells after activation by
antigen interaction. In mammals, immature B-cells are formed in the bone marrow, where its

name 1s derived from.

[0166] The term “genetically engineered” or “engineered” refers to a method of
modifying the genome of a cell, including, but not limited to, deleting a coding or non-coding
region or a portion thereof or iuserting a coding region or a portion thereof. In some
embodiments, the cell that is modified is a lymphocyte, e.g., a T cell, which can either be
obtained from a patient or a donor. The cell can be modified to express an exogenous
construct, such as, e.g., a chimeric antigen receptor (CAR} or a T cell receptor (TCR), which

is incorporated into the cell's genome.

[8167] An “immune response” refers to the action of a cell of the immune system (for
example, T lymphocytes, B lymphocytes, natural killer (NK) cells, macrophages, eosinophils,
mast cells, dendritic cells and neutrophils) and soluble macromolecules produced by any of
these cells or the liver (including Abs, cytokines, and complement) that results in selective
targeting, binding to, damage to, destruction of, and/or elimination from a vertebrate's body
of invading pathogens, cells or tissues infected with pathogens, cancerous or other abnormal
cells, or, in cases of autoimmunity or pathological inflammation, normal human cells or
tissues.
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[0168] The term “immunotherapy” refers to the treatment of a subject afflicted with,
or at risk of contracting or suffering a recurrence of, a disease by a method comprising
inducing, enhancing, suppressing or otherwise modifying an immune response. Examples of
immunotherapy include, but are not limited to, T cell therapies. T cell therapy can include
adoptive T cell therapy, tumor-infiltrating lymphocyte (TIL) immunotherapy, autologous cell
therapy, engineered autologous cell therapy (eACT), and allogeneic T cell transplantation.
However, one of skill in the art would recognize that the conditioning methods disclosed
herein would enhance the effectiveness of any transplanted T cell therapy. Examples of T
cell therapies are described in U S, Patent Publication Nos. 2014/0154228 and 2002/0006409,
1.8, Patent No. 5,728,388, and International Publication No. WO 2008/081035.

[0169] The T cells of the immunotherapy can come from any source known in the art.
For example, T cells can be differentiated in vitro from a hematopoietic stem cell population,
or T cells can be obtained from a subject. T cells can be obtained from, e.g., peripheral blood
mononuclear cells (PBMCs), bone marrow, lymph node tissue, cord blood, thymus tissue,
tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In addition,
the T cells can be derived from one or more T cell lines available in the art. T cells can also
be obtained from a unit of blood collected from a subject using any number of techniques
known to the skilled artisan, such as FICOLL™ separation and/or apheresis. Additional
methods of isolating T cells for a T cell therapy are disclosed in 1.8, Patent Publication No.

2013/0287748, which is herein incorporated by references in its entirety.

[0170] The term “engineered Autologous Cell Therapy,” which can be abbreviated as
“eACT™.” also known as adoptive cell transfer, is a process by which a patient's own T cells
are collected and subsequently genetically altered to recognize and target one or more
antigens expressed on the cell surface of one or more specific tumor cells or malignancies. T
cells can be engineered to express, for example, chimeric antigen receptors (CAR) or T cell
receptor (TCR). CAR positive (+) T cells are engineered to express an extracellular single
chain vartable fragment (scFv) with specificity for a particular tumor antigen linked to an
intracellular signaling part comprising at least one costimulatory doroain and at least one
activating domain. The costimulatory domain can be derived from (or correspond o), e.g.,
CD28, and the activating domain can be derived from (or correspond to) e.g., CD3-zeta. In
certain embodiments, the CAR 1s designed to have two, three, four, or more costimulatory

domains.
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0171} The term “autologous” refers to any material derived from the same individual
to which it is later to be re-introduced. For example, the engineered autologous cell therapy
(e ACT™} method described herein involves collection of lvmphocytes from a patient, which

are then engineered to express, .¢., a CAR construct, and then administered back to the same

patient.
0172} The term “allogeneic” refers to any material derived from one individual

which is then introduced to another individual of the same species, e.g., allogeneic T cell

transplantation.

[0173] ln some aspects, the invention therefore comprises a method for treating or
preventing a condition associated with undesired and/or elevated CLL-1 levels in a patient,
comprising administering to a patient in need thereof an effective amount of at least one

isolated antigen binding molecule, CAR, or TCR disclosed herein.

[0174] Methods are provided for treating diseases or disorders, including cancer. In
some embodiments, the invention relates to creating a T cell-mediated immune response in a
subject, comprising administering an effective amount of the engineered immune cells of the
present application to the subject. In some embodiments, the T cell-mediated immune
response is directed against a target cell or cells. In some embodiments, the engineered
immune cell comprises a chimerie antigen receptor (CAR), or a T cell receptor (TCR). In
some embodiments, the target cell is a tumor cell. In some aspects, the invention comprises
a method for treating or preventing a maligonancy, said method comprising administering to a
subject in need thereof an effective amount of at least one isolated antigen binding molecule
described herein.  In some aspects, the invention comprises a method for treating or
preventing a malignancy, said method comprising administering to a subject in need thereof
an effective amount of at least one itmmune cell, wherein the immune cell comprises at least
one chimeric antigen receptor, T cell receptor, and/or isolated antigen binding molecule as
described herein.

[6175] In some aspects, the iovention comprises a pharmaceutical composition
comprising at least one antigen binding molecule as described herein and a pharmaceutically
acceptable excipient.  In some embodiments, the pharmaceutical composition further

comprises an additional active agent.

[6176] The antigen binding molecules, CARs, TCRs, immune cells, and the like of

the invention can be used to treat myelod diseases including but not limited to acute myeloid
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leukemia (AML}, chronic myelogenous leukemia (CML), chronic myvelomonocytic leukemia
(CMML), juvenile myelomonocytic leukemia, atypical chronic myeloid leukenua, acute
promyelocytic leukemia (APL), acute monoblastic leukemia, acute erythroid leukemia, acute
megakaryoblastic leukemia, myelodysplastic syndrome (MDS), myeloproliferative disorder,
myeloid neoplasm, myeloid sarcoma), Blastic Plasmacytoid Dendritic Cell Neoplasio
(BPDCN), or combinations thereof. Additional diseases include inflammatory and/or
autoimmune diseases such as rheumatoid arthritis, psoriasis, allergies, asthma, Crohn’s

disease, IBD, IBS, fibromyalga, mastocytosis, and Celiac disease.

10177} It will be appreciated that target doses for CAR™/ CAR-T™/ TCR™ cells can
range from 1x10° - 2x10' cells/kg, preferably 2x10° cells/kg, more preferably. It will be
appreciated that doses above and below this range may be appropriate for certain subjects,
and appropriate dose levels can be determined by the healthcare provider as needed.

Additionally, multiple doses of cells can be provided in accordance with the invention.

[0178] Also provided are methods for reducing the size of a tumor in a subject,
comprising administering to the subject an engineered cell of the present invention to the
subject, wherein the cell comprises a chimeric antigen receptor, a T cell receptor, ora T cell
receptor based chimeric antigen receptor comprising an antigen binding roolecule binds to an
antigen on the tumor. In some embodiments, the subject has a solid tumor, or a blood
malignancy such as lymphoma or leukemia.  In some embodiments, the engineered cell s
delivered to a tumor bed. In some embodiments, the cancer is present in the bone marrow of
the subject. In some embodiments, the engineered cells are autologous T cells. In some
embodiments, the engineered cells are allogeneic T cells. In some embodiments, the
engineered cells are heterologous T cells. In some embodiments, the engineered cells of the
present application are transfected or transduced in vivo. In other embodiments, the
engineered cells are transfected or transduced ex vive. Asused herein, the term “in vifro cell”

refers to any cell which 1s cultured ex vivo. Tu particular, an in vitro cell can include a T cell.

[6179] The methods can further comprise administering one or more
chemotherapeutic agent. In certain embodiments, the chemotherapeutic agent is a
lymphodepleting (preconditioning) chemotherapeutic. Beneficial preconditioning treatment
regimens, along with correlative beneficial biomarkers are described in U.S. Provisional
Patent Apphcations 62/262,143 and 62/167,750 which are hereby incorporated by reference

in their entirety herein. These describe, e.g., methods of conditioning a patient in need of a
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T cell therapy comprising administering o the patient specified beneficial doses of
cyclophosphamide {(between 200 mg/m?/day and 2000 mg/m?/day) and specified doses of
fludarabine (between 20 mg/m?*/day and 900 mg/m*/day). A preferred dose regimen involves
treating a patient comprising administering daily to the patient about 500 mg/m?/day of
cyclophosphamide and about 60 mg/m¥/day of fludarabine for three days prior to

administration of a therapeutically effective amount of engineered T cells to the patient.

[0180] In other embodiments, the antigen binding molecule, transduced (or otherwise
engineered) cells (such as CARs or TCRs), and the chemotherapeutic agent are administered

each in an amount effective to treat the disease or condition in the subject.

(0181} In certain embodiments, compositions comprising CAR-expressing immune
effector cells disclosed herein may be administered in conjunction with any sumber of
chemotherapeutic agents. Examples of chemotherapeutic agents include alkylating agents
such as thiotepa and cyclophosphamide (CYTOXAN™); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and
uredopa; ethylenimines and methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, triethvienethiophosphaoramide and trimethylolomelamine resume;
nitrogen mustards such as chlorambucil, chlornaphazine, cholophospharde, estramustine,
ifosfamide, mechlorethamine, wmechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimusting, ranimusting; antibiotics such
as aclacinomysins, actinomycin, authramycin, azasering, bleomycins, cactinomycin,
calicheamicin, carabicin, carminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins,
peplomyecin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and S-
tluorouracil (5-FUY; folic acid analogues such as denopterin, methotrexate, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;
pyrinudine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as calusterone,
dromostanclone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replemisher such as frolinic acid,;

aceglatone; aldophosphamide glycoside;, aminolevulinic acid, amsacrine; bestrabuci;
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bisantrene;, edatraxate; defofamine; demecolcine; diaziguone; elformithine; elliptinium
acetate; etoglucid;, gallium nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone;
mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid;
2-ethylhydrazide;, procarbazine; PSKY; razoxane; sizofiran; spirogermanium; tenuazonic
acid; triaziguone; 2, 2" 2"-trichlorotriethylamine; wurethan; vindesine, dacarbazine;
mannomusting; mitobronitol, mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”});
cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel (TAXOL™, Bristol-Myers Squibb) and
doxetaxel (TAXOTERE®, Rhone-Poulenc Rorer); chlorambucil; gemcitabine; 6-thioguanine;
mercaptopurine, methotrexate; platinum  analogs such as cisplatin and carboplatin;
vinblastine, platinum; etoposide (VP-16);, ifosfamide; mitomycin €, mitoxantrone,
vincristing; vinoretbine, navelbine, novantrone; teniposide; daunomycin; aminopterin
xeloda, tbandronate; CPT-11; topoisomerase inhibitor RFS2000; difluoromethylomithine
(DMFQ); retinoic acid derivatives such as Targretin™ (bexarotene), Panretin™,
{alitretinoin); ONTAK™  (denileukin diftitox);, esperamicins, capecitabine, and
pharmaceutically acceptable salts, acids or derivatives of any of the above. Also included in
this definition are anti-hormonal agents that act to regulate or inhibit hormone action on
tumors such as anti-estrogens including for example tamoxifen, raloxifene, aromatase
inhibiting  4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY117018,
onapristone, and toremifene (Fareston); and anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; and pharmaceutically acceptable salts, acids or
derivatives of any of the above. Combinations of chemotherapeutic agents are also
administered where appropriate, including, but not imited to CHOP, i.e., Cyclophosphamide

{Cytoxan®™), Doxorubicin (hydroxydoxorubicin), Vincristine (Oncovin®), and Prednisone.

[0182] In some embodiments, the chemotherapeutic agent is administered at the same
time or within one week after the administration of the engineered cell, polypeptide, or nucleic
acid. In other embodiments, the chemotherapeutic agent is administered from 1 to 4 weeks
or from 1 week to 1 month, 1 week to 2 months, 1 week to 3 months, 1 week to 6 months, 1
week to 9 months, or 1 week to 12 months after the administration of the engineered cell,
polypeptide, or nucleic acid. In other embodiments, the chemotherapeutic agent is
administered at least 1 month before administering the cell, polypeptide, or nucleic acid. In
some embodiments, the methods further comprise administering two or more

chemotherapeutic agents.
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[0183] A variety of additional therapeutic agents may be used in conjunction with the
compositions described herein. For example, potentially useful additional therapeutic agents
include PD-1 inhibitors such as nivolumab {(Opdivo®™), pembrolizumab Keytruda®),

pembrolizumab, pidilizumab, and atezolizumab.

[0184] Additional therapeutic agents suitable for use in combination with the
invention include, but are not limited to, ibrutinib (Imbruvica®), ofatumumab (Arzerra®),

rituximab (Rituxan®), bevacizumab {Avastin®), trastuzumab (Herceptin®), trastuzumab

emtansine (KADCYLA®Y), imatinib (Gleevec®), cetuximab (Erbitux®), panitumumab
(Vectibix®), catumaxomab, ibritumomab, ofatumumab, tositumomab, brentuximab,
alemtuzumab, gemituzumab, erlotinib, gefitinib, vandetanib, afatinib, lapatintb, neratinib,
axitinib, masitinib, pazopanib, sunitinib, sorafenib, toceranib, lestaurtinib, axitinib, cediranib,
lenvatinib, nintedanib, pazopanib, regorafenib, semaxanib, sorafenib, sunitinib, tivozanib,
toceranib, vandetanb, entrectinib, cabozantinib, imatinib, dasatinib, nilotinib, ponatinib,
radotinib, bosutinib, lestaurtinib, ruxolitinib, pacritinib, cobimetinib, selumetinib, trametinib,
binimetinib, alectinib, ceritintb, crizotinib, aflibercept adipotide, denileukin diftitox, mTOR
inhibitors such as Everolimus and Temsirolimus, hedgehog inhibitors such as sonidegib and

vismodegib, CDK inhibitors such as CDK inhibitor {palbociclib}.

[6185] In additional embodiments, the composition comprising CAR-containing
immune can be administered with an anti-inflammatory agent. Anti-inflammatory agents or
drugs include, but are not limited to, steroids and glucocorticotds (including betamethasone,
budesonide, dexamethasone, hydrocortisone acetate, hydrocortisone, hydrocortisone,
methylprednisolone, prednisolone, prednisone, triamcinolone), uvonsteroidal  anti-
inflammatory drugs (NSAIDS) including aspirin, ibuprofen, naproxen, methotrexate,
sulfasalazine,  leflunomide, antti-TNF  medications, cyclophosphamide  and
mycophenolate. Exemplary NSAIDs include thuprofen, naproxen, naproxen sodium, Cox-2
inhibitors, and sialylates. Exemplary analgesics include acetaminophen, oxycodone,
tramadol of proporxyphene hydrochloride. Exemplary glucocorticoids include cortisone,
dexamethasone, hydrocortisone, wethylprednisolone, predmisolone, or prednisone.
Exemplary biological response modifiers include molecules directed against cell surface
markers (e.g., CD4, CD3, etc.), cytokine inhibitors, such as the TNF antagonists, {e.g.,
etanercept (ENBREL®), adalimumab (HUMIRA®) and infliximab (REMICADE®),
chemokine inhibitors and adhesion molecule inhibitors. The biological response moditiers

include monoclonal antibodies as well as recombinant forms of molecules. Exemplary
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DMARDs  include azathioprine, cyclophosphamide, cyclosporine, methotrexate,
penicillamine, leflunomide, sulfasalazine, hydroxychloroquine, Gold (oral (auranofin) and

intramuscular) and minocychine.

[0186] In certain embodiments, the compositions described herein are administered
in conjunction with a cytokine. “Cytokine” as used herein is meant to refer to proteins
released by oune cell population that act on another cell as intercellular mediators. Examples
of cytokines are lymphokines, monokines, and traditional polypeptide hormones. Included
among the cytokines are growth hormones such as human growth hormoune, N-methionyl
human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine;
insulin; proinsulin, relaxin; prorelaxin, glycoprotein hormones such as follicle stimulating
hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone (LH); hepatic
growth factor (HGF), fibroblast growth factor (FGF), prolacting placental lactogen;
mullerian-inhibiting substance; mouse gonadotropin-associated peptide; inhibin, activin;
vascular endothelial growth factor; integrin; thrombopoietin (TPO); nerve growth factors
(NGFs) such as NGF-beta; platelet-growth factor; transforming growth factors {TGFs) such
as TGF-alpha and TGF-beta; insulin-like growth factor-1 and -II; erythropoietin (EPO);
ostecinductive factors, interferons such as interferon-alpha, beta, and -gamma; colony
stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrophage-
CSF (GM-CKF); and granulocyte-CSF (G-CSF); interleukins (ILs) such as [L-1, IL-1alpha,
1-2, 1L-3, -4, 1L-5, [L-6, IL-7, 1L-8, [L-9, [L-10, IL-11, IL-12; 1L-15, a tumor necrosis
factor such as TNF-alpha or TNF-beta; and other polypeptide factors including LIF and kit
ligand (KL). Asused herein, the term cytokine includes proteins from natural sources or from
recombinant cell culture, and biologically active equivalents of the native sequence
cytokines.

0187} In some aspects, the invention comprises an antigen binding molecule that
binds to CLL-1 with a Kaq that is smaller than 100 pM. In some embodiments, the antigen

binding molecule binds with a Kq that is smaller than 10 pM. In other embodiments, the

antigen binding molecule binds with a Ka that 1s less than S pM.
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Methods of Making

{0188} A variety of known techniques can be utilized in making the polynucleotides,
polypeptides, vectors, antigen binding molecules, immune cells, compositions, and the like

according to the invention.

[6189] Prior to the in vifro manipulation or genetic modification of the immune cells
described herein, the cells may be obtained from a subject. In some embodiments, the
immune cells comprise T cells. T cells can be obtained from a number of sources, including
peripheral blood mononuclear cells (PBMCs), bone marrow, lymph nodes tissue, cord blood,
thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and
tumors. In certain embodiments, T cells can be obtained from a unit of blood collected from
the subject using any number of techniques known to the skilied person, such as FICOLL™
separation. Cells may preferably be obtained from the circulating blood of an individual by
apheresis.  The apheresis product typically contains lymphocytes, including T cells,
monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and
platelets. In certain embodiments, the cells collected by apheresis may be washed to remove
the plasma fraction, and placed in an appropriate butfer or media for subsequent processing.
The cells may be washed with PBS. As will be appreciated, a washing step may be used,
such as by using a semiautomated flowthrough centrifuge -- for example, the Cobe™ 2991
cell processor, the Baxter CytoMate™ or the like. After washing, the cells may be
resuspended in a variety of biocompatible buffers, or other saline solution with or without
buffer. In certain embodiments, the undesired components of the apheresis sample may be

removed.

[0196] In certain embodiments, T cells are isclated from PBMCs by lysing the red
blood cells and depleting the monocytes, for example, using centrifugation through a
PERCOLL™ gradient. A specific subpopulation of T cells, such as CD28% CD4", CD8",
CD45RA", and CD45RO™ T cells can be further isolated by positive or negative selection
techniques known in the art. For example, enrichment of a T cell population by negative
selection can be accomplished with a combination of antibodies directed to surface markers
unique to the negatively selected cells. One method for use herein is cell sorting and/or
selection via negative magnetic immunoadherence or flow cytometry that uses a cocktail of
monoclonal antibodies directed to cell surface markers present on the cells negatively

selected. Forexample, to enrich for CD4™ cells by negative selection, a monoclonal antibody
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cocktail typically includes antibodies to CI314, CD20, CD11b, CD16, HLA-DR, and CDS.
Flow cytometry and cell sorting may also be used to isolate cell populations of interest for

use 1n the present invention.

0191} PBMCs may be used directly for genetic modification with the immune cells
(such as CARs or TCRs) using methods as described herein. In certain embodiments, after
isolating the PBMCs, T lymphocytes can be further isolated and both cytotoxic and helper T
lymphocytes can be sorted into naive, memory, and effector T cell subpopulations either

before or after genetic modification and/or expansion.

[0192] In some embodiments, CD8" cells are further sorted into naive, central
memory, and effector cells by identifying cell surface antigens that are associated with each
of these types of CDE& cells. In some embodiments, the expression of phenotypic markers of
central memory T cells include CD45R0, CD62L, CCR7, CD28, CD3, and CD127 and are
negative for granzyme B. In some embodiments, central memory T cells are CD45RO7,
CD62L", CD8" T cells. In some embodiments, effector T cells are negative for CD62L,
CCR7, CD28, and CDI127, and positive for granzyme B and perforin.  In certain
embodiments, CD4" T cells are further sorted into subpopulations. For example, CD4™ T
helper cells can be sorted into naive, central memory, and effector cells by 1dentifying cell

populations that have cell surface antigens.

[0193] The immune cells, such as T cells, can be genetically modified following
isolation using known methods, or the immune cells can be activated and expanded (or
differentiated in the case of progenitors) in vifro prior to being genetically modified. In
another embodiment, the immune cells, such as T cells, are genetically modified with the
chimeric antigen receptors described herein (e.g., transduced with a viral vector comprising
one or more nucleotide sequences encoding a CAR) and then are activated and/or expanded
in vitro. Methods for activating and expanding T cells are known in the art and are described,
for example, in US. Patent No. 6,905,874, U.S. Patent No. 6,867,041; US. Patent No.
6,797,514, and PCT W(2012/079000, the contents of which are hereby incorporated by
reference in their entirety. Generally, such methods include contacting PBMC or isolated T
cells with a stimulatory molecule and a costimulatory molecule, such as anti-CD3 and anti-
CD28 antibodies, generally attached to a bead or other surface, in a culture medium with
appropriate cytokines, such as IL-2. Anti-CD3 and anti-CD28 antibodies attached to the same

bead serve as a “surrogate” antigen presenting cell (APC). One exampleis The Dynabeads®
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system, a CD3/CD28 activator/stimulator system for physiological activation of
human T cells. In other embodiments, the T cells may be activated and stimulated to
proliferate with feeder cells and appropriate antibodies and cytokines using methods such as
those described in U.S. Patent No. 6,040,177, U.S. Patent No. 5827642 and

WO2012129514, the contents of which are hereby incorporated by reference in their entirety.

[0194] Certain methods for making the constructs and engineered immune cells of the
invention are described in PCT application PCT/US15/14520, the contents of which are
hereby incorporated by reference in their eotirety. Additional methods of making the
constructs and cells can be found in U.8. provisional patent application no. 62/244036 the

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

[0195] It will be appreciated that PBMCs can further include other cviotoxic
lymphocytes such as NK cells or NKT cells. An expression vector carrying the coding
sequence of a chimeric receptor as disclosed herein can be introduced into a population of
human donor T cells, NK cells or NKT cells. Successfully transduced T cells that carry the
expression vector can be sorted using flow cytometry to isolate CD3 positive T celis and then
further propagated to increase the number of these CAR expressing T cells in addition to cell
activation using anti-CD3 antibodies and IL-2 or other methods known in the art as described
elsewhere herein. Standard procedures are used for cryopreservation of T cells expressing
the CAR for storage and/or preparation for use in a human subject. In one embodiment, the
in vitro transduction, culture and/or expansion of T cells are performed in the absence of non-

human animal derived products such as fetal calf serum and fetal bovine serum.

[0196] For cloning of polynucleotides, the vector may be introduced into a host cell
{(an isolated host cell) to allow replication of the vector itself and thereby amplify the copies
of the polynucleotide contained therein. The cloning vectors may contain sequence
components generally include, without limitation, an origin of replication, promoter
sequences, transcription initiation sequences, enhancer sequences, and selectable markers.
These elements may be selected as appropriate by a person of ordinary skill in the art. For
example, the origin of replication may be selected to promote autonomous replication of the

vector in the host cell.

106197} In certain embodiments, the present disclosure provides isolated host cells
containing the vector provided herein. The host cells containing the vector may be useful in

expression or cloning of the polynucleotide contained in the vector. Suitable host cells can
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include, without limitation, prokaryotic cells, fungal cells, veast cells, or higher eukaryotic
cells such as mammalian cells. Suitable prokaryotic cells for this purpose mclude, without
himitation, eubactena, such as Gram-negative or Gram-positive organisms, for example,
Enterobactehaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, as well as Bacilli such as B. subtilis and B. licheniformis, Pseudomonas such as P

aeruginosa, and Streptomyces.

[0198] The vector can be introduced to the host cell using any suitable methods
known in the art, including, without limitation, DEAE-dextran mediated delivery, calcium
phosphate precipitate method, cationic lipids mediated delivery, liposome mediated
transfection, electroporation, microprojectile  bombardment, receptor-mediated  gene
delivery, delivery mediated by polylysine, histone, chitosan, and peptides. Standard methods
tor transfection and transformation of cells for expression of a vector of interest are well
known in the art. In a further embodiment, a mixture of different expression vectors can be
used in genetically modifying a donor population of immune effector cells wherein each
vector encodes a different CAR as disclosed herein. The resulting transduced immune
effector celis form a mixed population of engineered cells, with a proportion of the engineered

cells expressing more than one different CARs.

[0199] In one embodiment, the invention provides a method of storing genetically
engineered cells expressing CARs or TCRs which target a CLL-1 protein. This involves
cryopreserving the immune cells such that the cells remain viable upon thawing. A fraction
of the immune cells expressing the CARs can be cryopreserved by methods known in the art
to provide a permanent source of such cells for the future treatment of patients afflicted with
a malignancy. When needed, the cryopreserved transformed immune cells can be thawed,

grown and expanded for more such cells.

[0200] As used herein, “cryopreserve” refers to the preservation of cells by cooling
to sub-zero temperatures, such as (typically) 77 Kelvin or -196°C (the boiling potnt of liquid
nitrogen}. Cryoprotective agents are often used at sub-zero temperatures to prevent the cells
being preserved from damage due to freezing at low temperatures or warming to room
temperature. Cryopreservative agents and optimal cooling rates can protect against cell
imjury. Cryoprotective agents which can be used in accordance with the invention include

but are not limited to: dimethy! sulfoxide (DMSO) (Lovelock & Bishop, Nature (1959); 183:
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1394-1395; Ashwood-Smith, Nature (1961); 190: 1204-1205), glycerol, polyvinylpyrrolidine
(Rinfret, Ann. N.Y. Acad. Sci. (1960); 85: 576), and polyethylene glycol (Sloviter & Ravdin,

Nature (1962); 196: 48). The preferred cooling rate 15 1° - 3°C/minute.

[0201] The term, “substantially pure,” ts used to indicate that a given component is
present at a high level. The component is desirably the predominant component present in a
composition. Preferably it is present at a level of more than 30%, of more than 50%, of more
than 75%, of more than 90%, or even of more than 95%, said level being determined on a dry
weight/dry weight basis with respect to the total composition under consideration. At very
high levels (e.g. at levels of more than 90%, of more than 95% or of more than 99%) the
component can be regarded as being in “pure form” Biologically active substances of the
present invention {CARs, TCRs, isolated polypeptides, isolated nucleic acid molecules,
antigen binding molecules, moieties) can be provided in a form that is substantially free of
one or more contaminants with which the substance might otherwise be associated. When a
composition is substantially free of a given contaminant, the contaminant will be at a low
level (e.g., at a level of less than 10%, less than $%, or less than 1% on the dry weight/dry

weight basis set out above).

[0202] In some embodiments, the celis are formulated by first harvesting them from
their culture medium, and then washing and concentrating the cells in a medium and container
system suitable for administration (a “pharmaceutically acceptable” carrier) in a treatment-
effective amount. Suitable infusion media can be any 1sotonic medium formulation, typically
normal saline, Normosol™ R {Abbott) or Plasma-Lyte™ A (Baxter), but also 5% dextrose in
water or Ringer's lactate can be utilized. The infusion medium can be supplemented with

human serum albumin.

16203] Desired treatment amounts of cells in the composition is generally at least 2
cells (for example, at least 1 CD8™ central memory T cell and at least 1 CD4” helper T cell
subset) or is more typically greater than 10° cells, and up to 10° up to and including 10° or
10” cells and can be more than 10 cells. The number of cells will depend upon the desired
use for which the composition is intended, and the type of cells included therein. The density
of the desired cells is typically greater than 10° cells/ml and generally is greater than 107
cells/ml, generally 10% cells/ml or greater. The clinically relevant number of immune cells
can be apportioned into multiple infusions that cumulatively equal or exceed 10°, 10°, 107,

108 10°, 10Y) 10 or 10% celis. In some aspects of the present invention, particularly since
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all the infused cells will be redirected to a particular target antigen (CLL-1}, lower numbers
of cells, in the range of 10%kilogram (10°- 10! per patient) may be administered. CAR
treatments may be administered multiple times at dosages within these ranges. The cells may

be autologous, allogeneic, or heterologous to the patient undergoing therapy.

[0204] The CAR expressing cell populations of the present invention may be
administered either alone, or as a pharmaceutical composition in combination with difuents
and/or with other components such as IL-2 or other cytokines or cell populations.
Pharmaceutical compositions of the present invention may comprise a CAR or TCR
expressing cell population, such as T cells, as described herein, in combination with one or
more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions may comprise buffers such as neutral buffered saline, phosphate butfered saline
and the like; carbohydrates such as glucose, mannose, sucrose or dexirans, mannitol; proteins;
polypeptides or amino acids such as glycine; antioxidants; chelating agents such as EDTA or
glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives. Compositions of the

present invention are preferably formulated for intravenous admiunistration.

06205} The pharmaceutical compositions (solutions, suspensions or the like), may
include one or more of the following: sterile diluents such as water for injection, saline
solution, preferably physiological saline, Ringer's solution, isotonic sodium chloride, fixed
otls such as synthetic mono- or diglycerides which may serve as the solvent or suspending
medium, polyethylene glycols, glycerin, propvlene glycol or other solvents; antibacterial
agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates,
citrates or phosphates and agents for the adjustment of tonicity such as sodium chloride or
dextrose. The parenteral preparation can be enclosed in ampoules, disposable syringes or
multiple dose vials made of glass or plastic. An injectable pharmaceutical composition is

preferably sterile.

[0206] It will be appreciated that adverse events may be minimized by transducing
the immune cells (containing one or more CARs or TCRs) with a suicide gene. It may also
be desired to incorporate an inducible “on” or “accelerator” switch into the immune cells,
Suitable techniques include use of inducible caspase-9 (U.S. Appl. 2011/028a980) or a
thymidine kinase, before, after or at the same time, as the cells are transduced with the CAR

construct of the present invention. Additional methods for introducing suicide genes and/or
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“on” switches include TALENS, zinc fingers, RNAL siRNA, shRNA, antisense technology,

and other technigues known in the art.

