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TREATMENT OF CANCER USING HUMANIZED ANTI-CD19

CHIMERIC ANTIGEN RECEPTOR

This application claims priority to U.S. Serial No.: 61/802,629, filed March 16, 2013,

and U.S. Serial No.: 61/838,537 filed June 24, 2013, the entire contents of each of these

applications is incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said

ASCII copy, created on March 14, 2014, is named N2067-7002WO_SL.txt and is 228,415

bytes in size.

FIELD OF THE INVENTION

[001] The present invention relates generally to the use of T cells engineered to express a

Chimeric Antigen Receptor (CAR) to treat a disease associated with expression of the Cluster

of Differentiation 19 protein (CD 19).

BACKGROUND OF THE INVENTION

[002] Many patients with B cell malignancies are incurable with standard therapy. In

addition, traditional treatment options often have serious side effects. Attempts have been made

in cancer immunotherapy, however, several obstacles render this a very difficult goal to

achieve clinical effectiveness. Although hundreds of so-called tumor antigens have been

identified, 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.

[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
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Discovery 3:388-398 (2013)). The clinical results of the murine derived CART19 (i.e.,

"CTL019") have shown promise in establishing complete remissions in patients suffering with

CLL as well as in childhood ALL (see, e.g., Kalos et al., Sci Transl Med 3:95ra73 (201 1),

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 successful therapeutic T cell therapy needs to have the ability

to proliferate and persist over time, and to further monitor for leukemic cell escapees. The

variable quality of T cells whether it' s a result of anergy, suppression or exhaustion will have

effects on CAR-transformed T cells' performance but for which skilled practitioners have

limited control over at this time. To be effective, CAR transformed patient T cells need to

persist and maintain the ability to proliferate in response to the CAR's antigen. It has been

shown that ALL patient T cells perform can do this with CART 19 comprising a murine scFv

(see, e.g., Grupp et al., NEJM 368:1509-1518 (2013)).

SUMMARY OF THE INVENTION

[004] The invention addresses controlling an immune response in patients by providing

optimized and humanized antibody fragments (e.g., scFv) that bind the Cluster of

Differentiation 19 protein (CD 19) integrated into a Chimeric Antigen Receptor (CAR)

construct that will not elicit an immune response in patients, is safe to use long term, and

maintains or has better clinical effectiveness as compared to known CART therapy for

treatment of B cell derived cancers. The invention further pertains to the use of T cells

engineered to express a humanized antibody fragment that binds CD 19 integrated into a CAR

to treat a hematologic cancer associated with expression of CD19 (OMIM Acc. No. 107265,

Swiss Prot. Acc No. P15391).

[005] Accordingly, in one aspect, the invention pertains to an isolated nucleic acid

molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises an

antibody or antibody fragment which includes a humanized anti-CD 19 binding domain, a

transmembrane domain, and an intracellular signaling domain (e.g., an intracellular signaling

domain comprising a costimulatory domain and/or a primary signaling domain). In one

embodiment, the CAR comprises an antibody or antibody fragment which includes a



humanized anti-CD 19 binding domain described herein, a transmembrane domain described

herein, and an intracellular signaling domain described herein (e.g., an intracellular signaling

domain comprising a costimulatory domain and/or a primary signaling domain).

[006] In one embodiment, the encoded humanized anti-CD 19 binding domain comprises

one or more (e.g., all three) light chain complementary determining region 1 (LC CDRl), light

chain complementary determining region 2 (LC CDR2), and light chain complementary

determining region 3 (LC CDR3) of a humanized anti-CD 19 binding domain described herein,

and/or one or more (e.g., all three) heavy chain complementary determining region 1 (HC

CDRl), heavy chain complementary determining region 2 (HC CDR2), and heavy chain

complementary determining region 3 (HC CDR3) of a humanized anti-CD 19 binding domain

described herein, e.g., a humanized anti-CD19 binding domain comprising one or more, e.g.,

all three, LC CDRs and one or more, e.g., all three, HC CDRs. In one embodiment, the

humanized anti-CD 19 binding domain comprises at least HC CDR2. In one embodiment, the

encoded humanized anti-CD19 binding domain comprises one or more (e.g., all three) heavy

chain complementary determining region 1 (HC CDRl), heavy chain complementary

determining region 2 (HC CDR2), and heavy chain complementary determining region 3 (HC

CDR3) of a humanized anti-CD19 binding domain described herein, e.g., the encoded

humanized anti-CD 19 binding domain has two variable heavy chain regions, each comprising a

HC CDRl, a HC CDR2 and a HC CDR3 described herein. In one embodiment, the humanized

anti-CD 19 binding domain comprises at least HC CDR2. In one embodiment, the encoded

light chain variable region comprises one, two, three or all four framework regions of

VK3_L25 germline sequence. In one embodiment, the encoded light chain variable region has

a modification (e.g., substitution, e.g., a substitution of one or more amino acid found in the

corresponding position in the light chain variable region of SEQ ID NO: 58, e.g., a substitution

at one or more of positions 7 1 and 87). In one embodiment, the encoded heavy chain variable

region comprises one, two, three or all four framework regions of VH4_4-59 germline

sequence. In one embodiment, the encoded heavy chain variable region has a modification

(e.g., substitution, e.g., a substitution of one or more amino acid found in the corresponding

position in the heavy chain variable region of SEQ ID NO: 58, e.g., a substitution at one or

more of positions 71, 73 and 78). In one embodiment, the encoded humanized anti-CD19

binding domain comprises a humanized light chain variable region described herein (e.g., in



Table 3) and/or a humanized heavy chain variable region described herein (e.g., in Table 3). In

one embodiment, the encoded humanized anti-CD 19 binding domain comprises a humanized

heavy chain variable region described herein (e.g., in Table 3), e.g., at least two humanized

heavy chain variable regions described herein (e.g., in Table 3). In one embodiment, the

encoded anti-CD 19 binding domain is a scFv comprising a light chain and a heavy chain of an

amino acid sequence of Table 3 . In an embodiment, the anti-CD 19 binding domain (e.g., an

scFv) comprises: a light chain variable region comprising an amino acid sequence having at

least one, two or three modifications (e.g., substitutions) but not more than 30, 20 or 10

modifications (e.g., substitutions) of an amino acid sequence of a light chain variable region

provided in Table 3, or a sequence with 95-99% identity with an amino acid sequence of Table

3; and/or a heavy chain variable region comprising an amino acid sequence having at least one,

two or three modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications

(e.g., substitutions) of an amino acid sequence of a heavy chain variable region provided in

Table 3, or a sequence with 95-99% identity to an amino acid sequence of Table 3 . In one

embodiment, the encoded humanized anti-CD 19 binding domain comprises a sequence selected

from a group consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ

ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ

ID NO: 11, and SEQ ID NO: 12, or a sequence with 95-99% identify thereof. In one

embodiment, the nucleic acid sequence encoding the humanized anti-CD 19 binding domain

comprises a sequence selected from a group consisting of SEQ ID NO:61, SEQ ID NO:62,

SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID

NO:68, SEQ ID NO:70, SEQ ID NO:71 and SEQ ID NO:72, or a sequence with 95-99%

identify thereof. In one embodiment, the encoded humanized anti-CD 19 binding domain is a

scFv, and a light chain variable region comprising an amino acid sequence described herein,

e.g., in Table 3, is attached to a heavy chain variable region comprising an amino acid sequence

described herein, e.g., in Table 3, via a linker, e.g., a linker described herein. In one

embodiment, the encoded humanized anti-CD 19 binding domain includes a (Gly4-Ser)n linker,

wherein n is 1, 2, 3, 4, 5, or 6, preferably 3 or 4 (SEQ ID NO:53). The light chain variable

region and heavy chain variable region of a scFv can be, e.g., in any of the following

orientations: light chain variable region-linker-heavy chain variable region or heavy chain

variable region-linker-light chain variable region.



