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CAR COMPRISING CD28 ZETA AND CD3 ZETA

RELATED APPLICATIONS
0001 This application claims priority to U.S. Provisional Application Ne.

63020177, filed May 5, 2020, which is hereby incorporated herein by reference in its

entirety.

BACKGROUND
10662} Cancer s the second leading cause of death in the United States. Current
therapies for many cancers either fail in certain patient populations or generate toxic side-
effects which greatly Impact the quality of life of the patient. Adoptive Immunotherapy,
which tnvolves the travster of antigen~-specific T cells generated ex wivo, is a propusing
strategy to treat cancer. T cells used for adoptive immunotherapy can be generated, for
example, by redirection of T cells through genetic engineering {e.g., by enginesting them
o express chimeric antigen receptors, o “CARs™). However, carrent adoptive
immunotherapy approaches are offen imeffective af targeting antigens that are expressed
at low density, such as peptide antigens that are presented by MHC class I proteins
{reforred to as “peptide in groove,” or “PHG” antigens). The targeting of PIG antigens
using adoptive tmmunotherapy is particularly afractive for a mamber of reasons,
including because it allows for the use of CAR polypeptide expressing T cells {CART
cells) that target intracellular cancer associated antigens. Thus, there s a need in the art
for mproved adoptive immumotherapy approaches that facilitate the targeting of low

density antigens, including PIG antigens, for the frestment of cancer.

SUMMARY
{0003} The present application is based, at least in part, on the discovery that

CAR'T cells that express a CAR comyprising a CD28/z signaling domain demonsirate
superior iz vitro and in vive efficacy when targeting peptide in groove (PIG) antigens or
low density cancer antigens. In some aspeets, provided herein are CAR polypeptides
targeting PIG antigens or low density cageer antigens that comprise a CD28/z signaling
domain and nucleie acids encoding such CAR polypeptides, as well as methods of using
and making such CAR polypeptides and nucleic acids.

{004] In some aspeets, provided herein are CAR polypeptides conmprising at least

one infracytoplasmic/costimulatory region comprising a chuster of differentiation 28 zeta
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£} domain. In some embodiments, the CAR polypeptide further comprises af least
one intracytoplasmic sigraling region comprising & cluster of differentiation 3 zeta
{CD3LY domain. In some embodiments, the CAR polvpeptide further comprises an
antigen binding domain specific for a low density cancer and/or a peptide n groove
antigen.

{0005] {1 some embodiments, the intracyioplasmic/costimulatory region of the
CAR polypeptide further comprises « 4-1BB domain {e.g., in addition to the cluster of
differentistion 28 zeta (CD28) domainy. The CAR polypeptide may comprise a
hinge/spacer region that comprises at least one cluster of differentiation 28 zeta (CD28/0)
domain. The CAR polypeptide may comprise a transmembrane region that comprizes at
least one cluster of differentiation 28 zeta (CD28L) domain.

{1006 In some embodiments, the CAR polypeptides disclosed herein has
antigenic specificity for a cancer antigen, wherein the CAR comgrises at least one cluster
of differentiation 28 zeta {CD2&EL) amino acid sequence selected from the amine acid
sequences set forth in SEQ ID NOs. { 1o 3. The CD28A sequence may be 1o the hinge,
transmembrane, or signaling domain of the CAR. Also provided herein are CAR
polypeptides having antigenic specificity for a cancer antigen and the CAR comprises an
aming acid sequence sot forth in SEQ ID NQO:s, 610 13, 29, 30, 33 or 34,

H1I007] The CAR polypeptide may comprise at least one cluster of differentiation
28 (CD28) anino acid sequence that is part of the intracytoplasmic/costimulatory tegion
of the CAR. The CAR polypeptide may have at least one cluster of differentiation 28
{CD28) amino acid sequence that is part of the transmembrane region of the CAR. The
CAR polypeptide may comprise at least one cluster of differentiation 28 (CD28) amino
acid sequence is part of the hinge/spacer region of the CAR,

jOU68] As disclosed herein, the cancer antigen may be a peptide in groove antigen
and/or a tow density cancer antigen. Less than two thousand copies, less than one
thousand copies, or less than five hundred coplies of the cancer antigen may be typically
found in a tumor {e.g., a solid tumor). The cancer antigen may be a MAGEA4,
Tyrosinase, HPV16 E7, or a NY-ESQ peptide. The cancer antigen may comprise at feast
one epitope sefocted from MAGE Adzieam, MAGEA4d 26008, Tyracesrr, HPVI6ET s or
NY-ESCG-1isn6s,

0069 The CAR polypeptide may comprise a variable light chain comprising any

one of the amino acid sequences set forth in SEQ D NO: 16 10 19, 31, or 37. The CAR

o
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polypeptide may comprise & variable heavy chain comprising any one of the aminoe acid
sequences set forth in SEQ 1D NQO: 20 1o 23, 32, or 38,

o016y In some aspects, provided herein nucleic acids encoding the CAR
polypeptides disclosed herein, The nucleie acid may be an expression vector {e.g., & viral
vector, such as a lentiviral vector). The nucleic avid encoding the CAR polypeptide may
have a sequence set forth in SEQ 1D NOs: 14, 15, 35 or 36

f0011] Also provided herein are enene cells comprising a CAR polypeptide
disclosed herein or a nucleic acid encoding & CAR polypeptide disclosed hercin. Also
provided herein are compositions comprising immune cells disclosed heredn, and cell
baunks comprising such tmmune cells. Cell banks may be cell banks for adoptive
impmumotherapy. The immune cell may be & laukocyte, hvmphocyte, a monocyte, 3
macrophage, a dendritic cell, @ mast cell, a noutrophil, a basophil, or an cosinophil. In
some embediments, the immune cell is a lymphocyte selected from an offT cell, v§71 cell,
a Natural Killer (NK) celf, & Natuzal Killer T INKT) cell, an innate fympheid cell (L), a
cytokine induced killer {CIK} cell, & eytotoxic T bymphoeyte (CTL), a lynphokine
activated killer (LAK cell, a regulatory T cell, or any combination thereot,

jo012] In some aspects, proyvided herein are methods of treating cancer {(e.g., a
solid tumor} in a subject by adoymstering to the subject a composition comprising colls
expressing & CAR polypeptide disclosed herein (e.g., 8 CAR polypeptide comprising at
least one intracytoplasmic/costimulatory region comprising a cluster of ditferentiation 28
zeta {CD28) domain. in some embodiments, the CAR polypeptide further comprises at
least one intracytoplasmic signaling region comprising a cluster of differentiation 3 zeta
(CD3L) domain. In some embodiments, the CAR polypeptide further comprises an
antigen binding domain specific for a low density cancer and/or a peptide in groove
antigen.

{0013 in some embodiments, the methods provided herein further comprise
conjointly administering to the subject a second CAR polypeptide comprising a 4-188
domain in the costimulatory region of the CAR polvpeptide. In some embodiments, the
second CAR comprises at least one infracytoplasoue signaling region comprising a
cluster of differentiation 3 zeta (CD3Y) domain, In some embodiments, the second CAR
comprises an extracellular domain specific for a low density cancer antigen andior a
peptide in groove cancer antigen. The second CAR polypeptide may comprise a eluster of

differentiation 8 alpha (CD8/u) peptide in the hinge/transmembrane region.

193
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[0014) T some embodiments, the subject may have cancer. The cancer may be

melanoma.

BRIEF DESCRIPTION OF THE DRAWINGS
jOD15] Figure 1 has two parts, A-B, and shows general CAR construct designs
and exemplary CAR constructs used in Examples | and 2. General BB/z and 284 CAR
construct schematics in Part A, Part B shows chimeric antigen receptors containing an
anti-HLA-A2MAGE Adege2us 31345 scFv plus either (top) 8 haCDS
hinge/transmenbrane donwin, a 4-1BB co-stirnulatory domain, and a CD3z signaling
domain (BB/z CAR}, or {middle) huCD28] hingeransmembrang/costinuilatory domains
and 1 CD3z signaling domain (282 CAR) An brelevant scFy plus a huCDY
hingetransmembrane domain, a 4-1BB co-stimulatory domain and a CD3z signaling
domain served as a control CAR (botton),
10916} Figuye 2 bas two parts, A-B, and shows MAGEAdase20 282 CAR T cells
from two donors demonstrate superior in e anti-tumor activity and anti-tumor kineties
compared 1© MAGEAdu94 BBz CAR'T cells in the SK-MEL-37 melanoma tumor
model, NSG mice were suboutaneously implanted with HLA-AZ'MAGEA4" SK-MEL-
37 human melanoma tumor cells, On day 7 after tumors were established, the mice (=3
per group) were intravenously injected with $x10% T cells that express either the non-
binding control BB CAR {Control CAR T), the anti-HEA-ALMAGE Adseno BBz
CAR, or the anti-HLA-A2ZMAGEA42ss.004 2872 CAR from two different donors. Tumor
growth was assessed by measuring tumor velumes. Data shown from Donor | in Part A
and Donor 2 in Part B. Top graphs: values represent mean = SEM tumor volumes on the
indicated day after tumor implantation. Bottom graphs show tumor growth curves from
individual mice.
{0017} Figure 3 has two parts, A-B, and shows MAGEAdze204 2872 CAR T celly
from two donors demonstrate superior i1 vive snti-umor activity and anti-tumor kinetics
compared 1o MAGEA4asea00 BBz CAR T cells in the A373 melanoma tumor model.
NSG mace were subcutancously injected with HLA-AZ MAGEA4™ A7 human
melanoma tumor cells, On day 13 after tuimors were established, the wice (n=35 per group)
were intravenously injected with 4x10° T cells that express either the non-binding control
BBz CAR {Control CAR T), the anti-HLA-AZ/MAGEAdusavs BBz CAR, or the anti-

HLA-AZMAGEA e 282 CAR from two different dopors. Tumor growth was
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assessed through day 64 by measaring tumor volumes. Data shown from Donor 1 in Part
A and Donor 2 in Part B. Top graphs: values represent mean £ SEM tumor volumes on
the indicated day after tumor implantation. Bottom graphs show tumor growth curves
from individual mice,

JOU 18] Figure 4 has two parts, A-B, and shows exemplary CAR constructs used
in Example 3 and that MAGEA4»e2m 2872 CAR T cells demonstrate superior in vivo
anti-tumor activity and anti-tumor kinetics compared to MAGEAd» 02w BB2 CAR T
cells in the A375 melanoma tumor model, Part A shows data from NSG mice that were
subcutancously injected with HLA-AZ"MAGEA4™ A373 human miclanoma tumor cells,
(On day 13 after tumors were established, the mice (=4 or 5 per group) were
intravenously injected with 4x10% T cells that express either the non-binding control BB/z
CAR (Control CAR T, the anti-HLA-AZMAGEA40 BBz CAR, or the anti-HEA-
AZMAGEAD w20 2872 CAR. Tumor growth was assessed through day 37 by
measuring tumor volunes. Top graphs show tumor growth between days 0-21. Botiom
graphs show tumor growth curved between days 0-37, Left graphs: values represent mean
= SEM tunior volumes on the indicated day after twwor implantation. Right graphs show
tumor growth curves from individual mice. Part B shows chimeric antigen receptors
containing an anti-HLA-A2Y MAGEA42s023s 332299 scFv plus either (top) a huCDS
hingefdransmembrane domain, a 4-1BB co-stimulatory domain, and a CD3z signaling
domain (BB/z CAR}, or {middle) huCD2R hingeransmembrang/costinuilatory domains
and 2 CD3z signaling domain (282 CAR). (Bottom) An irrelevant seFv plus a D8
hingetransmembrane domain, a 4-1BB co-stimulatory domain and a CD3x signaling
dovnain served as a control CAR.

{019] Figure § has three parts, A-C, and shows exemplary CAR constructs used
in Example 4 and measurement of xenogenic tumors in nice weated with exemplary
CARST cells. The result demonstrate that anti-Tyrosinasesse.ary 282 CAR T cells
demonstrate superior g vive anti-tumor activity and anti-tumor kinetics compared to
Tyrosinaseisssry BB2 CAR T cells in the WM266.4 and SK-MEL-23 melanoma tamor
models, Part A shows chimeric antigen recoptors containing an anti-HLA-AY
Tyrosinasesw 377 D11 scFv plus either (top) ¢ buCDS hinge'transmembrane domain, a 4-
IBB co-stimulatory domain, and & CD3z signaling domain {(BB/2z CAR), or {middle)
huCD28 hingetransmembrane/costimulatory domaing and a CD3z signaling donwain

{28« CAR}. (Botiom) An irrelevant scFy plus a huCDE hinge/transmembrane domain, a

s
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4-1BB co-stimulatory domain and 8 CD3z signaling domain sevved as & control CAR.
Part B shows data from NSG mice that were subcutaneously injected with 45108 HLA-
A2 Tyrosinase” WM266.4 human melanoma tumor cells, On day 7 after tumors were
established, the mice (8=5 per group) wore intravenousty injected with 2x10° T cells that
express either the non-binding control BB/2 CAR (Control CAR T), the anti-HELA-

A2 Tyrosinasesse-srr BB CAR, or the anti-HLA-AZ Tyrosinasciessmr 282 CAR from
two different donors. Tumeor growth was assessed through day 91 by measuring tumor
volumes. Part C shows data from NSG nuice that were subcutaneously injected with Sx10¢
HLA-A2 "Tyrosinase” SK-MEL-23 human melanoma tumor cells. On day 7 after tumors
were established, the mice (n=3 per group) were intravenously injected with 4x10% T cells
that express either the non-binding control BBz CAR (Control CAR T}, the anti-HLA-

A2/ Tyrosinaseasarr BB2Z CAR, or the anti-HLA-AZ Tyrosinasoss 28z CAR from

two different donoss. Tumor growth was assessed through day 90 by measuring tumort
volumes. Data shown from (left panels) Donor 1 and {right panels) Donor 2. Top graphs:
values represent mean & SEM tumor volumes on the indicated day atler tumor
implantation. Bottom graphs show tumor growth curves from individual mice.

[0026] Figare 6 has two parts, A-B, and shows exemplary CAR constructs used
in Example 5 and that NY-ESO-lisries 28/2 CAR T eells demonstrate superior i vive
anti-tumor activity and anti-tumor kinetics compared to NY-ESO-1ismi6s BB2 CAR T
cells in the A3735 melanoma tumor model, Part A shows chimeric antigen receptors
containing an anti-HLA-A2/ NY-ESO-isres IBH05P seFy plus either (top) a fuCDR
hingefransmentbrane domain, a 4-1BB co-stimulatory domain, and # CD3z signaling
domain {(BB/z CAR), or {middie) huCD28 hingetransmombrane/costimulatory domains
and 8 CD3z signaling domain (2872 CAR). (Bottom) An irrelevant scFv plus a uCDR
hingedransmembrane domain, a 4-1BB co-stimulatory domain and 8 CD3z signaling
domain served as a contrel CAR. Part B shows NSG mice were subcutancously injected
with Sx1F HLA-AZ'NY-ESO-17 A375 huwman melanoma twnor cells. On day 3 afier
tumaors were established, the mice (n=35 per group) were intravenously injected with
20x10% T cells that express either the non-binding control BBz CAR (Control CAR T),
the anti-HLA-AZ/NY-ESO-1isvaes BBz CAR, or the anti-HLA-AZ/NY-ESO-Liswes 2872
CAR. Tumor growth was assessed through day 38 by measuring tumor volumes. Top
graphs show tumor growth between days 0-21, Bottont graphs show twmor growth curved

between days 0-38, Left graphs: values represent mean & SEM tumor volumes on the
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indicated day after tumor implantation. Right graphs show tumor growth curves from
individual mice.

jo821 Figure 7 shows that MAGEAdrss.204 2872 CAR T cells demonstrate
superior in vitro oytotoxicity compared to MAGEA4m 204 BB2 CAR T cells against
varicus target cells. Modest cytotosicity of the MAGEA4HLA-A2" A375 and SK-MEL-
37 cells was seen by the anti-MAGEAd2we204 CAR (31343) with a BB/z intracellular
signaling domaig; by contrast, sugmented cytotoxicity was scen by the anti-MAGEAd =«
204 CAR (31345) with a 28/ intracellular signaling domain. Modest eytotoxicity of the
MAGEA4"HEA-A2" A375 and SK-MEL-37 cells was seen by the anti-MAGE Adazoam
CAR (33229} with a BB/z intraceliular signaling dowain; by contrast, augmented

cytotoxicity was seen by the anti-MAGEAS 0000 CAR (33229 with a 28/% intracellular

signaling domain and minimal background cytotoxieity was induced by CTL CAR
constructs. Modest eytotoxicity of the MAGEA4HLA-A2™ A375 cells was seen by the
anti-MAGEAdn29 CAR (3483523 with a BBz intraceltular signaling domain; by
contrast, augmented oytotoxicity was seent by the anti-MAGEA42w.200 CAR (34852) with
# 28/7 intracellular signaling domain.

j0022] Figure 8 shows illustrations of exemplary CAR constructs ysed in
Exampie 6.

23] Figure 9 shows i vivo dose-response study experiment comparing the
ability of MAGEA4(Z34-239) binder 33229 to clear A375 tumors when fornwatied as
BBz or 282 CARs. As shown in previous non-dose-response studiss, 282 CAR T
demonstrite superior in vive anti-fumor activity and anti-tumor kinetics,

[0024] Figure 10 shows tllustrations of exemplary CAR construets used i
Example 7.

fO025] Figwre 11 demoustrates that anti-HEA-AZMAGEAd e 2872 CAR T
cells show superior in vivo anti-tumor activity and anti-tumor kinetics compared to anti-
HEA-A2ZMAGEA4 000 BBz CAR T cells. Experimental parameters are discussed in
Example 8.

[0026] Figure 12 shows tllustrations of examplary CAR constrocts used in

Example 6 and &,
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DETAILED DESCRIPTION

General

{0027 fn some aspeets, provided herein are CAR polypeptides and
polynucleotides encoding said CAR polypeptides comprising at feast one
infracytoplasmic/costiondatory region comprising a cluster of differentiation 28 zeta
{CD28/) domain. The CD2R/Y domain may be a hunan CD287 domain, In some
cmbodiments, the CAR polvpeptide further comprises at least one intracytoplasmic
signaling region comprising a cluster of differentiation 3 zeta (CD3/0) dowain. The CAR
polypeptide may also comprise an antigen binding domain specific for a low density
cancer antigen and/or a peptide in groove antigen. Also provided herein are immune cells
expressing & CAR polypeptide disclosed herein, as well as cell banks comprising immune
cells expressing & CAR polypeptide disclosed berein,

[0828] As disclosed herein, cancers characterized by PIG antigens or low density
cancer antigens cscape conventional cancer therapies because they are often present in
Jow target copy numbers within tumors. Additionally, solid tumors characterized by PlGs
or low density cancer antigens can be more resistant to CAR-T therapy and more difficult
to treat because they are not colf surface antigens, but are present in grooves within the
caneer related poptide, Thus, there is a nesd for the improved CAR therapies provided
heretn that can offectively target PIGs andéor low density cancer antigens 1o
increase/enhance efficacy of CAR therapy in cancers, especially those cancers
charactetized by solid tumors.

JOH2Y Methods disclosed herein include methods of treating 3 tumor in a subject
by sdministering a composition comprising cells expressing a CAR polypeptide disclosed
herein.

{00304 In some embodiments, the CAR polypeptides disclosed horein have a
specificity for a low density cancer antigen or a PIG antigen. A low densify cancer
antigen includes, but is not limited to, any cancer antigen wherein less than five thousand,
less than four thousand, less than three thousand, less than two thousand, less than fifteen
hundred, less than one thousand, less than nine hundred, Toss than eight hundred, less B
seven hundred, less than six hundred, less than five hundred, less than four hundred, less
thasn three hundred, fess than two hundred, or less than one hundred copies of the cancer
antigen are typically found in a solid tumor. The cancer antigen may be a MAGEAS,

Tyrosinase, HPV16 E7, or a NY-ESQ peptide. The cancer antigen may comprise an
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epitope selected from MAGEAdma.250, MAGEAdss204, Tyrasearr, HPVIGET 1, or NY-

ESO- 1157105, For example, the CAR may comprise an antigen-binding domain using the
variable Hght chain andfor heavy chains, or portion thereof, of an antibody specitic for a
low density or PIG antigen, such as an epitope sequence in a MAGEA4, Tyrosinase,

HPVI6 E7, or a NY-ESO peptide,

Definitions

HI031] For convenience, certain terms employed in the specifieation, examples,
and appended claims are collocted heve.

0032} The articles "o and “an™ are used hevein to refer to one or to more than
one {i.e., o at least one) of the grammatical object of the article. By way of example, “an
clement” means one element or more than one element.

j0833] As used herein, the term “administering”™ means providing a
pharmaceutical agent or composition to a subject, and includes, but is not imited to,
administering by a medical professional and self-administering. Such an agent can
contain, for example, 8 CAR T cell provided herein.

[0034] The term “wmine acid” 15 ntended to embrace all molecules, whether
natural or synthetic, which include both an aminoe functionality and an acid functionality
and capable of being included in a polymer of natyrally-eccurring amino acids.
Exemplary amine acids include naturally-occurring anunoe acids; analogs, devivatives and
congeners thereof; amino acid analogs having variant side chains; and all stereoisomers of
any of the foregoing.

[0035) The term “binding™ or “interacting™ refers to an agsociation, which may be
a stable association, between two molecules, e.g., between a peptide and a binding partner
or agent, e.g., smali molecule, due to, for example, electrostatic, hydrophobic, tonic
andior hydrogen-bond interactions under physiological conditions.

FN

[036] As used herein, the term “ecancer” includes, but is not Timated 1o, solid
tumaors and blood borne tumors. The term cancer includes, but is not imited to, diseases
of the skin, tissues, organs, bone, cartilage, blood, and vessels, including the cervix, anus,
vaging, vulva, peais, tongue base, lavvox, and tonsil. The term “cancer™ furthey
encompasses primary and metastatic cancers.

[0837] The term “chimeric antigen receptor™ (CAR} refers to molecules that
combine a binding domain against a component present on the target cell, for example an

antibody-based specificity for a desired antigen (e.g., o turnor antigen} with a T cell

9
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recepior-activating indracellular domain to generate a chimeric profein that exhibits a
specific anti-target cellular immune activity, Generally, CARs consist of s extraceliular
single chain antigen-binding domain {scFv) fused to the intraceltular signaling domain of
the T cell antigen receptor complex zeta chain, and have the ability, when expressed in T
cells, to redirect antigen recognition based on the monocional antibody's specificity.
[0038] A Vcostimulatory donain” or “costimulatory molecule” refers to the
cognate binding partner on a T-cell that specifically binds with a costimulatory ligand,
thereby medisting a costimulatory response by the cell, such as, but not limited to
profiferation. The costimulatory domain may be a hurnan costimulatory domaii.
Exemplary costimulatory molecules include, CD28, 4-1BB, CD27, CD¥, 4-18BB
{CDM37), OX40, CD30, CB40, PD-1, ICOS, Iymphocyte function-associated antigen-1
(LFA-1), CD2, CD7, LIGHT, NKG2C, and B7-H3.

{0039] A Ucostimulatory ligand” refers to a molecule on an antigen presenting cell
that specifically binds a cognate costimulatory molecule on a T-call, thereby providing a
signal which wediates a T cell response, ncluding, but not limiied 1o, proliferation
activation, differentiation and the like. A costimulatory ligand can include but is not
limited to CD7, B7-1 {CD8Y), B7-2 (CD86Y, PD-L1, PD-L2, 4-1BBL, OX40L, inducible
costimudatory Hgand (JCOS-L}, intercellular adhesion molecule JCAM), CD30L, CD49,
CD70, CDR3, HLA-G, MICA, MICR, HVEM, lvmphotoxin beta receptor, 3 TR, IL.T3,
1LT4, an agonist or antibody that binds Tell Higand receptor and 2 ligand that specifically
binds with B7-H3,

[0046] A “costimulatory signal” refers to a signal, which in combination with a
primary signal, leads to T cell proliferation and/or upregulation or downregulation of key
nmelecules.

[0041] The term “epitope”™ means a protein deterngnant capable of specific
binding to an antibody or immune cell (e.g., T cell). Epitopes usually consist of
chemically active surface groupings of moelecules such as amino acids or sugar side
chains. Certain epitopes can be defined by a particular sequence of amine acids to which
8 CAR or antibody is capable of binding.

[0042] “Gene construct™ refers to a nucleie acid, such as a vector, plasmid, viral
genome or the like which includes a “coding sequence™ for a polypeptide or which can
otherwise trapscribe fo & biologically active RNA (e.g., antisense, decoy, ribozyme, ¢fc.),

may be transtected into cells, e.., mammalian cells, and may cause expression of the

10
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coding sequence jn cells transtected with the construct. The gene constract may include
one or more regulatory elements operably linked to the coding sequence, as well as
intronie sequences, polyadenylation sites, origing of rephication, marker gones, ete.
{10434 The terms “ligand-binding domain™ and “amtigen-binding dowain™ are
used interchangeably herein, and refer to that portion of & chimeric antigen receptor that
binds specifically to a predetermined antigen,

{0044] The term “linker™ 18 art-recognized and refers to a molecule or group of
melocules connecting two commpounds, such as two polypeptides. The inker may be
comprised of a single linking molecule or may comprise a linking molecule and a spacer
melecule, intended to separate the Hinking molecule and a compound by a specific
distance,

H0045] The term “operably Hinked to” refers to the functional relationship of &
mycleic ackd with another nucleic acid sequence. Promoters, enhancers, transcriptional
and tramslational stop sites, and other signal sequences are examples of nuckeic acid
sequences operably linked to other sequences. For example, operable linkage of DNA to a
transeriptional control element refers 1o the physical and functional refationship between
the DNA and promoter such that the trapsoription of such DNA is initiated from the
promoter by an RNA polvmerase that specifically recognizes, binds to and transeribes the
DNA.

{0046] As used herein, the phrase “pharmaceutically acceptable™ refers to those
agents, compounds, materials, compositions, andfor dosage torms which are, within the
scope of sound medical judgmen, suitable for use in contact with the tissues of human
beings and amimals without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefitrisk ratio,

fO047) As used berein, the phrase “pharmaceutically-acceptable carrior™ means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
fitler, dituent, excipiont, or selvent encapsulating material, invelved in carrying or
fransporting an agent from one organ, or portion of the body, to another organ, or portion
of the body. Each carrier must be “acceptable™ in the sense of being compatible with the
other ingredients of the formulation and not injurious to the patient. Some examples of
naterials which can serve as pharmaceutically-acceptable carriers include: (1) sugars,
such as factose, glucose and sucrose; {2} starches, such ag commn starch and potato starch;

fac

{3} celfulose, and its derivatives, such as sodium carboxymethy! cellulose, ethyl cellulose

i1
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and celhdose acetate; (4} powdered fragacanth; (5) malt; (6) gelating (7) tale; (8)
excipients, such as cocoa hutter and suppnsitor;,f wixes; {9} oils, such as peanut oil,
cottonsced o1, safttower oil, sesame oil, olive oil, corn oif and sovbean oil; {10} glveols,
such as propylene glycol; {11) polyals, such as glycerin, sorbitol, mannitol and
polyethylene glyvol; (12) esters, such as othyl oleate and ethyl lnurate; (13) agar; (14)
buffering agonts, such as magnesium hydroxide and aluminum hydroxide; {15) alginic
acid; {18} pyrogen-free water; (17) isotonic saline; (18) Ringer's sohgtion; (19) ethyl
alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates andior
polyanhydrides; and {22} other non-toxic compatible substances employed in
pharmaceutical formulations.

[O048] The terms “polynucleotide”, and “nucleic acid™ are used interchangeably.
They refer fo a natural or synthetic molecule, or some combination thereof, comprising a
single nucleotide or two or more nucleotides linked by a phosphate group at the 3

position of one nucleotide to the 37 end of another nucleotide, The polymaeric form of
nucleotides is not Hivted by length and can comprise either deoxyribonucleotides or
ribonucleotides, or analogs thereof. Polynucleotides may have any three-dimensional
structure, and may perform any function, The following are non-limiting examples of
polvnucleotides: coding or non-coding regions of a gene or gene fragment, loci (locus)
defined from linkage analysis, exons, ntrons, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, ribozymies, cDNA, recombinant polynucleotides, branched
polynuclectides, plassmids, vectors, isolated DNA of any seguence, isolated RNA of any
sequence, mucleic acid probes, and primers. A polynacleotide may comprise modified
nucleotides, sach as methyiated nucleotides and nucleotide analogs, If present,
modifications to the nucleotide structure may be dmparted before or after assembly of the
polvmer. A polvnucleotide may be farther modified, such as by conjugation with a
labeling component, In all nucleic acid sequences provided herein, U nucleotides are
interchangeable with T nucleotides. The polynuclectide is not necessarily associated with
the call i which the nucleie acid is found in nature, andfor operably linked to a
polynucleotide to which it is linked in nature.
[0049] The term “precancerous lesions™ or “precancerous condition™ refers o
atypical cells andor tissues that are assoctated with an ncreased risk of cancer, The term
“precapcerous lestony™ may refer, for example, to dysplasia, benign neaplasia, or

carcinoma in situ,
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0056 As used herein, a therapentic that “prevents” a condition refers to a
compound that, when adnunistered to 2 statistical sanmple prioy to the onset of the disorder
or condition, reduces the cecurrence of the disorder or condition in the treated sample
refative to an untreated control sample, or delays the onset or reduces the severity of one
or more symptoms of the disorder or condition relative to the untreated control sample.
[0051] A Usignal transducing domain™ or “signaling domain” of a CAR, as used
heretn, is responsible for intracellular signaling following the binding of an extracellular
ligand binding domain fo the target resulting in the activation of the immune cell and
immune response. In other words, the signal transducing domain is responsible for the
activation of at least ong of the normal effector functions of the mmunge cell in which the
CAR is exprossed. For example, the effector function of a T cell can be & oytolytic
activity or helper activity including the secretion of eytokines. Thus, the term “signal
transducing domain™ refers to the portion of a protein which wansduces the effector
function signal and directs the cell to perform a specialized function. Examples of signal
transducing domains tor use  a CAR can be the eytoplasmic sequences of the T cell
receptor and co-receptors that act in concert to initiate signal transduction following
antigen receplor engagement, as well as any derivate or variant of these sequences and
any synthetic sequence that has the same functional capability. In some cases, signaling
domains comprise two distinet classes of eytoplasmic signaling sequences, those that
initiate antigen-dependent primary activation, and those that act in an antigen-
independent manngr to provide a secondary or co-stimulatory signal. Primnary ovioplasmic
signaling sequences can comprise signaling motifs which are known as smmunoreceptor
tyrosine-based activation motifk of TTAMs. ITAMSs are well defined signaling motifs
found in the intracytoplasmic tail of a variety of recoptors that serve as binding sites for
sykizap70 class tyrosine kinases. Exemplary ITAMs inchede those derived from TCRE,

FeRy, FeR{, FeRe, CD3y, CD3S, CD3s, CH3, CH22, CH79, CD79b and CH66.

[0052] A Vspacer” as used herein refers to & peptide that joins the proteins (..,
those in a fusion protein), Generally, a spacer has no specific biological activity other

than 1o join the profeins or fo preserve some minimum distance or other spatial
refationship between them. However, the constituent amino acids of a spacer may be
selected to influence some property of the molecule such as the folding, net charge, or

hydrophobicity of the molecule.
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[O053) The term “specifically binds” or “speciiic binding”, as ased herein, when
reterring to # polvpeptide (including CAR polypeptides) refers to a binding reaction
which is determinative of the presence of the protein or polypeptide or recoptor in a
heterogeneous population of proteins and other hiologics. Thus, under designated
conditions {e.g. immunonssay conditions in the case of an antibody), a specified ligand or
antibody “specifically binds™ to its particular “target” {o.g. an antibody specificaily binds
to an endothelial antigen) when it does not bind in a signiticant amount to other proteins
present in the sample or to other protems 1o which the Higand or antibody may come in
contact in an organisny. Generally, a first molecule that “specifically binds” a second
molecule has an affinity constant (Ka) greater than about 10° M {e.g., 108 M- 107 M,
PO ML 0T ML LY M, 10 MY and 10V MY or more) with that second molecule.
For example, in the case of the ability of a PiG-specific CAR {o bind to a poptide
presented on an MHC {e.g., class I MHC or class TT MHQ), typically, a CAR specifically
binds to ity peptide/MHC with an affinity of af least a KD of about 10-4 M or less, and
binds to the predetermined antigen'binding partner with an athmity (as expressed by KD)
that is at teast 10 fold less, at least 100 fold less or at least 1000 fold less than its affinity
for binding to a non-specitic and unrelated peptide’MHC complex {e.g.. one comprising a
BSA peptide or a casein peptide).

{1054 As used herein, the term “subject”™ means a lnnman or non-human anbmal
selected for treatment or therapy.

H0035] The termy “tramsformation”, “transfection”™, or “transduction” mean the
introduction of a nucleic acid, e.g., an expression vector, nto a vecipient cell {e.g., a
mamntalian cell) including introduction of a nucleie acid o the clwomosonmal DNA of
said cell.

[0856] As used herein, the term “treatnent” refers to clinical intervention
designed to alter the natural course of the tudividual being treated during the course of
chinical pathology. Desirable effects of treatmuent inchude decreasing the rate of
progression, ameliorating or palliating the pathological state, and vemission or improved
prognosis of a particuiar disease, disorder, or condition. An individual is successtully
“treated,” for example, if one or ntore symptoms associated with a particolar disense,
disorder, or condition are mitigated or elinsinated.

0857} The torm “varlant” refors to an amine acid or peptide sequence having

conservative amino acid substitutions, non-conservative aming acid substitutions (e.g., a

i4
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degenerate variant), substitutions within the wobble position of each codon (o.g., DNA
and RNAY encoding an amine acid, amine scids added to the C-ternunus of & peptide, or a
peplide having 60%, 70%, 80%, 90%, 93%, 96%, 97%, 98%, 99% sequence identity to a
reference sequence.

{0D58] The term “vector™ refers to the means by which a nucleie acid can be
propagated and/or transferred between organisms, cells, or cellular components. Vectors
include plasmids, vivuses, bacteriophage, pro~viruses, phagenids, transposons, and
artificial chromosomes, and the like, to which the nocleic acid has been linked, and may
or may not be able to replicate autonomoeusly or integrate into a clromosome of & host
cell. Such vectors may include any vector, (¢.g.. a plasniid, cosmid or phage
chromosome) containing a gene construct in a form suitable for expression by a cell (g,
linked to a franseriptional control element).

