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CHIMERIC ANTIGEN RECEPTORS ( CAR ) 
TO SELECTIVELY TARGET PROTEIN 

COMPLEXES 

[ 0001 ] This application is continuation of U.S. application 
Ser . No. 15 / 524,321 , filed May 4 , 2017 , as a national phase 
application under 35 U.S.C. $ 371 of International Appli 
cation No. PCT / US2015 / 059072 , filed Nov. 4 , 2015 , which 
claims the benefit of U.S. Provisional Patent Application No. 
62 / 075,627 , filed on Nov. 5 , 2014 , the entirety of each of 
which is incorporated herein by reference . 

INCORPORATION OF SEQUENCE LISTING 
[ 0002 ] The sequence listing that is contained in the file 
named “ UTSCP1250USC1_ST25.txt " , which is 20 KB ( as 
measured in Microsoft Windows® ) and was created on Jan. 
15 , 2020 , is filed herewith by electronic submission and is 
incorporated by reference herein . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[ 0003 ] Described herein are chimeric antigen receptors 
( CAR ) , CAR T cells and methods of making and using 
CARs and CAR T cells . 

2. Description of Related Art 
[ 0004 ] The potency of clinical - grade T cells can be 
improved by combining gene therapy with immunotherapy 
to engineer a biologic product with the potential for superior 
( i ) recognition of tumor - associated antigens ( TAAS ) , ( ii ) 
persistence after infusion , ( iii ) potential for migration to 
tumor sites , and ( iv ) ability to recycle effector functions 
within the tumor microenvironment . Such genetic engineer 
ing of T cells can be used to redirect the specificity of the 
cells and to provide therapeutic compositions having anti 
gen - targeted cytotoxic activity . These engineered T - cell 
composition have been shown to be highly effective for 
therapeutic intervention in , for example , cancer patients 
( Jena et al . , 2010 ; Till et al . , 2008 ; Porter et al . , 2011 ; 
Brentjens et al . , 2011 ; Cooper and Bollard , 2012 ; Kalos et 
al . , 2011 ; Kochenderfer et al . , 2010 ; Kochenderfer et al . , 
2012 ; Brentjens et al . , 2013 ) . There remains a need for CAR 
polypeptides and CAR - expressing T - cells that are highly 
specific to antigens , such as protein complexes , that are 
associated with particular diseased cells , such as cancers and 
its sub - types . 

protein complexes that can be selectively bound by a CAR 
of the embodiments include , without limitation , CD19 / 
CD10 , CD19 / CD22 , CD19 / ROR1 , EGFR / cMET , EGFR / 
ROR1 , GD2 / ROR1 and HER1 / HER3 complexes . 
[ 0006 ] In various aspects , the antigen binding domain of a 
CAR of the embodiments may comprise a heavy chain 
variable domain ( VH ) and a light chain variable domain 
( VL ) of a scFv or an antibody . In some aspects , the VL 
domain may be positioned N - terminal relative to the VH 
domain . In certain aspects , the VH domain may be posi 
tioned N - terminal relative to the VL domain . In certain 
aspects , the CAR polypeptide may further comprise a linker 
sequence between the VL domain and VH domain . In some 
aspects , the linker sequence may be a Whitlow linker . 
[ 0007 ] In some embodiments , CAR polypeptides and 
CAR T - cells provided herein allow for the highly specific 
targeting of cells that express HER1 / HER3 receptors . Thus , 
in a first embodiment , there is provided a chimeric antigen 
receptor ( CAR ) polypeptide comprising ( from N- to C - ter 
minus ) an antigen binding domain , a hinge domain , a 
transmembrane domain and an intracellular cell signaling 
domain , wherein the CAR binds to HER1 and HER3 ( when 
they form a heterodimer ) . In some aspects , the antigen 
binding domain comprises an immunoglobulin light chain 
variable domain and heavy chain variable domain of an 
antibody that binds to HER1 / HER3 heterodimer . In further 
aspects , the scFv described herein as well as the derivative 
CAR binding to HER1 - HER3 heterodimer occurs via spe 
cific recognition of residues placed along the HER1-3 het 
erodimer . In some further aspects , the CAR comprises a 
linker sequence ( e.g. , a Whitlow linker ) between the light 
chain variable domain and heavy chain variable domain 
and / or the first and the second scFv domains . 
[ 0008 ] In some aspects to the embodiments a hinge 
domain of a CAR comprises the hinge , CH2 and CH3 
domains of human IgG4 . In further aspects , the intracellular 
cell signaling domain comprises a domain from CD3 & . In 
further aspects , the intracellular cell signaling domain also 
comprises an intracellular domain from a T - cell co - stimu 
latory molecule , such as CD28 or CD137 . In still further 
aspects , the transmembrane domain of a CAR may be a 
transmembrane domain of CD28 or CD137 . 
[ 0009 ] Thus , in some aspects , an antigen binding domain 
of a CAR comprises the immunoglobulin light chain vari 
able domain which include CDR sequences : CDR1 ( NI 
ATDV , SEQ ID NO : 1 ) ; CDR2 ( SASF , SEQ ID NO : 2 ) ; and 
CDR3 ( SEPEPY , SEQ ID NO : 3 ) . In some aspects , the 
immunoglobulin light chain variable domain is at least : 
90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 
identical to SEQ ID NO : 4. In further aspects , the immu 
noglobulin light chain variable domain is identical to SEQ 
ID NO : 4 . 
[ 0010 ] In further aspects , an antigen binding domain of a 
CAR comprises immunoglobulin heavy chain variable 
domain may comprise the CDR sequences : CDR1 ( LSGDW , 
SEQ ID NO : 5 ) ; CDR2 ( EISAAGGYTD , SEQ ID NO : 6 ) ; 
and CDR3 ( ESRVSFEAAMDY , SEQ ID NO : 7 ) . In some 
aspects , the immunoglobulin heavy chain variable domain is 
at least : 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % 
or 99 % identical to SEQ ID NO : 8. In further aspects , the 
immunoglobulin heavy chain variable domain is identical to 
SEQ ID NO : 8 . 
[ 0011 ] In still further aspects , the immunoglobulin light 
chain variable domain is positioned N - terminal relative to 

SUMMARY OF THE INVENTION 

[ 0005 ] In a first embodiment , a chimeric antigen receptor 
( CAR ) polypeptide is provided comprising an antigen bind 
ing domain ; a hinge domain ; a transmembrane domain and 
one or more intracellular cell signaling domain ( s ) , wherein 
the antigen binding domain selectively binds to a confor 
mational epitope of an antigen . For example , in some 
aspects , the antigen binding domain selectively binds to a 
protein complex as compared to a constituent protein of the 
protein complex . Examples of protein complexes include , 
without limitation , receptor protein complexes , protein - li 
gand complexes , protein - carbohydrate complex , protein 
lipid complexes and protein - protein complexes . Thus , in 
some aspects , the protein complex is a homo or hetero 
dimer , trimer or tetramer protein complex . Examples of 
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the heavy chain variable domain . Thus , a CAR of the 
embodiments may comprise the following domains ( from N 
to C - terminus ) HER1 / HER3 - binding scFv - IgG4 - CH3 
CD137 - CD36 . In some cases , the CAR comprises an amino 
acid sequence at least 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 
96 % , 97 % , 98 % or 99 % identical to SEQ 
[ 0012 ] ID NO : 9. In further cases , the CAR comprises an 
amino acid sequence identical to SEQ ID NO : 9. Alterna 
tively , the CAR may comprise the following domains ( from 
N- to C - terminus ) HER1 / HER3 - binding scFv - IgG4 - CH , 
CH3 - CD28 - CD36 . In certain aspects , the CAR may only 
contain IgG4 - Hinge - CH3 only , thus devoid of CH2 domain . 
In some of these cases , the CAR comprises an amino acid 
sequence at least : 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 
97 % , 98 % or 99 % identical to SEQ ID NO : 10. In some 
cases , the CAR comprises an amino acid sequence identical 
to SEQ ID NO : 10 . 
[ 0013 ] In a further embodiment there are provided nucleic 
acid molecules encoding a CAR polypeptide in accordance 
with the first embodiment above . In some aspects , the 
sequence encoding the CAR is flanked by transposon repeats 
( IR / DR ) . 
[ 0014 ] In yet a further embodiment there is provided an 
isolated immune effector cell comprising a CAR polypeptide 
or nucleic acid in accordance with the embodiments herein . 
In some aspects the cell is a T - cell , a NK cell , a NK T cell 
or a progenitor of one of these cell types . In further aspects , 
the cell is a human cell . A further embodiment provides a pharmaceutical composition comprising a population of 
cells in accordance with the embodiments in a pharmaceu 
tically acceptable carrier . 
[ 0015 ] In still a further embodiment , there is provided a 
method of treating a subject ( e.g. , a subject having a cancer ) 
comprising administering an anti - tumor effective amount of 
CAR T - cells that expresses a CAR polypeptide in accor 
dance with the embodiments herein . Thus , in some aspects , 
a subject for treatment has diseased cells that comprise 
protein complexes that are selectively bound by a CAR of 
the embodiments . For example , in some aspects , a subject 
may have diseased cells co prising CD19 / CD10 , CD19 / 
CD22 , CD19 / ROR1 , EGFR / MET , EGFR / ROR1 , GD2 / 
ROR1 or HER1 / HER3 complexes . In some aspects , the 
subject has a cancer , such as a breast cancer , ovarian cancer , 
melanoma , non - small cell lung cancer , gastric cancer , col 
orectal cancer or pancreatic cancer . In still further aspects , 
the subject has been identified as having a cancer that 
expresses HER 1 - HER3 protein heterodimers . In certain 
aspects , the cancer is resistant to at least a first therapeutic 
agent . For example , the cancer can be resistant to trastu 
zumab or a tyrosine kinase inhibitor therapy . In still further 
aspects , the T - cells were previously isolated from the sub 
ject . 
[ 0016 ] In yet a further embodiment , there is provided a 
method comprising obtaining a sample of cells comprising 
T - cells or T - cell progenitors or other immune effector cells 
such as NK or NKT cells , transfecting the cells with a DNA 
encoding a CAR polypeptide in accordance with the 
embodiments , to provide a population of transgenic CAR 
expressing T - cells , and culturing the population of trans 
genic CAR cells ex vivo in a medium that selectively 
enhances proliferation of CAR - expressing T - cells ( e.g. , co 
culture with an irradiated feeder cell based system ) . In 
certain aspects , the method further comprises transfecting 
the cells with a transposon - flanked CAR and a transposase 

