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CHIMERIC ANTIGEN RECEPTORS (CAR) TO SELECTIVELY TARGET
PROTEIN COMPLEXES

3001 This application claims the benefit of United Sates Provisioval Patent
Apphication No. 62/4073,627, filed November 3, 2014, the entirety of which 18 mcorporated

herein by reference.

INCORPORATION OF SEOQUENCE LISTING

{G802] The sequence  hsting  that 15 contammed 1 the file  named
“UTHCPIZS0OWO ST25.txt7, which 18 20 KB {(as measured m Microsoft Windows®)} and

was created on October 27, 2015, 1s filed herewith by clectronic submission and s

incorporated by reference herein.
BACKGROUND OF THE INVENTION

1. Field of the Invention
{3383) Described herein are chimeric antigen receptors {(CAR), CAR T cells and

methods of making and using CARs and CAR T cells.

2, Descriplion of Kelated Art

{3034] The potency of chinical-grade T celis can be umproved by combining gene
therapy with immunotherapy io enginedr 4 biologic product with the potential for superior (1)
recognition of tumor-associated antigens {TAAs), {11} persistence after mfusion, (1) potential
tor migration to tumor sites, and (1v) ability o recycle etfector tunctions within the tumor
microenvironment. Such genctic engincering of T cells can be used to redirect the specificity
of the ceils and to provide therapeutic compositions having antigen-targeted Cytotoxic
activity. These engmecred T-cell composition have been shown to be hughly effective tor
therapeutic mtervention in, for example, cancer patients {(Jena ef af., 2010; Till ef af., 2005;
Porter ef af., 2011, Brentiens ef af., 2011; Cooper and Bollard, 2012, Kalos er «f., 2011;
Kochenderter ef af., 2010; Kochenderfer ef /., 2012, Brentjens ef ¢/, 2013). There remains
a need for CAKR polypeptides and CAR-expressing T-cells that are highly specific to antigens,
such as protein compicxes, that are associated with particular discased cells, such as cancers

and 1ts sub-types.
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SUMMARY OF THE INVENTION

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

(3085] In a first embodiment, a chimernic antigen receptor (CAR) polypeptide 18
provided comprising an anbigen bindimg doman; a hinge domamn; a transmembrane domain
and on¢ or more intracelivlar cell signaling domain(s), wherein the antigen binding domain
sclectively binds to a conformational epitope of an antigen. For example, in some aspects,
the antigen binding domam selectively binds to a protem compiex as compared to a
constitucnt protemn of the protein complex. Examples of protein complexces include, without
limitation, receptor protein complexes, protewn-ligand complexes, protem-carbohydraile
complex, protem-hipid complexcs and protein-protein complexes. Thus, 1 sormge aspects, the
protein complex 18 a homo or hetero dumer, trimer or tetramer protemn complex. Examples of
protein complexes that can be selectively bound by a CAR of the embodiments include,
without hmtation, CDIS/CDI0, CDBI9/CD22, CDIYRORI, EGEFR/CMET, EGFR/RORI,
GD2/ROR1 and HERI/HER3 complexes.

{3836] In various aspects, the antigen binding domain of a CAR of the ecmbodiments
may comprise 4 heavy chain variable domain (VH) and a light chain vanable domaimn (VL) of
a sckv or an antibody. ln some aspects, the VI domain may be positioned N-terminal
relative to the VH domamn. In certam aspects, the VH domain may be positioned N-termanal
relative to the VL domain. In certain aspects, the CAR polypeptide may further comprise a
linker sequence between the VL domamn and VH domamm. In some aspects, the linker

sequence may be a Whitlow hinker,

007 In some erabodivaents, CAR polypeptides and CAR T-cells provided heremn
aliow for the highly specific targeting of cells that express HERI/HERS3 receptors. Thus, mn a
first embodiment, there 18 provided a chimenic antigen receptor {(CAR) polypeplide
comprising {from N- to C-terminus) an antipgen binding domain, a hinge domain, a
transmembranc domain and an mtraceliular cell signaling domain, wherein the CAKR binds to
HERT and HER3 {when they form a heterodimer). In some aspects, the antigen binding
domain compriscs an mmmunoglobulin light chain variable domain and heavy chain vanable
domain of an antibody that binds to HERI/HERS heterodimer. In further aspects, the sckv
described heremn as well as the dernvative CAR binding to HERI1-HEKR3 heterodimer occurs
vig spectfic recognition of residues placed along the HER1-3 heterodimer. In some further

aspects, the CAR comprises a linker sequence {e.g., a Whitlow linker) between the light chain

P
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variable domain and heavy chain vanable domain and/or the first and the second schv

domains.

{B008] In some aspects to the ermabodirnents a inge domain of a CAR coraprises the
hinge, CHZ2Z and CH3 domamns of human Igly.  In further aspects, the mtracellular cell
signaling domain coroprises a dornamn trovn CD3L, In turther aspects, the mitracellular cell
stignaling domam also comprises an intraceliular domamm from a T-cell co-stimulatory
molecuie, such as CDZ8 or CI3137. In still further aspects, the transmembrane domain of a

CAR may be a transmembranc domain of CD28 or CD137.

[3309] Thus, in some aspects, an antigen binding domain of 4 CAR comprises the
immumnoglobulin light chamn vartable domain which mclude CDBR  sequences: DRI
(NIATDV, SEQ ID NG: 1), CDR2Z (SASF, SEQ 1D NOG: 2); and CDR3 (SEPEPY, SEQ 1D
NO: 3). Inosome aspects, the immunogiobulin light chamn vanable domain s at least: 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to SEQ D NO: 4. In further

aspects, the immunoglobulin hight cham varnable domamn 18 wdentical to SEQ 1D NQO: 4,

0018] In further aspects, an antigen binding domam of a CAR  comprises
immunoglobulin beavy chain varable domain way comprise the CDR sequences: CDRI
(ESGDW, SEQ ID NG: 5), CDR2 (EISAAGGYTD, SEQ ID NGO: 6); and CDR3
(ESRVSFEAAMBY, SEQ 1D NQO: 7). In some aspects, the immunoglobulin heavy chain
variable domaimn 18 at least: 90%, 91%, 92%, 93%, 94%, 953%, 90%, 97%, 98% or 99%
identical to SEQ 1D NGO 8. In further aspects, the immuneglobulin heavy chamn varnable

domain 18 identical to SEQ ID NQO: 8.

{3011] In still further aspects, the ymmunoglobulin hght cham variable domain 1s
posttioned N-terrmnal relative to the heavy chain varable domam. Thus, a CAR of the
embodiments may comprise the following domains {(from N- to C-termunus) HERVHER 3-
bidmg sckv-1gG-CH-CD137-CI3C.  In some cases, the CAR coraprises an amuno acid
sequence at least 90%, 91%, 92%, 3%, 94%, 95%, 96%, 97%, 98% or 99% identical to
SEQ 1D NO: 8. In turther cascs, the CAR comprises an aming acid scquence identical 1o
SEQ D NG: 9, Alternatively, the CAR way comprise the following domains {(from N- to C-
terminus) HERVHER3-binding scbv-lgGs-UH-CH-CD2R-CD3L.  In certain aspects, the
CAR may only contamn 1pG4-Hinpge-CHs only, thus devoid of CH2 domamn. In some of these

cases, the CAR comprises an aming acid sequence at {east: 90%, B1%, 92%, 93%, 94%, 959,
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36%, 97%, 98% or 99% 1dentical to SEQ 1D NO: 14, In some cascs, the CAR comprises an

aming acid sequence wentical to NEQ 1D NG: 10,

{0012] In a turther embodiment there are provided nuclerc acid molecules encoding a
CAR polypeptide in accordance with the first cmbodiment above. In some aspects, the

sequence encoding the CAR 1s flanked by transposon repeats (IR/DR).

H0013] In vet a turther embodiment there 18 provided ansolated momune etfector cell
comprising a CAR polypeptide or nucleic acid in accordance with the embodiments herein.
in some aspects the cell 15 a T-cell, a NK cell, a NK T cell or a progenitor of one of these ccll
types.  In further aspects, the cell 18 a human cell. A further embodiment provides a
pharmaccutical composition comprising a population of cclls m accordance with the

embodiments in a pharmaceutically acceptable carner.

3014} In still a turther crobodiment, there 18 provided a method of treating a subject
{¢.¢., a subject having a cancer) comprising administering an anti-tumor cffective amount of
CAR T-celis that expresses a CAR polypeptide in accordance with the embodiments herein.
Thus, 1 some aspects, a subiect for treatment has discased cells that comprise protein
complexes that are selectively bound by a CAR of the ecmbodiments. For cxample, in some
aspects, a subject may have discased cells comprising CDRIS/CDI0, CDI9/CD22,
CDI9/RORI, EGFR/CMET, EGFR/RORI, GDZ/ROR I or HERI/HERS3 coraplexes. In some
aspects, the subiect has a cancer, such as a breast cancer, ovarian cancer, melanoma, non-
small cell lung cancer, gastric cancer, colorectal cancer or pancreatic cancer. In still further
aspects, the subject has been identified as having a cancer that expresses HER1-HER3 protemn
heterodimers.  In certain aspects, the cancer is resistant to at icast a first therapoutic agent.
For exaraple, the cancer can be resistant to trastuzumab or a tyrosmne kinase inhibitor therapy.

in still further aspects, the T-cells were previously isolated from the subject.