{0059] {n certain embodiments, agents may be used alone or conjointly
administered with another type of therapeutic agent. As used herein, the phrase “conjoint
admyinistration™ or “administered conjointly™ refers to any form of admwinistration of two
or more different therapeutic agents such that the second agent is administered while the
previously administered therapeutic agent is still effective in the body (e.g., the two
agents are simultancously effective in the subject, which may inchade synergistic effecty
of the two agents). For example, the different therapeutic agents can be adounistered
gither in the same formulation or in separate formulations, either concomitantly or
sequentially. In certan embodiments, the different therapeutic agents can be administered
within about one hour, about {2 hours, about 24 hours, about 36 howrs, about 48 hours,
about 72 hours, or about a week of one anether. Thus, a subject who recetves such

treatiment can benefit from a combined effect of different therapeutic agents,

Chimeric Antigen Reegptors (CARs)

{1060} Novel specificities in T cells have been successfully genersted throngh the
genetic transfer of transgenic T cefl receptors or chimeric antigen receptors (CARs).
{'ARs are receptors comprising a targeting motety that is assoctated with one or more
signaling domains andf/or costimulatory domains i a single fusion molecule. In cortain
embodiments, the binding moiety of a CAR comprises an antigen-binding dowain of a
single-chain antibody (scFv), comprising the light and heavy chain variable fragments of
a nronectonal antibody joined by a flexible linker, In certain embodiments, the bindiag

moiety further comprises transmembrane and hinge domains of @ monoclonal antibody.

13
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L i certain aspects, the CAR polypeptides provided berein comprise at least
one intracytoplasmic/costinmulatory region comprising 8 cluster of differentiation 28 zeta
{(CD2RL) domain, Additionally, the hingedspacer region andéor the fransmembrane region
of the CAR or the transmembrane region of {he CAR may comprise a CD2&E domain.
The CAR may comprise at least one cluster of differentiation 28 zeta (CD28/0) amino
acid sequence selected from the amino acid sequences set forth in SEQ IDNOs. 10 3. A
CAR polypeptide disclosed berein may comprise af Jeast one cluster of differentiation 28
zeta {CD28/0) amimo acid sequence with at Teast 50%, at least 60%, af least 70%, at least
80%, ar least 90%, at feast 91%, at least 92%, ar least 93%, at least 94%,, at least 85%, at
least 96%, at least 97%, at least 98%, or at least 99% homelogy to an aminoe acid
sequence set forth in SEQ 1D NOs. o 3. The CAR polypeptide may comprise all threo
sequence set for i SEQ D NOs 1 o 3. For example, the CAR luinge domain may
comgprise SEQ ID NQ: 1, the transmembrane domain may comprise SEQ 1D NO: 2, and

the co-stitmdatory domain may comprise SEQ ID NO: 3.

Table 1. Exemplary CD28: Sequences.
SEQ | Domain Sequence
1]
NO:
i Hinge IEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKP
2 Transmembrane | FWVLVVVGGVLACYSLLVTVAFHFWY
3 Co-Stmulatory | RESKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRS
{0062} In some embodiments, the CAR coraprises an anfigen binding domain

specitic for a fow density cancer antigen andfor a peptide in groove antigen. Exemplary
PIG antigens and low density cancer antigens can be found in Table 1. In some
crabodiments, the CAR polypeptides disclosed herein specifically bind an epitope listed
in Table 2. In some embodiments, the present disclosure provides a Melanona-
Associated Antigen Ad (MAGE-Ad)-speeific chimeric antigen receptor {CAR}, wherein
said MAGE-Ad-specific chimeric antigen receptor xteracts with amine acids 286-294, or
a portion thereof, of SEQ 1D NO: 4. The polypeptide sequence of MAGE-A4 (286-294)
is given as SEQ 1D NO: S,

16
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SEQIDNO: 4 MSSEQKSQHCKPEEGVEAQEEALGLVGAQAPTTEEQEAAV
SSSSPLVPGTLEEVPAAESAGPPOSPQGASALPTTISFTCWRQ
PNEGSSSOQEEEGPSTSPDAESLFREALSNKVYDELAHFLLRKY
RAKELVTKAEMLERVIKNYKRCEFPVIFGRKASESLEKMIFGIDY
KEVDPASNTYTLVTCLGLSYDGLLGRNQIFPKTGLLIIVLGTI
AMEGDSASEEEIWEELGVMGVYDGREHTVYGEPRKLLTQD
WVOENYLEYRQVPGSNPARYEFLWGPRALAETSYVKVLEH
VVRVNARVRIAYPSLREAALLEEREGY

SEQ IDNO:S KVLEHVVRYV

Table 2: Exemplary PIG cancer antigens.

Asntigenic peptide | Epitope Estimated Number | HLA
of Copies
Tyrosinase Tyraoarr 2000-4500 copies HLA-AZ2
MAGEA4 MAGEAd 6296 400-1000 copics HLA-AZ
MAGEA4 MAGEA4dz20 Approximately 560 | HLA-A2
copies
NY-ESO NY-ESOhs7.163 200-400 copies HEA-AZ
HPVI6 ET HPV16ET 00 30 copies HLA-AZ2
[0063) Additionally exemplary PIG epilopes may be darived from melanoma-~

associated antigen 3 (MAGE-A3), melanoma-associated antigen 1{ MAGE-~1};
melanoma-associated antigen 10 (MAGEA10); melanoma antigen recogiized by T cells 1
{(MART-1), Epstein-Barr virus {(EBV) latent membrae protetn 2 (EMP2): mouse doyuble-
minute 2 (MDM2 ) melanoma-associated antigen | (MAGE-ALY; glycoprotein 100

{gp100}; tanor protetn p33 (P33); minor histoconpatibility antigens (mHag); minor

17
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histocompatibility antigen HA-1 (HA- 1) ubiquitously transcribed fetratricopeptide repent
gene on the Y chromosome (UTY): ribosomal protein 84, Y -linked (RPS4Y j;the MHC
clasg-{l-restricted dead-box RNA helicase Y (BBY); evtotoxic T eell {CTLwecognized
antigen on melanoma (CAMELY, Wilms™ tumor 1 (WT1), a renal cell carcinoma (RCC)
tumor antigen; mouse mastocytoma P815; Leucine Zipper Protein 4 (LUZP4);
cancer/testis-associated SPANX antigens; ATPase family AAA domain containing
protein 2 {ATAD2); Rhox bomeobox family member 2 (RHOXF2)Y; Cancer/Testis
Antigen 136; F-Box Protein 39 (FBX0O39); TDRD4, WW domain-binding profein 2 N-
terminal-like {WBP2NL) or carcinoembryonic antigen {CEA),

0864} Also provided herein are CAR polypeptides comprising an anino acid
sequence set forth m SEQ ID NOs. 610 13, 26, 30, 33, or 34, A CAR polypeptide
disclosed herein may comprise at least 30%, at leaxt 60%, at least 70%, at least 80%, at
Teast 9094, at loast 1%, at toast 92%, al least 93%0, at least 94%, at loast 83%, at least
96%, at Teast 97%, at least 98%, or at least 99% homelogy to an amino acid sequence set

forth i1 SEQ 1D NOs. 610 13, 29, 30, 33, or 34,

Fable 3: Exemplary CAR Polvpeptides

SEQID CARID Seguence
NO:
6 HPV 17363 DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNW

VE-VH BBz YQOQKPGKAPKLLIYAVSILOQSGVYPSRFSGSGSGTD
FTLTINSLQPEDFATYSCOQQTYSTPPITFGQGTRLE
IKGGGUGSGGGGSGEOGSEVQLLESGOGGLVQPGG
SLRLSCAASGFTESSY AMTWVRQAPGMGLEWVS
VISGSGSETY YADSYKGRFTISRDNSKNTLYLOM
NSLRAEDTAVYYCVKDSSYRSSSRAYYYYGMD
VWOLGTTVTIVSSGGGGSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGCGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYCKRORKKLLYIFKOQPFM
RPVOTTOQEEDGCSCRFPEEEEGGUELRVEFSRSA
DAPAYQOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPQEGLYNELOQKDKMAEAYS
FIGMEGERRRGKGHDGLY QGLSTATRKDTYDAL

HMQALPPR
7 HPV 17363 DIQMTOSPSSLSASVGDRVTITCRASQSISSYLNW
VL-VH YORKPOKAPKLLIYAVSILOSGVPSRFSGSGSGTD
CDI8hingeTM | FTLTINSLQPEDFATYSCQOQTYSTPPITFGQGTRLE
evtoCD3z IKGGOGSGHGGSGOGGSEVQLLESGGGLVQPGG

SLRLSCAASGFTESSYAMTWVRQAPGMGLEWVS
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VISGSGSETY YADSVKGRFTISRDNSKNTLYLOM
NSLRAEDTAVYYCVKDSSYRSSSRAYYYYGMD
VWGOGLGTTIVTVSSGGOGOGSIEVMYPPPYLDNEKSN
GTHHVKGKHLCPSPLEPGPSKPFWVLVVVGGVL
ACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPR
RPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP
AYQQGONQLYNELNLGRREEY DVLDEKRRGRDP
EMGGKPRRENPQEGLYNELQRKDKMAEAYSEIG
MEGERRRGKGHDGLYQGLSTATRDTYDALHMEO
ALPPR

MAGEA4
{286-294)
31345 VL-VH
BBz CAR

DIQMTOQSPSSLSASVGDRVTITCRASQSISSYLNW
YQOKPGRKAPKLLIYAASSLOSGVPSRFSGSGSGT
DFTLTISSLOPEDFATYYCQOQSYSTPPITFGQGTRL
EIKRGGGGSGGGGEGGGGSQVQLVESGGGLYKY
GUSLRLSCAASGFTFSEYYMTWIRQAPGQGLEW
VSYISSSGFNIYYADSYKGRITISRDNAKNSLFLQ
MNSLRVEDTAVYYCAREGVTDOMBDVWGRGTT
VTVSSGOGGSTTTPAPRPPTPAPTIASQPLSLRPEA
CRPAAGGAVHTROGLDFACDIYIWAPLAGTCGVL
LLSLVITLYCKRGREKLLYIFKOQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQG
ONQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PRRENPOQEGLYNELQKDKMAFEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDTYDALHMOALPPR

MAGEA4
(286-294)
31345 VL-VH
D28z
hingeTMcovto
CD3z CAR

DIOMTOSPSSLSASVGDRVTITCRASOSISSYLNW
YOQKPGKAPKLLIY AASSLOSGVPSRFSGSGSGT
DFTLTISSLQPEDFATY YCQQSYSTPPITFGQGTRL
EIKRGGGGSGGGGSGGGGSOVOLVESGGGLVKP
GGSLRLSCAASGFTFSEY YMTWIRQAPGQGLEW
VEYISSSGFNTY YADSVKGRFTISRDNAKNSLFLQ
MNSLRVEDTAVYYCAREGVTDGMDVWGQGTT
VIVSSGGGGSIEVMY PPPYLDNEKSNGTITHVKG
KHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVT
VAFIFWVRSKRSRLLHSDY MNMTPRRPGPTRKH
YOPYAPPRDFAAYRSRVKFSRSADAPAYQQGON
QLYNELNLGRREEYDVEDKRRGRDPEMGGKPR
RKNPOEGLYNELQKDKMAEAYSEIGMKGERRR
GKGHDGLYQGLSTATKDTYDALHMQALPPR

1

NY-ESO(157-
165) 28103
VH-VL BBz
CAR

EVQLVESGGGVVOPGGSLRLSCEASGFIFDDYA
MHWVRQAPGRGLEWVSLISGDGDITYYADSVKG
RETISRONSKNSLYLOMNSLIIEDTALYYCAKDW
VEGVVMTHYWYFGLDVWGQGTTVTVSSGHGGS
GGGGSGGGGSDIOMTQSPSSLSASEGDRVTITCR
ASQSISTYLNWYQORPGKAPKLLIYGASSLOSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYS
TPPITFGQGTRKVEIKGGGUGSTTTPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHIRGLDFACDIYIWA
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PLAGTCOVLLLSLYITLYCKRGRKKLLYIFKQPY
MRPVOQTTQREDGCSCRFPEEERGGCELRVEFSRS
ADAPAYQOGONQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRENPOEGLYNELQKDKMAFEAY
SEIGMKGERRRGKGHDGLY QGLSTATRDTYDAL
HMQALPPR

NY-ESO(157-
163) 28103
VH-VL CD28z
hingeTMuoyto
CD3z CAR

EVOLVESGGOYVQPGGSLRLSCEASGEFIFDDYA
MHWVROAPGKGLEWVSLISGDGDIIYYADSVKG
RETISRDNSKNSLYLQMNSLIEDTALYYCAKDW
VEGVYMTHYWYFGLDVWGQGTTVTVSSGGGGS
GUGGGSGGOGSDIQMTOQSPESLIASEGDRVTITCR.
ASOSISTYLNWYQOQKPGKAPKLLIYGASSLQOSGY
PSRESGSGSGTDRTLTISSLOQPEDFATYYCQOSYS
TPPITFGQGTRKVEIKGOGGGSIEVMY PPPYLDNEKS
NGTUHVKGKHLCPSPLFPGPSKPFWVLVVVGGY
LACYSLLYTVAFIIFWVRSKRSRLLHSDYMNMTE
RRPGPTREKHYQPYAPPRDFAAYRSRVKFSRSAD
APAYQQGONQLYNEINLGRREEYDVLDKRRGR
DPEMGGKPRRENPQEGLYNELQKDKMAEAYSE]
GMEGERRROKGHDGLYQGLSTATRKDTYDALHM
QALPPR

Tyrosinase
DI VL-VH
BBz CAR

DIOMTOSPASLSVSVGETVTITCRASDUHYSNLAW
YOQOROQGKSPOLLVY AATNLAAGVPSRFSGSGSG
TQYSLKINSLOSEDRDFGTYYCQHFWGSSISFGSGTK
LEIKGGGGSGOGGSGGGOSQVOLKESGPGLVAP
SOSLSITCTVSGESLTSYGVHWVROPPGKGLEWL
GVIWAGGTTNYNSALMSRLSISRDNSKSQVFLE
MNSLOQTDDTAIYYCARDGHFHFDFWGQGTTLTV
SSGGGGSTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLELS
LVITLYCKRGREKKLLYTFKQPFMRPVQTTOQEEDG
CSCRFPEEEEGGCELRVKFSRSADAPAYQQGON
QLYNELNLGRREEYDVEDKRRGRDPEMGGKPR
RKNPQEGLYNELQKDKMAEAYSEIGMKGERRR
GRGHDGLYQGLSTATKDTYDALHEMOQALPPR

Tyrosinase
D11 V9L-VH
CD2¥ hinge
T™ evto CD3z
CAR

DIOMTOSPASLSVSVGETVTITCRASDITYSNLAW
YOOKQGKSPQLLVY AATNLAAGVPSRFSGSGRG
TOYSLKINSLOSEDFGTY YCQHFWGSSISFGSGTK
LEIKGGGGSGGGGSGGGGSQVQLKESGPGLVAP
SOSLSITCTVSGFSLTSYGVHWYROPPGKGLEWL
GVIWAGGTTNYNSALMSRLSISRDNSKSQVELE
MNSLOTDDTAIYYCARDGHFHFDFWGQGTTLTV
SSGGGGSIEVMY PPPYLDNEKSNGTHHVK GKHL
CPSPLFPGPSKPFWVLVVVGGYLACYSLLVTVAF
[IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP
YAPPRDFAAYRSRVKFSRSADAPAYQQGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGK PRRENP
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QEGLYNELQKDKMAEAYSEIGMKGERRRGKGH
DOLYQGLSTATKDTYDALHMOQALPPR.

MAGEA4
{230-239)
33229 VL-VH
BBz CAR

DIOMTOSPSSTSASVEDRVITICOASODISNYIR
WYQOKRGKAPKLLIYDASILETGVPSRESGSGSG
TDFTFTISSLOQPEDRDIATYFCQQFDNVPLTFGGGTK
VEIKGGGGSGGGGSGGGOSEVOLVESGGGLYOP
GRSLRLSCAASGFTFDDY AMHWVRQAPGKGLE
WVSGISWNSGSIAY ADSVKGRFTISRDNAKNSLY
LOMNSLRSEDTALYHCAKDWRRTNYYGMDVW
GOGTTYTVSSGGGGSTTTPAPRPPTPAPTIASQPL
SLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAG
TCGVLLLSLVITLY CKRGRKKLLY IFKQPFMRPV
QTTOEREDGCSCRFPEEEEGGCELRVKFSRSADAP
AYQOGONGLY NELNLGRREEYDVLDKRRGRDP
EMGGKPRRENPOQEGLYNELQKDKMAEBAYSEIG
MKGERRRGKGHDGLYQGLSTATKDTY DALHMQ
ALPPRGSGATNFSLLKQAGDVEENPGPMVSKGE
ELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY
GKLTLKFICTTGKEPVPWRTLVTTLTYGVQCESR
Y POHMKOQUDFFKSAMPEGY VOERTIFFK DDGNY
KTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHK
LEYNYNSHNVYIMADKOKNGIKVNFRIRHNIED
GSVOLADHYQONTPIGDGPVLLPDNHYLSTQSA
LSKDPNEKRDHMVLLEFVTAAGITLGMDELYK*

30

MAGEA4
(230239
33229 VL-VH
CD28z CAR

DIOMTOSPSSLSASVODRVTITCQASQDISNYLN
WYQOKRGKAPKLLIYDASILETGVPSRFSGSGSG
TDFTFHSSLOPEDIATYFCQQFDNVPLTFGGGTKR
VEIKGOGOGSGGGGSGGGOGSEVQLVESGGGLVQP
GRSLRLSCAASGHFTFDDY AMHWVRQAPGKGLE
WVSGISWNSGSIAY ADSVKGRFTISRDNAKNSLY
LOMNSLRSEDTALYHCAKDWRRTINYYGMDVW
GQGTTVTVSSGGGGSIEVMY PPPY LDNEKSNGTH
BVEKGKHLCPSPLEPGPSKPFWVLVVVGGVLACY
SLLVTVAFITFWVRSKRERLLHSDYMNMTPRRPG
PTRKHYQPYAPPRDFAAYRIRVKFSRSADAPAY
QQGONQLYNELNLGRREEYDVLDKRRGRDPEM
GUORKPRRENPOEGLYNELOKDEMAEAYSEIGMK
GERRRGKGHDGLYQGLSTATRKDTYDALHMQAL
PPRGSGATNFSLLKQAGDVEENPGPMVSKGEELF
TOVVPILVELDGDVYNGHKFSVSGEGEGDATYOK
LTIKFICTTORLEVPWPTLVTTLTYGVQCESRYP
DHMKOQHDFFKSAMPEGYVQERTIFFKDDONYKT
RAEVEFEGDTLVNRIELKGIDFKEDGNILGHKLE
YNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGS
VQLADHYQONTPIGDGPVLLPDNHYLSTQSALS
KDPNEKRDHMVYLLEFVTAAGITLGMDELYK®
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33 MAGEA4230 | EVOQLLESGGGLVOPGGSLRLTCAASGEFTFRSYA

-239) 34832
VH-VL BBz
CAR P2A-
GFP

MSWVRQAPGKGLEWVSTISGNSDSTYYADSVK
GRYTISRENSKNTLYLOMNSERAEDTAVYYCAK
DLHITMVRGAIPADVEDIWGQGTMVTVSSGGGG
SGGGGSGHGGSDIOMTOSPSSLSASVGDRVTIT
RASOQSISFYLNWYQQKPOKAPKLLIY AASSLQSG
VPSRISGSGSETDFTLTISSLOPEDFATYYCQOQSY
STPPITFGOQGTRLEIKGGGGSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTROGLDFACDIYIW
APLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPF
MRPVOTTQEEDGCSCRIPEEEEGGUELRVKESRS
ADAPAYQQGONQLYNELNLGRREEYDVLDKRR
GRDOPEMGURPRRENPOEGLYNELQKDEMAEAY
SEIGMRKGERRRGRKGHDGLYQGLSTATKDTYDAL
HMOQALPPRGSGATNFSLLKQAGDVEENPGPMVS
KGEELFTGVVPILVELDGDVNGHKFSVSGEGEGD
ATYGKLTLKFICTTGRKLPVPWPTIVTTLTYGVQC
FSRYPDHMKOQHDFFKSAMPEGY VQERTIFFKDD
GNYKTRAEVEFEGDTLVNRIELKGIDFKEDGNIL
GHKLEYNYNSHRNVYIMADKQKNGIKVNFKIRHN
TEDGSVQLADHYQONTPIGDGPVLLPDNHYLSTQ
SALSKDPNEKRDHMVLLEFVTAAGITLGMDELY

MAGEA4(230
-239) 34852
VH-VL
CD28kinge T
MievtoCD3z
CAR P2A-
GFP

EVOLLESGGGLVQPGGSLRLTCAASGFTFRSY A
MEWVROAPGKGLEWVSTISGNSDSTYYADSVK
GRETISRENSENTLYLOMNSLRAEDTAVYYCAK
DUHITMVRGAIPADVFDIWGOQGTMVTVSSGGGG
SGGGGSGGGESDIOMTQSPSSESASVGDRVTITC
RASQSISFYLNWYQOKPGKAPKLLIYAASSLOSG
VPSRESGSGSETDFTLTISSLQPEDFATYYCQOSY
STPPITFGQGTRLEIKGGGGSIEVMYPPPYLDNEK
SNGTIHVKGKHLCPSPLFPGPSKPFWVLVVVGG
VLACYSLLVTVAFIIFWVRSKRSRELHSDYMNMT
PREPGPTREKHYQPYAPPRDFAAYRSRVEFSRSAD
APAYQOQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRENPQEGLYNELQREDKMAEAYSE!
GMEKGERRRGKGHDGLY QGLSTATKDTYDALHM
QALPPRGSGATNFSLLKQAGDVEENPGPMVSKG
EELFTGVVPILVELDGDVNGHKFSVSGEGEGDAT
YORLTLKFICTTGRKLPVPWPTLVTTLTYGVQCFS
RYPDHMEKQHDFFKSAMPEGY VQERTIFFKDDGN
YRTRAEVKFEGDTLVNRIELKGIDFKEDGNILGH
KLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQS
ALSKDPNEKRDHMVLLEFVTAAGITLOMDELYK

7
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[0065] fn certain embodiments, the binding domain andfor extraceliular domain of
a CAR provided herein provides the CAR with the ability to bind to the target antigen of
inferest. A binding domain (e.g., 8 igand-binding domain or antigen-binding domain) can
be any protein, pelypeptide, oligopeptide, or peptide that possesses the ability to
specifically recognize and bind to & biological melecule {e.g., a cell surface receptor or
tumor protein, or a component thereot). A binding domain includes any naturally
occurring, synthetic, semi-synthetic, or recombinantly produced binding partner for a
biological molecule of interest, For example, and as further described herein, & binding
domain may be antibody light chain and heavy chain variable regions, or the Hght and
heavy chain variable regions can be joined together in a single chain and in oither
orientation {e.g, Vi-Vror V-V A variety of assays are known for identifying binding
domains of the present disclosure that specifically bind with a particular target, including
Waestern blot, ELISA, flow cyvtometry, or surface plasmon resonance analysis (e, using
BIACORE analysis). The target may be an antigen of clinical interest against which it
woitd be desirable to trigger an effector immune response that results in tumor

killing. The CAR polypeptide may comprises a vaviable Hght chain comprising any one of
the amino acid sequences set forth in SEQ IDNO: 1610 19, 31, or 37. A variable light
chain disclosed herein may comprise at feast 50%, ut least 60%, at least 70%, at least
RQ%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%;, at least 93%, at
loast 96%, at least 97%, at least 98%, or at least 99% homology 1o an amine acid
sequence set forth in SEQ ID NO: 16 to 19, 31, or 37, The CAR polypeptide may
comgrise a variable heavy chain comprising any one of the amino acid sequences set forth
m SEQ ID NO: 20 t0 23, 32, or 38, A vartable heavy chain disclosed herein may
comprise at least 50%, at least 60%, at teast 70%, at least 80%, at least 90%, at least 91%,

at least 929, at least 93%, at least 94%, at least 95%, at least 06%, at feast 97%, at least
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8%, or at least 99%; homology 1o an amino acid sequence set forth in SEQ D NO: 20 1o

7

23

Le
¥

2, o1 38,

Fable 4: Exemplave Vaviahle Light Chain

SEQ 1D Construct ID Sequence
NG
16 HPV {Control DIOMTQSPSSLSASVGDRVTITCRASQSISSYEN
CAR) 17363 VL- WYQOKPGRAPKLLIYAVSILOSGVYPSRESGSG
VH BBz SGTRFTLTINSLOPEDFATYSCQQTYSTPPITFG
QGTRLEIK
17 MAGEA4 {286- DIOMTOSPSSESASVGDRVTITCRASQSISSYLEN
294) 31343 VL-VH | WYQOQKPGEAPKLLIYAASSLOQSGVPSRFSGSG
BBz CAR SGTRFTLTISSLOPEDFATYYCOQOSYSTPPITFG
QGTRLEIKR
18 NY-ESO137-163y | DIOMTOSPSSLSASEGDRVTITCRASQSISTYLN
28105 VH-VL BBz | WYQOKPOKAPKLLIYGASSLOSGVPSRESGSG
CAR SGTDFTLTISSLOQPEDFATYYCQOQSYSTPPITEG
QUTKVEIK
19 Tyrosinase D DIOMTOSPASLSVSVGETVTITCRASDIIYSNLA
VL-VH BBz CAR | WYQOKQGKSPQLLVYYAATNLAAGVPSRFESGS
GSGTQYSLKINSLOSEDFOTYYCQHFWGSSISF
GSGTKLEIK
31 MAGEA4 (230- DIQMTQSPSSLSASVGDRVTITCQASQODISNYL
230) 33229 VL-VH | NWYQORKRGKAPKLLIYDASILETGVPSRESGS
BBz CAR GSGTRFTFTISSLOPEDIATYFCOQOFDNVPLTFG
GGTKVEIK
37 MAGEA4{230- DIOMTQOSPSSLSASVGDRVTITCRASQSISFYLN

239) 34832 VH-VL

BBz CAR

WY QQRKPGKAPKELIY AASSLOQSGVPSRFSGSG
SETDETLTISSLOPEDFATYYCQOQSYSTPPITFG
QGTRLEIK

26
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Table 5: Exemplary Fariable Heavy Chain

SEQ ID
NO:

Constract ID

Sequence

20

HPY 17363 VL~
VH BBz

EVQLLESGGGLVQPGGSLRLSCAASGFTFESY A
MTWVRQAPGMGLEWVSVISGSGRETYYADSY
KGRETISRDNSKNTLYLOQMNSLRAEDTAVYYC
VEDSSYRSSSRAYYYYGMDVWGLGTTVTVSS

239) 33229 VI-VH
BBz CAR

21 MAGEA4 (286- QVOLVESGGGLYKPGGSLRLSCAASGFTFSEY
2043 31345 VL-VH | YMTWIRQAPGOQGLEWVSYISSSGENIYYADSY
BBz CAR KGRFTISRDNAKNSLFLOMNSLRVEDTAVYYC
AREGVTDGMDVWOGQGTTVTVSS
22 NY-ESO{157-183) | EVOLVESGGGVVQPUGSLRLSCEASGEIFDDY A
28105 VH-VL BBz | MHWVRQAPGKGLEWVSLISGDGDHY YADSVYK
CAR GRETISRDNSKNSLYLOMNSLIEDTALYYCAK
DWVFGVVMTHYWYFGLDVWGQGTTVTVSS
23 Tyrosinase D11 QVQLKESGPGLVAPSOQSLSITCTVSGFSLTSYGY
VL-VH BBz CAR | HWVROPPGKGLEWLGVIWAGUGTTNYNSALMS
RLSISRDNSKSQVFLEMNSLOTDDTAIYYCARD
GHFRFDFWGOQGTTLTVSS
32 MAGEA4 {230- EVOLVESGGGLYQPGRSLRLSCAASGFTFDDY

AMHWVRQAPGKGLEWVSGISWNSGSIAYADS
VKORFTISRDNAKNSLYLOMNSLRSEDTALYH
CAKDWRRTNYYGMDVWGQGTTVTVSS

38

MAGEA4(230-
239} 34852 VH-VL
BBz

RVKFSRSADAPAYQOQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRENPQEGLYNELD
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMOQALPPR

Table 6: Exemplaey Variable Lighs Chain aad heavy chain sucleic acid sequences

SEQID
NO:

Constract 1D

Sequence

24

MAGEA4S (286-
2043 31345 VL

ACATCCAGAT GACCCAGTCT CCATCCTCCC
TGTCTGCATC TGTAGGAGAC AGAGTCACCA
TCACTTGCCG GGUAAGTCAG AGCATTAGCA
GCTATTTAAA TTGOGTATCAG CAGAAACCAG
GOAAAGCCCC TAAGCTCCTG ATCTATGCTG
CATCCAGTTT GCAAAGTOGG GTCCCGTCAA
GOTTCAGTOG CAGTGUGATCT GGGACAGATT
TCACTCTCAC CATCAGCAGT CTGCAACCTG
AAGATITIGU AACTTACTAC TGTCAACAGA

-
4
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GTTACAGTAC CCCTCCUGATC ACCTTCGGLC
AAGGGACACG ACTGGAGATT AAACGA

f]
iy

MAGEA4 (286-
294) 31345 VH

AGGTGCAGCT GGTOGAGTCT GGLGGAGGCT
TOGTCAAGCC TGGAGGGTCC CTGAGACTCT
CCTGTGCAGC CTCTGOATTC ACTTTCAGTG
AATACTACAT GACCTGGATC CGCCAGGLTC
CAGGGCAGGG GUTGGAGTGG GTTTCATACA
TTAGTAGTAG TGOGTTTTAAC ATATACTACG
CAGACTCTGT GAAGGGUCGA TTCACCATCT
CAAGGGACAA COCCAAGAAL TCACTGTTTIC
TGCAAATCGAA CAGCCTGAGA GTCGAGGACA
COOGCCAGTATA TTACTGTGCO AGAGAAGGTG
TAACGGACGG TATGGACGTC TGGGGUCAAG
GOACCACGGT CACCGTCTOC TCA

MAGEA4({230-
239) 34852 VL

GACATCCAGATOACCCAGAGUCCTTCTAGCC
TGTCCGCCTCTGTGGGUUATAGAGTGALCAT
CACATGCAGGOGUCAGUCAGTCCATCTCTTTCY
ACCTGAACTGGTATCAGCAGAAGCCAGGCAA
GOGUCCCCAAGCTGUTGATCTACGCAGUATCC
TCTCTGCAGTCTGGAGTGCCAAGCAGGTTCA
GCGGATCCGOGATCTCAGACCGACTTTACCET
GACAATCAGOTCCCTGCAGCCTGAGGATTTC
GCCACATACTATTGTCAGCAGAGCTATTCCA
CCCCCCCTATCACATTTOGCCAGGGAACCAG
GUTGGAGATCAAG

40

MAGEA4(230-
239) 34832 VH

GAGGTGCAGCTGCTGUGAGAGCGGAGGAGGC
CTGGTOCAGCCTGGAGUGATCTCTGAGGUTGA
CCTGUGCAGCAAGCGGUTTCACATTTCQUTC
CTACGCAATGTCTTGGOGTGCGGCAGGCACCA
GOGCAAGGGACTGOAGTOGOTGAGUACCATCT
COGGCAATTCTGACAGCACATACTATGCCGA
TICTOGTGAAGGGCCGCTTTACCATCAGCCGU
GAGAACTCCAAGAATACACTGTATOTGCAGA
TGAACAGCCTOAGGOGCCGAGGACACCGCCGT
GTACTATTGTGCCAAGGATCTGCACATCACA
ATGGTGCOCGLAGCAATCCCAGCAGACGTGT
TCGATATCTGGGGCCAGGGCACCATGGTGAC
AGTGAGCTCC

{0066]

{1 one embodiment, the binding domain of the CAR i3 a single chain

antibody (scFv) specific for a peptide in groove or low density cancer antigen, and may

be a murine, human or humanized scFy. Single chain antibodies may be cloned from the

¥V region genes of a hybridoma specific for a desired target. A technique which can be

used for cloning the variable region heavy chain {VH) and variable region light chain
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{ VL) has been described, for example, in Orlandi o al,, PNAS, 1989; 86: 38333837,
Thus, in certain cibodintents, a binding domain comprises an antibody-derived binding
domain but can be a now-antibody derived binding domain. An antibody-derived binding
dornain can be a fragment of an antibody or 8 genctically engineered product of one or
more fragments of the antibody, which fragment is involved in binding with the antigen,
[0067] fn certatn embodiments, the CARs of the present disclosure may comprise
a inker between the various domains, added for appropriate spacing and conformation of
the molecule. For example, iy one embodiment, there may be a inker between the
binding domain VH or VL which may be between 1-10 amino acids long, In other
cmbodiments, the linker between any of the domaias of the chimeric antigen receptor
may be bebween 1-20 or 20 anuno acids long. n this regard, the linker may be §, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 44, 15, 16, 17, 18, 19 or 20 anuno acids long. in forther
embodiments, the linker may be 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 amino acids long.
Ranges including the numbers described herein are also included herein, ¢.g., & linker 18-
30 anuno acids fong.

{i068] In certain embodiments, linkers sutable for use in the CAR described
herein are tlexible linkers, Suitable linkers can be readily selected and can be of any of a
suitable of difforent tengths, such as from 1 antno acid (e.g., Gly) to 20 amine acids,
from 2 amine actds 1o 15 amino acids, from 3 anunoe acids to 12 amino acids, inchuding 4
amino acids to 10 amino acids, 3 amine acids to 9 amino acids, 6 amino acids 1o 8 amino
acids, or 7 amino acids to 8 amino acids, and may be 1, 2, 3, 4, 3, 6, or 7 amino acids.
[0069] Exemplary flexible Bukers inchede glyeine polymers (Gin, glycine-serine
polymers, where 1 is an integer of at least one, glveine-alanine polymers, alanine-serine
polymers, and other flexible linkers knowa in the art. Glycine and glycine-serine
polymers are relatively unstructured, and therefore may be able to serve ag a neutral tether
between domains of fusion proteins such as the CARs described herein, Glycine accesses

signiticantly more phi-psi space than even alagine, and is much less restricted than
residues with longer side chains, The ordinarily skilled artisan will recognize that design
of a CAR can inchade linkers that are ali or partially flexible; such that the linker can
include a flexible linker as well ag one or more portions that confer fess flexible structure
to provide for a desired CAR structure.