[007] In one embodiment, the encoded transmembrane domain is a transmembrane

domain of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-

cell receptor, CD27, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33,

CD37, CD64, CD80, CD86, CD134, CD137 and CD154. In one embodiment, the encoded

transmembrane domain comprises a sequence of SEQ ID NO: 15. In one embodiment, the

encoded transmembrane domain comprises an amino acid sequence having at least one, two or

three modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g.,

substitutions) of an amino acid sequence of SEQ ID NO: 15, or a sequence with 95-99%

identity to an amino acid sequence of SEQ ID NO: 15. In one embodiment, the nucleic acid

sequence encoding the transmembrane domain comprises a sequence of SEQ ID NO:56, or a

sequence with 95-99% identify thereof.

[008] In one embodiment, the encoded anti-CD 19 binding domain is connected to the

transmembrane domain by a hinge region, e.g., a hinge region described herein. In one

embodiment, the encoded hinge region comprises SEQ ID NO: 14 or SEQ ID NO:45 or SEQ ID

NO:47, or a sequence with 95-99% identity thereof. In one embodiment, the nucleic acid

sequence encoding the hinge region comprises a sequence of SEQ ID NO:55 or SEQ ID NO:46

or SEQ ID NO:48, or a sequence with 95-99% identify thereof.

[009] In one embodiment, the isolated nucleic acid molecule further comprises a sequence

encoding a costimulatory domain. In one embodiment, the costimulatory domain is a

functional signaling domain obtained from a protein selected from the group consisting of

OX40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CDlla/CD18), ICOS (CD278), and 4-1BB

(CD137). In one embodiment, the encoded costimulatory domain comprises a sequence of

SEQ ID NO: 16. In one embodiment, the encoded costimulatory domain comprises an amino

acid sequence having at least one, two or three modifications (e.g., substitutions) but not more

than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid sequence of SEQ ID

NO: 16, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO: 16. In

one embodiment, the nucleic acid sequence encoding the costimulatory domain comprises a

sequence of SEQ ID NO:60, or a sequence with 95-99% identify thereof.In one embodiment,

the isolated nucleic acid molecule further comprises a sequence encoding an intracellular

signaling domain, e.g., an intracellular signaling domain described herein. In one

embodiment, the encoded intracellular signaling domain comprises a functional signaling



domain of 4- IBB and/or a functional signaling domain of CD3 zeta. In one embodiment, the

encoded intracellular signaling domain comprises a functional signaling domain of CD27

and/or a functional signaling domain of CD3 zeta. In one embodiment, the encoded

intracellular signaling domain comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:51

and/or the sequence of SEQ ID NO: 17 or SEQ ID NO:43. In one embodiment, the

intracellular signaling domain comprises an amino acid sequence having at least one, two or

three modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g.,

substitutions) of an amino acid sequence of SEQ ID NO: 16 or SEQ ID NO:51 and/or an amino

acid sequence of SEQ ID NO: 17 or SEQ ID NO:43, or a sequence with 95-99% identity to an

amino acid sequence of SEQ ID NO: 16 or SEQ ID NO:51 and/or an amino acid sequence of

SEQ ID NO: 17 or SEQ ID NO:43. In one embodiment, the encoded intracellular signaling

domain comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:51 and the sequence of SEQ

ID NO: 17 or SEQ ID NO:43, wherein the sequences comprising the intracellular signaling

domain are expressed in the same frame and as a single polypeptide chain. In one embodiment,

the nucleic acid sequence encoding the intracellular signaling domain comprises a sequence of

SEQ ID NO:60, or a sequence with 95-99% identity thereof, and/or a sequence of SEQ ID

NO: 101 or SEQ ID NO:44, or a sequence with 95-99% identity thereof. In one embodiment,

the nucleic acid sequence encoding the intracellular signaling domain comprises a sequence of

SEQ ID NO:52, or a sequence with 95-99% identity thereof, and/or a sequence of SEQ ID

NO: 101 or SEQ D NO:44, or a sequence with 95-99% identity thereof.

[0010] In another aspect, the invention pertains to an isolated nucleic acid molecule

encoding a CAR constuct comprising a leader sequence, e.g., a leader sequence described

herein, e.g., of SEQ ID NO: 13; a humanized anti-CD19 binding domain described herein, e.g.,

a humanized anti-CD 19 binding domain comprising a LC CDR1, a LC CDR2, a LC CDR3, a

HC CDR1, a HC CDR2 and a HC CDR3 described herein, e.g., a humanized anti-CD19

binding domain described in Table 3, or a sequence with 95-99% identify thereof; a hinge

region described herein, e.g., of SEQ ID NO: 14 or SEQ ID NO:45; a transmembrane domain

described herein, e.g., a transmembrane domain comprising SEQ ID NO: 15; and an

intracellular signaling domain, e.g., an intracellular signaling domain described herein. In one

embodiment, the encoded intracellular signaling domain comprises a costimulatory domain,



e.g., a costimulatory domain described herein, e.g., a 4-1BB costimulatory domain having a

sequence of SEQ ID NO:16 or SEQ ID NO:51, and/or a primary signaling domain, e.g., a

primary signaling domain described herein, e.g., a CD3 zeta stimulatory domain having a

sequence of SEQ ID NO: 17 or SEQ ID NO:43. In one embodiment, the isolated nucleic acid

molecule encoding the CAR construct includes a leader sequence encoded by the nucleic acid

sequence of SEQ ID NO:54, or a sequence with 95-99% identity thereto. In one embodiment,

the isolated nucleic acid molecule encoding the CAR construct includes a humanized anti-

CD^ binding domain sequence encoded by the nucleic acid sequence of SEQ ID NO:61, SEQ

ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67,

SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, and SEQ ID NO:72, or a sequence with 95-

99% identity thereto. In one embodiment, the isolated nucleic acid molecule encoding the

CAR construct includes a transmembrane sequence encoded by the nucleic acid sequence of

SEQ ID NO:56, or a sequence with 95-99% identity thereto. In one embodiment, the isolated

nucleic acid molecule encoding the CAR construct includes an intracellular signaling domain

sequence encoded by the nucleic acid sequence of SEQ ID NO:60, or a sequence with 95-99%

identity thereto and/or a nucleic acid sequence of SEQ ID NO: 101 or SEQ ID NO:44, or a

sequence with 95-99% identity thereto.

[001 1] In one embodiment, the isolated nucleic acid molecule comprises (e.g., consists of)

a nucleic acid encoding a CAR amino acid sequence of SEQ ID NO:31, SEQ ID NO:32, SEQ

ID NO: 33, SEQ ID NO:34, SEQ ID NO: 35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,

SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41 or SEQ ID NO:42, or an amino acid sequence

having at least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g., substitutions) but

not more than 60, 50 or 40 modifications (e.g., substitutions) of an amino acid sequence of, or

an amino acid sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino

acid sequence of SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO: 33, SEQ ID NO:34, SEQ ID

NO: 35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,

SEQ ID NO:41 or SEQ ID NO:42.

[0012] In one embodiment, the isolated nucleic acid molecule comprises (e.g., consists of)

a nucleic acid sequence of SEQ ID NO:85, SEQ 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, or SEQ ID NO:96 or a nucleic acid sequence having 85%, 90%, 95%,

96%, 97%, 98% or 99% identity to a nucleic acid sequence of SEQ ID NO:85, SEQ 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, or SEQ ID NO:96.