B818] In vet a further embodiment, there 18 provided a method comprising obtaining
a sarapic of cclls cornprising T-cells or T-cell progenitors or other immune ctfector cells such
as NK or NK'T cells, transtecting the cells with a DNA encoeding a2 CAR polypeptide n
accordance with the embodiments, to provide a population of transgenic CAR-expressing T-
cells, and culturing the population of transgenic CAR cells ex vive m a medimm that
sclectively enhances proliferation of CAR-cxpressing T-cells {eg., co-culture with an

rradiated teeder cell based system}.  In certain aspects, the method further coraprises
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transfecting the cells with a transposon-flanked CAR and a transposase effective to integraie
the DNA encoding the CAR mito the genome of the cells. In turther aspects, a method
comprises purifving or eariching mmmune effector cells {¢.g., T-celis) in the sample prior to
transtection. In certain cases the immune cttector cells, such as T-cells or T-cell progenitors,
are derived from mnduced plurtpotent stem cells or embryonic stem cells. In further aspects,
curiching T-cells 1 the sample comprises collecting & mononucicar cell fraction. The sample
of cells may be from umbihical cord bleod, a2 lymphoid organ or a peripheral blood sample
trom the subject in some cases. The sample of cells may be obtammed by apheresis or
venipuncture 1 some cases. In still further aspects, the sampie of cells 1s 2 subpopulation of
T-cells. The transgenic CAR celis arc mactivated for cxpression of an cndogenous T-cell
receptor and/or endogenous HLA 1o some aspects. Obtamnming the sampie of cells comprises

obtatning the cells from a 3rd party in some further aspects.

{38316] In some aspects, the transtection comprises electroporating DNA encoding a
CAR transgene mnto the T cell. The transfection may not imvolve nfecting or transducmg the
ceils with virus in some aspects. In still further aspects, the cells are additionally transiected
with a nucleic acid encoding a membranc-bound Cy cytokine, The membrane-bound Cy
cviokine may be a membrane bound IL-7, HL-15 or IL-21 in some 1astances. In a specidic

aspect, the mernbranc-bound Cy cyvtokine 1s IL-15-1L-15Ra fusion protein.

0171 In still further aspects, the DNA encoding the CAR 15 g plasmd.  The
transposase may be provided as a DNA expression vector, an mRNA, a polypeptide, or an
cxpressibie RNA in some aspects. In a specific aspect, the transposase 18 saimonid-type {cl-
ke transposase (SB). o a further speciiic aspect, the transposase 18 the SB11 or SB10Ux

transposase.

{3818] In vet a turther aspect of the embodiment, culturing the transgenic CAR celis
in accordance with the method of the cmbodiments comprises culiuring the transgenic CAKR
ceils in the presence of dendritic cells or artificial antigen presenting cells (aAPCs) or simular
fcoder cells that stimulate expansion of the CAR-expressing T-cells. In certain aspects, the
aAPCs are transgenic K362 cells. In further aspects, the aAPCs may comprise {1} HERI,
HER3, or HERI and HER3 obhigate heterodimers; (113 CD64; () CDE6; (1) CD137L; and/or
{v} membrane-bound 1L~-15, expressed on the surface of the aAPCs. In still further aspects,
the aAPCs comprise a CAR-binding antibody or fragment thercof expressed on the surface of

the aAPCs. The aAPCs may comprise additional molecules that activate or co-stirnulate T-

-
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ceils m some cases. The additional molecules may comprise membrane-bound Cv cvtokines
10 some turther cases. In yet still further aspects, the aAPCs are wnactivated or wrradiated, or
have been tested for and confirmed to be {ree of mfectious material, In still further aspects,
culturing the transgemic CAR cells m the presence of aAPCs comprises culturmg the
transgenic CAR cells 1o a medwum comprising {L-21 and/or -2, The cells may be cultured

at a ratio of about 1U:1 to about 1:10 (CAR cells to aAPCs) m certan cases.

{3819 In still a further aspect, culturing the population of transgenic CAR cells 18
tor no more than 7, 14, 21, 28, 35 or 42 days. In some 1astances, the transgenic cells are not
cultured ex vive m the presence of aAPCs. In some specific mstances, the method of the
embodiment further comprises eariching the cell population for CAR-~-expressing T-cells after
the transfection or culturing step. The enriching may comprise fluorescence-activated cell
sorting (FACS) and sorting for CAR-expressing cells. In a turther aspect, the sorting for
CAR-gxpressing cells comprises use of a CAR-binding antibody. The enriching may also
comprise depletion of CD5S6+ cells, In vyet sl a turther aspect of the emabodivoent, the

method further comprises cryopreserving a sample of the population of transgenic CAR cells.

3828] In a turther embodiment, there 18 provided a CAR T-cell population made by a

mcthod of any onc of the embodiments detatled herein,

{3421] Other objects, features and advantages of the cmbodiments will become
apparent {rom the following detaded description. It should be understood, however, that the
detatled description and the specific cxamples, are given by way of illustration only, since
various changes and modifications within the spinit and scope of the cmbodiments will

become apparent to those skilled in the art from this detailed description.

3822] FIG. 1A-B - (A) Shows a schematic of an exemplary chimeric antigen
receptor {CAR) polvpeptide. The example polypeptide includes an antigen binding domain, a
hinge domain, a transmembrane domain and an intracelular signaling domain. (B) Fiow
cytometry analysis to show expression of HER1-3 CAR on surface of genctically modified T
cells. Flow plot shows emergence of CAR™ T cells at Day 14 of co-culture with irradiated

. ‘null . . : .. : '
K562 HLAY™ expressing a CAR-activating ligand. PBMCs were clectroporated with DNA
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cncoding for HERI-HER3 CAR {containing either CDZE or 137 signaling} and
propagated on irradiated AaPe (K562 yAPC) at 1:2 ratio of CAR T cells and uAPC.

O823] FIGS, ZA-B — Ex vive expansion of HERI-3-CD28z CAR (A) and HERI1-3-
CD137z CAR (B) CAR-T cells on K562 ™8 yAPC (universal APC) bearing a CAR ligand.
CAR' T cells get activation signal vig stalk of the CAR only but without any T-cell co-
stimulation. The proliferation of CAR™ T cells is sub-optimal in absence of antigen and with
rofnimal stimulation from APC (A). HERI-3 CD137z CAR T cells showed better
proliferation and survival on umversal APC as compared to CAR-T cells containing CI2Z8

stgnaling domain (B}

G024] FIGS., 3A-C — (A) Detection of HERI-HER3 heterodimers in a representative
well characterized breast cancer tumor cell hine, MBA-MB-231 {(fixed cells), by in sitis
proximity ligation assay {Duchnk®). To detect HER1 and HER3 heterodimer, two scparate
primary anfibodies {raised 1 different species) agamnst HERT and HER3 (Buolegend were
used along with custom PLA probes and reagents for running circie amplification {Sigma),
HER 1-3 heterodimer signals arc marked as precise dots on cell surtace. Antibodies were
titrated previously to reduce background noise. For control purposes, celis were treated with
cither single antibody or PLA probes only {anti-rabbit Plus and anti-mouse Minus). Detection
was based on signal amplification captured digitaily vig fluorescence microscope {Leica DM
6000). Images were analyzed using a Mctamorph © imaging system. An cnlarged view is
shown 1 {B). ()} HERI-HER3 heterodimers was shown in additional breast cancer cells

SK-Br3 and MUE7 by in situ proximity higation assay {Duolink®},

3025] FIGS. 4A-48 — EGER expression and functionahity m a model MDA-MB-231
BC tumor line. EGFR was koocked out at genomic level m the MDA-MB-231 cells by
cenome cditing tool {CRISPR-Cas9). Ccelis were then assessed for EGEFR expression by flow
cviometry, {A)} Flow cytometiry analysis show histograms representing MDA-MB-231 cells
onty as background control/no primary antibody {(dotied hine; far left peak), wild type MIDA-
MB-231 cells (far right peak) and MDA-MB-231 EGFR™ knock out cells {(center peak)
statned with anti-EGFR antibody (BD). (B} Dot plot analysis confirms down-regulation of

EGFR 1n the knock-out cells.

3826] FIG, 5 - Speaific eytolytic activity of HERI1-3 CAR T cells against breast

, N > - e , - 4
tumor cells was shown alter a 4-hour chromium reicase assay (CRA) in vitro. CAR T cells
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were incubated with tumor targets labeled with chromium ('Cr) as per standard protocol.
Target cells were selected based on HGEFR and HER3 expression level, presence of
heterodimers as confirmed by Duolink® based proximity ligation assay. Specificity of
HERI-3 CAR was asceriaimned through lysis of wuitiple BC cell hnes with evidence of
presence or lack of HERI-HER3 heterodimer. Specific lysis was calculated at ditterent
ctcctor to target ratio (E:T). Data plots showed HER1-3 CAR-T cclls mediated killing of
breast tumor cells. Level of HER 1-3 expression correlates positively with cytotoxicity. Data
plots showed different level of killing based on thewr HER1-3 expression. HERI-3-speciiic

CAR-T cells exinbited specific cvtolytic activity agamnst HER -3 positive breast cancer cells.
DETAILED DESCRIPTION

0027] Chimeal irals bave demonstrated anti-tumnor ctfects 1 certain patients who
have recerved T-cells genetically modified to have desired specificity. For example, CAR-T
cell therapy has been shown to dehiver meamingful remission i human patients afthcted with
advanced B-cell malignancics (Maudce ef @/, 2014). This classic situation of scrial killing
(onc T-cell kilhing multiple tumor cells without undergoing anergy) has been shown recently
in several patients treated under various Phase [ trials (Corrigan-Curay ef @f, 2014).
However, to improve efficacy and to reduce off-target on-tissue toxicity causced by the action
of CAR-T cells, there remains a need to redesign CARs that are able to target particular
tumor-specific antigens, such as protein complexcs, which can only be found on resistant or

malignant tumors.