effective to integrate the DNA encoding the CAR into the 
genome of the cells . In further aspects , a method comprises 
purifying or enriching immune effector cells ( e.g. , T - cells ) in 
the sample prior to transfection . In certain cases the immune 
effector cells , such as T - cells or T - cell progenitors , are 
derived from induced pluripotent stem cells or embryonic 
stem cells . In further aspects , enriching T - cells in the sample 
comprises collecting a mononuclear cell fraction . The 
sample of cells may be from umbilical cord blood , a 
lymphoid organ or a peripheral blood sample from the 
subject in some cases . The sample of cells may be obtained 
by apheresis or venipuncture in some cases . In still further 
aspects , the sample of cells is a subpopulation of T - cells . The 
transgenic CAR cells are inactivated for expression of an 
endogenous T - cell receptor and / or endogenous HLA in some 
aspects . Obtaining the sample of cells comprises obtaining 
the cells from a 3rd party in some further aspects . 
[ 0017 ] In some aspects , the transfection comprises elec 
troporating DNA encoding a CAR transgene into the T cell . 
The transfection may not involve infecting or transducing 
the cells with virus in some aspects . In still further aspects , 
the cells are additionally transfected with a nucleic acid 
encoding a membrane - bound Cy cytokine . The membrane 
bound Cy cytokine may be a membrane bound IL - 7 , IL - 15 
or IL - 21 in some instances . In a specific aspect , the mem 
brane - bound Cy cytokine is IL - 15 - IL - 15Ra fusion protein . 
[ 0018 ] In still further aspects , the DNA encoding the CAR 
is a plasmid . The transposase may be provided as a DNA 
expression vector , an mRNA , a polypeptide , or an express 
ible RNA in some aspects . In a specific aspect , the trans 
posase is salmonid - type Tc1 - like transposase ( SB ) . In a 
further specific aspect , the transposase is the SB11 or 
SB100x transposase . 
[ 0019 ] In yet a further aspect of the embodiment , culturing 
the transgenic CAR cells in accordance with the method of 
the embodiments comprises culturing the transgenic CAR 
cells in the presence of dendritic cells or artificial antigen 
presenting cells ( aAPCs ) or similar feeder cells that stimu 
late expansion of the CAR - expressing T - cells . In certain 
aspects , the aAPCs are transgenic K562 cells . In further 
aspects , the aAPCs may comprise ( i ) HER1 , HER3 , or 
HER1 and HER3 obligate heterodimers ; ( ii ) CD64 ; ( ii ) 
CD86 ; ( iii ) CD137L ; and / or ( v ) membrane - bound IL - 15 , 
expressed on the surface of the aAPCs . In still further 
aspects , the aAPCs comprise a CAR - binding antibody or 
fragment thereof expressed on the surface of the aAPCs . The 
aAPCs may comprise additional molecules that activate or 
co - stimulate T - cells in some cases . The additional molecules 
may comprise membrane - bound Cy cytokines in some fur 
ther cases . In yet still further aspects , the aAPCs are inac 
tivated or irradiated , or have been tested for and confirmed 
to be free of infectious material . In still further aspects , 
culturing the transgenic CAR cells in the presence of aAPCs 
comprises culturing the transgenic CAR cells in a medium 
comprising IL - 21 and / or IL - 2 . The cells may be cultured at 
a ratio of about 10 : 1 to about 1:10 ( CAR cells to aAPCs ) in 
certain cases . 
[ 0020 ] In still a further aspect , culturing the population of 
transgenic CAR cells is for no more than 7 , 14 , 21 , 28 , 35 
or 42 days . In some instances , the transgenic cells are not 
cultured ex vivo in the presence of aAPCs . In some specific 
instances , the method of the embodiment further comprises 
enriching the cell population for CAR - expressing T - cells 
after the transfection or culturing step . The enriching may 
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comprise fluorescence - activated cell sorting ( FACS ) and 
sorting for CAR - expressing cells . In a further aspect , the 
sorting for CAR - expressing cells comprises use of a CAR 
binding antibody . The enriching may also comprise deple 
tion of CD56 + cells . In yet still a further aspect of the 
embodiment , the method further comprises cryopreserving a 
sample of the population of transgenic CAR cells . 
[ 0021 ] In a further embodiment , there is provided a CAR 
T - cell population made by a method of any one of the 
embodiments detailed herein . 
[ 0022 ] Other objects , features and advantages of the 
embodiments will become apparent from the following 
detailed description . It should be understood , however , that 
the detailed description and the specific examples , are given 
by way of illustration only , since various changes and 
modifications within the spirit and scope of the embodi 
ments will become apparent to those skilled in the art from 
this detailed description . 

knocked out at genomic level in the MDA - MB - 231 cells by 
genome editing tool ( CRISPR - Cas9 ) . Cells were then 
assessed for EGFR expression by flow cytometry . ( A ) Flow 
cytometry analysis show histograms representing MDA 
MB - 231 cells only as background control / no primary anti 
body ( dotted line ; far left peak ) , wild type MDA - MB - 231 
cells ( far right peak ) and MDA - MB - 231 EGFR knock 
out cells ( center peak ) stained with anti - EGFR antibody 
( BD ) . ( B ) Dot plot analysis confirms down - regulation of 
EGFR in the knock - out cells . 
[ 0027 ] FIG . 5 — Specific cytolytic activity of HER1-3 
CAR T cells against breast tumor cells was shown after a 
4 - hour chromium release assay ( CRA ) in vitro . CAR + T 
cells were incubated with tumor targets labeled with chro 
mium ( 1 Cr ) as per standard protocol . Target cells were 
selected based on EGFR and HER3 expression level , pres 
ence of heterodimers as confirmed by Duolink® based 
proximity ligation assay . Specificity of HER1-3 CAR was 
ascertained through lysis of multiple BC cell lines with 
evidence of presence or lack of HER1 - HER3 heterodimer . 
Specific lysis was calculated at different effector to target 
ratio ( E : T ) . Data plots showed HER1-3 CAR - T cells medi 
ated killing of breast tumor cells . Level of HER1-3 expres 
sion correlates positively with cytotoxicity . Data plots 
showed different level of killing based on their HER1-3 
expression . HER1-3 - specific CAR - T cells exhibited specific 
cytolytic activity against HER1-3 positive breast cancer 
cells . 

BRIEF DESCRIPTION OF THE DRAWINGS 

DETAILED DESCRIPTION 

[ 0023 ] FIG . 1A - B- ( A ) Shows a schematic of an exem 
plary chimeric antigen receptor ( CAR ) polypeptide . The 
example polypeptide includes an antigen binding domain , a 
hinge domain , a transmembrane domain and an intracellular 
signaling domain . ( B ) Flow cytometry analysis to show 
expression of HER1-3 CAR on surface of genetically modi 
fied T cells . Flow plot shows emergence of CAR + T cells at 
Day 14 of co - culture with irradiated K562 HLACnull 
expressing a CAR - activating ligand . PBMCs were elec 
troporated with DNA encoding for HER1 - HER3 CAR ( con 
taining either CD28 or CD137 signaling ) and propagated on 
irradiated AaPc ( K562Cneg uAPC ) at 1 : 2 ratio of CAR T cells 
and uAPC . 
[ 0024 ] FIGS . 2A - B - Ex vivo expansion of HER1-3 
CD282 CAR ( A ) and HER1-3 - CD137z CAR ( B ) CAR - T 
cells on K562Cneg uAPC ( universal APC ) bearing a CAR 
ligand . CAR + T cells get activation signal via stalk of the 
CAR only but without any T - cell co - stimulation . The pro 
liferation of CAR + T cells is sub - optimal in absence of 
antigen and with minimal stimulation from APC ( A ) . 
HER1-3 CD137z CAR + T cells showed better proliferation 
and survival on universal APC as compared to CAR - T cells 
containing CD28 signaling domain ( B ) . 
[ 0025 ] FIGS . 3A - C- ( A ) Detection of HER1 - HER3 het 
erodimers in a representative well characterized breast can 
cer tumor cell line , MDA - MB - 231 ( fixed cells ) , by in situ 
proximity ligation assay ( Duolink® ) . To detect HER1 and 
HER3 heterodimer , two separate primary antibodies ( raised 
in different species ) against HER1 and HER3 ( Biolegend 
were used along with custom PLA probes and reagents for 
running circle amplification ( Sigma ) . HER1-3 heterodimer 
signals are marked as precise dots on cell surface . Antibod 
ies were titrated previously to reduce background noise . For 
control purposes , cells were treated with either single anti 
body or PLA probes only ( anti - rabbit Plus and anti - mouse 
Minus ) . Detection was based on signal amplification cap 
tured digitally via fluorescence microscope ( Leica DMI 
6000 ) . Images were analyzed using a MetamorphTM imaging 
system . An enlarged view is shown in ( B ) . ( C ) HER1 - HER3 
heterodimers was shown in additional breast cancer cells 
SK - Br3 and MCF7 by in situ proximity ligation assay 
( Duolink® ) . 
[ 0026 ] FIGS . 4A - 4B — EGFR expression and functionality 
in a model MDA - MB - 231 BC tumor line . EGFR was 

[ 0028 ] Clinical trials have demonstrated anti - tumor effects 
in certain patients who have received T - cells genetically 
modified to have desired specificity . For example , CAR - T 
cell therapy has been shown to deliver meaningful remission 
in human patients afflicted with advanced B - cell malignan 
cies ( Maude et al . , 2014 ) . This classic situation of serial 
killing ( one T - cell killing multiple tumor cells without 
undergoing anergy ) has been shown recently in several 
patients treated under various Phase I trials ( Corrigan - Curay 
et al . , 2014 ) . However , to improve efficacy and to reduce 
off - target on - tissue toxicity caused 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 
complexes , which can only be found on resistant or malig 
nant tumors . 
[ 0029 ] Studies herein demonstrate that CAR polypeptides 
can be selectively targeted to protein complexes that are 
specific to tumor cells ( e.g. , HER1 / HER3 complexes on 
breast tumor ) . Such selectively targeted CARs enable the 
specific targeting of cells having specific surface receptor 
complexes , which may reduce the potential off - target effects 
of therapy . Such cells may be particularly useful in treating 
cancers with altered cell signaling ( e.g. , via receptor - acti 
vation , or through receptor cross - talk ) leading to formation 
of cancer cells that expresses protein heterodimers such as 
HER1 - HER3 . This signaling alteration enables certain 
tumors to develop resistance against an otherwise effective 
therapy such as monoclonal antibody therapy ( trastuzumab 
in breast cancer , for example ) or against small molecule 
inhibitors such as tyrosine kinase inhibitors . However , the 
immune effector cells of the embodiments could be used to 
specifically target such altered cancer cells . 
[ 0030 ] In some exemplary aspects , it has been shown that 
antibody sequences that bind to HER1 / HER3 receptors 
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( prominent on certain cancers ) can be successfully adapted 
to a CAR to provide HER1 / HER3 targeted CAR T - cells . 
Thus , these new CAR polypeptides and T - cells expressing 
the CARs can be used for specific targeting of cancer cells 
having elevated heterodimeric HER1 and HER3 expression . 