[0013] In one aspect, the invention pertains to an isolated nucleic acid molecule encoding a

humanized anti-CD 19 binding domain, wherein the anti-CD 19 binding domain comprises one

or more (e.g., all three) light chain complementary determining region 1 (LC CDR1), light

chain complementary determining region 2 (LC CDR2), and light chain complementary

determining region 3 (LC CDR3) of an anti-CD 19 binding domain described herein, and one or

more (e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy

chain complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of an anti-CD19 binding domain described herein, e.g., a

humanized anti-CD19 binding domain comprising one or more, e.g., all three, LC CDRs and

one or more, e.g., all three, HC CDRs. In one embodiment, the humanized anti-CD19 binding

domain comprises at least HC CDR2. In one embodiment, the light chain variable region

comprises one, two, three or all four framework regions of VK3_L25 germline sequence. In

one embodiment, the light chain variable region has a modification (e.g., substitution, e.g., a

substitution of one or more amino acid found in the corresponding position in the murine light

chain variable region of SEQ ID NO: 58, e.g., a substitution at one or more of positions 7 1 and

87). In one embodiment, the heavy chain variable region comprises one, two, three or all four

framework regions of VH4_4-59 germline sequence. In one embodiment, the heavy chain

variable region has a modification (e.g., substitution, e.g., a substitution of one or more amino

acid found in the corresponding position in the murine heavy chain variable region of SEQ ID

NO: 58, e.g., a substitution at one or more of positions 71, 73 and 78). In one embodiment, the

encoded humanized anti-CD 19 binding domain comprises a light chain variable region

described herein (e.g., in SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12) and/or a heavy chain

variable region described herein (e.g., in SEQ ID NO:l, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12). In

one embodiment, the encoded humanized anti-CD 19 binding domain is a scFv comprising a

light chain and a heavy chain of an amino acid sequence of in SEQ ID NO:l, 2, 3, 4, 5, 6, 7, 8,

9, 10, 11 or 12. In an embodiment, the humanized anti-CD19 binding domain (e.g., an scFv)

comprises: a light chain variable region comprising an amino acid sequence having at least one,



two or three modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications

(e.g., substitutions) of an amino acid sequence of a light chain variable region provided in SEQ

ID NO:l, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, or a sequence with 95-99% identity with an amino

acid sequence of SEQ ID NO:l, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; and/or a heavy chain variable

region comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino

acid sequence of a heavy chain variable region provided in SEQ ID NO:l, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11 or 12, or a sequence with 95-99% identity to an amino acid sequence SEQ ID NO:l, 2,

3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. In one embodiment, the humanized anti-CD19 binding domain

comprises a sequence selected from a group consisting of SEQ ID NO:l, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11 or 12, or a sequence with 95-99% identify thereof. In one embodiment, the nucleic acid

sequence encoding the humanized anti-CD 19 binding domain comprises a sequence selected

from a group consisting of SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64,

SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID

NO:70, SEQ ID NO:71 and SEQ ID NO:72, or a sequence with 95-99% identify thereof.

[0014] In another aspect, the invention pertains to an isolated polypeptide molecule

encoded by the nucleic acid sequence. In one embodiment, the isolated polypeptide molecule

comprises a sequence selected from the group consisting of SEQ ID NO:31, SEQ ID NO:32,

SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID

NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, and SEQ ID NO:42. In one

embodiment, the isolated polypeptide comprises a sequence of SEQ ID NO:31. In one

embodiment, the isolated polypeptide comprises a sequence of SEQ ID NO:32. In one

embodiment, the isolated polypeptide molecule comprises a sequence of SEQ ID NO: 35. In

one embodiment, the isolated polypeptide molecule comprises a sequence of SEQ ID NO:36.

In one embodiment, the isolated polypeptide molecule comprises a sequence of SEQ ID

NO:37.

[0015] In another aspect, the invention pertains to an isolated chimeric antigen receptor

(CAR) molecule comprising a humanized anti-CD 19 binding domain (e.g., a humanized

antibody or antibody fragment that specifically binds to CD 19), a transmembrane domain, and

an intracellular signaling domain (e.g., an intracellular signaling domain comprising a



costimulatory domain and/or a primary signaling domain). In one embodiment, the CAR

comprises an antibody or antibody fragment which includes a humanized anti-CD 19 binding

domain described herein (e.g., a humanized antibody or antibody fragment that specifically

binds to CD19 as described herein), a transmembrane domain described herein, and an

intracellular signaling domain described herein (e.g., an intracellular signaling domain

comprising a costimulatory domain and/or a primary signaling domain described herein).

In one embodiment, the humanized anti-CD19 binding domain comprises one or more (e.g., all

three) light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a humanized anti-CD19 binding domain described herein, and one or more (e.g., all

three) heavy chain complementary determining region 1 (HC CDRl), heavy chain

complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of a humanized anti-CD 19 binding domain described herein,

e.g., a humanized anti-CD19 binding domain comprising one or more, e.g., all three, LC CDRs

and one or more, e.g., all three, HC CDRs. In one embodiment, the humanized anti-CD19

binding domain comprises at least HC CDR2. In one embodiment, the humanized anti-CD 19

binding domain comprises one or more (e.g., all three) heavy chain complementary

determining region 1 (HC CDRl), heavy chain complementary determining region 2 (HC

CDR2), and heavy chain complementary determining region 3 (HC CDR3) of a humanized

anti-CD 19 binding domain described herein, e.g., the humanized anti-CD 19 binding domain

has two variable heavy chain regions, each comprising a HC CDRl, a HC CDR2 and a HC

CDR3 described herein. In one embodiment, the humanized anti-CD 19 binding domain

comprises at least HC CDR2. In one embodiment, the light chain variable region comprises

one, two, three or all four framework regions of VK3_L25 germline sequence. In one

embodiment, the light chain variable region has a modification (e.g., substitution, e.g., a

substitution of one or more amino acid found in the corresponding position in the murine light

chain variable region of SEQ ID NO: 58, e.g., a substitution at one or more of positions 7 1 and

87). In one embodiment, the heavy chain variable region comprises one, two, three or all four

framework regions of VH4_4-59 germline sequence. In one embodiment, the heavy chain

variable region has a modification (e.g., substitution, e.g., a substitution of one or more amino

acid found in the corresponding position in the murine heavy chain variable region of SEQ ID



NO: 58, e.g., a substitution at one or more of positions 71, 73 and 78). In one embodiment,

the humanized anti-CD 19 binding domain comprises a light chain variable region described

herein (e.g., in Table 3) and/or a heavy chain variable region described herein (e.g., in Table 3).

In one embodiment, the humanized anti-CD 19 binding domain is a scFv comprising a light

chain and a heavy chain of an amino acid sequence of Table 3 . In an embodiment, the

humanized anti-CD19 binding domain (e.g., an scFv) comprises: a light chain variable region

comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino

acid sequence of a light chain variable region provided in Table 3, or a sequence with 95-99%

identity with an amino acid sequence of Table 3; and/or a heavy chain variable region

comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino

acid sequence of a heavy chain variable region provided in Table 3, or a sequence with 95-99%

identity to an amino acid sequence of Table 3 . In one embodiment, the humanized anti-CD 19

binding domain comprises a sequence selected from a group consisting of SEQ ID NO:l, SEQ

ID NO:2, SEQ ID NO:3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID

NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, or a sequence with

95-99% identify thereof. In one embodiment, the humanized anti-CD 19 binding domain is a

scFv, and a light chain variable region comprising an amino acid sequence described herein,

e.g., in Table 3, is attached to a heavy chain variable region comprising an amino acid sequence

described herein, e.g., in Table 3, via a linker, e.g., a linker described herein. In one

embodiment, the humanized anti-CD 19 binding domain includes a (Gly4-Ser)n linker, wherein

n is 1, 2, 3, 4, 5, or 6, preferably 3 or 4 (SEQ ID NO: 53). The light chain variable region and

heavy chain variable region of a scFv can be, e.g., in any of the following orientations: light

chain variable region-linker-heavy chain variable region or heavy chain variable region-linker-

light chain variable region.

[0016] In one embodiment, the isolated CAR molecule comprises a transmembrane

domain of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-

cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37,

CD64, CD80, CD86, CD 134, CD 137 and CD 154. In one embodiment, the transmembrane

domain comprises a sequence of SEQ ID NO: 15. In one embodiment, the transmembrane



domain comprises an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions) but not more than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid

sequence of SEQ ID NO: 15, or a sequence with 95-99% identity to an amino acid sequence of

SEQ ID NO: 15.

[0017] In one embodiment, the humanized anti-CD19 binding domain is connected to the

transmembrane domain by a hinge region, e.g., a hinge region described herein. In one

embodiment, the encoded hinge region comprises SEQ ID NO: 14 or SEQ ID NO:45, or a

sequence with 95-99% identity thereof.