0028 Studies herein demonstrate that CAR polypeptides can be sclectively targeted
to protein complexes that are specitic to tumor celis {e.g., HERI/HER3 complexes on breast
turmor). Such sclectively targeted CARSs enable the specific targeting of cells baving specidic
surface receptor complexes, which may reduce the potential oft-target cttects of therapy.
Such cells may be particularly useful in treating cancers with altered cell signaling {¢.g., via
receptor-aciivation, or through receptor cross-talk) teading to formation of cancer celis that
cxpresses protein heterodimers such as HERI-HERS3, This signaling alteration enables certam
tumors to develop resistance against an otherwise effective therapy such as monocional
antibody therapy (trastuzumab m breast cancer, for example) or against smail molecule
inhibitors such as tyrosing kinase mhibitors. However, the immune ettector cells of the

cmbodiments could be used to specifically target such altered cancer cells.
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3029] In some cxemplary aspects, it has been shown that antibody sequences that
bind to HER1/HER3 receptors {(promunent on certain cancers) can be successiully adapied to
a CAR to provide HER1/HERSJ tarpeted CAR T-cells. Thus, these new CAR polypeptides
and T-cells expressing the CARs can be used for specilic targeting ol cancer cells having

clevated heterodimeric HERT and HER3 expression.

i. Definitions

{38308] As used herein the specitication, “a” or “an’” may nigan onc or more. As used

€6, 99

herein 1o the claim{s), when used m congunction with the word “compnsing”, the words “a

4
-l

or “an’’ may mean ong or more than one.

10031} The use of the termn “or” in the clamus s used to mean “and/or” unless
cxpiicitly mmdicated 1o refer to alternatives only or the alfernatives are mutually exclusive,
atthough the disclosure supports a definition that refers to only aliernatives and “and/or.” As

used herem “another” may mean at ieast a sccond or more.

{3832] Throughout this application, the term “about” is used to mdicate that a value
includes the wmherent variation of crror for the device, the method bemg emploved to

determiine the value, or the variation that cxists among the study subjects.

13833] As used herein, the term “antigen’ 18 a molecuie capable of being bound by an
antibody or T-cell receptor.  An antigen 18 additionally capable of mducing a humoral
immune response and/or cellular immunce response leading to the production of B and/or 1

lvmphocyies.

{3034] As used hercin the torm “anti-tumor cticctive amount” refers to an ctfective
amount of CAR-expressing immune ettector cells to reduce cancer cell or tumor growth or 1o
decrease tumor volume or number of tumor cells m g subject.  “An anti-tumor effective
amount” can also refer to an cttective amount of CAR-expressing ymmune eltector cells to
increase life expectancy or to alleviate physiological cficcts associated with the tumor or

Cdneer,

il. Chimerie Antigen Receptors and Components

B835] Chimernie antigen receptor molecuies are recombinant fusion protetn and are
distinguished by thewr ability to both bmd antigen {e.g., HERI/HER3) and transduce

activation signals vig imomunoreceptor activation motits (ITAM's) present 1 thew

_9.
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cytoplasmic tails. Receptor constructs utilizing an antigen-binding moiety {for exampie,
cenerated from single chain antibodies {scEFv) afford the addibional advantage of bemng

“untversal” in that they bind native antigen on the target coll surface in an HLA-independent

tashion. An exemplary CAR polypeptide 1s depicted i the schematic provided at FIG. 1A,

[3336] A chimeric antigen receptor according to the embodiments can be produced by
any means known i the art, though preferably it 18 produced using recombinant DNA
techniques. A nucleic acid scquence encoding the several regions of the chimeric antigen
receptor can be prepared and assembled mto a complete coding sequence by standard
techmiques of molecular clonmg (genomic library screening, PCR, primer-assisted higation,
schv tbraries from veast and bactenia, site-directed mutagenesis, ete.). The resuiting coding
region can be mscrted into an cxpression vector and used to transform a suttable expression

host allogeneic or autelogous immune ctfector cells.

{34837] Embodiments of the CARSs desceribed bereimn mclude nucleic acids encoding an
antigen-specific chimeric antigen receptor {CAR) polypeptide. In some aspects, a CAR
polypeptide of the embodimentis coraprises an antigen binding domain, such as a sckFv, an
intraceliuiar signaling domain, a fransmembrane domain, and an extraccliular domam
comprising one or more signahng motifs. In certain embodiments, the CAR may recognize
an epitope comprised of the shared space between one or more antigens {e.g., a CAR may
bind o heterodimer complex, but have reduced athinity for the mdividual components of the
compiexy. In some embodiments, the chimeric antigen receptor comprises: a) an
intraceliular signaling domain, b} a transmembrane domain, and ¢) an cxtraccliular domain
comprising an anfigen binding domain. In some embodiments, a CAR can further comprise a
hinge domain positioned between the transmembrane domain and the antigen binding
domain. In certain aspects, a CAR of the ernbodivoents turther coroprises a signal peptide that
directs expression of the CAR to the cell surface. For example, a CAR can comprise a signal

peptide from GM-CSF (sce, eg., SEQ D NG: 21,

{3038] In certain ermnbodiments, the CAR can also be co-expressed with a membrane-
bound cvtokine to umprove persistence when there 18 a low amount of tumor-associated

antigen. For cxampie, CAR can be co-expressed with membranc-bound 1L-15.

- 10 -



CA 029647783 2017-04-13

WO 2016/073629 PCT/US2015/059072

A. Antigen binding domain

3039 In certain embodiments, an  antigen binding region  can  comprisc
complementary determining regions of a monocional antibody, variable regions of a
mongocional antibody, and/or antigen binding fragments thereof. in another embodiment, that
specificity 18 dertved from a peptide {e.g., cviokine} that binds to a veceptor. A
compiementarity determining region {CDR)} 1s a short amino acid sequence found m the
variable domas of antigen receptor {e.g., immunogiobulin and T-cell receptor) proteins that
compiements an antigen and therefore provides the receptor with its specificity for that
particular antigen. Each polypeptide chan of an antigen receptor contains three CDRs
(CDRI, CDRZ, and CDBR3). Since the antigen receptors are typically composed of two
polypeptide chains, there are six CDRs for cach antigen receptor that can comne into contact
with the antigen -- each heavy and hight chamn contains three CIDRS. Because most sequence
variation associated with immunoglobulins and T-cell receptors are found mn the CDRs, these
regions are sometimes reterred to as hypervariable domains. Amwong these, CDR3 shows the
orcatest variability as it 1s encoded by a recombination of the VI (VI in the case of heavy

cham and TCR af} chain) regions.

840] It s contemplated that the CAR nucleic acuds, m particular the schv
sequences, are human gencs to enhance ccilular immunotherapy for human paticnts. In a
specific embodiment, there s provided a full length CAR ¢DPNA or coding region. The
antigen binding regions or domains can comprise a fragment of the VH and VL chamns of a
single~-chamn variable fragment (scEFv) derived from a particular mouse, human or humanized
monocional antibody. The fragment can also be any number of different antigen binding
domains of an antigen-specific antibody. In a more specific embodiment, the fragment 18 an
antigen-specific scFv encoded by a sequence that s optimized for human codon usage for
expression 1 human ceils. In certain aspects, VH and VL domains of a CAR are separated by

a linker sequence, such as a Whatlow linker {see, e.g., SEQ 1D NO: 20).

841] In some specific examples the antigen binding domain of 8 CAR 18 specific for
binding o a heterodimeric complex. Examples of heterodimeric complexes mclude but are
not himited to CDI9/CDIG, CDIY/CD22, CDI9/RORY, EGFR/CMET, EGFR/RORI,
GDZ2/RORT or HERI/HERZ heterodimeric complexes. In some aspects, a subject may have
discased  cclls  compnising CDIY/CDIG, CDIWCD22, CDI19/RORI, EGFR/CMET,
EGFR/RORT, GB2Z/RORT or HERI/HERS heterodimeric complexes.

-~ 11 -
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13842] In certain ecmbodiments of the chimeric antigen receptor, the antigen-specific
portion of the receptor {which may be referred to as an extracellular domamn comprising an
antigen binding region) comprises a HERI/HER3 binding domain as detailed herein above.
in some aspects, for example, the HERI/HER3 binding domain compnses one of the
sequences provided m U.N. Patent Pubhlication No. 2012/0121596, incorporated hercin by

reference.

B. Hinge domain

0043] In certann aspects, stalk of a CAR polypeptide of the embodiments can include
a hingc domain positioned between the antigen binding domain and the transmembrane
domain. In somc cascs, a hinge domain may be mcluded m CAR polypepiides to provide
adequate distance between the antigen binding domain and the cell surface or to alleviate
possible steric hindrance that could adversely attect antigen binding or effector function of

CAR-gene modified T cells,

3844] In some cases the CAR hinge domam can be derived frovn human
immunoglobuiin (Ig) constant region or a portion thercof including the Ig hinge, or from
human CDBR g transmoembrane domain and CD8a~-hinge region. In one aspect, the CAR
hinge domain can comprise a hinge-CH,-CHy region of antibody isotype Ieles . In some
aspects, pomnt mutations can be wmiroduced wn antibody heavy chamm CH, domain to reduce
civcosylation and non-specific F¢ gamma receptor binding of CAR-T celis or any other

CAR-modified cells.

