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TREATMENT OF CANCER USING A CHIMERIC ANTIGEN RECEPTOR IN
COMBINATION WITH AN INHIBITOR OF A PRO-M2 MACROPHAGE MOLECULE

RELATED APPLICATIONS
[001] This application claims priority to U.S. Serial No. 62/369589 filed August 1, 2016,

the contents of which are incorporated herein by reference in its entirety.

SEQUENCE LISTING

[002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and 1s hereby incorporated by reference in their entirety. Said

ASCII copy, created on July 31, 2017, 1s named N2067-7113WO_SL.txt and 1s 1,549,304

bytes 1n size.

FIELD OF THE INVENTION

[003] The present invention relates generally to the use of T cells engineered to express a
Chimeric Antigen Receptor (CAR), e.g., in combination with another agent such as, e.g., an
inhibitor of a pro-M2 macrophage molecule, e.g., an inhibitor of I1L-13, IL-13Ral, 1L-4, IL-
4Ra, IL-10 or CSF-1, to treat a disease associated with expression of a cancer antigen, €.g., a

solid tumor antigen or antigen on a cancer cell associated with tumor associated macrophages.

BACKGROUND OF THE INVENTION

1004 ] Many patients with malignancies are incurable with standard therapy. In addition,
traditional treatment options often have serious side effects. Attempts have been made 1n cancer
immunotherapy, however, several obstacles render this a very difficult goal to achieve clinical
effectiveness. Although hundreds of so-called tumor antigens have been 1dentified, these are
generally derived from self and thus are poorly immunogenic. Furthermore, tumors use several
mechanisms to render themselves hostile to the initiation and propagation of immune attack.
Some of these mechanisms involve non-tumor cells that can be associated with the tumor cells,
for example tumor-associated macrophages (TAMs), that can have a phenotype that 1s

inhibitory to the immune response, €.g., an M2 phenotype.
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003 ] Recent developments using chimeric antigen receptor (CAR) modified autologous T
cell (CART) therapy, which relies on redirecting T cells to a suitable cell-surface molecule on
cancer cells such as B cell malignancies, show promising results in harnessing the power of the
immune system to treat B cell malignancies and other cancers (see, e.g., Sadelain et al., Cancer
Discovery 3:388-398 (2013)). The clinical results of the murine derived CART19 (i.e.,
“CTLO19”) have shown promise in establishing complete remissions 1in patients suffering with
CLL as well as in childhood ALL (see, e.g., Kalos et al., Sc1 Transl Med 3:95ra73 (2011),
Porter et al., NEJM 365:725-733 (2011), Grupp et al., NEJM 368:1509-1518 (2013)). Besides
the ability for the chimeric antigen receptor on the genetically modified T cells to recognize
and destroy the targeted cells, a successtul therapeutic T cell therapy needs to have the ability
to proliferate and persist over time, remain effective in an environment that inhibits their
function, and to further monitor for malignant cell escapees. The variable quality of T cells, as
well as in vivo anergy, suppression or exhaustion will have effects on CAR-transformed T
cells” performance, over which skilled practitioners have limited control at this time. While
certain CAR-transtormed T cell products have proven etfective, there 1s a need for CAR-
transfromed T cell therapies with enhanced etficacy, e.g., enhanced efficacy against solid

tumors and their associated immunoinhibitory tumor microenvironment (TME).

SUMMARY OF THE INVENTION

[006] The disclosure features, at least in part, compositions and methods of treating
disorders such as cancer (e.g., solid tumors or tumors associated with tumor-associated
macrophages) using immune effector cells (e.g., T cells or NK cells) that express a chimeric
antigen receptor (CAR) molecule, e.g., a CAR that binds to a tumor antigen, €.g., an antigen
expressed on the surface of a solid tumor or tumor associated with tumor-associated
macrophages. The compositions include, and the methods include administering, immune
effector cells (e.g., T cells or NK cells) expressing a tumor targeting CAR, 1n combination with
an 1inhibitor of a pro-M2 macrophage molecule (e.g., an inhibitor of colony stimulating factor-1
(CSF-1), interleukin 10 (IL-10), interleukin 13 (IL-13), interleukin 4 (I1L-4) or a receptor
present on the surface of macrophage cells for IL-13 or IL-4, e.g., IL-13Ral or IL-4Ra). In
some embodiments, the combination maintains or has better clinical effectiveness, e.g., against

a solid tumor or tumor associated with tumor-associated macrophages, as compared to either
2
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therapy alone. Without being bound by theory, 1t 1s shown herein that use of an inhibitor of a
pro-M2 macrophage molecule (e.g., as described herein) inhibits polarization of macrophages,
e.g., tumor-associated macrophages (TAMs) to the M2 phenotype, or reverses the phenotype of
M?2 macrophages, e¢.g., tumor-associated macrophages (TAMs), thereby removing a source of
inhibition of a function of CAR-expressing cells, e.g., CAR-expressing T cells, e.g., an anti-
tumor or proliferative activity of the CAR-expressing cells. The invention further pertains to
the use of engineered cells, e.g., immune effector cells (e.g., T cells or NK cells), that express a
CAR molecule that binds to a tumor antigen, e.g., a solid tumor antigen or antigen on a tumor
cell associated with tumor-associated macrophages, in combination with an inhibitor of a pro-
M2 macrophage molecule (e.g., an inhibitor of a pro-M2 macrophage molecule described
herein) to treat a disorder associated with expression of a tumor antigen, e.g., a solid tumor

antigen or antigen on a tumor associated with tumor-associated macrophages (e.g., a cancer).

[007] In a first aspect, the invention provides a method of treating a subject having a
disease associated with expression of a tumor antigen (e.g., a subject having a cancer (e.g., a
solid tumor or a tumor associated with tumor-associated macrophages)), including
administering to the subject: (1) a CAR therapy including a cell, e.g., a population of immune
effector cells, including, e.g., expressing, a chimeric antigen receptor (CAR) (e.g., as described
herein). The CAR 1ncludes a tumor antigen binding domain (e.g., the tumor antigen binding
domain of the CAR binds to CD19 or CD123), a transmembrane domain, and an intracellular
signaling domain; and (11) an inhibitor of a pro-M2 macrophage molecule (e.g., as described

herein).

[008] In another aspect, the invention provides a CAR therapy including a cell, e.g., a
population of immune effector cells, including (e.g., expressing) a chimeric antigen receptor
(CAR) for use 1in combination with an inhibitor of a pro-M2 macrophage molecule in treating a
subject having a disease associated with expression of a tumor antigen (e.g., a subject having a
cancer (e.g., a solid tumor or a tumor associated with tumor-associated macrophages)). The
CAR 1ncludes a tumor antigen binding domain (e.g., the tumor antigen binding domain of the
CAR binds to CD19 or CD123), a transmembrane domain, and an intracellular signaling

domain.

[1009] In embodiments, the CAR therapy and the inhibitor of a pro-M2 macrophage

molecule are administered sequentially.
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[0010] In embodiments, including in any of the aforementioned aspects and embodiments,
the 1inhibitor of a pro-M2 macrophage molecule 1s administered prior to the CAR therapy. In
embodiments, including in any of the atorementioned aspects and embodiments, the inhibitor
of a pro-M2 macrophage molecule and the CAR therapy are administered simultaneously or

concurrently.

[0011] In embodiments, including in any of the aforementioned aspects and embodiments,
the CAR therapy 1s administered as (a) single infusion or (b) multiple infusions (e.g., a single
dose split into multiple 1infusions), and the inhibitor of a pro-M2 macrophage molecule 1s
administered as (a) a single dose, or (b) multiple doses (e.g., a first and second, and optionally

one or more subsequent doses).