0076} The binding domain of the TAR may be tollowed by a “spacer,” or,

“hinge,” which refors 1o the region that moves the antigen binding dovoain away from the
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effector cell surface to enable proper cellfcell contact, antigen binding and activation
(Patei et al., Gene Therapy, 1999; 6: 412-419). The hinge region in 8 CAR is generally
batween the transmembrane {TM) and the binding domain. In cortain embodiments, a
hinge region is an immunoglobulin hinge region and may be a wild type tmawunoglobalin
hinge region or an altered wild type immuneglobulin hinge region. Other exemplary
hinge regions used in the CARs described herein include the hinge region derived from
the extracellular regions of type 1 membrane profeing such as UD8¢, CD4, CD28 and
(D7, which may be wild-type hinge regions from these molecules or may be altered.
[0871] The “transmembrane™ region or domain is the portion of the CAR that
anchors the extraceliutar binding portion o the plasma membrase of the immune effector
cell, and facilitates binding of the binding domain to the tavget antigen. In some
embodiments, the transmembrane domain may be a CDAL trsrsmembrane domain. Other
transmembrane domaing that may be employed in some embodiments include those
oblatned from CDBR, CD&q, CD4, CD2§, CD43, CD9, D16, (D22, CD33, CD6d, (DL,
CH86, CD134, CDIYT, and CD134, In certaim embodiments, the transmembrane domain
is synthetic in which case it would comprise predominantly hydrophobic residues such as
leucine and valine.

[0872] In certain embodiments, the CARs provided berein comprise an
intraceltular signaling domain. The mtracellolar signaling domain (also referred to hercin
as the “signaling domain™} comprises the part of the chimeric antigen receptor protein
that participates in transducing the message of effective CAR binding to a target antigen
into the mtertor of the inmune effector cell to elicH effector cell function, e.g., activation,
cyvtokine production, proliferation and cyvlotoxic activity, including the release of
cvtotoxic factors to the CAR-bound target cell, or other cellular responses elicited with
antigen binding to the extraceliular CAR domain.

{073 in certain embodiments, the CARs provided herein comprise one or more
immunoreceptor tyrosine-based activation motifs or 'TAMs. Examples of [TAM
containing primary cyioplasmic signaling sequences that are of use include those derived
from TCRE, FeRgamma, FeRE, CD3y, CD38, Ch3e, CDS, CH22, CH7%, CD79b and
Ch66d. In one embodiment, the intracellular signaling domain of the CARs described
herein are derived from CD3L,

0874} In cortain embodiments, the CARs provided bervein further comprise a

costimulatory domain, Costimulatory molecules sre cell surface molecules other than

30
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antigen receptors or Fe receptors that provide a second sigoal required for efficient
activation and function of T Iymphocyies upon binding to antigen. Examples of such co-
stimulatory molecules include UD27, CD2§, 4-1BB (CD137), OX40 {CB134), CD3G,
CD40, PD-1, ICOS (CD278), LFA-1, CD2, CD7, LIGHT, NKD2C, B7-H2 and a ligand
that specifically binds CDR3. Accordingly, while the presemt disclosure provides
gxemplary costimulatory domains derived from CD28, The inclusion of one or more co-
stimaulatory signaling domains may enhance the efficacy and expansion of T cells
expressing CAR receptors. Also disclosed hevein are CAR polypeptides, wherein the
intracytoplasmic/costimulatory region of the CAR polypeptide further comprises a 4-1BB
domain (e.g., in addition to a CD284 domain). The costimulatory region of such a CAR
polypeptide may comprise 3 complote 4-1BB domain or fragment thereof| andfor a
complete CR28Y domain or fragment thereof. The intracelhdar signaling and
costimulatory sigaaling domains may be linked in any order in tandem to the carboxyl
terminus of the transmembrane domain,

[OO7S] The CAR polypeptide sequence disclosed berein may comprise sy one of
the aminoe acid sequences set forth in SEQ ID NO 26 10 28, A CAR polypeptide disclosed
herel may comprise at least amine acid sequence with at least 30%, at least 60%, at least
T0%, at least 80%, at Joast 90%, at least 91 %, al least 9295, at least 93%%, at loast 84%, at
loast 95%, at least 96%, af least 97%, at least 98%%, or at least 99% bomology 1o an anuno

acid sequence set forth in SEQ 1D NO: 26 10 28,

Tahle 7 Addivional Exemplary CAR Sequences:

SEQIDNO: 26 { CD3L RVKFSRSADAPAYQOQGONQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRENPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLY QGLSTAT
KDTYDALHMOQALPPR

SEQ (D NO: 2

-3

CDR TTTPAPRPPTPAPTIASOPLSLRPEACRPAAGUAY
HIRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC

SEQIDNO: 28 | 4-1BB KRORKKLLYTFRKQPFMRPVOTTQEEDGCSCRFPE
EEEGGCEL
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Nucleie Acids and Vectors

[0076] In certain aspects, also disclosed are nucleic acids and polynucleotide
vectors encoding the CAR polypeptides disclosed herein.

1977} Nucleie acid sequences encoding the disclosed CARs, and regions thercof,
can be obtained using recombinant methods known in the art, such as, for example by
screening libraries from cells expressing the gene, by deriviag the gene from a vector
known fo nclude the same, or by isolating directly from cells and tissues contaiming the
same, using standard technigoes. Alternatively, the gene of interest can be produced
synthetically, rather than cloned.

j0078] Expression of aucleic acids encoding CARs s typically achieved by
operably linking & nucleic acid encoding the CAR polvpeptide to a promoter, and
mcorporating the construct into an expression vector. Typical cloning vectors contain
transcription and translation terminators, initiation sequences, and promoters useful for
regulation of the expression of the desired nucleic acid sequence.

[0079] I certain ombodiments, the polynocleotide encoding the CAR desertbed
herein is inserted into a vector. The vector is & vehicle into which a polynucieotide
encoding a protein may be covalently inserted 50 as to bring about the expression of that
protein andior the cloning of the polynucleotide. Such vectors may also be referred to ag
“oxpression vectors”, The isolated polynucieotide may be inserted into a vector using any
suitable methods known i the art, for example, without limitation, the vector may be
digested using appropriate restriction enzymes and then may be ligated with the isolated
potynucleotide having matching vestriction ends. Expression vectors have the ability to
incorporate and express heterologous or moditied nucleic acid sequences coding for at
least part of a gene product capable of being transcribed in a cell, In most cases, RNA
molecules are then translated into a protein, Exprossion vectors can contain a varlety of
control sequences, which refer to nucleic acid sequences necessary for the transeription
and possibly wanslation of an operatively Hoked coding sequence in a particular host
organism. In addition to control sequences that govern transeription and transtation,
vectors and expression vectors yoay contain nucleic acid sequences that serve other
fonetions as well and are discussed infra. An expression vector may comprise additional
clenents, for example, the expression vector may have two replication systems, thus
allowing it to be maintained in two organisms, for example in human cells for expression

and in a prokaryotic host for cloning and amplification.
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[O086) The expression vector may have the necessary 3 upstresm and ¥
downstream regulatory elements such as promoter sequences such as CMV, PGK and
EF lalpha. promoters, ribosome recognition and binding TATA box, and 3 UTR
AAUAAA transeription fernunation sequence for the efficient gene transcription and
translation i #ts respective host cell, Other suitable promoters include the constitutive
promoter of sindan virys 40 (SV40} early promoter, mouse manunary fimor virus
{(MMTV), HIV LTR promoter, MoMuLV promoter, avian leukemia vitus promoter, EBV
immediate early promwoter, and rous sarcoma virus promoter, Human gene promoters may
also be used, including, but not limited to the actin promoter, the myosin promoter, the
hemoglobin prometer, and the creatine kinase promoter, In certain embodiments
inducible promoters are also conteraplated as part of the vectors expressing chimeric
antigen receptor. This provides a molecular switch capable of turning on expression of the
polynuclestide sequence of interest or turning off expression. Examples of inducible
promoeters include, but are not timited to 3 metallothionme promoter, a glacocorticoid
promoter, a progesterone promoter, or a tetracycline promoter.

f0as1] The expression vector may have additional sequence such as 6x-histidine,
c-Mye, and FLAG tags which are incorporated into the expressed CARs, Thus, the
expresston vector may be engineered to contain 3" and 3" untransiated vegulatory
sequences that sometimes can function as enhancer sequences, promoter regions andéor
terminator sequences that can facilitate or enhance efficient wanseription of the nucleic
acid(s) of interest carried on the expression vector, An expression vegtor may also be
engineered for replcation andfor expression functionality {e.g., ranscription and
translation) in a particular cell type, cell location, or tissue type. Expression vectors may
include a selectable marker for matntonance of the vector in the host o tecipient eell,
0882} In various embodiments, the vectors are plasmid, autonomousiy replicating
sequences, and transposable clements. Additional exemplary vectors include, without
limsitation, plasimids, phagemids, cosmids, artificial chromosomes such as yeast artificial
chromosome (Y AC), bacterial artificial chromosome (BAC)Y, or Pl-derived artificial
chremosome (PAC), bacteriophages such as lambda phage or M13 phage, and aninal
viruses. Examples of categories of antimal viruses nseful as vectors include, without
limitation, retrovirus (including lentivirus), adenovirus, adeno-associated virus,
harpesyirus (e.g., herpes simplax virus), poxvirus, baculovirus, papillomavirus, and

papovavirus {g.g., $V40). Examples of expression vectors are Lenti-X" Bicistronic

&
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Expression Systern (Neo} vectors {Clontreh}, pChaeo vectors (Pramega) for expression in
mammalian cells; pLentid/VS-DEST™, pLenti&/ VS-DEST™, and pLenti6 2N3-GWilacZ
{Invitrogen) for lentivirus-mediated gene fransfor and expression in mammalian cells. The
coding sequences of the CARs disclosed heremn can be ligated into such expression
vectors for the expression of the chimeric protein in mammalian cells.

{0083] fn certain embodiments, the nucleic acids encoding the CAR are provided
in a viral vector, A viral vector can be that derived from, for example, a retrovirus {e.g., &
fosmy virus) or fentivirus. As used herein, the ferm, “viral vector,” refers to a rucleic acid
vector construct that includes at least one element of viral origin and has the capacity to
be packaged into a viral vector particle. The viral vector can contain the coding sequence
for the various chimeric proteins described herein in place of nonessential vival genes.
The vector and/or particle can be wtihized for the purpose of transferving DNA, RNA or
othet nucleic acids imto vells either i vitro or i vive, Numerous forms of viral vectors
are known in the art.

[O084] I certain ombodiments, the viral vector containing the coding sequence
for a CAR described herein is a retroviral vector or a lentiviral vector, The term
“retrovival veetor” refors 1o a vector contatning structural and functional genetic elements
that are primarily derived from a retrovirus, The term “entiviral vector” refers o a vector
containing structural and functional genetic elements outside the LTRs that are primarily
derived from a fentivirus.

[0085] The retroviral vectors for use herein can be derived from any known
retrovirus {e.g., type ¢ retroviruses, such as Moloney mwurine sarcoma virus (MoMSV),
Harvey muurine sarcoms virus (HaMu8V), murine mammary tumor virus (MuMTV),
gibbon ape leukemia viras (Gal.V), feline leukenia virus {(FLV), spumaviras, Mutine
Stem Cell Vivus (MSCV) and Rous Sarcoma Virus {(RSV. Retroviruses™ also inclade
hunnan T cell leukemin viruses, HTLV-1 and HTLV-2, and the lentiviral faply of
retroviruses, such as Human Tmmunodeficiency Viruses, HIV-1, HIV-2, simian
nunodeficiency vivus (SIV), feline immunodeficioncy virus (FIV), equine
immnodeficiency vivus (EIV}, and other classes of vefroviruses.,

j0086] A lentiviead vector for use herein refers to a vector derived from a
lentivirus, a group {or genus) of retroviruses that give rise to slowly developing disease,
Viruses included within this group include HIV (human immunodeficiency vims;

including HIV type 1, and HIV type 2) visna-maedi; a caprine arthritis-encephalitis
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virus; equine infectious anenva viras; feline immunodeficiency virus (FIVY; bovine
immune deficiency virus (BIVY; and simian immunodeficiency virus (SIV). Preparation
of the recombinant fentivirus can be achioved using the methody according to Pl ef al.
and Zufferey et al. {Dull et al,, 1. Virol,, 1998; 72: 84638471 and Zufferey et al., J. Virol
FAO8; 72:9873-9880).

f0087] Retroviral vectors {i.¢., both lentiviral and non-lentiviral) for use can be
formed wsing standard cloning techniques by combining the desired DNA sequences in
the order and ortentation described herein (Current Protocols in Molecular Biology,
Ausubel, . M. et al. (eds.)) Greene Publishing Associates, (1989), Sections 9.10-9.14 and
other standard laboratory manuals; Eglitis, ot al. {1983) Science 230:1395-139%; Danos
and Mulligan (1988) Proc. Natl. Acad. Sci. USA 83:6460-6464; Wilson ot al. (1988}
Proc. Natl. Acad. Sci. USA 35:3014-3013; Armentano ot al. (1990) Proc. Nath, Acad. Sci.
USA 87:6141-6145; Huber et al. (1991) Proc. Natl, Acad. Sci. USA 88:8039-8043; Ferry
ot al. {1991} Proc. Natl. Acad. Sci, USA 8&:8377-8381; Chowdhury ot al. (1991) Science
2534:1802-1803; van Beusechemy et al. (1992) Proc. Natl, Acad. Sci. LISA B9 7640-7644;
Kay ot al. (1992) Human Gene Therapy 3:641-647; Dat et al. (1992) Proc, Natl. Acad.
Sci. USA 89:10892-10895; Hwu ot al. {1993} 1, Immunol 150:4104-4115; U8, Pat. Nos.
4,868,116; 4,980.286; PCT Application WO 89/07136; PCT Application WO 89:02468;
PCT Application WO 89/035345; and PCT Application WO 92/07573).

{0088 Suitable sources for obtaining retroviral (3.e., both lentiviral and non-
lentiviral) sequences for use in forming the vectors clude, for example, genonie RNA
and cDNAs available from commercially available sources, inchuding the Type Culture
Colleetion {ATCC), Rockville, Md. The sequences also can be synthesized chemically,
[0089] For expression of a CAR, the vector may be introduced ito a host cell to
allow expression of the polyvpeptide within the host cell. The expression vectors may
contain a variety of elements for controlling expression, including without limitation,
Promoter sequences, transcription initiation sequences, enhancer sequences, selectable
markers, and signal sequences. These elersents may be selected as appropriate by a
person of ordinary skill in the ard, as described above. For example, the promoter
sequences may be selected to promote the transcription of the polynucleotide in the
vector. Suitable promoter sequences include, without limitation, T7 promoter, T3
promoter, SP6 promoter, beta-actin promoter, EF Ea promoter, CMV promoter, and SV40

promoter, Enhancer sequonces may be selected to enhance the transcription of the
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polyrucleotide. Selectable markers may be selected to allow selection of the host cells
inserted with the vector from those not, for example, the sclectable markers may be genes
that confer antibiotic resistance. Signal sequences may be selected to altow the expressed
polypeptide 1o be transported outside of the host cell.

{1690] For cloning of the polynucleatide, the vector may be introduced into a host
cell {an isolated host cell) to allow replication of the vector itself and thereby amplify the
copies of the polynucleotide contained therain, The cloning vectors may contain sequence
components generally include, without limitation, an origin of replication, promoter
sequences, transcription initiation sequences, enhancer sequences, and selectable markers.
These elements may be sclected as appropriate by a person of ordinary skill in the art. For
example, the origin of replication maay be selected to promote autonomous replication of
the vector m the host cell.

HI091] {n certain embodiments, the present disclosure provides isolated host cells
containing the vectors provided herein. The host cells containing the vector may be usetul
in expression or cloning of the polynucleotide contained tn the vector. Suitable host cells
can include, without limitation, prokaryotic cells, fungal cells, veast cells, or higher
eukaryotic cells such as mammalian cells. Suitable prokaryotic cells for this purpose
include, withowt limitation, cubacteria, such as Gram-negative or Gram-positive
organisns, for example, Enterobactehaceae such as Escherichia, e.g., E. coli,
Enterobacter, Evwinia, Klebsiella, Proteus, Salmonella, ©.g., Selmonella typhimueium,
Serratia, o.g., Servatia marcescans, and Shigella, as well as Bacilli such ag 5 subtilis and
B. licheniformix, Pseadomonas such as P. aeruginosa, and Streptonvees.

[0092} The CARs wre introduced into a host cell using transfection andéor
transduction techniques knows in the art. As used herein, the terms, “transfection,” and,
“transduction,” refor to the processes by which an exogenous nucleie acid sequence s
introduced into a host cell. The nucleic acid niay be integrated into the host cell DNA or
may be maintained extrachromosomally. The nucleic acid may be maintained transiently
or may be a stable introduction. Transfection may be accomplished by a variety of means
known i the art including but not limted to caletum phosphate-DNA co-precipitation,
DEAE-dextran-mediated transfection, polybrene-mediated transfection, electroporation,
ncroinjection, liposome fusion, lipofection, protoplast fusion, retrovital infection, and
biolistics, Transduction refers o the delivery of a gene(s) using a vival or retrovival vector

by means of viral infection rather than by transfection. In certain embodiments, retroviral
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vectors are transduced by packaging the vectors info vivions prior to contact with a cell.
For example, a nucleie acid encoding a CAR carried by a retroviral vector can be
transduced into a cell through infection and pro virus integration.

{10934 In order to assess the expression of a CAR polypeptide or portions thereot,
the expression vector to be introduced into a cell can also contain either a selectable
marker gene or a reporter gene or both to facilitate identification and selection of
axpressing colls from the population of cells sought to be transtected or intected through
viral vectors. In other aspects, the selectable marker may be carvied on a separate picce of
DNA and used in a co-transtection procedure. Both selectable markers and reporter genes
nay be flanked with appropriate regulatory sequences to enable expression in the host
cells. Useful selectable markers inchude, for example, antibiotic-resistance genes.

{094} Reporter genes are used for identifying potentially transtected cells and for
gvaluating the functionality of regulatory sequences. In general, a reporter gene is & gene
that is not present in or expressed by the recipient organisi or tissue and that encodes a
polypeptide whose expression is manifested by some easily detectable property, e.g.,
enzymatic activity. Expression of the reporter gene is assaved at & suitable time aftor the
DNA has been itroduced into the recipiont cells. Suitable reporter genes may include
zenes encoding Juciforase, beta-galactosidase, chloramphenicol acetyl franstirase,
secreted alkaline phosphatase, or the green fluorescent protein gene. Suitable expression
systems are well kaown and may be prepared using knowa tochnigues or oltained
cormercially, In general, the construct with the minimat 3" flanking region showing the
highest level of expression of reporter gene is identified as the promoter. Such promoter
regions may be linked to a reporter gene and used to evaluate agents for the ability to
modulate promoter-driven transcription,

[0895] Physicat methods for introducing a polvnucleotide into & host cell include
calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. Methods for producing cells comprising vectors andfor
exogenous nuckeic acids are wall known in the art. See, for example, Sambrook ot al.
{2001, Molecular Cloning: A Laboratory Mamual, Cold Spring Harbor Laboratory, Now
York).

[0096] in the case where a non-viral delivery system is utilized, an exeraplary
delivery vehicle is a iposore, In anothey aspect, the nucleic acid may be associated with

a fipid. The nucleic acid associnted with a lipid may be encapsulated in the aqueous
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interior of a liposome, interspersed within the lipid bilayver of a liposome, attached to a
liposome via a linking molecule that i associnted with both the hposome and the
oligonucieotide, entrapped in a Hposome, complexed with a liposome, dispersed ina
solution contaming a lipid, nuxed with a lipid, combined with a lipid, contained as a
suspension in a lipid, contained or complexed with a micelle, or otherwise associated with
a Hipid. Lipid, lipid/DNA or lipidiexpression vector associated compositions are not
limited to any particular structure in solution. For example, they may be present ina
bilayer structure, as micelles, or with a “collapsed” structure. They may also simply be
interspersed in 2 solution, possibly fornying agpregates that are not uniform in size or
shape. Lipids are fatty substances which may be naturally occusring or syathetic lipids.
For example, liptds include the fatty droplets that naturally ocour in the cyvtoplasm as well
as the class of compounds which contain long-chain aliphatic hydrocarbons and their
derivatives, such as fatty acids, alcohols, amines, amino alcohols, and aldehydes. Lipids
suitable for use can be obtained from commaercial sources. For example, dimyristyl
phosphatidylcholine ("DMPC™) can be obtained from Sigma, St. Louis, Mo.; dicetyl
phosphate ("DCP™) can be obtained from K & K Laboratories (Plainview, NJY )
cholesterol ("Choi™) can be obtained from Calbiochem-Behring: dimyristyi
phosphatidylglyeerol (“DMPG) and other lipids may be obtained from Avanti Polar

Lipids, Inc, {(Binmingham, Ala.).

Immune effector cells

{0097] In certain aspects, also disclosed herein are immune effector cells that are
engineerad to express the disclosed CAR polypeptides. In some embodiments, the cells
are obtained from the subject to be treated (1.e., ave autologouns). However, in cerfain
embodiments, imnwune effector cell Hines or donor effector cells (allogeneic) are used.
jOD98] Immune effector cells can be obtained from a number of sources, including
peripheral blood mononuclear cells, bone warrow, lvmph nede tissae, cord blood, thymas
tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors,
immune effector cells can be obtained fronmy blood collected from a subject using any
number of technigues known o the skilled artisan, such as Ficoli™ geparation. For
example, cells from the circulating blood of an ndividual may be obtained by apheresis.
In some embodiments, immune effector cells are isolated from peripheral blood
lvmphocvtes by lysing the red blood cells and depleting the monocytes, for example, by

centrifugation through a PERCOLL™ gradient or by counterflow contrifugal elotrintion.
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A specific subpopulation of imnume effector cells can be further isolated by positive or
negative selection techniques. For example, immune effector cells can be isolated using a
combination of antibodies directed to surface markers unique to the positively selected
cells, ¢ g, by incubation with antibody-conjugated beads for a time period sufficient for
positive selection of the desired immune effector cells. Alternatively, enrichment of
immuae etfector cells population can be accomplished by negative selection using a
comabination of antibodies directed to surface markers unique to the negatively selected
cells.

{0099] The present disclosure provides methods for making the immune effector
cells which express the CARS described herein. In one embodiment, the method
comprises transfocting or transducing inunune effector cells isolated from a subjeet, such
as 1 subject baving a PIG and/or low deasity cancer antigen expressing tumor cell, such
that the invmune effector cells express one or more CAR as described herein. In certain
grabodiments, the immune effector cells are isolated from an individual and genctically
modified without further manipulation in visro. Such cells can then be directly re-
administered into the mdividual, In further embodiments, the innmune effector cells are
first activated and stimutated to proliferate in vitre prior to being genetically meditied to
express @ CAR, In this regard, the immune effector cells may be cultared before or after
being genetically modified (Lo, transduced or transfected 1o expross 8 CAR as described
heretn).

[0100] Prior to i wirro manipulation or genetic modification of the inumusne
effector cells deseribed herein, the source of cells may be obtained from a subject. In
particular, the imimune effector cells for use with the CARs as described herein comprise
T cells, T cells can be obtained from a number of sources, including peripheral blood
mononuclear cells, bone marrow, lymph nodes tissue, cord blood, thymus issue, tissue
from a site of infection, ascites, pleund effusion, spleen tissue, and tumors, In certain
gmbodiments, T cell can be obtained from a unit of blood collected from the subject using
any number of techniques known to the skilted person, such as FICOLL separation. In
one embodiment, cells from the circulating blood of an individual are obtained by
apheresis. The apheresis product typically contains lymphocytes, including T cells,
meonocytes, gramujocyte, B cells, other nucleated white blood cells, red blood cells, and
platalets. In one embodiment, the cells collected by apheresis may be washed to remove

the plasma fraction and to place the cells in an appropriate buffer or media for subsequent
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processing. In one embodiment, the cells are washed with PBS. In an alternative
embodiment, the washed solution lacks caleium, and may lack magnesium or may lack
many, ifnot all, divalent cations. Ag would be appreciated by those of ordinary skill in
the art, a washing step may be accomplished by methods known to those in the art, such
as by using a semiaytomated Hlowthrough centrifuge. After washing, the cells may be
resuspended i a variety of biocompatible buffers or other saline selution with or withow
buffer, In cortain embodiments, the undestrable components of the apheresis sample may
be removed in the cell divectly resuspended culture media.

101} In certain embodiments, T cells are isolated from periphera blood
nmenonuclear cells (PBMCs) by lysing the red blood cells and depleting the monocytes,
for example, by centrifugation through a PERCOLL™ gradient. A specific subpopulation
of T cells, such as CD28+, CD4+, CD8+, CD4SRAY, and CDY3RO+ T cells, can be
further isolated by positive or negative sclection technigues. For example, enrichment of'a
T cell population by negative selection can be accomplished with a combination of
antibodies divected to surface markers unigue to the negatively selected cells. One wethod
for wse herein is cell sorting andfor selection via negative magnetic immunoadherence or
flow cytometry that uses a cocktail of monoclonal antibodies directed to cell surface
markers present on the cells negatively selected. For example, to envich for CD4+ cells by
negative selection, 8 monoctonal antibody cocktail typically mcludes antibodies to CDI14,
D20, CD1Y b, CD16, HLA-DR, and CDS, Flow cytometry and cell sorting may also be
used to isolate cell populations of interest,

[0102) PBMCs may be used directly for genetic wodification with the CARs
using methods as deseribed herein. In certain embodiments, after isolation of PBMC, T
lvmphocytes are further isolated and in certain embodiments, both cytotoxie and helper T
hemphocytes can be sorted into naive, memory, and affector T cell subpopulations cither
before or after genctic modification and/or expansion. CD8+ cells can be obtained by
using standard methods. In some embodiments, CD8+ cells are further sorted into naive,
central memory, and effector cells by dentifying coll surface antigens that are associated
with each of those types of CD&+ cells. In embodiments, memory T cells ave present in
botl CDE2L+ and CDG2L-subsets of CD8+ peripheral blood tymphoeytes, PBMC are
sorted into CD62ZL-CD8+ and CDO62LA+CDB+ fractions after staining with anti-CDR and
anti-CDO2L antibodics. In some embodiments, the expression of phenotypic markers of

central memory TCM include CD43RQO, CD62L, CCRT, CD2R, CD3, and CD127 and are
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negative for granzyme B. In some embodiments, central memory T cells are CD43RO+,
CD62L+, CD8+ T cells. In some embodiments, effector T cells are negative for CD62L,
CCRT, CD28, and CD127, and positive for granzyme B and perforin In some
embodiments, naive CDR+T lymphocytes are characterized by the expression of
phenotypic markers of naive T cells including CD62L, CCR7, CD28, CD3, CD 127, and
CD4sRA.

{0103 In cortain embodiments, CD4+ T cells are further sorted into
subpopulations. For example, CDA+T helper cells can be sorted into naive, central
memaory, and effector cells by identifying cell populations that have cell surface antigens.
CB4+ lymphocytes can be obtained by standard methods. In some embodiments, naive
CB4+T lymphoeytes are CD4SRO-, CD43RA+, CDO2LACD4+ T cell. In some
embodiments, central memory CD4+ calls are CDG2L. positive and CDASRO positive. In
some embediments, effector CD4+ colls are (D621 and CDYSRO negative.

[0104) The bumune effector cells, such as T cells, can be genetically modified
following solation using known methods, or the smmune effector cells can be activated
and expanded (or differentiated in the case of progenitors) in vitre prior to being
genetically modified. In another embodiment, the iranwne effector cells, such as T cells,
are gepetically modified with the chimeric antigen receptors described herein {e.g.,
transduced with a viral vector comprising 8 nucleic acid encoding & CAR) and then are
activated and expanded in vitro. Methods for activating and expanding T cells are known
in the art and are described, for example, in US, Pat. Nos, 6,903,874, 6,867,041,

6,797, 314; WO2012079000. Generally, such methods include contacting PBMC or
isolated T cells with a stimulatory agent and costimulatory agent, such ag anti-CD3 and
anti-CD2R antibodies, generally attached to & bead or other syrface, in a culture medivm
with appropriate cvtokines, such as IL-2 (e.g., recombinant human 1L-2}, Anti-CD3 and
anti-CD28 antibodies attached to the same bead serve as a “surrogate™ antigen presenting
cell {APC). In other embodiments, the T cells may be activated and stimulated to
prolitorate with feeder cells and appropriate antibodies and cytokines using methods such
as those deseribed in ULS. Pat. Nos. €,040,177; 5,827,642; and WO2012129514.

fH1L05] In some embodiments, the immune effector cells comprise any fenkoeyte
invelved in defending the body against infoctious discase and foreign materials, For
example, the mmuane effector cells can comprise lvmphocyies, monocytes, macrophages,

dendritic cells, mast cells, neutrophils, basophils, cosinophils, or any combinations
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thereof. For example, the imnune effector cells can corprise T lymphocytes, prefevably
eytotogic T lymphocytes (CTL).

j0166] T helper cells (Ta cells) assist othey whitle blood cells in immunologic
processes, including maturation of B cells info plasma cells and memory B cells, and
activation of eytotoxic T cells and macrophages. These cells are also known as CD4"T
cells because they express the CD4 glvcoprotein on their surface. Helper T cells become
activated when they are prosented with peptide antigens by MHC class 11 molecules,
which are expressed on the surface of antigen-presenting cells (APCs). Once activated,
they divide rapidly and seerete small proteins called cytokines that regulate or assist in the
active immune response, These cells can differentiate into one of several subtypes,
ncluding Tal, Tu2, Tud, Tall, Tu9, or Tru, which seerete differont eytokines o facilitate
a different type of inubune response.

{0107) Cytotaxic T cells {Tco cells, or CTLs) destroy virally infected cells and
turor cells, and are also implicated i transplant rejection. These cells are also known as
D8 T cells since they express the CDS glveoprotein at their surface. These cells
recognize their targets by binding to antigen associated with MHC ¢lass T moelecules,
which are present on the surface of all nucleated cells. Through 1L-10, adenosine and
other molecules secreted by regulatory T cells, the CD8? cells can be inactivated to an
anergic stae, which prevents awiomunune diseases.

{0108] Memory T cells are a subset of antigen-specific T cells that persist long-
term after an infection hay resolved. They quickly expand to large numbers of eftector T
cells upon re~exposure fo their cognate antigen, thus providing the inunune system with
“memnmory” against past infections. Memory cells may be either CD47 or CDE™. Memory T
cells typically express the cell surface protein CD4SRO,

jO16Y Regulatory T cells {Tie cells), tormerly known as supprassor T cells, are
crucial for the maintenance of immunological tolerance, Their major role is to shut down
T cell-mediated munity toward the end of an inunune yeaction and o suppress auto-
reactive T cells that escaped the process of negative selection in the thymus, Two major
classes of CD4Y Ty cells have heen deseribed — naturally occurring Twy cells and
adaptive Ty colls.

fO118] Natural killer T {NKT) cells (not to be confused with natural killer (NK)
cells) bridge the adaptive immune system with the innate immune system. Unlike

conventional T cells that recognize peptide antigens presented by major
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histocompatibility complex (MHC) motecules, NKT cells recogrize glycolipid antigen
presented by a molecule ealled CDILA.

jo11y In some erabodiments, the T cells comprise & mixture of CD47 cells. In
other embodiments, the T cells ave enriched for one or more subsets based on cell surface
expression. For example, in some cases, the T comprise are cytotoxic CD8™ T
lymphocytes.

f0112] Natural-kifler (NK) cells are CDI6"CD3 large granular hymphocytes that
can kill virally infected and transformed cells, and constiute  critical cellular subset of
the innate immune system {Godfrey J, ot al. Leuk Lymphoma 2012 53:1666-1676).
Uslike eytotoxic COR™ T fymphooytes, NK cells launch cytotoxicity against tumor cells
without the requirement for prior sensitization, and can evadicate MHC-I-negative cells
{(Narni-Mancinelli E, ot al. Int Imnumed 2011 23:427-43 1), NK cells arve safer effector
cells, as they may avoid the potentially lethal complications of cytokine storms {Morgan
RA, et al. Mol Ther 2010 18:843-831), tumor bysis syndrome (Porter DL, et al. N Engl )

Med 2001 365:725-733}, and on-target, off-tumor effects.

Binding Properties of the Chimeric Antigen Receptors

[0113] As used herein, the term “binding” in the context of the binding of a
chimeric antigen receptor to, e.g., a predetermined antigen, such as a cell surface profein
or fragment thereof (or to an antigen bound 1o a cell surface protein such as an HLA
molecule). Binding typically refors to an interaction or association between a pHnimum
of two entities or molecular structures, such as an antigen-binding domainantigen
interaction, For instance, binding affinity typically corresponds to a Kp valoe of about 18
T M or less, such as about 10°% M or less, such as about 107 M or less when determined
by, for instance, surface plasmon resonance {SPR) technology in a BlAcore 3000
instrument using the antigen as the Hgand and the antibody or chimeric antigen receptor
as the analyte {or antiligand). Cell-based binding strategies, such as fluorescent-activated
cell sorting (FACS) binding assays, are also routinely used, and FACS data correlates
well with other methods such as radioligand competition binding and SPR (Benedict, CA,
J Immunol Methods, 1997, 2002%:223-31; Geuijen, CA, et al. J fmmunol Methods, 2005,
302(1-2%:08-77).