[{3345] In certain specific aspects, the hinge domain comprises a sequence 85%, 90%,
Q1% 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% 1dentical to an Ig(4-F¢ domain
of SEQ D NG: 16 or SEQ ID NO: 17, a CDRyg cxiragccliular domain of SEQ ID NO: [8ora
synthetic hinge sequence of SEQ 1D NGO 19,

{, Transmembrane domain

{3846] The antigen-specitic extracellular domamm and the intraccilular signaling-
domain ray be linked by a fransmembrane domain. Polypeptide sequences that can be used
as part of transmembrane domain mclude, without limitation, the human CD4 transmembrane
domain, the human CD2ZS transmembrane domain, the fransmembrane hurman CD3C domaim,
or a cystemne mutated human CD30 domain, or other fransmembrane domains {from other

human transmenmtbrane signaling protems, such as CD16 and CBDE and erythropoictin
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receptor.  In some aspects, for example, the transmembrane domain comprises one of the
sequences provided 1 ULS. Patent Publication No. 2014/0274909 or U.S. Patent No.
8,906,682, both imcorporated heremn by reference. In certain specific aspects, the
fransmembrane domain can be 83%, 90%, 919%, 92%, 93%, 94%, 95%., 969, 87%, 98%,
99% or 100% identical to a CDRg transmembrane domamn of SEQ 13 NG: 11 or a CD2K

transmembranc domain of SEQ ID NG 12,

i3, intracelipiar signaling domain

{847] The wmtracellular signaling domain of the chimeric antigen receptor of the
cmbodiments 18 responsible for activation of at least one of the normal cffcctor functions of
the immune ccll cngineered to express a chimenc antigen receptor.  The ferm “effector
function’” refers to a specialized function of a dutferentiated cell. Effector tunction ot a T ceil,
tor example, may be cyiolvtic activity or helper activity mcluding the secretion of cytokines.
Effector function in a naive, memory, or memory-type T cell mchudes antigen-dependent
profiferation. Thus the term “mtraceliular signaling domain” refers to the portion of a protein
that transduces the effector function signal and directs the cell 1o perform a specialized
function. In some aspects, the mtracchiular signaling domain 1s derived from the mtraceliular
stgnaling domain of a native receptor. Examples of such native receptors include the zeta
chain of the T-cell receptor or any of 1ts homologs {e.2., cta, delta, gamma, or cpstion}, MBI
chamm, B29, F¢ RII, F¢ Ri, and corabinations of signaling molecules, such as CD3 and
CD2R, C27. 4-1BB, DAP-1G, OX40, and combimations thereof, as well as other sumilar
molccules and fragments. Intraccliular signaling portions of other members of the familics of
activating proteins can be used, such as FevRIH and FceeRI See Gross er al. (1992),
Stancovsky ef af. (1993), Moritz ef ¢f. (1994), Hwu ef ¢/ (1993), Wegtens ef af. (1996), and

Hekele ef af. (1996) for disclosures of T-cell receptors using these alternative transmembrane
and mfraccllular domams. While usually the cntire miracclular signaling domam will be
cmployed, 1 many cases 1t wili not be necessary o use the entire ntracellular polypeptide.
1o the extent that a truncated portion of the intracciiular signaling domain may find use, such
truncated portion may be used m place of the intact cham as long as it still fransduces the
cffector function signal. The term “intraceliular signaling domain™ 1s thus meant to include a
truncated portion of the ntracellular signaling domam sufficient to transduce the efiector
function signal, upon CAR binding to a target. In a preferred embodiment, the human (D30
intraceilular domain 18 used as the intraccliular signaling domam for a CAR of the

cmbodiments.
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13848] In specitic ecmbodiments, mitraceliular receptor signaling domains 1n the CAR
include those of the T cell antigen receplor complex, such as the ¢ chamn of CID3, also Fey
RIII costimulatory signaiing domams, CD28, CD27, DAPIG, CB137, OX40, CD2, alone or
10 a senes with CD3C, for example.  In speailic embodiments, the ntracellular domain
(which raay be referred to as the oytoplasrmie domain) comprises part or all of one or more of
TCR( chamn, CDZ8, CD27, OX404/CD134, 4-1BB/CD137, FeeRly, ICOS/CD27Y, iL-
ZRE/CD12Z, IL-2Ra/CD132, DAPLO, DAPIZ, and CD40. In some embodiments, one
cmploys any part of the endogenous T cell receptor complex in the mtracellular domamn. One
or muitipie cytoplasmic domains may be cmploved, as so-cailed third generation CARSs have
at least two or three signaling dorains fused together for additive or synergistic effect, for

example.

38491 In some embodiments, the CAR comprises additional other costimulatory
domains. Other costimulatory domains can mnclude, but are not himited to onc or more of
CD28, CD27, 0X-40 (CD134), DAPIO, and 4-1BB (CDB137). Ion addition to a primary signal
mittated by CD3L, an additional signal provided by a human costimulatory receptor mserted
in a human CAR 1s important for full activation of T cells and could help improve in vivo

persistence and the therapeutic success of the adoptive immunotherapy.

OU50] . In certamn specific aspects, the mtracellular signaling domain comprises a
sequence 85%, 0%, 91%., 92%., 93%, 94%, 93%, 96%, 7%, 9&%, 99% or 100% identical to
a CI3C wtracetivlar domaim of SEQ 1D NGO 13, a CDI28 intracellular domain of SEQ 1D NO:
14 or a CD137 mtracellular domain of SEQ 1D NO: 15,

i{l.  Vectors and Cell encineering

H051] In particular embodiments, 1selated nucleic acid segments and expression
casscttes mcorporating DNA sequences that encode a CAR arc provided. As will be
appreciated by one of skill mn the art that, 1n some mstances, a few ammno acids at the ends of
the antigen binding domamn in the CAR can be deleted without affecting either specificity or
etfector binding athinuty of the molecule, usually not more than 10, more usually not morce
than 3 residues, for example. Also, it may be deswrable to mtroduce a small number of amino
acids at the borders, usually not more than 10, more usually not more than 3 residues. The
deletion or msertion of ammo acids may be as a resuit of the needs of the construction,

providing {or convenient restriction sites, casc of mampulation, improvement in levels of
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cxpression, or the fike. In addition, the substitute of one or more amino acids with a ditferent
aming acid can occur for stmular reasons, usually not substituting yoore than about 5 armno

acids 1n any one domain.

{38352] The chimeric construct that encodes the chimeric antigen receptor according 1o
the embodiments can be prepared in conventional ways, Because, for the most part, natural
sequences may be cemploved, the natural genes may be isolated and manpulated, as
appropriate, so as to allow for the proper jomming of the various cornponents. Thus, the
nucleic acid sequences encoding for the N-terminal and C-terminal protein components of the
chimeric antigen receptor can be 1solated by employing the polymerase chain reaction (PCR),
using appropriate primers that result 1 deletion of the undesired portions of the gene.
Alternatively, restriction digests of cloned genes can be used to generate the chimeric
construct. In either case, the sequences can be selected to provide for restriction sites that are

blunt-ended, or have compiementary overlaps.

{3833] The various manipulations for preparig the chimeric construct can be carried
out in vitro and m particular ecmbodiments the chimceric construct 1s mtroduced into vectors
for cloning and cxpression in an appropriate host using standard transformation or
transfection methods. Thus, after each mantpulation, the resulfing construct from joining of
the DNA sequences 1s cloned, the vector 1solated, and the sequence screened to ensure that
the sequence encodes the desired chimneric anfigen receptor. The sequence can be screened

by restriction analysis, sequencing, or the like.

3884] Vectors of the embodiments designed, primarily, to deliver desired genes 1o
immune cells, preferably T cells, under the control of regulated cukaryotic promoters, for
example, MNDUS promoter, UMV promoter, EF1a promoter, or Ubiquatin promoter. Also,
the vectors may contain a selectable marker, it for no other reason, to facilitate thewr
manipulation in vifro. In other embodiments, the CAR can be expressed from mRNA in vitro

transcribed from a BNA template.

3855] In an exemplary nucleic acid construct {(polynucieotide) employed according
to the embodiments, the promoter 18 operably linked to the nucleic acid sequence encoding a
chimeric antigen receptor of the embodiments, 7.e., they are positioned s¢ as o promote
transcription of the messenger RNA from the BNA encoding the chimeric antigen receptor.,

The promoter can be of genomic onigin or synthetically generated. A variety of promoters for
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use i T cells are well-known in the art {e.g., the CD4 promoter disclosed by Marodon et g/
(2003}). The promoter can be constitutive or mducible, where mduction 18 associated with
the specific cell type or a specific level of maturation, for cxample. Alternatively, a number
of well-known viral promoters are also suitable. Promoters of interest mclude the P-actin
promoter, SV4Q carly and iate promoters, immunoglobulin promoter, human cytomegalovirus
promoeter, retrovirus promoter, and the Friend spleen focus-formung virus promoter.  The
promoters may or may not be associated with enhancers, wherein the enbancers may be

naturally associated with the particular promoter or associated with a different promoter.

[3056] The seqguence of the open reading frame concoding the chimernic antigen
receptor can be obtained from a genomic DNA source, a cBNA source, or can be synthesized
{e.o., via PCR}, or combinations thercot. Depending upon the size of the genomic DNA and
the number of mirons, i may be deswable to use CDNA or a combination thercol as it 1s
tound that mtrons stabilize the mRNA or provide T cell-specitic expression (Barthel and
Goldield, 2003). Also, it may be turther advantageous 1o use endogenous or SXQZenous non-

coding regions to stabilize the mRNA.