[0018] In one embodiment, the isolated CAR molecule further comprises a sequence

encoding a costimulatory domain, e.g., a costimulatory domain described herein. In one

embodiment, the costimulatory domain comprises a functional signaling domain of a protein

selected from the group consisting of OX40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1

(CDlla/CD18) and 4-1BB (CD137). In one embodiment, the costimulatory domain comprises

a sequence of SEQ ID NO: 16. In one embodiment, the costimulatory domain comprises a

sequence of SEQ ID NO:51. In one embodiment, the costimulatory domain comprises an

amino acid sequence having at least one, two or three modifications (e.g., substitutions) but not

more than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid sequence of SEQ ID

NO: 16 or SEQ ID NO:51, or a sequence with 95-99% identity to an amino acid sequence of

SEQ ID NO: 16 or SEQ ID NO:51.

[0019] In one embodiment, the isolated CAR molecule further comprises a sequence

encoding an intracellular signaling domain, e.g., an intracellular signaling domain described

herein. In one embodiment, the intracellular signaling domain comprises a functional

signaling domain of 4-IBB and/or a functional signaling domain of CD3 zeta. In one

embodiment, the intracellular signaling domain comprises the sequence of SEQ ID NO: 16

and/or the sequence of SEQ ID NO: 17. In one embodiment, the intracellular signaling domain

comprises the sequence of SEQ ID NO: 16 and/or the sequence of SEQ ID NO:43. In one

embodiment, the intracellular signaling domain comprises a functional signaling domain of

CD27 and/or a functional signaling domain of CD3 zeta. In one embodiment, the intracellular

signaling domain comprises the sequence of SEQ ID NO: 5 1 and/or the sequence of SEQ ID

NO: 17. In one embodiment, the intracellular signaling domain comprises the sequence of SEQ

ID NO:51 and/or the sequence of SEQ ID NO:43. In one embodiment, the intracellular



signaling domain comprises an amino acid sequence having at least one, two or three

modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g.,

substitutions) of an amino acid sequence of SEQ ID NO: 16 or SEQ ID NO:51 and/or an amino

acid sequence of SEQ ID NO: 17 or SEQ ID NO:43, or a sequence with 95-99% identity to an

amino acid sequence of SEQ ID NO: 16 or SEQ ID NO:51 and/or an amino acid sequence of

SEQ ID NO: 17 or SEQ ID NO:43. In one embodiment, the intracellular signaling domain

comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:51 and the sequence of SEQ ID NO:

17 or SEQ ID NO:43, wherein the sequences comprising the intracellular signaling domain are

expressed in the same frame and as a single polypeptide chain.

[0020] In one embodiment, the isolated CAR molecule further comprises a leader

sequence, e.g., a leader sequence described herein. In one embodiment, the leader sequence

comprises an amino acid sequence of SEQ ID NO: 13, or a sequence with 95-99% identity to

an amino acid sequence of SEQ ID NO: 13.

[0021] In another aspect, the invention pertains to an isolated CAR molecule comprising a

leader sequence, e.g., a leader sequence described herein, e.g., a leader sequence of SEQ ID

NO: 13, or having 95-99% identity thereof; a humanized anti-CD19 binding domain described

herein, e.g., a humanized anti-CD19 binding domain comprising a LC CDR1, a LC CDR2, a

LC CDR3, a HC CDR1, a HC CDR2 and a HC CDR3 described herein, e.g., a humanized anti-

CD19 binding domain described in Table 3, or a sequence with 95-99% identify thereof; a

hinge region, e.g., a hinge region described herein, e.g., a hinge region of SEQ ID NO: 14 or

having 95-99% identity thereof; a transmembrane domain, e.g., a transmembrane domain

described herein, e.g., a transmembrane domain having a sequence of SEQ ID NO: 15 or a

sequence having 95-99% identity thereof; an intracellular signaling domain, e.g., an

intracellular signaling domain described herein (e.g., an intracellular signaling domain

comprising a costimulatory domain and/or a primary signaling domain). In one embodiment,

the intracellular signaling domain comprises a costimulatory domain, e.g., a costimulatory

domain described herein, e.g., a 4-IBB costimulatory domain having a sequence of SEQ ID

NO: 16 or SEQ ID NO:51, or having 95-99%identity thereof, and/or a primary signaling

domain, e.g., a primary signaling domain described herein, e.g., a CD3 zeta stimulatory domain

having a sequence of SEQ ID NO: 17 or SEQ ID NO:43, or having 95-99% identity thereof.



[0022] In one embodiment, the isolated CAR molecule comprises (e.g., consists of) an

amino acid sequence of SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ

ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,

SEQ ID NO:41 or SEQ ID NO:42, or an amino acid sequence having at least one, two, three,

four, five, 10, 15, 20 or 30 modifications (e.g., substitutions) but not more than 60, 50 or 40

modifications (e.g., substitutions) of an amino acid sequence of SEQ ID NO:31, SEQ ID

NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,

SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41 or SEQ ID NO:42, or an

amino acid sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino

acid sequence SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID

NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,

SEQ ID NO:41 or SEQ ID NO:42.

[0023] In one aspect, the invention pertains to a humanized anti-CD 19 binding domain

comprising one or more (e.g., all three) light chain complementary determining region 1 (LC

CDR1), light chain complementary determining region 2 (LC CDR2), and light chain

complementary determining region 3 (LC CDR3) of an anti-CD 19 binding domain described

herein, and one or more (e.g., all three) heavy chain complementary determining region 1 (HC

CDR1), heavy chain complementary determining region 2 (HC CDR2), and heavy chain

complementary determining region 3 (HC CDR3) of a humanized anti-CD 19 binding domain

described herein, e.g., a humanized anti-CD19 binding domain comprising one or more, e.g.,

all three, LC CDRs and one or more, e.g., all three, HC CDRs. In one embodiment, the

humanized anti-CD 19 binding domain having at least HC CDR2. In one embodiment, the light

chain variable region comprises one, two, three or all four framework regions of VK3_L25

germline sequence. In one embodiment, the light chain variable region has a modification

(e.g., substitution, e.g., a substitution of one or more amino acid found in the corresponding

position in the murine light chain variable region of SEQ ID NO: 58, e.g., a substitution at one

or more of positions 7 1 and 87). In one embodiment, the heavy chain variable region

comprises one, two, three or all four framework regions of VH4_4-59 germline sequence. In

one embodiment, the heavy chain variable region has a modification (e.g., substitution, e.g., a

substitution of one or more amino acid found in the corresponding position in the heavy chain

variable region of SEQ ID NO: 58, e.g., a substitution at one or more of positions 71, 73 and



78). In one embodiment, the humanized anti-CD19 binding domain comprises a light chain

variable region described herein (e.g., in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID

NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID

NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12) and/or a heavy chain variable region described

herein (e.g. in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11,

and SEQ ID NO: 12). In one embodiment, the humanized anti-CD19 binding domain is a scFv

comprising a light chain and a heavy chain of an amino acid sequence of in SEQ ID NO:l,

SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,

SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12. In an

embodiment, the humanized anti-CD19 binding domain (e.g., an scFv) comprises: a light chain

variable region comprising an amino acid sequence having at least one, two or three

modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,

substitutions) of an amino acid sequence of a light chain variable region provided, in SEQ ID

NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID

NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12 or a

sequence with 95-99% identity with an amino acid sequence in SEQ ID NO:l, SEQ ID NO:2,

SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,

SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12; and/or a heavy chain

variable region comprising an amino acid sequence having at least one, two or three

modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,

substitutions) of an amino acid sequence of a heavy chain variable region provided SEQ ID

NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID

NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12, or a

sequence with 95-99% identity to an amino acid sequence in SEQ ID NO:l, SEQ ID NO:2,

SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,

SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12.

[0024] In another aspect, the invention pertains to a vector comprising a nucleic acid

sequence encoding a CAR. In one embodiment, the vector is selected from the group consisting

of a DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a retrovirus vector.