[0 14 Accordingly, in some embodiments, a chimeric antigen receptor of the

present disclosure binds to the predetermined antigen or cell surface molecule (receptor)
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having an affinity corresponding to a Ko value that is at least ten~fold lower than its
atfinity for binding to a non-specific antigen {e.g., BSA, casein). As described herein, a
chimeric antigen receptor of the present disclosure can bind to an HLA-presonted antigen
described herein. According to the present disclosure, in some embodiments, the affinity
of a chimeric antigen recepor with a Kp value that is equal to or fess than ten-fold lower
thasn a non-specific antigen may be considered non-detectable binding,

f0115] The term “Kn™ (M) vetirs to the dissociation cquilibrivm constant of a
particular antigen-binding domainzantigen interaction. There is an inverse relationship
between Kp and binding affinity, therefore the smaller the Kp value, the higher, e
stronger, the affinity. Thus, the terms “higher affinity™ or “stronger atfinity” relate to a
higher ability to form an interaction and therefore a smaller Ko value, and conversely the
terms “lower affinity™ or “woeaker atfinity” relate to a lower ability fo form an interaction
and therefore a larger Ko value. In some circumstances, a higher binding affinity {or Kn)
of a particalar moleculs {e.g., a chimeric antigen veceptor) to 1ts interactive pavtner
molecule {e.g antigen X) compared to the binding affinity of the molecule (e.g., chimeric
antigen receptor) to another interactive partner molecule (e.g antigen Y} may be
expressed as a binding ratio determined by dividing the larger Kp value (lower, or
weaker, affinity) by the smaller Kb (higher, or stronger, affintty), for example expressed
as 3-fold or 10-fold greater binding affinity, as the case may be

{6116} The torm “ka” (see -1 or 1/5) refers to the dissociation rate constant of a
particular antigen-binding domain:antigen interaction, or the dissociation rate counstant of
g chimeric antigen receptor. Said value is also referred 1o as the kex value.

o117} The term “ka” (M-1 x sec-1 or 1/M) refers to the asspciation rate constant
of a particular antigen-binding donwin:antigen interaction, or the asseciation rate constant
of a chimeric antigen receptor.

{0118} The term “Ka™ (M-1 or 1:M) refers to the association equilibrium constant
of a particular antigen-binding domain:antigen interaction, or the association equilibrium
constant of a chimeric antigen receptor, The association equilibrium constant is oblained
by dividing the k. by the ks

[0119] The term “ECS07 or “ECse™ refers 1o the half maximal effective
concentration, which includes the concentration of a chimeric antigen receptor that
induces a rosponse halfivay between the baseline and maximum after a specified exposure

time, The ECs essentially represents the concentration of a chimerie antigen receptor
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where 30% of its maximal effect 1s observed. In certain embodiments, the BCse value
equals the concentration of # chimeric antigen receptor of the present disclosure that gives
hatf~maximal binding to cells expressing an antigen {e.g., a tumor-associated antigen), as
determined by e.g. a FACS binding assay. Thus, reduced or weaker binding is observed
with an increased ECsy, or half maximal effective concentration value,

{0120] {n one embodiment, decreased binding can be defined as an increased ECso
chimeric antigen receptor concentration that enables binding to the halfmaximal amount
of target cells.

U121} The present disclosure provides chimeric antigen receptors with antigen-
binding domains derived from antibodies that bind & human antigen with high affinity
{e.g., nanomolar or sub-nanomolar Ko values).

{11224 According to certain embodiments, the present disclosure provides
chimeric antigen receptors with antigen-binding domains derived from corresponding
antibodios that bind human antigen {e.g., at 23°C) with a Ko of less than about 3 aM as
measured by surface plasmon resonance. Io cerfain embodiments, the corresponding
antibodies bind an antigenic protein with a Ko of less than about 20 nM, less than about
10 oM, less than about 8 nM, less than about 7 nM, less than about 6 nM, less than about
3 nM, less than about 4 nM, less than abowut 3 oM, less than about 2 nM, less than about 1
nM, less than about 800 pM, less than about 700 pM, less than about 500 pM, less than
about 400 pM, less than about 300 pM, less than about 200 pM, less than about 100 pM,
lesy than about 3G pM, or less than about 23 pM as measured by surface plasmon
TESONATCE.

f0123] The present disclosure also provides chimeric antigen receptors with
antigen-binding domains dertved from corresponding antibodies that bind the antigenie
protein with & dissociative half~Bfe (842) of greater than about 10 minutes or greater than
about 125 mimstes as measured by surface plasmon resonance at 25°C. In certain
gmbodiments, the corresponding antibodies bind the antigenic protein with a t}4 of greater
than about 3 maputes, groater than about 4 minutes, greater than about 10 minutes, greator
than about 20 minutes, greater than about 30 mimates, greater than about 40 mimdes,
greater than about 30 minutes, greater than about 60 minutes, greater than sbout 70
minutes, greater than about 80 minutes, greater than about 90 mimstes, greater than about
100 panutes, greater than about 110 minutes, or greater than about 120 minutes, as

measured by surface plasmon resonance at 25°C.
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f0124) The present disclosure also provides chimeric antigen receptors with
antigen-binding domains derived from corresponding antibodies that bind specifically to
human cell Bnes which express endogenous MAGE-A4, as detormiined by a FACS

binding assay.

Therapeuatic Methods

{1125 Immane effector cells expressing the CARs disclosed herein elicit a
therapeuntically beneficial immune response against PYG or low density antigen-
gxpressing cancer cells, For example, an anti-tmor inuwune response elicited by the
disclosed CAR-modified immune effector cells may be an active ov a passive inumune
response. b addition, the CAR-mediated tmmune response may be part of an adoptive
immunotherapy approach in which CAR-modified imunune effector cells induce an
Impae response specific to PIG or low density cancer antigen.

{26} CAR-expressing immune effector cells prepared as described herein can
be utilized in methods and compositions for adoptive immunotherapy in accordance with
known techniques, or variations thereof that will be apparent to those skilled in the axt
based on the instant disclosure. See, e.g., US Patent Application Publication No.
2003/0170238 to Gruenborg et al; see also ULS, Pat. No. 4,690,915 to Rosenberg,

f0127] In some aspects, proyvided herein are methods of treating cancer {(e.g., a
solid tumor) in a subject by administering to the subject a composition comprising cells
gxpressing a CAR polypeptide disclosed herein, In some embodiments, the methods
provided herein further comprise conjointly administering to the subject a composition
comyrising cell that express a second CAR polvpeptide conywising a 4-1BB domain in
the costimulmtory region of the CAR polypeptide. In some ermbodimoents, the second
CAR comprises at least one intracytoplasimic signaling region comprising a cluster of
differentiation 3 zeta {{CD30) domain. In some embodiments, the second CAR comprises
an extraceliular domain specific for & low density cancer antigen andfor a peptide in
groove cancer antigen. The second CAR polypeptide may comprise a cluster of
differentiation & alpha (CD¥/u) peptide in the hinge/transmembrane region. Without
being bound by theory, the immune cells expressing the first CAR {i.e., a CAR
polypeptide comprising a CT328/ domain in the co-stimulstory domain of the CAR)
provides an initial burst to facilitate rapid killing of cancer cells, while the administration

of tmumune cell by the 4-1BB provides sustained cancer cell killing, albeit at a lower level
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of killing when compared to administration of tnmune cells expressing the first CAR. 4~
FRB/CD32 CAR is associnted with persistence of CAR T cells in patients, wlach will in
turn provide sustained cancer cell killing.

10128} In some embodiments, the cells are foromlated by first harvesting them
from their culture medium, and then washing and concentrating the cefls in a medium and
container system suitable for administration (a “pharmaceutically acceptable” carrier) ina
treatment-effective amount. Suitable infusion medium can be any isotonic medium
formudation, typically normal saline, Normosol R {(Abbott) or Plasma-Lyte A (Baxter),
but also 3% dextrose in water or Ringer's Iactate can be utilized. The infusion medium
can be supplemented with lupnan serum albumin.

jO129| A treatment-effoctive amount of cells i the composition is at least 2 cells
(for example, at feast 1 CD8+ central memory T cell and at least 1 CD4+ helper T cell
subset) or is more typically greater than 102 cells, and up to 16 up to and inclading 108
or 109 colls and can be more than 1010 cells, The mamber of cells will depend upon the

ultimate use for which the composttion is intended as will the type of cells included

therein.
138 The cells may be autologous or heterologous to the patient undergoing

therapy. The cells may be allogenic. If desired, the treatment may also include
administration of moitogens {e.g., PHA) or lymphokines, cytokines, and‘or chemokines
{e.g., IFN-y, IL-2, JL-12, TNF-q, IL-18, and TNF-§, GM-USF, 1L-4, IL-13, FI3-L,
RANTES, MiP 1, olc.} ay deseribed herein to enbance induction of the inymusne response.,
H131] The CAR expressing bnmune effector cell populations may be
administered either aloneg, or as & pharmaceutical composition in combination with
difuents atd/or with other components such as 1L-2 or other cytekines or celi populations.
Pharmaceutical compositions disclosed herein may compwise a CAR-expressing imumune
effector cell population, such as T cells, as described herein, in combination with one or
more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
corpositions may comprise buffers sach as neutral buffered saline, phosphate buffered
saline and the like; carbohydrates such as glucose, mannose, sacrose or dexirans,
mannitol; proteins; polypeptides or aming acids such as glyeine; antioxidunts; chelating
agents such as EDTA or glutathione; adjuvants {¢.g., aluminun hydroxide); and
preservatives. Compositions disclosed herein may be formulated for intravenous

administration.
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f0132) The axti-tumor invnune response induced in a subject by administering
CAR expressing T cells deseribed herein using the miethods desceribed herein, or other
methods known in the art, may inclade cellular immune responses mediated by eytotoxic
T cells capable of killing nfected cells, regulatory T cells, and helper T cell responses.
Humoral inmune responses, mediated primarily by helper T cefls capable of activating B
cells thus leading to antibody production, may also be induced. A varicty of techniques
may be used for analyvzing the type of immune responses induced by the compositions
disclosed herein, which are well described in the art; o.g., Current Protocols in
Immunology, Edited by: John E. Coligan, Ada M. Kruisbeek, David H. Margulies, Ethan
M. Shevach, Warren Strober (2001} Johs Wiley & Sons, NY., N.Y.

jO1334 Thus, provided herain are methods of treating an individuat diagnosed
with or suspected of having, or at risk of developing a malignancy, comygwising
administering to the individual a therapeutically effective amount of the CAR-expressing
tmmmune effector cells as deseribed bevein.

f0134] The administration of the disclosed compositions may be carried out in
any convenient mamner, chiding by tyjection, transfusion, or implantation. The
compositions described herein may be administered to a patient subcutancously,
intradermally, ntratumorally, intranodally, framedullary, intramuscalatly, by
intravenous (1.v.) mjection, or infraperitoneally. In some embodiments, the disclosed
compositions are adiministered to a patient by intradernial of subcutaneous injection. In
some emwbodiments, the disclosed compositiony are administored by v, injection, The
compositions may also be mjected divectly o a tumor, iymph node, or site of infection.
[135] Provided herein are methods of conjointly administering to the subject a
second CAR polypeptide comprising a 4-1BB domain in the costimulatory region of the
CAR polypeptide. The second CAR polypeptide may further comprise at least one
intracytoplasmic signaling region comprising a cluster of differentiation 3 zeta (CD3/]
domain and/or an extracellular donwin specific for a low density cancer antigen andfor a
peptide in groove cancer antigen. The second CAR polypeptide may comprise a cluster of
differentistion § alpha (CD&/w) peptide in the ingetransmoembrane region.

[0136] In certain embodiments, the disclosed CAR-modified immune effector
cells are administered to a paticat in conjunction with {e.g., before, simultaneously or
following) any number of relevant freatment modalitics, including but not limited to

additional cancer freatments, In some embodiments, the CAR-modified immune effector
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cells may be used in combination with chemotherapy, radiation, immunosuppressive
agents, such as eyclosporin, azathioprine, methotrexate, mycophenolate, and FK306,
antibodies, or other immuanoablative agents such as CAM PATH, anti-CD3 antibodies or
other antibody therapies, cyvtoxin, fludaribing, cyclosporin, FK506, rapamyoin,
mycophenolic acid, steroids, FRO01228, cytokines, and irmadiation. In some
embodiments, the CAR-moditied immune effector cells are administered to a patiest in
conjunction with (e.g., before, simultancously or following) bone mamrow transplantation,
T-cell ablative therapy using either chemotherapy agonts such as, fludavabine, external-
beam radiation therapy (XRT), cyclophosphamide, or antibodies such as OKT3 or
CAMPATH. In other embodiments, the cell compositions are administered following B-
cell ablative therapy such as agents that react with CD20, ez, Rituxan. For example, in
some embodiments, subjects mway undergo standard treatment with high dose
chemotherapy followed by peripheral blood stem cell transplantation. In certain
grshodiments, following the transplant, subjects receive an infusion of the expanded
immune cells. In additional embodiwents, expanded cells ave adounistered before or

following surgery to treat cancer or pre-cancerous lesions in the subject.

Administration Regimens

1374 According to certain embodiments of the present disclosure, nuiltiple
doses of the engineered cells may be administered to a subject over a defined titne course.
The methods according to this aspect comprise sequentially administering to a subject
outltiple doses of the cells.  As used hevein, “sequentially administering™ means that each
dose is administered to the subject at a different point in time, e.2., on different days
separated by 3 predetermined interval {e.g., hours, days, weeks or months), The present
disclosure provides methods which comprise sequentially administering to the patient &
single initial dose, followed by one or more secondary doses, and optionally followed by
ole of more tertiary doses,

10138} The terms “indtial dose,” “secondary doses,” and “tertiary doses,” refor to
the tfenmporal sequence of administration of the engineered cells of the present disclosure.
Thus, the “initial dose™ is the dose which is administered at the heginning of the treatment
regimen {also referred 1o as the “baseline dose™); the “secondary doses™ are the doses

P

which are administered after the initial dose; and the “tertiary doses”™ are the doses which

are administered after the seeondary doses. The initial, secondary, and tertiary doses may
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ail contain the same amount of engineered cells, but generally may differ from one
anither i tens of frequency of administration. In certain embodiments, however, the
amownt of engineerad cells contamned in the inifial, sccondary andifor lertiary doses varies
from one another {e.g., adjusted up or down as appropriate) during the course of
treatment. In certain embodiments, two or more (2.2, 2, 3, 4, or 5) doses are
administered at the beginning of the treatment regimen as “loading doses™ followed by
subsequent doses that are administered on a less frequent basis (e g, “maintenance
doges™).
{H139] In one embodiment of the present disclosure, each secondary andior
tertiary dose is administered 1 to 26 (e.g., 1, 135, 2,232, 3, 3%, 4.4 ¥, 0,64, 7, T,
8,84, 0,905, 10, 10%, 11, 11%, 12, 123, 13, 134, L4, 1dia 15, 153, 16, 163, 17, 174,
.

I8, 18Y%, 19, 1994, 20, 204, 21, 21, 22, 3%,

Sk, 26, 2634, or
more} weeks after the immediately preceding dose. The phrase “the inunediately
preceding dose,™ as used herein, means, in a sequence of multiple administrations, the
dose which is adnunistered to a patient prior to the administration of the very next dose in
the sequence with no imervening doses.

j0148] The methods according to this aspect of the present disclosure may
comprise administering to a pationt any namber of secondary and/or tertiary doses. For
example, m certain embodiments, only a single secondary dose is administered 1o the
patient. In other embodiments, two of mote {e.g.. 2, 3, 4, 5, 6, 7, &, or more) secondary
doses are administered to the patient. Likewise, in certain smmbodiments, only a single
tertiary dose is adminisiered to the patient. ITn other embodiments, two or more (2.2, 2, 3,
4, 5, 6, 7, 8, or more) tertiary doses are administored to the patient.

foi41] In embodiments mvolving nwltiple secondary doses, each secondary dose
may be administored at the same fregquency as the other secondary doses. For example,
each secondary dose may be administered to the patient 1 to 2 weeks after the
immediately preceding dose. Similarly, in embodiments involving multiple tertiary
doses, cach tertiary dose may be administered at the same froquency as the other tertiary
doses. For example, each tertiavy dose may be administered to the patient 2 to 4 weeks
atter the timmediately preceding dose. Ablernatively, the frequency at which the
secondary andior tertiary doses are adniinistered to a patient can vary over the course of

the treatment regimen. The frequency of administration may also be adjusted during the
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course of treatment by a physician depending on the needs of the individual patient

following clinical examination,

Indications

{0142} in certain aspects, provided herein are methods of treating cancer using
CAR'T cell provided heretn, In certain emmbodiments, the cancer to be treated expresses a
PIG antigen andfor a low density antigen to which the CAR expressed by the T cells
specifically binds.

[O143] In some embodiments, cancers that may be treated by methods and
compositions provided herein include, but are not Hmited to, cancer cells from the cervix,
anus, vagina, valva, penis, tongue base, lavvay, tonsi], bladder, blood, bone, bone
marrow, brain, breast, colon, esophagus, gastrointestine, gurn, head, kidney, hiver, lung,
masopharyix, neck, ovary, prostate, skin, now-melanoma skin cancer INMSC), cutancous
sguamous cell carcinoma (SCC), stomach, testis, tongue, or uteras. In addition, the cancer
may specifically be of the following histological type, though 1t is not limited to these:
neoplasny, malignant; carcinoma; carcinoma, unditferentiated; giant and spindie cell
carcinoma; small celt carcinoma; papiliary carcinoma; squamous cell carcinoma;
hemphoepithelial carcinoma; basal cell carcinoma; pilomatrix carcinoma; wansitional cel}
carcinonta; papillary transitional cell carcinoma; adenocarcinoma; gastrinoma, maligaan
cholangiocarcinoma; hepatocellular carcinoma; combined hepatocellular carcinoma and
cholangiocarcinoma; trabecular adenocarcinoma; adenoid cvstic carcinoma;
sdenocarcinoma in adenomatous polyp; adenocarcinoma, familial polyposis coli; solid
carcinoms; carcinoid tumor, malignant; branchiolo-alveolar adenocarcinoma; papillary
adenocarcinema; chromophobe carcinonma; acidophil carcinoma; exyphilic
adenocarcinoma; basophil carcinoma; clear cell adenocarcinema; granular coll carcinoma;
follicular adenccarcinoma; papillary and follicular adenccarcinonia; nonencapsulating

clerosing carcinonia; adrenal cortical carcinoma; endometriodd carcinoma; skin
= x s N

U

appendage carcinoma; apocrine adenocareinema; sebaccous adenocarcinoma; cerunminous
adenocarcinoms; mucoepidermoid carcinoma; cystadenocarcinoma; papillary
cystadenocarcinoma; papillary serous cystadenocarcingma; mucinous
cystadencearcinoma; mucinous adenocarcinoma; signet ring cell carcinoma; infiltrating
duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory carcinomig

mammary paget's disease; acinar cell carcinoma; adenosguamous carcinoma;
o = > »
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adenocarcinoma wisquamous metaplasia; malignant thymoma; malignant ovartan stromal
tumor, malignant thecoma; malignant gramubosa cell tumeor; and malignant roblastoma;
sertoli coll carcinoma; malignant leydig coll tumor; malignant lipid call oy, malignant
paraganglioma; malignant extra-mammary paraganghoms; pheochromocytoma;
glomangiosarconta; malignant melanoma; amelanotic melanoma; superficial spreading
melanoma; malignant melanoma in giant pigmented nevus,; epithelioid cell melanoma;
matignant blue nevus; sarcoma; fibrosarcoma; malignant fibrous histiocytoma;
nysosarcoma; Hposarcoma; letomyosarcoma; rhabdomyosarcoma; embryonal
rhabdomyosarcoma; alveolar rhabdomyosarcoma; stromal sarcoma; maligrant mixed
tumor; mullerian mixed tumor, nephroblastoma; hepatoblastonsa; carcinosarcoma;
malignant mesenchymona; malignant bremaer tamor; malignant phyllodes tumor;
synovial sarcorag; malignant mesothelioms; dysgerminema; embryonal carcinoma;
malignant teratoma; malignant struma ovarii;, choriocarcinoma; malignant
mesonsphroma; bemangiosarcoma; malignant hemangioendothelioma; kapost's sarcoma;
malignant hemangioporicytoma; Ivmphangiosarcoma; osteosarcoma; juxtacortical
osteosarcoma; chondrosarcona; malignant chondroblastoms; mesenchymal
chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; malignant odontogenic
tumor; mneloblastic odontosarcoma; malignant ameloblastoma; aneloblastic
fibrosarcoma; malignant pincadoma; chordoma; malignant ghioma; ependymoma;
astrocytoma; protoplasniic astrocytoma; fibrillary astrocytoma; astroblastoma;
glichlastoma; oligodendroghiomsa; oligodendroblastoma; primitive neurocctodermal;
cerchellar sarcoma; ganglionewroblastoma; neuroblastoma; retivoblastoma; olfactory
neurogenic tumor; malighant meningioma; neurotibrosarcoms; malignant neurilemmoma;
makignant granubar cell tumor; malignant ynphonta; Hodgkin's discase; Hodgkin's
Ivmphoma; paragranuloma; small lvimphooytic malignant lvmphoma; diffuse large cell
matignant lymphoma; follicular malignant lymphoma; mycosis fungoides; other specitied
non-Hodghkin's lymphomas; malignant histiocytosis; multiple myeloma; mast cell
sarcomy; immunoprotiferative small intestinal disease; leukemia; lymphoid leukenia;
plasma cell leukenua; ervthrolevkemia; lymphosarcoma cell feukemia; myeloid leukemiag
basophilic feukemia; cosinophitic leukemia: monocytic leukemia: mast cell fenkemia;
megakaryoblastic loukemia; myeloid sarcoma; and hairy cell leukemia,

[ 44} In certain embodiments, the disclosed CAR-T cells can be wsed in

combination with any conpound, moiety or group that has a cytotoxic or eytostatic effect.
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Drug moleties include chemotherapeutic agents, which may function as microtubulin
inhibitors, mitosis inkibitors, topoisomerase imndabitors, or DNA intercalators, and
particularly those which are used for cancer therapy. Exemplary anti-cancer compounds
imclude, but are not imited to, Alemtuzoanab (Campath®), Alitretinoin (Paoretin®),

Anastrozole (Arimidex®), Bevacizumab (Avastin®), Bexarotene { Targretin®),

Bortezomib ( Velcade®), Bosutinib (Bosulif®), Brentuxinmab vedotin { Adeetris®),

Cabozantinib (Cometrig™), Carfilzomib (Kyprolis™), Cetuximab {Erbitux®), Crizotintd

{Xalkori®), Dasatinib (Sprycel®®), Denileukin diftitox (Ontak®), Erlotinib hydrochloride
{Tarceva®), Everolimus {Afinitor®), Exemestane (Aromasin®}, Fulvestrant
{Fastodex®), Gefitinib (Iressa®), Thritumomab tiuxetan (Zevalin®), Iimatintb mesylate
3

4y, Nilotintb (Tasigna®), Ofatwmumab (Arzerea®), Panituonunab (Vectibix®

{Gleeve Iptlimumab {Yervoy™), Lapatinib ditosylate (Tyvkerb®), Letrozole

(Femara® i
Pazopanib hydrochloride {Votrient®), Pertuzumab (Pegjeta™), Pralatrexate (Folotya®),
A

tosylate (Nexavar®), Sunitinib malate (Sutent®), Tamoxifen, Temswolinms (Torisel®),

Regorafenib (Stivarga®), Rituximab (Ritaxan®), Romidepsin (Istoda Sorafenib
Toremifene (Fareston®), Tositumomab and 13 H-tositumomab (Bexxar®), Trastuzumab
{Herceptin®), Tretinoin {Vesanoid®), Vandetanib {Caprelsa®), Vemuratenib
{(Zelboraf®), Vorinostat (Zolinza®), and Ziv-aflibercept (Zalrap®), Examples of further
chemotherapeutic agents include Examples of such chemotherapeutic agents inclade, but
are not imited to, alkylating agents such as thiotepa and cyclosphosphamide; alkyl
sulfonates such as busullan, mprosulfan and piposuelfan; aziridines such as benzodopa,
carboquone, meturedopa, and uredopa; ethylenimines and methylamelanunes wncluding
aftretanung, tricthylenemelamine, triethyienephosphoramide,
tricthiylencthiophosphoramide and trimethylolomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin {including the synthetic analogue
topotecan}; bryostating callystating CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogues): cryptophycins {particularly cryptophycin § and
eryptophyein 8); dolastating duocarmyein {ncluding the svothetic mnalogues, KW-218%
and CB1-TM1}); eleutherobin; pancratistating a sarcodictying spongistativ; nifrogen
mustards such as chlorambucil, chlomaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechiorcthamine oxide hydrochloride, melphalan,
novembichin, phenesterine, preduimustine, trofostamide, uracit mustard; nitrosureas such

as carmustineg, chlorozotocin, fotemustine, fomustine, nimustine, and ranimustine;

LA
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antibiotics such as the enediyne antibiotics {e.g., calicheamicin, especially calicheamicin
ganumall and calicheamicin omegatl; dynemicin, including dynemicin A;
bisphosphonates, such as clodronate; an esperamicin: as well as Reocarzinostatin
chromophore and related chromoprotein enedivne antibiotic chromophores,
aclacinomysins, actinomyein, authrarnvein, azasering, bleomyeing, cactinomyuin,
carabicin, caminomycin, carzinophilin, chromonyycins, dactinomyein, daunorubicisn,
detorubicin, 8-diazo-3-oxo-L-norleucine, doxorsbicin Gacluding morphotino-
doxorubicin, cyanmmorpholino~-doxonubicin, 2-pyrrolino~-doxombicin and
deoxydoxorubicin), epirabicin, esorubicin, idarubicin, marcellomyein, mitomycins such
as mitomyein C, mycophenolic acid, nogalamycin, olivomycins, peplomyein,
porfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,

tuberciding ubenimex, zinostatin, zorubicing anti-metabolites such as methotrexate and 5-

frisnetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimicine analogs such as ancitabine, azacitidine, 6-azauniding, carmofor,

cvtarabine, dideoxyuridine, doxifluridine, enocitabine, tloxuriding; androgens such a

oy

calusterone, dromostanelone propionate, epitiostanol, mepitiostane, testolactone; anti-
adrenads sach as aminoghutethimide, mitotane, trilostane; folic acid replenisher such as
folinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; entharacil;
amsactine; bestrabucil; bisantrene; edatraxate; defotamine; demecoleing; diaziquone;
eiformithine; olliptinhum acetate; an epothilone; etoglucid; gallium nitrate; hyvdroxyurea;
lentinan; lonidainine; maylansinoids such as maytansine and ansamiiocing; mitoguazone;
mitoxantrong; mopidanmad; nitracring; petostating phenamet; pirarubicing losoxantrone;
podophytlinic acid; 2-cthyHyvdrazide; procarbazige; PSK polysaccharide complex);
razoxane, thizoxing sizofuran; spirogermanium; tenuazonic acid; triaviquone; 2,2,2%
trichlorotriethylamine; trichothecenes (especially T-2 toxin, vermeurin A, roridin A and
anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside CAra-C); cyclophosphamide; thiotopa; taxoids,
e.g., pachitaxel and doxetaxel; chlorambocil; gemcitabine; 6-thiognanine; mercapiopuring;
methotrexate; platinum coordination complexes such as cisplatin, oxaliplatin and
carboplatin; vinblastine; platinum; etoposide {VP-16); ifosfamide; mitoxantrone,
vincristine; vinorelbine; novantrone; leniposide; edatrexate; daanomyein; aminoptering

xeloda; thandronate; irinotecan (e.g., CPT-11) topoisomerase inhibitor RFS 2000;
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difluoromethylomithine (DMFO); retinoids such as retinoic acid; capecitabine; and
pharmaceutically acceptable salts, acids or derivatives of any of the above.

jo145] In some crabodisments, the subject is also admingstered an additional
imnumotherapeutic agent. Imnwmotherapy refers to a treatment that uses a subject’s
Immune system o treat cancer, ¢.g., cancer vaceines, cymk'ine.\:a, use of {:ancer-speciﬁt
antibodics, T cell therapy, and dendritic cell therapy.

[0146] In some embodiments, the subject is also administered an tmmane
modulatory protein. Examples of inumune modulatory proteins inclade, but are not
limited to, B fymphocyte chemonttractant ("BLC™), C-C motif chemokine 11 (“Eotaxin-
1™, Bosinophil chemotactic protein 2 (“Eotaxin-2"), Granulocyte colony-stimulating
factor ("G-CBF™), Granutocvte macrophage colony-stimulating factor ("GM-CSF7), 1~
309, Intercellular Adhesion Molecute | ("ICAM-17), Inferferon gamma ('IFN-~gamma™),
interfukin-1 atpha ("IL-1 alpha™), Interieukin-1 beta {"IL-1 beta™), Interleukin ! recepior
antagosnist {TL-1 ra”), Interleukin-2 (CIL-27), Interdeukin-4 “TL-47), Interteukin-3 (1L~
3"y, Interfenkin-6 (“IL-67), Interleukm~6 soluble receptor (“IL-6 sR™), Interleukin-7 (“11.
773, Interfenkin-8 (IL-87), Interleukin- 10 ("IL-10™), Interleukin- 11 (*IL-11"), Subunit
beta of Tnterleukin-12 (IL-12 pdQ™ or “1L-12 p707), Interdeukin-13 (“1L-13™),
interfeakin-15 (“1L-13"), Interfeukin-16 ("IL-167), Interleskin-17 {“IL-177), Chemokine

k3

(C-C motif) Ligand 2 O"MOP-1), Macrophage colony-stimulating factor (“M-CS8F”},
Monokine induced by gamma interferon ("MIG™), Chemokine (C-C motif) figand 2
{"MIP-§ alpha™), Chemokine (C-C motif) ligand 4 ("MIP-1 beta”™), Macrophase
inflanunatory protein-1-delta ("MIP-1 delta™), Platelet-derived growth factor subunit B
(“PDGF-BB™), Chemokine {C-C motif) ligand 5, Regulated on Activation, Normal T cell
Expressed and Secreted {"RANTES™), TIMP metallopeptidase inhibitor 1 (“TIMP-17),
TIMP metallopeptidase iphibitor 2 (TIMP-2), Tumor necrosis factor, lymphotoxin-
aipha (“INF alpha™), Tumor necrosis factor, lvmphotoxin-bete ("TNF beta™), Soluble
TNF receptor type 1 CSENFRIET), sTNFREAR, Brain-derived neurotrophic factor
{“BDNF"), Basic fibroblast growth factor (bFGE™), Bone morphogenetic protein 4
{"BMP-4"}, Bone morphogenetic protein 5 ("BMP-5™), Bone morphogenetic protein 7
{*BMP-77), Nerve growth factor {b-NGF™}, Epidermal growth factor “"EGE™),
Epidermal growth factor receptor ("EGFR™), Endoorine-gland-derived vascular
endothelial growth factor (CEG-VEGE™), Fibroblast growth factor 4 ("FGF-4"),

Keratinocyte growth factor ('FGE-77), Growth differemtiation factor 15 ("GDFE-157),

LA
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Glial cell-derived newrotrophic factor (*GDNF"), Growth Hormone, Heparin-binding
EGF-like growth factor ("HB-EGF™), Hepatocyte growth factor ("HGE™), Insulin-hke
growth factor binding protein [ (IGFBP-17), Insulin-like growth factor binding protein 2
CIGFBP-27Y, Insulin-like growth factor binding protein 3 (" IGFBP-3™), Insulin-like
growth factor binding protein 4 (“IGEBP-4), Insulin-like growth factor binding protein 6
{("IGFBP-67), Insulin-like growth factor 1 (“IGF-17), Insulia, Macrophage colony-
stimautating factor ("M-CSF R™), Nerve growth factor receptor ("™NGF R™), Newrotrophin-
3 {NT-37), Newrotroplan-d ("NT-47), Osteoclastogenesis whibitory factor
{“Osteoprotegerin’}, Platelet-derived growth factor receptors ("PDGF-AA™Y,
Phosphatidylinositol-glycan biosyathesis (PIGE™), Skp, Cullin, F-box containing
complex ("SCF?), Stem cell factor receptor (“SCF R™), Transforming growth factor alpha
(“TGFalpha™), Transforming growth factor beta-{ (“TGF heta 17}, Transfornung growth
factor beta-3 "TGF beta 37), Vascular endothelial growth factor ("VEGEF”), Vascular
endothelial growih factor receptor 2 ("VEGFR2™, Vascular endothelial growth factor
receptor 3 (“VEGFRY™), VEGF-D 6Ckine, Tyrosine-protein kinase receptor UFO
(“AxI™), Betacellulin (“BTC™), Mucosag-associated epithelial chemokine (*CCL28™),
Chemokine (C-C metif) ligand 27 (“CTACK™), Chemekine (C-X-C motif) ligand 16
(CCXCLIE™), C-X-C motif chemokine 5 CENA-TEY), Chemokine (C-C motif) ligand 26
(Eotaxin-3"), Grantdoeyte chemotactic protein 2 (*GCP-27Y, GRO, Chemokine (C-C
motif} ligand 14 ("HCC-1M), Chemokine (C-C motif) ligand 16 {"HCC-A7), interieukin-9
{“TL~-97Y, Interfoukin-17 F CHL-17F7), Inferleukin-1 8-binding protein (“IL-18 BPa™,
Interfeukin-28 A (“1L.-28A7), Interloukin 29 (“1L-297), Interlevnkin 31 ("IL-31), C-X-C
motif chemokine 10 (“1P-107), Chemokine receptor CXCR3 (“I-TAC™), Leukemia
inhibitory factor (“LIF™), Light, Chenokine {C motif) ligand (“Lynwphotactin™),
Monocvie chemoatiractant protein 2 (CMCP-2™), Monocyte chemoatiractant protein 3
{"MOCP-3"), Monocyte chemoattractant protein 4 (“MCP-47), Macrophage-derived
chemokine (*MDC™), Macrophage migration inhibitory factor (“"MIF™), Chemokine {C-C
mottf) tigand 20 MIP-3 alpha™), C-C motif chemokine 19 MIP-3 beta™), Chemokine
{C-C motif) Higand 23 ("MPIF-17), Macrophage stinmlating protein alpha chain
{"MSPalpha™), Nucleosonie assembly protein {-like 4 (NAP-2%), Secreted
phosphoprotein 1 {¥Osteopontin™), Pulmonary and activation-regulated cytokine
("PARC™), Platelet factor 4 (“PF4™), Stroma cell-derived factor~ | alpha ("SDF-1 alpha™),