[0012] In embodiments, including in any of the aforementioned aspects and embodiments,
a dose of the CAR therapy 1s administered after (e.g., at least 1 day, 2 days, 3 days, 4 days, 3
days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, or more, after)
administration of a first dose of the inhibitor of a pro-M2 macrophage molecule, e.g., and

before administration of the second dose of the inhibitor.

[0013] In embodiments, including in any of the aforementioned aspects and embodiments,
a dose of the CAR therapy 1s administered concurrently with (e.g., within 2 days (e.g., within 2
days, 1 day, 24 hours, 12 hours, 6 hours, 4 hours, 2 hours, or less) of), the administration of a

first dose of the inhibitor of a pro-M2 macrophage molecule.

10014 ] In embodiments, including in any of the aforementioned aspects and embodiments,

one or more subsequent doses of the inhibitor of a pro-M2 macrophage molecule are

administered after a second dose of the inhibitor of a pro-M2 macrophage molecule.

[0015] In embodiments, including in any of the aforementioned aspects and embodiments,
the 1inhibitor of a pro-M2 macrophage moleculeis administered in more than one dose, and the
doses are administered twice a day (BID), once a day, once a week, once every 14 days, or

once every month.

10016] In embodiments, including in any of the aforementioned aspects and embodiments,
the administering of the inhibitor of a pro-M2 macrophage molecule includes multiple doses

including a duration of at least 7 days, e.g., at least 7 days, 8 days, 9 days, 10 days, 1 week, 2
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weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 1 month, 2 months, 3 months, 4 months, 5 months,

6 months, 7 months, 8 months, or more.

[0017] In embodiments, including in any of the aforementioned aspects and embodiments,

the CAR therapy 1s administered at a dose comprising at least about 5 x 10°, 1x 107, 1.5 x 10/,
2x10,25x10",3x10",3.5x 10", 4x 10", 5x 10", 1 x 10°, 1.5 x 10°, 2 x 10°, 2.5 x 10°, 3 x
108, 3.5x 108, 4 x 108, J5 X 108, 1 x 109, 2 X 109, or5 x 10’ cells, e.g., CAR positive cells.

[0018] In another aspect, the invention provides a pharmaceutical composition including (1)
a cell, e.g., a population of immune etfector cells, including, e.g., expressing, a chimeric
antigen receptor (CAR) (e.g., as described herein), wherein the CAR includes a tumor antigen
binding domain, a transmembrane domain, and an intracellular signaling domain; and (11) an

inhibitor of a pro-M2 macrophage molecule (e.g., as described herein).

[0019] In another aspect, the invention provides a pharmaceutical composition including (1)
a cell, e.g., a population of immune etfector cells, including, e.g., expressing, a chimeric
antigen receptor (CAR) (e.g., described herein), wherein the CAR includes a tumor antigen

binding domain, a transmembrane domain, and an intracellular signaling domain; and (11) an
inhibitor of a pro-M2 macrophage molecule, (e.g., as described herein), for use in treating a

disease or disorder described herein.

10020] In another aspect, the invention provides a method for stimulating a T cell-mediated
immune response to a solid tumor cell in a mammal, the method including administering to a

mammal an effective amount of a composition of the previous aspects.

[0021] In another aspect, the invention provides a method of providing an anti-tumor, €.g.,
an anti-solid tumor, immunity 1n a mammal, including administering to the mammal an

effective amount of the composition

10022 ] In another aspect, the invention provides a method of treating a mammal having a
disease associated with expression of a tumor antigen, e.g., a solid tumor antigen, said method

including administering an effective amount of the composition of the previous aspects.

[0023] In embodiments, including in any of the method embodiments above, the cell, e.g.,
the population of immune effector cells, and the inhibitor of a pro-M2 macrophage molecule

are provided for separate administration (e.g., in two separate compositions). In other
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embodiments, including 1n any of the method embodiments above, the cell, e.g., the population
of immune etfector cells, and the 1inhibitor of a pro-M2 macrophage molecule are provided for

simultaneous administration (e.g., 1n one composition).

10024 ] The following aspects of the inhibitor of the pro-M2 macrophage molecule may be

utilized with any of the atforementioned aspects and embodiments.

10025] In embodiments, the inhibitor of a pro-M2 macrophage molecule 1s an 1L-13
inhibitor, an IL-4 inhibitor, an IL-13Ral inhibitor, an IL-4Ra inhibitor, an IL-10 inhibitor, a
CSF-1 1nhibitor, a TGF beta inhibitor, or combinations thereof, e.g., as described herein. In
embodiments, the inhibitor of a pro-M2 macrophage molecule 1s an IL-13 inhibitor, an I1L-4
inhibitor, an IL-13Ral inhibitor, an IL-4Ra inhibitor or combinations thereof, e.g., as described
herein. In some embodiments, the inhibitor of a pro-M2 macrophage molecule 1s a small
molecule, an antibody or antigen-binding fragment thereof, a protein (e.g., a fusion protein), a
nucleic acid (e.g., an shRNA or siRNA), or a gene editing system. In some embodiment, the

inhibitor of a pro-M2 macrophage molecule 1s an antibody or antigen-biding fragment thereof.

10026] In some embodiments, the inhibitor of a pro-M2 macrophage molecule 1s an 1L-13
inhibitor, an IL-4 inhibitor, an IL-13Ral inhibitor, an IL-4Ra inhibitor, an IL-10 inhibitor, a
CSF-1 inhibitor, a TGF beta inhibitor, a JAK?2 inhibitor, a cell surface molecule, an 1ron oxide,
a small molecule 1nhibitor, a PI3K 1nhibitor, an HDAC 1nhibitor, an inhibitor of the glycolytic
pathway, a mitochondria-targeted antioxidant, or a combination thereof, e.g., as described

herein.

10027] In one embodiment, the inhibitor of a pro-M2 macrophage molecule 1s an 1L-13

inhibitor (e.g., fenretinide (4-HPR)).

[0028] In another embodiment, the 1inhibitor of a pro-M2 macrophage molecule 1s an IL-4

inhibitor (e.g., 4-HPR).

[0029] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s an an IL-

13Ral 1inhibitor.

[0030] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s an IL-

4R ¢, inhibitor.
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[0031] In another embodiment, the inhibitor of a pro-M?2 macrophage molecule 1s a CSF-1

inhibitor (e.g., nintedanib).

[0032] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a TGF

beta inhibitor.

[0033] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a JAK2

inhibitor (e.g., ruxolitinib).

10034] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a cell

surface molecule (e.g., Dipeptidyl peptidase 4 (DPP4) or CD26).

[0035] In another embodiment, the inhibitor of a pro-M2 macrophage molecule is an 1iron

oxide (e.g., ferumoxytol).

[0036] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a small

molecule 1inhibitor (e.g., pterostilbene).

[0037] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a

phosphoinositide 3-kinase (PI3K) inhibitor (e.g., tenalisib (RP6530)).

[0038] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s an

HDAC inhibitor (e.g., SAHA).

[0039] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s an

inhibitor of the glycolytic pathway (e.g., 2-deoxy-d-glucose (2-DG)).

[10040] In another embodiment, the inhibitor of a pro-M2 macrophage molecule 1s a

mitochondria-targeted antioxidant (e.g., M1toQ)).

10041] In another aspect, the invention provides a method of treating a subject having a
disease associated with expression of a tumor antigen (e.g., a subject having a cancer (e.g., a
solid tumor or a tumor associated with tumor-associated macrophages)). The method includes
administering to the subject (1) a CAR therapy including a cell, e.g., a population of immune
effector cells, including (e.g., expressing) a chimeric antigen receptor (CAR), wherein the CAR
includes a tumor antigen binding domain that binds to CD123, a transmembrane domain, and
an 1ntracellular signaling domain; and (11) a tumor targeting therapy. In some embodiments, the

CD123 CAR 1s administered 1in an amount and/or time sufficient to result in inhibition of an
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M2 macrophage activity. In embodiments, the inhibition of the M2 macrophage activity
comprises inhibition of polarization of a macrophage to an M2 phenotype, and/or reversal of a

phenotype of an M2 macrophage.