[0025] In one embodiment, the vector is a lentivirus vector. In one embodiment, the vector

further comprises a promoter. In one embodiment, the promoter is an EF-1 promoter. In one

embodiment, the EF-1 promoter comprises a sequence of SEQ ID NO: 100.

[0026] In one embodiment, the vector is an in vitro transcribed vector, e.g., a vector that

transcribes RNA of a nucleic acid molecule described herein. In one embodiment, the nucleic

acid sequence in the vector further comprises a poly(A) tail, e.g., a poly A tail described herein,

e.g., comprising about 150 adenosine bases (SEQ ID NO: 104). In one embodiment, the nucleic

acid sequence in the vector further comprises a 3'UTR, e.g., a 3' UTR described herein, e.g.,

comprising at least one repeat of a 3'UTR derived from human beta-globulin. In one

embodiment, the nucleic acid sequence in the vector further comprises promoter, e.g., a T2A

promoter.

[0027] In another aspect, the invention pertains to a cell comprising the vector. In one

embodiment, the cell is a human T cell. In one embodiment, the cell is a cell described herein,

e.g., a human T cell, e.g., a human T cell described herein. In one embodiment, the human T

cell is a CD8+ T cell.

[0028] In another embodiment, the CAR-expressing cell described herein can further

express another agent, e.g., an agent which enhances the activity of a CAR-expressing cell. For

example, in one embodiment, the agent can be an agent which inhibits an inhibitory molecule.

Examples of inhibitory molecules include PDl, PD-Ll, CTLA4, TIM3, LAG3, VISTA, BTLA,

TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In one embodiment, the agent which inhibits an

inhibitory molecule comprises a first polypeptide, e.g., an inhibitory molecule, associated with

a second polypeptide that provides a positive signal to the cell, e.g., an intracellular signaling

domain described herein. In one embodiment, the agent comprises a first polypeptide, e.g., of

an inhibitory molecule such as PDl, LAG3, CTLA4, CD160, BTLA, LAIR1, TEVI3, 2B4 and

TIGIT, or a fragment of any of these (e.g., at least a portion of the extracellular domain of any

of these), and a second polypeptide which is an intracellular signaling domain described herein

(e.g., comprising a costimulatory domain (e.g., 4 IBB, CD27 or CD28, e.g., as described herein)

and/or a primary signaling domain (e.g., a CD3 zeta signaling domain described herein). In

one embodiment, the agent comprises a first polypeptide of PDl or a fragment thereof (e.g., at

least a portion of the extracellular domain of PDl), and a second polypeptide of an intracellular



signaling domain described herein (e.g., a CD28 signaling domain described herein and/or a

CD3 zeta signaling domain described herein).

[0029] In another aspect, the invention pertains to a method of making a cell comprising

transducing a T cell with a vector of comprising a nucleic acid encoding a CAR, e.g., a CAR

described herein.

[0030] The present invention also provides a method of generating a population of RNA-

engineered cells, e.g., cells described herein, e.g., T cells, transiently expressing exogenous

RNA. The method comprises introducing an in vitro transcribed RNA or synthetic RNA into a

cell, where the RNA comprises a nucleic acid encoding a CAR molecule described herein.

[0031] In another aspect, the invention pertains to a method of providing an anti-tumor

immunity in a mammal comprising administering to the mammal an effective amount of a cell

comprising a CAR molecule, e.g., a cell expressing a CAR molecule described herein. In one

embodiment, the cell is an autologous T cell. In one embodiment, the cell is an allogeneic T

cell. In one embodiment, the mammal is a human.

[0032] In another aspect, the invention pertains to a method of treating a mammal having a

disease associated with expression of CD 19 comprising administering to the mammal an

effective amount of the cell of comprising a CAR molecule, e.g., a CAR molecule described

herein.

[0033] In one embodiment, the disease associated with CD19 expression is selected from a

proliferative disease such as a cancer or malignancy or a precancerous condition such as a

myelodysplasia, a myelodysplasia syndrome or a preleukemia, or is a non-cancer related

indication associated with expression of CD19. In one embodiment, the disease is a

hematologic cancer. In one embodiment, the hematologic cancer is leukemia. In one

embodiment, the cancer is selected from the group consisting of one or more acute leukemias

including but not limited to 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 chronic myelogenous leukemia (CML), chronic lymphocytic

leukemia (CLL); additional hematologic cancers or hematologic conditions including, but not

limited to 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, Marginal zone lymphoma, multiple myeloma,

myelodysplasia and myelodysplasia syndrome, non-Hodgkin's 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 to disease associated with CD19

expression include, but not limited to atypical and/or non-classical cancers, malignancies,

precancerous conditions or proliferative diseases expressing CD 19; and any combination

thereof.

[0034] In one embodiment, lymphocyte infusion, for example allogeneic lymphocyte

infusion, is used in the treatment of the cancer, wherein the lymphocyte infusion comprises at

least one CD19 CAR-expressing cell. In one embodiment, autologous lymphocyte infusion is

used in the treatment of the cancer, wherein the autologous lymphocyte infusion comprises at

least one CD19-expressing cell.

[0035] In one embodiment, the CD19 CAR expressing cell, e.g., T cell, is administered to a

subject that has received a previous stem cell transplantation, e.g., autologous stem cell

transplantation.

[0036] In one embodiment, the CD19 CAR expressing cell, e.g., T cell, is administered to a

subject that has received a previus dose of melphalan.

[0037] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered in combination with an agent that increases the efficacy of a

cell expressing a CAR molecule, e.g., an agent described herein.

[0038] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered in combination with an agent that ameliorates one or more

side effect associated with administration of a cell expressing a CAR molecule, e.g., an agent

described herein.



[0039] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered in combination with an agent that treats the disease

associated with CD19, e.g., an agent described herein.

[0040] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered at a dose and/or dosing schedule described herein.

[0041] In one embodiment, the CAR molecule is introduced into T cells, e.g., using in vitro

transcription, and the subject (e.g., human) receives an initial administration of cells comprising

a CAR molecule, and one or more subsequent administrations of cells comprising a CAR

molecule, wherein the one or more subsequent administrations are administered less than 15

days, e.g., 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 days after the previous administration. In

one embodiment, more than one administration of cells comprising a CAR molecule are

administered to the subject (e.g., human) per week, e.g., 2, 3, or 4 administrations of cells

comprising a CAR molecule are administered per week. In one embodiment, the subject (e.g.,

human subject) receives more than one administration of cells comprising a CAR molecule per

week (e.g., 2, 3 or 4 administrations per week) (also referred to herein as a cycle), followed by

a week of no administration of cells comprising a CAR molecule, and then one or more

additional administration of cells comprising a CAR molecule (e.g., more than one

administration of the cells comprising a CAR molecule per week) is administered to the

subject. In another embodiment, the subject (e.g., human subject) receives more than one cycle

of cells comprising a CAR molecule, and the time between each cycle is less than 10, 9, 8, 7, 6,

5, 4, or 3 days. In one embodiment, the cells comprising a CAR molecule are administered

every other day for 3 administrations per week. In one embodiment, the cells comprising a

CAR molecule are administered for at least two, three, four, five, six, seven, eight or more

weeks.

[0042] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered as a first line treatment for the disease, e.g., the cancer, e.g.,

the cancer described herein. In another embodiment, the cells expressing a CAR molecule,

e.g., a CAR molecule described herein, are administered as a second, third, fourth line

treatment for the disease, e.g., the cancer, e.g., the cancer described herein.

[0043] In one embodiment, a population of cells described herein is administered.



[0044] In another aspect, the invention pertains to the isolated nucleic acid molecule

encoding a CAR of the invention, the isolated polypeptide molecule of a CAR of the invention,

the vector comprising a CARof the invention, and the cell comprising a CAR of the invention

for use as a medicament.