[0207] In accordance with the invention, additional on-off or other types of control
switch techniques may be incorporated herein. These techniques may employ the use of
dimerization domains and optional activators of such domain dimerization. These technigques
include, e.g, those described by Wu et al., Science 2014 350 (6258) utihizing FKBP/Rapalog
dimerization systems in certain cells, the contents of which are incorporated by reference
herein in their entirety. Additional dimerization technology 15 described in, e.g., Fegan et al.
Chem. Rev. 2010, 110, 3315-3336 as well as U.S. Patent Nos. 5,830,462; 5834 266;
5,869,337, and 6,165,787, the contents of which are also incorporated by reference herein in
their entirety. Additional dimerization pairs may include cyclosporine-A/cyclophilin,
receptor, estrogen/estrogen receptor {optionally using taroxifen),
glucocorticoids/glucocorticoid receptor, tetracycline/tetracycline receptor, vitamin D/vitamin
D receptor. Further examples of dimerization technology can be found in eg., WO
2014/127261, WO 2015/090229, US 2014/0286987, US2015/0266973, UK2016/0046700,
U.S. Patent No. 8,486,693, US 2014/0171649, and US 2012/0130076, the contents of which

are further incorporated by reference herein in their entirety.

[0208] It will be understood that descriptions herein are exemplary and explanatory
only and are not restrictive of the invention as claimed. In this application, the use of the

singular includes the plural unless specifically stated otherwise.

[6209] The section headings used herein are for organizational purposes only and are
not to be construed as limiting the subject matter described.  All documents, or portions of
documents, cited in this application, including but not limited to patents, patent applications,
articles, books, and treatises, are hereby expressly incorporated by reference in their entirety
for any purpose. As utilized in accordance with the present disclosure, the following terms,

unless otherwise indicated, shall be understood to have the following meanings:

[0210] In this application, the use of “or” means “and/ot” unless stated otherwise.
Furthermore, the use of the term “including”, as well as other forms, such as “includes” and
“included”, 13 not limiting. Also, terms such as “element” or “component” encompass both
elements and components comprising one unit and elements and components that comprise

more than one subunit unless specifically stated otherwise.
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0211} The term “CLL-1 activity” includes any biclogical effect of CLL-1. In certain
embodiments, CLL-1 activity includes the ability of CLL-1 to interact or bind to a substrate

OF receptor.

[6212] The term “polynucleotide,” “nuclectide,” or “nucleic actd” includes both
single-stranded and double-stranded nuclectide polymers. This preferably includes isolated
polynucleotides, nucleotides or nucleic acids as defined berein. The nucleotides comprising
the polynucleotide can be nbonucleotides or deoxyribonucleotides or a modified form of
either type of nucleotide.  Said modifications include base modifications such as
bromouridine and inosine derivatives, ribose modifications such as 2',3'-dideoxyribose, and
internucleotide  linkage modifications such as phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphoro-diselenoate, phosphoro-anilothioate, phoshoraniladate and

phosphoroamidate.

[0213] The term “oligonucleotide” refers to a polynucleotide comprising 200 or fewer
nucleotides. Oligonucleotides can be single stranded or double stranded, e.g., for use in the
construction of a mutant gene. Oligonucleotides can be sense or antisense oligonucleotides.
An oligonuclectide can include a label, including a radiolabel, a fluorescent label, a hapten
or an antigenic label, for detection assays. Oligonucleotides can be used, for example, as

PCR primers, cloning primers or hybridization probes.

[0214] The term “control sequence” refers to a polynucleotide sequence that can
affect the expression and processing of coding sequences to which it is higated. The nature
of such control sequences can depend upon the host organism. In particular embodiments,
control sequences for prokaryotes can include a promoter, a ribosomal binding site, and a
transcription termination sequence. For example, control sequences for eukaryotes can
include promoters comprising one or a plurality of recognition sites for transcription factors,
transcription enhancer sequences, and ftranscription termination seguence. “Control

sequences’ can include leader sequences (signal peptides) and/or fusion partner sequences.

[0215] In some embodiments, the polynuclectide of the present invention encodes a
CAR or a TCR can further comprises a leader sequence or peptide {(also referred to herein as
a “signal peptide”). In certain embodiments, the leader peptide comprises an amino acid
sequence that is at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about

99%, or 100% identical to the amino acid sequence MALPVTALLLPLALLLHAARP (SEQ

60



10

30

WO 2017/173384 PCT/US2017/025573

I3 NO: 144). In some embodiments, the leader peptide comprises the amino acid sequence

of SEQ ID NO: 144,

[0216] As used herein, “operably linked” means that the components to which the
term is applied are in a relationship that allows them to carry out their inherent functions

under suitable conditions.

10217] The term “vector” means any molecule or entity {e.g., nucleic acid, plasmid,
bacteriophage or virus) used to transfer protein coding information into a host cell. The term
“expression vector” or “expression construct” refers to a vector that is suitable for
transformation of a host cell and contains nucleic acid sequences that direct and/or control (in
conjunction with the host cell) expression of one or more heterologous coding regions
operatively linked thereto. An expression construct can include, but is not limited to,
sequences that atfect or control transcription, translation, and, if introns are present, affect

RNA splicing of a coding region operably linked thereto.

[6218] The term “host cell” refers to a cell that has been transformed, or is capable of
being transformed, with a nucleic acid sequence and thereby expresses a gene of interest. The
term tncludes the progeny of the parent cell, whether or not the progeny is identical in
morphology or in genetic make-up to the original parent cell, so long as the gene of interest

is present.

[0219] The term “transformation” refers to a change in a cell's genetic characteristics,
and a cell has been transformed when it has been modified to contain new DNA or RNA. For
example, a cell is transformed where it is genetically modified from its native state by
introducing new genetic material via transfection, transduction, or other technigues.
Following transfection or transduction, the transforming DNA can recombine with that of the
cell by physically integrating into a chromosome of the cell, or can be maintained transiently
as an episomal element without being replicated, or can replicate independently as a plasmid.
A cell 1s considered to have been “stably transtormed” when the transforming DNA is

replicated with the division of the cell.

0226} The term “transfection” refers to the uptake of foreign or exogenous DNA by
acell. A number of transfection technigues are well known in the art and are disclosed herein.
See, e.g., Graham ef o/, 1973, Virology 52:456; Sambrook ef a/., 2001, Molecular Cloning:
A Laboratory Manual, supra; Davis ef o/, 1986, Basic Methods in Molecular Biology,

Elsevier; Chu ef o/, 1981, Gene 13:197.
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0221 The term “transduction” refers to the process whereby foreign DNA s
introduced into a cell via viral vector. See Jones ef o/, (1998} Genetics: principles and

analysis. Boston: Jones & Bartlett Publ.

0222} The terms “polypeptide” or “protein” refer to a macromolecule having the
amino acid sequence of a protein, including deletions from, additions to, and/or substitutions
of one or more amino acids of the native sequence, and preferably no more than 8 amino acid
substitutions therein. Preferably, the polypeptides or proteins are isolated as defined herein.
The terms “polypeptide” and “protein” specifically encompass CLL-1 antigen binding
molecules, antibodies, or sequences that have deletions from, additions to, and/or
substitutions of one or more amino acid of antigen-binding protein, and preferably no more
than 8 amino acid substitutions therein. The term “polypeptide fragment” refers to an isolated
polypeptide that has an amino-termunal deletion, a carboxyl-terminal deletion, and/or an
internal deletion as compared with the full-length native protein. Such fragmenis can also
contain modified amino acids as compared with the native protein. Useful polypeptide
fragments tnclude immunologically functional fragments of antigen binding molecules.
Usetul fragments include but are not limited to one or more CDR regions, variable domains

of a heavy and/or light chain, a portion of other portions of an antibody chain, and the like.

[0223] The term “isolated” means (1) free of at least some other proteins with which
it would normally be found, (1) 15 essentially free of other proteins from the same source,
e.g., from the same species, (ii1) separated from at least about 50 percent of polynucleotides,
lipids, carbohydrates, or other materials with which it is associated in nature, (iv) operably
associated (by covalent or noncovalent interaction} with a polypeptide with which it is not

associated in nature, or (v} does not occur in nature.

[6224] A “variant” of a polypeptide {e.g., an antigen binding molecule, or an
antibody ) comprises an amino acid sequence wherein one or more amino acid residues are
inserted into, deleted from and/or substituted into the amino acid sequence relative to another

polypeptide sequence. Variants include fusion proteins.

[0225] The term “identity” refers to a relationship between the sequences of two or
more polypeptide molecules or two or more nucleic acid molecules, as determined by aligoing
and comparing the sequences. “Percent identity” means the percent of identical residues
between the amino acids or nucleotides in the compared molecules and is calculated based on

the size of the smallest of the molecules being compared. For these calculations, gaps in
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alignments (if any} are preferably addressed by a particular mathematical model or computer

program {(i.e., an “algorithm”}.

[0226] To calculate percent identity, the sequences being compared are typically
aligned in a way that gives the largest match between the sequences. One example of a
computer program that can be used to determine percent identity i1s the GCG program
package, which includes GAP (Devereux ef al, 1984, Nucl Acid Res. 12:387; Genetics
Computer Group, University of Wisconsin, Madison, Wis.). The computer algorithm GAP
i3 used to align the two polypeptides or polynucleotides for which the percent sequence
identity is to be determined. The sequences are aligned for optimal matching of their
respective amino acid or nucleotide (the “matched span”, as determined by the algorithm). In
certain embodiments, a standard comparison matrix {see, Dayhoff ef o/, 1978, Atas of
Protein Sequence and Structure 5:345-352 for the PAM 250 comparison matrix; Henikoff ef
ai., 1992, Proc. Natl. Acad. Sci. U.S A, 89:10915-10919 for the BLOSUM 62 comparison

matrix} s also used by the algorithm.

10227} Asused herein, the twenty conventional (e.g., naturally occurring) amino acids
and their abbreviations follow conventional usage. See Immunology - A Synthesis (2nd
Edition, Golub and Gren, Eds., Sinauer Assoc., Sunderland, Mass. (1991)), which i3
incorporated herein by reference for any purpose. Stereoisomers {e.g., D-amino acids} of the
twenty conventional amino acids, unnatural amino acids such as alpha-, alpha-disubstituted
amino acids, N-altkyl amino acids, lactic acid, and other unconventional amino acids can also
be suitable components for polypeptides of the present invention. Examples of
unconventional amino acids include: 4-hydroxyproline, .gamma.-carboxyglutamate, epsilon-
NN, N-trimethyilysine,  e-N-acetyllysine,  O-phosphoserine,  N-acetylserine,  N-
formylmethionine, 3-methylhistidine, 5-hydroxylysine, sigma.-N-methylarginine, and other
similar amino acids and imino acids {(e.g., 4-hydroxyproline). In the polypeptide notation
used herein, the lefi-hand direction is the amuno terminal direction and the right-hand
direction is the carboxy-terminal direction, in accordance with standard usage and

convention.

[0228] Conservative amino acid substitutions can encompass non-naturally occurring
amino acid residues, which are typically incorporated by chemical peptide synthesis rather

than by synthesis in biological systems. These include peptidomimetics and other reversed
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ot inverted forms of amino acid moieties. Naturally occurring residues can be divided into

classes based on common side chain properties:

a} hydrophobic: norleucine, Met, Ala, Val, Ley, lle;
b} neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;
5 ¢} acidic: Asp, Glu;
d) basic: His, Lys, Arg;
e} residues that influence chain orientation: Gly, Pro; and

£) aromatic: Trp, Tyr, Phe.

0229} For example, non-conservative substitutions can involve the exchange of a
10 member of one of these classes for a member from another class. Such substituted residues
can be introduced, for example, into regions of a human antibody that are homologous with
non-human antibodies, or into the non-homologous regions of the molecule. Exemplary

amino actd substitutions are set forth in Table 3.

15 Xable 3
Original Residues Exemplary Substifutions  Preferred Substitutions
Ala Val, Leuy, lle Val
Arg Lys, Gln, Asn Lys
Asn Gin Gin
Asp Glu Glu
Cys Ser, Ala Ser
Gln Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Gln, Lys, Arg Arg
Leu, Val, Met, Ala, Phe,

e Norleucine Leu
Leu Norleucine, ﬂe, Val, Met, Ala, e

Phe
Lys Arg, 1,4 Diamino-butyric Arg

Acid, Gln, Asn

Met Leu, Phe, lle Leu
Phe Leu, Val, Ile, Ala, Leu
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Tyr
Pro Ala Gly
Ser Thr, Ala, Cys Thr
Thr Ser Ser
Tip Tyr, Phe Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val e, Met, Leu, Phe, Leu
Ala, Norleucine

3

[0230] The term “derivative” refers to a molecule that includes a chemical
modification other than an insertion, deletion, or substitution of amino acids {or nucleic
acids). In certain embodiments, derivatives comprise covalent modifications, including, but
not limited to, chemical bonding with polymers, lipids, or other organic or tnorganic moieties.
In certain embodiments, a chemically modified antigen binding molecule can have a greater
circulating half-life than an antigen binding molecule that ts not chemically modified. In
some embodiments, a dervative antigen binding molecule is covalently modified to include

one or more water soluble polymer attachments, including, but not limited to, polyethylene

glycol, polyoxyethylene glycol, or polypropylene glycol.

[0231] Peptide analogs are commonly used in the pharmaceutical industry as non-
peptide drugs with properties analogous to those of the template peptide. These types of non-
peptide compound are termed “peptide mimetics” or “peptidomimetics.” Fauchere, J., Adv.
DPrug Res., 15:29 (1986}, Veber & Freidinger, TINS, p.392 (1985); and Evans ef o/, J. Med.

Chem., 30:1229 (1987), which are incorporated herein by reference for any purpose.

[6232] A “therapeutically effective amount,” “effective dose,” “effective amount,” or
“therapeutically effective dosage” of a therapeutic agent, e.g., engineered CAR T cells, is any
amount that, when used alone or in combination with another therapeutic agent, protects a
subject against the onset of a disease or promotes disease regression evidenced by a decrease
in severity of disease symptoms, an increase in frequency and duration of disease symptom-
free periods, or a prevention of impatrment or disability due to the disease affliction. The
ability of a therapeutic agent to promote disease regression can be evaluated using a variety
of methods known to the skilled practitioner, such as in human subjects during clinical tnials,
in animal model systems predictive of efficacy in humans, or by assaying the activity of the
agent in i1 vitro assays.
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[06233] The terms “patient” and “subject” are used interchangeably and include human
and non-human animal subjects as well as those with formally diagnosed disorders, those
without formally recognized disorders, those receiving medical attention, those at risk of

developing the disorders, etc.

[0234] The term “treat” and “treatment” includes therapeutic treatments, prophylactic
treatments, and applications in which one reduces the risk that a subject will develop a
disorder or other risk factor. Treatment does not require the complete curing of a disorder
and encompasses embodiments in which one reduces symptoms or underlying risk
tactors. The term “prevent” does not require the 100% elimination of the possibility of an
event. Rather, it denotes that the likelihood of the occurrence of the event has been reduced

in the presence of the compound or method.

[0235] Standard techniques can be used for recombinant DNA, oligonuclectide
synthesis, and tissue culture and transformation {(e.g, electroporation, lipofection).
Enzymatic reactions and purification techniques can be performed according to
manufacturer's specifications or as corumonly accomplished in the art or as described herein.
The foregoing techniques and procedures can be generally performed according to
conventional methods well known in the art and as described in various general and more
specific references that are cited and discussed throughout the present specification. See, e.g.,
Sambrook er a/, Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY. (1989)), which is incorporated herein by

reference for any purpose.

INCORPORATION BY REFERENCE

[0236] All publications, patents, and patent applications meuntioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent, or patent application was specifically and individually indicated to be
incorporated by reference. However, the citation of a reference herein should not be construed
as an acknowledgement that such reference 1s prior art to the present invention. To the extent
that any of the definitions or terms provided in the references incorporated by reference differ

trom the terms and discussion provided herein, the present terms and definitions control.

10237} The foregoing written specification is considered to be sutficient to enable one

skilled in the art to practice the invention. The foregoing description and examples detail
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certain preferred embodiments of the invention and describe the best mode contemplated by
the inventors. Tt will be appreciated, however, that no matter how detailed the foregoing may
appear in text, the invention may be practiced in many ways and the invention should be

construed in accordance with the appended claims and any equivalents thereof.

[0238] The following examples, including the experiments conducted and results
achieved, are provided for tllustrative purposes only and are not to be construed as limiting
the present invention.

EXAMPLE 1

[0239] Determining CLL-1 CAR activity by mRNA electroporation in human
PBMCs. Plasmids encoding a T7 promoter, CAR construct and a beta globin stabilizing
sequence were linearize by overnight digestion of 10ug of DNA with EcoRl and BamHIi
(NEB). DNA was then digested for 2 hours at 50°C with proteinase K (Thermo Fisher™,
600U/mi) purified with phenol/chloroform and precipitated by adding sodium acetate and two
volumes of ethanol. Pellets were then dried, resuspended in RNAse/DNAse free water and
quantified. lug of the linear DNA was then use to generate the in vitro transcription using the
mMESSAGE mMACHINE T7 Ultra (Thermo Fisher™) following the manufacturer
instructions. RNA was further purified using the MEGAClear Kit {Thermo Fisher™)
following the manufacturer instructions, and quantified using NanoDrop™. mRNA integrity

was assessed by running an agarose gel.

16240} Different cancer cell hnes were evaluated for CLL-1 expression. Namalwa
(ATCC), U937 (ATCC), HL-60 (ATCC), EoL-1 (Sigma), KGla (ATCC) and MV4:11
(ATCC) cells were stained with anti-CLL-1 antibody conjugated to PE (BD Pharmingen™™)
in stain buffer (BD Pharmingen™) for 30 minutes at 4°C. Cells were then washed and
resuspended in stain buffer with propidium iodide (BD Pharmingen™) prior to data
acquisition. Samples were then acquired by flow cytometry and data analyzed and plotted in

histograms using FlowJo™ Results for the CLL-1 expression can be seen in FIGURE 1.

[0241] PBMCs were isolated from healthy donor leukopaks (Hemacare™) using
ticoll-paque density centrifugation per manufacturer’s instructions. PBMCs were stimulated
using OKT3 (50ng/ml, Miltenyi Biotec™) in R10 media + IL-2 (3001U/ml, Proleukin®,
Prometheus® Therapeutics and Diagnostics). Seven days after stimulation, T cells were
washed twice in Opti-MEM™ (Thermo Fisher Scientific™) and resuspended at a final

concentration of 2.5x107 cells/ml in Opt-MEM. 10pug of mRNA was used per
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electroporation. Electroporation of cells was performed using a Gemini X2 system (Harvard
Apparatus BTX™) set to deliver a single 400V pulse for 0.5ms in 2mm cuvettes (Harvard
Apparatus BTX™). Cells were immediately transferred to R10 + IL-2 roedia and allowed to

recover. Cells were maintained at 0.5-2.0 x 10° cells/ml prior to use in activity assays.

[0242] Six hours after mRNA electroporation, T cells were stained with biotinylated
Protein L {Thermo Scientific™) in stain buffer (BD Pharmingen™) for 30 minutes at 4°C.
Cells were then washed and stained with PE Streptavidin (BD Pharmingen™) in stain buffer
for 30 minutes at 4°C.  Cells were then washed and resuspended in stain buffer with
propidium iodide (BD Pharmingen®™) prior to data acquisition. Results for CAR detection

are shown in FIGURE 2.

10243} Effector cells were cultured with target cells ata 1:1 E:T ratio in R10 media 6
hours after mRNA electroporation. Cell lines tested included Namalwa, U937, HL-60, EolL-
1, KGlaand MV4;11. Sixteen hours post-coculture, supernatants were analyzed by Luminex
(EMD Millipore) following manufacturer instructions and target cell viability was assessed
by flow cytometric analysis of propidium iodide (PI) uptake. Results corresponding to the
cytokine release assay can be found in FIGURE 3. Results of the cytolytic activity assay can

be found in FIGURE 4 and FIGURE 5.

EXAMPLE 2

[0244] Determining CLL-1 CAR activity by lentiviral transduction of human
PBMCs. A third generation lentiviral transter vector containing the different CLL-1 CAR
construct was used along with the ViraPower™ Lentiviral Packaging Mix (Life
Technologies™) to generate the lentiviral supernatants. Briefly, a transfection mix was
generated by roixing [Sug of DNA and 22.5ul of polyethileneimine (Polysciences™, lmg/ml)
in 600ul of OptiMEM™ media. The mix was incubated for 5 minutes at room temperature.
Simultaneously, 293 T cells (ATCC) were trypsinized, counted and a total of 10x10° total cells
were plated tn a T7S flask along the transfection mix. Three days after the transfection,

supernatants were collected and filtered through a 0.45um filter and stored at -80C until used.

[0245] PBMCs were isolated from healthy donor leukopaks (Hemacare™) using
ticoll-paque density centrifugation per manufacturer’s instructions. PBMCs were stimulated
using OKT3 (50ng/ml, Miltenyi Biotec™) in R10 media + IL-2 (3001U/ml, Proleukin®,

Prometheus® Therapeutics and Diagnostics). Forty eight hours post-stimulation, cells were
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transduced using lentivirus at a MOI=10. Cells were maintained at 0.5-2.0 x 10° cells/mi

prior to use in activity assays.

[0246] At day 12 post stimulation, T cells were stained with biotinylated Protein L
{Thermo Scientific™) in stain buffer (BD Pharmingen™) for 30 minutes at 4°C. Cells were
then washed and stained with PE Streptavidin (BD Pharmingen™) in stain buffer for 30
minutes at 4°C. Cells were then washed and resuspended in stain buffer with propidium
iodide (BD Pharmingen™) prior to data acquisition. Results for CAR detection are shown in

FIGURE 6.

0247} Effector cells were cultured with target cells at a 1.1 E:'T ratio in R10 media
12 days after T cell stimulation. Cell lines tested included Namalwa, U937, HL-60, EoL-1,
KGlaand MV4;11. 16 hours post-coculfure, supernatants were analyzed by Luminex (EMD
Millipore™) following manufacturer instructions and target cell viability was assessed by
flow cytometric analysis of propidium iodide (PI) uptake. Results corresponding to the
cytokine release assay can be found in FIGURE 7. Results of the cytolytic activity assay can

be found in FIGURE 8.

EXAMPLE 3
[0248] Female Jackson NSG mice (NOD.Cg-Prkdc’™ 112rg™"7/8z]) aged 5-6 weeks
old were used in this study. The mice were fed an irradiated Harlan 2918 15 Rodent Diet and
water ad libitum. The mice were housed in Innovive™ disposable ventilated caging with
corn cob bedding inside Biobubble® Clean Rooms that provide HE P.A filtered air into the
bubble environment at 100 complete air changes per hour. All treatments, body weight
determinations, and tumor measurements were carried out in the bubble environment. The
environment was controlled to a temperature range of 70°£2°F and a humidity range of 30-
70%. Al procedures were conducted in compliance with all the laws, regulations and
guidelines of the National Institutes of Health (NIH) and with the approval of Molecular
Imaging, Inc.’s Animal Care and Use Commuittee.
Tumeor Cell Preparation

[0249] U937-luc cells were obtained in Lifor® Preservation Solution. The cells were
centrifuged at 200rcf for 8 minutes at 4°C, the supernatant was aspirated, and the pellet was
re-suspended in cold Dulbecco's Phosphate Buffered Saline (DPBS) by pipetting. An aliquot
of the homogeneous cell suspension was diluted 10 a trypan blue solution and counted using

a Luna™ automated celi counter. The cell suspension was centrifuged at 200rcf for 8 minutes
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at 4°C. The supernatant was aspirated and the cell pellet was re-suspended in cold serum-
free medium to generate the final concentrations of trypan-excluding cells/ml.  The cell
suspension was maintained on wet ice during implantation. Test animals were implanted with
1.00E+06 cells intravenously via the lateral tail vein on Day 0 in 0.2ml using a 27-gauge
needle and syringe.
CAR T-Cell Preparation
[0256] T cells according to the invention were obtained, frozen on dry ice, and stored
in liquid nitrogen. Oun the day of treatment, the provided crvovials were removed from
cryostorage and thawed in a 37°C water bath. For each group, the provided T cells were
combined into a single SOml conical tube with warm RPMI 1640 supplemented with 10%
FBS. The cryovial tubes were rinsed with warm RPMI 1640 with 10% FBS to minimize loss
of cells to reach a total volume of 50ml in each conical tube. Each 50ml conical tube was
centrifuged at 200rcf for 8 minutes at 4°C. The supernatants were aspirated, and the cell
pellets re-suspended 1o 10ml of room temperature DPBS.  Aun aliquot of the homogeneous
cell suspension was diluted in a trypan blue solution and manually counted using a
hemacytometer. The cell suspensions were again centrifuged at 200cct for 8 minutes at 4°C.
The supernatanis were aspirated and the cell pellets were re-suspended in room temperature
DPBS to generate the required final concentrations. The cell suspensions were maintained on
wet ice during treatment administration.
Bisluminescence Imaging

0251} in vive bioluminescence imaging (BLI} was performed using an IVIS
Spectrum (Perkin Elmer, Hopkinton, MA). Animals were imaged up to 5 at a time under ~1-
2% isoflurane gas anesthesia. Hach mouse was injected IP with 150mg/ke {(15mg/ml) D-
luciferin and imaged in the prone, then supine positions, 10 minutes following injection.
Large to small binnung of the CCD chip was used, and exposure time adjusted (2 seconds to
2 minutes) to obtain at least several hundred counts per image, and further to avoid saturation
of the CCD chip. BLI images were collected on Days 3, 11, 18, and 25. Images were
analyzed using the Living Image version 4.5 (Perkin Elmer, Hopkinton, MA} software.
Whole body fixed-volume ROIs were placed on prone and supine images for each individual
animal, and labeled based on animal identification. Total radiance expressed in photon/sec
{(p/s) was calculated and exported for all ROIs to facilitate analyses between groups. The

prone and supine ROls were summed together to estimate whole body tumor burden.
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Treatment
[0252] All mice were sorted into study groups based on BLI-derived estimation of
whole body tumor burden. The mice were distributed to ensure that the mean tumor burden
tor all groups was within 10% of the overall mean tumor burden for the study population.
Treatment with CAR T cells began on Day 3. All mice were dosed with a fixed volume of
3.2ml.. The results are set forth in Figure 10
Assessment of Side Effects
[0253] All animals were observed for clinical signs at least once daily. Animals were

weighed on each day of treatment. Individual body weights were recorded 3 times weekly .

[0254] The following sequences will further exemplify the invention.

{0255} CD23T DNA Extracellular, transmembrane, intracelluiar
CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGG
CAAGCACCTICTGTCCGTCACCCTTGTTCCCTGGTCCATCCAAGCCA
TTCTGGOTGTTGOTCGTAGTGGGTGGAGTCCTCGCTTGTTACTCTC
TGCTCGTCACCGTGGCTTTTATAATCTTCTGGGTTAGATCCAAAAG
AAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCG
CCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAG
AGATTTCGCTGCCTATCGGAGC (SEQIDNO. 1)

[0256] CD28T Extracellular, transmembrane, intracellular AA
LDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLL
VIVAFIIFWYRSKRSRLLASDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRS (SEQID NO. 2)

[0257] CD28T DNA - Extracellular
CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGG
CAAGCACCTCTGTCCGTCACCCTTGTTCCCTGGTCCATCCAAGCCA
(SEQ ID NO. 3)

[0258] CD28T AA - Extraceliular

LDNEKSNGTI IHVKGKHLCP SPLFPGPSKP (SEQ ID NO. 4)

[6259] D28 BNA Transmembrane Domain
TTCTGGOTGTTGGTCGTAGTGGGTGGAGTCCTCGCTTGTTACTCTC
TGCTCGTCACCGTGGCTTTTATAATCTTCTGGGTT (SEQ 1D NG, §)
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[0260]

[06261]

[0262]

[0263]

[0264]

[0265]

[8266]

CD28 AA Transmembrane Domain

FWVLVVVGGY LACYSLLVTV AFIIFWY (SEQ ID NO. 6)

CD28 DNA Intracellular Domain
AGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATG
ACTCCACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCUTTAC
GCACCACCTAGAGATTTCGCTGCCTATCGGAGC (SEQID NGO 7)

CD28 AA Intracellular Domain
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS (SEQ ID
NO. 8)

CD3 zeta DNA
AGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAG
GGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGGA
AGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGA
TGGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCTCTAT
AATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTCTGAAAT
AGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACGACGGT
TTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGLT
CTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 9)

D3 zeta AA

RVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEM
GGKPRRENPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLY
QGLSTATKDTYDALHMOQALPPR (SEQ ID NO. 10)

CD3 zeta variant AA
RVKFSRSADAPAYKOQGONOQLYNELNLGRREEYDVLDKRRGRDPEM
GGRPRRENPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY
QGLSTATKDTYDALHMQALPPR (SEQ ID NO. 146)

CD28 BNA

ATTGAGGTGATGTATCCACCGCCTTACCTGGATAACGAAAAGAGT
AACGGTACCATCATTCACGTGAAAGGTAAACACCTGTGTCCTTCT
CCCCTICTTCCCCGGGCCATCAAAGCCC (SEQ ID NO. 1)
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[0267]

[0268]

[0269]

[0276]

[0271]

CD23 AA
[EVMYPPPYLDNEKSNGTIHHVEKGKHLCPSPLFPGPSKP (SEQ 1D NO.