10042] In another aspect, the invention provides a CAR therapy including a cell, e.g., a
population of immune effector cells, comprising (e.g., expressing) a chimeric antigen receptor
(CAR) for use 1n combination with a tumor targeting therapy in treating a subject having a
disease associated with expression of a tumor antigen (e.g., a subject having cancer (e.g., a
solid tumor or a tumor associated with tumor-associated macrophages)). The CAR includes a
tumor antigen binding domain that binds CD123, a transmembrane domain, and an intracellular
signaling domain. In some embodiments, the CD123 CAR 1s administered in an amount and/or
time sufficient to result in inhibition of an M2 macrophage activity. In embodiments, the
inhibition of the M2 macrophage activity comprises inhibition of polarization of a macrophage

to an M2 phenotype, and/or reversal of a phenotype of an M2 macrophage.

1004 3] In some embodiments of the methods and the CAR therapies for use disclosed
herein, the tumor targeting therapy 1s a second CAR therapy that includes a cell, e.g., a
population of immune effector cells, including (e.g., expressing) a CAR including a tumor
antigen binding domain that binds to a tumor antigen other than CD123 (e.g., a CAR that binds
to a solid tumor antigen or a hematologic tumor antigen other than CD123). In one

embodiment, the tumor antigen binding domain binds to CD19, mesothelin, or EGFRvi1.

10044 ] In some embodiments of the methods and the CAR therapies for use disclosed
herein, the tumor targeting therapy 1s or includes a CD19-1nhibiting or depleting therapy, e.g., a
therapy that includes a CD19 inhibitor. In some embodiments, the tumor targeting therapy
includes a CD19 CAR-expressing cell, e.g., a CD19 CART cell, or an anti-CD19 antibody
(e.g., an ant1-CD 19 mono- or bispecific antibody) or a fragment or conjugate thereof. In one
embodiment, the CD19 inhibitor 1s a CD19 antibody, e.g., a CD19 bispecific antibody (e.g., a
bispecific T cell engager that targets CD19, e.g., blinatumomab).

10045] In other embodiments, including in any of the atorementioned aspects and

embodiments, the CAR therapy and the tumor targeting therapy are administered sequentially.

10046] In other embodiments, including in any of the atorementioned aspects and
embodiments, the tumor targeting therapy 1s administered prior to the CAR therapy.

8
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10047] In other embodiments, including 1n any of the atorementioned aspects and
embodiments, the CD123 CAR therapy 1s administered prior to the tumor targeting therapy. In
some embodiments, the CD123 CAR therapy 1s administered at least 5 days, at least 7 days, at
least 10 days, at least 15 days, at least 20 days, at least 1 month, at least 2 months, at least 3
months, at least 4 months, at least 5 months, at least 6 months, at least 7 months, at least 8
months, at least 9 months or at least 10 months, prior to administration of the tumor targeting

therapy.

100438] In other embodiments, including 1n any of the atforementioned aspects and
embodiments, the tumor targeting therapy and the CAR therapy are administered

simultaneously or concurrently.

10049] In other embodiments, including 1n any of the atorementioned aspects and
embodiments, the CAR therapy 1s administered as (a) single infusion or (b) multiple infusions
(e.g., a single dose split into multiple infusions), and the tumor targeting therapy 1s
administered as (a) a single dose, or (b) multiple doses (e.g., a first and second, and optionally

one or more subsequent doses).

[0050] In other embodiments, including in any of the aforementioned aspects and
embodiments, a dose of the CAR therapy 1s administered after (e.g., at least 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, or more,
after) administration of a first dose of the tumor targeting therapy, e.g., but before

administration of the second dose of the tumor targeting therapy.

[0051] In other embodiments, a dose of the CAR therapy 1s administered concurrently with
(e.g., within 2 days (e.g., within 2 days, 1 day, 24 hours, 12 hours, 6 hours, 4 hours, 2 hours, or

less) of), the administration of a first dose of the tumor targeting therapy.

[0052] In other embodiments, one or more subsequent doses of the tumor targeting therapy

are administered after a second dose of the tumor targeting therapy.

[0053] In other embodiments, the tumor targeting therapy 1s administered in more than one
dose, and the doses are administered twice a day (BID), once a day, once a week, once every 14

days, or once every month.
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[10054] In other embodiments, the administering of the tumor targeting therapy includes
multiple doses comprising a duration of at least 7 days, e.g., at least 7 days, 8 days, 9 days, 10

days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 1 month, 2 months, 3 months, 4

months, 5 months, 6 months, 7 months, 8 months, or more.

[0055] In other embodiments, the CAR therapy or the tumor targeting therapy 1s
administered at a dose comprising at least about 5 x 106, 1x10°.15x10".2x10".2.5x10".3
x 107,3.5x 10", 4x 10", 5x 10", 1 x 10°, 1.5 x 10°, 2 x 10%, 2.5 x 10°, 3 x 10°, 3.5 x 10°, 4 x
108, 5 x 108, 1 x 109, 2 X 109, or 5 x 10° cells, e.g., CAR positive cells.

[0056] In some embodiments, the CAR therapy and the tumor targeting therapy are

formulated 1in a pharmaceutical composition (e.g., comprising a pharmaceutical excipient).

[0057] The following aspects of the CAR and CAR-expressing cell, e.g., population of
immune effector cells, may be utilized with any of the aforementioned aspects and

embodiments.
|0058] In an aspect, the tumor antigen binding domain of the CAR binds CD123.

[0059] In embodiments, the tumor antigen binding domain of the CAR includes a heavy
chain complementary determining region 1 (HC CDR1), a heavy chain complementary
determining region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC
CDR3) of any CD123 heavy chain binding domain amino acid sequence listed in Table 16,
Table 18, Table 20, Table 22, Table 24, Table 235, Table 26, Table 27 or Table 28; and a light
chain complementary determining region 1 (LC CDR1), a light chain complementary
determining region 2 (LC CDR2), and a light chain complementary determining region 3 (LC
CDR3) of any CD123 light chain binding domain amino acid sequence listed 1in Table 17,
Table 19, Table 21, Table 23, Table 24, Table 25, Table 26, Table 27 or Table 28. In
embodiments, the CD123 binding domain includes a CD123 binding domain (e.g., scFv) amino

acid sequence listed 1n Table 26, Table 27 or Table 28. In embodiments, the CAR includes
(e.g., consists of) a CAR amino acid sequence listed in Table 26 or Table 27.

[0060] In another aspect, the tumor antigen binding domain of the CAR binds mesothelin.
In embodiments, the tumor antigen binding domain of the CAR 1includes a heavy chain
complementary determining region 1 (HC CDR1), a heavy chain complementary determining

region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of
10
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any mesothelin heavy chain binding domain amino acid sequence listed 1in Table 2, Table 3 or
Table 11; and a light chain complementary determining region 1 (LC CDR1), a light chain
complementary determining region 2 (LC CDR2), and a light chain complementary
determining region 3 (LC CDR3) of any mesothelin light chain binding domain amino acid
sequence listed 1n Table 2, Table 4 or Table 11. In embodiments, the mesothelin binding
domain includes a mesothelin binding domain (e.g., scFv) amino acid sequence listed 1in Table
2 or Table 11. In embodiments, the CAR includes (e.g., consists of) a CAR amino acid

sequence listed 1n Table 11.