[0045] In another aspect, the invention pertains to a the isolated nucleic acid molecule

encoding a CAR of the invention, the isolated polypeptide molecule of a CAR of the invention,

the vector comprising a CAR of the invention, and the cell comprising a CAR of the invention

for use in the treatment of a disease expressing CD19.

[0046] In one aspect, the invention includes a population of autologous cells that are

transfected or transduced with a vector comprising a nucleic acid molecule encoding a CD 19-

CAR molecule, e.g., as described herein. In one embodiment, the vector is a retroviral vector.

In one embodiment, the vector is a self-inactivating lentiviral vector as described elsewhere

herein. In one embodiment, the vector is delivered (e.g., by transfecting or electroporating) to a

cell, e.g., a T cell, wherein the vector comprises a nucleic acid molecule encoding a CD19 CAR

molecule as described herein, which is transcribed as an mRNA molecule, and the CD19 CAR

molecule is translated from the RNA molecule and expressed on the surface of the cell.

[0047] In another aspect, the present invention provides a population of CAR-expressing

cells, e.g., CART cells. In some embodiments, the population of CAR-expressing cells

comprises a mixture of cells expressing different CARs. For example, in one embodiment, the

population of CART cells can include a first cell expressing a CAR having an anti-CD 19

binding domain described herein, and a second cell expressing a CAR having a different anti-

CD^ binding domain, e.g., an anti-CD 19 binding domain described herein that differs from

the anti-CD 19 binding domain in the CAR expressed by the first cell. As another example, the

population of CAR-expressing cells can include a first cell expressing a CAR that includes an

anti- CD19 binding domain, e.g., as described herein, and a second cell expressing a CAR that

includes an antigen binding domain to a target other than CD19 (e.g., CD123). In one

embodiment, the population of CAR-expressing cells includes, e.g., a first cell expressing a

CAR that includes a primary intracellular signaling domain, and a second cell expressing a

CAR that includes a secondary signaling domain.



[0048] In another aspect, the present invention provides a population of cells wherein at

least one cell in the population expresses a CAR having an anti- CD 19 domain described

herein, and a second cell expressing another agent, e.g., an agent which enhances the activity of

a CAR-expressing cell. For example, in one embodiment, the agent can be an agent which

inhibits an inhibitory molecule. Examples of inhibitory molecules include PDl, PD-L1,

CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In one

embodiment, the agent which inhibits an inhibitory molecule comprises a first polypeptide,

e.g., an inhibitory molecule, associated with a second polypeptide that provides a positive

signal to the cell, e.g., an intracellular signaling domain described herein. In one embodiment,

the agent comprises a first polypeptide, e.g., of an inhibitory molecule such as PDl, LAG3,

CTLA4, CD160, BTLA, LAIR1, TIM3, 2B4 and TIGIT, or a fragment of any of these (e.g., at

least a portion of an extracellular domain of any of these), and a second polypeptide which is an

intracellular signaling domain described herein (e.g., comprising a costimulatory domain (e.g.,

41BB, CD27 or CD28, e.g., as described herein) and/or a primary signaling domain (e.g., a

CD3 zeta signaling domain described herein). In one embodiment, the agent comprises a first

polypeptide of PDl or a fragment thereof (e.g., at least a portion of the extracellular domain of

PDl), and a second polypeptide of an intracellular signaling domain described herein (e.g., a

CD28 signaling domain described herein and/or a CD3 zeta signaling domain described

herein).

[0049] In one embodiment, the nucleic acid molecule encoding a CD 19 CAR molecule,

e.g., as described herein, is expressed as an mRNA molecule. In one embodiment, the

genetically modified CD19 CAR-expressing cells, e.g., T cells, can be generated by

transfecting or electroporating an RNA molecule encoding the desired CARs (e.g., without a

vector sequence) into the cell. In one embodiment, a CD 19 CAR molecule is translated from

the RNA molecule once it is incorporated and expressed on the surface of the recombinant cell.



BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1A, IB and 1C are graphic representations of cytotoxicity as assayed in

ND317 (normal donor) T cell transduced with mouse anti-CD 19 CAR or the humanized anti-

CD^ CARs of the invention and cultured with either control K562 cells that do not express

CD19 (K562cc) as shown in FIG. 1A, K562 cells transformed with CD19 (K562.CD19) as

shown in FIG. IB or malignant B cells isolated from a CLL patient (Pt 14 B cell isolate) as

shown in FIG. 1C.

[0051] FIG. 2A and 2B are graphs showing the proliferative response of humanized and

mouse anti-CD 19CAR-expressing cells to CD19+ cells, where higher number of viable CAR+

T cells correlates with populations showing maximal CD4+ and CD8+ T cell proliferation to

primary CLL cells.

[0052] FIG. 3 is a graphic representation of the deconvoluted HPLC mass spectra for scFvs

of the invention, where the top row depicts untreated scFv and the bottom row depicts the

cognate deglycosylated scFv.

[0053] FIG. 4 is a graphic representation of the conformation stability as measured by

Differential Scanning Fluorimetry. The Tm of mouse scFv was 57°C (thick line). All

humanized scFv variants show higher Tm at around 70°C as compared to the parental mouse

scFv. The residues introduced by humanization have improved the Tm by more than 10° C.

[0054] FIG. 5 is a graphic representation of CD19 CAR transduced T cell proliferation,

wherein the CART 19 cells are directed either towards (a) a chronic myelogenous leukemia

("CML") cell line that is negative for the expression of CD19, and hence used as a negative

control; (b) recombinant K562 cells positive for expression of CD19, and hence used as a

positive control; or (c) to Ptl4 B cells isolated from a CLL patient and which expresses CD19

on the cell surface.

[0055] FIG. 6A and 6B are schematics of representative CARs.

[0056] FIG. 7 depicts HALLX5447 primary ALL disease progression in NSG mice after

treatment with CD19 transduced CAR T cells. The growth of primary human ALL cells in

NSG mice after treatment with CAR T cells specific for CD19 demonstrated control of disease

progression. Mean percentage of CD19+ human ALL cells was an indicator of disease burden



in the peripheral blood in NSG mice to day 65 post tumor implant. Black circles: mice treated

with lOOul of PBS via the tail vein; red squares: mice treated with mock transduced T cells;

blue triangles: mice treated with murine CD 19 CAR transduced T cells; and inverted purple

triangles: mice treated with humanized CD19 CAR transduced T cells. Significance calculated

by ANOVA; * denotes P<0.01.

[0057] FIG. 8 depicts CD19 expression in a patient's tumor cells. CD138 + CD45 dim tumor

cells were stained for CD 19 (x-axis) and CD38 (y-axis).

DETAILED DESCRIPTION

Definitions

[0058] 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.

[0059] The term "a" and "an" refers to one or to more than one (i.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.

[0060] The term "about" when referring to a measurable value such as an amount, a

temporal duration, and the like, is meant to encompass variations of +20% or in some instances

+10%, or in some instances +5%, or in some instances +1%, or in some instances +0.1% from

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

[0061] The term "Chimeric Antigen Receptor" or alternatively a "CAR" refers to a

recombinant polypeptide construct comprising 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 as defined below. In one aspect, the stimulatory molecule is 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 is chosen



from 4-1BB (i.e., CD137), CD27 and/or CD28. In one aspect, the CAR comprises a chimeric

fusion protein comprising an extracellular antigen recognition 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 recognition domain, a transmembrane domain and an

intracellular signaling domain comprising a functional signaling domain derived from a co-

stimulatory 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

recognition domain, a transmembrane domain and an intracellular signaling domain comprising

two functional signaling domains derived from one or more co-stimulatory 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 recognition domain, a

transmembrane domain and an intracellular signaling domain comprising at least two

functional signaling domains derived from one or more co-stimulatory 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 recognition domain, wherein the leader sequence is optionally cleaved

from the antigen recognition domain (e.g., aa scFv) during cellular processing and localization

of the CAR to the cellular membrane.

[0062] 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

pathways by generating second messengers or functioning as effectors by responding to such

messengers.