Chemokine (C-C motif) ligand 17 ("TARC™), Thymus-expressed chemokine (“TECK™),
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Thymic stromal tymphopoistin (“TSLP 4- IBB™), CD 166 antigen {“ALCAM™), Cluster
of Differentiation 80 (“B7-17), Tumor necrosis factor receptor superfamily member 17
("BUMA™), Clhster of Differentiation 14 (CUD 147, Cluster of Differentiation 30
COD30T), Cluster of Differentiation 40 ("CDH0 Ligand”), Carcinoembryonic antigen~
refated cell adhesion molecule 1 (hiliary glycoprotein} (“CEACAM-17), Death Reveptor
& ("DRA™), Deoxythymidine kinase (D), Type 1 membrane glycoprotein
{“Endoglin™), Receptor tyrosipe-protein kinase erbi3-3 (“ExbB3™), Endothelial-teukocyie
adhesion molecale 1 “E-Selectin®), Apoptosis antigen 1 (“Fas™), Fros-like tyrosine
kinase 3 (“FI-3L7), Tumor necrosis factor receptor superfumily menber 1 (*GITR™),
Tumor necrosis factor receptor superfamily member 14 CHVEM®), Intercellutar adhesion
moleculs 3 ("FCAM-37), 1L-1 R4, HL-T RY IE-10 Rbeta, 1L-17R, IL-2Rgamma, 1L-21R,
Lysosome membrane protein 2 (“LIMPI™, Neotrophil gelatinase-associated lipocalin
{"Lipocalin-2"), CDO2L (“L-Selectin™), Lymphatic endothelium {("LYVE-1"), MHC class
i polypeptide-related seguence A CMICA™), MHC class I polypeptide-related sequence B
{("MICB"™), NRGi-betal, Beta-type platelet-derived growth factor receptor (“PDRGF
Rbeta™, Platelet endothelial cell adhesion molecule ("PECAM-17}, RAGE, Hepatitis A
virus celhutar receptor 1 {"TIM-17), Tumor siecrosis factor receptor superfamily member
OC ("TRAIL R3™), Trappin protein tramsglutaninase binding domain ("Trappin-27),
Urokmase receptor ("uPAR™), Vascular cell adbeston protein | ("VCAM-1™), XEDAR,
Activin A, Agouti-refated protein (CAgRP™), Ribonuclease 3 ("Angiogenin™,
Angtopoictin |, Angiostatin, Cathepsin S, CDA0, Cryptic family protein 1B (“Cripto-17),
DAN, Dickkopfaelated protein 1 (“DKK -1}, E-Cadherin, Epithelial cell adhesion
molecule (“EpCAM™), Fas Ligand (Fask or CDOSL), Fog RIIB/C, FoUistatin, Galectin-7,
Intercellutar adhesion molecule 2 (MICAM-27), TL-13 RE {L-13R2, IL-17B, IL-2 Ra, 1L-2
Rb, 1L-23, LAP, Neuronal cell adhesion molecule ("NeCAM™), Plasminogen activator
inhibitor- 1 (“PAL1™), Platelet derived growth factor receptors CPDGE-AB™), Resistin,
stromal cell-detived factor 1 (“SDF-1 beta™), sgpl30, Secreted frizzled-related protein 2
{"ShhN™), Sialic acid-binding imnumoglobulintype lectins ("Siglec-537), ST2,
Transforming growth factor-beta 2 (“TGF beta 27, Tie-2, Thrombopoietin (“TPO™),
Tumor necrosis factor receptor superfumily member 100 ("TRATL R4™), Triggering
recepior expressed on myeloid cells 1 ("TREM-17), Vascular endothelial growth factor ©
CVEGF-CT), VEGERL, Adiponectin, Adipsin {"AND”), Alpha-fetoprotein (CAFP™),

Angiopoietin-like 4 (“ANGPTL4™), Beta-2-microglobulin (“B2M™), Basal cell adhesion
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molecule ("BCAM™), Carbohydrate antigen 125 (*CA125"), Cancer Antigen 15-3
("CALS5-3"), Carcinoembryonic antigen ("CEA™), cAMP receptor protein (“CRP™),
Human Epidermat Growth Factor Receptor 2 (“"ErbB2™), Follistatin, Follicle-stimulating
hormone (“FSH™), Chemokine (C-X-C motif) gand 1 CGRO alpha™), humay chorionic
gonadotropin {“beta HCG™), Insulin-like growth factor | receptor ("1GF-1 sR™), 1L-1
sRIL, TE-3, IL-18 Rb, TL-21, Leptin, Matrix metalloproteinase-1 {"MMP-17), Matrix
metaltoproteinase-2 ("MMP-27), Matrix metalloproteinase-3 ("MMP-37), Matrix
metattoproteinase-8 (“MMP-8"), Matrix metalloproteinase-2 ("MMP-9™), Matrix
metattoproteinase-10 (*MMP-107), Matrix metalloproteinase- 13 (“MMP-13"), Neural
Cell Adhesion Melecule ("NCAM-1™), Entactin {“Nidogen-17), Neuren specific enolase
{("NSE"), Oncostatin M ("OSM”), Procalcitonin, Prolactin, Prostate specific antigen
("PSA™)Y, Sialic acid-binding lg-like lectin 9 (“Siglec-9"), ADAM 17 endopeptidase
{"TACE"}, Thyroglobulin, Metalioproteinase inhibitor 4 ("TIMP-4"}, TSH2B4,
Disintegrin and metalloproteinase domain-containing protein 9 (CFADAM-9™,
Angtopoietin 2, Tumer necrosis factor hgand superfamily member 13/ Acidic feucine-
rich nuclear phosphoprotein 32 family member B (“APRIL™), Bone morphogenetic
protein 2 {BMP-27), Bone merphogenetic protein 9 (“BMP-97), Complement
component Sa ("C3a"), Cathepsin L, CD200, CDY7, Chemerin, Tumor necrosis factor
receptor superfamily member 6B ("DeR3™), Fatty acid-binding protein 2 ("FARP2™},
Fibroblast activation protein, alpha {"FAP™), Fibroblast growth factor 19 ("FGF-197),
Galectin-3, Hepatooyte growth tactor receptor {“HGEF R7), IFN-alphatbeta R2, Insulin-
like growth factor 2 {“IGF-2"), Insudin-like growth factor 2 receptor (“IGF-2 R™),
Interfeukin-1 roceptor 6 (“IL-1R6™), Interleakin 24 ("1L-247), Imterlevkin 33 (“1L-337,
Kallikrein 14, Asparaginyl endopeptidase {“Legumain™), Oxidized low-density
lipoprotein receptor I ("LOX-1), Mannose-binding lectin ("MBL”), Neprilvsin ("NEPY),
Notch homolog 1, translocation-associated (Drosophila) (“Notch-17), Nephroblastoma
overexpressed (CNOV™Y, Osteoactivin, Programmed cell death protein 1 ¢PD-17), N-
acotylmuramoyi-L-alanine anidase ("PGRP-537), Sempin A4, Secreted frizzled related
protein 3 (sFRP-37), Thrombomodulin, Toll-like receptor 2 ("TLR2™), Tumor necrosis
factor receptor superfamily member 10A (“TRAIL RI™), Transterrin (“TREF™), WIF-
JACE-2, Albumin, AMICA, Angiopoictin 4, B-cell activating factor ("BAFF™,
Carbohydrate antigen 19-9 {“CA19-87), CD 163, Clusterin, CRT AM, Chemokine (C-X-
C motif) Higand 14 (C"CXCLI4™), Cystatin €, Decorin (“DON™), Dickkopf-related protein
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3 ("Dkk-37), Delta-like protein 1 ("DLLIT), Fetuin A, Heparin-binding growth factor 1
("aFGF"), Folate receptor alpha ("FOLRI™), Furin, GPCR-associated sorting protein |
(MGASP-17), GPCR-associated sorting protein 2 (FGASP-27), Granulocyte colony-
stimulating factor receptor (“GUSF R}, Serine protease hepsin ("HAL2™Y, Interleckin-
178 Receptor (MIL-17B R, Interleukin 27 (“IL-277), Lymphocyte-nctivation gene 3
{"LAG-3™), Apolipoprotein A-V ("LDL R™), Pepsinogen 1, Retinol binding protein 4
{(“RBP4™), SOST, Heparan sulfate proteoglycan (“Syndecan-17), Twmor necrosis factor
recepior superfamily member 13B ("TACI, Tissue factor pathway inhibitor ("TFPI™),
TSP-1, Tumor necrosis factor receptor superfamily, member 10b ("TRAIL R2™),
TRANCE, Troponin I, Urokinase Plasminogen Activater (“uPA™), Cadherin 5, type 2 or
VE-cadherin (vascular endothelial) also known as CD144 ("VE-Cadherin™), WNTI-
imducible-signaling pathway protein 1 (“"WISP-1™), and Receptor Activator of Nuclear
Factor k B ("RANK™).

[0147] The disclosed CARs and hnune cells expressing CARs can be used in
combination with an tmouane checkpoint nbubitor. Tovmune Checkpoint ishibition
broadly refers to inhibiting the checkpoints that cancer cells can produce to prevent or
downregulate an inunune response. Twoe known insnune checkpoint pathways involve
signaling through the eytotoxic T-lymphocyte antigen-4 {CTLA-4) and progranumed-
death 1 (PD-1) receptors. These profeins are members of the CD28-B7 famuly of co-
signaling molecules that play important roles throughout all stages of T cel function. The
PD-1 receptor (also known as CD279) is expressed on the surface of activated T cells. Its
ligands, PD-L1 (B7-Hi; CD274) and P12 (B7-DC; CD2T73), are exprossed on the
surface of APCs such ag dendritic cells or macrophages. PD-L1 is the predominant
ligand, while PD-L2 has a much more restricted expression pattern. When the ligands
bind to PD-1, an inhubitory signal s transmitied into the T cell, which reduces evlokine
production and suppresses T cell proliferation. Checkpoint inhibitors inchude, but are not
linsited to aptamers and antibodies that block PD-1 (Nivolumab (BMS-936358 or
MBPX1106), CT-011, MK-3473, AMP-514), PD-L1 (MDX-1105 (BMS-936339),
MPDL3280A, MSBOO107I8C), PD-L2 PHIgMI12B7, AMP-224), CTLA-4 (Ipilanumab
(MDX-010), Tremelimumab (CP-675,206)), IDO, B7-H3 (MGA271), B7-H4, TIM3,
LAG-3 {BMS-986016). The immune checkpoint inhibitor may be cemiplinab
{(REGNIB10), nivohamab (BMS-936538, MDX- 1136, ONO-4538), pembrolinumab (MK-
3475, SCH 900473), atezolizaniab (MPDL3ZROA, RG7446, ROS541267), durvalumab
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{(MEDI4736, MEDI-4736), avelumab (MSBOO10718C), ipthinnumab (BMS-734016,

IBI3 10, MDX-010), SHR 1210, sintilimah (IBI308), spartalizumah (PDRO01),
tislelizmuamab {(BGB-A317), pidilizumab, BCD-100, toripalimab (15001 ), BAY 1903254,
ASP 8374, PF-06R01591, AMP-224, AB122, AK 105, AMG 404, BCD-100, BI 754001,
F320, HLUX10, HX008, JTX-3014, LZMO09, MEDIOGR0, MGAQ12, SymO21, TSR-042,
PSB2035, MGDO019, MGDO13, AK104, XmADbZOT17, ROT121661, CX-188,
INCBO86530, FS118, BUD-135, BGB-A333, UBT-502, CK-301, CS1001, FAZO33,
HEX20, KNO3S, MDX-1105, MSB2311, SHR~1316, TG-1501, ZKABOOL, INBRX-1035,
MCLA-145, KNO46, M7824, LY 3415244, INCBO86330, CA-170, CX-072, ADU-1604,
AGENT18T, AGENTRE4, MK-1308, REGN4639, XmAb22841, ATOR-1015, PSB2035,
MGG, AKT04, XmAb2O717, BMS-986249, tremelimumab, BMS-986238, BGR-
A425, INCAGNO2390, Sym023, INJ 61610588, BI 754111, LAGSZS, MK-4280,
REGN3767, SymQ22, TSR-033, relatlimab, FTX-2011, MGDO09, BMS-986207, OMP-
313M32, MK-T684 or TSR-022.

[O148] Human monocional antibodies to programmed death 1 {PD-1) and
methods for treating cancer using amti-PD-1 antibodies alone or in combination with other
immunotherapeutics are described in U.S, Patent No. 8,008 449, which is incorporated by
reference for these antibodivs, Apti-PD-L1 antibodies and uses therefor ave deseribed in
U.8. Patent No. 8,352,154, which is wcorporated by reference for these antibodies.
Anticancer agent comprising anti-PD-1 antibody or anti-PD-L1 antibody are described in
11.S. Patent No. 8,617,546, which is incorporated by reference for these antibodies,
[0149] T some embodiments, the PD-L.1 inhibitor comprises an antibody that
specifically binds PDLI, such as BMS-936559 (Bristol-Myers Squibb) or MPDL3280A
{Rache). In some embodiments, the PD-1 inhibitor comprises an antibody that
specifically binds PD-1, such as lambrolizumab (Merck), nivolumab (Bristol-Myers
Squibb), or MEDI4736 (AstraZeneca}. Human monoclonal antibodies to PD-1 and
methods for treating cancer using anti-PD-1 antibodies alone or in combination with other
munotherapeutics ave deseribed i ULS. Patent No. 8,008,449, which is incorporated by
reference for these antibodies. Anti-PD-L1 antibodies and uses therefor ave deseribed in
LIS, Patent No. 8,552,134, which is incorporated by reference for these antibodies,
Anticancer agent comprising anti-PD-1 antibody or anti-FD-L1 antibody are deseribed in

U.S. Patent No. 8,617,346, which is incorporated by reference for these antibodies.
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[O156] Generating optinmal “killer” CDR T cell responses also requires T cell
receptor activation pluas co-stimulation, which can be provided through ligation of tumor
necrosis factor receptor family members, inchuding OX40 (CD134) and 4-188 (CDHM37).
OX40 18 of particular inferest as treatment with an activating (agonist) angi-OX40 mab
augnments T cell differentiation and cytolytic function leading to enhanced anti-tumor
immunity against a variety of twors.

[0151) In some embodiments, such an additional therapeutic agent may be
selected from an antimetabolife, such as methotrexate, 6-mercaptopurine, é-{hioguamine,
cytarabine, fludarabine, S-fluorouracil, decarbazine, hydroxvuren, asparaginase,
gemcitabine or cladribine,

j0152] In some erabodiments, such an additional therapeutic agent may be

selected from an alkylating agent, such as mechlorethaming, thioepa, chiorambucil,

meiphalan, carmustine {BSNU), lomusting {CONU), cyclophosphamide, busulfan,
dibromomannitol, streptozotocin, dacarbazine (DTIC), procarbazine, mitomycein C,
cisplatin and other platinum derivatives, such as carboplatin,

H183] In some embodiments, such an additional therapeutic agent may be
selected from an anti-mitotic agent, such as taxancs, for instance docetaxel, and
pachitaxel, and vinca alkeloids, for instance vindesine, vincristing, vinblastineg, and
vinorelbine.

f0154] In some embodiments, such an additional therapeutic agent may be
solected froan a topoisomerase mhibitor, such as topotecan or winotecan, of a oyvtostatic
drug, such as stoposide and tewiposide.

[O155] In some embodiments, such an additional therapeutic agent may be
selected from a growth factor inhibitor, suck as an inhibitor of ErbBl (EGFR) {such as an
EGFR antibody, e.g. zalutumumab, cetuximab, panitumumab or nimoterasnab or other
EGFR inhibitors, such as getitinib or erlotinib), another inhibitor of ExbB2 (HER2/neu)
{such as a HER2 antibody, e g. trastuzumab, trastuzumab-DM } or pertuzumab) or an
inhibitor of both EGFR and HERZ, such as lapatinib).

j0156] Iy some embodiments, such an additional therapautic agent may he
selected from a tyrosing kinase inhibitor, such as imatinib (Glivee, Gleevee STIS7D or
lapatinib.

[9157] Therefore, in some embodiments, a disclosed antibody iy used in

combination with ofatumumab, zapolimumab, daratumumab, ranibizumab, nimotuzamab,
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panitumumab, hu806, daclizumab (Zenapax), basiiximab (Simalect), infliximab

{Remicade), adalimumab (Humira), natalizumab (Tysabe), omalizamab (Xolair),

cfalizaab (Raptiva), andfor rituximab,
0158} In some embodiments, & therapeutic agent for use in combination with

CARs (e.g., the CARs disclosed herein and immune cells expressing such CARs) for
treating the disorders as described above may be an anti-cancer cytokine, chemokine, or
combination thereof. Examples of suitable cytokines and growth factors include IFNy,
-2, 14, 16, -7, 1000, TL-12 YE-13, 1L~ 15, I-18, .23, 1024, 1027, 1L-284, 1L~
28b, 1L-29, KGF, IFNa (e.g., INFa2b), IFN | GM-CSF, CD40L, Fii3 ligand, stem cell
factor, ancesting, and TNFa. Suitable chewokines may inchude Glu-Leu-Arg (ELR)-
negative chemokines such as [P-10, MOP-3, MIG, and SDF-la from the human CXC and
C-C chemekine families. Suitable cytokines inchade evtokine derivatives, cytoking
variants, cytokine fragments, and cytokine fusion proteins,

j0159] fn some embodiments, a therapeutic agent for use in combination with a
CARs for treating the disorders as described above may be a cell ovele controliapoptosis

s,

regulator (or ““regulating agent™). A cell cycle control/apoptosis regulator may mclade
melecules that target and modulate celf cycle controlfapoptosis regulators such as (i) ede-
23 {such as NSC 663284}, (11) cvelin-dependent kinases that overstimulate the cell cvele
(such as flavopindol (LRG82TS, HMR1275), 7-hvdroxystaurosporive (LION-01, KW-
2401}, and roscoviting {R-roscovitine, CYC202)), and {11i) telomerase modulators {such
as BIBRI532, SOT-003, GRNI63 and compositions described in tor instance US
6,440,735 and US 6,713,055). Non-limiting examples of molecules that inferfere with
apoptotic pathways include TNF-related apoptosis-inducing ligand (TRAIL Yapoptosis-2
ligand {Apo-2L), antibodics that activate TRAIL receptors, 1FNs, and anti-sense Bel-2.
foioty In some cmbodiments, & thorapeutic agent for use i combination with
CARs (e.g., the CARs disclosed herein and immune cells expressing such CARs) for
treating the disorders as described above may be a hormonal regulating agent, such as
agents useful for anti-androgen and anti-estrogen therapy. Examples of sach hormonal
regulating agents are tamoxifen, idoxifene, fulvestrant, droloxifene, toremifene,
rafoxitene, dicthyistilbestrol, ethinyl estradinl/estiny], an antiandrogene (such as
flutaninde/eulexin, a progestin (such as such as hydroxyprogesterone caproate,
medroxyprogesteronadprovera, megestrol acepate/megace), an adrenocarticosteroid (such

as hydrocortisone, prednisone), luteinizing hormone-releasing hormone (and analogs
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thereof and other LHRH agonists such as buserelin and goserclin}, an arowatase inhibitor
{such as anastrazole/arinudes, aminoghutethimide/cytraden, exemestane) or 8 hormone
inhibitor {such as octreotide/sandostating.

{0161} Combined admiristration, as described above, may be stmulianeous,
separate, or sequential. For simultancous administration the agents may be administered

as ONE COMPOSItion or as separate compositions, as appropriate.

Exemplification

Example 1: SK-MEL-37 tumory and chimeric antigen recepiory containing an anti-
HILA-AZMAGEAS 295.2905 s0F v,

Generation of CARs:

j0162] Chineric antigen receptors containing cither ag anti-HLA-

AZMAGEAD 25004 5cFy in the Vi-Vy orlentation plus either 1) a huCDS
hingeftransmenmbrane domain, a 4-1BB co-stimulatory domain, and 8 CD3z signaling
domain (BB/z CAR), or 2) huCD28 hingetransmembrane/costinulatory domains and a
D3z signaling domain (282 CAR) were constructed using the Vi and Vi sequences of
an anti-HLA~A2MAGEAdrse9s antibody, 31345 As a non-binding control, a BBz CAR
was designed using a different scFyv plus a huCDS hinge/transmembrane domain, a 4-1BB
co-stinuiatory domain, and a UD3z signaling domain. These CARs were cloned into a
pLV X lentiviral vector with an EF la promoter and IRES:2GFP sequence {for tracking
CAR-transduced cells), and V8 V-pseudotyped lentivirus was produced. See Figure 1,
Part B for construct schematics,

f0163] CD3+ T cells were isolated from human peripheral blood mononuclear
cells (PBMCs) from two normal dovors ("Donor 17 and “Dovnor 27), stinndated with
CB3/CD28 microbeads plus 100 Uimi recombinant human 1L-2, and transduced with the
lentivirus at an MOE=S, The transduced cells were expanded for 19 days with CD3/CD28
microbeads plus 1) Uiml recombinant human 1L-2 bafore being cryvopreserved until use

during the in vive experiment..

Implantation and measurement of xexnagesic Wmors
foi64] To determine the ## vive efficacy of HLA-AZMAGEA 4w mos-targeted
chimeric antigen receptor (CAR} T cells, g xenogenic tumor stady was performed. On

day 0, imnuynodeficient NOD .Cg-Pridessf2rp ™ WSz (NSG) mice were
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subcutaneously injected with 5510% HLA-A2 "MAGEA4" SK-MFEL-37 human melanoma
tumor cells. Using mass spectrometry techniques have been used to determined that SK-
MEL-37 melanorna cells express approximately 1,326 cell-surface copies of the
MAGEAd2se 204 peptide. On day 7 afier tumons were established, the mice (n=3 per
group) were intravenously injected with 4x10° T cells that express either the non-binding
contrel BB/z CAR (Centrol CAR T), the anti-HLA-A2MAGEAdz2z6.204 BBz CAR, or the
anti-HLA-AZMAGEAdoseus 2872 CAR (ay determined by the frequency of cells
expressing GFP, which is a marker for those cells that have been transduced with CAR}
fromt two different donors. Twmor growth was assessed through day 64 by measuring

fumor volumes.

Caleulation of xenogenic tumor growth and imhibition

[0165] {n order to determine tumor volume by external caliper, the greatest
longitudinal diameter (length i o) and the greatest ransverse diameter (width in mm)

were determined. Tomor volumes based on caliper measurements were caleulsted by the
formula: Volume (mm®) = (length x width™)/2,

j0166] Collectively, the results demonstrate that MAGEAdewsau 282 CART

cells from two donors demonstrate superior i1 vive anti-tumor activity and anti-fumor

kinetics compared to MAGEAduwwe w4 BBz CAR T cells.

Table & Description of CARs:

AbPID AbPID | Specificity Description

o VH orientation with huCDR
Nou-bindmg

control

domain (Control CAR)

Anti-HLA-AZHPVIOE 0 scFv 1736310 VL-

F7363 17363 hinge/transmembrane domain, a 4-1BB co-

stirnulatory domain, and a CD3z signaling

144
—
104
Ja
i
LS
—
1
£
4

(D32 signaling dowmain (BB/2z CAR)

Ant-MAGEA4dzze.208 scFv 31345 in VL-VH
HEA-~ orfeptation with wCDS hingefransmembrans

AZMAGEA$ws 204 | domain, a 4-1BB co-stimulatory domain, and a
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Amti-MAGEADss20 scFv 31343 in VL-VH
HEA- orjentation with huChD28

31343 31345 ) ) .
AZMAGEAdwezes | hingeransmembrane/costimulatory domains

and a CD3z signaling domain (282 CAR)

Experimentgl Procedure: Results summary and conclusions:

[oi67) Donor 1 SK-MEL-37 tumors grew progressively in mice receiving either
Control CAR T cells or MAGFE A4 25004 BB/2 CAR T cells. By contrast, MAGEAdzgs 204
28z suppressed the growth of established SK-MEL-37 tumors in vive. Enhanced efficacy
of MAGEAS s 282 CAR vs, MAGEAdwe 94 BBz CAR is confirmied, as fumor sizes

G-

on days 31, 33, 40, 47, 53, and 62 are statistically significant, with p<0.0001 by 2-way
ANOVA {est, See Figure 2, Part AL

jO168] Donor 2: SK-MEL-37 tumors grew progressively in mice receiving
Control CAR T colls. Treatmont with MAGEAdaseas BBz CAR T cells demonstrated
efficacy and delayed tumor growth by approximately one week. However, MAGE A4
a9q 282 CAR T cells strongly suppressed SK-MEL-37 tumar growth, bringing tumors to
undetectable (unpalpable) levels in 5 of § mice by day 20. These tumors remained
undetectable through days 62-69, upont which time tumors recurred. Enhanced anti-twnor
activity of MAGEA#ass 200 282 CAR vs. MAGE Aduve s BBz CAR is confirmed, as
tummor sizes on days 35 are statistically significant {p=0.0037}) and tumor sizes on davs 40,
47, 35, and 62 are statistically significant, with p<0.0001 by 2oway ANOVA test. See

Figure 2, Part B.

Table 9: Data Sumumary:

CART Average Tumeor Size | Number of mice
Treatment (o'} T SEM on Day | still alive {of §) on
6 day 6

Donor 1: Control CAR T 80.64:4.2 3
Donor 1: MAGEA4 226208 BBA2 CART 109.4:14.6 5
Donor I: MAGEA4assa 282 CAR T 1153570 5
Donor 2: Control CAR T 9262124 8
Donor 2: MAGEA4xezw BBA2ZCART 115.44:16.7 5
Donor 2: MAGEAd s 282 CART 1128433 5
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CART Average Tumor Size | Number of mice
Treatment (mm’y + SEM on Day | still alive (of Sy en
11 day 11
Donor 1: Control CART 04,0594 5
Donor 1 MAGEAd w2 BB CART 13352211 5
Donor I: MAGEAdass20e 282 CART 120.8522.0 N
Donor 2: Control CAR T 87.7+10.6 5
Donor 2;: MAGEAdasaa BBZ CART 97.3x129 5
Donor 2: MAGEAdosg 20 282 CAR'T 1369233 ]
CART Average Tumor Size | Number of mice
Treatment (mm’y + SEM on Day | still alive (of Sy en
13 day 13
Donor 1: Control CART 142290 5
Donor 1 MAGEAd s BB CART 13372201 5
Donor I: MAGEAdass20e 282 CART 106.417.0 5
Donor 2: Control CAR'T 106.4:14.7 5
Donor 2: MAGEASssou BB2 CART 8351164 5
Donor 2: MAGEAd 6204 282 CAR T 727148 3
CART Average Tumor Size | Number of mice
Treatment (mm’) £ SEM on Day | still alive {(of S)on
18 day I8
Donor 1: Control CART 181.3::24.4 3
Donor @ MAGEAdsse BB2Z CART 17135293 5
Donor 1 MAGEAdoss00 282 CAR'T 63,708 ]
Donor 2: Control CAR'T 139.8x17.6 5
Donor 2: MAGEASss00 BB2 CART FOTH6.6 5
Donor 2: MAGEAdzse204 282 CAR T 14.1=6.5 3
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CART Average Tumor Size | Number of mice
Treatment {mw') = SEM on Day | still alive {(of 5) on
24 day 20

Donor 1: Control CAR T 202.7=16.5 3
Donor 1: MAGEAdae2e BBAZCART 164.5:33.0 5
Douor 1 MAGEAS25.004 282 CART T0.0:15.6 5
Donor 2: Control CAR'Y 174.3:33.7 3
Donor 2: MAGEAdaw.00 BB2ZCART 79.4=11.0 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of miee
Treatment {mm’) & SEM on Day | still alive {of 5) on
24 day 24

Donor 1: Control CAR T 325353 b
Donor 1: MAGEAdae2e BBAZCART 27234668 5
Donor 1 MAGEAS25.004 282 CART 329122 5
Donor 2: Control CAR'Y 2373377 3
Donor 2: MAGEAY w2 BB 2 CAR T 78.2=11.2 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mies
Treatment {mm’) & SEM on Day | still alive {of 5) on
27 day 27

Donor 1: Control CAR'T 396,544 7 S
Donor 1: MAGEA4ueaw BB CAR T 3280003 S
Donor I: MAGEAd2ss0m 282 CART 49.9:16.1 5
Daonor 2: Condrol CAR T 371.0454.8 3
Donor 2: MAGEAZassas BB2Z CART 1003139 5
Donor 2: MAGEAdusc00 282 CART 0.0:0.0 5
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CART Average Tumor Size | Number of mice
Treatment {mw') = SEM on Day | still alive {(of 5) on
3 day 31

Donor 1: Control CAR T 6335.0=73.7 3
Donor 1: MAGEAdae2e BBAZCART 1041164 5
Douor 1 MAGEAS25.004 82 CAR T 305118 5
Donor 2: Control CAR'Y 51265542 3
Donor 2: MAGEAdaw.00 BB2ZCART 158.4017.2 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of miee
Treatment {mm’) & SEM on Day | still alive {of 5) on
as day 35

Donor 1: Control CAR T 79681327 b
Donor 1: MAGEAdae2e BBAZCART B3 151667 5
Donor 1 MAGEAS25.004 282 CART 5262108 5
Donor 2: Control CAR'Y 72412837 3
Donor 2: MAGEAY w2 BB 2 CAR T 32543611 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment {mm?®) £ SEM on Day | still alive (of 5) on
40 day 46

Donor 1: Control CAR T 986.3:136.1 5
Donor 1: MAGEA4ueaw BB CAR T 1067 81525 3
Donor I: MAGEAd2ss0m 282 CART 62,2282 5
Donor 2: Control CAR T T78.5:69.8 3
Donor 2: MAGEAdassaw BBZ CART 446,571 1 5
Donor 2: MAGEAdusc00 282 CART 0.0:0.0 5

08



WO 2021/226063

PCT/US2021/030625

CART Average Tumer Size | Number of mice
Treatment {mm') £ SEM on Day | still alive (of 5) on
47 day 47

Donor 1: Control CAR T 1414923112 5
Donor 1: MAGEAdae2e BBAZCART 1205241937 5
Douor 1 MAGEAS25.004 82 CAR T 8034423 5
Donor 2: Control CAR'Y 804.6:85.8 3
Donor 2: MAGEAdaw.00 BB2ZCART 406.7:57.6 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of miee
Treatment {mm’) & SEM on Day | still alive {of 5) on
58 day 55

Donor 1: Control CAR T Animals Buthantzed 0
Donor 1: MAGEAdaw 204 BB CART Amimals FEuthanized 0
Donor 1 MAGEAS25.004 282 CART 175.9476.5 5
Donor 2: Control CAR'Y Antmals Euthamized ¢
Donor 2: MAGEAY w2 BB 2 CAR T 82312838 3
Donor 2 MAGEAdase 204 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment {mm?®) £ SEM on Day | still alive (of 5) on
62 day 62

Donor 1: Control CAR T Animals Euthanized 0
Donor 1: MAGEAdxazw BB2CART Animals Euthanized it
Donor I: MAGEAd2ss0m 282 CART 298.0:110.8 5
Donor 2: Control CAR T Animads Eothanized ¢
Donor 2: MAGEAdassaw BBZ CART 104801243 5
Donor 2: MAGEAdusc00 282 CART 0.0=0.0 5
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CART Average Tumor Size | Number of mice
Treatment {mw') = SEM on Day | still alive {(of 5) on
69 day 69

Donor 1: Control CAR T Animals Euthanized ¢
Donor 1: MAGEAdae2e BBAZCART Amimals FEuthanized 0
Donor I: MAGEAdss0m 282 CART 33331668 5
Donor 2: Control CAR'Y Antmals Euthamized ¢
Donor 2: MAGEAd w2 BB 2 CAR T Animals Futhanized 0
Donor 2 MAGEAdase 204 282 CART 7.3+5.6 N

CART Average Tumor Size | Number of miee
Treatment {mm’) & SEM on Day | still alive {of 5) on
i day 77

Donor 1: Control CAR T Animals Buthantzed 0
Donor 1: MAGEAdaw 204 BB CART Amimals FEuthanized 0
Donor I MAGEAS25.004 282 CAR T 73961737 5
Donor 2: Control CAR'Y Antmals Euthamized ¢
Donor 2: MAGEA4 w2 BB2CAR T Animals Futhanized 0
Donor 20 MAGE A4y 282 CART 20.6:10.1 N

CART Average Tumor Size | Number of mies
Treatment {mm’) & SEM on Day | still alive {of 5) on
84 day 84

Donor 1: Control CAR T Animals Buthantzed 0
Donor 1: MAGEAdxazw BB2CART Animals Euthanized it
Donor I: MAGEAd2ss0m 282 CART Animals Euthantzed 0
Donor 2: Control CAR T Animats Futhanized ¢
Donor 2: MAGEAdassaw BBZ CART Animals Eythanized (3
Donor 2: MAGEAdusc00 282 CAR'T 73.0542.6 i
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CART Average Tumor Size | Number of mice
Treatment {mw') = SEM on Day | still alive {(of 5) on
118 day 118

Donor 1: Control CAR T Animals Euthanized ¢
Donor 1: MAGEAdae2e BBAZCART Amimals FEuthanized 0
Donor I: MAGEAd s 282 CART Antmals Euthanized 0
Donor 2: Control CAR'Y Antmals Euthamized ¢
Donor 2: MAGEAd w2 BB 2 CAR T Animals Futhanized 0
Donor 2 MAGEAdase 204 282 CART 42822911 i

Example 2: A375 Tumors and chimeric antigen recepiors containing an anti-Hi A-
ALMAGE A4 286304 s¢Fw,

Constructs and CAR T cells

{169 Chimeric antigen receptors containing either an anti-HLA~
A2MAGEAd 6202 seFv in the Vi-Va orientation plus either 1) a huCDS
hinge/transmembrane donwin, a 4-1BB co-stitnulatory domain, and a CD3z signaling
domain (BB CAR), or 2) huCD28 hingeAransmembrane/costimulatory domeans and a
D3z signaling domain (2872 CAR) were constructed using the Ve and Vi sequences of
an anti-HLA-A2Z'MAGEAdazeaos antibody, 31343, As a non-binding control, a BBiz
CAR was designed using 8 scFv pluy a DS hinge/transmembrane domain, a 4-1BB
co-stimulatory domain, and 8 CD3z sigaaling domain. These CARs were cloned into &
pLVX lentivieal vector with an EF la promoter and [IRES:eGFP sequence (for tracking
CAR-transduced cells), and VSV-pseudotyped lentivirus was produced. See Figure 1,
Part B for construct schematics, and Figure 3 for the results.

fO170} CD3+ T eells were isolated from human peripheral blood monovuclesr
cells (PBMCs) from two normal donors (*Donor 17 and “Donor 27), stimulated with
CD3:CH23 microbeads plus 100 Uiml vecombinant uanan 1L-2, and transduced with the
lentivirus at an MO#=3. The transduced cells were expanded for 19 days with CD3CD2Y
microbeads plus 100 Usnl recombinant human 1L-2 before being cryopreserved until use

during the in vwive experiment.
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fmplantation and measurement of xerogenic wmors

0171 To determine the in vive efficacy of HLA-AZMAGEAdasease-tirgeted
chimeric antigen receptor (CAR)Y T cells, a xenogenic tumor study was performed. On
day 0, immunodeficient NOD.Cg-Prkde™ g™ "8zl (NSG) mice were
subcutancously injected with 5x10° HLA-AZ'MAGEA4" A375 human melanoma tumor
cells. Using mass spectrometry technigues have determined that A375 melanoma cells
axpress approximately 424 cell-surface copies of the MAGEA4 285204 poptide. On day 13
after tumors were established, the mice (r=3 por group) were intravenously injected with
4x10° T cells that express either the non-binding control BB/z CAR (Control CAR T), the
anti-HLA-A2Z/MAGEAd e BBz CAR, or the anti-HLA-AZMAGEAS s 282
CAR fax determined by the frequency of colls expressing GFP, which s a marker for
those cells that have been transduced with CAR) from two different donors. Tumor

growth was assessed through day 64 by measuring tumor volumes.