D8 DNA extracellular & transmembrane domain
GCTGCAGCATTGAGCAACTCAATAATGTATTTTAGTCACTTTIGTAC
CAGTGTTCTTGCCGGCTAAGCCTACTACCACACCCGCTCCACGGC
CACCTACCCCAGCTCCTACCATCGCTTCACAGCCTCTGTCCCTGLG
CCCAGAGGCTTGCCGACCGGCCGCAGGGGGCGCTGTTCATACCAG
AGGACTGGATTTCGCCTGCGATATCTATATCTGGGUCACCCCTGGC
COGGAACCTGCGGCGTACTCCTGCTGTCCCTGGTCATCACGCTCTAT
TGTAATCACAGGAAC (SEQ ID NO. 13)

CD8 AA extracellular & transmembrane Domain
AAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEA
CRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVLLLSLVITLYCNHRN
(SEQ ID NO. 14)

Clone 24C1 HC DNA
CAGGTGCAGCTGCAGGAATCCGGACCGGGGCTGGTGAAGCCCAG
CGAGACTCTGAGTCTCACGTGTACAGTTTCTGGAGGTAGCATTAG
CTCCTACTATTGGTCATGGATAAGGCAGLCCCCCGGGAAGGGATT
GGAATGGATCGGCTATATTTACTACAGTGGGAGCACCAATTACAA
CCCCTCACTGAAGTCTAGAGTTACAATCAGUGTTGACACCTCAAA
GAATCAGTTCAGTTTGAAATTGTCTAGCGTCACAGCAGCTGATAC
AGCCGTCTATTATTGTGTTTCTCTGGTCTATTGCGGTGGGGATTET
TACAGTGGCTTTGACTATTGGGGGCAGGGTACTCTGGTTACAGTT
TCTTCC (SEG ID NG 15)

Clone 24C1 HC AA (CDRs Underlined)

OVOLOESGPGLVEPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEW]
GY
IYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCVSL
VYCGGDCYSGFDYWGOQGTLVTVYSS (SEQ ID NO. 16)
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[0272]
[0273]
[0274]

[0275]

[0276]

0277
[0278]
[0279]

[0280]

Clone 24CT HC AA CBR]1: GGSISSY (SEQIDNO. 17)

Clone 24CT HC AACDR2: YYSGS (SEQID NQO. 18)

Clone 24C1 HC AA CDR3: LVYCGGDCYS GFDY (SEQ D NO. 19}

Clone 24C1H EC DNA
GACATCCAGTTGACACAGAGCCCGAGTTCCTTGTCCGCCTCCGTC
GOGGGATAGAGTGTCATTTACCTGTCAGGCCTCTCAGGATATTAAT
AACTTTCTGAATTGOGTATCAGCAAAAGCCCGGAAAGOGCACCCAAG
CTGTTGATTTACGACGCCAGTAACCTGGAGACAGGCGTGCCCTCC
CGGTTTAGTGOGTAGCGOAAGCGGTACGGATTTTACCTTTACTATC
AGCTCTCTCCAACCCOGAAGACATTGCAACCTACTATTGTCAACAA
TATGGAAACCTGCCTTTITACATTTGGCGGCGOCACCAAGOGTGGAG
ATTAAGCGG (SEQ ID NG, 20)

Clone 24C1 LC AA {(CDRs Underlined)

DIQLTQSPSSLSASYVGDRVSFTCQASODINNFLNWYQQKPGKAPKLLI
YDBASNLETGVPSRESGSGSGTDFTFTISSLOPEDIATYYCQOQYGNLPET
FGGGTKVEIKR (SEQ IDNO. 21

Clone 24C1 LC CDRI AA: QASQDINNFLN (SEQ ID NG, 22)

Clone 24CT LC CDR2 AA: DASNLET (SEQ ID NO. 23)

Clone 24C1H EC CDR3 AA: QQYGNLPFT (SEQ ID NO. 24)

Clone 24C1 CD28T CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTCCAACTGCAAGAAAGCGGACCC
GGACTGGTGAAGCCTTCTGAGACACTTAGTCTGACGTGCACGGTC
AGTGGCGGCTCCATCTCCTCCTATTATTGGTCATGGATACGACAA
CCCCCAGGTAAGGGCCTGGAATGGATTGGLTATATCTACTATTCA
GGAAGCACGAACTACAATCCCAGCCTGAAGTCCCGAGTGACAATT
TCAGTAGATACCAGTAAAAACCAGTTCAGTCTTAAACTGTCAAGC
GTGACAGCTGCCGACACCGCTGTGTATTACTGCGTCTCACTGETG
TATTGTGGAGGGGATTGTTATAGCGGGTTCGATTATTGGGGACAG
GGAACCCTGOGTGACTGTATCTTCCOGLGGCGGCOGCTCAGGGOGT
GGCGGTAGTGGCGGTGGOGGTTCCGATATTICAACTGACACAATCC
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[0281]

CCCAGCTCACTCAGCGCCAGCGTGGGGGACAGGGTTAGCTTTACC
TGTCAAGCCTCTCAGGATATAAATAACTTTCTGAACTGGTATCAA
CAGAAGCCTGGGAAGGCGCCCAAACTCCTGATCTATGATGCGTCC
AACCTGGAAACTGGCGTGCCTTCACGCTTTAGCGGCTCTGGCAGT
GGTACAGACTTCACTTTTACCATCTCTTCACTTCAGCCGGAGGACA
TCGCCACATATTACTGTCAACAGTACGGAAACTTGCCCTTTACTTT
TGGAGGCGGCACCAAAGTTGAAATCAAAAGGGCCGCTGCCCTGE
ATAACGAAAAGAGCAATGGGACTATAATACATGTTAAAGGAAAA
CACCTGTGTCCATCTCCCCTGTTCCCTGGACCGTCAAAGCCATTTT
GGGTGCTCGTGGTTGTCGGTGGCGTTCTCGCCTGTTATAGCTTGCT
GGTGACAGTAGCCTTCATTATCTTTTGGGTGAGATCCAAAAGAAG
CCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCC
TGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGA
TTTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGA
TGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCT
CAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCA
GAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAAC
CCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCT
GAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGG
AAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGA
AGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGGT
AA (SEQ ID NO. 25)

Clone 24C1 CD28T CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in bold)
MALPYVTALLLPLALLLHAARPOVOLQESGPGLVKPSETLSLTCTVS
GGSISSYYWSWIRQPPGKGLEWIGYIYYSGSTNYNPSLKSRVTISVDT
SKNQFSLKLSSVTAADTAVYYCVSLYYCGGDCYSGFDYWGOQGTLY
TVSSGGGGSGGGGRGGGGSDIQLTOQSPSSLEASVGDRVSFTCQASODI
NNFLNWYQOQKPGKAPKLEIYDASNLETGVPSREFSGSGSGTDFTFTISS
LOPEDIATYYCQOQYGNLPFTFGGGTKVEIKRAAALDNEKSNGTIIHY
KGKHLCPSPLFPGPSKPFWVELVYVOGVLACYSLLVTYAFIIFWVRSK
RSRLLHSDYMNMTPRRPGPTRKHY(QPYAPPRDFAAYRSRVKFSRSA
DAPAYQQGONQLYNELNLGRREEYDVEDKRRGRDPEMGGKPRRKN
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[0282]

POEGLYNELOKDKMAEBAYSEIGMKGERRRGK GHDGLYOQGLSTATK
DTYDA LHMQALPPR (SEQ ID NO. 26)

Clone 24C1 CD28T CD3 zeta CAR DNA Heavy & Light Chains
CAGGTCCAACTGCAAGAAAGCGOACCCGGACTOGGTGAAGCCTTICT
GAGACACTTAGTCTGACGTGCACGGTCAGTGGCGGCTCCATCTCC
TCCTATTATTGGTCATGGATACGACAACCCCCAGGTAAGGGCCTG
GAATGGATTGGCTATATCTACTATICAGGAAGCACGAACTACAAT
CCCAGCCTGAAGTCCCGAGTGACAATTTCAGTAGATACCAGTAAA
AACCAGTTCAGTCTTAAACTGTCAAGCGTGACAGCTGCCGACACC
GCTGTGTATTACTGCGTCTCACTGGTGTATTGTGGAGGGGATTGTT
ATAGCGGGTTCGATTATTGGGGACAGGGAACCCTGGTGACTGTAT
CTTCCGGCGGCGGCGGLTCAGGGGGTGGCGGTAGTGGCGGTGOE
GGTTCCGATATTCAACTGACACAATCCCCCAGCTCACTCAGCGCC
AGCGTGGGGGACAGGGTTAGCTTTACCTGTCAAGCCTCTCAGGAT
ATAAATAACTTTCTGAACTGGTATCAACAGAAGCCTGGGAAGGCG
CCCAAACTCCTGATCTATGATGCGTCCAACCTGGAAACTGGCGTG
CCTTCACGCTTTAGCGGUTCTGGCAGTGGTACAGACTTCACTTTTA
CCATCTCTTCACTTCAGCCGGAGGACATCGCCACATATTACTGTCA
ACAGTACGGAAACTTGCCCTTTACTTTTIGOAGGCGGCACCAAAGT
TGAAATCAAAAGGGCCGUTGCCCTGGATAACGAAAAGAGCAATG
GGACTATAATACATGTTAAAGGAAAACACCTGTGTCCATCTCCCC
TGTTCCCTGGACCGTICAAAGCCATTITTIGGOGTGCTCGTGGTTGTCGE
TGGCGTTCTCGCCTGTTATAGCTTGCTGGTGACAGTAGCCTTICATT
ATCTTTTGGGTGAGATCCAAAAGAAGCCGLCTGCTCCATAGCGAT
TACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGGAAACAC
TACCAGUCTTACGCACCACCTAGAGATTTCGCTGUCTATCGGAGC
AGGGTGAAGTTTTICCAGATCTGCAGATGCACCAGCGTATCAGCAG
GGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGGA
AGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGA
TGGOGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCTCTAT
AATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTCTGAAAT
AGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACGACGGT
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[6283]

[6284]

TTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCT
CTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 27)

Clone 24C1 CD28T CD3 zeta CAR AA Heavy & Light Chains
QVOQLOESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEW]
GYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC
VSLVYCGGDCYSGFDYWGQGTLVTVSSGGGGSGGGGSGGGESDIN
LTQSPSSLSASVGDRVSFTCOASQDINNFLNWYQQKPGKAPKLLIYD
ASNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCOQQYGNLPFTFG
GGTKVEIKRAAALDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVLY
VVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRK
HYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR (SEQ ID NO.
28}

Clone 24C1 CD28 CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTGCAGCTGCAGGAATCCGGACCG
GGGCTGGTGAAGCCCAGCGAGACTCTGAGTCTCACGTGTACAGTT
TCTGGAGGTAGCATTAGCTCCTACTATTGGTCATGGATAAGGCAG
CCCCCCGGGAAGGGATTGGAATGGATCGGCTATATTTACTACAGT
GOGGAGCACCAATTACAACCCCTCACTGAAGTCTAGAGTTACAATC
AGCGTTGACACCTCAAAGAATCAGTTCAGTTTGAAATTGTCTAGC
GTCACAGCAGCTGATACAGCCGTCTATTATTGTGTTTCTCTGGTCT
ATTGCGGTGGOGGATTGTTACAGTGGCTTTGACTATTIGGGGGCAGG
GTACTCTGOTTACAGTTTCTTCCGGGGGOGGAGGUTCTOGOGGCG
GAGGCTCAGGTGGTGGAGGCAGCGACATCCAGTTGACACAGAGC
CCGAGTTCCTTGTCCGCCTCCGTCGGGGATAGAGTGTCATTITACCT
GTCAGGCCTCTCAGGATATTAATAACTTTCTGAATTGGTATCAGC
AAAAGCCCGGAAAGGCACCCAAGCTGTTGATTTACGACGCCAGT
AACCTGGAGACAGGCGTGCCCTCCCGGTTTAGTGGTAGCGGAAGC
GGTACGGATTTTACCTTITACTATCAGCTCTCTCCAACCCGAAGACA
TTGCAACCTACTATTGTCAACAATATGGAAACCTGCCTTTTACATT
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[0285]

[6286]

TGOGCGGCGGCACCAAGGTGOAGATTAAGCGGGUGGCAGCTATTG
AGGTCGATOTATCCACCGCCTTACCTOGGATAACGAAAAGAGTAACG
GTACCATCATTCACGTGAAAGGTAAACACCTOTGTCCTTICTCCCCT
CTTCCCCGGGUCCATCAAAGCCCTTICTOGOGTTCTTGTGOTCGTGGGA
GOCGTGCTTGCTTGTTATTCTCTOCTCGTTACCGTGGUOTTTATCA
TTTTTTGGGTTAGATCCAAAAGAAGCCOCCTGUTCCATAGCGATT
ACATGAATATGACTCCACGCCGUCCTGGCCCCACAAGGAAACACT
ACCAGCCTTACGCACCACCTAGAGATTTCGCTGUCCTATCGGAGCA
GOGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAGG
GCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGGAA
GAGTATGACGTTTTGOGACAAGCGCAGAGGACGGGACCCTGAGAT
GGOTGGCAAACCAAGACGAAAAAACCCCCAGGAGGOTCTCTATA
ATGAGCTGCAGAAGGATAAGATGGUTGAAGCCTATTCTGAAATA
GGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACGACGETT
TGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCTC
TCCACATGCAAGCCCTGCCACCTAGGTAA (SEQID NO. 29)

Clone 24C1 CD28 CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPYTALLLPLALLLHAARPOVQLOESGPGLVKPSETLSLTCTVS
GGSISSYYWSWIRQPPGKGLEWIGYIYYSGSTNYNPSLKSRVTISVDT
SKNQFSLKLSSVTAADTAVYYCVSLVYCGGDCYSGFDYWGQGTLY
TVSSGGGGSGGOGSGOGGSDIQLTOSPSSLSASVGDRVSFTCQASQDI
NNFLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTFTISS
LOPEDIATYYCQQYGNLPFTFGGOTRVEIKRAAAIEVMYPPPYLDNE
KSNGTHHVKGKHLCPSPLFPGPSKPFWVEVVVGGVLACYSLLVTVA
FIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYOQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEM
GGKPRRKNPOQEGLYNELQKDKMAEAY SEIGMEKGERRRGKGHDGLY
QGLSTATKDTYDALHMQALPPR (SEQ ID NO. 30)

Clone 24C1 CD28 CD3 zeta CAR DNA Heavy & Licht Chains
CAGGTGCAGCTGCAGGAATCCGGACCGGGGCTGOTGAAGCCCAG
CGAGACTCTGAGTCTCACGTGTACAGTTTCTGGAGGTAGCATTAG
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CTCCTACTATTGGTCATGOGATAAGGUCAGCCCCCOGGGAAGGGATT
GGAATGGATCOGGCTATATTTACTACAGTGGGAGCACCAATTACAA
CCCCTCACTOAAGTCTAGAGTTACAATCAGCGTTGACACCTCAAA
GAATCAGTTCAGTTTGAAATTGTCTAGUCGTCACAGCAGCTGATAL
AGCCOGTCTATTATTGTOTTTCTCTGOGTCTATTGCGOTGGGGATTCT
TACAGTGGUCTTTGACTATTGGGGGCAGGOTACTCTGGTTACAGTT
TCTTCCGGGOGOGOGAGGCTCTGOGGGCGGAGGUTCAGGTGOGTGE
AGGCAGCGACATCCAGTTGACACAGAGCCCGAGTTCCTTGTCCGE
CTCCOGTCOGOGGATAGAGTGTCATTTACCTGTCAGGCCTCTCAGGA
TATTAATAACTTTCTGAATTGGTATCAGCAAAAGCCCGGAAAGGC
ACCCAAGCTGTTGATTTACGACGCCAGTAACCTGGAGACAGGCOT
GCCCTCCCGOTTTAGTGOTAGCGGAAGCGOTACGGATTTTACCTT
TACTATCAGCTCTCTCCAACCCGAAGACATTGUAACCTACTATTGT
CAACAATATGGAAACCTGCCTTTTACATTITGOGCGGUGGCACCAAG
GTOGGAGATTAAGCGGGCGGCAGUTATTGAGGTGATGTATCCACCG
CCTTACCTGOATAACGAAAAGAGTAACGGTACCATCATTCACGTG
AAAGGTAAACACCTOTGTCCTTCTCCCCTCTTCCCCGGGUCATCAA
AGCCCTTCTGOOTTCTTGTOGGTCOGTGGGAGGCOGTGCTTGCTTGTTA
TTCTCTGCTCOTTACCOGTGGCGTTTATCATTTTTTGGGTTAGATCC
AAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCA
CGUCGCCCTOGUCCCACAAGGAAACACTACCAGCCTTACGCACCA
CCTAGAGATTTCGCTGCCTATCGGAGCAGGOTGAAGTTTTCCAGA
TCTGCAGATGCACCAGCOGTATCAGCAGGGUCAGAACCAACTOTAT
AACGAGCTCAACCTGGOACGCAGGGAAGAGTATGACGTTTTGGA
CAAGCGCAGAGGACGGGACCCTOAGATOGOTGGCAAACCAAGAC
GAAAAAACCCCCAGGAGOGGTCTCTATAATGAGCTGCAGAAGGAT
AAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCG
GAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAGCA
CTGCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGO
CACCTAGG (SEQIDNG. 3D

Clone 24C1 CD2R CD3 zeta CAR AA Heavv & Light Chains

QVOQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEW!
GYIYYSGSTNYNPSLESRVTISVDTSKNQESLKLSSVTAADTAVYYC
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VSLVYCGGDCYSGFDYWGQGTLYTVSSGGGGSGGGGSGGGGSDIO
LTQSPSSLSASVGDRVSFTCQASGDINNFLNW YQQKPGKAPKLLIYD
ASNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQQYGNLPFTFG
GGTKVEIKRAAAIEVMYPPPYLDNEK SNGTIIHVK GKHLCPSPLFPGP
SKPFWVLVVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYMNMT
PRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMGQALPPR (SEQ ID NO. 32)

Clone 24C1 CDS8 CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTGCAATTGCAAGAGTCCGGCCCCG
GACTCGTTAAACCCAGTGAGACGCTTAGCCTGACCTGTACCGTCT
CAGGGGGCAGCATCTCCTCTTATTACTGGAGCTGGATCAGGCAGE
CTCCAGGAAAAGGCCTTGAATGGATTGGOGTACATCTACTACTCTG
GCTCAACAAATTATAATCCATCCCTGAAGTCCCGCGTGACTATCT
CTGTGGACACCAGCAAGAATCAGTTTTICACTGAAGTTGTICTAGTG
TTACCGCGGCCGACACCGLCGTATACTACTGTGTGTCTCTTGTGTA
CTGTGGCGGCGACTGCTATTCCGGGTTCGACTACTGGOGGCCAAGE
GACTCTGGTAACCGTGTCCTCAGGCGOCGGCGGGTCAGGAGGAG
GCGGCAGTGGAGGTGGCGGCTCCGACATCCAGCTGACACAATCA
CCATCTTCCCTTTCAGCTTICAGTCGGGGACAGAGTGTICCTTICACAT
GCCAGGCCAGCCAGGATATCAATAACTTCCTGAACTGGTACCAAC
AGAAACCCGGAAAGGCTCCAAAGCTCCTGATCTATGATGCTTCCA
ACCTGGAGACCGGCGTGCCCTICCAGOGTTCAGTGGTICAGGATCAG
GCACTGACTTTACGTTCACCATATCCAGTCTTCAGCCCGAAGACA
TTGCAACCTATTACTGCCAACAATACGGGAACCTTCCCTTTACATT
CGGAGGCGGCACCAAGGTGGAAATCAAAAGGGCTGCAGCATTGA
GCAACTCAATAATGTATTTTAGTCACTTITGTACCAGTGTTICTTGCC
GGCTAAGCCTACTACCACACCCGCTCCACGGCCACCTACCCCAGC
TCCTACCATCGUTTCACAGCCTCTGTCCCTGUCGCCCAGAGHCTTGO
CGACCGGCCGCAGGGGGCGCTGTTCATACCAGAGGACTGGATTTC
GCCTGCOGATATCTATATCTGGGCACCCCTGOCCGGAACCTGCGGO
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GTACTCCTGOTGTCCCTGOTCATCACGCTCTATTGTAATCACAGGA
ACAGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATA
TCGACTCCACGCCGCCCTGOGCCUCCACAAGGAAACACTACCAGCCTT
ACGCACCACCTAGAGATTTCGCTGUCCTATCOGGAGCAGGGTGAAGT
TTTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACT
AACTGTATAACGAGCTCAACCTGGGACGUCAGGGAAGAGTATGAC
GTTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGGGTGGCAA
ACCAAGACGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGE
AGAAGGATAAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAA
GOAGAGUGGAGAAGGOGGAAAAGGOGCACGACGOGTTTGTACCAGGG
ACTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCA
AGCCCTGCCACCTAGGTAA (SEQ ID NO. 33)

Clone 24C1 CD8 CD3 zeta CAR AA Heavy & Lichi Chains

{Signal peptide in beold)
MALPVTALLEPLALLLHAARPOQVQLOESGPGLVKPSETLSLTCTVS
GGSISSYYWSWIRGPPGKGLEWIGYIYYSGSTNYNPSLKSRVTISVDT
SKNQFSLKLSSVTAADTAVYYCVSLVYCGGDCYSGFDYWGQGTLY
TYSSGGGGSGGGGSGGGGSDIGLTOSPSSLSASVGDRVSFTCQASQDI
NNFLNWYQOQKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTETISS
LOQPEDIATYYCQQYOGNLPFTFGGOGTRVEIKRAAALSNSIMYFSHFVPRY
FLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQEGLYNELQKDKM
ABAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NO. 34)

Clone 24C1 CDB CB3 zeta CAR DNA Heavy & Light Chains

CAGGTGCAATTGCAAGAGTCCGGCCCOGGACTCGTTAAACCCAGT
GAGACGCTTAGCCTGACCTGTACCGTCTCAGGGGGCAGCATCTCC
TCTTATTACTGGAGCTGGATCAGGCAGCCTCCAGGAAAAGGCCTT
GAATGGATTGGGTACATCTACTACTCTGGCTCAACAAATTATAAT
CCATCCCTGAAGTCCCGUGTGACTATCTCTGTGGACACCAGCAAG
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AATCAGTTTTCACTGAAGTTGTCTAGTGTTACCGCGGCCGACACT
GCCGTATACTACTGTGTGTCTCTTGTGTACTGTGGCGGCGACTGCT
ATTCCGGGTTCGACTACTGGGGCCAAGGGACTCTGGTAACCGTGT
CCTCAGGCGGCGGCGGGTCAGGAGGAGGCGGCAGTGGAGGTGGC
GGCTCCGACATCCAGCTGACACAATCACCATCTTCCCTTTCAGCTT
CAGTCGGGGACAGAGTGTCCTTCACATGCCAGGCCAGCCAGGATA
TCAATAACTTCCTGAACTGGTACCAACAGAAACCCGGAAAGGCTC
CAAAGCTCCTGATCTATGATGCTTCCAACCTGGAGACCGGCGTGE
CCTCCAGGTTCAGTGGTTCAGGATCAGGCACTGACTTTACGTTCA
CCATATCCAGTCTICAGCCCGAAGACATTGCAACCTATTACTGCC
AACAATACGGGAACCTTCCCTTTACATTCGGAGGCGGCACCAAGG
TGGAAATCAAAAGGGCTGCAGCATTGAGCAACTCAATAATGTATT
TTAGTCACTTTGTACCAGTGTTCTTGCCGGCTAAGCCTACTACCAC
ACCCGCTCCACGGCCACCTACCCCAGCTCCTACCATCGCTTCACA
GCCTCTGTCCCTGCGCCCAGAGGCTTGCCGACCGGCCGCAGGGGG
CGCTGTTCATACCAGAGGACTGGATTTCGCCTGCGATATCTATATC
TGGGCACCCCTGGCCGGAACCTGCGGCGTACTCCTGCTGTCCCTG
GTCATCACGCTCTATTGTAATCACAGGAACAGATCCAAAAGAAGC
CGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCCT
GGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGAT
TTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGAT
GCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCT
CAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCA
GAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAAC
CCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCT
GAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGG
AAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGA
AGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG
(SEQ ID NO. 35)

Clone 24C1 CD8 CD3 zeta CAR AA Heavy & Light Chains

OVOLOESGPGLVEKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEW]
GYIYYSGSTNYNPSLEKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC
VSLVYCGGDOYSGEFDYWGQGTLVTVSSGGGGSGHGESGGHGESDIQ
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LTOSPSSLSASVGDRVSFTCOASQDINNFLNWYQOQKPGKAPKLLIYD
ASNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCOQQYGNLPFTFG
GGTKVEIKRAAALSNSIMYFSHFVPVEFLPAKPTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVI
TLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYOQPYAPPRDFAA
YRSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPOEGLYNELQEKDEMAEAYSEIGMKGERRRGKGHDG
LYQGLSTATK DTYDALHMQALPPR (SEQ ID NO. 36)

Clone 24C1 CD28T C3 zeta CAR BNA Heavy & Light Chains

ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCOGATATCCAGCTCACGCAATCCCCCTCAA
GCTTGAGTGCCTCCGTGGGCGACCGGGTGTCCTTCACATGTCAGG
CAAGCCAAGACATAAATAATTTCCTGAATTGGTACCAACAAAAAC
CCGGCAAGGCTCCCAAACTCCTGATTTATGATGCCTCCAATCTGG
AGACCGGGGTCCCTTCTAGATTCAGCGGAAGTGGCAGCGGCACA
GACTTTACATTTACTATCTCTTICTCTGCAACCAGAGGACATCGCCA
CATACTATTGCCAGCAATACGGCAATCTGCCCTTCACCTTCGGAG
GCGGAACCAAGGTAGAAATTAAAAGGGGCGOTGGAGGCTCCGGA
GGGGGGGGCTCTGGCGGAGGGGGCTCCCAAGTACAATTGCAGGA
GTCAGGGCCTGGACTCOTGAAGCCTTCAGAAACTTTGTCACTGAC
ATGTACAGTGTCCGGCGGAAGCATTTCCAGTTACTATTGGTCCTG
GATTAGACAGCCACCCGGUAAAGGACTGGAATGGATTGGATATA
TCTACTACTCTGGATCTACAAACTATAATCCCAGCCTCAAATCCA
GGGTCACTATTAGTGTGGATACATCAAAGAATCAGTTCTCCTTGA
AGCTGAGCTCAGTCACTGCTGCCGACACCGCAGTGTACTATTIGTG
TGAGCCTGGTCTACTGCGGCGGAGATTGCTACAGCGGTTTCGATT
ACTGGGGCCAGGGCACCCTGGTTACCGTTAGTTCCGCGGCTGUTC
TTGATAACGAGAAGTCCAACGGTACGATTATCCACGTTAAGGGTA
AGCACCTTTGCCCTAGCCCGCTGTTCCCAGGCCCCAGTAAGCCCTT
TTGGGTCCTCGTTGTGGTAGGTGGGGTACTCGCCTGCTACTCCCTG
CTCGTCACTGTCGCATTCATCATCTTCTGGGTCAGATCCAAAAGA
AGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGC
CCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGA
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GATTTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCA
GATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGA
GCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGC
GCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAA
AACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGAT
GGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAA
GGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCT
ACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCT
AGGTAA (SEQ ID NO. 37)

Clone 24C1 CD28T CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPDIQLTQSPSSLSASVGDRVSFTCQAS
ODINNFENWYQOQKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDETFE
TISSLOPEDIATY YCQQYGNLPFTFGGGTRKVEIKRGGGGSGGGGSGE
GGSQVOLOESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRGPPGKGL
EWIGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVY
YCOVSLVYCGGDCYSGFDYWGQGTLVTVSSAAALDNEK SNGTIHHVK
GKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRS
RLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADA
PAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKINP(
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDA LHMOQALPPR (SEQ ID NO. 38)

Clone 24C1 CD2RT Ch3 zeta CAR DNA Heavy & Light Chains

GATATCCAGCTCACGCAATCCCCCTCAAGCTTGAGTGCCTCCGTO
GGCGACCGGOTGTCCTTCACATOTCAGGUAAGUCCAAGACATAAAT
AATTTCCTGAATTGOTACCAACAAAAACCCGGCAAGGCTCCCAAA
CTCCTGATTTATGATGCCTCCAATCTGOGAGACCGGGOTCCCTTCTA
GATTCAGCGGAAGTGGCAGCGGCACAGACTTTACATTITACTATCT
CTTCTCTGCAACCAGAGGACATCGCCACATACTATTIGCCAGCAAT
ACGOGCAATCTGCCCTTCACCTTCGGAGGCGOAACCAAGGTAGAAA
TTAAAAGGGGCGGTGGAGGCTCCGGAGGOGLGHGCTCTOGLGGA
GGGGGUTCCCAAGTACAATTGCAGGAGTCAGGGUCTGGACTCGTG
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AAGCCTTCAGAAACTTTGTCACTGACATOTACAGTGTCCGGCGHGA
AGCATTTCCAGTTACTATTGGTCCTGGATTAGACAGCCACCCGGC
AAAGGACTGGAATOGGATTGGATATATCTACTACTCTGGATCTACA
AACTATAATCCCAGCCTCAAATCCAGGGTCACTATTAGTGTGGAT
ACATCAAAGAATCAGTTCTCCTTGAAGCTGAGCTCAGTCACTGCT
GCCGACACCGCAGTGTACTATTGTGTGAGCCTGGTCTACTGCGGL
GGAGATTGCTACAGCGGTTTCGATTACTGGGGCCAGGGCACCOTG
GTTACCGTTAGTTCCGUCGGUTGCTCTTGATAACGAGAAGTCCAAC
GOTACGATTATCCACGTTAAGGGTAAGCACCTTTGCCCTAGCCCG
CTGTTCCCAGGUCCCAGTAAGCCOTTTTGOGGTCCTCGTTGTGOTAG
GTGGGGTACTCGCCTGCTACTCCCTGCTCGTCACTGTCGCATTICAT
CATCTTCTGOGTCAGATCCAAAAGAAGCCGCCTGUTCCATAGCGA
TTACATGAATATGACTCCACGUCCGUCCTGGUCCCACAAGGAAACA
CTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATCGGAG
CAGOGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCA
GGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGG
AAGAGTATGACGTTTTOGGACAAGCGCAGAGGACGGGACCCTGAG
ATGGOTGGCAAACCAAGACGAAAAAACCCCCAGGAGGOGTCTCTA
TAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTCTGAAAT
AGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGOGGCACGACGGT
TTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCT
CTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 39)

Clone 24C1T CD28T CD3 zeta CAR AA Heavy & Light Chains
DIQLTQSPSSLSASVGDRVSFTCQASGDINNFLNWY QOKPGKAPKLLT
YDASNLETGVPSRFESGSGSGTDFTFTISSLOPEDIATYYCOQQYGNLPET
FGGOTKVEIKRGGGGSGGGGSGGGGSQVOLOESGPGLVKPSETLSLT
CTVSGGSISSYYWSWIRQPPGKGLEWIGYIYYSGSTNYNPSLKSRVTI
SYDTSKNQFSLKLSSVTAADTAVYYCVSLVYCGGDCY SGFDY WG
GTLVTVSSAAALDNEKSNGTIHHVEGKHLCPSPLFPGPSKPFWVLVY
VGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKH
YOPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREE
YDBVLEDKRRGRDPEMGGKPRRKNPOQEGLYNELQKDKMAEAYSEIGM
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KGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR (SEQ ID NO.
40)