I. DEFINITIONS 

[ 0031 ] As used herein the specification , “ a ” or “ an ” may 
mean one or more . As used herein in the claim ( s ) , when used 
in conjunction with the word “ comprising ” , the words “ a ” or 
" an " may mean one or more than one . 
[ 0032 ] The use of the term “ or ” in the claims is used to 
mean " and / or ” unless explicitly indicated to refer to alter 
natives only or the alternatives are mutually exclusive , 
although the disclosure supports a definition that refers to 
only alternatives and “ and / or . ” As used herein “ another ” 
may mean at least a second or more . 
[ 0033 ] Throughout this application , the term " about " is 
used to indicate that a value includes the inherent variation 
of error for the device , the method being employed to 
determine the value , or the variation that exists among the 
study subjects . 
[ 0034 ] As used herein , the term “ antigen ” is a molecule 
capable of being bound by an antibody or T - cell receptor . An 
antigen is additionally capable of inducing a humoral 
immune response and / or cellular immune response leading 
to the production of B and / or T lymphocytes . 
[ 0035 ] As used herein the term “ anti - tumor effective 
amount ” refers to an effective amount of CAR - expressing 
immune effector cells to reduce cancer cell or tumor growth 
or to decrease tumor volume or number of tumor cells in a 
subject . “ An anti - tumor effective amount " can also refer to 
an effective amount of CAR - expressing immune effector 
cells to increase life expectancy or to alleviate physiological 
effects associated with the tumor or cancer . 

antigen receptor ( CAR ) polypeptide . In some aspects , a 
CAR polypeptide of the embodiments comprises an antigen 
binding domain , such as a scFv , an intracellular signaling 
domain , a transmembrane domain , and an extracellular 
domain comprising one or more signaling 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 to heterodimer complex , but have reduced 
affinity for the individual components of the complex ) . In 
some embodiments , the chimeric antigen receptor com 
prises : a ) an intracellular signaling domain , b ) a transmem 
brane domain , and c ) an extracellular domain comprising an 
antigen 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 embodiments further com 
prises 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 ( see , e.g. , SEQ ID NO : 21 ) . 
[ 0039 ] In certain embodiments , the CAR can also be 
co - expressed with a membrane - bound cytokine to improve 
persistence when there is a low amount of tumor - associated 
antigen . For example , CAR can be co - expressed with mem 
brane - bound IL - 15 . 
[ 0040 ] A. Antigen Binding Domain 
[ 0041 ] In certain embodiments , an antigen binding region 
can comprise complementary determining regions of a 
monoclonal antibody , variable regions of a monoclonal 
antibody , and / or antigen binding fragments thereof . In 
another embodiment , that specificity is derived from a 
peptide ( e.g. , cytokine ) that binds to a receptor . A comple 
mentarity determining region ( CDR ) is a short amino acid 
sequence found in the variable domains of antigen receptor 
( e.g. , immunoglobulin and T - cell receptor ) proteins that 
complements an antigen and therefore provides the receptor 
with its specificity for that particular antigen . Each poly 
peptide chain of an antigen receptor contains three CDRs 
( CDR1 , CDR2 , and CDR3 ) . Since the antigen receptors are 
typically composed of two polypeptide chains , there are six 
CDRs for each antigen receptor that can come into contact 
with the antigeneach heavy and light chain contains three 
CDRs . Because most sequence variation associated with 
immunoglobulins and T - cell receptors are found in the 
CDRs , these regions are sometimes referred to as hyper 
variable domains . Among these , CDR3 shows the greatest 
variability as it is encoded by a recombination of the VJ 
( VDJ in the case of heavy chain and TCR a? chain ) regions . 
[ 0042 ] It is contemplated that the CAR nucleic acids , in 
particular the scFv sequences , are human genes to enhance 
cellular immunotherapy for human patients . In a specific 
embodiment , there is provided a full length CAR CDNA or 
coding region . The antigen binding regions or domains can 
comprise a fragment of the VH and VL chains of a single 
chain variable fragment ( scFv ) derived from a particular 
mouse , human or humanized monoclonal antibody . The 
fragment can also be any number of different antigen bind 
ing domains of an antigen - specific antibody . In a more 
specific embodiment , the fragment is an antigen - specific 
scFv encoded by a sequence that is optimized for human 
codon usage for expression in human cells . In certain 
aspects , VH and VL domains of a CAR are separated by a 
linker sequence , such as a Whitlow linker ( see , e.g. , SEQ ID 
NO : 20 ) . 

II . CHIMERIC ANTIGEN RECEPTORS AND 
COMPONENTS 

[ 0036 ] Chimeric antigen receptor molecules are recombi 
nant fusion protein and are distinguished by their ability to 
both bind antigen ( e.g. , HER1 / HER3 ) and transduce activa 
tion signals via immunoreceptor activation motifs ( ITAM's ) 
present in their cytoplasmic tails . Receptor constructs uti 
lizing an antigen - binding moiety ( for example , generated 
from single chain antibodies ( scFv ) afford the additional 
advantage of being " universal ” in that they bind native 
antigen on the target cell surface in an HLA - independent 
fashion . An exemplary CAR polypeptide is depicted in the 
schematic provided at FIG . 1A . 
[ 0037 ] A chimeric antigen receptor according to the 
embodiments can be produced by any means known in the 
art , though preferably it is produced using recombinant 
DNA techniques . A nucleic acid sequence encoding the 
several regions of the chimeric antigen receptor can be 
prepared and assembled into a complete coding sequence by 
standard techniques of molecular cloning ( genomic library 
screening , PCR , primer - assisted ligation , scFv libraries from 
yeast and bacteria , site - directed mutagenesis , etc. ) . The 
resulting coding region can be inserted into an expression 
vector and used to transform a suitable expression host 
allogeneic or autologous immune effector cells . 
[ 0038 ] Embodiments of the CARs described herein 
include nucleic acids encoding an antigen - specific chimeric 
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[ 0043 ] In some specific examples the antigen binding 
domain of a CAR is specific for binding to a heterodimeric 
complex . Examples of heterodimeric complexes include but 
are not limited to CD19 / CD10 , CD19 / CD22 , CD19 / ROR1 , 
EGFR / cMET , EGFR / ROR1 , GD2 / ROR1 or HER1 / HER3 
heterodimeric complexes . In some aspects , a subject may 
have diseased cells comprising CD19 / CD10 , CD19 / CD22 , 
CD19 / ROR1 , EGFR / cMET , EGFR / ROR1 , GD2 / ROR1 or 
HER1 / HER3 heterodimeric complexes . 
[ 0044 ] In certain embodiments of the chimeric antigen 
receptor , the antigen - specific portion of the receptor ( which 
may be referred to as an extracellular domain comprising an 
antigen binding region ) comprises a HER1 / HER3 binding 
domain as detailed herein above . In some aspects , for 
example , the HER1 / HER3 binding domain comprises one of 
the sequences provided in U.S. Patent Publication No. 
2012/0121596 , incorporated herein by reference . 
[ 0045 ] B. Hinge Domain 
[ 004 ] In certain aspects , stalk of a CAR polypeptide of 
the embodiments can include a hinge domain positioned 
between the antigen binding domain and the transmembrane 
domain . In some cases , a hinge domain may be included in 
CAR polypeptides to provide adequate distance between the 
antigen binding domain and the cell surface or to alleviate 
possible steric hindrance that could adversely affect antigen 
binding or effector function of CAR - gene modified T cells . 
[ 0047 ] In some cases the CAR hinge domain can be 
derived from human immunoglobulin ( Ig ) constant region or 
a portion thereof including the Ig hinge , or from human 
CDla transmembrane domain and CD8a - hinge region . In 
one aspect , the CAR hinge domain can comprise a hinge 
CH2 - CH3 region of antibody isotype IgG4 . In some aspects , 
point mutations can be introduced in antibody heavy chain 
CH2 domain to reduce glycosylation and non - specific Fc 
gamma receptor binding of CAR - T cells or any other 
CAR - modified cells . 
[ 0048 ] In certain specific aspects , the hinge domain com 
prises a sequence 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 
96 % , 97 % , 98 % , 99 % or 100 % identical to an IgG4 - Fc 
domain of SEQ ID NO : 16 or SEQ ID NO : 17 , a CD8a 
extracellular domain of SEQ ID NO : 18 or a synthetic hinge 
sequence of SEQ ID NO : 19 . 
[ 0049 ] C. Transmembrane Domain 
[ 0050 ] The antigen - specific extracellular domain and the 
intracellular signaling - domain may be linked by a trans 
membrane domain . Polypeptide sequences that can be used 
as part of transmembrane domain include , without limita 
tion , the human CD4 transmembrane domain , the human 
CD28 transmembrane domain , the transmembrane human 
CD domain , or a cysteine mutated human domain , 
or other transmembrane domains from other human trans 
membrane signaling proteins , such as CD16 and CD8 and 
erythropoietin receptor . In some aspects , for example , the 
transmembrane domain comprises one of the sequences 
provided in U.S. Patent Publication No. 2014/0274909 or 
U.S. Pat . No. 8,906,682 , both incorporated herein by refer 
ence . In certain specific aspects , the transmembrane domain 
can be 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 
98 % , 99 % or 100 % identical to a CD8a transmembrane 
domain of SEQ ID NO : 11 or a CD28 transmembrane 
domain of SEQ ID NO : 12 . 
[ 0051 ] D. Intracellular Signaling Domain 
[ 0052 ] The intracellular signaling domain of the chimeric 
antigen receptor of the embodiments is responsible for 