[0063] As used herein, the term "CD 19" refers to the Cluster of Differentiation 19 protein,

which is an antigenic determinant detectable on leukemia precursor cells. The human and

murine amino acid and nucleic acid sequences can be found in a public database, such as

GenBank, UniProt and Swiss-Prot. For example, the amino acid sequence of human CD 19 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_001 178098. CD19 is expressed on

most B lineage cancers, including, e.g., acute lymphoblastic leukaemia, chronic lymphocyte



leukaemia and non-Hodgkin's lymphoma. Other cells with express CD 19 are provided below

in the definition of "disease associated with expression of CD19." It is 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 CD 19 protein. In one aspect, the CD 19 protein is expressed on a

cancer cell.

[0064] 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.

[0065] The term "antibody fragment" refers to at least one portion of an intact antibody, or

recombinant variants thereof, and refers to the antigen binding domain, e.g., an antigenic

determining variable region of an intact antibody, that is sufficient to confer recognition and

specific binding of the antibody fragment to a target, such as an antigen. Examples of antibody

fragments include, but are not limited to, Fab, Fab', F(ab')2, and Fv fragments, scFv antibody

fragments, linear antibodies, single domain antibodies such as sdAb (either VL or VH), camelid

VHH domains, and multi- specific antibodies formed from antibody fragments. 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 via

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 it is

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.

[0066] The portion of the CAR composition of the invention comprising an antibody or

antibody fragment thereof may exist in a variety of forms where the antigen binding domain is

expressed as part of a contiguous polypeptide chain including, for example, a single domain

antibody fragment (sdAb), a single chain antibody (scFv) and a humanized 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.

[0067] The term "antibody heavy chain," refers to the larger of the two types of

polypeptide chains present in antibody molecules in their naturally occurring conformations,

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

[0068] The term "antibody light chain," refers to the smaller of the two types of

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

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

[0069] The term "recombinant antibody" refers to an antibody which is 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 is available and well known in the art.

[0070] 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 is 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 is readily apparent that

the present invention includes, but is not limited to, the use of partial nucleotide sequences of

more than one gene and that these nucleotide sequences are arranged in 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 is 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 is not limited

to a tissue sample, a tumor sample, a cell or a fluid with other biological components.

[0071] 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 in tumor volume, a decrease in

the number of tumor cells, a decrease in the number of metastases, an increase in life

expectancy, decrease in tumor cell proliferation, decrease in tumor cell survival, or

amelioration of various physiological symptoms associated with the cancerous condition. An

"anti-tumor effect" can also be manifested by the ability of the peptides, polynucleotides, cells

and antibodies of the invention in prevention of the occurrence of tumor in the first place.

[0072] The term "autologous" refers to any material derived from the same individual to

whom it is later to be re-introduced into the individual.

[0073] The term "allogeneic" refers to any material derived from a different animal of the

same species as the individual to whom the material is introduced. Two or more individuals

are said to be allogeneic to one another when the genes at one or more loci are not identical. In

some aspects, allogeneic material from individuals of the same species may be sufficiently

unlike genetically to interact antigenically

[0074] The term "xenogeneic" refers to a graft derived from an animal of a different

species.

[0075] The term "cancer" refers to a disease characterized by the rapid and 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.

[0076] The phrase "disease associated with expression of CD19" includes, but is not

limited to, a disease associated with expression of CD 19 or condition associated with cells

which express CD19 including, e.g., proliferative diseases such as a cancer or malignancy or a

precancerous condition such as a myelodysplasia, a myelodysplasia syndrome or a



preleukemia; or a noncancer related indication associated with cells which express CD19. In

one aspect, a cancer associated with expression of CD19 is a hematolical cancer. In one aspect,

the hematolical cancer is 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, Marginal zone lymphoma, multiple myeloma, myelodysplasia and

myelodysplasia syndrome, non-Hodgkin's 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

CD19expression 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.

[0077] The term "conservative sequence modifications" refers to amino acid modifications

that do not significantly affect or alter the binding characteristics of the antibody or antibody

fragment containing the amino acid sequence. Such conservative modifications include amino

acid substitutions, additions and deletions. Modifications can be introduced into an antibody or

antibody fragment of the invention by standard techniques known in the art, such as site-

directed mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions

are ones in which the amino acid residue is replaced with an amino acid residue having a

similar side chain. Families of amino acid residues having similar side chains have been

defined in the art. These families include amino acids with basic side chains (e.g., lysine,



arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side

chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan),

nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,

methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side

chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or more amino acid

residues within a CAR of the invention can be replaced with other amino acid residues from the

same side chain family and the altered CAR can be tested using the functional assays described

herein.

[0078] The term "stimulation," refers to a primary response induced by binding of a

stimulatory molecule (e.g., a TCR/CD3 complex) with its cognate ligand thereby mediating a

signal transduction event, such as, but not limited to, signal transduction via the TCR/CD3

complex. Stimulation can mediate altered expression of certain molecules, such as

downregulation of TGF- β, and/or reorganization of cytoskeletal structures, and the like.

[0079] The term "stimulatory molecule," refers to a molecule expressed by a T cell that

provides the primary cytoplasmic signaling sequence(s) that regulate primary activation of the

TCR complex in a stimulatory way for at least some aspect of the T cell signaling pathway. In

one aspect, the primary signal is initiated by, for instance, binding of a TCR/CD3 complex with

an MHC molecule loaded with peptide, and which leads to mediation of a T cell response,

including, but not limited to, proliferation, activation, differentiation, and the like. A primary

cytoplasmic signaling sequence (also referred to as a "primary signaling domain") that acts in a

stimulatory manner may contain a signaling motif which is known as immunoreceptor tyrosine-

based activation motif or ITAM. Examples of an ITAM containing primary cytoplasmic

signaling sequence that is of particular use in the invention includes, but is not limited to, those

derived from TCR zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta , CD3 epsilon, CD5,

CD22, CD79a, CD79b, CD278 (also known as "ICOS") and CD66d. In a specific CAR of the

invention, the intracellular signaling domain in any one or more CARS of the invention

comprises an intracellular signaling sequence, e.g., a primary signaling sequence of CD3-zeta.

In a specific CAR of the invention, the primary signaling sequence of CD3-zeta is the sequence

provided as SEQ ID NO: 17, or the equivalent residues from a non-human species, e.g., mouse,

rodent, monkey, ape and the like. In a specific CAR of the invention, the primary signaling



sequence of CD3-zeta is the sequence as provided in SEQ ID NO:43, or the equivalent residues

from a non-human species, e.g., mouse, rodent, monkey, ape and the like.

[0080] The term "antigen presenting cell" or "APC" refers to an immune system cell such

as an accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays a foreign antigen

complexed with major histocompatibility complexes (MHC's) on its surface. T-cells may

recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and

present them to T-cells.

[0081] An "intracellular signaling domain," as the term is used herein, refers to an

intracellular portion of a molecule. The intracellular signaling domain generates a signal that

promotes an immune effector function of the CAR containing cell, e.g., a CART cell.

Examples of immune effector function, e.g., in a CART cell, include cytolytic activity and

helper activity, including the secretion of cytokines.

[0082] In an embodiment, the intracellular signaling domain can comprise a primary

intracellular signaling domain. Exemplary primary intracellular signaling domains include

those derived from the molecules responsible for primary stimulation, or antigen dependent

simulation. In an embodiment, the intracellular signaling domain can comprise a costimulatory

intracellular domain. Exemplary costimulatory intracellular signaling domains include those

derived from molecules responsible for costimulatory signals, or antigen independent

stimulation. For example, in the case of a CART, a primary intracellular signaling domain can

comprise a cytoplasmic sequence of a T cell receptor, and a costimulatory intracellular

signaling domain can comprise cytoplasmic sequence from co-receptor or costimulatory

molecule.

[0083] A primary intracellular signaling domain can comprise a signaling motif which is

known as an immunoreceptor tyrosine-based activation motif or ITAM. Examples of ΓΓΑΜ

containing primary cytoplasmic signaling sequences include, but are not limited to, those

derived from CD3 zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CD5,

CD22, CD79a, CD79b, and CD66d DAP10 and DAP12.