Clone 24C1 CD28 CD3 zeta CAR DNA AA Heavy & Lioht Chains

ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGUCCGOATATCCAGCTGACCCAGTCTCCATCCT
CTTTGAGTGCCTCCOGTGGOGTGACCGUGTCTCTTTCACTTGUCAAGT
CAGCCAAGACATCAACAACTTTCTGAATTOGGTACCAGCAGAAACC
AGGCAAAGCACCAAAGCTCCTCATCTACGACGCCTCCAACCTGGA
AACCGOGOTGUCCAGCAGGTTTAGCGGGAGCGOGTTCTGGCACGG
ATTTTACGTTCACCATCTCCTCTCTGCAGCCCGAGGATATAGCTAC
TTATTACTOTCAGCAGTACGGGAATCTGCCATTTACTTTTGGGGOT
GGAACTAAGGTGGAAATCAAAAGGGOGCGGCGGGGGAAGCOGOG
GCGGGGGCTCAGGTGGUCGGAGGGAGCCAGGTGCAACTCCAGGAA
AGTGGUCCAGGATTGGTOGAAGUCCCAGCGAGACCCTTTCCCTTACT
TGTACTGTTAGCGOAGGCAGCATAAGCAGCTACTATTGGTCCTGG
ATCAGACAGUCCACCAGGGAAAGGGCTTGAATGGATTGOGCTACATT
TACTATTCCGGOGTCCACCAACTACAACCCATCCCTCAAGTCCCGLC
GTGACAATTTCCGTCGACACAAGCAAGAACCAGTTCTCCCTGAAA
CTTAGTAGCGTCACTGCTGCAGATACAGCAGTGTACTATTGTGTC
AGCCTTGTCTACTGTGGUGGUGACTGUTACAGTGGUTTTGATTACT
GGGGACAGGOGCACGCTCGTGACAGTGTCCAGCGCTGCGOGCTATCG
AGOGTAATGTATCCGUCACCOGTATCTGOACAACGAGAAGTCTAATG
GOACAATCATTCACOGTGAAGGOGGAAGCACCTGTGTCCATCCCCCC
TGTTTCCGOGOTCCCAGTAAACCCTTCTGGOTGCTTGTTGTCGTTGE
COGOGGTGCTGGCCTGUTATTCCCTGCTGGTGACCOGTCGUGTTTATT
ATTTTCTGGOGTTAGATCCAAAAGAAGCCGCCTGCTCCATAGCGAT
TACATGAATATGACTCCACGUCCGLCCTGOCCCCACAAGGAAACAL
TACCAGCCTTACGCACCACCTAGAGATTTCGUTGCCTATCGGAGC
AGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAG
GGCCAGAACCAACTOGTATAACGAGCTCAACCTGOGGACGCAGGGA
AGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGA
TGGOGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCTCTAT
AATGAGUTGCAGAAGGATAAGATGGUTGAAGUCTATTCTGAAAT
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AGGCATGAAAGGAGAGCOGGAGAAGGGGAAAAGGGCACGACGGT
TTIGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCT
CTCCACATGCAAGCCCTGCCACCTAGGTAA (SEQIDNO 41

Clone 24C1 CD28 CD3 zeta CAR AA Heavv & Light Chaing

{Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPDIOLTQSPSSLSASVGDRVSFTCQAS
ODINNFENWYQQKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTF
TISSLOPEDIATYYCQQYGNLPFTFGGGTKVEIKRGGGGSGGGGSGE
GGSQVOQLOESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGL
EWIGYIYYSGSTNYNPSLEKSRVTISVDTSKNQFSLKLSSVTAADTAVY
YCVSLVYVYCGGDCYSGFDYWGQOQGTLVTVSSAAAIEVMYPPPYLDNEK
SNGTIHVKGKHLCPSPLFPGPSKPFWVLEVVVGGVLACYSLLVTVAFT
FWVRSKRSRLLHSDYMNMTPRRPGPTREKHYQPYAPPRDFAAYRSR
VKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMG
GEKPRREKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY(Q
GLSTATKDTYDALHMQALPPR (SEQ ID NO. 42)

Clone 24C1 CD28 CD3 zeta CAR DNA Heavy & Light Chains
GATATCCAGCTGACCCAGTCTCCATCCTICTTTGAGTGCCTCCGTGG
GTGACCGCGTCTCTTTCACTTGCCAAGCCAGCCAAGACATCAACA
ACTTTCTGAATTGGTACCAGCAGAAACCAGGCAAAGCACCAAAG
CTCCTCATCTACGACGCCTCCAACCTGGAAACCGGOGTGCCCAGT
AGGTTTAGCGGGAGCGGTTCTGGCACGGATTTTACGTTCACCATC
TCCTCTCTGCAGCCCGAGGATATAGCTACTTATTACTGTCAGCAGT
ACGGGAATCTGCCATTTACTTITTGGGGGTGGAACTAAGGTGGAAA
TCAAAAGGGGCGGLOGHGGAAGCGOGGGLGGHGGCTCAGGTGGO
GGAGGGAGCCAGGTGCAACTCCAGGAAAGTGGCCCAGGATTGGT
GAAGCCCAGCGAGACCCTTTICCCTTACTTGTACTGTTAGCGGAGG
CAGCATAAGCAGCTACTATTGGTCCTGGATCAGACAGCCACCAGG
GAAAGGGCTTGAATGGATTGGCTACATTTACTATICCGGGTCCALC
CAACTACAACCCATCCCTCAAGTCCCGCGTGACAATTTCCGTCGA
CACAAGCAAGAACCAGTTCTCCCTGAAACTTAGTAGCGTCACTGC
TGCAGATACAGCAGTGTACTATTGTGTCAGCCTTGTCTACTGTGGC
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GGCGACTGCTACAGTGGCTTTGATTACTGGGGACAGGGCACGCTC
GTGACAGTGTCCAGCGCTGCGGCTATCGAGGTAATGTATCCGCCA
CCGTATCTGGACAACGAGAAGTCTAATGGGACAATCATTCACGTG
AAGGGGAAGCACCTGTGTCCATCCCCCCTGTTTCCGGGTCCCAGT
AAACCCTTCTGGGTGCTTGTTGTCGTIGGCGGGGTGCTGGCCTGLT
ATTCCCTGCTGGTGACCGTCGCGTTTATTATTTTCTGGGTTAGATC
CAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCC
ACGCCGUCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACC
ACCTAGAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTTITTCCAG
ATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTA
TAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTITIGG
ACAAGCGCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAGA
CGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGA
TAAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGC
GGAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAGC
ACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTG
CCACCTAGG (SEQ ID NO. 43)

Clone 24C1 CD28 CD3 zeta CAR AA Heavy & Light Chains
DIGLTOSPSSLSASVGDRVSFTCQASQDINNFLNWYQOKPGKAPKLLIE
YBASNLETGVYPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOQYGNLPFT
FGGGTKVEIKRGGGGSGGGGSGGGGSQVOLOESGPGLVEKPSETLSLT
CTVSGGSISSYYWSWIROQPPGKGLEWIGYIYYSGSTNYNPSLKSRVTE
SVDTSKNOQFSLKLSSVTAADTAVYYCVSLVYCGGDCYSGFDYWG(Q
GTLVTVSSAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLEPGPS
KPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHASDYMNMTP
RRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQQGOQNQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSEIGMKGERRRGEGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NG 44)

Clone 24C1 CDE8 CD3 zeta CAR DNA Heavy & Licht Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGUCGCACGCLCCGGACATTCAATTGACCCAGTCCCCTAGCA
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GTCTCTCAGCAAGTGTOGGOAGATAGGGTGTCATTCACCTGTCAGG
CTTCACAGGACATCAACAACTTCCTCAATTGGTATCAGCAGAAGC
CAGGGAAGGCACCAAAGCTGUTCATATATOGACGUTTCAAACCTTG
AAACCOGGAGTACCTAGCCGCTTCAGCGGAAGUGGATCAGGGACT
s GACTTCACTTTTACCATCTCTTCACTGCAGCCCGAAGACATCGCCA
CATACTACTGCCAGCAGTACGGAAACTTGCCTTTTACATTTGGGG
GCGGCACCAAAGTGGAGATTAAGCGAGGGGGAGGCGGUTCAGGA
GGCGGTGGCTCCGOAGGUGGOOGOTTCCCAGOGTCCAGCTCCAGGA
ATCCOGCCCAGGTCTGOTTAAGCCCAGTGAAACTTTGTCCCTCALC
10 GTOTACTGTGAGCGOTGGTTCAATCTCCTCATACTATTIGGTCTTGG
ATACGGCAACCTCCTGOAAAGGGCCTCGAGTGGATCGGCTATATC
TACTATAGTGGCTCCACTAATTACAACCCTTCCCTCAAGTCCAGA
GTCACCATTTCCGTOGGACACATCTAAGAACCAGTTCAGTCTGAAG
TTGTCCAGCGTTACAGCCGCAGACACAGCCGTTTATTACTGTGTOT
15 CICTTGTTTACTGCGOGOGAGACTGTTATAGCGGCTTCGATTACTG
GGGCCAGGGCACCTTGOTCACAGTCTCTTCCGCGGCCGCCCTCTC
TAACAGTATTATGTACTTTTCTCATTTTGTACCCGTGTTCCTTCCCG
CTAAGCCAACTACTACCCCGGUCCCACGGCCGCCTACCCCTGCAC
CCACAATAGCCAGTCAGCCTTTGAGCCTGAGACCTGAGGCTTGTC
20 GGCCOGCTGCTGGGGOTGCAGTGCACACACGAGGTCTTGATTITTG
CTTGCGACATATACATCTGOGGLCCCTCTGOGCCGGGACCTOGTGGGE
TGCTGCTTCTGAGCTTGGTCATCACGCTCTATTGCAACCATCGCAA
CAGATCCAAAAGAAGCCGCCTGUTCCATAGCGATTACATGAATAT
GACTCCACGCCGCCCTGOCCCCACAAGGAAACACTACCAGCCTTA
253 CGCACCACCTAGAGATTTCGCTGCCTATCGGAGCAGGOGTGAAGTT
TTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCA
ACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACG
TTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGOGGTGGCAAA
CCAAGACGAAAAAACCCCCAGOGAGGGTCTCTATAATGAGCTGCA
30 GAAGGATAAGATGGUTGAAGCCTATTCTGAAATAGGCATGAAAG
GAGAGCGGAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGA
CTCAGCACTGUTACGAAGGATACTTATGACGUTCTCCACATGCAA
GCCCTGCCACCTAGGTAA (SEQ ID NO. 45)
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[0301]

[0302]

Clone 24C1 CD8 CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPDIQLTQSPSSLSASVGDRVSFTCQAS
ODINNFENWYQOKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDETF
TISSLOPEDIATYYCQQYGNLPFTFGGGTRVEIKRGGGGSGGGGSG6
GGSQVOLOESGPGLVKPSETLSLTCTYSGGSISSY YWSWIRQPPGKGL
EWIGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLEKLSSVTAADTAVY
YCVSLVYCGGDCYSGFDYWGQGTLVTVSSAAALSNSIMYFSHEFVPY
FLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGOQNGQLYN
ELNLGRREEYDVLDKRRGRDPEMGGRKPRRKNPOQEGLYNELQKDKM
ABEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NG 46)

Clone 24C1 CD8 CD3 zeta CAR DNA Heavy & Light Chaing
GACATTCAATTGACCCAGTCCCCTAGCAGTCTCTCAGCAAGTGTG
GGAGATAGGOGTGTCATTCACCTGTCAGGCTTCACAGGACATCAALC
AACTTCCTCAATTGGTATCAGCAGAAGCCAGGGAAGGCACCAAA
GCTGCTCATATATGACGCTTCAAACCTTGAAACCGGAGTACCTAG
CCOCTTCAGCGOAAGCGGATCAGGGACTGACTTCACTTTTACCAT
CTCTTCACTGCAGCCCGAAGACATCGCCACATACTACTGCCAGCA
GTACGGAAACTTGCCTTTTACATTITGGGGGUCGGCACCAAAGTGGA
GATTAAGCGAGGGGGAGGCGGCTCAGGAGGCGGTGGCTCCGGAG
GCGGGOGTTCCCAGGTCCAGCTCCAGGAATCCOGGCCCAGGTCTGE
TTAAGCCCAGTGAAACTTTGTCCCTCACGTGTACTGTGAGCGGTG
GTTCAATCTCCTCATACTATTGGTCTTGGATACGGCAACCTCCTGG
AAAGGGCCTCGAGTGGATCGGCTATATCTACTATAGTGGCTCCAC
TAATTACAACCCTTCCCTCAAGTCCAGAGTCACCATTTICCGTGGAC
ACATCTAAGAACCAGTTCAGTCTGAAGTTGTCCAGCGTTACAGCC
GCAGACACAGCCGTTTATTACTGTGTGTCTCTTGTTTACTGCGGGG
GAGACTGTTATAGCGGUTTCGATTACTGGOGCCAGGGCACCTTGG
TCACAGTCTCTTCCGUGGCCGCCCTCTCTAACAGTATTATGTACTT
TTCTCATTTTGTACCCGTOGTTCCTTCCCGCTAAGCCAACTACTACC
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[0303]

[0304]

CCGGCOCCCACGGCCGCCTACCOCTGCACCCACAATAGCCAGTCAG
CCTTTGAGCCTGAGACCTGAGGCTTGTCGGCCGGCTGCTGGGGGT
GCAGTGCACACACGAGGTCTTGATTTTGCTTGCGACATATACATC
TGGGCCCCTCTGGCCGGGACCTGTGGGGTGCTGCTTICTGAGCTTG
GTCATCACGCTCTATTGCAACCATCGCAACAGATCCAAAAGAAGC
CGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCCT
GGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGAT
TTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGAT
GCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCT
CAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCA
GAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAAC
CCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCT
GAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGG
AAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGA
AGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG
(SEQ ID NO. 47)

Clone 24C1 CDB CB3 zeta CAR AA Heavy & Light Chaing
DIGLTOQSPSSLSASVGDRVSFTCQASQDINNFLNWYQOQKPGKAPKLLE
YDASNLETGVPSRFSGSGSGTDFTFTISSLOPEDRDIATYYCQOYGNLPFT
FOGGTRVEIKRGGOGSGOGGGSGGOGSOVQLOESGPGLVKPSETLSLT
CTVSGGSISSYYWSWIRGPPGKGLEWIGYIYYSGSTNYNPSLKSRVTI
SVOTSKNOQFSLKLSSVTADTAVYYCVSLVYCGGDCY SGFDYWGQGT
LYTVSSAAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLS
ERPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY
CNHRNRSKRSRLEHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQOGONOQLYNELNLGREEYDVLDKRRGRDPEMG
GKPRREKNPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLY ()
GLSTATK DTYDALHMOA LPPR (SEQ ID NO. 48)

Clone 24C8 Heavy Chain (HC) DNA

CAGGTACAGCTGCAGGAATCTGGGCCCGGACTTGTCAAGCCAAGT
CAGACACTTTCTCTTACATGTACCGTGAGCGGCGGAAGTATAAGC
AGTGGAGGCTTTTACTGOTCTTGGATACGGUCAGCACCCAGGLAAA
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s
[0305]

10
[0306]
[0307]
[0308]
[0309]

is
[0310]

25
[0311]
[0312]

GGCTTGGAGTGGATTGGATACATTCATCATTCAGGATCTACACAC
TATAATCCATCCCTTAAGTCCCGGGTCACCATTAGCATTGATACGT
CTAAGAATCTGTTCAGTCTCAGGCTGTCCTCCGTCACTGCTGCCGA
CACAGCCGTGTACTACTGCGCCTCCTTGGTTTACTGCGGAGGCGA
CTGTTATAGCGGCTTTGATTATTGGGGGCAGGGGACCCTCGTAAC
CGTGAGCTCT (SEQ ID NO. 48)

Clone 24C8 AA HC (CDRs in Underline}
QVOLOESGPGLVKPSQTLSLTCTVSGGSISSGGEFYWSWIRQHPGKGL
EWIGYIHHSGSTHYNPSLKSRVTISIDTSKNLFSLRLSSVTAADTAVYY
CASLVYCGGDCYSGFDYWGQGTLVTVSS (SEQ ID NO. 50)

Clone 24C8 HC CDRI1 AA: GGSISSGGF (SEQ ID NO. 51

Clone 24C8 HC CDR2 AA: HHSGS (SEQ ID NO. 52)

Clone 24C8 HC CDR3 AA: LVYCGGDCYS GFDY (SEQ ID NO. 533

Clone 24C8 Light Chain (LC) DNA
GATATCCAGCTCACTCAAAGCCCCTCTAGTCTCTCTGCCTCAGTGG
GGGATCOGGGTCAGTTTTACTTGTCAAGCTTICACAGGATATCAACA
ACTTCCTTAATTGGTATCAGCAGAAGCCAGGAAAAGCACCCAAGC
TGCTCATCTATGATGCCTCAAATTTGGAGACGGGTGTTCCCAGTC
GATTCTCTGGGTCAGGGTCCOGGACCGACTTTACGTTTACGATCTC
CICTCTGCAGCCCGAAGACATCGCCACATACTATTGTCAACAGTA
CGGCAACTTGCCTTTCACATTTGGGGGCGGGACTAAGGTTGAAAT
CAAGAGG (SEQ ID NO. 54)

Clone 24C8 LC AA {(CDRs in Underling)
DIGLTOSPSSLSASVGDRVSFTCQASQDINNFLNWYQOKPGKAPKLLI
YDASNLETGYPSRESGSGSGTDFIFTISSLOPEDIATYYCQOYGNLPET
FGGGTKVEIKR (SEQ ID NG 55

Clone 24C8 E.C CDRI AA: QASQDINNFLN (SEQ ID NO. 56}

Clone 24C8 EC CDR2 AA: DASNLET (SEQID NQO. 57)
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[0313]

[0314]

Clone 24C8 L.C CDR3 AA: OQOQYGNLPHFT (SEQ ID NG. 58)

Clone 2ACR CDZ2ET CD3 zeta CAR DNA Heavy & Licht Chains

ATGGCACTCCCCGTAACTGUTCTGCTGUCTGCCOGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTACAGUCTGCAGGAATCTGGGCCCG
GACTTGTCAAGUCAAGTCAGACACTTTCTCTTACATGTACCGTGA
GCGGCGGAAGTATAAGCAGTGOAGGCTTTTACTGGTCTTGGATAC
GGCAGCACCCAGGCAAAGGCTTGGAGTGGATTGGATACATTCATC
ATTCAGGATCTACACACTATAATCCATCCCTTAAGTCCCGOGGTCA
CCATTAGCATTGATACGTCTAAGAATCTGTTCAGTCTCAGGUTGTC
CTCCGTCACTGCTGCCOGACACAGCCGTGTACTACTGCGCCTCCTTG
GTTTACTGCGOGAGGCGACTGTTATAGCGGUTTTGATTATTGGGGG
CAGGGGACCCTCGTAACCGTGAGCTCTGGAGGGOGGTGGGAGCGE
GGGAGGAGOGTTCAGGOGGGHGGUGGCTCCGATATCCAGCTCACTC
AAAGCCCCTCTAGTCTCTCTGCCTCAGTGGOGGATCGGHOTCAGTT
TTACTTGTCAAGCTTCACAGGATATCAACAACTTCCTTAATTGGTA
TCAGCAGAAGCCAGGAAAAGCACCCAAGCTGUTCATCTATGATGC
CTCAAATTTGGAGACGGOGTGTTCCCAGTCGATTCTCTGGUGTCAGG
GTCCOGGGACCGACTTTACGTTTACGATCTCCTCTCTGCAGCCCGAA
GACATCGCCACATACTATTGTCAACAGTACGGCAACTTGCCTTTC
ACATTTGGGGGUGGGACTAAGGTTGAAATCAAGAGGGCCGCTGC
ACTGOACAATGAGAAGTCCAACGGCACCATCATCCACGTGAAGG
GCAAGCACCTGTGUCCTAGTCCTCTGTTCCCAGGCCCATCCAAAL
CTTTTTGGOGTTCTTIGTTIGTGGTCGGOGOGHTGCTGGCCTGCTATTC
TCTGCTOGGTCACGOTGOGCCTTCATAATTTTCTGGOGTTAGATCCAAA
AGAAGCCGUCCTGCTCCATAGCGATTACATGAATATGACTCCACGC
COGCCCTOGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCT
AGAGATTTCGCTGCCTATCOGGAGCAGGGTGAAGTTTTCCAGATCT
GCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAA
COAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACA
AGCGCAGAGGACGGGACCCTGAGATGOGGTGGCAAACCAAGACGA
AAAAACCCCCAGGAGOGGTCTCTATAATGAGCTGCAGAAGGATAA
GATGGCTCGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGA
GAAGGGGAAAAGGGUACGACGGTTTGTACCAGGGACTCAGCACT
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[6315]

[0316]

GOTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCA
CCTAGGTAA (SEQ ID NO. 59)

Clone 24C8 CD28T CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in Bold)
MALPYTALLLPLALLLHAARPQVQLQESGPGLYKPSQTLSLTCTVYS
GGSISSGGFYWSWIRQHPGKGLEWIGYTHHSGSTHYNPSLKSRVTISE
DTSKNLFSLRLSSVTAADTAVYYCASLVYCGGDCYSGFDYWGOQGTL
VIVSSGGGGSGGGGSGGGGSDIQLTOSPSSLSASVGDRYVSFTCQASO
DINNFLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTFTI
SSLOPEDIATYYCOQQYGNLPFTFGGGTKVEIKRAAALDNEKSNGTIIH
VEGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRS
KRSRLLHSDYMNMTPRRPGPTRKHY(QPYAPPRDFAAYRSRVKFSRS
ADAPAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR (SEQ ID NO. 60)

Clone 24C8 CD28T CD3 zeta CAR DNA Heavy & Light Chaing
CAGGTACAGCTGCAGGAATCTGGGCCCGGACTTGTCAAGCCAAGT
CAGACACTTTCTCTTACATGTACCGTGAGCGGUGGAAGTATAAGC
AGTGGAGGCTTTTACTGGTCTTGGATACGGCAGCACCCAGGCAAA
GGCTTGGAGTGGATTGGATACATTCATCATTCAGGATCTACACAC
TATAATCCATCCCTTAAGTCCCGGGTCACCATTAGCATTGATACGT
CTAAGAATCTGTTCAGTCTCAGGCTGTCCTCCGTCACTGCTGCCGA
CACAGCCGTGTACTACTGCGCCTCCTTGGTTTACTGCGGAGGCGA
CTGTTATAGCGGCTTTGATTATTGGGGGCAGGGGACCCTCGTAALC
COGTGAGCTCTGOAGGGGGTGOGAGUCGGGOGAGGAGGTTCAGGGEG
GGGGCGGUTCCGATATCCAGCTCACTCAAAGCCCCTCTAGTCTCT
CTGCCTCAGTGGGGGATCGGGTCAGTTTTACTTGTCAAGCTTCALC
AGGATATCAACAACTTCCTTAATTGGTATCAGCAGAAGCCAGGAA
AAGCACCCAAGCTGCTCATCTATGATGCCTCAAATTTGGAGACGG
GTGTTCCCAGTCGATTCTCTGGGTCAGGGTCCGGGACCGACTTTA
COGTTTACGATCTCCTCTCTGCAGCCCGAAGACATCGCCACATACT
ATTGTCAACAGTACGGCAACTTGCCTTTCACATTTGGGOGCGGGA
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[0317]

[0318]

CTAAGGTTGAAATCAAGAGGGUUGCTGCACTGGACAATGAGAAG
TCCAACGGCACCATCATCCACGTGAAGGGCAAGCACCTGTGCCCT
AGTCCTCTOTTCCCAGGCCCATCCAAACCTTTTTGGGTTICTTOTTG
TGGTCOGOGHGOTGUTGGCCTGCTATTCTCTGUTGGTCACGGTGE
CCTTCATAATTTTCTGGGTTAGATCCAAAAGAAGCCGCCTGCTCC

ATAGCGATTACATGAATATGACTCCACGUCGUCCTGGCCCCACAA
GGAAACACTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCT
ATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGT
ATCAGCAGGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGA

CGCAGGOAAGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGA
CCCTGAGATGGOTGGCAAACCAAGACGAAAAAACCCCCAGGAGG
GTCTCTATAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATT
CTGAAATAGGCATOGAAAGGAGAGUCGGAGAAGGGGAAAAGGGCA

CGACGUGTTTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTA
TGACGCTCTCCACATGCAAGCCCTGCCACCTAGG (SEQ 1D NO. 61)

Clone 24C8 CD28T CD3 zeta CAR AA Heavy & Light Chains
QVOLOESGPGLVEPSQTLSLTCTVSGGSISSGGFYWSWIRQHPGKGL
EWIGYIHHSGSTHYNPSLKSRVTISIDTSKNLFSLRLSSVTAADTAVYY
CASLVYCGGDCYSGFDYWGQGTLVTVSSGGGGSGGGGSGGGESDI
QLTQSPSSLSASVGDRYSFTCQASQDINNFLNWYQOQKPGKAPKLLEY
DASNLETGVPSRFSGSGSGTDFTFTISSLOQPEDIATYYCQQYGNLPETF
GGGTKVEIKRAAALDNEKSNGTHHVEGKHLCPSPLFPGPSKPFWVL
VVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTR
KHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOQKDKMAEAYSE!
GMEGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (REQ 1D
NO. 62}

Clone 24C8 CD28 CD3 zeita CAR DNA Heavy & Light Chains

ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGOTCC
TGCACGCCGCACGCCCGCAGGTGCAGCTGCAGGAAAGCGGTCCG
GGACTTGTCAAGCCGTCCCAAACGCTGAGTCTGACGTGTACTGTIC
TCTGGTGGUTCTATTTCTTICCGGOGGOGCTTTTATTGGTCTTGGATCA
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GACAACACCUCTGGLCAAAGGGUTGGAGTGGATAGGGTATATTCALC
CACTCTGOGTCCACTCACTACAACCCATCATTGAAATCCAGAGTG
ACTATCTCAATCGACACATCCAAGAACCTTTTCAGCCTGAGGTTG
TCATCAGTTACCGCCGCTGACACCGUGGTGTATTATTGCGCCTOTC
3 TCGTGTACTGCGOGTGGCGATTGTTATAGTGGCTTTGACTACTGGE
GGCAGGGGACATTGGTTACCOTTTCAAGTGGAGGCOGTGGOTCTG
GCGGOGGGCOGGTAGCGGAGGTOGGGGGOAGCGACATACAGCTTACG
CAGAGCCCCTCCAGCCTTTCAGUCTCCGTOGOGOGATAGGGTGTCC
TTTACCTGCCAGGCTTCCCAGGACATAAACAACTTCCTCAATTGGT
10 ATCAGCAAAAGUCCCGGGAAAGCACCAAAGUTGCTCATCTACGAT
GCCAGCAACCTGGAAACCGGAGTGCCGTCTCGCTTCTCTGGAAGT
GGCAGTGGGACCGATTTCACTTTTACAATCTCAAGTTTGCAGCCA
GAAGACATTGCAACATACTACTGTCAACAGTACGGCAATCTCCCC
TTTACATTTGGGGOGGGGAACTAAAGTGGAGATTAAGCGCGCTGCA
15 GCCATTGAAGTTATGTATCCGCCCCCOTATCTGGATAACGAGAAA
TCTAATGGTACCATAATACATGTGAAGGGGAAGCACCTCTGTCCA
TCACCGCTGTTCCCCGGCCCTTCAAAACCTTTCTGOGTACTCGTTG
TCGTGGGTGGAGTTCTGGCCTGCTATAGTCTGCTGGTGACCGTGG
COTTTATCATCTTCTGOGTAAGATCCAAAAGAAGCCGLCTGCTCC
20 ATAGCGATTACATGAATATGACTCCACGCCGCCCTGGCCCCACAA
GGAAACACTACCAGCCTTACGCACCACCTAGAGATTTCGCTGOCT
ATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGT
ATCAGCAGGGCCAGAACCAACTOTATAACGAGCTCAACCTGGGA
CGCAGGGAAGAGTATGACGTTTITGGACAAGCGCAGAGGACGGGA
253 CCCTGAGATGOGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGE
GTCTCTATAATGAGCTGCAGAAGGATAAGATGGUTGAAGCCTATTY
CTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCA
CGACGGTTTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTA
TGACGCTCTCCACATGCAAGCCCTGCCACCTAGGTAA (SEQ ID NO.
30 63}
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[0320]

Clone 24C8 CD28 CD3 zeta CAR AA Heavy & Light Chaing

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPOVOQLQESGPGLVEPSQTLSLTCTVS
GGSISSGGFYWSWIRQHPGKGEEWIGYTHHSGSTHYNPSLKSRVTIST
DTSKNLFSLRLSSVTAADTAVYYCASLVYCGGDCYSGFDYWGQGTL
VTVSSGGGGSGGHGGSGGGGSDIQLTOSPSSLSASVGDRVSFTCQASOQ
DINNFLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTFTI
SSLOPEDIATYYCQOYGNLPFTFGGGTK VEIKRAAAIEVMYPPPYLD
NEKSNGTUHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVT
VAFHFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYPYAPPRDFAAY
RSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRENPOQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR (SEQ ID NO. 64)

Clone 24C8 CD28 CD3 zeta CAR DNA Heavy & Light Chains
CAGGTGCAGCTGCAGGAAAGCGGTCCGGGACTTGTCAAGCCGTCC
CAAACGCTGAGTCTGACGTGTACTGTCTCTGGTGGUTCTATTTICTT
CCGOGGOGGCTTTTATTIGOTCTTGGATCAGACAACACCCTGGCAAAG
GGCTGGAGTGGATAGGGTATATTICACCACTCTGGGTCCACTCACT
ACAACCCATCATTGAAATCCAGAGTGACTATCTCAATCGACACAT
CCAAGAACCTTTTCAGCCTGAGOGTTGTCATCAGTTACCGCCGCTG
ACACCGCGGTGTATTATTGCGCCTCTCTCGTGTACTGCGGTGGCG
ATTGTTATAGTGGCTTTGACTACTGGGGGCAGGGGACATTIGGTTA
CCGTTTCAAGTGGAGGCGGTGGGTCTGGCGGGGGCGGTAGCGGA
GOTGOGOGOAGCGACATACAGCTTACGCAGAGCCCCTCCAGCCTT
TCAGCCTCCGTGOGGGATAGGGTGTCCTTTACCTGCCAGGCTTCC
CAGGACATAAACAACTTCCTCAATTGGTATCAGCAAAAGCCCGGE
AAAGCACCAAAGCTGCTCATCTACGATGCCAGCAACCTGGAAACC
GGAGTGCCGTCTCGCTTCTCTGGAAGTGGCAGTGGGACCGATTTC
ACTTTTACAATCTCAAGTTTGCAGCCAGAAGACATTGCAACATAC
TACTGTCAACAGTACGGCAATCTCCCCTTTACATTTGGGGGGGGA
ACTAAAGTGOAGATTAAGCGCGCTGCAGCCATTGAAGTTATGTAT
CCGCCCCCGTATCTGGATAACGAGAAATCTAATGGTACCATAATA
CATGTGAAGGGGAAGCACCTCTGTCCATCACCGCTGTTCCCCGGO
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18321}