activation of at least one of the normal effector functions of 
the immune cell engineered to express a chimeric antigen 
receptor . The term “ effector function ” refers to a specialized 
function of a differentiated cell . Effector function of a cell , 
for example , may be cytolytic activity or helper activity 
including the secretion of cytokines . Effector function in a 
naive , memory , or memory - type T cell includes antigen 
dependent proliferation . Thus the term “ intracellular signal 
ing domain ” refers to the portion of a protein that transduces 
the effector function signal and directs the cell to perform a 
specialized function . In some aspects , the intracellular sig 
naling domain is derived from the intracellular signaling 
domain of a native receptor . Examples of such native 
receptors include the zeta chain of the T - cell receptor or any 
of its homologs ( e.g. , eta , delta , gamma , or epsilon ) , MB1 
chain , B29 , Fc RIII , Fc RI , and combinations of signaling 
molecules , such as CD3 and CD28 , CD27 , 4-1BB , DAP 
10 , OX40 , and combinations thereof , as well as other similar 
molecules and fragments . Intracellular signaling portions of 
other members of the families of activating proteins can be 
used , such as FcyRIII and Fc?RI . See Gross et al . ( 1992 ) , 
Stancovski et al . ( 1993 ) , Moritz et al . ( 1994 ) , Hwu et al . 
( 1995 ) , Weijtens et al . ( 1996 ) , and Hekele et al . ( 1996 ) for 
disclosures of T - cell receptors using these alternative trans 
membrane and intracellular domains . While usually the 
entire intracellular signaling domain will be employed , in 
many cases it will not be necessary to use the entire 
intracellular polypeptide . To the extent that a truncated 
portion of the intracellular signaling domain may find use , 
such truncated portion may be used in place of the intact 
chain as long as it still transduces the effector function 
signal . The term “ intracellular signaling domain ” is thus 
meant to include a truncated portion of the intracellular 
signaling domain sufficient to transduce the effector function 
signal , upon CAR binding to a target . In a preferred embodi 
ment , the human CD3 & intracellular domain is used as the 
intracellular signaling domain for a CAR of the embodi 
ments . 

[ 0053 ] In specific embodiments , intracellular receptor sig 
naling domains in the CAR include those of the cell 
antigen receptor complex , such as the chain of CD3 , also Fcy 
RIII costimulatory signaling domains , CD28 , CD27 , 
DAP10 , CD137 , OX40 , CD2 , alone or in a series with 
CD3 & , for example . In specific embodiments , the intracel 
lular domain ( which may be referred to as the cytoplasmic 
domain ) comprises part or all of one or more of TCR chain , 
CD28 , CD27 , OX40 / CD134 , 4-1BB / CD137 , FcRIy , ICOS / 
CD278 , IL - 2RB / CD122 , IL - 2Ra / CD132 , DAP10 , DAP12 , 
and CD40 . In some embodiments , one employs any part of 
the endogenous T cell receptor complex in the intracellular 
domain . One or multiple cytoplasmic domains may be 
employed , as so - called third generation CARs have at least 
two or three signaling domains fused together for additive or 
synergistic effect , for example . 
[ 0054 ] In some embodiments , the CAR comprises addi 
tional other costimulatory domains . Other costimulatory 
domains can include , but are not limited to one or more of 
CD28 , CD27 , OX - 40 ( CD134 ) , DAP10 , and 4-1BB 
( CD137 ) . In addition to a primary signal initiated by CD3 , 
an additional signal provided by a human costimulatory 
receptor inserted in a human CAR is important for full 
activation of T cells and could help improve in vivo persis 
tence and the therapeutic success of the adoptive immuno 
therapy . 
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[ 0055 ] In certain specific aspects , the intracellular signal 
ing domain comprises a sequence 85 % , 90 % , 91 % , 92 % , 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 100 % identical to 
a CD3 & intracellular domain of SEQ ID NO : 13 , a CD28 
intracellular domain of SEQ ID NO : 14 or a CD137 intra 
cellular domain of SEQ ID NO : 15 . 

III . VECTORS AND CELL ENGINEERING 

[ 0056 ] In particular embodiments , isolated nucleic acid 
segments and expression cassettes incorporating DNA 
sequences that encode a CAR are provided . As will be 
appreciated by one of skill in the art that , in some instances , 
a few amino acids at the ends of the antigen binding domain 
in the CAR can be deleted without affecting either specificity 
or effector binding affinity of the molecule , usually not more 
than 10 , more usually not more than 5 residues , for example . 
Also , it may be desirable to introduce a small number of 
amino acids at the borders , usually not more than 10 , more 
usually not more than 5 residues . The deletion or insertion 
of amino acids may be as a result of the needs of the 
construction , providing for convenient restriction sites , ease 
of manipulation , improvement in levels of expression , or the 
like . In addition , the substitute of one or more amino acids 
with a different amino acid can occur for similar reasons , 
usually not substituting more than about 5 amino acids in 
any one domain . 
[ 0057 ] The chimeric construct that encodes the chimeric 
antigen receptor according to the embodiments can be 
prepared in conventional ways . Because , for the most part , 
natural sequences may be employed , the natural genes may 
be isolated and manipulated , as appropriate , so as to allow 
for the proper joining of the various components . Thus , the 
nucleic acid sequences encoding for the N - terminal and 
C - terminal protein components of the chimeric antigen 
receptor can be isolated by employing the polymerase chain 
reaction ( PCR ) , using appropriate primers that result in 
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 complementary overlaps . 
[ 0058 ] The various manipulations for preparing the chi 
meric construct can be carried out in vitro and in particular 
embodiments the chimeric construct is introduced into vec 
tors for cloning and expression in an appropriate host using 
standard transformation or transfection methods . Thus , after 
each manipulation , the resulting construct from joining of 
the DNA sequences is cloned , the vector isolated , and the 
sequence screened to ensure that the sequence encodes the 
desired chimeric antigen receptor . The sequence can be 
screened by restriction analysis , sequencing , or the like . 
[ 0059 ] Vectors of the embodiments designed , primarily , to 
deliver desired genes to immune cells , preferably T cells , 
under the control of regulated eukaryotic promoters , for 
example , MNDU3 promoter , CMV promoter , EFla pro 
moter , or Ubiquitin promoter . Also , the vectors may contain 
a selectable marker , if for no other reason , to facilitate their 
manipulation in vitro . In other embodiments , the CAR can 
be expressed from mRNA in vitro transcribed from a DNA 
template . 
[ 0060 ] In an exemplary nucleic acid construct ( polynucle 
otide ) employed according to the embodiments , the pro 
moter is operably linked to the nucleic acid sequence 
encoding a chimeric antigen receptor of the embodiments , 

i.e. , they are positioned so as to promote transcription of the 
messenger RNA from the DNA encoding the chimeric 
antigen receptor . The promoter can be of genomic origin or 
synthetically generated . A variety of promoters for use in T 
cells are well - known in the art ( e.g. , the CD4 promoter 
disclosed by Marodon et al . ( 2003 ) ) . The promoter can be 
constitutive or inducible , where induction is associated with 
the specific cell type or a specific level of maturation , for 
example . Alternatively , a number of well - known viral pro 
moters are also suitable . Promoters of interest include the 
B - actin promoter , SV40 early and late promoters , immuno 
globulin promoter , human cytomegalovirus promoter , retro 
virus promoter , and the Friend spleen focus - forming virus 
promoter . The promoters may or may not be associated with 
enhancers , wherein the enhancers may be naturally associ 
ated with the particular promoter or associated with a 
different promoter . 
[ 0061 ] The sequence of the open reading frame encoding 
the chimeric antigen receptor can be obtained from a 
genomic DNA source , a cDNA source , or can be synthesized 
( e.g. , via PCR ) , or combinations thereof . Depending upon 
the size of the genomic DNA and the number of introns , it 
may be desirable to use cDNA or a combination thereof as 
it is found that introns stabilize the mRNA or provide T 
cell - specific expression ( Barthel and Goldfeld , 2003 ) . Also , 
it may be further advantageous to use endogenous or exog 
enous non - coding regions to stabilize the mRNA . 
[ 0062 ] For expression of a chimeric antigen receptor of the 
embodiments , the naturally occurring or endogenous tran 
scriptional initiation region of the nucleic acid sequence 
encoding N - terminal components of e.g. , a T - cell receptor 
can be used to generate the chimeric antigen receptor in the 
target host . Alternatively , an exogenous transcriptional ini 
tiation region can be used that allows for constitutive or 
inducible expression , wherein expression can be controlled 
depending upon the target host , the level of expression 
desired , the nature of the target host , and the like . 
[ 0063 ] Likewise , a signal sequence directing the chimeric 
antigen receptor to the surface membrane can be the endog 
enous signal sequence of T - cell receptor . Optionally , in some 
instances , it may be desirable 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 chimeric antigen receptor is presented on 
the surface of the T cell . 
[ 0064 ] Similarly , a termination region may be provided by 
the naturally occurring or endogenous transcriptional termi 
nation region for a T - cell receptor subunit . Alternatively , the 
termination region may be derived from a different source . 
For the most part , the source of the termination region is 
generally not considered to be critical to the expression of a 
recombinant protein and a wide variety of termination 
regions can be employed without adversely affecting expres 
sion . 
[ 0065 ] It is contemplated that the CAR construct can be 
introduced into the subject's own cells ( or into cells from a 
different donor subject ) as naked DNA or in a suitable 
vector . Methods of stably transfecting T cells by electropo 
ration using naked DNA are known in the art . See , for 
example , U.S. Pat . No. 6,410,319 , incorporated herein by 
reference . Naked DNA generally refers to the DNA encod 
ing a chimeric antigen receptor of the present embodiments 
contained in a plasmid expression vector in proper orienta 
tion for expression . Advantageously , the use of naked DNA 
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can reduce the time required to produce T cells expressing 
the chimeric antigen receptor of the embodiments . 
[ 0066 ] In further aspects , CAR constructs can be intro 
duced into cells using a transposon - based system to mediate 
integration of the CAR construct into genomic DNA of the 
cells . Generally , such methods will involve introducing into 
cells ( i ) a first vector encoding the transposase ( or a trans 
posase polypeptide ) and ( ii ) a second vector encoding a 
desired genetic element that is flanked by transposon 
repeats . Transposons or transposable elements include a 
( short ) nucleic acid sequence with terminal repeat sequences 
upstream and downstream thereof and encode enzymes that 
facilitate the excision and insertion of the nucleic acid into 
target DNA sequences . Several transposon / transposase sys 
tems have been adapted for genetic insertions of heterolo 
gous DNA sequences , including Sleeping Beauty ( SB ) , a 
Tc1 / mariner - like element from fish that exhibits transposi 
tional activity in a variety of vertebrate cultured cell lines , 
embryonic stem cells and in vivo ( Ivies et al . , 1997 ) . 
Additional transposases and transposon systems are pro 
vided in U.S. Pat . Nos . 6,489,458 ; 7,148,203 ; 8,227,432 ; 
U.S. Patent Publn . No. 2011/0117072 ; Mates et al . , 2009 and 
in Ivics et al . , 1997 , each of which are incorporated herein 
by reference in their entirety . 
[ 0067 ] Alternatively , a viral vector ( e.g. , a retroviral vec 
tor , adenoviral vector , adeno - associated viral vector , or 
lentiviral vector ) can be used to introduce the chimeric 
construct into T cells . Suitable vectors for use in accordance 
with the method of the embodiments are non - replicating in 
the subject's T cells . A large number of vectors are known 
that are based on viruses , where the copy number of the virus 
maintained in the cell is low enough to maintain the viability 
of the cell . Illustrative vectors include the pFB - neo vectors 
( STRATAGENE® ) disclosed herein as well as vectors based 
on HIV , SV40 , EBV , HSV , or BPV . 