Calowdation of xepogenic fumor growth and inkibition
f172] In order to determine tumor volume by external caliper, the greatest

longitudinal diameter (ength in mum) and the greatest transverse diameter {width in mu)

were determined. Tumor volumes based on caliper measurements were caleulated by the

formala: Volume (mm®) = (length x width?)/2.

Results ssummapry and conclusiony.

fO173 Dronor 1: A37S tumors grew progressively in mice receiving either Control
CAR T cells or MAGEAdzuco0s BBz CAR T cells. By contrast, MAGEAdzwa9s 2872
suppressed the growth of established A373 tumors ia vivo, with | of 3 mice tymor-free at
day 64, Enhanced efficacy of MAGEAds620 2872 CAR vs. MAGEAdws 200 BBz CAR
is confirmed, as tumor sizes on davs 27, 29, 33, 36, 40 and 44 are statistically significa,
with p={,.0001 by 2-way ANOVA test. See Figure 3, Part A

{0174} Donor 2: A373 tumors grow progressively o miee reeeiving Controt CAR
T cells. Treatment with both MAGE Adessaos BBR/2 and MAGEAdavezes 2872 CAR T cells
suppressed A375 tumor growth, but with different kinetics, MAGEA4ae 2 2872 CAR T
cells acted with faster kinetics, cradicating tumors in 3 of § mice by day 27. MAGEA4d 6.
wa BBz CAR T cells worked with slower kinetics, eradicating tamors in 4 of 3 mice by

day 44. Enhanced kinetics of anti-tumor activity of MAGE A4 0 2872 CAR vs.
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MAGEA4s 204 BB CAR s confirmed, as tumor sizes on days 19 and 22 are

statistically significant, with p=0.0071 and p=0.0008, respectively, by 2-way ANOVA

test, See Figure 3, Part B,

Table 10: Summary of Data

CART Average Tumor Size | Number of mice
Treatment {mm®) £ SEM on Day | still alive (of 5) on
7 day 7
Donor 1: Control CAR'T 76.5:9.6 ]
Donor 1: MAGEAd 620 BBz CAR T 73840 3
Dooor 1 MAGEAd»ssam 282 CAR T 8994 4 5
Donor 2: Control CART 1028 =6 5
Donor 2: MAGEAdwaw BB2Z CART R7.129.7 S
Donor 2: MAGEAdase20e 282 CART 83.744.0 5
CART Average Tumor Size | Number of mice
Treatment (mar'y £ SEM on Day | still alive {of 5} on
12 day 12
Donor 1: Control CAR'T 1524277 3
Donor 1: MAGEAduesw BB CART 13824228 5
Donor I MAGEADss094 282 CAR T 153.0:7.0 5
Donor 2: Control CAR'T 1771264 3
Doner 2: MAGEAdawaw BB CART 1548273 5
Donor 2: MAGEAdase20e 282 CART 1172403 5

CART Average Tumor Size | Number of mice
Treatment {mw') £ SEM on Day | still alive {of S) on
15 day 15

Donor 1: Control CAR'T 37617 8
Donor 1: MAGEAduesw BB CART 308.8:33.2 5
Donor b MAGEAdss.me 282 CAR T 33792163 5
Donor 2: Control CAR'T 443 5569 3
Doner 2: MAGEAdawaw BB 2 CAR T 34322412 5

-
(F%)
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Donor 20 MAGEAS s 282 CAR T 2472423 3

CART

Average Tumor Size

Number of mice

Treatment (mm*) £ SEM on Day | still alive {(of S) on
16 day 16
Donor 1: Congrol CART 336.2460.9 5
Donor 1: MAGEA4d 26208 BBiZzCAR'T 402.6=358.7 3
Donor 1 MAGEA43004 282 CAR'T 4406364 3
Donor 2: Control CAR T S41.7462.6 i
Donor 2: MAGEA4 6201 BBA2 CART 409.9:40.7 3
Doonor 20 MAGEAd s 282 CART 212.8x33.8 )

CART

Average Tumer Size

Number of mice

Treatment (mm*) £ SEM on Day | still alive (of 5) on
19 day 19
Donor 1: Congrol CAR'T 73161039 5
Donor 1: MAGEAd 26204 BB/ZCAR'T 73565022 3
Donor 1 MAGEAY w2 282 CAR T THATERE.6 3
Donor 2: Control CAR T 13631221 N
Donor 2: MAGEAdae2e BBA2ZCART 603.9:36.8 5
Donor 3 MAGEAS25.004 82 CAR T 9841158 5

CART

Treatment

Average Tumer Size
(mm®) £ SEM on Day

22

Number of mice
still alive (of 5) on

day 22

Donor L Contro] CAR'T 2131383 5
Donor 1: MAGEAd 6201 BBz CAR T 1027 81115 3
Doonor 1 MAGEAdssam 282 CART 785.7+97.4 5
Donor 2: Control CAR T 172592162 )
Donor 2: MAGEAdae2e BBAZCART 541541199 5
Donor 2 MAGEAS25s.004 282 CART 3022130 5
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CART Average Tumer Size | Number of mice
Treatment {mm') £ SEM on Day | still alive (of 5) on
27 day 27

Donor 1: Control CAR T 1983.6:=187.3 i
Donor 1: MAGEAdae2e BBAZCART 1759732476 5
Douor 1 MAGEAS25.004 82 CAR T 34794542 5
Donor 2: Control CAR'Y 280002227 3
Donor 2: MAGEAdaw.00 BB2ZCART 25826503 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment {mm’) 1 SEM on Day | still alive (of 5) on
29 day 29

Donor 1: Control CAR T 2503, 71694 i
Donor 1: MAGEAdae2e BBAZCART 1941912521 5
Donor I MAGEAS25.004 282 CAR T 270,399 5
Donor 2: Control CAR'Y 3387.0x1548 3
Donor 2: MAGEAY w2 BB 2 CAR T 203.6=1234 3
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment {mm?®) £ SEM on Day | still alive (of 5) on
33 day 33

Donor 1: Control CAR T Animals Euthanized 0
Donor 1: MAGEA4ueaw BB CAR T 2201.9+321.9 S
Donor I: MAGEAd2ss0m 282 CART 202.7:70.7 5
Donor 2: Control CAR T Animads Eothanized ¢
Donor 2: MAGEAdassaw BBZ CART 106.2580.5 5
Donor 2: MAGEAdusc00 282 CART 0.0=0.0 5

-
LA
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CART Average Tumer Size | Number of mice
Treatment {mw') = SEM on Day | still alive {(of 5) on
4 day 36

Donor 1: Control CAR T Animals Euthanized ¢
Donor 1: MAGEAdae2e BBAZCART 2171222861 5
Donor I: MAGEAdss0m 282 CART 230.9:1064 5
Donor 2: Control CAR'Y Antmals Euthanized ¢
Donor 2: MAGEAdaw.00 BBZ CART 97 1=83 8 5
Donor 20 MAGEAd2se04 282 CART G.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment (mm?) £ SEM on Day | still alive (of S) on
40 day 46
Donor 1: Control CAR'Y Animals Euthanized ¢
Donor 1 MAGEAd s BB CART 2431.9359.6
Donor I: MAGEAdass20e 282 CART 44391753
Donor 2: Control CAR'T Animals Eothanized 0
Donor 2: MAGEAdoss s BB CAR T 20871937
Donor 2: MAGEAd 6204 282 CAR T (L0000 3

CART Average Tumor Size | Number of mice
Treatment () £ SEM on Day | still alive (of 5) on
44 day 44

Donor 1: Control CART Animals Euthanized G
Donor @ MAGEAdsse BB2Z CART 289274327 5
Donor }: MAGEAdusg20 282 CAR T 41671950 ]
Donor 2: Control CAR'T Animals Eothanized 0
Donor 2: MAGEAdoss o BB CAR T 166.0::166.0 5
Donor 2: MAGEAdzse204 282 CAR T (L.0=0.0 3
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CART Average Tumer Size | Number of mice
Treatment {mw’) = SEM on Day | still alive {(of 5) on
48 day 48

Donor 1: Control CAR T Animals Euthanized ¢
Donor 1: MAGEAdae2e BBZ CART 32664510264 2
Douor 1 MAGEAS25.004 82 CAR T 749.7:364.4 5
Donor 2: Control CAR'Y Antmals Euthanized ¢
Donor 2: MAGEAdaw.00 BB2ZCART 292 (2920 3
Donor 20 MAGEAd2se04 282 CART 0.0:0.0 N

CART Average Tumor Size | Number of miee
Treatment {mm’) & SEM on Day | still alive {of 5) on
56 day 50

Donor 1: Control CAR T Animals Buthantzed 0
Donor 1: MAGEAdaw 204 BB CART 2835.7:0.0 1
Donor I MAGEAS25.004 282 CAR T 035.8:367.2 5
Donor 2: Control CAR'Y Antmals Euthamized ¢
Donor 2: MAGEAY w2 BB 2 CAR T 348.0=349.0 3
Donor 2 MAGEAdase 204 282 CART 0.0:0.0 N

CART Average Tumor Size | Number of mice
Treatment {mm?®) £ SEM on Day | still alive (of 5) on
57 day 87

Donor 1: Control CAR T Animals Euthanized 0
Donor 1: MAGEAdxazw BB2CART Animals Euthanized it
Donor I: MAGEAd2ss0m 282 CART 1311.0:660.5 3
Donor 2: Control CAR T Animads Eothanized ¢
Donor 2: MAGEAdassaw BBZ CART ¢.0=0.0 4
Donor 2: MAGEAdusc00 282 CART 0.0=0.0 5

~4
-4
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CART Average Tumer Size | Number of mice
Treatment {mm') £ SEM on Day | still alive (of 5) on
64 day 64
Donor 1: Control CAR T Animals Euthanized ¢
Donor 1: MAGEAdae2e BBAZCART Animals Eothanized 0
Donor I: MAGEAd s 282 CART 1973.0:5990.8 3
Donor 2: Control CAR'Y Antmals Euthanized ¢
Donor 2: MAGEAdaw.00 BB2ZCART 0.0=0.0 4
Donor 2 MAGEAdase 204 282 CART G.0:0.0 N
[0175) Collectively, the results in Examples 1 and 2 demonstrate that

MAGEAdw 204 2872 CAR T cells from two donors demonsivate superior in vive anti-
fumor activity and anti-tomor kinetics compared to MAGEAdus 20 BBZ CAR T cells.

{Figure 2, Parts A and B, and Figure 3, Parts A and B).

Example 3: Climeric antigen receptors containing are anti-HLA-A2Z/MAGE A4230.239
scFw

{0176} Chimeric antigen receptoss containing either an anti-HLA-
A2ZMAGEAd 0220 seFy in the Vi-Vir ovientation plus either 1) a huCDS
hinge/transmembrane domain, a 4-1BB co-stimulatory domain, and a CD3z signaling
domain (BBz CAR), or 2) huCD28 hingeftransmembrane/costimulatory donains and a
CD3z signaling domain (282 CAR) were constructed using the V. and Vi sequences of
an anti-HLA-A2MAGEA4rz0.230 antibody, 33220, As a non-binding control, a 282
CAR was designed vsing an irrelevant scFv plus a huCD28
hinge/transmentbrane/costinulatory domains and a CD3z signaling domain, These CARs
were cloned ito a pLVX lentivival vector with an EF a promoter and P2AeGFP
sequence {for tracking CAR-transduced cells), and VSV -pseudotyped fentivirus was

produced. See Figure 4, Part B for constructs and Figure 4, Part A for results.

78
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Table 11 CAR scFv 1Ds:

AbPID AbPID Specificity Description
17363 17363N | Nen-binding control Anti-HLA-AZHPVIOET s scFy
17363N in VE-VH ortentation with
hueCD28

hinge/ransmentbrane/costimylatory
domaing and a CD3z signaling domain

{(Control CAR)

33229p 3229p HELA- anti-FLA~-AZMAGEAd 0.9 soFv
A2ZMAGEAD 2 33229P in VL-VH orientation with
huCDS hinge/transmembrane domain, a
4-1BB co-stimylatory domain, and a
U3z signaling domain (MAGEAdm.

230 BBz CAR)

33239p 33229p HEA- anti-HLA~AZMAGEAd 00w scFy
AZMAGEAdnpme 3327299 in VL-VH orientation with
huCD28

hinge/fransmembrans/costimlatory
donains and a CD3z signaling domain

{(MAGEAdz.00 2872 CAR)

Tabie 12: Lentivirus prep 10s:

Lentivirus AbDPID Description
Prep #
T Anti-HEA-AZHPVIAET 0 scFyv 17363N in
L VL-VH orientation with huCD2Z8
Lentivirus 17363N o o i
) hingeAransmembrane/costimulatory domains
~ 300-001 ) i . ‘
and a CD3z signaling domain (Control CAR)
anti-HLA-A2MAGEA4none seFv 33229P in
VVT - VE-VH oriemtation with huCDS
Lentivirus 33229p hinge/transmemnmbrane domain, a 4-1BB co-
- 595-001 stimsulatory domain, and a CD3z signaling
domain (MAGEA4ze.2: BB CAR)
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anti-HEA-AZMAGEAdrea scFv 33229P in
VYT - V1-VH orientation with huCD28

Lenfivirus

- 396-001

33229p

hingeAransmembrane/costimulatory domains

and a CD3z signaling domain (MAGEAdnene

28z CAR)
Experimental Procedure
Generation of CAR construcis and AR T cells
{0177} Climeric antigen receptoss containing either an amti-HLA-

AZMAGEAd 030 seFv in the Vi-Va orvientation plus either 1) a haCD8
hinge/Aransmembrang domain, g 4-1BB co-stimulatory domain, and a CD3z signaling
domain (BBz CAR), or 2} huCD2¥ hingetransmembrane/costimulatory domains and a
CD3z signaling domain (282 CAR) were constructed using the Vi and Vi sequences of
an anti-HLA-A2MAGEA4:

e antibody, 33229P. As & non-binding control, a 2872
CAR was designed using an irrelevant scFv plus a huCD28
hinge/transmembranescostimylatory domaing and a CD3z signaling domain, These CARs
ware cloned into & pLVX lentiviral vector with an EF fa promoter and P2AGFP
sequence {for tracking CAR-transduced cells), and VSV pseudotyped lentivirus was
produced.,

[0178] CD3+ T cells were isolated from human peripheral blood mononuciear
cells (PBMCs) from & normal donor, stimulated with CD3/CD2E microbeads plus 100
Uiml recombinant human 11-2, and rransduced with the lentivivgs at an MO=S. The
transduced cells were expanded for approximately 14 days with CD3/CUD28 microbeads
plus 10 Uiml recombinant haman HL-2 before being crvopreserved until use during the

in vivo experinent,

Tmplawtation and seasurement of senpgenic tumors

T To determine the i vive efficacy of anti-HEA-A2MAGE Adzigase-
targeted chimeric antigen receptor {CAR T cells, a xenogenic tumor study was

Sz§ (NSO mice

were subcutancously injected with 5x10° HLA-A2Z"MAGEA4” A37S human melanoma

performed. On day 0, immunodeficient NOD.Cg-Prides 12 gt Wil

tumor cells. Using mass spectrometry techniques it was determined that A375 melanoma

80



WO 2021/226063 PCT/US2021/030625

cells express approximately 333 cell-surface copies of the HLA-AZMAGEA D00
peptide. On day 13 after tumors were established, the mice (n=4 or 3 per group) were
inravenously fjected with $x10° T cells that express either the non-binding control BBz
CAR {Control CAR T}, the anti-HLA-A2MAGEAd 020 BBz CAR, or the anti-HLA-~
A2ZMAGEAd 020 282 CAR {as determined by the frequency of cells expressing either
GFP, which is a marker for those cells that have been transduced with CAR). Tumer

growth was assessed through day 28 by measuring tumor volumes.

Caleulation of xenogenic tumor growth and inhibition

fO18H] in order to determine tumor volume by external caliper, the greatest
longitudinal diameter (Jength in nam) and the greatest transverse diameter (width in mm)
were determined. Tumor volumes based on caliper measurements were caleulated by the

formwla: Volume (mm®) = (length x width®)2.

Resulis sumpary asd conclusions.

[0181] A37S tumors grew progressively in untreated mice and mice receiving
Control CAR T cells, Mice receiving anti-HLA-AZMAGEA4dui23 BBz CAR T cells
demonsirated some tumor control, with reduced tummor growth compared to Control CAR
T-treated mice on days 19 (p=<0.02), 23 {(p<0.02), and 26 (p<0.0001) (statistics analyzed
by Z-way ANOVA), Ant-HLA-AZMAGEA4d 21023 287z CAR T treatment also led to
suppression of established A37S tumor growth on days 19 {p=0.007), 23 {p=<0.0001), and
26 {(p<0.0001} (statistics analyzed by 2-way ANOVA). Enhanced efficacy of anfi~ anti-
HLEA-AZMAGEAd 010 2872 CAR v, anti-HEA-AZMAGEA 400 BBz CAR is
confirmad, as tumor sizes on days 23 {p=<0.0001) and 26 (p<0.0001) arc statistically
significant by 2-way ANOVA. See Figure 4, Part Al

{0182] Collectively, the results demonstrate that anti-HEA-AZMAGEAdeaw
28z CAR T cells demonstrate superior i vive anti-tumor activity and anti-tumor kinetics

compared to anti-HLA-AZMAGEAD 00 BB CAR T cells,
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CART Tumor size _
Average Number of
Treatment standard
Tumor Size miee still
ervor of the
{mny’) on alive (of 5)
mEan
Day 7 ‘ onday 7
{SEM)
Untreated 39.7 9.7 4
Control CAR'T 98,1 16.2 5
MAGEAdm 20 BB2 CART 728 3.9 5
MAGEAdn0030 282 CART 72.3 5.9 3
CART Tumor size ‘
Average Number of
Treatment standard
Tumor Size mice still
errov of the
{mm?) on slive (of )
mear
Day 10 _ on day 10
(SEM)
LUinitreated 1534.0 16.1 4
Control CAR T 163.0 216 5
MAGEA4mo2mw BB2 CART 146.1 4.9 5
MAGEAd 00 282 CAR T 148.6 14.1 b
CART Tumor size
Average Numiber of
Treatment standard
Tumor Size aice still
exvon of the
{ram®) on alive (of §)
nean
Day 13 . on day 13
{SEM)
Untreated 3029 7.2 4
Control CART 3694 473 3
MAGEAd» 020 BR2Z CART 2009 303 5
MAGEAdz0.00 282 CAR T 304 .4 257 3
CART Average Tumer size | Number of
Treatment Tumor Size standard mice still
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{fmmyon | ervorofthe | alive (of )
Day 17 mean on day 17
(SEM)
Untreated 702.5 105.7 4
Control CART 632.7 713 3
MAGEA4 w0z BB/Z CAR T 416.1 314 5
MAGEAd2020 282 CART 487.1 32.0 5
CART Average Tumor size | Number of
Trestment Tumor Size standard mice still
{mm’} on ervor of the | alive (of )
Day 19 mein on day 19
{SEM)
Untreated 11919 174.2 4
Control CART 1035.6 68.2 3
MAGEAdz 00 BB2 CAR T 390.9 1112 5
MAGEA4z020 282 CART 3354 60,6 5
CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
{mm’} on grvor of the | alive{of 5)
Day 23 nean on day 23
{SEMD
Untreated 18236 240.4 4
Control CAR'T 13833 74.6 5
MAGEAdn02e BBAZ CART 11037 2348 3
MAGEAS»0.23 282 CAR T 336.2 67.3 5
CART Average Tamor size | .
Treatment Tumor Size | standard Nufn bcrA o
{mm’) on ervor of the ri‘uc‘e- S“‘M
Day 26 mcan alive {of SQ}
SEM) on day 26
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Lintreated 2683.5 196.9 4
Control CART 2246.8 1329 5
MAGEAdme20 BR2Z CART 14355 498.0 4
MAGEA4m00 282 CAR T 332 132.4 5

CART Average Tumor size | Nuniber of
Treatment Tumor Size standard mice still
{mm’) on ervovof the | alive (of 5)
Day 33 mesn on day 33
{SEM)
Untreated Euthanized | Buthanized 0
Control CART Eathanized | Euthanized 0
MAGEAdw020m BB2Z CART 20183 652.4
MAGEAdzin 282 CART 7121 302.9 3
CART Average Tumer size | Number of
Treatment Tumor Size standard mice still
{mm’y on ervor of the | alive (of )
Day 37 mean on day 37
(SEM)
Untreated Futhanized |  Futhamized {0
Control CART Futhanized | Euthanized 0
MAGEASn02y BBZ CART Euythanized | Euthanized O
MAGEAdzp230 2872 CART 10218 387.1 5

Example 4: Chimeric antigen receptors containing anti-HLA-A 2 Tyrosinaseses. s seFv,
f0183]

A2 Tyrosinasessear: seFv inthe Vi-Vu orientation plus exther 13 a huCDS

Chimeric antigen receptoss containing edther an ati-HLA-

hinge/ransmembrane domain, 8 4-1B8 co-stimulatory domain, and a CD3z signaling
domain (BB:z CAR), or 2) huCD28 hingetransmenbrane/costimulatory domains and a
CD3z signaling domain {282 CAR} were constructed using the Vi and Vi sequences of
an anti-HLA-A2/Tyrosinasesse 277 antibody, D11 (identified from Patent

WOR2016:19914 1), The anti-HLA-A2Z Tyrosinaseiesar antibody binds to both HLA-

84
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7 as well as HLA-A2/Tyrosinasessa.xrrpnnioy, 1 which N371 s
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deamidated to D371, As a non-binding control, a BBz CAR was designed using an

jrrelevant seFv plus 3 huCD8 hinge‘transmembrane domain, a 4-1BB co-stimulatory

doroain, and a CD3z signaling domain. These CARs were cloned nto a pLVX lentivival

vector with an EF1a promoter and P2AeGFP sequence (for tracking CAR-transduced

1

cells), and VSV-pseudotyped lentivirus was produced, See Figure 5, Part A for construct

schematics.

H184]

Collectively, the results demonstrate that antb-HEA-A2/ Tyrosinasere. 377

2872 CART cells from two donors demonstrate superior in wve anti-tumor activity and

anti-tumor kinetics compared 10 anti-HLA-AZ Tyrosinasessosm BBz CAR T cells.

Table 14: CAR seFv Ds:

AbPID

AbPID

Specificity

Deseription

17363

Non-binding

Anti-HLA-AZHPVIOET sa0 5¢Fy 17363 In
VI-VH orientation with huCDS

hinge/transmembrane domain, & 4-188 co-

T
AV

comtrol
stimulatory domain, and a CD3z signaling
domatn {Control CAR)
Anti-HLA-AZ Tyrosinaseasesy scFy Dl in
HLA- VI~VH orieatation with huCDR
DI Dl A2/ Tyrosinasesss- | hinge/transmembrane domain, & 4-1HB co-
377 stimulatory domain, and a CD3z signaling
domain {Tyrosinasessessr BBz CAR)
Anti-HLA-AZ Tyrosinaseasesy scFy Dl in
HLA- VL-VH orientation with huCD28
D11 Dt A2{Tyrostnasewe. | hingedransmembrane/costimulatory domains

and a CD3z signaling domain (Tyrosinaseiss.

37 287z CAR)
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Lentivicus

Prep #

AbPID

Date

Description

—
~3
)
oy
3

Anti-HLA-AZHPVISET e seFy 17363 in VL-VH
orientation with D8 hingetransmembrane
domain, a 4-1BB co-stimulatory domain, and a

CD3z signaling domain {Control CAR)

338

Anti-HLA-AZ Tyrosinaseso.yyy scFy DI in VE-VH
orientation with huCDY hinge/ransmembrane
domain, a 4-1BB co-stimulatory domain, and a
CD3z signaling domain {Tyrosinaseasesrr BBz

CAR})

D

Anti-HLA-AZ Tyrosinaseso.yyr scFy DI in VE-VH
orientation with huCID 28

hingeAransmembrane/costimulatory domains and a

[

D3z signaling domain {Tyrosinasessesvr 2872 CAR)

Experimenial Pracedure

Creneration of CAR constructs and CAR T eells

[0185]

Chineric antigen receptors containing cither ag anti-HLA-

A2 Tyrosinaseses. vy scFv in the Vi-Vi orientation plus either 13 a huCD8

hingeftransmenmbrane domain, a 4-1BB co-stimulatory domain, and 8 CD3z signaling

domain (BB/z CAR), or 2) huCD28 hingetransmembrane/costinulatory domains and a

D3z signaling domain 28/2 CAR) were constructed using the Vi and Vi sequences of

an anti-HLA~A2/ Tyrosinasesdsss antibody, D11 (identified from Patent

WO2016/199141). As a non-binding control, a BB/ CAR was designed using an

itrelevant scFy plus a huCDSR hingestransmembrane domain, 8 4-1BB co-stirnulatory

domain, and a CD3z signaling domain. These CARs were cloned into a pL VX lentiviral

vector with ay EFla promoter and P2AeGFP sequence (for tracking CAR-ransduced

"

cells), and VEV-psendotyped lentivirus was produced. See Figare 5, Part A for construct

schematics.
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[0186] D3+ T cells were isolated from human peripheral blood mononuclesr
cells (PBMUCs) from two normal dowors ("Donor 17 and “Donor 27), stimudared with
CD3:CH28 microbeads plus 100 Liml vecombinant anan 1L-2, and transduced with the
lentivirus at an MOE=35. The transduced cells were expanded for 19 days with CD3CD2Y
microbeads plus 100 Uhnl recombinant human 1L-2 before being cryopreserved until use

during the in vive cxperiment.

Implantarion and measurement of xenogenic tnamors

fO187] To deternine the in vive efficacy of anti-HEA-A2/Tyrosinasezss. 377
targeted chimeric antigen receptor {CAR)Y T cells, a xenogenic twmor study was
performed. On day 0, immunodeficient NOD.Cg-Prkde 11 2rg™ WS« ) (NSG) mice
were subcutancoasly injected with 4x10° HLA-A2 Tyrosinase” WM266.4 human
metanoma tumor cells, Using mass spectrometry techuiques, it was determined that
WM266.4 melanoma cells express approximately 4,500 cell-surface copies of the HLA-
A2 Tyrosinasessearr poptide. On day 7 afier iomors were established, the mice (n=5 per
group) were intravenously injected with 2x10% T cells that express either the non-binding
coutrol BBz CAR {Control CAR T}, the anti-HLA-AZ/ Tyrosinaseissar BBz CAR, or
the anti-HEA-AZ/ Tyrosinasersesr7 28% CAR (as determined by the frequency of cells
expressing GFP, which is a marker for those cells that bave been transduced with CAR)
from two different donors. Tumeor growth was assessed through day 94 by measuring
turor volumes,

[O188]) A second xenogenic tumor stady was performed with a different tumor
cell line. On day 0, immunodeficient NOD.Cg-Prkdc12rg™ WiliSzT (NSG) mice were
subcutancously injected with 3x10% HLA-A2 Tyrosinase™ SK-MEL-23 human melanoma
tumor cells, Using mass spectrometry techniques, it was determined that SK-MEL-23
melanoma cells express approximately 2,000-3,000 cell-surface copies of the HLA-

A2/ Tyrosinasesse-srr poptide. On day 7 after tumors were established, the mice {(n=3 per
group) were ntravenously injected with 4x10¢ T cells that express cither the non-binding
control BB CAR (Control CAR T), the anti-HLA-A2Tyrosinasesse s BB2 CAR, or
the anti-HLA-AZ/Tyrosinasese-x77 282 CAR (as determined by the frequency of cells
expressing GFP, which is a marker for those cells that have been transduced with CAR)
from two difforent donors. Tumor growth was assessed through day 90 by measuring

tumor volumes.
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Calcwlation of xenogenic tunor growsh and inhibition

jO18Y| In order to deternune tumor volume by external caliper, the greatest
longitudinal dismeter (length i mm) and the greatest transverse diameter (width in num)
were determined. Tumor volumes based on caliper measurements were calculated by the

formwla: Volume (mm®) = (length x width®)/2.

Results summary and conclusions:

WAI266.4 Tumor model:

f0196] Donor 11 WM266.4 tumors grew progressively in mice receiving no
treatment and mice receiving Control CAR T cells. Mice receiving anti-HLA-

A2/ Tyrosinaseasoarr BB2Z CAR T cells demonstrated modest efficacy, with reduced
tamor growth compared to contrel on days 31 (p=0.02), 35 {p=0.001), 42 (p=0.0004), and
49 (p<0.0001) (statistics analyzed by 2-way ANOVA). By contrast, anti-HELA-

AZTyrosiasessear? 2872 CAR T treatment led fo regression of established WM266.4

tumors, with 4 of 3 mice renining tumor-free through day 90, Enhanced efficacy of anti-
HEA-AZTyrosinasesasa7r 2872 CAR vs, anti-HLA-AZ2Tyrosinaseis.ar BBz CAR is
confirmed, a5 tamor sizes on days 335, 42, and 49 are statistically significant, (p=0.01,
p<0.0001, and p<0.000, respectively) by 2-way ANOVA. See Figure 5, Part B

{0191} Donor 2; WM266.4 tumors grow progressively 1n mice recetving no
freatment and mice receiving Control CAR T cells, Mice receiving anti-HLA-

AZTyrosinasessearr BB CAR T cells demonstrated modest efficacy, with reduced

tumor growth compared to control on days 28 {(p=0.03), 31 (p=0.004}, 33 (p=0.0001), 42
{p=0.0001), and 49 (p<0.0001) {statistics analyzed by Z-way ANOVA), By contrast, anti-
HELA-A2 Tyrostnaseses.ary 2872 CAR T treatment led to rogression of established
WM266.4 tumors, with 5 of 5 mice remaining tumar-free through day 90, Enhanced
efficacy of anti-HLA-A2 Tyrosinaseisniry 282 CAR vs. anti-HLA-A2 Tyrosinaseies.am
BB CAR s confirmed, as tumor sizes on davs 24, 28, 31, 35, 42, and 49 ave statistically
significant, (p=0.03, p=0.008, p=0.0004, p=(.0001, p<0.0001, and p<0.0001,
respectively) by 2-way ANOVAL . See Figure 5, Part B.
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SK-MEL-23 Twmor model:
f0192] Domor 10 SK-MEL-23 tumors grew progressively in mice receiving no
treatment, sud mice receiving Control CAR T cells, Mice receiving anti-HLA-

A2/ Tyrosinaseasoar BB2Z CAR T cells also grew progressively 1o a manner stimilar to the
gontrols. By contrast, anti-HLA-A2/ Tyrosinaseieesmr 282 CAR T treatment fed to
significant inhibition of established SK-MEL-23 tumor growth on days 31 (p=0.02), 33
{p=00.004), 42 {p=0.0003), ax well ay days 49, 35, 63, 72, 78, and $G (p<{L.OOO for these
days), compared to animals receiving Control CAR T cells {statistics analyzed by 2-way
ANOVA). Enhanced efficacy of anti-HLA-A2/ Tyrosinasesss 377 2872 CAR v, anti-HLA-
A2/ Tyrosinasesensrr BB2 CAR is confirmed, as tumor sizes on days 33, 42, 49, 55, 63,
72, 78, and 90 ave statistically significant (p=0.04 and p=0.004 on days 35 and 42;
p<0.0001 for all other days)y by 2-way ANOVA test. See Figure 3, Pant C.

f0193] Donor 2: SK-MEL-23 tuntors grew progressively in mice receiving no
treatment, and mice receiving Control CAR T cells. Mice receiving anti-HILA-
AZTyrosiasessears BB CAR T cells also grew progressively in o manner sinular o the
comtrols. By contrast, anti-HLA-A2 Tyrosinasesee-377 282 CAR T treatment fed to a
reduction in size of established SK-MEL-23 tumtors and suppression of tmor growth on
days 21 (p=0.02), 24 {p=0.004), and 28 {p=0.0004}, as well as days 31, 35, 42, 49, 55,
63, 72, 78, and 90 (p<0.0001 for these days), compared to animals receiving Control
CAR T cells {statistics analyzed by 2-way ANOVA). Enhanced efficacy of anti-HLA-
A2 Tyrosinasonse-srr 282 CAR vs, anti-HEA-A2 FTyrosinasossoayr BBa2 CAR is
confirmed, as tumor sizes on days 21, 24, 28, 31, 35, 42,49, 55,63, 72, 78, and 90 are
statistically significant {(p=0.01 and p=0.005 on days 21 and 24; p<0.0001 for all other

days) by 2-way ANOVA test.