16322}

CCTTCAAAACCTTTICTGOGTACTCGTTGTCGTGOGGTGGAGTTICTGE
CCTOGCTATAGTCTGCTGGTOGACCGTGGCGTTTATCATCTTCTGOGGT
AAGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATAT
GACTCCACGCCGCCCTOGGUCCCACAAGGAAACACTACCAGCCTTA
CGCACCACCTAGAGATTTCGCTGUCCTATCGOAGCAGGGTGAAGTT
TTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCA
ACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACG
TTTTGGACAAGUCGCAGAGGACGGGACCCTGAGATOGGOTGGCAAA
CCAAGACGAAAAAACCCCCAGGAGOGGTCTCTATAATGAGCTGCA
GAAGGATAAGATGGCTGAAGCCTATTCTGAAATAGGUCATGAAAG
GAGAGCGGAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGA
CTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAA
GCCCTGCCACCTAGG (SEQ 1D NO. 65)

Clone 24C8 CD28 CD3 zeta CAR AA Heavy & Light Chains
QVOLOESGPGLVKPSQTLSLTCTVSGGSISSGGFYWSWIRQHPGKGL
EWIGYIHHSGSTHYNPSLKSRVTISIDTSKNLFSLRLSSVTAADTAVYY
CASLEVYCGGDCYSGFDYWGOQGTLVTVSSGGEGSGGGEIGGEGSDI
QLTQSPSSLSASVGDRVSFTCOQASQDINNFLNWYQOQKPGKAPKLLLY
DASNLETGVPSRESGSGSGTDFTFTISSLOPEDIATYYCOQQYGNLPETEF
GOOTKVEIKRAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLEPG
PSKPFWVLVVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYMNM
TPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQONQGL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRREKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALP
PR{SEQ ID NQO. 66)

Clone 24C8 CD8 CD3 zeta CAR DNA Heavy & Licht Chains

ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGUCCGLCAGGTGCAGTTGCAGGAAAGCGOGGCCT

GOGCCTTGTGAAACCAAGCCAGACACTGAGCCTGACATGCACTGTG
TCCOGCOGGOTCCATATCTTCCGOGOGGTTITTTATTIGGTCCTGGATAC
GCCAGCATCCCGGGAAAGGACTTGAATGOATTGGATATATCCACC
ATTCCGGAAGCACCCACTACAATCCAAGUCCTTAAATCCCGGGTGA
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[0323]

CAATCTCCATCGACACCTCAAAGAATCTTTITTITCCCTGCGGTTGTC
TTCAGTAACTGCCGCCGATACCGCTGTGTACTACTGTGCCAGCCTC
GTCTATTGCOGCGGAGATTIGTTATICTGGOGTTCGATTATTOGGOGETC
AAGGCACACTGOGTAACTGTCAGCAGCGGAGGCOGGCGGETTCCGGH
GOGCGGGGGCAGTGGAGGOGOGOCGOATCTGACATTCAGCTTACGCA
GTCCCCATCTTCACTTAGCGUCAGCGTTGGCGATCGGGTCAGCTTC
ACGTGTCAAGCAAGTCAGGATATCAACAACTTTCTTAACTGOTAC
CAGCAGAAGUCCAGGUCAAGGCACCCAAGTTGCTGATTTACGATOCT
TCTAACCTCGAGACGGGAGTGCCTAGCCGCTTCTCCGGGAGCGOL
AGCGGUCACAGACTTTACCTTTACGATTTCCAGTCTGCAGCCAGAG
GATATAGCAACTTATTACTGTCAGCAGTATGGCAACCTCCCTTTITA
CCTTCGOTGGTOGCACAAAGGTCGAGATTAAAAGAGCCGCAGCE
TTGTCCAACTCCATAATOTATTTTTCTCATTTTIGTGCCCGTICTTTCT
GCCTGCCAAACCTACCACCACCCCCGCCCCACGACCACCTACTCC
AGCCCCCACCATCOGCCTCCCAGUCCCCTCAGCCTGAGGCCAGAGGC
TTGTCGCCCTGCTGCGGOOGOGLGCTGTCCATACCAGAGGACTCGA
CTTCGCCTGCGATATTTATATATGGGCCCCCCTCGCCGHCACCTGO
GOAGTCTTGCTCCTCGAGCCTTGTGATCACGCTTTATTGTAACCATC
GGAATAGATCCAAAAGAAGCCGUCTGCTCCATAGCGATTACATGA
ATATGACTCCACGCCGCCCTOGGUCCCCACAAGGAAACACTACCAGC
CTTACGCACCACCTAGAGATTTCOGCTGCCTATCGOGAGCAGGGTGA
AGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGA
ACCAACTGTATAACGAGUTCAACCTGGGACGCAGGGAAGAGTAT
GACOGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGOGTGE
CAAACCAAGACGAAAAAACCCCCAGGAGGOGTCTCTATAATGAGC
TGCAGAAGGATAAGATGGUTGAAGCCTATTCTGAAATAGGCATG
AAAGGAGAGCGGAGAAGGGGAAAAGGGCACGACGGTTTGTACCA
GGGACTCAGCACTGUCTACGAAGGATACTTATGACGUTCTCCACAT
GCAAGCCCTGCCACCTAGGTAA (SEQIDNO. 67)

Clone 24C8 CDB8 CB3 zeta CAR AA Heavy & Light Chaing

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPQVQLOESGPGLVKPSQTLSLTCTVS
GGSISSGGFYWSWIRQHPGKGLEWIGYTHHSGSTHYNPSEKSRVTISNE
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DTSKNLFSERLSSVTAADTAVYYCASLVYCGGDCYSGFDYWGQGTL
VTVSSGGGGSGGGGSGOGESDIQLTOSPSSLSASYVGDRVSFTCQASO
DINNFLNWYQOKPGKAPKLLIYDASNLETGVPRFSGSGSGTDEFTETIS
SLOPEDIATYYCQYGNLPFTFGGGTKVEIKRAAALSNSIMYFSHFVPY
FLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEFA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTP
RRPGPTRKHYOQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONGLYN
ELNLGRREEYDVLDKRRGRDPEMGGREPRRKNPOQEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ D NO. 68)

Clone 24C8 CDE CD3 zeta CAR DNA Heavy & Light Chains
CAGGTGCAGTTGCAGGAAAGCGGGCCTGGCCTTGTGAAACCAAG
CCAGACACTGAGCCTGACATGCACTGTGTCCOGUGGGTCCATATC
TTCCGGGGETTITITATTGGTCCTGGATACGCCAGCATCCCGGGAA
AGGACTTGAATGGATTGGATATATCCACCATTCCGGAAGCACCCA
CTACAATCCAAGCCTTAAATCCCGGGTGACAATCTCCATCGACAC
CTCAAAGAATCTTTTTTCCCTGCGGTTGTCTTCAGTAACTGCCGCC
GATACCGCTGTGTACTACTGTGCCAGCCTCGTCTATTGCGGCGGA
GATTGTTATTCTGGGTTCGATTATTGGGGTCAAGGCACACTGGTA
ACTGTCAGCAGCGGAGGCGGCGGTTCCOGHGOGCGGGGGCAGTGG
AGGGGGCGGATCTGACATTCAGCTTACGCAGTCCCCATCTTCACT
TAGCGCCAGCGTTGGCGATCGOGTCAGCTTCACGTGTCAAGCAAG
TCAGGATATCAACAACTTTCTTAACTGGTACCAGCAGAAGCCAGG
CAAGGCACCCAAGTTGCTGATTTACGATGCTTCTAACCTCGAGALC
GGGAGTGCCTAGCCGCTTCTCCGGGAGCGGCAGCGGCACAGACTT
TACCTTTACGATTTCCAGTCTGCAGCCAGAGGATATAGCAACTTA
TTACTGTCAGCAGTATGGCAACCTCCCTTTTACCTTCGGTGGETGGC
ACAAAGGTCGAGATTAAAAGAGCCGCAGCGTTGTCCAACTCCATA
ATGTATTTTTCTCATTTTGTGCCCGTCTTTCTGCCTGCCAAACCTAC
CACCACCCCCGCCCCACGACCACCTACTCCAGCCCCCACCATCGL
CTCCCAGCCCCTCAGCCTGAGGCCAGAGGCTTGTCGCCCTGCTGC
GGGGGGCGCTGTCCATACCAGAGGACTCGACTTCGCCTGCGATAT
TTATATATGGGCCCCCCTCGCCGGCACCTGUGGAGTCTTGCTCCTG
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AGCCTTGTGATCACGCTTTATTGTAACCATCGGAATAGATCCAAA

AGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGC
CGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCT
AGAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTTTICCAGATCT

GCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAA

CGAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACA

AGCGCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGA
AAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAA

GATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGA
GAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACT
GCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCA
CCTAGG (SEQ ID NO. 69)

Clone 24C8 CDB CB3 zeta CAR AA Heavy & Light Chains
QVOQLOQESGPGLVKPSQTLSLTCTVSGGSISSGGFYWSWIRQHPGKGL
EWIGYTHHSGSTHYNPSLESRVTISIDTSKNLEFSLRLSSVTAADTAVYY
CASLVYCGGDCYSGFDYWGOQGTLVTVSSGGGGSGGGGSGGGGSDI
QLTOQSPSSLSASVGDRVSFTCOASQDINNFLNWYQOKPGKAPKLLIY
DASNLETGVPSRESGSGSGTDFTFTISSLOPEDIATYYCQQYGNLPEFTE
GGGTKVEIKRAAALSNSIMYFSHEVPVFLPAKPTTTPAPRPPTPAPTIA
SQPLSLRPEACRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVLLLSL
VITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYOQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRREKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKG
HBGLYQGLSTA TKDTYDALHM QALPPR (SEQ ID NO. 70)

Clone 20CS.1 HC DNA

CAGGTCCAACTGGTGCAGTCCGGAGCCGAAGTCAAGAAACCAGE
TOGCCTCCOTTAAAGTGAGTTGCAAAGTCTCTGOATACACTCTGALC
CGAGCTCTCTATGCACTGOGGTCCOGGCAGGCCCCCGHGCAAGGGATT
GGAATGOGATGOOGCOGOUTTCGATCCTGAGGACGGAGAGACTATCT
ACGUTCAAAAATTCCAGGOGACGAGTGACTGTGACCGAAGACACT
AGTACCGACACTGCCTACATGGAACTTTCCTCTICTGCGATCAGAA
GATACCGCAGTGTACTACTGTGCTACTGAATCTAGGGGUATTGGA
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[0329]

[0330]

[0331]

18332]

[0333]

[0334]

[0335]

[0336]

TGOGCCCTACTTCGATTACTGOGOTCAGGGAACTCTGOTGACTOTC
TCCAGC (SEQ ID NO. 71)

Clone 20C5.1 AA HC (CDRs in Underline)

EWMGGFDPEDGETIYAQKFOQGRVTVTEDTSTDTAYMELSSLRSEDT
AVYYCATESRGIGWPYFDYWGOGTLVTVSS (SEQ ID NG . 72y

Clone 20CS. 1 HC AA CDRI: GYTLTEL (SEQID NO. 73)

Clone 20CS.1 HC AA CDRZ: DPEDGE (SEQ ID NO. 74)

Clone 20CS5.1 HC AA CDR3: ESRGIGWPYFDY (SEQID NO. 75)

Clone 20C5.1 LC DNA
GATATTCAGATGACTCAATCTCCTTCTTCTCTGTCCGCTTCCOTGE
GCGATAGAGTGACCATTACTTGTAGGGCGTCCCAGTCAATCTCCA
GTTATTTGAATTGOGTATCAGCAGAAGCCCGGOAAAGCACCTAAGC
TGTTGATCAGCGOGOCTTCTAGCCTGAAGAGTGGGOGTACCTTCAL
GOGTTCAGCGGAAGCGGAAGCGGAACCGATTTCACCCTGACTATCA
GCAGCCTGCCACCTGAGGACTTITGCAACTTACTACTGCCAACAGT
CATACAGCACTCCOATCACTTTCGGCCAGGGCACCCGGLCTCGAAA
TCAAGCGC (SEQ ID NO. 76)

Clone 2005 1 AA LC (CDRs in Underline)
DIQMTOQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLY
SGASSLKSGVPSRFSGSGSGTDFTLTISSLPPEDFATYYCOQOQSYSTPITH
GOGTRLEIKR (SEQ ID NO. 77)

Clone 20C5.1 AALC CDR1: RASQSISSYLN (SEQ ID NO. 78)

Clone 20C5.1 AA LC CDR2: GASSLKS (SEQ ID NO. 79)

Clone 20C5.1 AA LC CDR3: QQSYSTPIT (SEQ ID NO. 80)

Clone 20C5 1 CD28T CD3 zeta CAR DNA Heavy & Light Chains
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ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTCCAACTGGTGCAGTCCGGAGCCG
AAGTCAAGAAACCAGGTGCCTCCGTTAAAGTGAGTTGCAAAGTCT
CTGGATACACTCTGACCGAGCTCTCTATGCACTGGGTCCGGCAGG
5 CCCCCGGCAAGGGATTGGAATGGATGGGCGGGTTCGATCCTGAG
GACGGAGAGACTATCTACGCTCAAAAATTCCAGGGACGAGTGAC
TGTGACCGAAGACACTAGTACCGACACTGCCTACATGGAACTITC
CTCTCTGCGATCAGAAGATACCGCAGTGTACTACTGTGCTACTGA
ATCTAGGGGCATTGGATGGCCCTACTTCGATTACTGGGGTCAGGG
10 AACTCTGGTGACTGTCTCCAGCGGTGGAGGTGGCAGCGGTGGTGG
CGGAAGCGGGGGGGGCGGCTCTGATATTCAGATGACTCAATCTCC
TTCTICTCTGTCCGCTTCCGTGGGCGATAGAGTGACCATTACTTGT
AGGGCGTCCCAGTCAATCTCCAGTTATTTGAATTGGTATCAGCAG
AAGCCCGGGAAAGCACCTAAGCTGTTGATCAGCGGGGCTTCTAGC
15 CTGAAGAGTGGGGTACCTTCACGGTTCAGCGGAAGCGGAAGCGG
AACCGATTTCACCCTGACTATCAGCAGCCTGCCACCTGAGGACTT
TGCAACTTACTACTGCCAACAGTCATACAGCACTCCGATCACTTTC
GGCCAGGGCACCCGGCTCGAAATCAAGCGCGCTGCTGCTITGGAC
AATGAGAAGTCAAACGGCACCATCATACATGTTAAAGGTAAACA
20 TCTGTGTCCCTCCCCGCTGTTCCCCGGCCCTTCCAAACCGTTCTGG
GTTCTGGTGGTGGTCGGAGGCGTACTCGCTTGCTATAGTCTIGCTG
GTAACTGTCGCCTTCATCATCTTTTIGGGTGAGATCCAAAAGAAGE
CGCCTGOTCCATAGCGATTACATGAATATGACTCCACGCCGCCCT
GGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGAT
25 TTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGAT
GCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCT
CAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCA
GAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAAC
CCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCT
30 GAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGG
AAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGA
AGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGGT
AA (SEQ ID NO. 81)
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Clone 20C5. 1 CD28T CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPOVOLVQSGAEVKKPGASVEKVSCKY
SGYTLTELSMHWVROQAPGKGLEWMGGFDPEDGETIYAQKFQGRVT
VTIEDTSTDTAYMELSSLRSEDTAVYYCATESRGIGWPYFDYWGOGT
LVTVSSGGGGSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRAS
QSISSYLNWYQOQKPGKAPKLLISGASSLKSGVPSRFSGSGSGTDFTLTI
SSEPPEDFATYYCQQSYSTPITFGQGTRLEIKRAAALDNEKSNGTHHY
KGKHLCPSPLFPGPSKPFWVLVVVGGYVLACYSLLVTVAFIIFWVRSK
RSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSA
DAPAYQOQGONGQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREKN
PQEGLYNELQKDKMAFAYSEIGMEKGERRRGKGHDGLYQGLSTATK
DTYDALHMQOQALPPR (SEQ ID NO. 82)

Clone 20C5 1 CD28T CD3 zeta CAR DNA Heavy & Light Chaing
CAGGTCCAACTGGTGCAGTCCOGGAGCCGAAGTCAAGAAACCAGG
TGCCTCCGTTAAAGTGAGTTGCAAAGTCTCTGGATACACTCTGAC
CGAGCTCTCTATGCACTGGGTCCGGCAGGUCCCCCGGCAAGGGATT
GGAATGGATGGGLCGGOETTCGATCCTGAGGACGGAGAGACTATCT
ACGCTCAAAAATTCCAGGGACGAGTGACTGTGACCGAAGACACT
AGTACCGACACTGCCTACATGOAACTTTCCTCTCTGCGATCAGAA
GATACCGCAGTGTACTACTGTGCTACTGAATCTAGGGGCATTGGA
TGGCCCTACTTCGATTACTGGOGTCAGGGAACTCTGGTGACTETC
TCCAGCGGTGGAGGTGGCAGCGGTGGTGGCGGAAGCGGGGGGGE
COGUTCTGATATTCAGATGACTCAATCTCCTTCTTCTCTGTCCGET
TCCGTGGGCGATAGAGTGACCATTACTTGTAGGGCGTCCCAGTCA
ATCTCCAGTTATTTGAATTGGTATCAGCAGAAGCCCGGGAAAGCA
CCTAAGCTGTTGATCAGCGGGGCTTCTAGCCTGAAGAGTGGGGTA
CCTTCACGOGTTCAGCGGAAGCGGAAGCGGAACCGATTTCACCCOTG
ACTATCAGCAGCCTGCCACCTGAGGACTTTGCAACTTACTACTGC
CAACAGTCATACAGCACTCCGATCACTTITCGGCCAGGGCACCCGE
CTCGAAATCAAGCGCGUTGCTGCTTTGGACAATGAGAAGTCAAAL
GGCACCATCATACATGTTAAAGGTAAACATCTGTGTCCCTICCCCG
CTGTTCCCCGOGCCCTICCAAACCGTTCTGGOTTCTGGTGGTGGTCG
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GAGGUCGTACTCGCTTGCTATAGTCTGCTGGTAACTOTCGCCTTCAT
CATCTTTTGGGTCGAGATCCAAAAGAAGCCGCCTGCTCCATAGCGA
TTACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGGAAACA
CTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATCGGAG
CAGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCA
GGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGE
AAGAGTATGACGTTTTGOGACAAGCGCAGAGGACGGGACCCTGAG
ATGOOTGGCAAACCAAGACGAAAAAACCCCCAGGAGOGGTCTCTA
TAATGAGCTGCAGAAGGATAAGATGOGCTGAAGCCTATTCTGAAAT
AGGCATGAAAGGAGAGCOGGAGAAGGGGAAAAGGGCACGACGGT
TTIGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCT
CTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 83)

Clone 20051 CD28T CD3 zeta CAR AA Heavy & Light Chains
QVOLVOSGAEVKKPGASVEKVSCKVSGYTLTELSMHWVROAPGKGL
EWMGGFDPEDGETIYAQKFOGRVTVTEDTSTDTAYMELSSLRSEDT
AVYYCATESRGIGWPYFDYWGQGTLVTVSSGGGGSGGGGSGGGGS
DIOMTQOSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI
SGASSLKSGVPSRFSGSGSGTDFTLTISSEPPEDFATYYCQQSYSTPITF
GOGTRLEIKRAAALDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVLY
VVGGVLACYSLLVTVAFHFWVRSKRSRELHSDYMNMTPRRPGPTRK
HYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGRRE
EYDVLBKRRGRDPEMGGKPRRINPQEGLYNELQKDEKMAEAYSEIG
MEGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO.
84}

Clone 20CS5.1 CD28 CD3 zeta CAR DNA Heavy & Light Chaing
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTIGCTCC
TGCACGCCGCACGCCCGCAGOTGCAGCTTGTGCAGAGCGGGGCC
GAGGTGAAGAAGCCCGGGGCCAGCGTCAAAGTGTCCTGTAAGGT
CAGCGGTTACACCCTCACCGAGCTGAGCATGCACTGGGTACGGCA
GGCTCCCGGCAAAGGTCTTGAGTGGATGGGTGGATTTGATCCAGA
AGATGGAGAGACTATCTACGCCCAGAAGTTCCAGGGCCGGGTCA
CCGTAACAGAAGACACCTCAACTGACACCGCTTACATGGAGCTGA
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GTTCACTGCGOGTCCGAGGACACGGCCOGTGTATTATTGTGCCACCG
AGAGCCGCGGAATCGGATGGCCTTACTTICGACTACTGGGGACAGE
GTACACTTGTTACAGTATCATCCGGOGOTGGCGGCTCTGOTGOGGE
GCOGGUTCCGGAGGGGOGTGGATCAGATATCCAAATOGACTCAAAGT
CCAAGTTCCCTGTCTGCCTCAGTCGGAGATAGAGTCACCATAACC
TGCAGGGCAAGTCAGTCCATCTCCTCCTATCTGAACTGOTACCAA
CAGAAACCTGGAAAGGCGCCTAAGUTCCTGATCTCCGGAGCCTCA
TCTTTGAAATCCGGTGTCCCATCTCGCTTCAGTGGUTCTGGAAGCG
GTACAGATTTTACTTTGACCATTAGCAGCCTCCCACCGGAAGACT
TTGCTACATATTACTGCCAGCAGTCTTACTCAACCCCAATCACCTT
COGGCAAGGCACCAGACTCGAAATAAAAAGAGCAGCTGCTATCG
AGGTTATGTACCCACCGCCGTACTTGGATAACGAAAAAAGCAATG
GOGACCATCATTCATGTGAAGGOGTAAGCACCTTTGCCCTAGCCCAL
TCGTTTCCTGGCCCGAGTAAACCCTTITGGGTACTTGTGGTCGTOGE
COGCOTGCTGGCCTOCTACTCACTCCTGOGTTACCGTCGCATTCATC
ATCTTTTGGGTGAGATCCAAAAGAAGCCGCCTGCTCCATAGCGAT
TACATGAATATGACTCCACGUCCGLCCTGOCCCCACAAGGAAACAL
TACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATCOGGAGC
AGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAG
GGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAGGGA
AGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGA
TGGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCTCTAT
AATGAGUTGCAGAAGGATAAGATGGUTGAAGUCTATTCTGAAAT
AGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGOGGCACGACGGT
TTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCT
CTCCACATGCAAGCCCTGCCACCTAGGTAA (SEQ ID NO. 85)

Clone 20C5.1 CD28 CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPOVOLVOSGAEVKKPGASYVKYVSCKY
SGYTLTELSMHWVRQAPGKGLEWMGGFDPEDGETIYAQKFQGRVT
VTIEDTSTDTAYMELSSLRSEDTAVYYCATESRGIGWPYFDYWGQGT
LVTVSSGGGGSGOGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRAS
QSISSYLNWYQQKPGKAPKLLISGASSLEKSGVPSRFSGSGSGTDFTLTE
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SSLPPEDFATYYCOQOQSYSTPITFGOGTRLEIKRAAAIEVMYPPPYLDNE
KSNGTIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVA
FIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEM
GOKPRRENPOQEGLYNELQKDEKMAEAY SEICMKGERRRGKGHDGLY
QGLST ATKDTYDALH MQALPPR (SEQ 1D NO. 86)

Clone 20C5.1 CD28 CD3 zeta CAR DNA Heavy & Light Chains
CAGGTGCAGCTTGTGCAGAGCGGOGCCGAGGTGAAGAAGCCCGE
GGCCAGCOGTCAAAGTGTCCTGTAAGGTCAGCGGTTACACCCTCAL
CGAGCTGAGCATGCACTGGGTACGGCAGGCTCCCGGCAAAGGTCT
TGAGTGGATGGOGTGOATTTGATCCAGAAGATGGAGAGACTATCTA
CGCCCAGAAGTTCCAGGGCCGGGTCACCGTAACAGAAGACACCT
CAACTGACACCGCTTACATGGAGCTGAGTTCACTGCGGTCCGAGH
ACACGGCCGTGTATTATTGTGCCACCGAGAGCCGCGGAATCGGAT
GGCCTTACTTCGACTACTGGGGACAGGGTACACTTGTTACAGTAT
CATCCGGGOGTGGLGGCTCTOGETOGHOGHCGHCTCCGGAGGGGGT
GGATCAGATATCCAAATGACTCAAAGTCCAAGTTCCCTGTICTGCC
TCAGTCGGAGATAGAGTCACCATAACCTGCAGGGCAAGTCAGTCC
ATCTCCTCCTATCTGAACTGGTACCAACAGAAACCTGGAAAGGCG
CCTAAGCTCCTGATCTCCGGAGCCTCATCTTTGAAATCCGGTGTCC
CATCTCGCTTCAGTGGCTCTGGAAGCGGTACAGATTTTACTTTGAC
CATTAGCAGCCTCCCACCGOGAAGACTTTGCTACATATTACTGCCA
GCAGTCTTACTCAACCCCAATCACCTTICGGGCAAGGCACCAGACT
CGAAATAAAAAGAGCAGCTGCTATCGAGGTTATGTACCCACCGCC
GTACTTGGATAACGAAAAAAGCAATGGGACCATCATTCATGTGAA
GGGTAAGCACCTTTGCCCTAGCCCACTGTTTCCTGGCCCGAGTAA
ACCCTTTTGGGTACTTGTGOTCGTCGGCGGLGTGCTGGCCTGCTAL
TCACTCCTGGTTACCGTCGCATTCATCATCTTTITGGGTGAGATCCA
AAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCAC
GCCGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCAC
CTAGAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGAT
CTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATA
ACGAGCTCAACCTGGGACGCAGGGAAGAGTATCGACGTTTTGGALC
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AAGCGUCAGAGGACGGOACCCTGAGATGOGGTGGUAAACCAAGACG
AAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATA

AGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGG

AGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGOACTCAGCAC
TGCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCC

ACCTAGG (SEQ ID NO. 87)

Clone 20C5.1 CD28 CD3 zeta CAR AA Heavy & Light Chaing
OVOLVQSGAEVKKPGASVKVSCKVSGYTLTELSMHWVROAPGKGL
EWMGGFDPEDGETIYAQKFOQGRVTIVTEDTSTDTAYMELSSLERSEDT
AVYYCATESRGIGWPYFDYWGOQGTLVTVSSGGGGSGGGGSGGGGS
DIOMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOQKPGKAPKLLY
SGASSLKSGVPSRFSGSGSGTDFTLTISSLPPEDFATYYCQQSYSTPITF
GOGTRLEIKRAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPG
PSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNM
TPRRPGPTRKHY(PYAPPRDFAAYRSRVEKFSRSADAPAY(QQGQONQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPGQGEGLYNELOQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATEDTYDALHM
QALPPR (SEQ ID NQO. 88)

Clone 20C5.1 CD8 CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTOCAGTTGOTGCAAAGCGGUGCA
GAAGTTAAGAAACCTGGGGCGTCAGTTAAGGTGTCTTGCAAAGTA
TCTGGCTATACCCTCACTGAGCTGTCCATGCATTGGGTAAGGCAG
GCTCCTGGAAAGGGGCTCGAATGGATGGGAGGATTTGACCCTGA
AGACGGAGAGACCATCTACGCCCAGAAATTCCAGGGTAGAGTAA
CAGTGACTGAGGACACTAGCACTGACACAGCGTACATGGAGCTG
AGTTCTCTGAGAAGTGAGGACACAGCCGTTTACTACTGCGCTACC
GAGTCCAGAGGTATTGGCTGGCCATACTTCGACTATTIGGGGTCAG
GGCACCCTGOGTTACAGTGAGTTCAGGAGGCGGGOGGLTCTGGGGE
GGGCGOTTCCGGAGGGGGGGGUTCAGATATACAGATGACGCAGA
GTCCATCAAGTCTCTCAGCCAGCGTGGGAGATCGCGTGACTATTA
CTTGCCGCGCCAGCCAGAGTATTAGCTCCTATCTGAATTGGTACC
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AGCAAAAGCCCGGHGAAGOGCCCCTAAGCTTCTGATTTICTGGCGCCT
CCTCTTTGAAGTCAGGTOTGCCAAGCAGATTTAGCGGOGTCTGGAA
GTGOCACTGACTTITACACTTACTATCTCCAGUCTOGCCCCCAGAGG
ATTTTGCCACATATTACTGTCAGCAAAGUTACTCTACTCCAATCALC
TTTCGGCCAGGGCACAAGATTGGAGATTAAGAGGGCTGCCGCACT
TTCAAATTCCATCATGTATTTCAGCCATTTTGTGCCTGTTTTTCTTIC
COGCCAAACCTACAACCACTCCCGUCCCCACGCCCACCTACTCCCG
CCCCTACCATTGUCTCCCAGCCTCTOGTCTCTTAGACCTGAGGCTTG
TAGACCTGCTGCCGGCGGAGCCGTOGCACACTCGCGGTCTGGACTT
CGCCTGCGACATCTATATCTGGGCCCCTCTGGCCGGCACCTGUGE
COTTCTCCTTCTCTCACTCOTAATCACACTCTATTIGCAATCACAGG
AACAGATCCAAAAGAAGUCGCCTGCTCCATAGCGATTACATGAAT
ATGACTCCACGUCCGCCCTGGUCCCACAAGGAAACACTACCAGCCY
TACGCACCACCTAGAGATTTCGUTGCCTATCOGGAGCAGGGTGAAG
TTTTCCAGATCTGCAGATGCACCAGUGTATCAGCAGGGCCAGAAC
CAACTGTATAACGAGCTCAACCTGGOACGCAGGGAAGAGTATGA
CGTTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGOGTGGCA
AACCAAGACGAAAAAACCCCCAGGAGOGGTCTCTATAATGAGCTG
CAGAAGGATAAGATGGUTGAAGUCCTATTCTGAAATAGGCATGAA
AGGAGAGCGOAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGG
GACTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGC
AAGCCCTGCCACCTAGGTAA (SEQ ID NO. 89)