construct ) , the cells may be immediately infused or may be 
stored . In certain aspects , following transfection , the cells 
may be propagated for days , weeks , or months ex vivo as a 
bulk population within about 1 , 2 , 3 , 4 , 5 days or more 
following gene transfer into cells . In a further aspect , 
following transfection , the transfectants are cloned and a 
clone demonstrating presence of a single integrated or 
episomally maintained expression cassette or plasmid , and 
expression of the chimeric antigen receptor is expanded ex 
vivo . The clone selected for expansion demonstrates the 
capacity to specifically recognize and lyse antigen - express 
ing target cells . The recombinant T cells may be expanded 
by stimulation with IL - 2 , or other cytokines that bind the 
common gamma - chain ( e.g. , IL - 7 , IL - 12 , IL - 15 , IL - 21 , and 
others ) . The recombinant T cells may be expanded by 
stimulation with artificial antigen presenting cells . The 
recombinant T cells may be expanded on artificial antigen 
presenting cell or with an antibody , such as OKT3 , which 
cross links CD3 on the T cell surface . Subsets of the 
recombinant T cells may be deleted on artificial antigen 
presenting cell or with an antibody , such as Campath , which 
binds CD52 on the T cell surface . In a further aspect , the 
genetically modified cells may be cryopreserved . 

V. METHOD FOR PROPAGATING IMMUNE 
EFFECTOR CELLS 

IV . IMMUNE EFFECTOR CELLS 

[ 0068 ] In certain aspects , the embodiments described 
herein include methods of making and / or expanding the 
antigen - specific redirected immune effector cells ( e.g. , 
T - cells , NK - cell or NK T - cells ) that comprises transfecting 
the cells with an expression vector containing a DNA ( or 
RNA ) construct encoding the CAR , then , optionally , stimu 
lating the cells with feeder cells , recombinant antigen , or an 
antibody to the receptor to cause the cells to proliferate . In 
certain aspects , the cell ( or cell population ) engineered to 
express a CAR is a stem cell , iPS cell , immune cell or a 
precursor of these cells . Methods described below address 
the specific example of T - cells ( or other immune cell ) 
engineering for CAR expression . 
[ 0069 ] Sources of immune effector cells include both 
allogeneic and autologous sources . In some cases immune 
effector cells may be differentiated from stem cells or 
induced pluripotent stem cells ( iPSCs ) . Thus , the immune 
effector cells according to the embodiments can be isolated 
from umbilical cord blood , peripheral blood , human embry 
onic stem cells , or iPSCs . For example , allogeneic T cells 
can be modified to include a chimeric antigen receptor ( and 
optionally , to lack functional TCR ) . In some aspects , the 
immune effector cells are primary human T cells , such as T 
cells derived from human peripheral blood mononuclear 
cells ( PBMC ) , PBMC collected after stimulation with 
G - CSF , bone marrow , or umbilical cord blood . Following 
transfection or transduction ( e.g. , with a CAR expression 

[ 0070 ] In some cases , immune effector cells of the 
embodiments ( e.g. , T - cells ) are co - cultured with activating 
and propagating cells ( AaPCs ) , to aid in cell expansion . For 
example , antigen presenting cells ( APCs ) are useful in 
preparing therapeutic compositions and cell therapy prod 
ucts of the embodiments . For general guidance regarding the 
preparation and use of antigen - presenting systems , see , e.g. , 
U.S. Pat . Nos . 6,225,042 , 6,355,479 , 6,362,001 and 6,790 , 
662 ; U.S. Patent Application Publication Nos . 2009 / 
0017000 and 2009/0004142 ; and International Publication 
No. WO2007 / 103009 , each of which is incorporated by 
reference . 
[ 0071 ] In some cases , AaPCs are incubated with a peptide 
of an optimal length that allows for direct binding of the 
peptide to the MHC molecule without additional processing . 
Alternatively , the cells can express an antigen of interest 
( i.e. , in the case of MHC - independent antigen recognition ) . 
Furthermore , in some cases , APCs can express an antibody 
that binds to either a specific CAR polypeptide or to CAR 
polypeptides in general ( e.g. , a universal activating and 
propagating cell ( APC ) . Such methods are disclosed in 
International ( PCT ) Patent Pub . no . WO / 2014 / 190273 , 
which is incorporated herein by reference . In addition to 
peptide - MHC molecules or antigens of interest , the AaPC 
systems may also comprise at least one exogenous assisting 
molecule . Any suitable number and combination of assisting 
molecules may be employed . The assisting molecule may be 
selected from assisting molecules such as co - stimulatory 
molecules and adhesion molecules . Exemplary co - stimula 
tory molecules include CD70 and B7.1 ( B7.1 was previously 
known as B7 and also known as CD80 ) , which among other 
things , bind to CD28 and / or CTLA - 4 molecules on the 
surface of T cells , thereby affecting , for example , T - cell 
expansion , Th1 differentiation , short - term T - cell survival , 
and cytokine secretion such as interleukin ( IL ) -2 ( see Kim et 
al . , 2004 ) . Adhesion molecules may include carbohydrate 
binding glycoproteins such as selectins , transmembrane 
binding glycoproteins such as integrins , calcium - dependent 
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such inactivated and selected peptide loaded AaPCs , while 
rendered essentially incapable of proliferating or replicating , 
retain selected peptide presentation function . Preferably , the 
crosslinking also yields AaPCs that are essentially free of 
contaminating microorganisms , such as bacteria and viruses , 
without substantially decreasing the antigen - presenting cell 
function of the AaPCs . Thus crosslinking maintains the 
important AaPC functions of while helping to alleviate 
concerns about safety of a cell therapy product developed 
using the AaPCs . For methods related to crosslinking and 
AaPCs , see for example , U.S. Patent Application Publication 
No. 20090017000 , which is incorporated herein by refer 
ence . 

[ 0075 ] In certain cases , CAR modified cells can be sorted 
based on their mitochondrial strength ( or total mitochondria 
content of the cells ) by employing a fluorescent reporter 
protein using FACS prior to use as a therapeutic . 

VI . THERAPEUTIC APPLICATION 

as 

proteins such as cadherins , and single - pass transmembrane 
immunoglobulin ( Ig ) superfamily proteins , such as intercel 
lular adhesion molecules ( ICAMs ) , that promote , for 
example , cell - to - cell or cell - to - matrix contact . Exemplary 
adhesion molecules include LFA - 3 and ICAMs , such as 
ICAM - 1 . Techniques , methods , and reagents useful for 
selection , cloning , preparation , and expression of exemplary 
assisting molecules , including co - stimulatory molecules and 
adhesion molecules , are exemplified in , e.g. , U.S. Pat . Nos . 
6,225,042 , 6,355,479 , and 6,362,001 , incorporated herein by 
reference . 
[ 0072 ] Cells selected to become AaPCs , preferably have 
deficiencies in intracellular antigen - processing , intracellular 
peptide trafficking , and / or intracellular MHC Class I or 
Class II molecule - peptide loading , or are poikilothermic 
( i.e. , less sensitive to temperature challenge than mamma 
lian cell lines ) , or possess both deficiencies and poikilother 
mic properties . Preferably , cells selected to become AaPCs 
also lack the ability to express at least one endogenous 
counterpart ( e.g. , endogenous MEW Class I or Class II 
molecule and / or endogenous assisting molecules 
described above ) to the exogenous MEW Class I or Class II 
molecule and assisting molecule components that are intro 
duced into the cells . Furthermore , AaPCs preferably retain 
the deficiencies and poikilothermic properties that were 
possessed by the cells prior to their modification to generate 
the AaPCs . Exemplary AaPCs either constitute or are 
derived from a transporter associated with antigen process 
ing ( TAP ) -deficient cell line , such as an insect cell line . An 
exemplary poikilothermic insect cells line is a Drosophila 
cell line , such as a Schneider 2 cell line ( see , e.g. , Schneider 
1972 Illustrative methods for the preparation , growth , and 
culture of Schneider 2 cells , are provided in U.S. Pat . Nos . 
6,225,042 , 6,355,479 , and 6,362,001 . 
[ 0073 ] In one embodiment , AaPCs are also subjected to a 
freeze - thaw cycle . In an exemplary freeze - thaw cycle , the 
AaPCs may be frozen by contacting a suitable receptacle 
containing the AaPCs with an appropriate amount of liquid 
nitrogen , solid carbon dioxide ( i.e. , dry ice ) , or similar 
low - temperature material , such that freezing occurs rapidly . 
The frozen APCs are then thawed , either by removal of the 
AaPCs from the low - temperature material and exposure to 
ambient room temperature conditions , or by a facilitated 
thawing process in which a lukewarm water bath or warm 
hand is employed to facilitate a shorter thawing time . 
Additionally , AaPCs may be frozen and stored for an 
extended period of time prior to thawing . Frozen AaPCs may 
also be thawed and then lyophilized before further use . 
Preferably , preservatives that might detrimentally impact the 
freeze - thaw procedures , such as dimethyl sulfoxide 
( DMSO ) , polyethylene glycols ( PEGs ) , and other preserva 
tives , are absent from media containing AaPCs that undergo 
the freeze - thaw cycle , or are essentially removed , such as by 
transfer of AaPCs to media that is essentially devoid of such 
preservatives . 
[ 0074 ] In further embodiments , xenogenic nucleic acid 
and nucleic acid endogenous to the AaPCs , may be inacti 
vated by crosslinking , so that essentially no cell growth , 
replication or expression of nucleic acid occurs after the 
inactivation . In one embodiment , AaPCs are inactivated at a 
point subsequent to the expression of exogenous MHC and 
assisting molecules , presentation of such molecules on the 
surface of the AaPCs , and loading of presented MHC 
molecules with selected peptide or peptides . Accordingly , 