38587 For cxpression of a chimeric antigen receptor of the embodiments, the
naturally occurring or endogenous franscriptional mutiation region of the nucleic acid
sequence encoding N-termunal components of ¢.g., a 'T-cell receptor can be used to generate
the chimeric antigen receptor m the target host. Alfernatively, an exogenous franscriptional
mittation region can be used that allows tor consttutive or mducible expression, wherein
cxpression can be controiled depending upon the target host, the level of expression desired,

the nature of the target host, and the hke,

{3058 Likewise, a signal sequence directing the chimeric antigen recepior to the
surface membrane can be the endogenous signal sequence of T-cell receptor. Optionally, in
sorne mstances, i may be desirabie to exchange this sequence for a different signal sequence.
However, the signal sequence selected should be compatible with the secretory pathway of T

cells so that the chumeric antigen receptor 1s presented on the surtace of the T cell.

3059] Similarly, a termunation region may be provided by the naturally occurning or
cndogenous trauscriptional termination region for a T-cell receptor subunit. Alternatively,
the termination region may be derived from a ditferent source. For the most part, the source

of the termination region 18 generally not considered o be crifical to the expression of a
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recombinant protemn and a wide varicty of termination regions can be employed without

adversely affecting expression.

3868] It 18 contemplated that the CAR construct can be wtroduced into the subject's
own ceils {or into cells from a ditferent donor subject) as naked DNA or 1 a suitable vector.,
Methods of stably transfecting T cells by clectroporation using naked DNA arc known m the
art. See, for example, U.S. Pat. No. 6,418,319, mcorporated herein by reference.  Naked
DNA generally refers to the DNA concoding a chimernic antigen receptor of the present
cmbodiments contamned i a plasmud expression vector in proper origntation for expression,
Advantagcously, the use of naked DNA can reduce the time reguired to produce T cells

expressing the chimeric antigen receptor of the embodiments.

0061] In hurther aspects, CAR constructs ¢an be mtroduced nto cells using a
transposon-based system to mediate micgration of the CAR construct into genomic PNA of
the celis.  Generally, such methods will mvolve mtroducing mwto cells (1) a first vector
encoding the transposase {or a transposase polypeptide) and {11} a second vector encoding a
desired genctic clement that 15 flanked by transposon repeats. Transposons or transposabie
clements mcelude a (short} nucleic acid sequence with terminal repeat sequences upstream and
downstream thercof and encode enzvmes that facilitate the cxcision and insertion of the
nucieic acid mto target DNA sequences. Several transposon/iransposase systems have been
adapted for genetic msertions of heterologous DNA scquences, ichuding Sleeping Beauty
(351, a Tcl/marmer-like element from fish that exhibits transpositional activity in a variety of
vertebrate cultured cell limes, embryonic stem ceils and in vive (Ivics ef @i, 1997}
Additional transposases and transposon systems are provided m U.LN. Patent Nos, 6,489,438,
7.048,203; 8,227,452 U.S. Patent Pubin. No. 2011/0117072; Mates ef af., 2009 and in lvics

et af., 1997, each of whuch are mcorporated herein by reference in their entirety.

[{3062] Alternatively, a viral vector {e.g., a retroviral vector, adenoviral vector, adeno-
associated viral vector, or lentiviral vector can be used to mtroduce the chimeric construct
into T cells. Suitable vectors for use m accordance with the method of the ecmbodiments are
non-rephicating 1o the subject’'s T cells. A large number of vectors are known that are based
on viruses, where the copy number of the virus mamntammed m the cell s low enough o
maintain the wviability of the cell. Hlustrative vectors mciude the pEFB-neo vectors
{(STRATAGENE®) disclosed hercin as well as vectors based on HIV, SV4{, EBV, HSV, or

BPV,
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iV, Fmmune Effector Celis

(3363] In certain aspects, the cmbodiments desceribed herein include mcethods of
making and/or expanding the antigen-specific redirecied immune etfector cells {e.g., T-cells,
NK-cell or NK T-cclisy that comprises transfecting the cclis with an expression vector
containing a DNA {or RNA) construct encoding the CAR, then, optionally, stimnulating the
ceils with feeder cells, recombinant antigen, or an antibody to the receptor to cause the cells
to proliferate. In certam aspects, the celi {or cell population) engineered to express a CAR 18
a stern cell, 1IPS cell, immunce cell or a precursor of these cells. Methods described below
address the specilic example of T-cells {or other wmmune cell)y enginecering for CAR

CXPression.

{3864] Sources of mmmune effector cells imclude both allogeneic and autologous
sources. In some cascs ymmunc effector cells may be differentiated from stem cells or
mnduced pluripotent stem cells (1PSCs). Thus, the wmomune ettecior cells according to the
cmbodiments can be 1solated from umbtlical cord blood, peripheral blood, human embryonic
stern cells, or iPSCs. For example, allogeneic T cells can be moditied to mclude a chameric
antigen receptor {and optionally, to lack functional TCR}).  In some aspects, the mmmung
etiector cells are primary human T cells, such as T cells denved from burnan peripheral blood
mononucicar cells (PBMO), PBMC collected after stimulation with G-CSE, bone marrow, or
umbilical cord blood. Following transfection or transduction {e.g., with a CAR expression
coustruct), the cells may be mumediately mnfused or may be stored. In certain aspects,
tollowing transfection, the cells may be propagated for days, weceks, or months ex vivo as a
bulk population within about 1, 2, 3, 4, 3 days or more {ollowing gene transfer into cells. Ina
further aspect, following transfection, the transfectants are cloned and a clone demonstrating
presence of a singic mtegrated or episomally mamtained expression cassette or plasmid, and
expression of the chimeric antigen recepior 18 expanded ¢x vivo. The clone sciected for
expansion demonstrates the capacily to specilically recogmze and lyvse anfigen-cxpressing
target ceils. The recombinant T cclis may be expanded by stimulation with 1L-2, or other
cytokines that bind the common gamma-cham {e.g., 1L-7, 1L-12, 1L-15, 1L-21, and others).
The recombinant T cells may be ¢xpanded by stinmulation with artificial antigen presenting
cells. The recombinant T cells may be expanded on artificial antigen presenting cell or with
an antibody, such as OK'13, which cross imnks 33 on the T cell surface. Subsets of the

recombinant T cclls may be deleted on artificial antigen presenting cell or with an antibody,
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such as Campath, which binds CD52 on the T cell surtace. In a further aspect, the genetically

modified cells may be crvopreserved.

Y. Method {or Propagating Immune Effector Cells

3863] In some cases, immune cttector cells of the embodiments {e.g., T-cells) are co-
cultured with activating and propagating cells (AaPCs), to aid mm cell cxpansion. For
example, antigen presenting cells (APCs) are useful in prepanng therapeutic compositions
and ccll therapy products of the embodiments, For general gutdance regarding the preparation
and use of antigen-presenting systems, see, e.g., US. Pat. Nos. 6,225,042, 6,355,479,
6,362,001 and 6,790,662, U.S. Patent Apphication Publication Nos. Z2009/0017000 and
2000/06004142; and International Publication No. WQ2007/103009, ecach of which 1s

incorporated by reference.

{3866] In some cases, AaPUs are mcubated with a peptide of an optimal length that
allows for dircct binding of the peptide to the MHC molecule without additional processing.,
Alternatively, the cells can express an antigen of mierest (fe, m the case of MHC-
independent antigen recognition), Furthermore, in some cases, APCS can express an antibody
that binds to either a specitic CAR polvpeptide or to CAR polypeptides in general {e.g., a
untversal activating and propagating cell (uAPC) Such methods are disclosed in
international (PCT) Patent Pub. no. WO/2014/190273, which 18 mcorporated herein by
reference. In addition to peptide-MBC molecules or antigens of interest, the AaP{ systems
may also comiprise at least one exogenous assisting molccule. Any suitable number and
combination of assisting molecules may be employved. The assisting meolecule may be
selected trom assisting molecules such as co-stimulatory molecules and adhesion molecules.
Exemplary co-stimulatory molecules mclude CD70 and B7.1 (B7.1 was previously known as
87 and also known as DG}, which among other things, bind to CB2¥ and/or CTLA-4
molecules on the surface of T celis, thercby atfecting, for examaple, T-cell expansion, Thi
ditferentiation, short-term T-cell survival, and cytokine secrction such as mterleukan (IL)-2
{sce Kam ef al., 2004}, Adhesion molecules may include carbohydrate-binding giveoproteins
such as selectins, transmembrane binding glycoproteins such as mnicgrins, calcium-dependent
proteins such as cadhenns, and single-pass transmembrane mmraunoglobubin (Ig) supertamuly
protemns, such as mtercellular adhesion molecules (ICAMS), that promote, for example, celi-
to-cell or celi-to-matrix contact. Exemplary adhesion molecules mchude LEFA-3 and ICAMs,

such as [ICAM-1. Techmiques, methods, and rcagents uscelul for sclection, cloning,
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preparation, and coxpression of exemplary assisting molecules, mcluding co-stinmlatory
molecules and adhesion wolecules, are exemphitied m, eg., U.S. Pat. Nos. 6,225,042,

6,355,479, and 6,362,001, incorporated herein by reference.