10061 ] In another aspect, the tumor antigen binding domain of the CAR binds EGFRVIILI.
In embodiments, the tumor antigen binding domain of the CAR 1includes a heavy chain
complementary determining region 1 (HC CDR1), a heavy chain complementary determining
region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of
any EGFRvVIII heavy chain binding domain amino acid sequence listed 1in Table 5; and a light
chain complementary determining region 1 (LC CDR1), a light chain complementary
determining region 2 (LC CDR2), and a light chain complementary determining region 3 (LC
CDR3) of any EGFRVIII light chain binding domain amino acid sequence listed 1in Table 5. In
embodiments, the EGFRvIII binding domain includes a EGFRvIII binding domain (e.g., scFv)
amino acid sequence listed in Table 5. In embodiments, the CAR includes (e.g., consists of) a

CAR amino acid sequence listed 1n Table 30.

10062 ] In another aspect, the tumor antigen binding domain of the CAR binds CD19. In
some embodiments, the tumor antigen binding domain of the CAR 1includes a heavy chain
complementary determining region 1 (HC CDR1), a heavy chain complementary determining
region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of
any CD19 heavy chain binding domain amino acid sequence listed in Table 6, Table 7, or Table
9; and a light chain complementary determining region 1 (LC CDR1), a light chain
complementary determining region 2 (LC CDR2), and a light chain complementary
determining region 3 (LC CDR3) of any CD19 light chain binding domain amino acid
sequence listed 1n Table 6, Table 8, or Table 9. In particular embodiments, the CD19 binding
domain includes a CD19 binding domain (e.g., scFv) amino acid sequence listed in Table 6 or

Table 9. In certain embodiments, the CD19 binding domain includes an amino acid sequence

selected from the group consisting of SEQ ID NO: 83; SEQ ID NO: 84, SEQ ID NO: 85; SEQ

11



CA 03032581 2015-01-30

WO 2018/026819 PCT/US2017/044909

ID NO: 86; SEQ ID NO: 87; SEQ ID NO: 88; SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO:
91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, and SEQ ID NO: 112.

10063 ] In another aspect, the tumor antigen binding domain of the CAR binds a solid tumor
antigen. In another aspect, the tumor antigen binding domain of the CAR binds an antigen
expressed on a tumor associated with tumor-associated macrophages (TAMs) and/or myeloid
derived suppressor cells (MDSCs). In embodiments, the solid tumor antigen or the antigen
expressed on a tumor associated with tumor-associated macrophages (TAMs) and/or myeloid
derived suppressor cells (MDSCs) 1s CD123, EGFRvVIII, mesothelin, GD2, Tn antigen, sTn
antigen, Tn-O-Glycopeptides, sTn-O-Glycopeptides, PSMA, CD97, TAG72, CD44v6, CEA,
EPCAM, KIT, IL-13Ra2, leguman, GD3, CD171, IL-11Ra, PSCA, MAD-CT-1, MAD-CT-2,
VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, folate receptor alpha, ERBBs (e.g., ERBB2),
Her2/neu, MUCI1, EGFR, NCAM, Ephrin B2, CAIX, LMP2, sLLe, HMWMAA, o-acetyl-GD?2,
folate receptor beta, TEM1/CD248, TEM7R, FAP, Legumain, HPV E6 or E7, ML-IAP,
CLDN6, TSHR, GPRCSD, ALK, Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-
2, CYPIBI, sperm protein 17, beta human chorionic gonadotropin, AFP, thyroglobulin,
PLACI, globoH, RAGEI, MN-CA IX, human telomerase reverse transcriptase, intestinal
carboxyl esterase, mut hsp 70-2, NA-17, NY-BR-1, UPK2, HAVCRI1, ADRB3, PANX3, NY-
ESO-1, GPR20, Ly6k, ORS1E2, TARP, GFRo4, or a peptide of any of these antigens presented
on MHC.

10064 ] In another aspect, the tumor antigen binding domain of the CAR binds to a
hematological cancer, e.g., as described herein. In some embodiments, the tumor antigen
binding domain of the CAR binds to CD19. Any of the atforesaid CARs binding to CD19 can
be used to treat a disease associated with expression of CD19, e.g., a CD19-expressing B cell

malignancy as described herein.

[0065] In embodiments, including in any of the aforementioned aspects and embodiments,
the 1ntracellular signaling domain includes a primary signaling domain including a CD3-zeta

stimulatory domain.

10066] In embodiments, including in any of the aforementioned aspects and embodiments,
the intracellular signaling domain includes a costimulatory domain which 1s an intracellular

domain of a costimulatory protein selected from the group consisting of CD27, CD28, 4-1BB
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(CD137), OX40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, ICAM-1, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CDS, CD7, CD287, LIGHT, NKG2C, NKG2D, SLAMF7,
NKp80, NKp30, NKp44, NKp46, CD160, B7-H3, and a ligand that specifically binds with
CD83. In embodiments, including in any of the aforementioned aspects and embodiments, the
costimulatory domain includes an intracellular domain of 4-1BB. In embodiments, including 1in
any of the atorementioned aspects and embodiments, the costimulatory domain includes an
intracellular domain of CD28. In embodiments, including in any of the aforementioned aspects
and embodiments, the intracellular signaling domain includes two costimulatory domains, e.g.,

a 4-1BB costimulatory domain and a CD28 costimulatory domain.

10067 ] In embodiments, including in any of the aforementioned aspects and embodiments,
the disease associated with expression of a tumor antigen 1s cancer. In embodiments, including
in any of the aforementioned aspects and embodiments, the cancer 1s Hodgkin lymphoma. In

embodiments where the cancer 1s Hodgkin lymphoma, the antigen binding domain of the CAR

binds CD19 or CD123, e.g., binds CD123.

[0068] In embodiments, including in any of the aforementioned aspects and embodiments,

the cancer 1s a solid cancer.

10069 ] In embodiments, including in any of the aforementioned aspects and embodiments,
the cell including a CAR 1ncludes a nucleic acid encoding the CAR. In embodiments, the
nucleic acid encoding the CAR 1s a lentiviral vector. In embodiments, the nucleic acid encoding

the CAR 1s introduced into the cells by lentiviral transduction.

10070] In embodiments, including in any of the aforementioned aspects and embodiments,
the nucleic acid encoding the CAR 1s an RNA, e.g., an 1n vitro transcribed RNA. In
embodiments, the nucleic acid encoding the CAR 1s introduced into the cells by

electroporation.

[0071] In embodiments, including in any of the aforementioned aspects and embodiments,
the cell 1s a T cell or an NK cell. In embodiments, the T cell 1s an autologous or allogeneic T

cell.

[0072] In embodiments, including in any of the aforementioned aspects and embodiments,

the subject 1s a mammal, e.g., a human.
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[0073] Headings, sub-headings or numbered or lettered elements, e.g., (a), (b), (1) etc, are
presented merely for ease of reading. The use of headings or numbered or lettered elements 1n

this document does not require the steps or elements be performed 1n alphabetical order or that

the steps or elements are necessarily discrete from one another.

10074] All publications, patent applications, patents, and other references mentioned herein

are incorporated by reference in their entirety.

[0075] The disclosure includes all combinations of any one or more of the foregoing
aspects and/or embodiments, as well as combinations with any one or more of the embodiments

set forth 1n the detailed description and examples.

[0076] Other features, objects, and advantages of the invention will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

10077] The following detailed description of preferred embodiments of the invention will
be better understood when read 1n conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown 1n the drawings embodiments which are presently
preferred. It should be understood, however, that the invention 1s not limited to the precise

arrangements and instrumentalities of the embodiments shown 1n the drawings.

[0078] FIG. 1A shows Primary samples of Hodgkin lymphoma stained by
immunohistochemistry for CD30 and CD123. Expression of CD123 was found of the HL
Reed-sternberg cells but also 1in the tumor microenvironment, as opposed to CD30 that was
only positive on HRS. FIG. 1B shows RNA expression of CD123 1n 4 standard HL cell lines
(MOLM-14 and A357 used as positive and negative controls). FIG. 1C shows CD123 was
found to be also expressed on the surface of the HL cell lines (CD30 used as standard marker of

HL).