Clone 20CS5 1 CD8 CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in Bold)
MALPVTALLEPLALLLHAARPOVOLVOQSGAEVKKPGASVKYVSCKY
SGYTLTELSMHWVRQAPGK GLEWMGGFDPEDGETIVAQKFQGRVT
VTEDTSTDTAYMELSSLRSEDTAVYYCATESRGIGWPYFDYWGQGT
LVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRAS
GSISSYENWYQOQKPGKAPKLLISGASSLKSGVPSRESGSGSGTDFTLTE
SSLPPEDFATYYCQOSYSTPITFGQGTRLEIKRAAALSNSIMYFSHEFVP
VFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF
ACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMT
PRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLY
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[0346]

NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R (SEQ ID NO. 90)

Clone 20C5.1 CDE8 CD3 zeta CAR DNA Heavy & Light Chaing
CAGGTGCAGTTGGTGCAAAGCGGUGCAGAAGTTAAGAAACCTGG
GGCGTCAGTTAAGGTGTCTTGCAAAGTATCTGGCTATACCCTCAC
TGAGCTGTCCATGCATTGGGTAAGGCAGGCTCCTGGAAAGGGGCT
CGAATGGATGGGAGGATTTGACCCTGAAGACGGAGAGACCATCT
ACGCCCAGAAATTCCAGGGTAGAGTAACAGTGACTGAGGACACT
AGCACTGACACAGCGTACATGGAGCTGAGTTCTCTGAGAAGTGAG
GACACAGCCOGTTTACTACTGCGUTACCGAGTCCAGAGGTATTGGC
TGGCCATACTTCGACTATTGGGGTCAGGGCACCCTGGTTACAGTG
AGTTCAGGAGGCGGGGGCTCTGOGGGGOGCGGTTCCGGAGGGEG
GGGCTCAGATATACAGATGACGCAGAGTCCATCAAGTCTCTCAGC
CAGCGTGGGAGATCGCOTGACTATTACTTGCCGUCGCCAGCCAGAG
TATTAGCTCCTATCTGAATTGGTACCAGCAAAAGCCCGGGAAGGC
CCCTAAGCTTCTGATTTCTGGCGCCTCCTCTTTGAAGTCAGGTGTG
CCAAGCAGATTTAGCGGGTCTGGAAGTGGCACTGACTTTACACTT
ACTATCTCCAGCCTGCCCCCAGAGGATTTITGCCACATATTACTGTC
AGCAAAGUTACTCTACTCCAATCACTTTCGGCCAGGGCACAAGAT
TGGAGATTAAGAGGGCTGCCGCACTTTCAAATTCCATCATGTATT
TCAGCCATTTTGTGCCTGTTTTICTTCCGGUCAAACCTACAACCAC
TCCCGCCCCACGCCCACCTACTCCCGCCCCTACCATTGCCTCCCAG
CCTCTGTCTCTTAGACCTGAGGCTTGTAGACCTGCTGCCGGCGGA
GCCGTGCACACTCGCGOTCTGGACTTCGCCTGCGACATCTATATCT
GGGCCCCTCTGGCCGGCACCTGCGGCGTTCTCCTTCTCTCACTCGT
AATCACACTCTATTGCAATCACAGGAACAGATCCAAAAGAAGCC
GCCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCCTG
GCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGATT
TCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATG
CACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCTC
AACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCAG
AGGACGGGACCCTGAGATOGGTGGCAAACCAAGACGAAAAAACC
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[0348]
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CCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCT
GAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGG
AAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGA
AGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG
(SEQ ID NO. 91)

Clone 20CS.1 CB8 CD3 zeta CAR AA Heavy & Light Chaing
QVOLVQSGAEVKKPGASVKVSCKVSGYTLTELSMHW VRQAPGKGL
EWMGGFDPEDGETIYAQKFQGRVTVTEDTSTDTAYMELSSLRSEDT
AVYYCATESRGIGWPYFDYWGOQGTLVTVSSGGGGSGGHGSGOGGES
DIGMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLI
SGASSLKSGVPSRFSGRGSGTDFTLTISSLPPEDFATYYCQQSYSTPITF
GOGTRLEIKRAAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIA
SQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSL
VITLYCWNHRNRSKRSRELHSDYMNMTPRRPGPTRKHYQPY APPRDF
AAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO. 92)

Clone 20C5.2 HC DNA
CAGGTCCAGTTGGTCGAAAGTGGCGGTGGTGTAGTGCAGCCGGGC
CGCAGTTTGAGGCTTTCCTGTGCGGCTTCAGGCTITACTTTTTCCA
GCTATGGAATGCACTGGGTGCGGCAGGCCCCCGGCAAAGGACTT
GAGTGGGTGGCCGTCATTTCTTATGACGGATCAGATAAGTACTAC
GTGGACAGCGTCAAGGGCAGATTCACCATCTCTAGGGACAACAGT
AAAAATAGACTCTACCTCCAGATGAATAGCCTCAGAGCTGAAGAC
ACGGCCGTCTACTATTGTGCTCGGGAGCGGTATAGTGGCAGAGAC
TACTGGGGGCAGGGCACACTCGTTACAGTGAGTAGC (SEQ ID NO.
93)

Clone 20C5.2 AA HC (CDRs in Underline)
QVOLVESGGGVVOPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLE
WVAVISYDGSDRKYYVDSVKGRFTISRDNSKENRLYLOMNSLRAEDTA
VYYCARERYSGRDYWGOQGTLVTVSS (SEQ 1D NG, 94)
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[0351]

[0352]

[0353]

[0354]

[0335]

[0356]

[0357]

[0338]

Clone 20C5.2 HC AA CDRI: GFTFSSY (SEQ ID NO. 95)

Clone 20C5.2 HC AA CDR2Z: SYDGSD (SEQ H3 NO. 96)

Clone 20CS5.2 HC AA CDR3: ERYSGRDY (SEQID NG 97)

Clone 20C5.2 LC DNA
GAGATTGTTATGACCCAGAGTCCTGUCGACCCTCTCAGTCAGCCCC
GGGGAGCGCGCAACTTTGTCTTGCAGAGCTAGTCAGTCCGTGTCC
TCTCTTCTGACATGGTACCAGCAAAAGCCCGGGCAGGCTCCGCGL
CTTTTGATCTTTGGGGUTTCAACAAGAGCCACTGGGATTCCCGCA
COGATTCTCTGGCTCCGGGAGCGOTACTGGTTTCACCCTGACGATT
AGCAGTCTCCAGAGCGAGGACTTCGCCGTATACTACTGCCAGCAG
TACGATACGTGGCCATTCACTTTTGGACCAGGGACTAAAGTGGAT
TTTAAGCGC (SEQ ID NO. 98)

Clone 20C5.2 AA LC (CDRs in Underline)
EIVMTQSPATLSVSPGERATLSCRASQSVSSLLTWYQOQKPGOQAPRLLE
FOGASTRATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCOOYDTWPE

Clone 20C3.2 AALC CDR1: RASQSVSSLLT (SEQ ID NO. 100)

Clone 20C32 AALC CDR2: GASTRAT (SEQ IDNO. 101)

Clone 20C3.2 AALC CDR3: QQYDTWPFT (SEQ ID NG. 102)

Clone 20C5.2 CD28T CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTCCAGTTGGTCGAAAGTGGCGETG
GTOTAGTGCAGCCGGGCCOCAGTTTGAGGCTTTCCTGTGCGGCTT
CAGGCTTTACTTTTTCCAGCTATGGAATGCACTGGGTGCGGCAGG
CCCCCGGUCAAAGGACTTOAGTGOGTGGCCOTCATTTCTTATGACG
GATCAGATAAGTACTACGTGGACAGCGTCAAGGGCAGATTCACC
ATCTCTAGGGACAACAGTAAAAATAGACTCTACCTCCAGATGAAT
AGCCTCAGAGCTGAAGACACGGCCOGTCTACTATIGTGCTCGGGAG
CGGTATAGTGGCAGAGACTACTGGGGGCAGGGCACACTCGTTALC
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[0359]

AGTGAGTAGCGGCGGAGGAGGGAGTGGGGGCGGTGGCTCCGGTG
GAGGAGGTTCTGAGATTGTTATGACCCAGAGTCCTGCGACCCTCT
CAGTCAGCCCCGGGGAGCGCGCAACTTTGTCTTGCAGAGCTAGTC
AGTCCGTGTCCTCTCTTCTGACATGGTACCAGCAAAAGCCCGGGC
AGGCTCCGCGCCTTTTIGATCTTTGGGGCTTCAACAAGAGCCACTG
GGATTCCCGCACGATTCTCTGGCTCCGGGAGCGGTACTGGTTTCA
CCCTGACGATTAGCAGTCTCCAGAGCGAGGACTTCGCCGTATACT
ACTGCCAGCAGTACGATACGTGGCCATTCACTTTTGGACCAGGGA
CTAAAGTGGATTTTAAGCGCGCCGCCGCTCTCGATAACGAAAAGT
CAAATGGCACCATAATCCACGTCAAAGGCAAGCACCTGTGCCCTT
CCCCGCTCTTCCCCGGACCCAGTAAACCATTTTGGGTGCTGGTTGT
TGTGGGGGGCGTGCTGGCCTGUTATAGCCTTTTGGTCACTGTAGC
CTTCATTATTTTTTGGGTCAGATCCAAAAGAAGCCGCCTGCTCCAT
AGCGATTACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGG
AAACACTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTAT
CGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTAT
CAGCAGGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACG
CAGGGAAGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACC
CTGAGATGGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGT
CTCTATAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTCT
GAAATAGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACG
ACGGTTTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATG
ACGCTCTCCACATGCAAGCCCTGCCACCTAGGTAA  (SEQ ID NO.
103)

Clone 20C5 2 CD28T CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in Bold)
MALPYTALLLPLALLLHAARPQVQLVESGGGYVOPGRSLRLSCAA
SGFTFSSYGMHWVROAPGKGLEWVAVISYDGSDEKYYVDSVKGRFETI
SRDONSKNRLYLOMNSLRAEDTAVYYCARERYSGRDYWGQGTLVTV
SSGGGGSGGGGSGGGGSEIVMTOSPATLSVSPGERATLSCRASQSVSS
LLTWYQQKPGQAPRLLIFGASTRATGIPARFSGSGSGTGFTLTISSLGS
EDFAVYYCQOQYDTWPFTFGPGTKVDFKRAAALDNEKSNGTHHVKG
KHLCPSPLFPGPSKPFWVEVVVGOVLACYSLLVTVAFIFWVRSKRSR
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LLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP
AYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR (SEQ ID NO. 104)

Clone 20C5 2 CD28T CD3 zeta CAR DNA Heavy & Light Chaing
CAGGTCCAGTTGGTCGAAAGTGGCGGTGOTGTAGTGCAGCCGGGC
CGCAGTTTGAGGCTTTCCTGTGCGGCTTICAGGCTTTACTTTTICCA
GCTATGGAATGCACTGGGTGCGGCAGGCCCCCGGCAAAGGACTT
GAGTGOGGTGGUCGTCATTTICTTATGACGGATCAGATAAGTACTALC
GTGGACAGCGTCAAGGGCAGATTCACCATCTCTAGGGACAACAGT
AAAAATAGACTCTACCTCCAGATGAATAGCCTCAGAGCTGAAGAC
ACGGCCGTCTACTATTGTGCTCGGGAGCGGTATAGTGGCAGAGAC
TACTGOGOGLAGGGCACACTCGTTACAGTGAGTAGCGGUGGAGG
AGGGAGTGGGGGCGGTGGCTCCGGTGGAGGAGGTTCTGAGATTG
TTATGACCCAGAGTCCTGCGACCCTCTCAGTCAGCCCCGGGGAGE
GCGCAACTTTGTCTTGCAGAGCTAGTCAGTCCGTGTCCTCTICTTCT
GACATGGTACCAGCAAAAGCCCGGGCAGGCTCCGCGCCTTTTGAT
CTTTGGGGCTTCAACAAGAGCCACTGGGATTCCCGCACGATTICTC
TGGCTCCGGGAGCGGTACTGGTTTCACCCTGACGATTAGCAGTCT
CCAGAGCOGAGGACTTICGCCGTATACTACTGCCAGCAGTACGATAC
GTGGCCATTCACTTTTGGACCAGGGACTAAAGTGGATTTTAAGCG
CGUCGCUGCTCTCGATAACGAAAAGTCAAATGGCACCATAATCCA
CGTCAAAGGCAAGCACCTGTGCCCTTCCCCGCTCTTCCCCGGACC
CAGTAAACCATTITTGGGTGCTGOTTGTTGTGGGHGGCGTGCTGEC
CTGCTATAGCCTTTTGGTCACTGTAGCCTTCATTATTTITTTIGGGTC
AGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATG
ACTCCACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCUTTAC
GCACCACCTAGAGATTTICGCTGCCTATCGGAGCAGGGTGAAGTTT
TCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGLCAGAACCA
ACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACG
TTTTGGACAAGCGCAGAGGACGGGACCCTGAGATGGOTGGCAAA
CCAAGACGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCA
GAAGGATAAGATGGCTGAAGCCTATTICTGAAATAGGCATGAAAG
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GAGAGUCGGAGAAGGGOGAAAAGGGCACGACGGTTTGTACCAGGGA
CTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAA
GCCCTGCCACCTAGG (SEQ ID NO. 105)

Clone 20C5.2 CD28T CD3 zeta CAR AA Heavy & Light Chaing
QVOLVESGGGVVOPGRSLRLSCAASGFTFSSYGMHW VROAPGKGLE
WVAVISYDGSDRKYYVDSVKGRFTISRDNSKENRLYLOMNSLRAEDTA
VYYCARERYSGRDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVMT
QSPATLSVSPGERATLSCRASQSVSSLLTWYQQKPGQAPRLLIFGAST
RATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQQYDTWPHFTFGRG
TKVDFKRAAALDNEKSNGTHHVKGKHLCPSPLFPGPSKPEFWVLVVY
GGVLACYSLLVTIVAFHFWVRSKRSRLLHSDYMNMTPRRPGPTRKHY
(QPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPOQEGLYNELGKDKMAEAYSEIGMK
GERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR (SEQ ID NO.
106)

Clone 20C5.2 CB28 CD3 zeta CAR DNA Heavy & Light Chaing
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTIGCTCC
TGCACGCCGCACGCCCGCAGGTGCAGCTCGTGGAGTCTGGCGGCG
GCGTGGTCCAGCCCGGLCGOTCCCTGLGCCTGTCCTGCGCCGCCA
GCOGGTTTACTTTTTCCTCCTACGGCATGCACTGGGTGCGCCAGGC
TCCCOGGCAAGGGCCTCOGAGTGOGTCGCCGTOATCTCATACGATGG
GTCAGACAAATACTATGTCGATTCTGTTAAAGGGCGGTTTACCAT
TTCAAGAGATAACTCTAAGAATAGGCTGTATTTGCAGATGAACAG
CCTGAGGGCTGAAGATACCGCAGTGTACTATTGCGCTAGGGAGCG
GTATAGTGGCCGCGATTACTGGGGACAGGGTACACTGGTGACCGT
GAGCTCTGGGGGTGGCGGAAGCGGGHGTGGLGGAAGCGGLGGAG
GGGGTAGTGAAATTGTGATGACCCAGTCTCCGGCTACACTTTCAG
TCTCCCCTGOGOAGAGAGCTACACTGTCATGCAGAGCGTCCCAGT
CCOTCTCTTCTCTCCTTACCTGGTATCAGCAGAAGCCCGGCCAGGC
TCCTCGACTGCTGATCTTCGGTGCCTCCACAAGGGCGACCGGGAT
TCCAGCCCGCTTCTCAGGTTCTGGGAGCGGAACTGGTTTCACTTTG
ACAATCAGTTCACTGCAGTCAGAGGATTTCGCCGTGTACTACTGC

115



15

20

30

WO 2017/173384 PCT/US2017/025573

[0363]

CAGCAATACGACACATGGCCATTCACTTICGGACCCGGTACCAAA
GTCGATTTCAAGAGAGCCGCGGCCATCGAGGTTATGTACCCACCA
CCATATCTGGACAATGAAAAAAGCAATGGAACCATTATCCATGTG
AAGGGTAAACACCTCTGCCCTAGCCCACTTTTCCCTGGCCCATCA
AAGCCCTTCTGGGTCTTGGTGGTCGTGGGGGGTGTGCTGGCCTGT
TACAGCCTTCTGGTGACGGTTGCTTTCATTATCTICTGGGTTAGAT
CCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTC
CACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCAC
CACCTAGAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCA
GATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGT
ATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTIG
GACAAGCGCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAG
ACGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGG
ATAAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAG
CGGAGAAGGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAG
CACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCT
GCCACCTAGGTAA (SEQ ID NO. 107)

Clone 20052 CD28 CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPYVTALLLPLALLLHAARPOVQOLVESGGGVVQPGRSLRLSCAA
SGFTFSSYGMHWVROAPGKGLEWVAVISYDGSDKYYVDSVKGRFTI
SRDNSKNRLYLQMNSLRAEDTAVYYCARERYSGRDYWGQGTLVTY
SSGGGGSGGGGSGGGGSEIVMTQSPATLSVSPGERATLSCRASQSVSS
ELTWYQOKPGOAPRLLIFGASTRATGIPARFSGSGSGTGFTLTISSLOS
EDFAVYYCQQYDTWPFTFGPGTKVDFKRAAAIEVMYPPPYLDNEKS
NGTHHVKGRKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFH
FWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRY
KESRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRENPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR (SEQ ID NO. 108)
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Clone 20C52 CD28 CD3 zeta CAR DNA Heavy & Licht Chaing

CAGGTGCAGCTCGTGGAGTCTGGCGGCGGCGTGGTCCAGCCCGGC
CGGTCCCTGCGCCTGTCCTGCGCCGCCAGCGGGTTTACTITITCCT
CCTACGGCATGCACTGGGTGCGCCAGGCTCCCGGCAAGGGCCTCG
AGTGGGTCGCCGTGATCTCATACGATGGGTCAGACAAATACTATG
TCGATTCTGTTAAAGGGCGGTTTACCATTTCAAGAGATAACTCTA
AGAATAGGCTGTATTTGCAGATGAACAGCCTGAGGGCTGAAGAT
ACCGCAGTGTACTATTGCGCTAGGGAGCGGTATAGTGGCCGCGAT
TACTGGGGACAGGGTACACTGGTGACCGTGAGCTCTGGGGGTGGC
GGAAGCGGGGGTGGCGGAAGCGGCGGAGGGGGTAGTGAAATTGT
GATGACCCAGTCTCCGGCTACACTTTCAGTCTCCCCTGGGGAGAG
AGCTACACTGTCATGCAGAGCGTCCCAGTCCGTCTCTTCTCTCOTT
ACCTGGTATCAGCAGAAGCCCGGCCAGGCTCCTCGACTGCTGATC
TTCGGTGCCTCCACAAGGGCGACCGGGATTCCAGCCCGCTTCTCA
GGTTCTGGGAGCGGAACTGGTTTCACTTTGACAATCAGTTCACTG
CAGTCAGAGGATTTCGCCGTGTACTACTGCCAGCAATACGACACA
TGGCCATTCACTTTCGGACCCGGTACCAAAGTCGATTTCAAGAGA
GCCGCGGCCATCGAGGTTATGTACCCACCACCATATCTGGACAAT
GAAAAAAGCAATGGAACCATTATCCATGTGAAGGGTAAACACCT
CTGCCCTAGCCCACTTTTCCCTGGCCCATCAAAGCCCTTCTGGGTC
TTGGTGGTCGTGGGGGGTGTGCTGGCCTGTTACAGCCTTCTGGTG
ACGGTTGCTTTCATTATCTTCTGGGTTAGATCCAAAAGAAGCCGC
CTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCCTGGE
CCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGATTTC
GCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATGCA
CCAGCGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCTCAA
CCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCAGAG
GACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAACCCC
CAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCTGA
AGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGGAA
AAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGAAG
GATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG
(SEQ ID NO. 109)
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Clone 20C5.2 CD28 CDB3 zeta CAR AA Heavy & Light Chains
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLE
WVAVISYDGSDKYYVDSVEGRFTISRDNSKNRLYLOMNSLRAEDTA
VYYCARERYSGRDYWGOQGTLVTVSSGGGGSGGGGSGGGGSEIVMT
QSPATLSVSPGERATLSCRASQSVSSLLTWYQOKPGOAPRLLIFGAST
RATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQOQYDTWPEFTFGPG
TKVDFKRAAATEVMYPPPYLDNERK SNGTHHVEGKHLCPSPLFPGPSK
PFWVLVVVGGYLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPR
RPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLYNE
ENLGRREEYDVLDKRRGRDPEMGGKPRRENPQEGLYNELQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NO. 110)

Clone 20052 CB8 CD3 zeta CAR DNA Heavy & Light Chaing
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGCAGGTGCAGTTGGTTGAATCAGGAGGG
GGTGTGGTGCAACCCGGTCGGTICACTGLCGCCTCAGTTGTGCTGLT
TCCGGGTTTACTTTCAGCTCATATGGGATGCACTGGGTACGGCAG
GCTCCAGGTAAAGGUTTGGAATGGGTGGUGGTGATCAGUTATGALC
GGCTCTGACAAATATTATGTGGACTCCGTGAAAGGCAGATTCACC
ATCAGTCGAGACAACTCAAAGAATAGACTCTACTTGCAGATGAAT
AGCCTCCGGGCCGAAGATACTGCAGTCTATTATTGCGCCCGGGAG
CGCTACAGTGGAAGAGACTATTGGGGGCAAGGAACTCTTGTCACA
GTCTCATCTGGCGGCGOCGGCAGCOGTGGGGGCGGATCTGGCGE
GGGUGGCAGCGAAATCGTTATGACTCAGAGTCCTGCCACACTGAG
CGTTAGCCCTGGTGAGAGAGCAACACTTAGCTGCAGAGCTAGTCA
GAGTGTTTCCAGTCTTTTGACATGGTACCAACAGAAGCCCGGTCA
AGCTCCACGACTGCTCATCTTCGGTGCATCCACCCGLGCAACCGG
GATACCCGCCCGGTTTTICCGGTTCTGGAAGTGGCACAGGATTCALC
GCTCACCATTITCTTCTCTGCAGTCTGAAGACTTTGCCGTGTATTAC
TGCCAGCAGTACGATACCTGGCCCTTTACCTTTGGCCCAGGTALCT
AAAGTGGATTTTAAACGAGUTGCTGCACTTTCCAATAGTATTATG
TACTTTTCACATTTTGTGCCCGTGTITCCTGCCTGCGAAGCCTACGA
CAACCCCAGCCCCTAGGCCGCCCACACCGOCCCCAACTATTGCCT
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CCCAGCCATTGTCTCTGAGACCCGAAGCTTGCAGACCTGCTGCTG

GAGGCGCCGTTCACACCCGAGGATTGGATTTCGCATGTGACATTT

ACATCTGGGCCCCTTTGGCCGGAACCTGCGGTGTGCTGCTGCTGT

CACTCGTGATTACACTTTACTGCAACCACCGAAACAGATCCAAAA
GAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGCC
GCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTA
GAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTG

CAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAAC

GAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAA

GCGCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAA
AAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAG

ATGGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAG

AAGGGGAAAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTG
CTACGAAGGATACTTATGACGCTCTCCACATGCAAGCCCTGCCAC

CTAGGTAA (SEQ IDNO. 111)

Clone 20C5 2 CD8 CD3 zeta CAR AA Heavy & Licht Chaing

{Signal peptide in Bold)
MALPVTALLEPLALLLHAARPOQVQLVESGGGVVQPGRSLRLSCAA
SGFTFSSYOMHEWVROQAPGKGLEWVAVISYDGSDKYYVDSVKGRETI
SRDNSKNRLYLOMNSLRAEDTAVYYCARERYSGRDYWGGTLVTVS
SGGGGSGGGGSGGGGESEIVMTOSPATLSVSPGERATLSCRASQSYSS
LLTWYQQKPGQAPRLLIFGASTRATGIPARFSGSGSGTGFTLTISSLQS
EDFAVYYCOQOQYDTWPFTHFGPGTKVDFKRAAALSNSIMYFSHEVPVEL
PAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC
DIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPR
RPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQGOUNOLYNE
ENLGRREEYDVLDKRRGRDPEMGGKPRRENPOQEGLYNELQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
{(SEQG ID NG. 112)

Clone 20C5.2 CD8 CD3 zeta CAR DNA Heavy & Light Chains
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CAGGTGCAGTTGOGTTGAATCAGGAGGGGGTOTGOGTGCAACCCGOT
COGTCACTGCGCCTCAGTTGTGCTGCTTICCGGOTTTACTTTCAGCT
CATATGGGATGCACTOGOGOGTACGGCAGGCTCCAGGTAAAGGCTTGO
AATGGOTGGCGOTGATCAGCTATGACGGUTCTGACAAATATTATG
3 TGGACTCCGTGAAAGGCAGATTCACCATCAGTCGAGACAACTCAA
AGAATAGACTCTACTTGCAGATGAATAGCCTCCGGGCCGAAGATA
CTGCAGTCTATTATTGCGCCCGOGGAGCGCTACAGTGGAAGAGACT
ATTGOGGGGUAAGGAACTUTTGTCACAGTCTCATCTGGCGGCGGCG
GCAGCGGTGGOGGLGGATCTGGCOGOOGGCOGCAGCGAAATCGTT
10 ATGACTCAGAGTCCTGCCACACTGAGCGTTAGUCCCTGGTGAGAGA
GCAACACTTAGCTGCAGAGCTAGTCAGAGTGTTTICCAGTICTTITIC
ACATGGTACCAACAGAAGCCCOGGTCAAGCTCCACGACTGUTCATC
TTCGGTGCATCCACCCGCOGCAACCGGOATACCCGCCCGOTTITTCC
GOTTCTGGAAGTGGCACAGGATTCACGCTCACCATTTCTTCTCTGC
15 AGTCTGAAGACTTTGCCGTGTATTACTGCCAGCAGTACGATACCT
GGCCCTTTACCTTTGOCCCAGGTACTAAAGTGOATTTTAAACGAG
CTGCTGCACTTTCCAATAGTATTATGTACTTTTCACATTTTGTGCC
COGTGTTCCTGCCTGCGAAGCCTACGACAACCCCAGCCCCTAGGCC
GCCCACACCGGCCCCAACTATTGCCTCCCAGCCATTIGTCTCTGAG
20 ACCCOGAAGCTTGCAGACCTGCTGCTGGAGGCGCCGTTCACACCCG
AGGATTGGATTTCGCATOGTGACATTTACATCTGGGCCCCTTTGGOC
GOAACCTGCGGTOTGCTGCTGCTGTCACTCOTGATTACACTTTACT
GCAACCACCGAAACAGATCCAAAAGAAGCCGCCTGUTCCATAGC
GATTACATGAATATGACTCCACGCCOCCCTGGCCCCACAAGGAAA
253 CACTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATCGG
AGCAGGOGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAG
CAGGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCAG
GGAAGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCTG
AGATGGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCTC
30 TATAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTCTGAA
ATAGGCATGAAAGGAGAGCOGGAGAAGGGGAAAAGGGCACGACG
GTTTGTACCAGGGACTCAGCACTGUTACGAAGGATACTTATGACG
CTCTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 113)
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Clone 20C5.2 CD8 CD3 zeta CAR AA Heavy & Light Chaing
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLE
WVAVISYDGSDKYYVDSVEGRFTISRDNSKNRLYLOMNSLRAEDTA
VYYCARERYSGRDYWGOQGTLVTVSSGGGGSGGGGSGGGGSEIVMT
QSPATLSVSPGERATLSCRASQSVSSLLTWYQOKPGOAPRLLIFGAST
RATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQQYDTWPEFTFGPG
TKVDFKRAAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQP
LSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRREKNPOQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR (SEQ ID NO. 114)

Clone 20052 CD28T CD3 zeta CAR DNA Heavy & Light Chains
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGGAGATTGTGATGACCCAGTCCCCTGCTA
CCCTGTCCGTCAGTCCGGGLGAGAGAGCCACCTTGICATGCCGGE
CCAGCCAGTCCGTCAGCAGTCTCCTGACTTGGTATCAGCAAAAAC
CAGGGCAGGCACCGCOGCTTTTGATTTTTGGTGCAAGCACACGCG
CCACTGGCATTCCAGCTAGGTTTTCTGGAAGTGGATCTGGGACAG
GCTTCACTCTGACAATCAGTAGCCTGCAGAGTGAGGACTTTGCTG
TTITACTACTGTCAACAGTACGACACCTGGCCATTCACATTCGGGC
CCGGCACCAAGGTCGACTTCAAGAGGGOGCGGTGGAGGTTCAGET
GGTGGCGGGTCAGGCGGCGGTGOGTCTCAGGTTCAACTGGTGGA
ATCAGGTGOGCGGCGTTGTCCAACCOGGOGUOATCACTTCGACTTTC
CTGTGCTGCCTCAGGCTTTACTTTTTCATCCTATGGGATGCACTGG
GTTCGGCAGGCTCCCGGAAAAGGACTCGAGTGGGTTGCAGTGATC
TCTTACGATGGCTCAGACAAGTATTATGTGGACTCAGTCAAGGGG
AGATTCACAATAAGCCGAGACAACTCCAAAAACCGGCTTTATCTIC
CAGATGAACAGCCTTAGAGUGGAAGATACCGCGGTATACTACTGT
GCCCGCGAGAGGTATTCCGGCAGAGACTACTGOGGGACAGGGCALC
ACTGGTCACCGTGAGTTCTGCCGCAGCGCTCGATAACGAAAAGAG
CAACGGAACCATTATCCACGTTAAGGGCAAGCACCTGTGCCCCAG
TCCCCTCTTCCCAGGACCATCTAAACCCTTICTGOGGTTCTGGTAGTA
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GTTGGAGGGOGTCCTTGCATGTTACTCCCTTTTIGOGTCACCGTCGCCT
TCATTATTTTCTGGGTGAGATCCAAAAGAAGCCGCCTGCTCCATA
GCGATTACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGGA
AACACTACCAGCCTTACGCACCACCTAGAGATTTCGCTGCCTATC
GOAGCAGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATC
AGCAGGGCCAGAACCAACTGTATAACGAGCTCAACCTGGGACGO
AGGGAAGAGTATGACOGTTTTGGACAAGCGCAGAGGACGGGACCC
TCGAGATGGGTGGCAAACCAAGACGAAAAAACCCCCAGGAGGHTC
TCTATAATGAGCTGCAGAAGGATAAGATGOCTGAAGCCTATTCTG
AAATAGGCATGAAAGGAGAGUGGAGAAGGGGAAAAGGGCACGA
COGTTTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGA
CGCTCTCCACATGCAAGCCCTGCCACCTAGGTAA (SEQID NG, 115)