[ 0076 ] In some aspects , the chimeric antigen receptor 
constructs of the embodiments find application in subjects 
having or suspected of having cancer by reducing the size of 
a tumor or preventing the growth or re - growth of a tumor in 
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 embodi 
ments into an isolated T cell of the subject and reintroducing 
into the subject the transformed T cell , thereby effecting 
anti - tumor responses to reduce or eliminate tumors in the 
subject . Suitable T cells that can be used include cytotoxic 
lymphocytes ( CTL ) or any cell having a T cell receptor in 
need of disruption . As is well - known to one of skill in the art , 
various methods are readily available for isolating these 
cells from a subject . For example , using cell surface marker 
expression or using commercially available kits ( e.g. , ISO 
CELLTM from Pierce , Rockford , 111. ) . 
[ 0077 ] Once it is established that the transfected or trans 
duced immune effector cell ( e.g. , T cell ) is capable of 
expressing the chimeric antigen receptor as a surface mem 
brane protein with the desired regulation and at a desired 
level , it can be determined whether the chimeric antigen 
receptor is functional in the host cell to provide for the 
desired signal induction . Subsequently , the transduced 
immune effector cells are reintroduced or administered to 
the subject to activate anti - tumor responses in the subject . To 
facilitate administration , the transduced T cells according to 
the embodiments can be made into a pharmaceutical com 
position or made into an implant appropriate for adminis 
tration in vivo , with appropriate carriers or diluents , which 
further can be pharmaceutically acceptable . The means of 
making such a composition or an implant have been 
described in the art ( see , for instance , Remington's Phar 
maceutical Sciences , 16th Ed . , Mack , ed . ( 1980 ) ) . Where 
appropriate , the transduced T cells can be formulated into a 
preparation in semisolid or liquid form , such as a capsule , 
solution , injection , inhalant , or aerosol , in the usual ways for 
their respective route of administration . Means known in the 
art can be utilized to prevent or minimize release and 
absorption of the composition until it reaches the target 
tissue or organ , or to ensure timed - release of the composi 
tion . Desirably , however , a pharmaceutically acceptable 
form is employed that does not ineffectuate the cells express 
ing the chimeric antigen receptor . Thus , desirably the trans 
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duced T cells can be made into a pharmaceutical composi 
tion containing a balanced salt solution , preferably Hanks ' 
balanced salt solution , or normal saline . 
[ 0078 ] In certain embodiments , CAR - expressing cells of 
the embodiments are delivered to an individual in need 
thereof , such as an individual that has cancer or an infection . 
The cells then enhance the individual's immune system to 
attack the respective cancer or pathogen - infected cells . In 
some cases , the individual is provided with one or more 
doses of the antigen - specific CAR cells . In cases where the 
individual is provided with two or more doses of the 
antigen - specific CAR cells , the duration between the admin 
istrations should be sufficient to allow time for propagation 
in the individual , and in specific embodiments the duration 
between doses is 1 , 2 , 3 , 4 , 5 , 6 , 7 , or more days . Suitable 
doses for a therapeutic effect would be at least 10 % or 
between about 10 % and about 1010 cells per dose , for 
example , preferably in a series of dosing cycles . An exem 
plary dosing regimen consists of four one - week dosing 
cycles of escalating doses , starting at least at about 10 cells 
on Day 0 , for example increasing incrementally up to a 
target dose of about 1010 cells within several weeks of 
initiating an intra - patient dose escalation scheme . Suitable 
modes of administration include intravenous , subcutaneous , 
intracavitary ( for example by reservoir - access device ) , intra 
peritoneal , and direct injection into a tumor mass . 
[ 0079 ] A pharmaceutical composition of the embodiments 
( e.g. , comprising CAR - expressing T - cells ) can be used alone 
or in combination with other well - established agents useful 
for treating cancer . Whether delivered alone or in combina 
tion with other agents , the pharmaceutical composition of 
the embodiments can be delivered via various routes and to 
various sites in a mammalian , particularly human , body to 
achieve a particular effect . One skilled in the art will 
recognize that , although more than one route can be used for 
administration , a particular route can provide a more imme 
diate and more effective reaction than another route . For 
example , intradermal delivery may be used for the treatment 
of melanoma . Local or systemic delivery can be accom 
plished by administration comprising application or instil 
lation of the formulation into body cavities , inhalation or 
insufflation of an aerosol , or by parenteral introduction , 
comprising intramuscular , intravenous , intraportal , intrahe 
patic , peritoneal , subcutaneous , or intradermal administra 
tion . 
[ 0080 ] A composition of the embodiments can be pro 
vided in unit dosage form wherein each dosage unit , e.g. , an 
injection , contains a predetermined amount of the compo 
sition , alone or in appropriate combination with other active 
agents . The term unit dosage form as used herein refers to 
physically discrete units suitable as unitary dosages for 
human and animal subjects , each unit containing a prede 
termined quantity of the composition of the embodiments , 
alone or in combination with other active agents , calculated 
in an amount sufficient to produce the desired effect , in 
association with a pharmaceutically acceptable diluent , car 
rier , or vehicle , where appropriate . The specifications for the 
novel unit dosage forms of the embodiments depend on the 
particular pharmacodynamics associated with the pharma 
ceutical composition in the particular subject . 
[ 0081 ] Desirably an effective amount or sufficient number 
of the isolated transduced T cells is present in the compo 
sition and introduced into the subject such that long - term , 
specific , anti - tumor responses are established to reduce the 

size of a tumor or eliminate tumor growth or regrowth than 
would otherwise result in the absence of such treatment . 
Desirably , the amount of transduced T cells reintroduced 
into the subject causes a 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 
70 % , 80 % , 90 % , 95 % , 98 % , or 100 % decrease in tumor size 
when compared to otherwise same conditions wherein the 
transduced T cells are not present . As used herein the term 
" anti - tumor effective amount ” refers to an effective amount 
of CAR - expressing immune effector cells to reduce cancer 
cell or tumor growth in a subject . 
[ 0082 ] Accordingly , the amount of transduced immune 
effector cells ( e.g. , T cells ) administered should take into 
account the route of administration and should be such that 
a sufficient number of the transduced immune effector cells 
will be introduced so as to achieve the desired therapeutic 
response . Furthermore , the amounts of each active agent 
included in the compositions described herein ( e.g. , the 
amount per each cell to be contacted or the amount per 
certain body weight ) can vary in different applications . In 
general , the concentration of transduced T cells desirably 
should be sufficient to provide in the subject being treated at 
least from about 1x10 to about 1x10 transduced T cells , 
even more desirably , from about 1x107 to about 5x108 
transduced T cells , although any suitable amount can be 
utilized either above , e.g. , greater than 5x108 cells , or below , 
e.g. , less than 1x10 ' cells . The dosing schedule can be based 
on well - established cell - based therapies ( see , e.g. , Topalian 
and Rosenberg , 1987 ; U.S. Pat . No. 4,690,915 ) , or an 
alternate continuous infusion strategy can be employed . 
[ 0083 ] 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 in a particular application . For example , the actual 
dose and schedule can vary depending on whether the 
compositions are administered in combination with other 
pharmaceutical compositions , or depending on inter - indi 
vidual differences in pharmacokinetics , drug disposition , 
and metabolism . One skilled in the art readily can make any 
necessary adjustments in accordance with the exigencies of 
the particular situation . 

VII . KITS OF THE EMBODIMENTS 
[ 0084 ] Any of the compositions described herein may be 
comprised in a kit . In some embodiments , allogeneic CAR 
T - cells are provided in the kit , which also may include 
reagents suitable for expanding the cells , such as media , 
APCs , growth factors , antibodies ( e.g. , for sorting or char 
acterizing CAR T - cells ) and / or plasmids encoding CARs or 
transposase . 
[ 0085 ] In a non - limiting example , a chimeric antigen 
receptor expression construct , one or more reagents to 
generate a chimeric antigen receptor expression construct , 
cells for transfection of the expression construct , and / or one 
or more instruments to obtain allogeneic cells for transfec 
tion of the expression construct ( such an instrument may be 
a syringe , pipette , forceps , and / or any such medically 
approved apparatus ) . 
[ 0086 ] In some embodiments , an expression construct for 
eliminating endogenous TCR alß expression , one or more 
reagents to generate the construct , and / or CAR + T cells are 
provided in the kit . In some embodiments , there includes 
expression constructs that encode zinc finger nuclease ( s ) . 
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HER1-3 CD137z CAR + T cells showed better proliferation 
and survival on universal APC as compared to CAR - T cells 
containing CD28 signaling domain ( FIGS . 2A - B ) . 