[0079] FIG. 2A shows human normal donor macrophages differentiated from peripheral

blood monocytes were co-cultured with HDLM-2 cells or IL-4 (M2 positive control) or a

control acute lymphoblastic leukemia cell line (NALM-6). HL lymphoma cells (HDLM-2) can
polarize macrophages to an M2 phenotype (CD163+CD206+) after a 24-hour culture. FIG. 2B
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shows M2-polarized macrophages (IL-4) are CD123+ by flow cytometry. FIG. 2C shows M2-
polarized macrophages (IL-4) can inhibit anti-CD 19 chimeric antigen receptor proliferation, as
shown by CEFSE dilution assay. FIG. 2D shows HL-polarized macrophages strongly inhibit
CART19 proliferation, as shown by CFSE dilution assay and absolute T cell numbers at day 5
(FIG. 2E). FIG. 2F shows Luminex analysis of cytokines present in the supernatant of co-
cultures of HL cells (HDLM-2) with macrophages reveales high levels of IL-13 as compared to
controls. FIG. 2G shows blocking IL-13 with an anti-IL13 antibody reverted the HL-drived M2

polarization as shown by reduced PD-L1 expression.

[0080] FIG. 3A shows HL cells (HDLM-2) were co-cultured with CART123 for 4-6
hours. CAR+ but not CAR- T cells expressed high levels of the degranulation marker CD107A
and produced intra-cellular cytokines like IFNy, IL-2 and TNFa. FIG. 3B shows CART123
exert potent cytotoxicity against HL cells 1n a dose-dependent manner. FIG. 3C shows HL cells
(HDLM-2) were co-cultured at long term with CART123 or control UTD. At day 20,
CARTI123 but not UTD killed HL cells and proliferated. FIG. 3D shows CART123 or UTD
were co-cultured with HL cell lines (or positive and negative controls) for 5 days. CART123
but not UTD controls showed significant proliferation as absolute number and CFSE dilution
(FIG. 3E). FIG. 3F shows HL cells stimulated CART123 but not UTD cells to release multiple
cytokines including GM-CSF, IFNy, MIP13 and TNFa. In these Figures, E: T = effector:target

cell ratio.

[0081] FIG. 4A shows the experimental schema for mouse experiments testing CD123
CART against HL. 2 x106 Luciferase-positive HDLM-2 cells were injected 1.v. in NSG mice
and tumor engraftment was monitored by bioluminescence 1imaging. At day 42 mice were
randomized to receive no treatment, 2 x106 control untransduced T cells (UTD) or 2 x106
CARTI123. FIG. 4B shows mice receiving CART 123, but not controls, experienced complete
response with long term remission of disease (>250 days). FIG. 4C shows CART123-treated
mice have a significantly longer overall survival as compared to controls. FIG. 4D shows
CAR123 T cells engraft, expand and disappear from the peripheral blood after clearing the
tumor. T cells 1n the PB of CART123-treated mice were both CD8 and CD4 with high

expression of the CAR.

10082 ] FIG. 5A shows the experiment schema for establishment of long-term

immunological memory 1in mice with HL: mice previously treated with CART123 and
15
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experiencing a long-term remission were rechallenged at day 250 with HL cells (HDLM-2). As
a control a tumor-naive group of mice were also injected with tumor. FIG. 5B shows HL cells
only engrafted and grew 1n tumor-naive mice while long-term surviving mice were able to
control disease growth. FIG. 5C shows a re-expansion of CART123 cells observed in mice
previously treated with CART123. FIG. 5D shows an improved overall survival was observed

in mice with previous exposure to CART123.

[0083] FIG. 6A shows that in a 5-day CFSE proliferation CART123 are completely
resistant to HL-polarized macrophages. FIG. 6B shows CART123 cells rapidly (day 1)
recognize M2-macrophages, clustering around them and clearing them by day 5, as shown by
phase contrast microscopy (20X) and flow cytometry, respectively. FIG. 6C shows CART123
were also able to secrete cytokines 1n the presence of HL-polarized M2 macrophages as

opposed to control CART19 cells.

DETAILED DESCRIPTION
Definitions

10084 ] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the

invention pertains.

[0085] The term “pro-M2 macrophage molecule” refers to a molecule that, alone or 1n
combination with other molecules, contributes to the polarization of macrophages to an M2

phenotype. Non-limiting examples of pro-M2 macrophage molecules include the cytokines IL-

13 (OMIM Acc. No. 147683; Entrez No. 3596; Swiss Prot. Acc. No. P35225), IL-4 (OMIM
Acc. No. 147780; Entrez No. 3565; Swiss Prot. Acc. No. P0O5112), CSF-1 (Entrez No. 1435;
Swiss Prot. Acc. No. P0O9603) and/or IL-10 (OMIM Acc. No. 124092; Entrez No. 3586; Swiss
Prot. Acc. No. P22301).

[0086] The term “inhibitor of a pro-M2 macrophage molecule” refers to a molecule that
inhibits the expression or function, e.g., receptor binding function, of a pro-M2 macrophage
molecule. Inhibitors of pro-M2 macrophage molecules include a small molecule, an antibody

molecule, a polypeptide, e.g., a fusion protein, an inhibitory nucleic acid, e.g., a sStRNA or
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shRNA, or a gene editing system, e¢.g., a CRISPR/Cas9 system. An example of an inhibitor of
pro-M2 macrophage molecule includes an inhibitor of IL-13. Another example of an inhibitor
of pro-M2 macrophage molecule includes an inhibitor of IL-4. Another example of an
inhibitor of pro-M2 macrophage molecule includes an inhibitor of IL-13Ral (Entrez No. 3597;
Swiss Prot. Acc. No. P78552). Another example of an inhibitor of pro-M2 macrophage
molecule includes an 1inhibitor of IL-10. Another example of an inhibitor of pro-M2
macrophage molecule includes an inhibitor of CSF-1. Additional detail regarding an inhibitor
of pro-M2 macrophage molecule 1s provided below. In embodiments, the inhibitor of a pro-M2

macrophage inhibits a function, e.g., an inhibitory function, of a myeloid derived suppressor

cell (MDSC).

[0087] The term “tumor associated macrophage” or “TAM” refers to cells of macrophage
lineage, typically derived from monocytes or resident tissue macrophages, which are found 1n

close proximity or within tumor masses, €.g., within the tumor stroma.

[0088] The term “myeloid derived supresssor cells” or “MDSCs” refer to myeloid derived

cells which are found 1n close proximity or within tumor masses, €.g., within the tumor stroma.

|0089] The term “a” and ““an” refers to one or to more than one (1.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more

than one element.

[0090] The term “about” when referring to a measurable value such as an amount, a
temporal duration, and the like, 1s meant to encompass variations of £20% or 1n some 1nstances
+10%, or 1n some 1nstances +5%, or 1n some instances 1%, or 1in some instances +0.1% from

the specified value, as such variations are appropriate to perform the disclosed methods.