{3867 Cells selected to become AaPCs, preferably have deficiencies i mndraceliular
antigen-processing, miraccliular peptide trafficking, and/or mtraccllular MHC Class T or
{Class H molecule-peptide loading, or are poikilothermic {7.e., 1gss sensitive to temperature
challenge than mammalian cell hines), or possess both deficiencics and poikilothermic
properties. Preferably, cells selected to become AaPCs also lack the ability to express at least
onc endogenous counterpart {e.g., cndogenous MHC Class I or Class I molecule and/or
endogenous assisting melecuies as described above) to the exogenous MH Class 1 or Class
i moleculc and assisting molecule components that are introduced into the cells.
Furthermore, AaPCs preferably retam the dehiciencies and poikilothermic properties that
were possessed by the cells prior to thetr modification to gencrate the AaP(s. Exemplary
AaPCs ecither constitute or are denved from a transporter associated with anfigen processing
{TAP}-deficient cell line, such as an msect cell line. An exemplary poikilothermic msect cells
Iine 1s a Drosophila cell hine, such as a Schneider 2 cell line {see, ez, Schneider 1972
Hustrative methods for the preparation, growth, and culture of Schuerder 2 celis, are

provided m U.S. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001,

({3368] In onc cmbodiment, AaPCs are also subjected to a frecze-thaw cycle. In an
exemplary freeze-thaw cycle, the AaPCUs may be frozen by contacting a swntable receptacle
containing the AaPCs with an appropriate amount of liquid nitrogen, solid carbon dioxide
(i.e., dry 1ce}, or stmilar low-temperature material, such that freezing occurs rapidly. The
trozen AP{s arc then thawed, either by removal of the AaP(s from the low-temperature
material and exposure to ambient room temperature conditions, or by a faciitated thawing
process m which a lukewarm water bath or warm hand s employed to facilitate a shorter
thawing time. Additionally, AaPCs may be frozen and stored for an extended period of time
prior to thawing. Frozen AaP(Cs may also be thawed and then lyophihized betore further use.
Preferably, preservatives that might detrimentally tmpact the freeze-thaw procedures, such as
dumecthyl sulfoxide (DMSO), polyethylene glyeols (PEGsS), and other preservatives, are
absent from media contamning AaPCs that undergo the freeze-thaw cycle, or are essentially
rernoved, such as by transter of AaPCs to media that s essentially devoud of such

preservatives.
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13069 In further cmbodiments, xenogenic nucleic acid and nucleic acid endogenous
to the AaPCs, may be mactivated by crosshinking, so that essentially no cell growth,
replication or expression of nucleic acid occurs after the mactivation. In one cmbodiment,
AaPCs arc mactivated at a point subsequent to the expression of exogenous MHC and
assisting molecules, presentation of such molecuies on the surtace of the AaP(Cs, and loading
of presented MHC molecuies with selected peptide or peptides. Accordingly, such mactivated
and selected peptide lpaded AaPUs, while rendered essentially mncapable of proliferating or
replicating, retamn selected peptide presentation function. Preferably, the crosshinking also
yiclds AaPCs that are essentially free of contamnating microorganisms, such as bactena and
viruses, without substantially decreasing the antigen-presenting cell function of the AaP(Cs.
Thus crosshnking maimntaims the moportant AaPC tunctions of while helping to allewviate

concerns about safcty of a ¢cll therapy product developed using the AaPCs. For methods

28490017000, which 1s incorporated heremn by reference.

3678 In certain cases, CAR moditied cells can be sorted based on thew
mitochondnal strength (or total mitochondna content of the cells) by employing a fluorescent

reporter protom using FACS prior to use as a therapeutic,

¥i.  Therapeutic application

13871] In some aspects, the chimeric antigen receptor constructs of the embodiments
find apphcation i subjects having or suspected of having cancer by reducing the size of a
tumor or preventing the growth or re~growth of a tumor i these subjects.  Accordingly,
embodiments of provided herein further relate to a method for reducing growth or preventing
tumor formation in a subject by introducing a chimeric antigen receptor construct of the
present cmbodiments into an isolated T cell of the subject and remtroducing into the subject
the transtorracd T cell, therchy eftecting anti-tumor responses to reduce or ehminate tumors
in the subject. Sutable T cells that can be used include cytotoxic lymphocytes (CTL) or any
ceil having a T cell receptor in need of disruption. As s well-known o one of skall in the art,
various methods are readily available for i1solating these cells {from a subject. For exampie,
using cell surface marker expression or usmg cornmercially avarlable ks {e.g., ISOCELL™

trom Pierce, Rockford, Hi).

(3721 Unce 1t 18 established that the transtected or transduced immune etiector cell

{e.o., T cell) 1s capable of cxpressing the chimeric antigen receptor as a surface membranc

-~ 721 -
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protein with the destred regulation and at a desired level, it can be determined whether the
chimeric antigen receptor 15 functional mn the host cell to provide for the desired signal
induction.  Subsequently, the transduced invmune effector cells are remtroduced or
admunastered {0 the subiect to activate anti-tumor responses m the subject. To faciiuate
administration, the transduced T cells accordmng to the embodiments can be made mto a
pharmaceutical composition or made mio an implant appropriate for adminisiration in vivo,
with appropriate carriers or dituents, which further can be pharmaceuticaily acceptable. The
means of making such 4 composition or an implant have been described in the art {sce, for
mnstance, Remington's Pharmaceutical Sciences, 16th Ed., Mack, ed. (1980}). Where
appropriate, the transduced T cells can be formulated into a preparation i sermsohd or hquid
torm, such as a capsule, solution, myection, whalant, or acrosol, 1 the usual ways for thewr
respective route of admuinistration. Means known i the art can be utilized to prevent or
miniroize release and absorption of the composition untd it reaches the target tissue or organ,
or to ensure timed-reicase of the composttion., Desirably, however, a pharmaceutically
acceptable form i1s croploved that does not imecticctuate the celis expressing the chimeric
antigen receptor. Thus, desirably the transduced T cells can be made 1nto a pharmaceutical
composttion containing a balanced salt solution, preferably Hanks' balanced salt solution, or

normal saline.

3073 In certain cmbodiments, CAR-expressing cells of the embodiments are
delivered to an mdividual in neced thereot, such as an mdividual that has cancer or an
infection. The cells then enhance the mdividual’s immune system to attack the respective
cancer or pathogen-infected cells. In some cases, the mdividual 18 provided with one or more
doses of the antigen-specitic CAR cells. In cases where the mdividual 1s provided with two
or more doses of the antigen-spectiic CAR cells, the duration between the administrations
should be sufficient to allow time for propagation n the mdividual, and m specific
cmbodiments the duration between doses s 1, 2, 3, 4, 5, 6, 7, or more days. Suttable doses for
a therapeutic effect would be at Ieast 107 or between about 107 and about 10" cells per dose,
for exampie, preferably 1n a series of dosing cycles. An exemplary dosing regimen consists
of four one-week dosing cyeles of escalating doses, starting at least at about 10° cells on Day
0, for example increasing incrementally up to a target dose of about 107 cells within several
weeks of mnitiating an intra-patient dose cescalation scheme. Suitable modes of administration
nclude mtravenous, subcutancous, 1ntracavitary {for example by rescrvoir-access device),

intrapertioneal, and direct mjection mto a tumor mass.

-2 -
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13874] A pharmaceutical composition of the embodiments {e.g., comprising CAR-
expressing T-cells) can be used alone or 1w combination with other well-established agents
uscful for treating cancer. Whether delivered alone or in combination with other agents, the
pharmaceutical composition of the erabodiments can be dehivered vig various routes and 1o
various sites in a mammalian, particularly human, body to achieve a particular effect. One
skilicd m the art will recogmize that, although more than one route can be used for
admnistration, a particular route can provide a more ummediate and more effective reaction
than another route. For cxample, miradermal delivery may be used for the treatment of
melanoma.  Local or systemic delivery can be accomphished by administration comprising
application or mstillation of the formulation nto body cavities, mmhalation or msufflation of
an acrosol, or by parenteral mtroduction, comprising intramuscular, imfravenous, mtraportal,

intrahcepatic, peritoneal, subcutancous, or intradermal administration.

{3875] A composition of the cmbodiments can be provided in unit dosage form
wheremn cach dosage unit, e.g., an mjection, contains a predetermuned amount of the
compaosition, alone or in appropriate combination with other active agents. The term umit
dosage form as used hercin refers to physically discrete units suitable as unitary dosages for
human and animal subjects, cach unit contaming a predetermined guantity of the composition
of the embodiments, alone or in combination with other active agents, calculated m an
amount sutticient to produce the desired effect, mn assoctation with a pharmaceutically
acceptable diluent, carrier, or vehicle, where appropriate. The specifications for the novel
unit dosage forms of the embodiments depend on the particular pharmacodynamics

associated with the pharmaceutical composition in the particular subject.

a“ar

{3876] Desirably an cficctive amount or suificient number of the isolated transduced
T cells 18 present i the composifion and mmtroduced into the subject such that long-term,
speciiic, anti-tumor responses are established o reduce the s1ze of a tumor or eliminate tumor
crowth or regrowth than would otherwise result in the absence of such treatment. Desirably,
the amount of transduced T cells remtroduced mnto the subject causes a 10%, 20%, 30%,
40%, 30%, 60%, 70%, 80%, 90%, 953%, 98%, or 100% decrease i tumor size when
compared to otherwise same conditions wherein the transduced 1 cells are not present.  As
used hercin the term “anti-tumor cffcctive amount” refers to an effective amount of CAR-

expressing iwamune etfector cells to reduce cancer cell or tumor growth in a subject.
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{3077] Accordingly, the amount of transduced mmmune effector cells {e.g., T cells)
adromnistered should take mto account the route of adrnistration and should be such that a
sufficient number of the transduced mmmune ctfector cells will be mtroduced 8o as to achieve
the desired therapeutic response. Furthermore, the aroounts of each active agent meluded mn
the compositions described herein {e.g., the amount per cach cell to be contacted or the
amount per certain body weight) can vary i different apphcations.  In general, the
concentration of transduced T ceils desirably should be sutficient to provide 1n the subject
being treated at least from about 1 x 10° to about 1 x 10 transduced T cells, even more
desirably, from about 1 = 107 to about 5 x 10° transduced T cells, although any suitable
amount can be utihized either above, e.g., greater than 5 X 10° cells, or below, e o, less than |
x 10 cells. The dosing schedule can be based on well-gstablished cell-based therapies (see,
e.o., Topalian and Rosenberg, 1987; 1.5, Pat. No. 4,693,915}, or an alternate continuous

mnfusion strategy can be employed.