Clone 2005 2 CD28T CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPEIVMTQSPATLSVSPGERATLSCRA
SQSVSSLLTWYQOQKPGOQAPRLLIFGASTRATGIPARFSGSGSGTGFTL
TISSLOSEDFAVYYCQQYDTWPFTFGPGTRKVDIFKRGGGGSGGGESG
GGGSQVOLVESGGGYVOPGRSLRLSCAASGFTFSSYGMHW VRQAPG
KGLEWVAVISYDGSDKYYVDSVEGRFTISRDNSKNRLYLOMNSLRA
EDTAVYYCARERYSGRDYWGQGTLVTVSSAAALDNERKSNGTHHVK
GKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFOFWYVRSKRS
RLLHSDYMNMTPRRPGPTRKHYOQPYAPPRDFAAYRSRVKFSRSADA
PAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP(Q
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQOALPPR (SEQ 1D NG. 116)

Clone 20C5.2 CD28T CD3 zeta CAR DNA Heavy & Light Chains
GAGATTGTGATGACCCAGTCCCCTGCTACCCTGTCCGTCAGTCCG
GGCGAGAGAGCCACCTTGTCATGCCGGGLCAGCCAGTCCGTCAGC
AGTCTCCTGACTTGGTATCAGCAAAAACCAGGGCAGGCACCGLGG
CTTTTGATTTTTGGTGCAAGCACACGCGCCACTGGCATTCCAGCTA
GGTTTTCTGGAAGTGGATCTGGGACAGGCTTCACTCTGACAATCA
GTAGCCTGCAGAGTGAGGACTTITGUTGTTTACTACTGTCAACAGT
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ACGACACCTGGCCATTCACATTCGGGCCCGGLCACCAAGGTCGACT
TCAAGAGGOGGCOGTGGAGOTTCAGGTGGTGOGCGOGTCAGGCGGE
GOGTOGOGOTCTCAGGTTCAACTGGTOGGAATCAGGTGGCGGCGTTOTC
CAACCGGGGCOATCACTTCGACTTTCCTGTGUTGCCTCAGGCTTTA
CTTTTTCATCCTATGGGATGCACTGOOTTCGGCAGGUTCCCGGAA
AAGGACTCGAGTGGGTTGCAGTGATCTCTTACGATGOGCTCAGACA
AGTATTATGTGGACTCAGTCAAGGGGAGATTCACAATAAGCCGAG
ACAACTCCAAAAACCGGUTTTATCTCCAGATGAACAGCCTTAGAG
CGOAAGATACCGCGGTATACTACTOTGCCCGCGAGAGGTATTCCG
GCAGAGACTACTGGGGACAGGGCACACTGOTCACCGTGAGTTCTG
CCGCAGCGCTCGATAACGAAAAGAGCAACGGAACCATTATCCAC
GTTAAGGGCAAGCACCTGTGCCCCAGTCCCCTOTTCCCAGGACCA
TCTAAACCCTTCTGOGTTCTGGTAGTAGTTGGAGGGUGTCCTTGCAT
GTTACTCCCTTTTOGGTCACCOTCGUCTTCATTATTTTICTOGGOTGAG
ATCCAAAAGAAGCCGCCTGUTCCATAGCGATTACATGAATATGAC
TCCACGCCGCCCTOGOCCCCACAAGGAAACACTACCAGCCTTACGE
ACCACCTAGAGATTTCOGCTGCCTATCGGAGCAGGGTGAAGTTTTC
CAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAAC
TGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTT
TGGACAAGCGCAGAGGACOGGGACCCTGAGATGGGTGGCAAACCA
AGACGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAA
GOGATAAGATGGCTGAAGCCTATTICTGAAATAGGCATGAAAGGAG
AGCGGAGAAGGGGAAAAGGOCACGACGOTTTOGTACCAGGGACTC
AGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAAGCC
CTGCCACCTAGG (SEQ ID NO. 117)

Clone 20C5.2 CD28T CD3 zeta CAR AA Heavy & Light Chaing
EIVMTOQSPATLSVSPGERATLSCRASQSYSSLLTWYQQKPGQAPRLLI
FGASTRATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQQYDTWPF
TFGPGTRKVDFKRGGGGSGGGGSGGGGSQVOQLVESGGGYVOPGRSLR
LSCAASGFTFSSYGCMHWVRQAPGKGLEWVAVISYDGSDEKYYVDSY
KGRFTISRDNSKNRLYLOMNSLRAEDTAVYYCARERYSGRDYWGQ
GTLVTVSSAAALDNEKSNGTIHHVKGKHLCPSPLFPGPSKPFWVLVY
VGGVLACYSLLVTVAFHFWVRSKRSRLLHSDYMNMTPRRPGPTRKH
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YOQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO.
118)

Clone 20052 CD28 CD3 zeta CAR DNA Heavy & Light Chaing
ATGGCACTCCCCGTAACTGCTCTGCTGCTGCCGTTGGCATTGCTCC
TGCACGCCGCACGCCCGGAGATCGTCATGACACAGAGTCCAGCTA
CCCTGAGCGTGTCCCCTGGAGAGAGAGCCACCCTGTCCTGTAGGG
CTAGTCAGAGTGTGTCCAGCCTCCTCACCTGGTATCAACAGAAGC
CTGGTCAAGCTCCCCGOGCTGCTTATCTTCGGGGCCAGCACGCGAG
CCACAGGCATCCCGGCCAGATTICTCTGGCTCTGGCAGTGGCACCG
GGTTCACTCTCACGATCTCATCCCTGCAGTCAGAGGATTTCGCTGET
GTATTACTGTCAGCAGTACGATACATGGCCCTTCACCTTCGGCCC
GGGCACAAAAGTAGATTTCAAGCGCGGCGGCGGGGHTAGTGGGG
GCGGGGGATCAGGAGGAGGGGGCTCCCAAGTACAGCTGGTTGAG
AGCGGLGGLGOGETGGTTCAGCCCGGGLGCAGCCTCAGGCTGAG
TTGCGCAGCATCAGGATTCACATTCAGTTCTTATGGAATGCATTG
GGTCAGACAGGCTCCCGGGAAGGGUCTTGAATGGGTGGCAGTCA
TTAGCTACGACGGAAGCGATAAGTACTATGTGGACTCAGTTAAAG
GGAGATTTACTATCAGCCGCGACAATTCCAAAAACAGATTIGTATT
TGCAGATGAACTCCCTCAGGGCGGAGGACACTGCTGTATATTACT
GCGCACGAGAGAGATACTCCGGCCGAGACTATTGGGGCCAAGGA
ACATTGGTAACTGTGAGCTCCGCCGCAGCTATTGAGGTCATGTALC
CCCCCACCTTATCTCGATAATGAGAAGAGTAATGGGACTATAATT
CACGTAAAGGGCAAACACCTGTGCCCTTICCCCGCTGTTTCCAGGT
CCAAGTAAGCCGTTCTGGOTCCTGGTTGTGGTGGGAGGGGTGCTG
GCCTGCTATTCTCTGTTGGTTACCGTGGCCTTITATCATTTTICTGGGT
GAGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATAT
GACTCCACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCCTTA
CGCACCACCTAGAGATTTCGCTGCCTATCGGAGCAGGGTGAAGTT
TTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGUCAGAACCA
ACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACG
TTTTGGACAAGCGCAGAGOACGGGACCCTGAGATGOGGTGGCAAA
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CCAAGACGAAAAAACCCCCAGGAGGGTCTCTATAATGAGCTGC A
GAAGGATAAGATGGCTGAAGCCTATTCTGAAATAGGCATGAAAG
GAGAGCGGAGAAGGGGAAAAGGOCACGACGOTTTGTACCAGGGA
CTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAA
GCCCTGCCACCTAGGTAA (SEQ ID NO. 119)

Clone 20CS5.2 CD28 CD3 zeta CAR AA Heavy & Light Chains

(Signal Peptide in Bold)
MALPVTALLLPLALLLHAARPEIVMTQOSPATLSVSPGERATLSCRA
SQSVSSLLTWYQQKPGOQAPRLLIFGASTRATGIPARFSGSGSGTGFTL
TISSLOSEDFAVYYCQQYDTWPFTFGPGTKVDFKRGGGGSGGGGSG
GGGSQVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPG
KGLEWVAVISYDGSDKYYVDSVKGRFTISRDNSKNRLYLQMNSLRA
EDTAVYYCARERYSGRDYWGQGTLVTVSSAAAIEVMYPPPYLDNEK
SNGTUHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF]
FWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSR
VEKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRREKNPOEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQ
GLSTATKD TYDALHMQALPPR (SEGQ 1D NO. 120)

Clone 20052 CD28 CD3 zeta CAR DNA Heavy & Light Chaing
GAGATCGTCATGACACAGAGTCCAGCTACCCTGAGCGTGTCCCCT
GGAGAGAGAGCCACCCTGTCCTGTAGGGCTAGTCAGAGTGTGTCC
AGCCTCCTCACCTGGTATCAACAGAAGCCTGGTCAAGCTCCCCGG
CTGCTTATCTTCGGGGCCAGCACGCGAGCCACAGGCATCCCGGCC
AGATTCTCTGGCTCTGGCAGTGGCACCGGGTTCACTCTCACGATCT
CATCCCTGCAGTCAGAGGATITCGCTGTGTATTACTGTCAGCAGT
ACGATACATGGCCCTTCACCTTCGGCCCGGGLCACAAAAGTAGATT
TCAAGCGCGGCGGCGGGGGTAGTGGOGGCGGEGGATCAGGAGGA
GGGGGCTCCCAAGTACAGCTGGTTGAGAGCGGCGGLGGGGTGGT
TCAGCCCGGGCGCAGCCTCAGGCTGAGTTGCGCAGCATCAGGATT
CACATTCAGTTCTTATGGAATGCATTGGGTCAGACAGGUTCCCGE
GAAGGGCCTTGAATGGGTGGCAGTCATTAGCTACGACGGAAGCG
ATAAGTACTATGTGGACTCAGTTAAAGGGAGATTTACTATCAGCC
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GCGACAATTCCAAAAACAGATTGTATTTGCAGATGAACTCCCTCA
GGGCGGAGGACACTGCTGTATATTACTGCGCACGAGAGAGATACT
CCGGCCGAGACTATTGGGGCCAAGGAACATTGGTAACTGTGAGCT
CCGCCGCAGCTATTGAGGTCATGTACCCCCCACCTTATCTCGATA
ATGAGAAGAGTAATGGGACTATAATTCACGTAAAGGGCAAACAC
CTGTGCCCTTCCCCGCTGTTTCCAGGTCCAAGTAAGCCGTTCTGGG
TCCTGGTTGTGGTGGGAGGGGTGCTGGCCTGCTATTCTCTGTTGGT
TACCGTGGCCTTTATCATTTTCTGGGTGAGATCCAAAAGAAGCCG
CCTGCTCCATAGCGATTACATGAATATGACTCCACGCCGCCCTGG
CCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGATTT
CGCTGCCTATCGGAGCAGGGTGAAGTTTTCCAGATCTGCAGATGC
ACCAGUGTATCAGCAGGGCCAGAACCAACTGTATAACGAGCTCA
ACCTGGGACGCAGGGAAGAGTATGACGTTTTGGACAAGCGCAGA
GGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAACCC
CCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCTG
AAGCCTATTCTGAAATAGGCATGAAAGGAGAGCGGAGAAGGGGA
AAAGGGCACGACGGTTTGTACCAGGGACTCAGCACTGCTACGAA
GGATACTTATGACGCTCTCCACATGCAAGCCCTGCCACCTAGG
(SEQ ID NO. 121)

Clone 20C5.2 CD28 CD3 zeta CAR AA Heavy & Light Chains
EIVMTQSPATLSVSPGERATLSCRASQSVSSLLTWYQQKPGQAPRLLI
FGASTRATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQQYDTWRE
TFGPGTKVDFKRGGGGSGGGGSGGGGSQVOLVESGGGVVOPGRSLR
ESCAASGFTFSSYGMHWVROAPGKGLEWVAVISYBGSDKYYVDSY
KGRFTISRDNSKNRLYLOQMNSLRAEDTAVYYCARERYSGRDYWGQ
GTLVTVSSAAAIEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLEPGPS
KPFWVLVVVGGVLACYSLLYTVAFIIFWVRSKRSRLLHSDYMNMTP
RRPGPTRKHY(QPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQGEGLYNELOQKDKM
AFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR
(SEQ ID NG, 122)

Clone 20C5 2 CDE CD3 zeta CAR DNA Heavy & Light Chains
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ATGGCACTCCCCGTAACTGUTCTGCTGUTGCCGTTGGUATTGUTCC
TGCACGCCGCACGCCCGGAAATAGTGATGACTCAGTCCCCGGCCA
CCCTCAGCGTGTCCCCCOGOGLGGAGCGAGUCGACCCTGTCATGCAGGG
CTTCCCAGAGTGICAGUTCCCTGCTCACTTGGTATCAGCAAAAGC
§ COGOGGCAGGCTCCCCGCCTCCTCATCTTCGOGGGCATCAACTAGGG
CCACCGGCATTCCTGCAAGATTTTCCGHGGTCTOGGCAGUCGGCACCG
GCTTCACCCTTACCATTAGCTCTCTGCAGTCTGAGGACTTCGCCGT
TTACTATTGTCAGCAGTATGATACTTGGCCCTTTACCTTCGGTCCD
GOAACTAAGOTGGACTTCAAGCGCGGGGGGOGTGGATCTGGAGE
10 TGOTGGCTCCGOOOGUGHETGGAAGCCAGOTCCAGTTGOTTGAGA
GCGGCGGCOGAGTGGTGCAGCCCGGGAGGTCCTTGCGGCTGAGC
TOTGCAGCCTCCGOTTTTACTTTTICTAGCTATGGAATGCATTGOG
TAAGACAGGCTCCCGGAAAAGGCCTCGAGTGGOTGGCGOGTCATT
AGCTATGATGOATCTGATAAATACTATGTGGACTCAGTTAAGGGG
15 COCTTCACAATCTCAAGAGACAATAGUCAAAAATAGACTGTACCTG
CAGATGAATAGTCTGCGUCGCCGAGGACACTGCCGTGTACTACTGE
GCCCGCGAGAGATACAGCGGACGGGATTACTGOGGCCAGGGTAL
CCTCGTAACGOTGTCCTCCGCTGUCGUCCCTTAGCAACAGCATTAT
GTACTTTTCTCATTTCGTGCCAGTCTTTCTCCCAGCAAAGCCCACC
20 ACTACCCCGGCCCCCAGGCCGUCCTACTCCTGCCCCCACTATCGCG
TCTCAGCCTCTCTCCTTGCGGUCCGAGGCCTGUCGGCCAGCCGCA
GOGGGCGCCOTACATACTCOGOGTITGGATTITCGCTTGCGACATA
TATATTTGGGCCCCCCTCGUCGGCACATGTGOGAGTGUTGCTCCTG
AGTCTCGTTATAACCCTCTATTGCAACCATAGAAACAGATCCAAA
253 AGAAGCCGCCTGCTCCATAGCOGATTACATGAATATGACTCCACGC
CGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCT
AGAGATTTCGCTGUCCTATCGGAGCAGGOGTGAAGTTTTCCAGATCT
GCAGATGCACCAGCGTATCAGCAGGGCCAGAACCAACTGTATAA
COAGCTCAACCTOGGGACGCAGGGAAGAGTATGACGTTTTGGACA
30 AGCGCAGAGGACGGGACCCTGAGATGOGTOGGCAAACCAAGACGA
AAAAACCCCCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAA
GATGOGCTGAAGCCTATTCTGAAATAGGCATGAAAGGAGAGUGGA
GAAGGGGAAAAGOGGCACGACGGTTTGTACCAGGGACTCAGCACT
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GCTACGAAGGATACTTATGACGUTCTCCACATGCAAGCCCTGCCA
CCTAGGTAA (SEQ ID NO. 123)

Clone 20C5.2 CDS CD3 zeta CAR AA Heavy & Light Chains

{Signal Peptide in Bold)
MALPYTALLLPLALLLHAARPEIVMTQSPATLSVSPGERATLSCRA
SOSVSSLLTWYQQKPGQAPRLLIFGASTRATGIPARFSGSGSGTGFTL
TISSLQSEDFAVYYCQOQYDTWPFTFGPGTK VDFKRGGGGSGGGGESG
GGGSQVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPG
KGLEWVAVISYDGSDEKYYVDSVKGRFTISRDNSKNRLYLOMNSLRA
EDTAVYYCARERYSGRDYWGQOQGTLVTVSSAAALSNSIMYFSHEFVPY
FLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONOQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSEIGMKGERRRGEGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NO. 124)

Clone 20C5.2 CDS8 CD3 zeta CAR BNA Heavy & Light Chains
GAAATAGTGATGACTCAGTCCCCGGCCACCCTCAGCGTGTCCCLC
GGGGAGCGAGCGACCCTGTICATGCAGGGUTTCCCAGAGTGTCAGC
TCCCTGCTCACTTGGTATCAGCAAAAGCCGGGGCAGGCTCCCCGC
CTCCTCATCTTCGGGGUCATCAACTAGGGUCACCGGCATTCCTGC A
AGATTTTCCGGGTCTGGCAGCGGCACCGGCTTCACCCTTACCATT
AGCTCTCTGCAGTCTGAGGACTTCGCCOGTTTACTATTGTCAGCAGT
ATGATACTTGGCCCTTTACCTTCGGTCCCGGAACTAAGGTGGACTT
CAAGCGCGGOGGGGETOGATCTGOAGGTGGTGGCTCCGGOGHEG
GTGGAAGCCAGGTCCAGTTGGTTGAGAGCGGCGGCGGAGTGGTG
CAGCCCGGGAGGTCCTTGCGGCTGAGCTGTGCAGCCTCCGGTTIT
ACTTTTTCTAGCTATGGAATGCATTGGGTAAGACAGGLTCCCGGA
AAAGGCCTCGAGTGGOGTGGCGGTCATTAGCTATGATGGATCTGAT
AAATACTATGTGGACTCAGTTAAGGGGCGCTTCACAATCTCAAGA
GACAATAGCAAAAATAGACTGTACCTGCAGATGAATAGTCTGCGC
GCCGAGGACACTGCCGTGTACTACTGCGCCCGUGAGAGATACAGC
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GOACGGGATTACTGOGGOUCCAGOGGTACCCTCGTAACGGTGTCCTCC
GCTGCCGCCCTTAGCAACAGCATTATGTACTTTTCTCATTITCGTGC
CAGTCTTTCTCCCAGCAAAGCCCACCACTACCCCGGCCCCCAGGT
CGCCTACTCCTGCCCCCACTATCGCGTCTCAGCCTCTCTCCTTGCG
GCCCGAGGCCTGCCGGCCAGCCOGCAGGUGGGCOUCGTACATACTC
GGGGTTTGGATTTCGUCTTGCGACATATATATTTGOGGUCCCCCTCGE
COGGCACATGTGOGAGTGCTGCTCCTGAGTCTCOGTTATAACCCTCTAT
TGCAACCATAGAAACAGATCCAAAAGAAGCCGCCTGCTCCATAG
CGATTACATGAATATGACTCCACGCCGCCCTGGCCCCACAAGGAA
ACACTACCAGCCTTACGUCACCACCTAGAGATTTCGUTGCCTATCG
GAGCAGGOGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCA
GCAGGGUCAGAACCAACTGTATAACGAGCTCAACCTGGGACGCA
GGGAAGAGTATGACGTTTTGGACAAGCGCAGAGGACGGGACCCT
GAGATGOUGTGOGCAAACCAAGACGAAAAAACCCCCAGGAGGGTCT
CTATAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATICTGA
AATAGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACGAC
GOGTTTGTACCAGGGACTCAGCACTGCTACGAAGGATACTTATGAC
GCTCTCCACATGCAAGCCCTGCCACCTAGG (SEQ ID NO. 125)

Clone 200C5.2 CD8 CD3 zeta CAR AA Heavy & Light Chaing
EIVMTQSPATLSVSPGERATLSCRASQSVSSLLTWYQOQKPGOAPRLLE
FGASTRATGIPARFSGSGSGTGFTLTISSLOSEDFAVYYCQOQYDTWPF
TFGPGTKVDFKRGGGOGSGGOGSGOGOSOVOLVESGGGVVOPGRSER
LSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYDGSDKYYVDSY
KGRFTISRDNSKNRLYLOMNSLRAEDTAVYYCARERYSGRDYWG(
GTLVTYSSAAALSNSIMYFSHFVPVEFLPAKPTTTPAPRPPTPAPTIASQ
PLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVIT
LYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
RSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDEKRRGRDPE
MGGKPRRKNPOEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGL
YOQGLSTATKDTYDALHMQALPPR (SEQ ID NO. 126)

CAR Signal Peptide DNA
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ATGGCACTCCCCGTAACTGUTCTGCTGUTGCCGTTGGUATTGUTCC
TGCACGCCGCACGCCCG (SEQ ID NO. 127)

{6383] CAR Sigpal Peptide: MALPVTALLEPLALLLHAARP (SEQ ID NO. 128)
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[0384]

[0385]

[0386]

16387}

[0388]

[0389]

[0390]

[0391]

[0392]

[0393]

[0394]

[8395]

[0396]

schFv (548 linker DNA

GGCOGTGGAGGCTCCGGAGGGGGOGOCTCTGGCGGAGGGGEUTC
C{(SEQ ID NO. 129)

seFy Gds linker: GGGGSGGGGSGGGGS (SEQ ID NO. 130)

Additional G4S linker: GGGGSGGGGSGGGGSGGEGS (SEQIDNO. 145)

scFv Whitlow linker DNA
GGGTCTACATCCGGCTCCGGGAAGCCCGGAAGTGGCGAAGGTAG
TACAAAGGGG (SEQID NG, 131)

scFv Whitlow linker: GSTSGSGKPGSGEGSTKG (SEQ ID NO. 132)

CD28 AA Extracellular Domain
MLRLLLALNLFPSIQVTGNKILVKOSPMLVAYDNAVNLSCKYSYNLF
SREFRASLHKGLDSAVEVCVVYGNYSQQLOVYSKTGFNCDGKLGNE
SVTFYLONLYVNOQTDIVFCKIEVMYPPPYLDNEKSNGTHHVKGKHLC
PSPLFPGPSKP (SEQ ID NO. 133)

GHoXaXsXsXe XXXy (SEQ D NG: 134)
XiXoX3XsXs5Xe (SEQ ID NO: 135)
XiXoX3XaXsXeX7XsXoX10 X1 X12DY (SEQ ID NO: 136)
XiASQXsXeX7XeXol X1t (SEQ ID NO: 137)
XiASX4XsXeXy (SEQ ID NO: 138}

QOXaXsXsXePXeT (SEQ D NG: 139)

CLL-1 AA(aka, CLECIZA)
MSEEVTYADLQFQNSSEMEKIPEIGKFGEKAPPAPSHVWRPAALFLT
PLCLLLLIGLGVLASMPHVTLKIEMKEKMNKLONISEELOQRNISLOLMS
NMNISNKIRNLSTTLQTIATKLCRELYSKEQGEHKCKPCPRRWIWHKD
SCYFLSDDVQTWQESKMACAAQNASLELKINNKNALEFIKSQSRSYD
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[0397]

[0398]

[0399]

[0400]

YWLGLSPEEDSTRGMRVDNINSSAWVIRNAPDLNNMYCGYINRLY
VOYYHCTYKKRMICEKMANPVQLGSTYFREA (SEQ ID NO. 140)

4-1BB Nucleic Acid Sequence {(intracellular domain)
AAGCGCGGCAGGAAGAAGCTCCTCTACATTTTTAAGCAGCCTTTT
ATGAGGCCCGTACAGACAACACAGGAGGAAGATGGCTGTAGCTG
CAGATTTCCCGAGGAGGAGGAAGGTGGGTGCGAGCTG (SEQ I
NO. 141}

4-1B8B AA (niracellular domain)
KRGRKKLLYIFKQPFMRPYVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID
NG. 142)

OX40 AA
RRDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI (SEQ ID NO.
143)

Leader Sequence AA

MALPVTALLLPLALLLHAARP (SEQ ID NO: 144)
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CLAIMS
‘What is Claimed;

1. A chimoeric antigen receptor comprising an antigen binding molecule that specifically
binds to CLL-1, wherein the antigen binding molecule comprises at least one of’
ay a variable heavy chain CDR1 comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 17, 51, 73, and 95,
b} a variable heavy chain CDR2Z comprising an amino acid sequence selected from
the group consisting of SEQ 1D NOs 18, 52, 74, and 96,
¢} a variable heavy chain CDR3 comprising an amino acid sequence selected from
the group consisting of SEQ 1D NGs 19, 53, 75, and 97,
d} avariable light chain CDR1 comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 22, 56, 78, and 100,
e} avariable light chain CDR2 comprising an amino acid sequence selected from the
group consisting of SEQ 1D NOs. 23, 57, 79, and 101,
£} awvariable light chain CDR3 comprising an amino acid sequence selected from the

group consisting of SEQ ID NOs. 24, S8 80, and 102,

2. The chimerte antigen receptor according to claim 1 having no more than 8 amino acid
substitutions.
3. The chimeric antigen receptor according to claim 1 further comprising at least one

costimutatory domain.

4 The chimeric antigen receptor according to claim 1 further comprising at least one

activating domain.

5. The chimerte antigen receptor according to claim 3 wherein the costimulatory domain
is a signaling region {or other suitable portion) of CD28, OX-40, 4-1BB/CD137, CD2, CD7,
CD27, CD30, CD40, programmed death-1 (PD-1), inducible T cell costimulator (1COS),
lymphocyte function-associated antigen-1 (LFA-1 (CDI 1a/CD18), CD3 gamma, CD3 delta,
CD3 epsifon, CD247, CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig alpha (CD79%),
DAP-10, Fc gamma receptor, MHC class I molecule, TNF receptor proteins, an
Imrounoglobulin protein, cytokine receptor, integrins, Signaling Lymphocytic Activation
Molecules (SLAM proteins), activating NK cell receptors, BTLA, a Toll ligand receptor,
ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2,
SLEAMFE7, NKp80 (KLRF1), NKpd4, NKp30, NKp46, CD19, CD4, CDBalpha, CDE8beta, IL-
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2R beta, IL-2R gamma, I1L-7R alpha, ITGA4, VLA, CD4%9a, ITGA4, 1A4, CD49D, ITGAS,
VLA-6, CD49f, ITGAD, CDI1 1d, ITGAE, CD103, ITGAL, CD1 la, LFA-1, ITGAM, CDI 1b,
ITGAX, CDi lc, ITGBL, CD29, ITGR2, CDI8, LFA-1, ITGB7, NKG2D, TNFRZ,
TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CDg4, CD96 (Tactile),
CEACAMI, CRT AM, Ly9 (CD229), CD160 (BY35), PSGL1, CDI00 (SEMAA4D), CDo9,
SLAMFG (NTB-A, Lvyi08) SLAM (SLAMFI1, CDI150, 1IP0O-3), BLAME (SLAMES),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, a ligand that
specifically binds with CDB3, or any combination thereof.

6. The chimeric antigen receptor according to claim 5 wherein the costimulatory domain
comprises CD28.

7. The chimeric antigen receptor according to claim 6 wherein the CD28 costimulatory
domain comprises a sequence selected from the group consisting of SEQ ID NO. 2, SEQ ID

NO. 4, SEQ ID NO. 6, and SEQ ID NO. 8.

8. The chimeric antigen receptor according to claim 5 wherein the CD8 costimulatory
domain comprises SEQ ID NO. 14
9. The chirueric antigen receptor according to claim 4 wherein the activating domain

comprises CD3.

10.  The chumeric antigen receptor according to claim 9 wherein the CD3 comprises CD3
zeta.

11, The chimeric antigen receptor according to claim 10 wherein the CD3 zeta comprises
SEQ ID NO. 10

12. The chimeric antigen receptor according to claim 1 further comprising SEQ 1D NO.

2 and SEQ ID NO. 10

13. An isolated polynucleotide encoding the chimeric antigen receptor of claim 1.
14 A vector comprising the polynucleotide of claim 13.
15 The vector according to claim 14 which is a retroviral vector, a DNA vector, a

plasmid, @ RNA vector, an adenoviral vector, an adenovirus associated vector, a lentiviral

vector, or any combination thereof.

16.  Animmune cell comprising the vector of claim 14,
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17.  The immune cell according to claim 16, wherein the immune cell is a T cell, tumor

infiltrating lvmphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell.

18, The immune cell according to claim 17, wherein the cell is an autologous T cell.
19. The immune cell according to claim 17, wherein the cell is an allogeneic T cell.
20. A chimeric antigen receptor having at least 90% identity to the sequence of the antigen

binding molecule of claim 1.

21 A chimeric antigen receptor having atleast 95% 1dentity to the sequence of the antigen

binding molecule of claim 1.

22. A pharmaceutical composition comprising the T cell of claim 17, 18, or 19.

23, A chimeric antigen receptor comprising at least one of:
{a) a VH region comprising the amino acid sequence of SEQ ID NO: 16 and a VL
region comprising the amino acid sequence of SEQ 1D NO: 21;
(b} a VH region comprising the amino acid sequence of SEQ ID NG: 50 and a VL
region comprising the anmino acid sequence of SEQ 1D NO: 55,

{¢}) a VH region comprising the amino acid sequence of SEQ ID NO: 72 and a VL

region comprising the amino acid sequence of SEQ ID NG: 77,

(d) a VH region comprising the amino acid sequence of SEQ ID NO: 94 and a VL

region comprising the amino acid sequence of SEQ ID NO: 99;
wherein the VH and VL region is linked by at least one linker.

24. The chimeric antigen receptor according to claim 23 having no more than 8 amino

acid substitutions.

25, The chimeric antigen receptor according to claim 23, wherein the linker comprises at
least one of SEQ ID NG, 130 and SEQ ID NO. 132,

26, The chimeric antigen receptor according to claim 23, further comprising at least one
costimulatory domain.