[0091] The term “Chimeric Antigen Receptor’” or alternatively a “CAR” refers to a set of
polypeptides, typically two 1n the simplest embodiments, which when 1n an immune effector
cell, provides the cell with specificity for a target cell, typically a cancer cell, and with
intracellular signal generation. In some embodiments, a CAR comprises at least an extracellular
antigen binding domain, a transmembrane domain and a cytoplasmic signaling domain (also
referred to herein as “an intracellular signaling domain™) comprising a functional signaling
domain derived from a stimulatory molecule and/or costimulatory molecule as defined below.
In some aspects, the set of polypeptides are contiguous with each other, e.g., are 1n the same
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polypeptide chain (e.g., comprise a chimeric fusion protein). In some embodiments, the set of
polypeptides are not contiguous with each other, e.g., are in different polypeptide chains. In
some embodiments, the set of polypeptides include a dimerization switch that, upon the
presence of a dimerization molecule, can couple the polypeptides to one another, e.g., can
couple an antigen binding domain to an intracellular signaling domain. In one aspect, the
stimulatory molecule 1s the zeta chain associated with the T cell receptor complex. In one
aspect, the cytoplasmic signaling domain further comprises one or more functional signaling
domains derived from at least one costimulatory molecule as defined below. In one aspect, the
costimulatory molecule 1s chosen from the costimulatory molecules described herein, e.g.,
4-1BB (1.e., CD137), CD27 and/or CD28. In one aspect, the CAR comprises a chimeric fusion
protein comprising an extracellular antigen binding domain, a transmembrane domain and an
intracellular signaling domain comprising a functional signaling domain derived from a
stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein comprising
an extracellular antigen binding domain, a transmembrane domain and an intracellular
signaling domain comprising a functional signaling domain derived from a costimulatory
molecule and a functional signaling domain derived from a stimulatory molecule. In one
aspect, the CAR comprises a chimeric fusion protein comprising an extracellular antigen
binding domain, a transmembrane domain and an intracellular signaling domain comprising
two functional signaling domains derived from one or more costimulatory molecule(s) and a
functional signaling domain derived from a stimulatory molecule. In one aspect, the CAR
comprises a chimeric fusion protein comprising an extracellular antigen binding domain, a
transmembrane domain and an intracellular signaling domain comprising at least two
functional signaling domains derived from one or more costimulatory molecule(s) and a
functional signaling domain derived from a stimulatory molecule. In one aspect the CAR
comprises an optional leader sequence at the amino-terminus (N-ter) of the CAR fusion protein.
In one aspect, the CAR further comprises a leader sequence at the N-terminus of the
extracellular antigen binding domain, wherein the leader sequence 1s optionally cleaved from
the antigen binding domain (e.g., a scFv) during cellular processing and localization of the

CAR to the cellular membrane.

[0092] The term “signaling domain” refers to the functional portion of a protein which acts

by transmitting information within the cell to regulate cellular activity via defined signaling
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pathways by generating second messengers or functioning as effectors by responding to such

MCESSCNECTS.

[0093]  As used herein, the terms “alpha subunit of the IL-3 receptor,” “IL3Ra,” “CD123,”

“IL3Ra chain™ and “IL3Ra subunit” refer interchangeably to an antigenic determinant known
to be detectable on leukemia precursor cells. The human and murine amino acid and nucleic
acid sequences can be found 1n a public database, such as GenBank, UniProt and Swiss-Prot.
For example, the amino acid sequence of human IL3Ra can be found at Accession No. NP
002174 and the nucleotide sequence encoding of the human IL3Ra can be found at Accession
No. NM 005191. In one aspect the antigen-binding portion of the CAR recognizes and binds an
epitope within the extracellular domain of the CD123 protein. In one aspect, the CD123
protein 1s expressed on a cancer cell. As used herein, “CD123” includes proteins comprising

mutations, €.g., point mutations, fragments, insertions, deletions and splice variants of full

length wild-type CD123.

10094 ] As used herein, the term “CD19” refers to the Cluster of Differentiation 19 protein,
which 1s an antigenic de  terminant detectable on leukemia precursor cells. The human and
murine amino acid and nucleic acid sequences can be found 1n a public database, such as
GenBank, UniProt and Swiss-Prot. For example, the amino acid sequence of human CD19 can
be found as UniProt/Swiss-Prot Accession No. P15391 and the nucleotide sequence encoding
of the human CD19 can be found at Accession No. NM_001178098. As used herein, “CD19”
includes proteins comprising mutations, €.g., point mutations, fragments, insertions, deletions
and splice variants of full length wild-type CD19. CDI19 1s expressed on most B lineage
cancers, 1including, e.g., acute lymphoblastic leukaemia, chronic lymphocyte leukaemia and
non-Hodgkin lymphoma. Other cells with express CD19 are provided below 1n the definition
of “disease associated with expression of CD19.” It1s also an early marker of B cell
progenitors. See, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165 (1997). In one
aspect the antigen-binding portion of the CART recognizes and binds an antigen within the
extracellular domain of the CD19 protein. In one aspect, the CD19 protein 1s expressed on a

cancer cell.

[00935] As used herein, the term “CD20” refers to an antigenic determinant known to be
detectable on B cells. Human CD20 1s also called membrane-spanning 4-domains, subfamily

A, member 1 (MS4A1). The human and murine amino acid and nucleic acid sequences can be
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found 1n a public database, such as GenBank, UniProt and Swiss-Prot. For example, the amino
acid sequence of human CD20 can be found at Accession Nos. NP_690605.1 and
NP_068769.2, and the nucleotide sequence encoding transcript variants 1 and 3 of the human
CD20 can be found at Accession No. NM_152866.2 and NM_021950.3, respectively. In one
aspect the antigen-binding portion of the CAR recognizes and binds an antigen within the
extracellular domain of the CD20 protein. In one aspect, the CD20 protein 1s expressed on a

cancer cell.

[0096] As used herein, the term “CD22,” refers to an antigenic determinant known to be
detectable on leukemia precursor cells. The human and murine amino acid and nucleic acid
sequences can be found 1n a public database, such as GenBank, UniProt and Swiss-Prot. For
example, the amino acid sequences of 1soforms 1-5 human CD22 can be found at Accession
Nos. NP 001762.2, NP 001172028.1, NP 001172029.1, NP 001172030.1, and NP
001265346.1, respectively, and the nucleotide sequence encoding variants 1-5 of the human
CD22 can be found at Accession No. NM 001771.3, NM 001185099.1, NM 001185100.1, NM
001185101.1, and NM 001278417.1, respectively. In one aspect the antigen-binding portion of
the CAR recognizes and binds an antigen within the extracellular domain of the CD22 protein.

In one aspect, the CD22 protein 1s expressed on a cancer cell.

[0097] As used herein, the term “ROR1” refers to an antigenic determinant known to be
detectable on leukemia precursor cells. The human and murine amino acid and nucleic acid
sequences can be found 1n a public database, such as GenBank, UniProt and Swiss-Prot. For
example, the amino acid sequences of 1soforms 1 and 2 precursors of human ROR1 can be
found at Accession Nos. NP_005003.2 and NP_001077061.1, respectively, and the mRNA
sequences encoding them can be found at Accession Nos. NM_005012.3 and
NM_001083592.1, respectively. In one aspect the antigen-binding portion of the CAR
recognizes and binds an antigen within the extracellular domain of the ROR1 protein. In one

aspect, the ROR1 protein 1s expressed on a cancer cell.

|0098] As used herein, the term “CD33” refers to the Cluster of Differentiation 33 protein,
which 1s an antigenic determinant detectable on leukemia cells as well on normal precursor
cells of the myeloid lineage. The human and murine amino acid and nucleic acid sequences can
be found 1n a public database, such as GenBank, UniProt and Swiss-Prot. For example, the

amino acid sequence of human CD33 can be found as UniProt/Swiss-Prot Accession No.
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P20138 and the nucleotide sequence encoding of the human CD33 can be found at Accession
No. NM_001772.3. In one aspect the antigen-binding portion of the CAR recognizes and binds
an epitope within the extracellular domain of the CD33 protein or fragments thereof. In one
aspect, the CD33 protein 1s expressed on a cancer cell. As used herein, “CD33” includes
proteins comprising mutations, €.g., point mutations, fragments, insertions, deletions and splice

variants of full length wild-type CD33.