Table 16: Data Summary:

CART Average Tumer size | Number of
Treatment Tumor Size standard mice still
{mn’y on ervor of the | alive (of )
Day 6 wean on day 6
{SEM)
WR266.4: No Treatment 738 104 5
WM266.4: Donor 1 Control CAR T 72.0 4.5 3
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WM266.4: Donor 1 Tyrosinaseiearr BBz 3
CART 753 6.7
WM266.4: Donor 1: Tyrosinasessesm 28z 5
CART 66.0 2.9
WM266.4: Donor 2: Control CAR'T 79.7 8.9 3
WM266.4: Donor 2: Tyrosinascse-s77 BBz 5
CART 3.6 6.7
WM266.4: Donor 2; Tyrosimasese-ar 28z 3
CART 718 6.3
SK-MEL-23: No Treatnent 30.8 49 5
SK-MEL-23: Donor 1: Control CAR T 469 30 5
SK-MEL-23: Donor §: Tyrosinasesse.31y 5
BB CARTY 46,3 1.2
SK-MEL-23: Donor T:Tyrosinasese.yrr 28z 5
CART 48.9 6.7
SK-MEL-~23: Donor 2: Contred CAR'T 48,7 5.4 5

SK-MEL-23: Donor 2: Tyrosinasesss.s?s

BBz CART

54.0

4.8

SK-MEL-23: Donor 2: Tyrosinasesse.377 282 b
CART 49.4 5.7
CART Average Tumor size | Number of
Treatinent Turnor Size standard niice still
{mmyon | evror of the | alive (of 5)
Day 19 mean on day ¢
(SEM)
WM266.4: No Treatment 99.6 6.7 3
W266.4: Donor 1: Control CAR'T L7 23.2 3
WM266.4: Donor 1) Tyrosinasesse. 3y BBz 5
CART 79.6 8.3
WM266.4: Donor 1: Tyrosinasesso-ym7 287z 5
CART 78.6 7.0
WM266.4: Donor 2; Control CAR T 96.1 4.8 3

Y
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WM266.4: Donor 2 Tyrosinaseiesarr BBz 3
CART 88.7 4.3
WM266.4: Donor 2: Tyrosinasessesm 28z 5

CART

20
g
'

SK-MEL-23: No Treatment 58.3 4.0 5
SK-MEL-23: Donor 1: Control CAR T 358 52 5
SK-MEL-23: Donor 1: Tyrosinasesss.ass 5
BB2ZCART 513 2.5
SK-MEL-23: Donor L'Tyrosinasess. 77 282 5
CART 31.0 8.4
SK-MEL-23: Donor 2: Control CAR T 54.0 8.2 5
SK-MEL-23: Donor 2: Tyrosinasesse.31y 5
BB CARTY 583 24
SK-MEL-23: Donor 2: Tyrosinasesse.srr 28% 5
CART 337 71
CART Average Tumeor size | Number of
Treatment Tumor Size standard mice still

(' on
Day 3

ervor of the
mean

(SEM)

alive (of §)

on day 3

WM266.4: No Treatment

132.0

.-»6
i
Ea

194

WM266.4: Donor 1: Control CAR T 1493 9.4 )
WM266.4: Donor 11 Tyrosinasesses7r BBz 5
CART 1335 10.5
WM266.4: Donor 1 Tyrosinaseses.ar 28z 3
CART 1323 194
W266.4: Donor 2: Control CAR'T 1439 228 5
WM266.4: Donor 2: Tyrosinasesse.37r BBz 5
CART 1458 7.2
WM266.4: Donor 2: Tyrosinasess-377 287z 5
CART 84.7 6.5
SK-MEL-23: No Treatment 9.3 12.9 5

Q1




WO 2021/226063

PCT/US2021/030625

SK-MEL-23: Donor 1 Control CAR T 76.3 4.6 3
SK-MEL-23: Donor 11 Tyrosinaseses.am 3
BE2CART 87.0 5.0
SK-MEL-23: Donor :Tyrosinasess.yrr 282 3
CART 69.1 7.3
SK-MEL-23: Donor 2: Control CAR T 73.9 7.1 5
SK-MEL-23: Donor 2: Tyrosinasesss.3ts 5
BBz CAR'T 883 3R
SK-MEL-23: Donor 2: Tyrosinasessesr 282 5
CART 47.5 6.5
CART Average Tumor size | Number of
Treatment Tamor Size standard mice sl
{mm*) on grror of the | alive {of 5
Day 16 mean on day 16

(SEM)

WM266.4: No Treatment 180.1 11.9 5
WM266.4: Bonor |: Control CAR'T 1725 £5.1 3
WM266.4: Donor 1 Tyrosinaseiearr BBz 3
CART 168.7 209
WM266.4: Donor 11 Tyrosinasesse.sm 282 5
CART 1342 225
WM266.4: Donor 2: Control CAR T 167.0 i8.1 )
WM266.4: Donor 2: Tyrosinasesses7r BBz 5
CART 1755 203
WM266.4: Donor 2; Tyrosinaseses.ar 28z 3
CART 322 93
SK-MEL-23: No Treatnent 120.2 183 5
SK-MEL-23: Donor 1: Control CAR T 107.1 12.2 5
SK-MEL-23: Donor {: Tyrosinasesse.3my 5
BE2CART 8.0 9.5
SK-MEL-23: Donor 1/ Tyrosinasesse.arr 282 5
CART 63.9 N
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SK-MEL-23: Denor 2: Control CAR T 89.9 3.2 3
SK-MEL-23: Donor 2: Tyrosinaseses.am 3
BBz CART 100.5 6.4
SK-MEL-23: Deonor 2: Tyrosinaseisnary 2872 3
CART 299 38

CART Average Tumor size | Number of
Treatment Tumeor Size standard mice still
(mm’} en ervor of the | alive (of 8)
Day 21 mesn on day 21
{(SEM)
WM266.4: No Treatiment 320.9 11.8 5
WM266.4: Donor 12 Control CAR'T 3127 34.8 5
WM266.4: Donor 1: Tyrosinasessesyr BBz 5
CART 1974 235
WM266.4: Donor | Tyrosinaseaes.ar 28z bt
CART 3.2 58
WM266.4: Bonor 2: Control CAR'T 303.6 27.9 3
WM266.4: Donor 2 Tyrosinaseiesarr BBz 3
CART 1842 29
WM266.4: Donor 2: Tyrosinasesse-smr 282 5
CART 0.0 0.0
SK-MEL-23: No Treatment 146.9 14.3 5
SK-MEL-23: Donor 1: Contro CAR T 148.9 i8.6 3
SK-MEL-23: Dostor 1: Tvrosinasesss.ars 3
BB2ZCART 15,7 13.6
SK-MEL-23: Donor L'Tyrosinasess. 7 282 5
CART 49,9 5.1
SK-MEL-23: Donor 2: Control CAR T 1255 £4.3 5
SK-MEL-23: Donor 2: Tyrosinasesse.31y 5
BB2Z CART 1354 9.3
SK-MEL-23: Donor 20 Tyrosinasesss.srr 282 5
CART 11.0 68
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CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
{(mm¥yon | errorofthe | alive (of 5)
Day 24 mean on day 24
{SEM)
WM266.4: No Treatment 4378 333 3
WM266.4: Donor 11 Control CART 566.0 103.8 5
WM266.4: Donor 1) Tyrosinasesse.sr BBz 5
CART 2348 354
WM266.4: Donor 1 Tyrosinusess- 57 2872 5
CART 37.4 9.2
WM266.4: Donor 2: Control CAR T 4554 570 it
WM266.4: Donor 2: Tyrosinasee. 377 BB/z 3
CART 2359 384
WM266.4: Donor 2: Tyrosinasesse. 377 2872 5
CART 0.0 0.0
SK-MEL-23: No Treatnent 180.4 14.3 5
SK-MEL-23: Donor 1 Control CART 195.1 29.7 N
SK-MEL-23: Donor 11 Tyrosinasese.ssy 3
BBz CART 1326 15.0
SK-MEL-23: Donor 1:Tyrosinasesse.vr 2872 5
CART 573 6.7
SK-MEL-23: Donor 2: Control CART 1445 71 5
SK-MEL-23: Donor 2: Tyrosinasesse.asn 5
BR2z CART 165.4 9.9
SK-MEL-23: Donor 2: Tyrosinasessiar: 287z 3
CART 7.9 7.9
CART Average Tumor size | Nuniber of
Treatment Tumor Size standard mice still
(mmYen | ervovofthe | alive{ofS)

Day 28

on day 28

94
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nean
(SEM)
Wh266.4; No Treatment 504,7 710 5
WM266.4: Donor |; Control CAR T 7050 1683 5
WM266.4: Donor 11 Tyrosinasess.srr BB/z 5
CART 301.7 37.5
WM266.4: Donor 1) Tyrosinasesssar 2872 5
CART 212 9.3
WM266.4: Donor 2: Control CAR T 517.3 30.7 S
WM266.4: Donor 2: Tyrosinaseasearr BBz 5
CART 2769 322
WM266.4: Donor 20 Tyrosinasee.s77 2872 3
CART 0.0 0.0
SK-MEL-23: No Treatment 2079 16.1 N
SK-MEL-23: Donor L Control CAR T 217.0 47.0 5
SK-MEL-23: Donor 1 Tyrosinasesss.ass !
BR42 CART 133.7 2.6
SK-MEL-23: Donor L' Tyrosinasemssarr 28/% 3
CART 68.1 16.1
SK-MEL-23: Donor 2; Control CART 160.5 18.6 5
SK-MEL-23: Deonor 2: Tyrosinascsenivs 3
BBz CART 197.8 16.3
SK-MEL-23: Donor 2 Tyrosinaseiesar 287z 5
CART 0.0 0.0
CART Tumor size
Treatment Average standard Number of
Tumor Size . mice stilk
{mm’) on error of the alive (of 5)
Day 31 éléan on day 31
(SEM)
WM266.4; No Treatment 03,7 1248 5
WM266.4: Donor 1 Control CAR T 850.9 162.0 i
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WM266.4: Donor 1 Tyrosinaseiearr BBz 3
CART 369.1 49.1
WM266.4: Donor 1: Tyrosinasessesm 28z 5
CART 129 7.9
WM266.4: Donor 2: Control CAR'T 6546.0 42.2 5
WM266.4: Donor 2: Tyrosinascse-s77 BBz 5
CART 3532 60.6
WM266.4: Donor 2; Tyrosimasese-ar 28z 3
CART .0 8.0
SK-MEL-23: No Treatnent 2328 13.0 5
SK-MEL-23: Donor {1 Control CAR T 2711 249 5
SK-MEL-23: Donor §: Tyrosinasesse.31y 5
BB CARTY 196.1 16.0
SK-MEL-23: Donor T:Tyrosinasese.yrr 28z 5
CART 79.9 217
SK-MEL-~23: Donor 2: Contred CAR'T 1925 E7.8 5
SK-MEL-23: Donor 2: Tyrosinasesss.s?s 5
BBz CAR'T 256.1 19.6
SK-MEL-23: Donor 2: Tyrosinasesse.377 282 b
CART 0.0 0.0
CART Average Tumor size | Number of
Treatinent Tumor Size standard niice still
{mmyon | evror of the | alive (of 5)
Day 38 mean on day 38
(SEM)
WM266.4: No Treatment 1145.0 143.1 3
WM266.4: Donor §: Control CART 1160.0 2164 5
WM266.4: Donor 1) Tyrosinasesse. 3y BBz 5
CART 3336 1274
WM266.4: Donor 1: Tyrosinasesso-ym7 287z 5
CART 137 9.0
WM266.4: Donor 2; Control CAR T 8132 63.1 3

W
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WM266.4: Donor 2 Tyrosinaseiesarr BBz 3
CART 436.8 332
WM266.4: Donor 2: Tyrosinasessesm 28z 5

CART

CART

0.0

0.0

SK-MEL-23: No Treatment 2583 250 5
SK-MEL-23: Donor 1: Control CAR T 320.4 42.4 )
SK-MEL-23: Donor 1: Tyrosinasesss.ass 5
BBz CART 2653 198

SK-MEL-23: Donor L'Tyrosinasess. 77 282 5
CART 88.1 219

SK-MEL-23: Donor 2: Control CAR T 2057 16.0 5
SK-MEL-23: Donor 2: Tyrosinasesse.31y 5
BB CARTY 2899 15.0

SK-MEL-23: Donor 2: Tyrosinasesse.srr 28% 5

CART

Treatment

Average

Tumor Sixe

(' on
Day 42

Tumer size
standard
ervor of the
mean

(SEM)

Number of
mice still
alive (of §)
on day 42

WM266.4: No Treatment 14033 167.6 5
WM266.4: Donor 1: Control CAR T 1460.2 348K 3
WM266.4: Donor 11 Tyrosinasesses7r BBz 5
CART 7871 23573
WM266.4: Donor 1 Tyrosinaseses.ar 28z 3
CART 9.8 6.7
WM266.4: Donor 2: Control CAR'T 1038.5 90.7 5
WM266.4: Donor 2: Tyrosinasesse.37r BBz 5
CART 679.0 68.9
WM266.4: Donor 2: Tyrosinasess-377 287z 5
CART 0.0 0.0
SK-MEL-23: No Treatment 3238 46,1 3
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SK-MEL-23: Deonor 1: Control CAR T 367.8 474 3
SK-MEL-23: Donor 11 Tyrosinaseses.am 3
BE2CART 321.2 12.2
SK-MEL-23: Donor :Tyrosinasess.yrr 282 3
CART 89.8 213
SK-MEL-23: Donor 2: Control CAR T 2314 227 5
SK-MEL-23: Donor 2: Tyrosinasesss.3ts 5
BB2ZCAR'T 3333 203
SK-MEL-23: Donor 2: Tyrosinasessesr 282 5

CARTY 13.3 8.6
CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
{mm*) on grror of the | alive {of 5
Day 49 mean on day 49

(SEM)

WM266.4: No Treatment 17954 159.4 5
WM266.4: Bonor |: Control CAR'T 2031.6 4552 5
WM266.4: Donor 1 Tyrosinaseiearr BBz 3
CART 11348 200.1
WM266.4: Donor 11 Tyrosinasesse.sm 282 5
CART 0.0 0.0
WM266.4: Donor 2: Control CAR T 16394 160.%8 3
WM266.4: Donor 2: Tyrosinasesses7r BBz 5
CART 10222 139.6
WM266.4: Donor 2; Tyrosinaseses.ar 28z 3
CART .0 8.0
SK-MEL-23: No Treatnent 378.4 363 5
SK-MEL-23: Donor 1: Control CAR T 4439 69.3 5
SK-MEL-23: Donor {: Tyrosinasesse.3my 5
BB2Z CART 410.7 344
SK-MEL-23: Donor 1/ Tyrosinasesse.arr 282 5

CART

1143

r
s
2

EH




(SEM)
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SK-MEL-23: Denor 2: Control CAR T 288.8 i8.6 3
SK-MEL-23: Donor 2: Tyrosinaseses.am 5
BE2CART 467.6 47 4
SK-MEL-23: Deonor 2: Tyrosinaseisnary 2872 3
CART 282 7.3

CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
(mm’} en ervor of the | alive (of 8)
Day 53 men on day 35

WM266.4: No Treatmont

Futhangezed

Futhanized

WM266.4: Donor 1: Control CAR T

Euthanized

Euthanized

WM266.4: Donor 1: Tyrosinasessesyr BBz
CART

Butharized

Futhanized

WM266.4: Donor | Tyrosinaseaes.ar 28z

1

CART 0.0 0.0
WM266.4: Donor 2: Control CAR'T Futhanized Luthanized {
WM266.4: Donor 2 Tyrosinaseiesarr BBz 3
CART 1448.1 261.0
WM266.4: Donor 2: Tyrosinasesse-smr 282 5
CART 0.0 .0
SK-MEL-23: No Treatment 452.8 374 3
SK-MEL-23: Donor 1: Contro CAR T 467.6 36.3 )
SK-MEL-23: Dostor 1: Tvrosinasesss.ars 3
BB2ZCART 3.0 211
SK-MEL-23: Donor L'Tyrosinasess. 7 282 5
CART 1415 5338
SK-MEL-23: Donor 2: Control CAR T 3413 28.1 5
SK-MEL-23: Donor 2: Tyrosinasesse.31y 5
BBz CART 5967 40.0
SK-MEL-23: Donor 20 Tyrosinasesss.srr 282 5

CART

s
403
tJ

17.0

9




WO 2021/226063

PCT/US2021/030625

CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
{(mm¥yon | errorofthe | alive (of 5)
Day 63 mean on day 63
{SEM)
WM266.4: No Treatment Futhanized | Euthaoteed ¢
WM266.4; Donor 1: Control CART Euthanized | Euthanized 0
WM266.4: Donor 1) Tyrosinasesse.sr BBz 0
CART Euthanized | Euthanized
WM266.4: Donor 1 Tyrosinusess- 57 2872 5
CART 0 0
WM266.4: Donor 2: Control CAR T Euthanized | Buthanized 0
WM266.4: Donor 2: Tyrosinasee. 377 BB/z 0
CART Euythanized | Euthanized
WM266.4: Donor 2: Tyrosinasesse. 377 2872 5
CART ¢ 0
SK-MEL-23: No Treatnent 5164 341 5
SK-MEL-23: Donor 1 Control CART 3371 63.5 N
SK-MEL-23: Donor 11 Tyrosinasese.ssy 3
BB2ZCART 65024 309
SK-MEL-23: Donor 1:Tyrosinasesse.vr 2872 5
CART 2142 818
SK-MEL-23: Donor 2: Control CART 487.6 414 5
SK-MEL-23: Donor 2: Tyrosinasesse.asn 5
BR2z CART 767.7 43.5
SK-MEL-23: Donor 2: Tyrosinasessiar: 287z 3
CART 116 382
CART Average Tumor size | Nuniber of
Treatment Tumor Size standard mice still
(mmYen | ervovofthe | alive{ofS)

Day 72

on day 72

1)
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nean
(SEM)
WM266.4; No Treatment Euthanized | Euthanized 0
WM266,4: Donor 1; Control CAR T Euthanized |  Euthanized ¢
WM266.4: Donor 11 Tyrosinasess.srr BB/z 0
CARTY Euthanized | Euthanized
WM266.4: Donor 1) Tyrosinasesssar 2872 5
CART G 0
WM266.4: Donor 2: Control CAR'T Euthanized | Euthanized 0
WM266.4: Donor 2: Tyrosinaseasearr BBz &
CART Euthanized | Buthanized
WM266.4: Donor 20 Tyrosinasee.s77 2872 3
CART t] ]
SK-MEL-23: No Treatment 3214 200 N
SK-MEL-23: Donor §: Contro} CAR T 716.6 Q4.7 5
SK-MEL-23: Donor 1 Tyrosinasesss.ass !
BR42 CART 7472 305
SK-MEL-23: Donor L' Tyrosinasemssarr 28/% 3
CART 847 106.0
SK-MEL-23: Donor 2; Control CART 346.2 384 5
SK-MEL-23: Deonor 2: Tyrosinascsenivs 3
BBz CART 336.0 435
SK-MEL-23: Donor 2 Tyrosinaseiesar 287z 5
CART 136.9 49,1
CART Average Tumor size | Number of
Treatment Tumor Sixe standard mice still
{mm’} on ervor of the | alive {of )
Day 78 nean on day 78
(SEM)
WM266.4; No Treatment Euthanized | Euthanized 0
WM266.4: Donor 1 Control CAR T Euthanized | Futhanized 0
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WM266.4: Donor 1 Tyrosinaseiearr BBz 0
CART Futhanized | Euthanized
WM266.4: Donor 1: Tyrosinasessesm 28z 5
CART 0 0
WM266.4: Donor 2: Control TAR T Futhapized | Euthanieed ¢
WM266.4: Donor 2: Tyrosinascse-s77 BBz i
CART Euthanized | Euthanized
WM266.4: Donor 2; Tyrosimasese-ar 28z 3
CART G 0
SK-MEL-23: No Treatnent 671.6 37.6 5
SK-MEL-23: Donor {1 Control CAR T 306.8 87.2 5
SK-MEL-23: Donor §: Tyrosinasesse.31y 5
BBz CART 8552 50.2
SK-MEL-23: Donor T:Tyrosinasese.yrr 28z 5
CART 374.6 119.6
SK-MEL-23: Donor 2: Controd CAR'T 637.2 348 5
SK-MEL-23: Donor 2: Tyrosinasesss.s?s 5
BBz CAR'T 988.5 47.0
SK-MEL-23: Donor 2: Tyrosinasesse.377 282 b
CART 152.0 42.6

TFumor size
Average Number of
standard
CART Tunor Size niice still
. error of the
Treatment (nun’) on alive {of 3)
mean
Day %0 R on day 90
{(SEM)
WM266.4: No Treatment Euthanized | BFuthanized 0
WM266.4: Donor 1: Control CAR T Euthanized | Euthanized g
WM266.4: Donor §: Tyrosinaseissary BBz _ ‘
o Euthanized | Euthanized 0
CART
WM266.4: Donor 1: Tyrosittasess-377 282 ( 0
) , 3
CART
WM266.4: Doner 2: Control CAR T Euthanized { Euthanized ¢
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WM266.4: Donor 2: Tyrosinasesss.ar BBz _ _ .
) Euthanized | Euthanized 0
CART
WM266.4: Donor 2: Tyrosittasemoary 282
( 0 i 3
CART
SK-MEL-23: No Treatment 826.9 447 5
SK-MEL-23: Donor 1: Control CAR'T 9779 114.0 5
SK-MEL-23: Donor 1: Tyrosinaseen. 177
o ! 11935 97.3 3
BBE2CART
SK-MEL-23: Donor LTyrosinasess. 77 28/2 »
600.9 1911 b
CART
SK-MEL-23: Donor 2: Comtrol CAR' T 917.2 &0.1 3
SK-MEL-23: Donor 2: Tyrosinaseasean
1208.2 74 5
BBz CART
SK~MEL-23: Donor 2: Tyrosinasesss.ar 2872
2589 (2.6 5
CART

Example 5: Chimeric auntigen receptors contuining auti-HELA-A YN Y-ESQ-§ 157155 scFr.
[0194] Chimeric antigen receptors containing either an anti-HEACAZNY-ESO-~
Tis7.165 seFy in the V-V orientation plus either 1) a huCD8 hingeftransmembrane
domain, a 4-1BB co-stimulatory domain, and a CD3z signaling domain (BB2z CAR), or
2} huCD2¥ hingetransmembrane/costimulatory domains and a (UD3z signaling domain
(2842 CAR) were constructed using the Vi and Vy sequences of an anti-HEA-A2NY-
ESO-Tisziez antibody, 28105P, As a now-binding control, a BBz CAR was designed
using an irrelevant scFv plus a huCD8 hingedransmembrane domain, a 4-1BB co-
stirutatory domain, and a CD3z signaling domain, These CARs were cloned into a
pLV X lentiviral voctor with an EF la promoter and P2ACeGFP sequence (for tracking
CAR-transduced cells), and VSV -pscudotyped fentivirus was produced. See Figure 6 for

construct design (Part A) and results {Part B).
Collectively, the results demonstrate that anti-HLA-AZNY-ESO-1ismes 282 CAR T

cells demonstrate superior i vive anti-tumaor activity and anti-tumor kinetics compared to
anti-HLA-AZNY-ESO-1io.6s BB2 CAR T cells.
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Table 17 CAR scFv 1Ds:

PCT/US2021/030625

ABPID AbPID Speeificity Deseription
Anti-HLA-AZHPVIOET 9 seFy 17363 in VL~
ag . Non-binding | VH orientation with huCD# hingeiransmembrane
17363 17363 ] @ J . = .
control domain, a 4-1BB co-stimulatory domaby, and a
CD3z signaling domain (Control CAR)
anti-HLA-AZNY-ESO- 1556 s¢Fy 28103P in
HLA- VH-VL ovientation with haCDS¥
28105P 28105p AZNY- hinge/transmembrane domain, a 4-18BB co-
ESO-Tisrass | stimulstory domain, and & CD3z signaling domain
(NY-ESO-1157.163 BBZ CAR)
anti-HLA-AZNY-ESO-1isn56s s¢Fy 28103P in
HLA- VH-VL orientation with huC'D28
28105p 281058 AZNY- hingetransmembrane/costimulatory domains and
ESO-lwsrass | a CD3z signaling domain (NY-ESC-1is7163 2872
CAR)
Table 18> Lentivieus prap 1Ds:
Leativirus AbPID Description
Prep #
Date
Anti-HEA-AZHPVIOET 0 soFv 17363 in VL~
YVIT Lv- 17363 VH orientation with huCDS8 hingetransmembrane
DOON02430 T domain, a 4-1BB co-stimulatory domain, and a
CD3z sigmaling domain {Control CAR)
anti-HEA-AZNY-ESO- Lis75as seFy 28105P in VH-
ViS4 o VL OTii?il'iMifm ‘.yith hu(.‘1 D8k ir.lge.s“iransmsmbfane
LADD0037 28103p domain, a 4-18B8 cmstrmu?atary Eiumam, and a
T CD3z signaling domain (NY-ESO-1is7: BBz
CAR)
anti-HLA-AZNY-ESO- 1157505 soFv 28103F in VH-
VVSS Lye . VL orientation }&-"ith buCD28
N 28105P hinge/transmembrane/costimulatory domains and a

DDOO3S

CD3z signaling domatn (NY-ESO-Tisrass 2872
CAR)

Experimental Proceduve:

Cenergtion af CAR constructs and CAR T cells

{0195]

Chimeric antigen receptors coptaining either an anti-HELA-

A 'A’N\:‘ -~ ES ()"

Tisz.i6s seFv in the V-V orientation plus either 1) a huCD8 hinge/transmembrane

domain, a 4-1BB co-stimulatory domain, and & CD3z signaling domain (BB/z CAR), or

23 huCD2¥ hingeftransmembrane/costimulatory domains and a D3z signaling domain

(284 CARY were copstracted using the Vi and Vi sequences of an anti-HEA-A2NY-
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ESO- 1157165 antibody, 28103P. As a non-binding control, & BB/z CAR was designed
using an rrelevant seFy plus & huCHS hinge/transmembrane domain, a 4-1BB co-
stimudatory domain, and a CD3z signaling domain, These CARs were cloned into a
pLV X lentiviral vector with an EF la promoter and P2A:eGFP sequence (for tracking
CAR-transduced cells), and V8 V-pseudetyped lentivires was produced.

[0196] CD3+ T cells were isolated from human peripheral blood monenuclear
cells (PBMCs) from a normal donor, stimulated with CD3/CD28 microbeads plus 100
Liml recombinant human -2, and transduced with the lentiviras at an MO=3, The
transduced cells were expanded for 19 days with CD3/CD28 microbeads plus 100 Uiml
recombinant human IL-2 before being cryopreserved until use during the in vive

experiment.

Implantation and measyrement of xenogenic umors

[0197] To determine the in vive efficacy of antt-HEA-AZNY -ESO- 16
targeted chimeric antigen receptor {CARY T cells, a xenogenic twmor study was
performed. On day 0, immunodeficient NOD.Cg-Prkde= S [{2eg™ MS2F (NSG) mice
were subeutancousty injected with 3x10% HLA-A2'NY-ESO-1% A375 huntan melanoma
tumor cells, On day 3 after tumors were established, the mice (=3 per group) were
intravenously injocted with 20x10° T cells that express erther the non-binding control
BBz CAR (Control CAR T), the anti-HLA-AZ/NY-ESO- 117165 BBz CAR, or the anti-
HEA-AZNY-ESO-1israes 2872 CAR {ay dotermined by the frequency of colls expressing
GFP, which is a marker for those cells that have been transduced with CAR) from two
different donors, Twmor growth was assessed through day 38 by measuring tumor

volumes,

Caleulation of xenogenic tunor growth and inhibition

{0198] i order to determine tumor volume by external caliper, the greatest
longitedinal diameter (ength  mm) and the greatest transverse diameter (width in mm)
were determined. Tumor vohumes based on caliper measurements were caleulsted by the

formula: Volume (mm®) = (length x width)2.
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Results summary and conclusions:
f0199]

Mice receiving anti-HEA-AZNY-ESO-1israss BB CAR T cells demonstrated some

A375 tumors grew progressively in mice receiving Control CAR T cells,

tumor cowtrol, with reduced tumor growth compared to Control CAR Tireated mice on
days 21 (p<0.04), 28 (p<0.0001), and 3& (p=<0.06001) (statistics analyzed by 2-way
ANOVA) Anti-HLA-AZNY -ESO-lisvaas 282 CAR T treatment alse led to suppression
of ustablished A37S tumor growth oo days 16 (p=0.03}, 19 (p=0.0002), 21 {p=<h 0001},
28 {(p<0.0001}, and 38 (p<0.0001) (statistics analyzed by 2-way ANOVA ). Enhanced
etficacy of anti-HLA-AZNY-ESO- {57565 282 CAR vs. anti-HLA-AZNY-ESO-1 157165
BBz CAR is confirmed, as tumor sizes on days 21 (p=0.002), 28 {p=<0.0001), and 38
{(p=0.0001) are statistically significant, {p<1.0001 on both days) by 2-way ANOVA, See

Figure 6, Part B.

Table 19: Dawa Summary:

CART Average Tumor size | Numiber of
Treatment Tamor Size standard mice stili
{(mmYyon | ervorofthe | alive{of5)
Day 3 mesn on day 3
{SEM)
Control CART 57.2 7.1 3
NY-ESO-1isris BBz CART 69.1 114 3
NY-ESQ-1isr10 2872 CAR T 79.4 4.0 3
CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
(movryen | errorofthe | alive (of §)
Pay 3 mean onday 3
{SEM)
Control CART 78.8 7.0 5
NY-ESO-lisrias BBZCART 63,9 1.9 3
NY-ESO-1ismias 282 CAR T 80.7 8.0 3
CART Average Tumor size | Nuniber of
Treatment Tamor Size standard mice stili
{mmyon | evrorofthe | alive (of 8)
Day 7 mean on day 7
{SEM)
Control CART 1184 122 3
NY-ESQ-1isries BBz CAR T 69.8 8.4 3
NY-ESQ-1isr.00s 282 CAR T 77.6 7.1 3
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CART Average Tumor size | Nuniber of
Treatment Tumor Size standard mice still
{mmMon | errorofthe | alive (of 5)
Day 10 et on day 10
{SEM)
Control CART 134.0 12,1 3
NY-ESO-1is1.6s BBz CAR T 81.8 19.4 3
NY-ESO-1147.003 282 CAR T 43.7 23 3
CART Average Tumor size | Number of
Treatment Tumor Size stapndard mice stifl
fmm’yon | ervorofthe | alive (of §)
DPay 12 mean on day 12
{SEM)
Control CART 2246 23.7 3
NY-ESO-1ismias BBZCAR T 921 12.0 5
NY-ESO-1ism1as 282 CAR T 438 8.1 3
CART Average Tumor size | Nuniber of
Treatment Tamor Stre standard mice still
{mm’) on error of the | alive (of 5)
Day 14 W on day 14
{SEM)
Control CART 2818 318 3
NY-ESO-1isres BBZCAR T 98.3 16,4 3
NY-ESO-1s7.505 282 CAR T 36,6 3.0 3
CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
{mm’} on ervor of the | alive (of )
Day 16 mean on dav 16
{SEM)
Control CAR T 4098 44 5 3
NY-ESO-lisres BB2CAR Y 157.9 16.7 5
NY-ESO-lisrws 282 CART 70.5 6.0 5
CART Average Tumer size | Number of
Treatment Tumor Sixe standard mice still
{ram’) on errov of the | alive (of )
Day 1% AN on day 19
(SEM)
Control CAR'T 657.3 81.3 5
NY-ES8Q-1157.50s BBZCAR T 3598 419 5
NY-E&Q-isri0s 282 CAR T 106.6 14.5 5
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CART Average Tumor size | Nuniber of
Treatment Tumor Size standard mice still
{mmMon | errorofthe | alive (of 5)
Day 21 et on day 21
{SEM)
Control CART 943.1 119.5 3
NY-ESO-Tisres BB CAR T 6{17.6 578 3
NY-ESO-1147.003 282 CAR T 142.7 12.6 3
CART Average Tumor size | Number of
Treatment Tumor Size standard mice still
fmm’yon | ervorofthe | alive (of §)
Day 28 mean on day 28
(SEM)
Control CART 2168.4 162.9 3
NY-ESO-1ismias BBZCAR T 13315 154.6 5
NY-ESO-1ismias 282 CAR T 523.8 57.7 3
CART Average Tumor size | Nuniber of
Treatment Tamor Size standard mice still
{mm’) on error of the | alive (of 5)
Day 38 mean on day 38
{SEM)
Control CAR T 3504.3 1574 3
NY-ESO-1isres BBZCAR T 27543 443.7 3
NY-ESO-1ar10s 282 CAR T 1696.4 144.0 3

Example 6: In vitro cytotoxicity by T cells expressing chimeric antigen receptors
containing one of twa anti-HLA-A2MAGEAD230.230 scF¥’s oe an arti-HELA-
AZMAGEAL 06-204

{0200] Chimeric antigen receptoss containing one of twe anti-HLA-
AZMAGEAd0.39 seFv's oy an anti-HLA-AZMAGEA 6204 seFy plus either 1) a
haCDS lnge/transmembrane domain, a 4-1BB co-stimulatory domain, and a CD3z
signaling domain (BB/z CAR), or 2) huCD2¥ hinge/transmenmibranecostimulatory
domains and a UD3z sigualing domain (282 CAR) were constructed using the Vi and Vi
sequences of two anti-HEA-AZMAGEAdzio 20 antibodies (33229 or 34852), and an anti-
HEA-A2ZMAGEAdz202 antibody {31345), As non-binding controls, & BBz CAR was
designed using an irrelevant scFy plus a huCDS hingeftransmembrang domain, a 4-1BB
co-stimulatory domain, and a CD3z signaling dorain, and 8 282 CAR was designed
using an irrelevant scFv plus huCD28 hingefransmenbrane/costimulatory domains and a

CE3z signaling domain. These CARs were cloned into a pLVX lentiviral vector with an
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EF1a promoter and P2AeGFP sequence (for tracking CAR-transduced cells), and VSV-

pseudotyped lentivirus was produced. See Figure 8 and 11 for construct design and Figore

7 for resulis,

Table 20: CAR soFy IDs:

AbPID AbPID Specificity Description
Anti-MUCT6 scFy 8808 in VL-VH
N Non-bindine (:riem‘fmen with i}u(fﬁ)ﬁ hmge\s’transmm.nbrane
{808 880¥ control = domain, a 4-1BB co~stimulatory domain, and
' & CD3z signaling domain {BB/z Control
CARj used in panels A-F
Anti-MUCT6 seFy 8808 in VL-VH
B Non-bindina o orientation \_&»’ith ‘huCDES .
{80OR 8808 control = hingedransmembrane/costimulatory domains
' and a CD3z signaling domain {28z Control
CAR) used in panels A-F
Anti-CD20 seFv 3B9 in VL-VH orientation
: . Non-binding L th }ip(fQES .
B9 3R% control hingetransmembrane/costimulatory domains
o and a CD3x signaling domain (282 Control
CARY used i panels G-H
anti- HLA-AZMAGEA4 0.0 seFyv 33229 1n
: VEI-VH-VL orientation with huCD8
HLA- hingedransmembrane domain, & 4-18B co-
33229 33229 AZMAGEAdn,. e e
N stiuglatory domain, and a CD3z signaling
» domain (HLA-A2ZMAGEAdsie2w CAR
33220 BBiz)
anti-HLA-A2 MAGE A4 seFv 33229 in
HLA- VLE-VH orientation with haCD28
33229 33229 AVMAGEA4 . | hingefransmembrane/costimudatory domains
39 and a CD3z signaling domain (HLA-
AZMAGEAdn o0 CAR 33226 287
amti-HLA-A2ZMAGEA423(1:239 34852 in
. VH-VL orientation with huCDR
HEA- hinge/Aransmerbrane dorain, a 4-1B8 co-~
34852 34852 ALMAGEALZ . | T et i
139 snmu.l atory doma in, angi a D3z signaling
o domain (HLA-A2MAGEA4230-239 CAR.
34852 BB/Z)
anti-HLA-A2S MAGEA4230-239 34852 in
HLA- VH-VL orientation with huCD28
348352 34852 AZMAGEA4230- | hingetransmembranscostimulatory domains
239 and 8 CD3z signaling domain (HLA-
A2ZMAGEA4230-239 CAR 34852 28/2)
: anti-HLA-AZMAGEA4286-294 scFv 31343
HLA- s NP ATEE oot fertorrs <ot e
11345 11345 AIMAGEALTSE- ‘ m Y L\ H Oﬂbﬂ)['dnﬂﬂ W ith Jngti)& A
204 h:r_z geransm embrrmc doma i, a 4—‘l BB ©o-
' stimulatory domain, and a CD3z simaling
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domain (HEA-AZMAGEA4286-294 CAR
31345 BBi2)

anti- HELA-AZMAGEA4286-204 scFv 31345

HLA- in VL-VH orientation with haCD28
31345 31345 A2MAGEA4286~ | hingefransmembrane/costimudatory domaias
294 and a CD3z signaling domain (HLA-

AZMAGEA42R6-294 CAR 31345 2877

Experimental Procedure

Cieneration of CAR constructs and CAR T cells

fo281] Chineric antigen receptors containing one of two anti-HLA-
AZMAGEAD w0 seFy's o an anti-HLA-AZMAGEAd 6204 scFv plus either 1) a
hCDR hingedransmembrane domain, @ 4-1BB co-stimulatory domain, and a CD3z
signaling domain (BB/2 CAR}, or 2) huCD28 hinge/transmembrane/costinulatory
domains and 3 CD3xz signating domain {282 CAR) were constructed using the Vi and Vu
sequences of two amt-HLA-AZMAGE A4 0.2 antibodies (33229 or 34852) and an anti-
HEA-AZMAGEAdase g sntibody (31345). As non-binding controls, a BBz CAR was
designed using an frrelevant scFy plus a huCDS8 hinge/transmembrane domain, a 4-1BB
co~-stimulatory domain, and a CD3z signaling domain, and & 2872 CAR was designed
using ap irrelevant seFy plus huCD2R hingedransmembrang/costimutatory domains and &
CD3z signating domain. These CARs were cloned into a pLVX lentiviral vector with an
EF1a promoter and P2ARGEP sequence (for tracking CAR~transduced cells), and VSV-
psendotyped lentivirus was produced.

f0282] CD3+ T cells were isolated from human peripheral blood mononucieur
cells (FBMCs) from a normal donor, stimulated with CD3/CDER microbeads plus 100
Usmal recombinant human 1L-2, and fransduced with the lentivivus et an MO1=3, The
transduoced cells were expanded for 14 days with CD3:CDIE microbeads plas 100 Umil

recombinant human IL-2 before use in the in vitro eytotoxicity assay.