27. The chimeric antigen receptor according to claim 23, further comprising at least one
activating domain.

28.  The chimeric antigen receptor according to claim 26 wherein the costimulatory
domain 13 a signaling region of CD28, 0X-40, 4-1BB/CD137, CD2, Ch7, CD27, CD390,
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D40, programmed death-1 (PD-1), inducible T cell costimulator (JCOS), lymphocyte
function-associated antigen-1 {(LFA-1 (CDl 1a/CD18), CD3 gamma, CD3 delta, CD3 epsilon,
CD247, CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig alpha (CD79%a), DAP-10, Fc
gamma receptor, MHC class I molecule, TINF receptor proteins, an Immunoglobulin protein,
cytokine receptor, integrins, Signaling Lymphocytic Activation Molecules (SLAM proteins),
activating NK cell receptors, BTLA, a Toll ligand receptor, ICAM-1, B7-H3, CDS, ICAM-
1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1),
NEp44, NKp30, NKpd6, CD19, CD4, CDBalpha, CD8beta, 1L-2R beta, 1L.-2R gamma, IL-
7R alpha, ITGA4, VLA, CD4%, 1TGA4, [A4, CD49D, ITGAG, VLA-6, CD49f, ITGAD,
CDld, ITGAE, CD103, ITGAL, CBl la, LFA-1, ITGAM, CDI Ib, ITGAX, CDl I¢, ITGBI,
CD29, ITGB2, CD18, LFA-1, ITGB7, NKG2D, TNFR2, TRANCE/RANKL, DNAM!1
(CD226), SLAMF4 (CD244, 2B4), CD&4, CD9%6 (Tactile), CEACAMI, CRT AM, Ly9
(CD229), CD160 (BYSS), PSGLI, CD100 (SEMA4D), CD69, SLAMFG6 (NTB-A, Lyl08),
SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMEFR), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, CD19a, a ligand that specifically binds with CDS3, or any

corubination thereof.
29. An immune cell comprising the chimeric antigen receptor of claim 23,

30. The immune cell according to claim 29, wherein the immune cell is a T cell, tumor

infiltrating lyrmphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell.

3L The T cell of claim 30 that 1s an autologous T cell.

32, The T cell of claim 30 that is an allogeneic T cell.

33. A pharmaceutical composition comprising the immune cell of claim 29.
34, Ansolated polynuclectide comprising at least one of:

SEQ ID NO. 27, SEQ ID NO. 31; SEQ ID NO. 35, SEQ ID NO. 39; SEQ ID NO. 43;
SEQ ID NO. 47, SEQ ID NO. 61; SEQ ID NO. 65; SEQ ID NO. 69; SEQ D NO. 83;
SEQ ID NO. 87; SEQ ID NO. 91; SEQ ID NO. 105; SEQ ID NO. 109; SEQ ID NO. 113;
SEQ ID NO. 117, SEQ ID NO. 121; and SEQ ID NO. 125.

(U]
4%

A vector comprising the polynucieotide according to claim 34

36. An immune cell comprising the vector of claim 33.
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37.  The immune cell according to claim 36, wherein the immune cell 1s a T cell, tumor
infiltrating lvmphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell.
38 The T cell of claim 37 that is an autologous T cell.
39 The T cell of claim 37 that 13 an allogeneic T cell.
40. Amn isolated polypeptide comprising the amino acid sequence set forth in at least one
of:
SEQ D NO. 28: SEQ ID NO. 32; SEQ ID NO. 36: SEQ ID NO. 40; SEQ ID NO. 44;
SEQ ID NO. 48; SEQ ID NO. 62; SEQ ID NO. 66, SEQ 1B NO. 70; SEQ ID NO. 84,
SEQ ID NO. 88; SEQ ID NO. 92; SEQ ID NO. 106; SEQ ID NO. 110; SEQ ID NO. 114;
SEQ ID NO. 118, SEGQG ID NO. 122; and SEQ ID NO. 126,

41.  The 1solated polypeptide according to claim 40 having no more than 8 amino acid

substitutions.
42 A vector encoding the polypeptide of claim 40.
43, Animmune cell comprising the vector of claim 42.

44. The immune cell according to claim 43, wherein the immune cell is a T cell, tumor
infiltrating lymphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell.
45, The T cell of claim 44 that 15 an autologous T cell or an allogeneic T cell.

40. An tsolated polynuclectide encoding a chimeric antigen receptor (CAR) or T cell
receptor {TCR) comprising an antigen binding molecule that specifically binds to CLL-1,
wherein the antigen binding molecule comprises a variable heavy chain CDR3 comprising an

amino acid sequence selected from the group consisting of SEQ 1D NOs: 19, 53, 75, and 97.

47, The polynucleotide according to claim 46 further comprising an activating domain.
48 The polynucleotide according to claim 47 wherein the activating domain 13 CD3.

49, The polynucleotide according to claim 48 wherein the CD3 is CD3 zeta.

50.  The polynucleotide according to claim 49 wherein the CD3 zeta comprises the amino

acid sequence set forth in SEQ IBD NGO, 9.
51, The polynucleotide according to claim 46 further comprising a costimulatory domain.

52.  The polynucleotide according to claim 51 wherein the costimulatory domain is a
signaling region of CD28, OX-40, 4-1BB/CD137, CD2, CD7, CD27, CD30, CD40,
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programmed death-1 (PD-1), inducible T cell costimulator (ICOS), lymphocyte function-
associated antigen-1 (LFA-1 (CDI1 1a/CD18), CD3 gamma, CD3 delta, CD3 epsilon, CD247,
CD276 (B7-H3), LIGHT, (TNFSF14), NKG2C, Ig alpha (CD79a), DAP-10, Fc gamma
receptor, MHC class I molecule, TNF receptor proteins, an Immunoglobulin protein, cytokine
receptor, integrins, Signaling Lymphocytic Activation Molecules (SLAM  proteins),
activating NK cell receptors, BTLA, a Toll ligand receptor, ICAM-1, B7-H3, CDS, ICAM-
1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2Z, SLAMF7, NKp30 (KLRF1),
NEp44, NKp30, NKpd6, CD19, CD4, CDBalpha, CD8beta, 1L-2R beta, 1L.-2R gamma, IL-
7R alpha, ITGA4, VLA, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD,
CDlid, ITGAE, CD103, ITGAL, CBl la, LFA-1, ITGAM, CDI th, ITGAX, CBl ¢, ITGBY,
CD29, ITGB2, CD18, LFA-1, ITGB7, NKG2D, TNFR2, TRANCE/RANKL, DNAM1
(CD226), SLAMF4 (CD244, 2B4), CD&4, CD%6 (Tactile), CEACAMI1, CRT AM, Ly%
(CD229), CD160 (BYSS), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08),
SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, CD19a, a ligand that specifically binds with CDS3, or any

combination thereof,

53.  The polysucleotide according to claim 52 wherein the CD28 costimulatory domain

encodes the amino acid sequence set forth in SEQ ID NG 2.

54. A vector comprising the polynucleotide of claim 46
55, Animmune cell comprising the vector of claim 54
56. The tmmune cell of claim 50, wherein the immune cell is a T cell, tumor infilirating

lymphocyte (TIL), NK cell, TCR-expressing cell, dendritic cell, or NK-T cell.
57. The T cell of claim 51 that 1s an autologous T cell, or an allogeneic T cell.

58, An 1solated polynucleotide encoding a chimeric antigen receptor (CAR} or T cell
receptor {TCR), said CAR or TCR comprising an antigen binding molecule that specifically
binds to CLEL-1, wherein the antigen binding molecule comprises a variable light chain CDR3
comprising an aming acid sequence selected from the group consisting of SEQ ID NQOs: 24,

58, 80, and 102.

59.  The polynucleotide according to claim 58 further comprising an activating domain,
60.  The polynucleotide according to claim 59 wherein the activating domain is CD3.
61.  The polynucleotide according to claim 60 wherein the CD3 is CD3 zeta.
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62.  The polynucleotide according to claim 61 wherein the CI33 zeta comprises the amino

acid sequence set forth in SEQ ID NO. 9.
63 The polynucleotide according to claim 58 further comprising a costimulatory domain,

64, The polynucleotide according to claim 63 wherein the costimulatory domain s a
signaling region of CD28, 0X-40, 4-1BB/CD137, CD2, CD7, CD27, CD30, CD40,
programmed death-1 (PD-1), inducible T cell costimulator (ICOS), lymphocyte tunction-
associated antigen-1 (LFA-1 (CDI 1a/CD 18}, CD3 gamma, CD3 delta, CD3 epsilon, CD247,
CD276 (B7-H3), LIGHT, (INFSF14), NKG2C, Ig alpha (CD79%), DAP-10, Fc gamma
receptor, MHC class 1 molecule, TNF receptor proteins, an Immunoglobulin protein, cytokine
receptor, integrins, Signaling Lymphocytic Activation Molecules {SLAM proteins),
activating NK cell receptors, BTLA, a Toll ligand receptor, ICAM-1, B7-H3, CDS, ICAM-
1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1),
NEp44, NKp30, NKpd6, CD19, CD4, CDBalpha, CD8beta, 1L-2R beta, 1L.-2R gamma, IL-
7R alpha, ITGA4, VLAL, CD49a, ITGA4, 1A4, CD49D, ITGAG, VLA-6, CD4SE, ITGAD,
CDI 1d, ITGAE, CD103, ITGAL, CDI1 la, LFA-1, ITGAM, CDI 1b, ITGAX, CDl I¢, ITGRI,
CD29, ITGB2, CD18, LFA-1, ITGB7, NKG2D, TNFRZ, TRANCE/RANKL, DNAMI1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI, CRT AM, Ly9
(CD229), CD160 (BYSS), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08),
SLAM (SLAMF1, CD150, IPO-3). BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, CD19%a, a ligand that specifically binds with CD83, or any

combination thereof

65 The polynucleotide according to claim 64 wherein the CD28 costimulatory domain

comprises the nucleotide sequence set forth in SEQID NO 3 orin SEG ID NO 1.

66.  An isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell
receptor {TCR) comprising an antigen binding molecule that specifically binds to CLL-1,
wherein the antigen binding molecule heavy chain comprises COR1 (SEQ ID NO. 17), CDR2
(SEQ D NO. 18), and CDR3 (SEQ ID NO. 19) and the antigen binding molecule light chain
comprises CDR1 (SEQ ID NO. 22), CDR2 (SEQ ID NO. 23), and CDR3 (SEQ ID NO. 24).

67.  An isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell
receptor {TCR) comprising an antigen binding molecule that specifically binds to CLL-1,

wherein the antigen binding molecule heavy chain comprises CDR1 (SEQ ID NO. 51), CDR2
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(SEQ ID NO. 52), and CDR3 (SEQ ID NG, 53) and the antigen binding molecule light chain
comprises CDR1 (SEQ ID NO. 56}, CDR2 (SEQ ID NO. 57), and CDR3 (SEQ ID NO. 58).

68 An isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell
receptor {(TCR) comprising an antigen binding molecule that specifically binds to CLL-1,
wherein the antigen binding molecule heavy chain comprises CDRI (SEQ D NO. 73), CDR2
(SEQ ID NO. 74), and CDR3 (SEQ ID NGO, 75) and the antigen binding molecule light chain
comprises CDR1 (SEQ ID NO. 78), CDR2 (SEQ ID NO. 79), and CDR3 (SEQ ID NO. 80).

69, An isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell
receptor {(TCR) comprising an antigen binding molecule that specifically binds to CLL-1,
wherein the antigen binding molecule heavy chain comprises CDR1 (SEQ [D NO. 95), CDR2
(SEQ ID NO. 96), and CDR3 (SEQ ID NGO, 97) and the antigen binding molecule light chain
comprises CDR1 (SEQ ID NO. 100), CDR2 (SEQ ID NO. 101), and CDR3 (SEQ ID NO.
102},

70. An 1solated polynucleotide encoding a chimeric antigen receptor (CAR} or T cell
receptor {(TCR) comprising an antigen binding molecule that specifically binds to CLL-1,
wherein the antigen binding molecule comprises:
(a) a heavy chain variable region (VH) complementarity determining region
(CDR) 1 comprising the amino acid sequence GXo XXy XsXe X7 XsXo (SEQ 1D
NOG: 134), wherein:
X8, F,orY;
X3isS o T
Xe 3L F,orL;
XsisSor T,
Xeo1s not present or S;
X7 is not present or G;
Xs is not present or E or G; and
XoisF, L, orVY,
(b} a heavy chain variable region (VH)} complementarity determining region
(CDR) 2 comprising the amino acid sequence XiXoXsXuXsXe (SEQ 1D NO:
135), wherein:
XiisD H S, orY;
XzisH, P, or Y,

140



WO 2017/173384 PCT/US2017/025573
X3is D, E, or §
Xs1isDor G;
XsisGor S; and
Xe is not present of B or E;
5 {c) a heavy chain variable region (VH) complementarity determining region
{(CDR) 3, comptising the amino acid sequence

KXo XX Xs XX XeXeX 10X 11 X2DY (SEQ ID NO: 136), wherein:

15

XrisEorl;

X215 R, 8, or V;
XsisRorY,

Xs15C, G, or §;

Xs is not present or G or I
Xe 1s not present or G

X7 18 not present or D,

Xs 18 not present or C;

X9 1s not present or Wor Y,
X1o is not present or P or §;
Xi1 18 not present or G or Y and

XunisForR;

26 {d) a light chain variable region {VL} CDR1 comprising the amino acid sequence

KIASQXsXe X XsXoL X1 {(SEQ D NO: 137), wherein

XiisQorR;
XsisDor §;
Xsislor Vv,
X7isNor§;
XgisNorK;
XoisF, L, orY; and
XunnisNorT,;

{e) a light chain variable region {VL} CDRZ comprising the amino acid sequence

[
<

KiASXaX5Xs X7 (SEQ ID NO: 138), wherein

XirisDor G;
XsisN, S or T
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Xsis b or R;
Xsis A E, or K; and
X71s S or T, and/or

(f) a light chain variable region (VL) CDR3 comprising the amino acid sequence
QG XX PXRT (SEQ ID NO: 139), wherein
Xsis80rY,
Xs1sD, G or Y,
Xsis N, 8 or T
XeisL, T, or Y; and
XsisFor kL

71 A method of treating a disease or disorder in a subject in need thereof comprising
administering to the subject the polynucleotide according to any of claims 46, 58, 66, 67, 68,

69, or 70.

72. A method of treating a disease or disorder in a subject in need thereof comprising

administering to the subject the polypeptide according to 40.

73, A wethod of treating a disease or disorder in a subject in need thereof comprising
administering to the subject the chimeric antigen receptor according to any of claims 1, 20,

21, and 23.

74, A method of treating a disease or disorder in a subject in need thereof comprising

administering to the subject the cells according any of claims 16, 29, 36, 43, and 55.

75. A method of treating a disease or disorder in a subject in need thereof comprising

administering to the subject the composition according to claim 22 and 33,

76.  The method according to any of claims 71-75 wherein the disease or disorder is

cancer.

77 The method according to claim 76 wherein the cancer is leukemia, lymphoma, or

myeloma.

78.  The method according to any of claims 71-7S wherein the disease or disorder is at
least one of acute myeloid leukemia (AML), chronic myelogenous leukemia ({CML}, chronic
myelomonocytic teukemia (CMML), juvenile myelomonocytic leukemia, atypical chronic
myelotd leukemia, acute promyelocytic leukemia (APL), acute monoblastic leukemia, acute

erythroid lenkemia, acute megakaryoblastic leukemia, myelodysplastic syndrome (MDS),
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myeloproliferative disorder, myeloid neoplasm, myeloid sarcoma), Blastic Plasmacytoid
Dendritic Cell Neoplasm (BPDCN), and inflammatory/autoimmune disease.

79.  The method according to claim 78 wherein the inflammatory/autoimmune disease is
at least one of rheumatoid arthritis, psoriasis, allergies, asthma, Crohn’s disease, IBD, IBS,
tibromyalga, mastocytosis, and Celiac disease.

80. The lentiviral vector according to claim 15 that comprises pGAR, or a denvative

thereof’
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CLL1 CAR expression determined by protein L 6h post mRNA electroporation
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CLL1 expression determined by protein L at day 12 after transduction
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Cytokine release assay from CLL1 CAR-T cells 16h after coculture with different target cell lines
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Cytolytic activity from CLL1 CAR-T cells 16h and 40h after coculture with different target cell lines
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1K 31/7068; AB1K 35/17; AB1K 38/17; A61K 39/00; A61K 39/395; A61K 45/06 (2017.01)

CPC- A61K 31/7068; A61K 35/17; A61K 39/0011; A61K 45/06; A61K 2039/5156; CO7K 14/7051; CO7K
14/70578; CO7K 16/2851; CO7K 2317/622; CO7K 2319/02; CO7K 2319/03 (2017.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 424/185.1; 435/455; 435/320.1; 435/372.3; 530/387.3; 536/23.4 (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2005/000894 A2 (CRUCELL HOLLAND B.V. et al) 06 January 2005 (06.01.2005) entire 1, 3-7, 9-19, 22, 23,
document 25-49, 51-65, 57-61,
63-66, 70-74, 80
A LU et al. "Targeting Human C-Type Lectin-like Molecule-1 (CLL1) with a Bispecific Antibody for 1, 3-7, 9-19, 22, 23,
+ | Immunotherapy of Acute Myeloid Leukemia," Angew Chem Int Ed Engl, 08 September 2014 25-49, 51-55, 57-61,
(08.09.2014), Vol. 53, Iss. 37, Pgs. 9841-9845. entire document 63-66, 70-74, 80
A US 2016/0051651 A1 (THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA etal) 25 |1, 3-7, 9-19, 22, 23,
February 2016 (25.02.2016) entire document 25-49, 51-55, 57-61,
63-66, 70-74, 80
A ZHAO et al. "Targeting C-type lectin-like molecule-1 for antibody-mediated immunotherapy in 1,3-7,9-19, 22, 23,
=|acute myeloid leukemia," Haematologica, 31 July 2009 (31.07.2009), Vol. 95, Pgs. 71-78. entire | 25-49, 51-55, 57-61,
document 63-66, 70-74, 80
A WO 2015/142675 A2 (NOVARTIS AG et al) 24 September 2015 (24.09.2015) entire document |1, 3-7, 9-19, 22, 23,

25-49, 51-55, 57-61,
63-66, 70-74, 80

T TASHIRO et al. "Treatment of Acute Myeloid Leukemia with T Cells Expressing Chimeric 1, 3-7, 9-19, 22, 23,
“| Antigen Receptors Directed to C-type Lectin-like Molecule 1," Molecular Therapy, 01 July 2017 | 25-49, 51-65, 67-61,
(01.07.2017), Pgs. . entire document 63-66, 70-74, 80
D Further documents are listed in the continuation of Box C. |___| See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and pot in conflict with the apﬁllqatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  «“X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

:"egallor:asstz?lh(i}; ;he c’;’f‘-::(li')ca"o" date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

pe S Spe . o considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»  gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 July 2017 1 7 A U G 2017

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 75-79

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I11  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1,3-7, 9-19, 22, 23, 25-49, 51-55, 57-61, 63-66, 70-74, and 80

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

l:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No,

PCT/US2017/025573

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-74, and 80 are drawn to chimeric antigen receptors, and polynucleotides and polypeptides comprising the same.

The first invention of Group I+ is restricted to a chimeric antigen receptor, polynucleotides and polypeptides comprising the same,
wherein the chimeric antigen receptor is selected to be SEQ ID NO:28 (encoded by SEQ ID NO:27), wherein the chimeric antigen
receptor comprises: an antigen binding molecule, wherein the antigen binding molecule comprises a heavy chain variable region (VH),
wherein in the heavy chain variable region is selected to be SEQ |D NO:16, encoded by SEQ ID NO:15, the heavy chain further
comprising heavy chain complementary determining regions COR1, CDR2, and CDR3, where CDR1 is selected to be SEQ ID NO:17,
CDR2 is selected to be SEQ ID NO:18, and CDR3 is selected to be SEQ ID NO:19; and a light chain variable region (VL), wherein the
light chain variable region is selected to be SEQ ID NO:21, encoded by SEQ ID NO:20, the light chain further comprising light chain
complementary determining regions COR1, CDR2, and CDR3, where CDR1 is selected to be SEQ ID NO:22, CDR2 is selected to be
SEQ ID NO:23, and CDR3 is selected to be SEQ ID NO:24; wherein the VH and VL are linked by a linker, wherein the linker is selected
to be SEQ ID NO:130; a CD28 costimulatory domain, wherein the CD28 costimulatory domain is selected to be SEQ ID NO:2 (encoded
by SEQ ID NO:1); an activating domain, wherein the activating domain is selected to be CD3{ of SEQ ID NO:10. It is believed that
claims 1, 3-7, 9-19, 22, 23, 25-49, 51-55, 57-61, 63-66, 70-74, and 80 read on this first named invention and thus these claims will be
searched without fee to the extent that they read on a chimeric antigen receptor of SEQ ID NO: 28.

Applicant is invited to elect additional chimeric antigen receptors, each with a specified SEQ ID NO to be searched in a specific
combination by paying an additional fee for each set of election. An exemplary election would be a chimeric antigen receptor,
polynucleotides and polypeptides comprising the same, wherein the chimeric antigen receptor is selected to be SEQ ID NO:32 (encoded
by SEQ ID NO:31). Additional chimeric antigen receptors will be searched upon the payment of additional fees. Applicants must specify
the claims that read on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the
first named invention if different than what was indicated above for this group. Failure to clearly identify how any paid additional
invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulas do not share a significant structural element responsible for binding CLL-1, requiring the selection of alternatives
for the heavy and light chain variable domains of the antigen binding molecules, the costimulatory domains, the activating domains, and
the linker, where “the antigen binding molecule comprises: (a) a heavy chain variable region (VH) complementarity determining region
(CDR) 1 comprising the amino acid sequence GX2X3X4X5X6X7X8X9 (SEQ ID NO: 134), wherein: X2is G, F,orY; X3is Sor T: X4 is |,
F,orL; X5is SorT; X6 is not present or S; X7 is not present or G; X8 is not present or E or G; and X9is F, L, or Y; (b) a heavy chain
variable region (VH) complementarity determining region (CDR) 2 comprising the amino acid sequence X1X2X3X4X5X6 (SEQ ID
NO:135), wherein: X1is D, H, S,orY; X2is H, P,orY; X3is D, E, or S; X4 is D or G; X5 is G or S: and X6 is not presentof Dor E; (c) a
heavy chain variable region (VH) complementarity determining region (CDR) 3, comprising the amino acid sequence
X1X2X3X4X5X6X7X8X9X10X11X12DY (SEQ ID NO:136), wherein: X1isEorL; X2is R, S,orV; X3isRor Y; X4is C, G, or S; X5is
not present or G or |; X6 is not present or G; X7 is not present or D; X8 is not present or C; X9 is not present or W or Y; X10 is not
present or P or S; X11iis not present or G or Y; and X12 is F or R; (d) a light chain variable region (VL) CDR1 comprising the amino acid
sequence X1ASQX5X6X7X8X9LX11 (SEQ ID NO:137), wherein X1is QorR; X5isDor S; X6islorV,X7isNor S; X8isNor S: X9is
F,L,orY;and X11is N or T; (e) a light chain variable region (VL) CDR2 comprising the amino acid sequence X1ASX4X5X6X7 (SEQ ID
NO:138), wherein X1is Dor G: X4is N, S,or T; X5is L or R; X6 is A, E, or K; and X7 is S or T; and/or (f) a light chain variable region
(VL) CDR3 comprising the amino acid sequence QQX3X4X5X6PX8T (SEQ ID NO:139). wherein X3isSorY; X4is D, G, orY; X5is N,
S,orT; X6is L, T, orY; and X8 is F or I" and “the costimulatory domain is a signaling region (or other suitable portion) of CD28, OX-40,
4-1BB/CD137, CD2, CD7, CD27, CD30, CD40, programmed death-1 (PD-1), inducible T cell costimulator (ICOS), lymphocyte
function-associated antigen-1 (LFA-1 (CD1 1a/CD18), CD3 gamma, CD3 delta, CD3 epsilon, CD247, CD276 (137-1-13), LIGHT,
(TNFSFI4), NKG2C, Ig alpha (CD79a), DAP-10, Fc gamma receptor, MHC class | molecule, TNF receptor proteins, an Immunoglobulin
protein, cytokine receptor, integrins, Signaling Lymphocytic Activation Molecules (SLAM proteins), activating NK cell receptors, BTLA, a
Toll ligand receptor, ICAM-1, B7-H3, CDS, ICAM-1, GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80O (KLRF1),
NKp44, NKp30O, NKp46, CD19, CD4, CD8alpha, CD8beta, IL-2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLA1, C[)49a, ITGA4, |1A4, C
[)49D, ITGAS, VLA-6, CD49f, ITGAD, CDI Id, ITGAE, CD103, ITGAL, CD1 Ia, LFA-1, ITGAM, CD11b, ITGAX, CD11c, ITGB1, CD29,
ITGB2, CD18, LFA-1, ITGB7, NKG2D, TNFR2, TRANCE/RANKL, DNAMI (CD226), SLAMVIF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAM1, CRT AM, Ly9 (CD229), CD160 (BY55), PSGLi, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMFI,
CD150, 1IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, a ligand that specifically binds
with CD83, or any combination thereof’ and “the CD3 zeta comprises the amino acid sequence set forth in SEQ 1D NO:9; the CD33 zeta
comprises SEQ ID NO:10" and “the linker comprises at least one of SEQ ID NO:130 and SEQ ID NO:132".

The Groups I+ share the technical features of a chimeric antigen receptor comprising an antigen binding molecule that specifically binds
to CLL- 1, chimeric antigen receptor; an isolated polynucleotide; an isolated polypeptide; an isolated polynucleotide encoding a chimeric
antigen receptor (CAR) or T cell receptor (TCR) comprising an antigen binding molecule that specifically binds to CLL-1, wherein the
antigen binding molecule comprises a variable heavy chain CDR3; an isolated polynucleotide encoding a chimeric antigen receptor
(CAR) or T cell receptor (TCRY), said CAR or TCR comprising an antigen binding molecule that specifically binds to CLIL-1, wherein the
antigen binding molecule comprises a variable light chain COR3; an isolated polynucleotide encoding a chimeric antigen receptor (CAR)
or T cell receptor (TCR) comprising an antigen binding molecule that specifically binds to CLL-1, wherein the antigen binding molecule
heavy chain comprises CDR1, CDR2, and CDR3 and the antigen binding molecule light chain comprises COR1, CDR2, and CDR3; an
isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell receptor (TCR) comprising an antigen binding molecule that
specifically binds to CLL-1, wherein the antigen binding molecule comprises a heavy chain variable region (VH) complementarity

Form PCT/ISA/210 (extra sheet) (January 2015)
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determining region (CDR) 1; a heavy chain variable region (VH) complementarity determining region (CDR) 2; a heavy chain variable
region (VH) complementarity determining region (CDR) 3; a light chain variable region (VL) CDR1; a light chain variable region (VL)
CDR2, a light chain variable region (VL) CDR3. However, these shared technica! features do not represent a contribution over the prior
art.

Specifically, US 2016/0051651 A1 to Pennsylvania et al. discloses a chimeric antigen receptor (The invention also relates to chimeric
antigen receptor (CAR) specific to CLL-1, Abstract) comprising an antigen binding molecule that specifically binds to CLL- 1 (In a first
aspect, the invention features an isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein the CAR
comprises an antibody or antibody fragment which includes a human anti-CLL-1 binding domain, Para. [0005]), chimeric antigen
receptor (a chimeric antigen receptor (CARY), Para. [0005]); an isolated polynucleotide (an isolated nucleic acid molecule encoding a
chimeric antigen receptor, Para. {0005]); an isolated polypeptide (the isolated polypeptide molecule of a CAR of the invention, Para.
[0074}); an isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell receptor (TCR) (the invention features an
isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), Para. [0005]) comprising an antigen binding molecule that
specifically binds to CLL-1 (wherein the CAR comprises an antibody or antibody fragment which includes a human anti-CLL-1 binding
domain, Para. [0005]), wherein the antigen binding molecule comprises a variable heavy chain CDR3 (a heavy chain complementary
determining region 3 (HC CDR3), Para. [0006]); an isolated polynucleotide encoding a chimeric antigen receptor (CAR) or T cell receptor
(TCR) (the invention features an isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), Para. [0005]), said CAR or
TCR comprising an antigen binding molecule that specifically binds to CLL-1 (In a first aspect, the invention features an isolated nucleic
acid molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises an antibody or antibody fragment which
includes a human anti-CLL-1 binding domain, Para. {0005]), wherein the antigen binding molecule comprises a variable light chain
CDR3 (a light chain complementary determining region 3 (LC CDR3), Para. [0006)); an isolated polynucleotide encoding a chimeric
antigen receptor (CAR) or T cell receptor (TCR) (the invention features an isolated nucleic acid molecule encoding a chimeric antigen
receptor (CAR), Para. [0005]) comprising an antigen binding molecule that specifically binds to CLL-1 (in a first aspect, the invention
features an isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises an antibody or
antibody fragment which includes a human anti-CLL-1 binding domain, Para. [0005]), wherein the antigen binding molecule heavy chain
comprises CDR1, CDR2, and CDR3 (the encoded CLL-1 binding domain comprises a HC CDR1, a HC CDR2, and a HC CDR3 of any
CLL-1 heavy chain binding domain, Para. [0010]) and the antigen binding molecule light chain comprises COR1, CDR2, and CDRS3 (light
chain complementary determining region 1 (LC CDR1), light chain complementary determining region 2 (LC CDR2), and light chain
complementary determining region 3 (LC CDR3) of a human anti-CLL-1 binding domain, Para. [0008]); an isolated polynucleotide
encoding a chimeric antigen receptor (CAR) or T cell receptor (TCR) comprising an antigen binding molecule that specifically binds to
CLL-1 (In a first aspect, the invention features an isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein
the CAR comprises an antibody or antibody fragment which includes a human anti-CLL-1 binding domain, Para. [0005)), wherein the
antigen binding molecule comprises a heavy chain variable region (VH) complementarity determining region (CDR) 1 (the CLL-1 binding
domain comprises a HC CDR1, Para. [0031]); a heavy chain variable region (VH) complementarity determining region (CDR) 2 ( the
CLL-1 binding domain comprises a HC CDR1, a HC CDR2, Para. [0031]); a heavy chain variable region (VH) complementarity
determining region (CDR) 3 (the CLL-1 binding domain comprises a HC CDR1, a HC CDR2, and a HC CDR3, Para. [0031]); a light
chain variable region (VL) CDR1; a light chain variable region (VL) CDR2 (), a light chain variable region (VL) CDR3 (light chain
complementary determining region 1 (LC CDR1), light chain complementary determining region 2 (LC CDR2), and light chain
complementary determining region 3 (LC CDR3) of an anti-CLL-1 binding domain described herein, Para. [0030]).

The inventions listed in Groups |+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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