[0099] As used herein, the term “BCMA” refers to B-cell maturation antigen. BCMA
(also known as TNFRSF17, BCM or CD269) 1s a member of the tumor necrosis receptor
(TNFR) family and 1s predominantly expressed on terminally differentiated B cells, e.g.,
memory B cells, and plasma cells. Its ligand 1s called B-cell activator of the TNF family
(BAFF) and a proliferation inducing ligand (APRIL). BCMA 1s involved 1n mediating the
survival of plasma cells for mataining long-term humoral immunity. The gene for BCMA 1s
encoded on chromosome 16 producing a primary mRNA transcript of 994 nucleotides in length
(NCBI accession NM_001192.2) that encodes a protein of 184 amino acids (NP_001183.2). A
second antisense transcript derived from the BCMA locus has been described, which may play
a role in regulating BCMA expression. (Laab1 Y. et al., Nucleic Acids Res., 1994, 22:1147-
1154). Additional transcript variants have been described with unknown significance
(Smirnova AS et al. Mol Immunol., 2008, 45(4):117%-1183. A second 1soform, also known as
TV4, has been 1dentified (Uniprot identifier Q02223-2). As used herein, “BCMA” includes
proteins comprising mutations, €.g., point mutations, fragments, insertions, deletions and splice

variants of full length wild-type BCMA.

[00100]  As used herein, the term “CLL-1" refers to C-type lectin-like molecule-1, which 1s
an antigenic determinant detectable on leukemia precursor cells and on normal 1immune cells.
C-type lectin-like-1 (CLL-1) 1s also known as MICL, CLEC12A, CLEC-1, Dendritic Cell-
Associated Lectin 1, and DCAL-2. The human and murine amino acid and nucleic acid
sequences can be found 1n a public database, such as GenBank, UniProt and Swiss-Prot. For
example, the amino acid sequence of human CLL-1 can be found as UniProt/Swiss-Prot
Accession No. Q50QGZ9 and the nucleotide sequence encoding of the human CLL-1 can be
found at Accession Nos. NM 001207010.1, NM 138337.5, NM 201623.3, and NM 201625.1.

In one embodiment, the antigen-binding portion of the CAR recognizes and binds an epitope
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within the extracellular domain of the CLL-1 protein or a fragment thereof. In one embodiment,

the CLL-1 protein 1s expressed on a cancer cell.

100101} The term “EGFR” refers to any mammalian mature full-length epidermal growth

factor receptor, including human and non-human forms. The 1186 amino acid human EGFR 1s
described 1n Ullrich er al., Nature 309:418-425 (1984)) and GenBank Accession No. AF125253
and SwissProt Acc No PO0533-2.

[00102] The term “EGFRVIII” refers to Epidermal growth factor receptor variant III.
EGFRVIII 1s the most common variant of EGFR observed in human tumors but 1s rarely
observed 1n normal tissue. This protein results from the in-frame deletion of exons 2-7 and the
generation of a novel glycine residue at the junction of exons 1 and 8 within the extra-cellular
domain of the EGFR, thereby creating a tumor specific epitope. EGFRVIII 1s expressed in 24%
to 67% of GBM, but not 1n normal tissues. EGFRVIII 1s also known as type III mutant, delta-

EGFR, EGFRde2-7, and AEGFR and 1s described in U.S. Pat. Nos. 6,455,498, 6,127,126,
5,981,723, 5,814,317, 5,710,010, 5,401,828, and 5,212,290. Expression of EGFRvVIII may

result from a chromosomal deletion, and may also result from aberrant alternative splicing. See

Sugawa et al., 1990, Proc. Natl. Acad. Sci. 87:8602-8606.

[00103] As used herein, the term “mesothelin’ refers to the 40-kDa protein, mesothelin,
which 1s anchored at the cell membrane by a glycosylphosphatidyl inositol (GPI) linkage and
an amino-terminal 31-kDa shed fragment, called megkaryocyte potentiating factor (MPF). Both
fragments contain N-glycosylation sites. The term also refers to a soluble splice variant of the
40-kDa carboxyl-terminal fragment also called “soluble mesothelin/MPF-related”. Preferably,
the term refers to a human mesothelin of GenBank accession number AAH03512.1, and
naturally cleaved portions thereof, e€.g., as expressed on a cell membrane, €.g., a cancer cell

membrane.

100104]  The term “antibody,” as used herein, refers to a protein, or polypeptide sequence
derived from an immunoglobulin molecule which specifically binds with an antigen.
Antibodies can be polyclonal or monoclonal, multiple or single chain, or intact
immunoglobulins, and may be derived from natural sources or from recombinant sources.

Antibodies can be tetramers of immunoglobulin molecules.
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[00105]  The term “antibody fragment” refers to at least one portion of an antibody, that
retains the ability to specifically interact with (e.g., by binding, steric hinderance,
stabilizing/destabilizing, spatial distribution) an epitope of an antigen. Examples of antibody
fragments 1include, but are not limited to, Fab, Fab', F(ab'),, Fv fragments, scFv antibody
fragments, disulfide-linked Fvs (sdFv), a Fd fragment consisting of the VH and CH1 domains,
linear antibodies, single domain antibodies such as sdAb (either VL or VH), camelid VHH
domains, multi-specific antibodies formed from antibody fragments such as a bivalent fragment
comprising two Fab fragments linked by a disulfide brudge at the hinge region, and an 1solated
CDR or other epitope binding fragments of an antibody. An antigen binding fragment can also
be incorporated 1nto single domain antibodies, maxibodies, minibodies, nanobodies,
intrabodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and
Hudson, Nature Biotechnology 23:1126-1136, 2005). Antigen binding fragments can also be
grafted into scaffolds based on polypeptides such as a fibronectin type 111 (Fn3)(see U.S. Patent
No.: 6,703,199, which describes fibronectin polypeptide minibodies).

[00106] The term “scFv” refers to a fusion protein comprising at least one antibody fragment
comprising a variable region of a light chain and at least one antibody fragment comprising a
variable region of a heavy chain, wherein the light and heavy chain variable regions are
contiguously linked, e.g., via a synthetic linker, e.g., a short flexible polypeptide linker, and
capable of being expressed as a single chain polypeptide, and wherein the scFv retains the
specificity of the intact antibody from which 1t 1s derived. Unless specified, as used herein an
scFv may have the VL and VH variable regions in either order, e.g., with respect to the N-
terminal and C-terminal ends of the polypeptide, the scFv may comprise VL-linker-VH or may

comprise VH-linker-VL.

[00107]  The portion of the CAR of the invention comprising an antibody or antibody
fragment thereof may exist in a variety of forms where the antigen binding domain 1s expressed
as part of a contiguous polypeptide chain including, for example, a single domain antibody
fragment (sdAb), a single chain antibody (scFv), a humanized antibody or bispecific antibody
(Harlow et al., 1999, In: Using Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, NY; Harlow et al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring

Harbor, New York; Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al.,
1988, Science 242:423-426). In one aspect, the antigen binding domain of a CAR composition
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of the invention comprises an antibody fragment. In a further aspect, the CAR comprises an
antibody fragment that comprises a scFv. The precise amino acid sequence boundaries of a
given CDR can be determined using any of a number of well-known schemes, including those
described by Kabat et al. (1991), “Sequences of Proteins of Immunological Interest,” Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, MD (“Kabat” numbering
scheme), Al-Lazikani et al., (1997) JMB 273,927-948 (*Chothia” numbering scheme), or a

combination thereotf.