108781 These values provide general guidance of the range of transduced T cells to be
utilized by the practitioner upon optimizing the method of the embodiments. The recitation
herein of such ranges by no means precludes the use of a higher or lower amount of a
component, as might be warranted 1 a particular appiication. For example, the actual dose
and schedule can vary depending on whether the compositions are adromstered in
combination with other pharmaccutical compositions, or depending on mter-individual
differences 1 pharmacokinetics, drug disposition, and mcetabolism. One skilled in the art
readily can make any necessary adjustroents in accordance with the exigencies of the

particular situation.

Vil., Kits of the Embodiments

13879) Any of the compositions described hercin may be comprised i a kit. In some
cmbodiments, allogenecic CAR T-cells are provided in the kit, which also may imnclude
reagents suttable for expanding the cells, such as media, AP{s, growth factors, antibodics
{e.c., for sorting or characterizing CAR T-celisy and/or plasmids encoding CARs or

fransSposase.

3888] In a non-limiting example, a chimeric antigen recepior expression construct,
one or more reagents to generate a chimeric antigen recepior cxpression construct, cells for

transtection of the expression construct, and/or one or more mstruments to obtain allogeneic

- 74 .
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ceils for transfection of the cxpression consiruct (such an imstrument may be a syringe,

pmipetie, forceps, and/or any such medically approved apparatus).

U81] In some embodiments, an expression counstruct for clirmnating endogenous
TCR o/ expression, one or more reagents to generate the construct, and/or CAR+ T celis are
provided n the kit.  In some embodiments, there includes cxpression constructs that encode

zin¢ finger nuclease(s).

{OU82] In some aspects, the kit comprises reagents or apparatuses for electroporation

{3083] The kits may comprise one or more suttably aliguoted compositions of the
embodiments or reagents to gencrate compositions of the embodiments. The corponents of
the kits may be packaged either m aqueous media or 1o lyophilized form. The contaimner
means of the kits may mnclude at ieast onc vial, test tube, tlask, bottle, syringe, or other
container means, mto which a component may be placed, and preferably, suitably aliquoted.
Where there 1s more than one component in the kit, the kit also will gencrally contain a
second, third, or other additional contamner nto which the additional components may be
separately placed. However, various combinations of components may be comprised n a
vial. The kits of the embodiments aiso will typically mclude a roeans for contaiming the
chitmeric antigen receptor construct and any other reagent containers in close continement for
commercial sale. Such contammers may melude myection or blow molded plastic containers

into which the desired vials are retamed, for exampie.
Viil, Examples

13884] The embodiments of the mvention are turther described in detadl by reference
to the following examples. These examples are provided for the purpose of illustration only,
and are not mntended to be limting unless otherwise specified. Thus, the wvention should 1o
no way be construed as bemmg limited to the following exampics, but rather, should be
construcd to encompass any and all vanations which become evident as a result of the

tcaching provided herein.
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fxample 1 - Flow cytometry analysis

3885] PBMCs were clectroporated with DNA encoding for HERI-HER3 CAR
{contaming cither CD28 or CDI137 endodomain signaling). The transfection used the
Siceping Beauty-based transposon system {described herein above} to mediate genomic
imtegration  of  the constructs  {sce, e.g, International (PCT) Application No.
PCT/UNTA/38005, meorporated heremn by reference).  Cells were propagated on irradiated
AaPc at 12 ratio of CAR T cells and universal antigen presenting colls (UAPC; K5625™%.
CAR ligand) {sece, e.g., International (PCT) Patent Application no. PUT/USI4/39363,
mcorporated hercin by reference, which desceribes uAPCs).  The uAPC cells cxpress an
antibody that binds to 1g(4 hinge region common to many CAR constructs and theretfore can
stimulate growth of CAR-cxpressing T-cells without the need for target antigen speciiic for
the gven CAR construct. Flow cytometry analysis of the resuliimg CAR T-cells show an
emergence of CAR' T eells at Day 14 of co-culture with irradiated K562 HLA®™

a CAR-~activating higand (FIG. 1B).

CXPTCSSg

{3086] The kinctics of both HERI-3 CD2¥z {comprising from N- o C-terminus
HERIHER3-binding scFv-lgGs-CHs-CD28-CD3z; SEQ D NO: 10} and HER1-3 CB137z
{comprising from N- to C~terminus HERVHER3-binding scFv-lgG4-CH;-CD137-CD3z; SEQ

)
g Cneg

1D NO: 9y CAR-T cell expansion on cultured on K36 AP (unyversal APC) was also
assessed. CAR™ T cells are activated signal vig stalk of the CAR only in absence of T-cell
co-stimulation. The proliferation of CARAT cells was sub-optimal 18 absence of antigen and
with minimal stimulation from APC. HER1-3 CD137z CAR'T cells showed better
prohiferation and survival on umversal APC as compared to CAR-T celis contaimng CD2E

signaling domain (FIGS. ZA-B).

Example 2 — Detection of HERI-3 heterodimer in breast cancer tumor celis by

sire proximity ligation assay

{3087] To detect HER1 and HER3 heterodimer two separate primary antibodies
agamst HER1 and HER3 (Biolegend) were used along with proximity ligation assay {(PLA)
probes and reagents for in sife polymerase reaction {(Sigma).  Antibodies were fitrated
previousiy to reduce background noise. For confrol purposes, cells were treated with either
single antibody or PLA probes only control {(anti-rabbit Plus and anfi-moouse Minus).

Dctection was based on signal amplification captured digitally vig fluorcscence microscope

-6 -
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(Leica DMI 6000). Images were analyzed by Metamorph' imaging system. The results for
HERI/HERS positive MDA-MB-231 breast cancer tumor cells are shown m FIGS. 3A-B,
and the results for SK-Br3 and MCF7 are shown 1n FI{. 3C. HERI1-3 heterodimer signals
are marked as precise dots on cell surtace. Results show that MIDDA-MB-231 appeared o

have the highest amount of HER1/HER3 heterodimers.

Exampie 3 — EGEFR expression and {unctionalify in a model MBA-MB-231 BC
tmor line

{3088] EGFR (HER1) from MB-231 cell line was knocked out at genomic level by
using a (CRISPR-Cas% based genome cditing tool.  Both upper and lower strand
oligonucleotide guided RNA (gRNA) specific to Exon 1 and Exon @ of EGFR (HER1) gene
loct were synthesized de nove. Oligonucleotide pairs were anncaled as gRNA tempiate and
then cloned mto plasroid {(pX459-U6) backbone bearmg CRISPR-Cas9 protein sequences.
After transtormation plasmids were purified from competent cells and sequence verfied.
DNA encoding CRISPR-Cas9 EGEFR-E1 or E9 were electroporated mto MDA-MB-231 cells
by a 4D nucleotector clectroporator as per manutacturer’s mstruction {(program CH-1235).
EGFR™ cells were selected on puromyein drag (lug/ml) in culture.  Expression was

verified by tlow cytometry using EGER specific antibody (Biolegend) (FIGS, 4A-48).

3088] Three ditterent EGER loci {(Exon 1, 8 and 9) were targeted for gene speciiic
knockout of EGFR (HER1) from MB-Z231 celi linc using CRISPR-Cas9 system. Exon |
targeting guided RNA worked etficiently 1 knocking out EGEFR gene tromn MB-231 which
abrogated surtace expression by 70%. After 3 weeks of sclection 1n puro-drug a very low
percentage of cells retamed EGEFR expression which could be due to emergence of escape
variants or because of cells that might have developed drug resistance. EGFR™ MB-231
cells grew slower with cell doubling time reduced to 1/3™ of that of parental cell line’s
orowth kinetics. No other morphological abnormality was noticed during culture. The resuits
demnonsirate that the model cell hme may be useful in testing for EGFR-HER3 CAR

speciiicity.
Example 4 — Cytolviic activity of HERIL-3 CAR T cells against breast {umoy cells

HU98] Specilic ovtolytic activity of HERI-3 CAR T cells agamst breast tumor cells
was shown in a short term chromium relcasce assay {(CRA). Tumor targets were mcubated

.1 51~ - ‘ -
with 7"Cr as per standard protocol to radio-label cells. Target ceils were selected based on

207
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EGFR and HER3 expression level, presence of heterodimers were confirmed by Duoimk®
based proximuty ligation assay (sec Example 2 above). Spectheity of HERI-3 CAR was
ascertained through lysis of multipie breast cancer cell lines with evidence of presence or lack
of HER1-HERS3 heterodimaer. Spectfic Lysis was calculated at difterent etfector to target ratio
(£:13. Data plots showed different level of killing in various breast cancer tumors that

cxpresses different level of HER -3 heterodimer (FIG. 5).