Caleein-release oviotoxicity assay
[0203] To determine the in vitro cytotoxic activity of anti-HLA-AZMAGEAdne
239- and anti-HLA-A2Z/MAGEA4sssam-targeted chimeric antigen receptor (CAR) T cells
with sither BBiy or 28/7 ntracellular signaling domains, & 2.5-hour caleein release assay
7

was performed. A375 or SKAMEL-37 cells (2« 10€ cells/mL) were labeled with & pM

Calcein-AM {ThermoFisher) for 35 minwtes at 37 *C and washed 3 times with media,
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CAR-transduced activatediexpanded T cells and caleein labeled target cells woere co-
cultured at various ratios in triplicate for 2.5 hrs in 96-well round-bottom plates at 37°C.
After incubation, culture supematant was transferred 1o a black clear bottom 96 well
microplate (Greiner Bio One) and caleein fluorescence was measured using a nucroplate
reader. Percent caleein release was caleulated as ({Caleein signal - Spontaneous Caleein

Releasey{Caleein Maximum Release - Spontancous Caleein Release))* 100 and reported

as percent eytoxicity. Spoptancous release was determined by target colls only, and

maximal release was determined by bysing target colls with 1% Triton X-114 detergent.

Resudts swmmary and conclusions
H9204] Modest eytotoxicity of the MAGEASHLA-AZY A375 and SK-MEL-37
204 CAR (31343) with a BB/ tvracellula

cells was seen by the anti-MAGE A4
signaling domain; by contrast, augmented cytotoxicity was scen by the anti-MAGE Adase.
204 CAR (31343} with a 287z intracellular signaling domain (Figure 7). Minimal
backgroand cytotoxicity was mdaced by CTL CAR constructs (Figure 7)., Thus, the anti-
MAGEAdz959 CAR (31343) CAR with a 28/7 signaling domain induced superior
cytotoxicity compared with the same CAR utilizing a BB/z signaling domain.

[205] Modest eytotoxicity of the MAGEASHLA-A2Y A37S and SK-MEL-37
colls was seen by the anti-MAGEA4ne20 CAR (33229) with a BB/z intracellular
signaling domain; by contrast, augmented cytotoxicity was scen by the anti-MAGEAdus.
e CAR (33229 with a 28/ mtracellular signaling domain (Figure 7), and minimal
backgroand cytotoxicty was indaced by CTL CAR constructs (Figure 7). Thus, the anti~
MAGEAdze29 CAR (33229) CAR with a 28/7 signaling domain induced superior
cyvtotoxicity compared with the same CAR utilizing a BB/z signaling domain,

[0266] Modest eytotoxicity of the MAGEA4THLA-A2T A373 cells was seen by
the anti-MAGEA4ne2e CAR (34832) with & BB/z intrucellular signaling domain; by
contrast, auygmented cytotoxicity was scen by the anti-MAGEAd w210 CAR {34832} with
a 28% intracellular signaling domain {Figure 7). Mintmal background extotoxicity was
induced by CTL CAR constructs (Figure 7). Thus, the snti-MAGE Adnoaw CAR (34852)
CAR with a 287 signaling domain induced superior eytotoxicity compared with the same

CAR utilizing a BB/z signaling domain,

1
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Table 21:Tabulated Data Summary:

A375 Cytotoxicity

anti-MAGEA4(286-294) CAR 31345 - BB

CAR+ T cell: Tumor cell ratio

Mesn %6 Cytotoxicity

SEM % Cytofoxicity

0.34361233
068722467
137665198
275330396
5.50660793
110132159
220264317

3493440717
2077001
4103343463
10.03039513
16.5653485
2320162103
42 350355723

2.6210604358
F 186968045
2073200977
3189478464
F. 145152438
2.583586633
1150741309

anti-MAGEAA(286-204) CAR.

31345 - 282

CARA+ T cell:Tumer cell ratio

Mean %6 Cytotoxicity

SEM % Cytotoxicity

740770465

(.26 7 LOBGO237
(.52 9898341357 1371420173
1.04 2140181917 F.O13488G87
2.08 3504347887 243842243
4,184 47 56354307 16894223527
8.32 33.611357 3238510426
16.65 64.0449438 3152684838

anti-MAGEA4(230-239) CAR

33229 - BBz

CAR+ T cell: Tumor cell ratio

Mean % Cytotoxicity

SEM % Cylotoxicity

0.44
0.87
173
3149
6.98
13.97
27.93

-2.940311667
0.588062337
1822993237
7.350779187
1599320347
2969714793
47.16250923

FO20250017
2.199541805
0459291368
(.038806233
1617973121
2627263494
2.619334002

anti~-MAGEA4(230-239) CAR

33229 - 287z

CAR+ T cell: Tumor celf ratio

Mean % Cytotoxicity

SEM %, Cytotoxicity

0.1
0.21
041
0.83
1.66
332

6.63

3267093297
2458740327
6.972044467
1563624117
32,83933983

£4.0936551

86.8642641

1391982373
3043275709
1549343217
16396400933
2168201695
5.554466059

18187942

CTL CAR - BBZ
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CARE T cell:Twmor cell ratio

Muean % Cytotoxicity

SEM %% Cytoloxicity

(.38 0.754840817 2047453102
B.73 0.426649173 1430554304
1.51 -0.42664913 3847548632
3.02 0.623364147 3.012935339
5.03 4036757463 1197IRT71TS
12.1 G.419100757 0328191663
4.2 12.11027239 4.123827394

CTL CAR - 282

CAR+ T cell:Tumor cell ratio | Mean % Cytotoxicity | SEM % Cyiotoxicity
615 263578275 1615315369
0.3} 2476038337 0.76193227
.61 335453259 247603834
1.22 3115013967 2429218272
2.44 31501597 3203861205
4.88 17.25239617 1.514386178
9.77 30.5910343 3.9904153

Untransdaced

CAR+ T cell: Tumor cell ratio

Mean % Cytotoxicity

SEM % Cytotoxicity

078
1.56
3125
525
12.3
23

30

5.599313063
2.844442063
3016382507
-1.919486757
6.7716742
TA3120193
6.269535185

1 A28185853
1866347656
1041244538
1386474598
2405323802
1474631073
1783611187

anti-MAGEA4(230-239) CAR-

scFv X - BBz

CARA T call: Tumor celt rafio

Muean % Cytotoxicity

SEM %5 Cytotoxicity

0.6828125
1.365623
273123
34623
10.923
21.85

2.17324042
-1.030377047
040451838
3304838947
4007021827
797388153

108412643
0.992367116
0820902448
1.953900173

0.61968303
LLITEI53078

anti-MAGEA4{230-239) CAR-

scFv X -« 2877

CAR+ T cell: Tumor cell ratio

Mean % Cytotoxicity

SEM %o Cytotoxicity

478125
£.5625
3125

525

2877423307
3426937713

767038466
12.83010229

13

1702013098
1021262627
2474788746
1871738619
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12.5 25.1030377 1.344346732
25 426270798 3.696614762
CTL CAR ~ 2847

CAR+ T celk Tumeor coll ratio | Mean % Cytotoxicity | SEM % Cytotoxicity
1.328135 3.011329757 0823567521
2.65623 1311866427 1.104368467
53125 2.116875373 (.8235a7522
10.625 2.683363157 164308237
21.25 203724508 1.213663237
42.3 184853906 1038752588

SK-MEL-37

Cytotoxicity

anti-MAGEAH286-204) CAR 31343 - BB/=z

CAR+ T cell: Tumer cell ratio

Mean % Cytotoxicity

SEM % Cylotoxicity

34361233
0.68722467
1.37665198
275330396
550660793
11.0132139
220264317

-1.834261367
-3.799541433
(831621356
2.39108072
48342417
13.00360301
277432034

0.634273987
0.947623724
9472384333
2491724015

0.53920688
2042378642
0654273934

anti-MAGEA4(286-294) CAR 31343 - 28

CAR+ T eell: Twmor cell ratio

Mean % Cytotoxicity

SEM % Cytotoxicity

0.26
0.52
1.04
.08
4.16
16.65

2338101827
2245808323
4768497154
1341332103
2147361047
3242578065

52.11505923

0.2441835631
1.448347295

142416699
0.837351751
1.595310522
2.599008367
(0.378040479

anti-MAGEA4(230-239) CAR

33229 - BBz

CARA T cell:Tumor celi ratio

Mean % Cyiotoxicity

SEM % Cytotoxicity

(.44
0.87
1.73
3.49
598
13.97

27.93

-4 988222233
-3.4363309
-4.572537065
-2272412367
-1 88443953
4766323486
1368088883

0.530852193
0.4156832
0.91618541
0.534496362
1796176079
0762467313
1.9030698893
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anti-MAGEA4(230-239) CAR 33229

- 28z

CAR+ T celh Tumor cell ratio

Mean % Cytotoxicity

SEM % Cytotoxicity

0.1 -LET2367367 0.292764964
0.21 <2.890076067 .717387881
0.41 -1.546391036 {.87526366
0.83 113416677 0491108619
1.66 3.660265497 0.533R226776
332 11.3674442% 1.838R25301
6.63 2536409333 1.120908121
CTL CAR ~ BBz
CARE T cell: Tumeor cel ratio | Mean % Cytotoxricity | SEM % Cytotoxicity
0.38 -3 878&21837 1. 273090509
0,75 -3.230507833 O.483208867
1.31 <1524 §.074399741
3.02 -3 B7T8E21633 0202632826
6.03 -1.2501547 0.546307122
12.1 157197673 0.433752085
24.2 0903377163 1.04531712%

CTL CAR - 2872

CART T cell: Tumor cell ratio

Mean % Cytotoxicity

SEM %o Cylotoxicity

013 -0.44298047 2.313689458
0.31 -1.919582027 2632422705
0.61 -2.691938201 0.315393012
1.22 -0.261244887 1733183224
2.44 -0.011338463 2.32346539
4.88 1737846437 3.57826167
977 4327578373 2241162378
Untransduced
CAR+ T celb:Twmor cell ratio | Mean % Cytotoxicity | SEM % Cyitotoxicity
0.78 -1.3856173 0.308391616
1.36 1662740733 0.26435893
3135 -4.7110988 1009503652
6.23 -4 461687682 1.637844183
12.5 1.998034703 1.962821925
25 1.99803472 0.484724813
30 (L RIBBO6TOT (.6813530484
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Example 7: Chimeric antigen receptors containing one of wo anti-HILA-

A2MAGEA 4250300 8¢ Fv

f0267] Chimeric antigen receptors containing cither an anti-HLA~

A2MAGEAS 0.0 scFy in the Vi-Vi orientation phus either 1) a huCDS

hingeftransmembrane dontin, a 4-1BB co-stimulatory domain, and a CD3z signaling

domain (BB/z CAR), or 2) huCD2ZR hingetransmembrane/costinulatory dJomains and a

CBD3z signaling domain (2872 CAR) were constructed using the Vo and Vi sequences of

an anti-HLA-A2MAGEAd2ne 2w antibody, 33229P. As a non-binding control, a 28z

CAR was designed using an irrelevant scFv plus a luCD28

hinge/transmembrang/costimulatory domains and a CD3z signaling domain. These CARs

were cloned into a pLVX lentiviral vector with an EF Ty promoter and P2AeGEP

sequence (for fracking CAR-transduced cells), and VEV.psoudotyped lentivitus was

produced. See Figure 9 and 10 for design of results and construct, respectively,

[0208] Collectively, the results demonstrate that anti-HEA-AZ/MAGEA $023

287 CAR T cells demonsirate superior in vivo anti-tumor activity and anti-tumor kinetics

compared to anti-HEA-AZMAGEAS 020 BB/Z CAR T cells.

Table 22: CAR scFv IDs:

AbPID | AbPID

Specificity

Description

17363 17363N

Non-binding

A-HEA-AZHPVIOET a0 scFy 17363N
in VL-VH orientation with haCD28§

332200 | 332299

control hingeransmembrane/costimulatory domains
and a CD3z sbymaling domain {Control CAR)
anti-HLA-AZMAGEAdyw0.m9 seFy 33229p

HLA- in VL-VH orientation with haCD8&

A2MAGE A4

hingetransmembrane domain, a 4-18BB co-

33220P 332290

23 stimulatory domain, and & CD3z signaling
domam (MAGEAdne2w BBz CAR)
anti-HEA-AZMAGE Aduzene seFy 33229p
HLA- in VL-VH orientation with Q28

A2IMAGE A4

239

lingetransmembrane/costinulatory domains
and a CD3z signaling domain (MAGEAdw.
23w 287 CARY

Experimental Procedure

Generation of CAR constructs and CAR T eells

{0209] Chimeric antigen receptors containing either an anti-HLA-

A2 MAGEAd w239 seFv in the Vi-Viy orientation plus cither 1) a haCD¥
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hingefransmembrane domain, o 4-1BB co-stimulatory domain, and a CD3z signaling
domain (BRZz CAR), or 2) huCD28 hingetransmembrang/costimulatory domaing and a
CB3z signating domain (282 CAR) were constructed using the Vi and Vi sequences of
an anti-HLA-ALMAGEA4s0. 23 antibody, 332299, As a non-binding control, a 282
CAR was designed using an irrelevant scFv plus 8 huCD28
hinge/transmembrane/costimulatory domains and a CD3z signaling domain. These CARs
waere cloned te & pL VX lentiviral vector with an EF fa promoter and P2AGFP
sequence {for iracking CAR-transduced cells), and VSV pseudotyped lenfivines was
produced.

fO216] CD3+ T cells were isolated from hunan peripheral blood mononuciear
cells (PBMCs) from & normsal donor, stimulated with CD3/CD2E microbeads plus 100
Udml recombinant homan 1L~2, and transduced with the lentivirus st an MOI=3. The
transduced cells were expanded for approximately 14 days with CD3/CD28 microbeads
plas 10 Uiml recombinant human 1L-2 before being crvopreserved until use during the

n vivo experiment.

Implantation and measirement of xenogenic {umoes

[0211] To determine the in vivo efficacy of anti-HLA-AZMAGEAd 039~
targeted chimeric antigen receptor (CAR} T cells, 2 xenogenic tumor study was
performed. On day 0, inumunodeficient NOD.Ce-Pride™™  [12eg™ WitiS2F (NSG) mice
ware subcutancously injected with 5x10° HLA-AZ"MAGEA4" A37S hunwas melanoma
tursor cells. Using mass spectrometyy techniques, it was determined that A373 melanoma
cells express approximately 553 cell-surface copies of the HLA-A2MAGEAdz0.230
peptide. On day 11 after turmors were established, the mice (8235 per group) were
intravenously injected with either 1x10%, 3x10° or 10x10° T cells that express either the
non-binding comtrel 28z CAR {Control CAR T), the anti-HLA-AZMAGEAdnw29 BBz
CAR, or the anti-HLA-AZ/MAGEA4 2000 28/ CAR (as determined by the frequency of
cells expressing either GFP, which is a marker for those cells that bave been transduced

with CAR). Tumor growth was assessed through day 28 by measuring rumor volumes,
Cadelation of xenogenic tumor growth and inhibivion
j0212] In order to determine tumor volume by external caliper, the greatest

longitudinal diameter (ength in mem) and the greatest transverse diameter {width in mn)
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were determined. Tumor volumes based on caliper measurements were caleulsted by the

formula: Volume (nmm®) = (length x width®)2.

Results surmmary

{0213] Ix10% dose of CAR T: A375 tumors grew progressively in mice receiving
contrel CAR T cells. Mice receiving anti-HLA-A2MAGEAd20.00 BBz CAR T cells did
not demonstrate tumor countrol, By contrast, anti-HLA-AZMAGEAd ez 28072 CAR T
treatment led to suppression of established A373 tumor growth compared to Control CAR
T on days 9 (p=0.0013, 13 (p<0.0001), and 16 (p~<0.0001) (statistics analvzed by 2-way
ANOVA). Enhanced efficacy of anti-HLA-AZ/MAGEAd 69 2872 CAR vs, anti-HLA-
A2MAGEAD 02 BB2 CAR s confirmed, as tumor sizes on days 9 (p=0.0086), 13
{(p<0.0001) and 16 (p<0.0001) are statistically significant by 2-way ANOVA.

[0214] SxI0% dose of CAR T A375 tumors grew progressively in mice receiving
control CAR T cells. Anti-HLA-AZMAGEAd 0.9 BBZ CAR T cell treatment fed to
suppression of established A37S tumor growth compared to Control CAR T on days 9
{p=0.0001}, 13 (p<0.0001), and 16 (p<0.0001 } (statistics analyzed by Z-way ANQVA).
Anti-HEA-AZMAGEAd 239 2872 CAR T treatment also led to suppression of
established A375 tumor growth on days 6 (p<0.0001), days 9 (p<0.0001), 13 (p=<0.0001),
and 16 (p<0.09001) (statistics analyzed by 2-way ANOVA). Enhanced efficacy of anti-
HLA-AZMAGEAd 0.0 287 CAR vs. anti-HLA-AZ'MAGEA40.19 BB Z CAR is
confirmed, as tumor sizes on days 6 (p=0.0049), ¢ (p<0.0001), 13 {p=0.0003) and 16
{p=0.0453) are statistically significant by Z-way ANOVA,

[0215] FOxI(F dose of CAR T A37S tamors grew progressively in mice receiving
control CAR T cells. Anti-HLA-AZ/MAGEAdn02350 BBz CAR T cell reatment fod 1o
suppression of established A373 tamor growth compared to Control CAR T on davs 6
{p=0.0214), 9 (p=0.00013, 13 (p=0.0001), and 16 (p~<0.0001 ) (statistics analyzed by 2-
way ANOVA) Anti-HLA-A2MAGEAdz 009 2872 CAR T treatment also led to
suppression of establishod A37S tumor growth on davs 6 (p<G.0001), dayvs 9 (p<G.0001},
13 (p<0.0001}, and 16 (p=0.0001) {statistics analyzed by 2-way ANOVA). Enhanced
etficacy of anti-HLA-A2Z/MAGEAd 0.2 2872 CAR v, anti-HEA-AZ'MAGEAd 0.9
BBz CAR is confirmed, as tumor sizes on days & {p=0.0282) and 9 {p=0.0212) arc

statistically significant by 2-way ANOVA,
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Table 23 Tabulaied Data Sunvnary:

Control CAR T 28z

Davs Tumor volume
after Mean tumor  standard error - Number
dosing yvolume of the mean of mice
CART {mm3) {(SEM) alive
¢ 152.93 28.3¢ 3
2 27333 47.33 3
6 706.24 94.17 3
9 1076.98 155,83 3
i3 169017 167.36 5
16 2438.08 270,27 4
20 0
23 0

anti-MAGEA4(230-239) CAR T BBz 1eb dose

Days Tumer vohune
after Mean tumor  standard error - Nunber
dosing volume of the mean  of mice
CART {mm3) {(SEM) alive
0 147.95 23.54 5
2 217.85 45.47 3
B S62.00 83.95 3
9 2651 140.92 3
13 1322.27 263.85 5
16 1594.67 350.63 5
20 1902.97 209,18 4
23 1988.75 408,62 2

amti-MAGEAS230-239) CAR T BB/Z 56 dose

119

Days Tumeor volume
after Mean tumor  standard ervor  Number
dosing volume of the mean of mice
CART {mm3) {SEM) alive
0 175,91 15,38 8
2 225.22 33z 8
& 492.59 49.56 3
9 51364 47.10 8

PCT/US2021/030625
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i3 406,94 §2.15 4
16 238.39 48.51 3
20 198.05 T1.77 8
23 175,28 84,08 8
anti-MAGEA4(230-239) CAR T BB/z 10c6 dose
Days Tumaor volume
after Mean tymor  standard ervor  Number
dosing vohune of the mean of mice
CART {nmm3) {SEM) alive
0 167.56 16.84 7
2 235.62 4237 7
6 376.09 11215 7
9 337.07 64.66 7
i3 132,88 2892 7
16 14,81 12.74 7
20 (.00 (.00 7
23 {.00 0,00 7
anti-MAGEA4(230-239) CAR T 28z Teb dose
Days Tuomeor volume
after Mean timor  standard error - Nuinber
dosing volume of the mean of mice
CART {mm3} {SEM) alive
0 129.31 25.19 S
2 190.09 48.25 S
& 34210 G5.36 N
Q 26718 7818 3
i3 187.50 98,59 3
16 208.26 145,32 3
20 280,10 232.66 3
23 212,50 168,19 3
ant-MAGEAA(R30-230) CAR T 2877 Seé dose
Days Tumor volume
after Mean tumor  standard error Nuimber
dosing volume of the mean of mice
CART {mm3) {SEM) alive
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0 161.61 14.84 &
2 210.63 2197 8
6 193.05 32.71 3
9 90131 3541 b
i3 27.67 18.02 3
in 1317 13.47 8
20 333 333 &
23 £.06 6.06 3

anti-MAGEA4(230-239) CAR T 2&z 10c6 dose

Davs Tumor volunte
after Mean tumor  standard error . Number
dosing volume of the mean of mice
CART {mm3d) (SEM) alive
0 15547 2118 é
2 23308 49.94 6
6 7445 24.65 6
9 3.02 907 5
i3 3.41 3.41 ]
1o .00 0.00 6
20 0.00 0.00 é
23 (.00 (.00 6

Example 8: Chimeric antigen receptors containing either an anti-HLA-

AZMAGEAL 30230 $5¢Fy

{12164 Chimeric anfigen receptors containing either an anti-HLA~

A2 MAGEAd a3 seFv in the Vi-Vir orientation plus either 1) a haCDE
hingefdransmembrane domain, a 4+-1BB co-stimulatory domain, and a CD3z signaling
domain (BB CAR}, or 2) huCD28 hinge/transmembrana/costimulatory domains and a
CI3z signaling domain (282 CAR) were constructed using the Vy, and Vi sequences of
an anti-HLA-AZMAGEA4ze050 antibody, 34832, As a non-binding control, a 282 CAR
was designed using an irrelevant seFy plus & huCh28
hingedransmembrane/costimulatory domains and a CD 3z signaling domain, These CARs
were cloned ot & pLVX lentiviral vector with an EFla promoter and P2AeGFP
sequence {for tracking CAR-transduced cells), and VSV -pseudotyped lentivirus was

produced. See Figure 11 and 12 for construct design and results, respectively.
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0217} Collectively, the results demonstrate that amt-HLACA2ZMAGEA 402
2872 CAR T cells show superior in vivo anti-tumnor activity and anti-tumor kinetics

compared to anti-HLAAZMAGEAd 0239 BBz CAR T eells.

Table 24: CAR seFy IDs:

ABPID | ABPID Specificity Description

Anti~CD20 scFv 3B9 in VL-VH orientation
with huCD28

Non-binding . . Y .
= Binge/transmembrang/costionlatory domains

3B9 389

control and a C'D3z signaling domain (Control CAR)
used 10 panels G-H
anti-HLA-A2MAGEA4n0m0 34852 in VH-
- VL orieatation with huCD8
HLA- fungetransmombrane domain, a $-18B cc
34852 | 34852 | AZMAGEAdne | oo TANSIUEIOTANG GOIaH, 4 5- 104 o
e stimulatory domain, and a CD3z signaling

domain (HLAAZMAGEAduee CAR 34852
BBz}

anti-HLA-A2S MAGEAdm0230 34852 in VH-
V1 orientation with lu(CD28
hingetransmenbrane/costinudatory domains
ard 8 CD3z signaling domain (HLA-
AZMAGEA4z020 CAR 34852 28:%)

34852 | 34852

Experimental Procedure

Generation of CAR constructs and CAR T cells

f0218§ Chimeric antigen receptors containing oither an anti-HLA-
A2MAGEAd 025 scFv in the Vi-Vi orientation phus esther 1) a huCD3
hingedtransmembrane donin, a 4-1BB co-stimulatory domain, and a CD3z signaling
domain (BB/z CAR), or 2) uCD28 binge/transmembranescostimylatory domains and a
U3z signaling domain 28/ CAR) were constructed using the Ve and Vi sequences of
an anfi-HLA-AZMAGEAdnnzw antibody, 34852, As a son-binding control, a 287 CAR
was designed using an irrelevant scFy plus a huCD28
hingefransmembrane/costimulatory domains and a CD3z signaling domain. These CARs
were cloned into a pLVX lentiviral vector with an EFla promoter and P2AeGFP
sequence {for tracking CAR-transduced cells), and VSV-pscudotyped fentivires was
produced.

[0219] CH3+ T cells were wolated from human peripheral blood mononuciear
cells (PBMCs) from a normal donor, stimulated with CD3/CD28 microbeads plus 100

Uil recombinant human -2, and transduced with the leativiras at an MOB=3, The
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transduced cells were expanded for approximately 14 days with CD3/CD28 microbeads
plus 100 Uiml recombinant human 1L-2 before being cryopreserved until use during the

0 vivo experiment.

Implaniation and measurement of xenogenic tumors

[0220] To determine the in vivo officacy of amti-HLA-AZMAGEA 230
targeted chimerie antigen receplor (TAR) T cells, a xenogenic tumor study was
performed. On day 0, impumodeficient NOD.Cg-Pride® 11 2rg™ 827 (NSG) mice
were subcutaneously injected with 5x10¢ HLA-A2'MAGEA4™ A375 human melanoma
tumnor cells. Using mass spectrometry techniques, it was determined that A375 melanoma
cells expross approximately 333 coll-surface copies of the HLA-AZMAGEAd 000
peptide. Oun day 10 after tumors were established, the mice (n= 3 per group) were
intravenously injected with 4x10° T cells that express either the non-binding control 28z
CAR (Control CAR T), the anti-HLA-AZMAGEA42w230 BB/2 CAR, or the anti-HEA-
AZMAGEAd 0030 2872 CAR {as determined by the frequency of cells expressing either
GFP, which is a# marker for those cells that have been transduced with CAR) from two
difterent donors. Tumor growth was assessed through day 28 by measuring tumor

volumes.

Calculption of xenogenic tumor growth and infthition
[0221) n order to determine tumor volume by external caliper, the greatost
longitudinal diameter (length in mm) and the greatest trapsverse digmeter (width in mm)

were determined. Tumor volumes based on caliper measturements were caleulated by the

formula: Volume (mum') = {length x width®)/2,

Resulis summary and conclusions:

f0222) A373 tumors grew progressively in mice receiving Control CAR T cells.
Mice receiving antt-HEA-AZMAGEAd»02w BB 2 CAR T cells did not demonstrate any
tumor controd. By contrast, anti-HLACA2Z/MAGE Adnorw 2802 CAR T treatiment led 1o
suppression of established A373 tumor growth on days 17 (p<0.0001 vs. Control CAR T)
and 20 {(p=<0.0001 vs. Control CAR T) (statistics analyzed by 2-way ANOVA), Enhanced
etficacy of anti-HLA-AZMAGEAdne2m0 282 CAR v, anti-HEA-A2ZMAGEAdzrane
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BB/ CAR is confinmed, as tursor sizes on days 13 (p=0.0236), 17 (p=0.0002), and 21

{p=0.0001) are statistically significantly different by 2-way ANOVA,

Fable 25: Tabwdaed Data Swamary:

CART Average
Treatment Turmnor Size Fumor size
{moY'y on standard
Day 0 {dayv of | error of the

CART mean (SEM)
dosing}
Control CART 144.71 26.81
MAGEA4z 039 CAR T 34852 BR:2 125.77 21.00
MAGEA4z 039 CAR T 34852 2872 130.64 13.71
CART Average
Trestment Tumor Stze | Tumor size
{nu’) on standard
Day 3 post- | eworof the
CART mean (SEM)
dosing
Control CAR T 210.44 37.31
MAGEAdne2se CAR T 34852 BR/z 18585 42.71
MAGEAdneze CAR T 34852 2847 263,48 44.03
CART Average
Treatment Tamor Size Tumor size
{mu’) on standard
Day 6 post- error of the

CART mean (SEM}
dosing
Control CAR'T 374.09 36,33
MAGEAdze20 CAR T 34852 BBz 46426 81.13
MAGEA400 CAR T 34852 2872 31228 33.90
CART Average
Treatment Tumor Size Tumor size
{mm’) on standard
Day 10 post- | cmror of the

CART mean (SEM)
dosing
Control CAR'T 825.94 167.02
MAGEA40.2 CAR T 34852 BBz (018,90 137.83
MAGEAdm0230 CAR T 34852 287 338.26 §7.0%
CART Average Tumor size
Treatmert Tumor Size ’ -
standard

{mnr’) on
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Day 13 post- | error of the
CART meay {SEM)
dosing
Control CAR T 1274.25 182.63
MAGEAds0y CAR T 34852 BB/ 1363.24 178.27
MAGEAd»00s CAR T 34852 284% 648.70 132.34
CART Average
Treatment Tumor Stze | Tumor size
{num’) on standard
Day 17 post- | error of the
CART mean (SEM)
dosing
Control CART 2311.83 461.10
MAGEA4z0.20¢ CAR T 34852 BR:z 229,72 321.33
MAGEA4z 029 CAR T 34852 28:% 1038.88 163.82
CARTY Average
Troatment Tumor Stee | Tumor size
{nun’) on standard
Day 20 post- | ervor of the
CART meatt (SEM)
dosing
Control CART 2930.09 362.64
MAGEAdnee CAR T 34852 BB/ 3346.67 329.10
MAGEAdneae CAR T 34852 282 1657.89 261.70
INCORPORATION BY REFERENCE
{1223 Al publications, patents, patent applications and sequence sceession

mumbers mentioned herein are hereby incorporated by reference in their entirety as if each
individual publication, patent or patent application was specitically and individually
indicated to be incorporated by reference. In case of contlict, the present application,

inclading any definitions herein, will control.

EQUIVALENTS

H224] A number of embodiments of the invention have been described.
Nevertheless, it will be ynderstood that various modifications may be made without
departing from the spirit and scope of the nvention. Accordingly, other embodiments are

within the scope of the following claims. Unless defined otherwise, all technical and

[
£
s
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scientific terms used herein have the same meanings as commonly understood by one of
skall in the art to which the disclosed ivention belongs.

j0225) Those skilfed in the art will recognize, or be able to ascertain using no
more than rontine experimentation, many equivalents o the specific embodiments of the
invention described herein, Such equivalents are intended to be encompassed by the

following claims,