[00108]  As used herein, the term “binding domain™ or "antibody molecule" refers to a
protein, €.g., an immunoglobulin chain or fragment thereof, comprising at least one
immunoglobulin variable domain sequence. The term “binding domain™ or “antibody
molecule” encompasses antibodies and antibody fragments. In an embodiment, an antibody
molecule 1s a multispecific antibody molecule, e.g., 1t comprises a plurality of immunoglobulin
variable domain sequences, wherein a first immunoglobulin variable domain sequence of the
plurality has binding specificity for a first epitope and a second immunoglobulin variable
domain sequence of the plurality has binding specificity for a second epitope. In an
embodiment, a multispecific antibody molecule 1s a bispecific antibody molecule. A bispecific
antibody has specificity for no more than two antigens. A bispecific antibody molecule 1s
characterized by a first immunoglobulin variable domain sequence which has binding
specificity for a first epitope and a second immunoglobulin variable domain sequence that has

binding specificity for a second epitope.

[00109]  The portion of the CAR of the invention comprising an antibody or antibody
fragment thereof may exist in a variety of forms where the antigen binding domain 1s expressed
as part of a contiguous polypeptide chain including, for example, a single domain antibody
fragment (sdAb), a single chain antibody (scFv), a humanized antibody, or bispecific antibody
(Harlow et al., 1999, In: Using Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, NY; Harlow et al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring
Harbor, New York:; Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al.,
1988, Science 242:423-426). In one aspect, the antigen binding domain of a CAR composition
of the invention comprises an antibody fragment. In a further aspect, the CAR comprises an

antibody fragment that comprises a scFv.
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[00110]  The term “antibody heavy chain,” refers to the larger of the two types of
polypeptide chains present in antibody molecules 1n their naturally occurring conformations,

and which normally determines the class to which the antibody belongs.

[00111]  The term “antibody light chain,” refers to the smaller of the two types of

polypeptide chains present in antibody molecules 1n their naturally occurring conformations.

Kappa (k) and lambda (A) light chains refer to the two major antibody light chain isotypes.

[00112]  The term “recombinant antibody’ refers to an antibody which 1s generated using
recombinant DNA technology, such as, for example, an antibody expressed by a bacteriophage
or yeast expression system. The term should also be construed to mean an antibody which has
been generated by the synthesis of a DNA molecule encoding the antibody and which DNA
molecule expresses an antibody protein, or an amino acid sequence specifying the antibody,
wherein the DNA or amino acid sequence has been obtained using recombinant DNA or amino

acid sequence technology which 1s available and well known 1n the art.

[00113]  The term “antigen™ or “Ag’’ refers to a molecule that provokes an immune response.
This immune response may involve either antibody production, or the activation of specific
immunologically-competent cells, or both. The skilled artisan will understand that any
macromolecule, including virtually all proteins or peptides, can serve as an antigen.
Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled artisan
will understand that any DNA, which comprises a nucleotide sequences or a partial nucleotide
sequence encoding a protein that elicits an immune response therefore encodes an “antigen™ as
that term 1s used herein. Furthermore, one skilled in the art will understand that an antigen need
not be encoded solely by a full length nucleotide sequence of a gene. It 1s readily apparent that
the present invention includes, but 1s not limited to, the use of partial nucleotide sequences of
more than one gene and that these nucleotide sequences are arranged 1n various combinations
to encode polypeptides that elicit the desired immune response. Moreover, a skilled artisan will
understand that an antigen need not be encoded by a “gene’ at all. It 1s readily apparent that an
antigen can be generated synthesized or can be derived from a biological sample, or might be
macromolecule besides a polypeptide. Such a biological sample can include, but 1s not limited

to a tissue sample, a tumor sample, a cell or a fluid with other biological components.
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The term “anti-cancer effect’” refers to a biological effect which can be manifested by various
means, including but not limited to, e.g., a decrease 1n tumor volume, a decrease in the number
of cancer cells, a decrease 1n the number of metastases, an increase 1n life expectancy, decrease
in cancer cell proliferation, decrease in cancer cell survival, or amelioration of various
physiological symptoms associated with the cancerous condition. An “anti-cancer effect” can
also be manifested by the ability of the peptides, polynucleotides, cells and antibodies 1n
prevention of the occurrence of cancer 1n the first place. The term “anti-tumor effect” refers to a
biological effect which can be manifested by various means, including but not limited to, e.g., a
decrease 1n tumor volume, a decrease 1n the number of tumor cells, a decrease 1n tumor cell

proliferation, or a decrease in tumor cell survival.

[00114]  The term “autologous’ refers to any material derived from the same individual to

whom 1t 1s later to be re-introduced into the individual.

[00115] The term ““allogeneic™ refers to any material derived from a different animal of the
same species as the individual to whom the material 1s introduced. Two or more individuals
are said to be allogeneic to one another when the genes at one or more loci are not 1dentical. In
some aspects, allogeneic material from individuals of the same species may be sufficiently

unlike genetically to interact antigenically

[00116]  The term “xenogeneic’ refers to a graft derived from an animal of a different

species.

[00117]  The term “cancer’ refers to a disease characterized by the uncontrolled growth of
aberrant cells. Cancer cells can spread locally or through the bloodstream and lymphatic system
to other parts of the body. Examples of various cancers are described herein and include but are
not limited to, breast cancer, prostate cancer, ovarian cancer, cervical cancer, skin cancer,
pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer, lymphoma,
leukemia, lung cancer and the like. The terms “tumor” and “cancer” are used interchangeably
herein, e.g., both terms encompass solid and liquid, e.g., diffuse or circulating, tumors. As used

herein, the term “cancer” or “tumor” includes premalignant, as well as malignant cancers and

tumors.

[00118]  The phrase “disease associated with expression of CD19” includes, but 1s not
limited to, a disease associated with expression of CD19 or condition associated with cells
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which express, or at any time expressed, CD19 including, e.g., proliferative diseases such as a
cancer or malignancy or a precancerous condition such as a myelodysplasia, a myelodysplastic
syndrome or a preleukemia; or a noncancer related indication associated with cells which
express CD19. For the avoidance of doubt, a disease associated with expression of CD19 may
include a condition associated with cells which do not presently express CD19, e.g., because
CD19 expression has been downregulated, e.g., due to treatment with a molecule targeting
CD19, e.g., a CD19 CAR, but which at one time expressed CD19. In one aspect, a cancer
associated with expression of CD19 1s a hematological cancer. In one aspect, the hematological
cancer 18 a leukemia or a lymphoma. In one aspect, a cancer associated with expression of
CD19 includes cancers and malignancies including, but not limited to, e€.g., one or more acute
leukemias including but not limited to, e.g., B-cell acute Lymphoid Leukemia (BALL), T-cell
acute Lymphoid Leukemia (TALL), acute lymphoid leukemia (ALL); one or more chronic
leukemias including but not limited to, e.g., chronic myelogenous leukemia (CML), Chronic
Lymphoid Leukemia (CLL). Additional cancers or hematologic conditions associated with
expression of CD19 comprise, but are not limited to, e.g., B cell prolymphocytic leukemia,
blastic plasmacytoid dendritic cell neoplasm, Burkitt's lymphoma, diffuse large B cell
lymphoma, Follicular lymphoma, Hairy cell leukemia, small cell- or a large cell-follicular
lymphoma, malignant lymphoproliferative conditions, MALT lymphoma, mantle cell
lymphoma (MCL), Marginal zone lymphoma, multiple myeloma, myelodysplasia and
myelodysplastic syndrome, non-Hodgkin lymphoma, Hodgkin lymphoma, plasmablastic
lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom macroglobulinemia, and
“preleukemia’” which are a diverse collection of hematological conditions united by ineffective
production (or dysplasia) of myeloid blood cells, and the like. Further diseases associated with
expression of CD19 expression include, but not limited to, e.g., atypical and/or non-classical
cancers, malignancies, precancerous conditions or proliferative diseases associated with
expression of CD19. Non-cancer related indications associated with expression of CD19
include, but are not limited to, e.g., autoimmune disease, (e.g., lupus), inflammatory disorders
(allergy and asthma) and transplantation. In some embodiments, the tumor antigen-expressing
cells express, or at any time expr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>