While preferred cmbodiments of the present mvention have been shown and described
heremn, 1t will be obvious to those skilled 1 the art that such embodiments are provided by
way of exaraple only. Numerous varations, changes, and substitutions will now occur to
those skilled 1 the art without departing from the mvention. it should be understood that
various alternatives to the cmbodiments of the mvention described hercmn may be employed
g practicing the mvention. it 18 miended that the foliowing claims define the scope of the
invention and that methods and structures within the scope of these clamms and their
equivalents be covered thereby.
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1. A chimeric antigen receptor (CAR} polypeptide comprising an antigen binding

domain; 8 hinge domain; a transmernbrane domam{s) and one or more miracellular cell
signaling domain, wherein the antigen binding domain selectively binds to a contormational

epttope of an antigen.

%

2. The CAR polypeptide of claim 1, wherein the anfigen binding domam sclectively

binds to a protem complex as compared {0 a constituent protein of the protein complex.

3. The CAR polypeptide of claim 2, wherein the protein complex 1s a receplor protemn
complex.
4. The CAR polypeptide of clamm 3, wherein the protein complex 18 a recepior protein-

ligand coraplex.

5. The CAR polypeptide of claim 2, wherem the protem complex is a profein-
carbohydrate complex.
6. The CAR polypeptide of claim 2, wherein the profein comiplex is a homo or hetero
dumer protein complex.
7. The CAR polypeptide of clamn 2, whercin the antigen binding domamn of the CAR

selectively binds to a HERI/HERZ, CDIS/CDIG, CDBI19/CD22, CDI9/RORT, EGFR/GMET,
EGFR/RORI or GDZ/RORI protem complex.

8. The CAR polypeptide of claim 7, wheremn the antigen binding domamn of the CAR

selectively binds to a HERI/HERS3 heterodimer protein complex.

4, The CAR polypeplide of claim &, wherein the anfigen binding dornamn comprises an
inumunoglobulin light chain variable domain and heavy chain variable domain of an antibody

that binds to HER1/HER3 heterodimer protein complex.

16, The CAR polypeptide of clammn 9, wherein the anfigen binding domain further
comprises a linker sequence between the light chamm vartable domain and heavy chamn

variable domain.

1, The CAR polypeptide of claim U, whereimn the linker sequence 18 4 Whatlow hinker.
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12, The CAR polypeptide of claim 1, wherein the hinge domain comprises the hinge,

CHZ and CH3 domains of huran 1g0Gy.

13,  The CAR polypeptide of claimn 12, wheremn the hinge domain comprises the sequence

of SEQ ID NO: 16 or 17,

t4.  The CAR polypeptide of claim 1, wherein the hinge domain comprises CDEa

extraceilular sequence.

15,
of SEQ 1D NO: 18,

£ 5

The CAK polvpeptide of claim 14, wheremn the hinge domain comprises the sequence

16, The CAR polypeptide of clarm 1, wherein the mtracellular cell signaling domamn

compriscs a4 CD3( signaling domain,

t7.  The CAR polypeptide of claim 16, wherem the mtraceliular cell signaling domam

compriscs the sequence of SEQ 1 NG: 13,

18, The CAR polypeptide of claim 16, wherem the mtraceliular cell sigpnaling domam

oy
{
!

turther comprises a signaling dorsamn from CD2E or CD137.

19, The CAR polypeptide of clamn 18, wherem the tracelinlar cell signaling domam

comprises the sequence of SEQ 1D NO: 14 or 15,

23, The CAKR polypeptide of claim 1, wherein the {ransmembrane domain comprises a

transmembrane domam of CD2E or CD137.

21, The CAR polypeptide of claim 9, wherein the mmmunoglobulin light cham vanable
domam comprises the CDR sequences: CDRI (NIATDY, SEQ 13 NO. 1) CDRZ {(SASF,
SEG ID NO. 2); and CDR3 (SEPEPY, SEQ ID NGO, 3).

22.  The CAR polypeptide of claim 21, wherein the mumunoglobulin ight chamn variablce

domain 1s at least about ¥0% 1dentical to SEQ 1D NO: 4.

23, The CAR polypeptide of claim 22, wherein the immunoglobulin hight chain variable

domain 1s identical to SEQ ID NO: 4.
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24. The CAR polvpeptide of claims 9, wheremn the immunoglobulin heavy chain vanabie
domain comprises the CDR sequences: CDR1I (LSGDW, SEQ 1D NQO. 5y CDRZ
(EISAAGGYTD, SEQ ID NO. 6); and CDR3 {(ESRVSFEAAMDY, SEQ D NG. 7).

25.  'The CAR polypeptide of clatm 24, wherein the immunogiobulin heavy chain variabie

domain 18 at least about 90% 1dentical to SEQ 1D NO: K.

26.  The CAR polypeptide of claim 25, wherein the immunoglobulin heavy chamn variable

domain ts identical to SEQ 1D NO: 8.

P’
4
!

2 The CAR polypeptide of claim 1, wherein the ymmunoglobulin light cham variable

domain 18 positioned N-terminal relative to the heavy chain variable domain.

28, The CAR polypeptide of claim 27, wherem the CAR comprises following domains

trom N~ to C-terminus HERVHER3-binding scHv-lgl-CHL-CD37-CD3L.

29, The CAR polypeptide of claim 2¥, wherein the CAR comprises an amino acid

sequence at least $0% wdentical to SEQ 1D NO: 9.

30, The CAR polypeptide of claim 28, wherem the CAR comprises an ammno acwd

sequence tdentical to SEQ 1D NG: 9,

31, The CAR polypeptide of claim 27, wheremn the CAR comprises following domains

trom N-to C-terminus HERVHER3-bindimg schv-1gG4-CHi-CD2R-CID3CE.

32. The CAR polypeptide of claim 31, wherein the CAR comprises an amino acid

sequence at feast 90% wdentical to SEQ 1D NO: 10

33. The CAR polypeptide of claim 32, wheremn the CAR comprises an amino acud

sequence wdentical to SEQ 1D NG: 10,

34, A nucleic acid molecule encoding a CAR polypeptide in accordance with any one of

claims 1-33.

35.  An isolated immune cffector cell comprising 3 CAR polvpeptide 1n accordance with

any one of claims 1-33 or a nucleic acid of claim 34,

36. The cell of claum 335, wherein the cell 1s a T-cell,
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37. The cell of claim 35, wherein the cell 18 @ human cell.

38. A pharmaccutical composition comprising a population of cells i accordance with

clairn 33 1 a pharmoaceutically acceptable carrer,

39, A method of treating a subject compnising admmistering an anfi-tumor etfective
amount of chimeric antigen receptor (CAR} T-cells that expresses a CAR polypeptide

accordance with any one of claims 1-33.

40.  The method of claim 39, whercin the CAR T-cells are allogeneic cells.

41. The method of claim 39, wheremn the CAR T-cells are autologous cells.

42. The method of claim 39, wherein the CAR T-cells are HLA matched to the subject.
43, The method of claim 39, wherein the subject has an mfectious disease or 4 cancer.

44 The method of claim 43, wheremn the cancer 18 a breast cancer, ovarian cancet,

melanorma, non-smail cell lung cancer, gastnic cancer, colorectal cancer or pancreatic cancer.,

45, The method of claim 43, wherein the cancer expresses homo or heterodimer protein

compiex that is selectively bound by the CAR.

46 The method of claim 43, whercin the cancer expresses CBIS/CDI0, CDI9/CDZZ,
CDI9/ROR]L, EGFR/CMET, EGFR/RORT or GDZ/ROR T complexes.

47.  The method of claim 43, wherein the cancer expresses HER I-HER3 heterodimers.

48.  The method of claim 43, wherem the subject has been identified as having a cancer

that expresses HER1-HER3 heterodimers.

4. A pharmaceutical composition comprising an asnti-tumor effective amount of a
population of human T cells, said cells comprising a chimeric antigen receptor {CAR) that
binds to HERI-HER3 heterodumer protein complex, said CAR  comprising (1) an
mmmunogliobulin light cham varable domain comprising the CDR sequences: DRI
(NIATDV, SEQ 1D NGO, 1), CDRZ (SASFE, SEQ 1D NO. 2); and CDR3 (SEPEPY, SEQ 1D
N, 3 and (1) and mmmunoglobulin heavy chain variable domain comprising the CBDR
sequences: CDRI (LSGDW, SEQ ID NO. 5y, CDR2Z (EISAAGGYTD, SEQ 1D NO. 6); and
COR3 (ESRVSFEAAMDY, SEQ 1D N{O. 7).



CA 029647783 2017-04-13

WO 2016/073629 PCT/US2015/059072

S8, A chimeric antigen receptor (CAR)} polypeptide comprising an antigen binding
domain; a hinge doman; a transmernbrane domamnds) and one or more mtracelinlar cell
signaling domain, wherein the antigen binding domain of said CAR comprises (1) an
imnunoglobulm hight chamm varable domamn compnising the CDR sequences: CDRI
(NIATDV, SEQ 1D NGO, 1) CDR2 (SASE, SEQ 1D NQO. 2); and CDR3 (SEPEPY, SEQ 1D
NO. 3) and (1) and mmmunoglobulin heavy cham varnable domam comprising the CDR
sequences: CDR1 (LSGDW, SEQ D NG, 3) CDRZ (EISAAGGYTD, SEQ 1D NQO. 6); and
CDR3 (ESRVSFEAAMDY, SEQ ID NO. 7).

5. The method of claim 39, wheremn the T-cells were previcusly isolated from the

stibject.
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