Example 2 - Detection of HER1-3 Heterodimer in 
Breast Cancer Tumor Cells by In Situ Proximity 

Ligation Assay 

[ 0087 ] In some aspects , the kit comprises reagents or 
apparatuses for electroporation of cells . 
[ 0088 ] The kits may comprise one or more suitably ali 
quoted compositions of the embodiments or reagents to 
generate compositions of the embodiments . The components 
of the kits may be packaged either in aqueous media or in 
lyophilized form . The container means of the kits may 
include at least one vial , test tube , flask , bottle , syringe , or 
other container means , into which a component may be 
placed , and preferably , suitably aliquoted . Where there is 
more than one component in the kit , the kit also will 
generally contain a second , third , or other additional con 
tainer into which the additional components may be sepa 
rately placed . However , various combinations of compo 
nents may be comprised in a vial . The kits of the 
embodiments also will typically include a means for con 
taining the chimeric antigen receptor construct and any other 
reagent containers in close confinement for commercial sale . 
Such containers may include injection or blow molded 
plastic containers into which the desired vials are retained , 
for example . 

[ 0092 ] To detect HER1 and HER3 heterodimer two sepa 
rate primary antibodies against HER1 and HER3 ( Bioleg 
end ) were used along with proximity ligation assay ( PLA ) 
probes and reagents for in situ polymerase reaction ( Sigma ) . 
Antibodies were titrated previously to reduce background 
noise . For control purposes , cells were treated with either 
single antibody or PLA probes only control ( anti - rabbit Plus 
and anti - mouse Minus ) . Detection was based on signal 
amplification captured digitally via fluorescence microscope 
( Leica DMI 6000 ) . Images were analyzed by MetamorphTM 
imaging system . The results for HER1 / HER3 positive 
MDA - MB - 231 breast cancer tumor cells are shown in FIGS . 
3A - B , and the results for SK - Br3 and MCF7 are shown in 
FIG . 3C . HER1-3 heterodimer signals are marked as precise 
dots on cell surface . Results show that MDA - MB - 231 
appeared to have the highest amount of HER1 / HER3 het 
erodimers . 

VIII . EXAMPLES 

Example 3 — EGFR Expression and Functionality in 
a Model MDA - MB - 231 BC Tumor Line 

[ 0089 ] The embodiments of the invention are further 
described in detail by reference to the following examples . 
These examples are provided for the purpose of illustration 
only , and are not intended to be limiting unless otherwise 
specified . Thus , the invention should in no way be construed 
as being limited to the following examples , but rather , 
should be construed to encompass any and all variations 
which become evident as a result of the teaching provided 
herein . 

Example 1 — Flow Cytometry Analysis 
[ 0090 ] PBMCs were electroporated with DNA encoding 
for HER1 - HER3 CAR ( containing either CD28 or CD137 
endodomain signaling ) . The transfection used the Sleeping 
Beauty - based transposon system ( described herein above ) to 
mediate enomic gration of the constructs ( see , e.g. , 
International ( PCT ) Application No. PCT / US14 / 38005 , 
incorporated herein by reference ) . Cells were propagated on 
irradiated AaPc at 1 : 2 ratio of CAR T cells and universal 
antigen presenting cells ( UAPC ; K562 neg - CAR ligand ) 
( see , e.g. , International ( PCT ) Patent Application no . PCT / 
US14 / 39365 , incorporated herein by reference , which 
describes uAPCs ) . The uAPC cells express an antibody that 
binds to IgG4 hinge region common to many CAR con 
structs and therefore can stimulate growth of CAR - express 
ing T - cells without the need for target antigen specific for the 
given CAR construct . Flow cytometry analysis of the result 
ing CAR T - cells show an emergence of CAR + T cells at Day 
14 of co - culture with irradiated K562 HLACnull expressing 
a CAR - activating ligand ( FIG . 1B ) . 
[ 0091 ] The kinetics of both HER1-3 CD28z ( comprising 
from N- to C - terminus HER1 / HER3 - binding scFv - IgG4 
CH3 - CD28 - CD3Z ; SEQ ID NO : 10 ) and HER1-3 CD137z 
( comprising from N- to C - terminus HER1 / HER3 - binding 
scFv - IgG4 - CH3 - CD137 - CD3z ; SEQ ID NO : 9 ) CAR - T cell 
expansion on cultured on K562Cneg uAPC ( universal APC ) 
was also assessed . CAR + T cells are activated signal via 
stalk of the CAR only in absence of T - cell co - stimulation . 
The proliferation of CAR + T cells was sub - optimal in 
absence of antigen and with minimal stimulation from APC . 

[ 0093 ] EGFR ( HER1 ) from MB - 231 cell line was knocked 
out at genomic level by using a CRISPR - Cas9 based 
genome editing tool . Both upper and lower strand oligo 
nucleotide guided RNA ( GRNA ) specific to Exon 1 and 
Exon 9 of EGFR ( HER1 ) gene loci were synthesized de 
novo . Oligonucleotide pairs were annealed as gRNA tem 
plate and then cloned into plasmid ( pX459 - U6 ) backbone 
bearing CRISPR - Cas9 protein sequences . After transforma 
tion plasmids were purified from competent cells and 
sequence verified . DNA encoding CRISPR - Cas9 EGFR - E1 
or E9 were electroporated into MDA - MB - 231 cells by a 4D 
nucleofector electroporator as per manufacturer's instruc 
tion ( program CH - 125 ) . EGFRKO cells were selected on 
puromycin drug ( 1 ug / mL ) in culture . Expression was veri 
fied by flow cytometry using EGFR specific antibody ( Bi 
olegend ) ( FIGS . 4A - 4B ) . 
[ 0094 ] Three different EGFR loci ( Exon 1 , 8 and 9 ) were 
targeted for gene specific knockout of EGFR ( HER1 ) from 
MB - 231 cell line using CRISPR - Cas9 system . Exon 1 
targeting guided RNA worked efficiently in knocking out 
EGFR gene from MB - 231 which abrogated surface expres 
sion by 70 % . After 3 weeks of selection in puro - drug a very 
low percentage of cells retained EGFR expression which 
could be due to emergence of escape variants or because of 
cells that might have developed drug resistance . EGFRKO 
MB - 231 cells grew slower with cell doubling time reduced 
to 13rd of that of parental cell line's growth kinetics . No other 
morphological abnormality was noticed during culture . The 
results demonstrate that the model cell line may be useful in 
testing for EGFR - HER3 CAR specificity . 

Example 4 Cytolytic Activity of HER1-3 CAR T 
Cells Against Breast Tumor Cells 

[ 0095 ] Specific cytolytic activity of HER1-3 CART cells 
against breast tumor cells was shown in a short term 
chromium release assay ( CRA ) . Tumor targets were incu 
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bated with 51 Cr as per standard protocol to radio - label cells . 
Target cells were selected based on EGFR and HER3 
expression level , presence of heterodimers were confirmed 
by Duolink® based proximity ligation assay ( see Example 2 
above ) . Specificity of HER1-3 CAR was ascertained 
through lysis of multiple breast cancer cell lines with 
evidence of presence or lack of HER1 - HER3 heterodimer . 
Specific lysis was calculated at different effector to target 
ratio ( E : T ) . Data plots showed different level of killing in 
various breast cancer tumors that expresses different level of 
HER1-3 heterodimer ( FIG . 5 ) . 
[ 0096 ] While preferred embodiments of the present inven 
tion have been shown and described herein , it will be 
obvious to those skilled in the art that such embodiments are 
provided by way of example only . Numerous variations , 
changes , and substitutions will now occur to those skilled in 
the art without departing from the invention . It should be 
understood that various alternatives to the embodiments of 
the invention described herein may be employed in practic 
ing the invention . It is intended that the following claims 
define the scope of the invention and that methods and 
structures within the scope of these claims and their equiva 
lents be covered thereby . 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 21 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 6 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
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- continued 

< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 1 

Asn Ile Ala Thr Asp Val 
1 5 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 2 

Ser Ala Ser Phe 
1 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 6 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 3 

Ser Glu Pro Glu Pro Tyr 
1 5 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 112 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 
< 400 > SEQUENCE : 4 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Thr Asp Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Asn Ile Ala 
20 25 30 

Val Ser Thr Ala Val Ala Trp Ile Gin Gin Lys Pro Gly Lys Ala Pro 
35 40 45 

Lys Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 80 

Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Ser Glu 
85 90 95 

Pro Glu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg 
100 105 110 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 5 

Leu Ser Gly Asp Trp 
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- continued 

1 5 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 10 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 6 

Glu Ile Ser Ala Ala Gly Gly Tyr Thr Asp 
1 5 10 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 12 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 7 

Glu Ser Arg Val Ser Phe Glu Ala Ala Met Asp Tyr 
1 5 10 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 118 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 8 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
5 10 15 1 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Gly Asp 
20 25 30 

Trp Val Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp 
35 40 45 

Val Gly Glu Ile Ser Ala Ala Gly Gly Tyr Thr Asp Tyr Ala Asp Ser 
50 55 60 

Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala 
65 70 75 80 

Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr 
85 90 95 

Cys Ala Arg Glu Ser Arg Val Ser Phe Glu Ala Ala Met Asp Tyr Trp 
100 105 110 

Gly Gin Gly Thr Leu Val 
115 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 500 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 9 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Asn Ile Ala Thr Asp 
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- continued 

20 25 30 

Val Ser Thr Ala Val Ala Trp Ile Gin Gin Lys Pro Gly Lys Ala Pro 
35 40 45 

Lys Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 80 

Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Ser Glu 
85 90 95 

Pro Glu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg 
100 105 110 

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr 
115 120 125 

Lys Gly Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro 
130 135 140 

Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser 
145 150 155 160 

Gly Asp Trp Val Ile His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
165 170 175 

Glu Trp Val Gly Glu Ile Ser Ala Ala Gly Gly Tyr Thr Asp Tyr Ala 
180 185 190 

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn 
195 200 205 

Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val 
210 215 220 

Tyr Tyr Cys Ala Arg Glu Ser Arg Val Ser Phe Glu Ala Ala Met Asp 
225 230 235 240 

Tyr Trp Gly Gin Gly Thr Leu Val Pro Ser Asp Ile Ala Val Glu Trp 
245 250 255 

Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val 
260 265 270 

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp 
275 280 285 

Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His 
290 295 300 

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu 
305 310 315 320 

Gly Lys Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser 
325 330 335 

Leu Leu Val Thr Val Ala Phe Ile Ile Lys Arg Gly Arg Lys Lys Leu 
340 345 350 

Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln 
355 360 365 

Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly 
370 375 380 

Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr 
385 390 395 400 

Gin Gin Gly Gin Asn Gin Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg 
405 410 415 

Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met 
420 425 430 
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- continued 

Gly Gly Lys Pro Gin Arg Arg Lys Asn Pro Gin Glu Gly Leu Tyr Asn 
435 440 445 

Glu Leu Gin Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met 
450 455 460 

Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gin Gly 
465 470 475 480 

Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala 
485 490 495 

Leu Pro Pro Arg 
500 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 503 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic polypeptide 

< 400 > SEQUENCE : 10 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asn Ile Ala Thr Asp 
20 25 30 

Val Ser Thr Ala Val Ala Trp Ile Gin Gin Lys Pro Gly Lys Ala Pro 
35 40 45 

Lys Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 
60 55 50 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 80 

Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gln Ser Glu 
85 90 95 

Pro Glu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg 
100 105 110 

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr 
115 120 125 

Lys Gly Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro 
130 135 140 

Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser 
145 150 155 160 

Gly Asp Trp Val Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
165 170 175 

Glu Trp Val Gly Glu Ile Ser Ala Ala Gly Gly Tyr Thr Asp Tyr Ala 
180 185 190 

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn 
195 200 205 

Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val 
210 215 220 

Tyr Tyr Cys Ala Arg Glu Ser Arg Val Ser Phe Glu Ala Ala Met Asp 
225 230 235 240 

Tyr Trp Gly Gin Gly Thr Leu Val Pro Ser Asp Ile Ala Val Glu Trp 
245 250 255 

Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val 
260 265 270 
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Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp 
275 280 285 

Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His 
290 295 300 

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu 
305 310 315 320 

Gly Lys Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr 
325 330 335 

Ser Leu Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val Arg Ser Lys 
340 345 350 

Arg Ser Arg Leu Leu His Ser Asp Tyr Met Asn Met Thr Pro Arg Arg 
355 360 365 

Pro Gly Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro Pro Arg Asp 
370 375 380 

Phe Ala Ala Tyr Arg Ser Arg Val Lys Phe Ser Arg Ser Ala Asp Ala 
385 390 395 400 

Pro Ala Tyr Gin Gin Gly Gin Asn Gln Leu Tyr Asn Glu Leu Asn Leu 
405 410 415 

Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp 
420 425 430 

Pro Glu Met Gly Gly Lys Pro Gin Arg Arg Lys Asn Pro Gln Glu Gly 
435 440 445 

Leu Tyr Asn Glu Leu Gin Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu 
450 455 460 

Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu 
465 470 475 480 

Tyr Gin Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His 
485 490 495 

Met Gln Ala Leu Pro Pro Arg 
500 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 32 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 11 

Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly 
1 5 10 15 

Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr Cys Asn His Arg Asn 
20 25 30 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 27 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 12 

Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu 
1 5 10 15 

Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val 
20 25 

< 210 > SEQ ID NO 13 
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- continued 

< 211 > LENGTH : 112 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 13 

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gin Gly 
1 5 10 15 

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr 
20 25 30 

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys 
35 40 45 

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gin Lys 
50 55 60 

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg 
65 70 75 80 

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gin Gly Leu Ser Thr Ala 
85 90 95 

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gin Ala Leu Pro Pro Arg 
100 105 110 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 41 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 14 

Arg Ser Lys Arg Ser Arg Gly Gly His Ser Asp Tyr Met Asn Met Thr 
1 5 10 15 

Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gin Pro Tyr Ala Pro 
20 25 30 

Pro Arg Asp Phe Ala Ala Tyr Arg Ser 
35 40 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 42 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 15 

Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gin Pro Phe Met 
1 5 10 15 

Arg Pro Val Gin Thr Thr Gin Glu Glu Asp Gly Cys Ser Cys Arg Phe 
20 25 30 

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu 
35 40 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 230 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 16 

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe 
1 5 10 15 

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
20 25 30 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val 
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35 40 45 

Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly Val 
50 55 60 

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn Ser 
65 70 75 80 

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu 
85 90 95 

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser 
100 105 110 

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro 
115 120 125 

Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn Gin 
130 135 140 

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala 
145 150 155 160 

Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 
165 170 175 

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu 
180 185 190 

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser 
195 200 205 

Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser 
210 215 220 

Leu Ser Leu Gly Lys Met 
225 230 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 230 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

< 223 > OTHER INFORMATION : Mutant IgG4 - Fc 

< 400 > SEQUENCE : 17 

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe 
1 5 10 15 

Glu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
20 25 30 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val 
35 40 45 

Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly Val 
60 50 55 

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Gln Ser 
65 70 75 80 

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu 
85 90 95 

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser 
100 105 110 

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro 
115 120 125 

Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn Gin 
130 135 140 

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala 
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145 150 155 160 

Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 
165 170 175 

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu 
180 185 190 

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser 
195 200 205 

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser 
210 215 220 

Leu Ser Leu Gly Lys Met 
225 230 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 43 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 18 

Lys Pro Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr 
1 5 10 15 

Ile Ala Ser Gin Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala 
20 25 30 

Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp 
35 40 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 12 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic hinge 

< 400 > SEQUENCE : 19 

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro 
1 5 10 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 18 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic linker 

< 400 > SEQUENCE : 20 

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr 
1 5 10 15 

Lys Gly 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 22 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 21 

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro 
1 5 10 15 

Ala Phe Leu Leu Ile Pro 
20 
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1. - 48 . ( canceled ) 49. A pharmaceutical composition comprising an anti 
tumor effective amount of a population of human T cells , 
said cells comprising a chimeric antigen receptor ( CAR ) that 
binds to HER1 - HER3 heterodimer protein complex , said 
CAR comprising ( i ) an immunoglobulin light chain variable 
domain comprising the CDR sequences : CDR1 ( NIATDV , 
SEQ ID NO . 1 ) ; CDR2 ( SASF , SEQ ID NO . 2 ) ; and CDR3 
( SEPEPY , SEQ ID NO . 3 ) ; and ( ii ) and immunoglobulin 
heavy chain variable domain comprising the CDR 
sequences : CDR1 ( LSGDW , SEQ ID NO . 5 ) ; CDR2 ( EI 
SAAGGYTD , SEQ ID NO . 6 ) ; and CDR3 ( ESRVS 
FEAAMDY , SEQ ID NO . 7 ) . 

50. A chimeric antigen receptor ( CAR ) polypeptide com 
prising an antigen binding domain ; a hinge domain ; a 
transmembrane domain ( s ) and one or more intracellular cell 
signaling domain , wherein the antigen binding domain of 
said CAR comprises ( i ) an immunoglobulin light chain 
variable domain comprising the CDR sequences : CDR1 
( NIATDV , SEQ ID NO . 1 ) ; CDR2 ( SASF , SEQ ID NO . 2 ) ; 
and CDR3 ( SEPEPY , SEQ ID NO . 3 ) ; and ( ii ) and immu 
noglobulin heavy chain variable domain comprising the 
CDR sequences : CDR1 ( LSGDW , SEQ ID NO . 5 ) ; CDR2 
( EISAAGGYTD , SEQ ID NO . 6 ) ; and CDR3 ( ESRVS 
FEAAMDY , SEQ ID NO . 7 ) . 
51. ( canceled ) 
52. A method of treating a subject comprising adminis 

tering a pharmaceutical composition of claim 49 , wherein 
the subject has a cancer that expresses HER1 - HER3 het 
erodimers . 
53. A method of treating a subject comprising adminis 

tering a pharmaceutical composition of claim 49 , wherein 
the subject has been identified as having a cancer that 
expresses HER1 - HER3 heterodimers . 

54. The CAR of claim 50 , wherein the antigen binding 
domain further comprises a linker sequence between the 
light chain variable domain and heavy chain variable 
domain . 

55. The CAR polypeptide of claim 50 , wherein the linker 
sequence is a Whitlow linker . 

56. The CAR polypeptide of claim 50 , wherein the hinge 
domain comprises the hinge , CH2 and CH3 domains of 
human IgG4 . 

57. The CAR polypeptide of claim 50 , wherein the hinge 
domain comprises the sequence of SEQ ID NO : 16 or 17 . 

58. The CAR polypeptide of claim 50 , wherein the hinge 
domain comprises CD8a extracellular sequence . 

59. The CAR polypeptide of claim 50 , wherein the hinge 
domain comprises the sequence of SEQ ID NO : 18 . 
60. The CAR polypeptide of claim 50 , wherein the 

intracellular cell signaling domain comprises a CD3C sig 
naling domain . 

61. The CAR polypeptide of claim 50 , wherein the 
intracellular cell signaling domain comprises the sequence 
of SEQ ID NO : 13 . 
62. The CAR polypeptide of claim 50 , wherein the 

intracellular cell signaling domain further comprises a sig 
naling domain from CD28 or CD137 . 

63. The CAR polypeptide of claim 50 , wherein the 
intracellular cell signaling domain comprises the sequence 
of SEQ ID NO : 14 or 15 . 
64. The CAR polypeptide of claim 50 , wherein the 

transmembrane domain comprises a transmembrane domain 
of CD28 or CD137 . 

65. An isolated immune effector cell comprising a HER1 
HER3 heterodimer specific CAR polypeptide wherein the 
CAR polypeptide comprises an antigen binding domain ; a 
hinge domain , a transmembrane domain ( s ) and one or more 
intracellular cell signaling domain , wherein the antigen 
binding domain of said CAR comprises ( i ) an immuno 
globulin light chain variable domain comprising the CDR 
sequences : CDR1 ( NIATDV , SEQ ID NO.1 ) ; CDR2 ( SASF , 
SEQ ID NO . 2 ) ; and CDR3 ( SEPEPY , SEQ ID NO . 3 ) ; and 
( ii ) and immunoglobulin heavy chain variable domain com 
prising the CDR sequences : CDR1 ( LSGDW , SEQ ID NO . 
5 ) ; CDR2 ( EISAAGGYTD , SEQ ID NO . 6 ) ; and CDR3 
( ESRVSFEAAMDY , SEQ ID NO . 7 ) . 
66. The cell of claim 65 , wherein the cell is a T - cell . 
67. The cell of claim 66 wherein the T - cells are allogeneic 

cells . 
68. The cell of claim 66 wherein the T - cells are autologous 

cells . 
69. The cell of claim 66 wherein the T - cells are HLA 

matched to the subject . 