[0084] The term "zeta" or alternatively "zeta chain", "CD3-zeta" or "TCR-zeta" is defined

as the protein provided as GenBan Acc. No. BAG36664.1, or the equivalent residues from a

non-human species, e.g., mouse, rodent, monkey, ape and the like, and a "zeta stimulatory



domain" or alternatively a "CD3-zeta stimulatory domain" or a "TCR-zeta stimulatory domain"

is defined as the amino acid residues from the cytoplasmic domain of the zeta chain that are

sufficient to functionally transmit an initial signal necessary for T cell activation. In one aspect

the cytoplasmic domain of zeta comprises residues 52 through 164 of GenBank Acc. No.

BAG36664.1 or the equivalent residues from a non-human species, e.g., mouse, rodent,

monkey, ape and the like, that are functional orthologs thereof. In one aspect, the "zeta

stimulatory domain" or a "CD3-zeta stimulatory domain" is the sequence provided as SEQ ID

NO: 17. In one aspect, the "zeta stimulatory domain" or a "CD3-zeta stimulatory domain" is

the sequence provided as SEQ ID NO:43.

[0085] The term "costimulatory molecule" refers to the cognate binding partner on a T cell

that specifically binds with a costimulatory ligand, thereby mediating a costimulatory response

by the T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface

molecules other than antigen receptors or their ligands that are required for an efficient immune

response. Costimulatory molecules include, but are not limited to an MHC class I molecule,

BTLA and a Toll ligand receptor, as well as OX40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1

(CDlla/CD18) and 4-IBB (CD137).

[0086] A costimulatory intracellular signaling domain can be the intracellular portion of a

costimulatory molecule. A costimulatory molecule can be represented in the following protein

families: TNF receptor proteins, Immunoglobulin-like proteins, cytokine receptors, integrins,

signaling lymphocytic activation molecules (SLAM proteins), and activating NK cell receptors.

Examples of such molecules include CD27, CD28, 4-1BB (CD137), OX40, GITR, CD30,

CD40, ICOS, BAFFR, HVEM, lymphocyte function-associated antigen-1 (LFA-1), CD2,

CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3, and a ligand that specifically binds

with CD83, and the like.

[0087] The intracellular signaling domain can comprise the entire intracellular portion, or

the entire native intracellular signaling domain, of the molecule from which it is derived, or a

functional fragment thereof.

[0088] The term "4-1BB" refers to a member of the TNFR superfamily with an amino acid

sequence provided as GenBank Acc. No. AAA62478.2, or the equivalent residues from a non-

human species, e.g., mouse, rodent, monkey, ape and the like; and a "4-1BB costimulatory



domain" is defined as amino acid residues 214-255 of GenBank accno. AAA62478.2, or the

equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the like.

In one aspect, the "4- IBB costimulatory domain" is the sequence provided as SEQ ID NO: 16

or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the

like.

[0089] The term "encoding" refers to the inherent property of specific sequences of

nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates

for synthesis of other polymers and macromolecules in biological processes having either a

defined sequence of nucleotides (e.g., rRNA, tRNA and mRNA) or a defined sequence of

amino acids and the biological properties resulting therefrom. Thus, a gene, cDNA, or RNA,

encodes a protein if transcription and translation of mRNA corresponding to that gene produces

the protein in a cell or other biological system. Both the coding strand, the nucleotide sequence

of which is identical to the mRNA sequence and is usually provided in sequence listings, and

the non-coding strand, used as the template for transcription of a gene or cDNA, can be referred

to as encoding the protein or other product of that gene or cDNA.

[0090] Unless otherwise specified, a "nucleotide sequence encoding an amino acid

sequence" includes all nucleotide sequences that are degenerate versions of each other and that

encode the same amino acid sequence. The phrase nucleotide sequence that encodes a protein

or a RNA may also include introns to the extent that the nucleotide sequence encoding the

protein may in some version contain an intron(s).

[0091] The term "effective amount" or "therapeutically effective amount" are used

interchangeably herein, and refer to an amount of a compound, formulation, material, or

composition, as described herein effective to achieve a particular biological result.

[0092] The term "endogenous" refers to any material from or produced inside an organism,

cell, tissue or system.

[0093] The term "exogenous" refers to any material introduced from or produced outside

an organism, cell, tissue or system.

[0094] The term "expression" refers to the transcription and/or translation of a particular

nucleotide sequence driven by a promoter.



[0095] The term "transfer vector" refers to a composition of matter which comprises an

isolated nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of

a cell. Numerous vectors are known in the art including, but not limited to, linear

polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, plasmids,

and viruses. Thus, the term "transfer vector" includes an autonomously replicating plasmid or a

virus. The term should also be construed to further include non-plasmid and non-viral

compounds which facilitate transfer of nucleic acid into cells, such as, for example, a

polylysine compound, liposome, and the like. Examples of viral transfer vectors include, but

are not limited to, adenoviral vectors, adeno-associated virus vectors, retroviral vectors,

lentiviral vectors, and the like.

[0096] The term "expression vector" refers to a vector comprising a recombinant

polynucleotide comprising expression control sequences operatively linked to a nucleotide

sequence to be expressed. An expression vector comprises sufficient cis-acting elements for

expression; other elements for expression can be supplied by the host cell or in an in vitro

expression system. Expression vectors include all those known in the art, including cosmids,

plasmids (e.g., naked or contained in liposomes) and viruses (e.g., lentiviruses, retroviruses,

adenoviruses, and adeno-associated viruses) that incorporate the recombinant polynucleotide.

[0097] The term "lentivirus" refers to a genus of the Retroviridae family. Lentiviruses are

unique among the retroviruses in being able to infect non-dividing cells; they can deliver a

significant amount of genetic information into the DNA of the host cell, so they are one of the

most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of

lentiviruses.

[0098] The term "lentiviral vector" refers to a vector derived from at least a portion of a

lentivirus genome, including especially a self-inactivating lentiviral vector as provided in

Milone et al., Mol. Ther. 17(8): 1453-1464 (2009). Other examples of lentivirus vectors that

may be used in the clinic, include but are not limited to, e.g., the LENTIVECTOR® gene

delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from Lentigen

and the like. Nonclinical types of lentiviral vectors are also available and would be known to

one skilled in the art.



[0099] The term "homologous" or "identity" refers to the subunit sequence identity

between two polymeric molecules, e.g., between two nucleic acid molecules, such as, two

DNA molecules or two RNA molecules, or between two polypeptide molecules. When a

subunit position in both of the two molecules is occupied by the same monomeric subunit; e.g.,

if a position in each of two DNA molecules is occupied by adenine, then they are homologous

or identical at that position. The homology between two sequences is a direct function of the

number of matching or homologous positions; e.g., if half (e.g., five positions in a polymer ten

subunits in length) of the positions in two sequences are homologous, the two sequences are

50% homologous; if 90% of the positions (e.g., 9 of 10), are matched or homologous, the two

sequences are 90% homologous.

[00100] "Humanized" forms of non-human (e.g., murine) antibodies are chimeric

immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2

or other antigen-binding subsequences of antibodies) which contain minimal sequence derived

from non-human immunoglobulin. For the most part, humanized antibodies and antibody

fragments thereof are human immunoglobulins (recipient antibody or antibody fragment) in

which residues from a complementary-determining region (CDR) of the recipient are replaced

by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit

having the desired specificity, affinity, and capacity. In some instances, Fv framework region

(FR) residues of the human immunoglobulin are replaced by corresponding non-human

residues. Furthermore, a humanized antibody/antibody fragment can comprise residues which

are found neither in the recipient antibody nor in the imported CDR or framework sequences.

These modifications can further refine and optimize antibody or antibody fragment

performance. In general, the humanized antibody or antibody fragment thereof will comprise

substantially all of at least one, and typically two, variable domains, in which all or

substantially all of the CDR regions correspond to those of a non-human immunoglobulin and

all or a significant portion of the FR regions are those of a human immunoglobulin sequence.

The humanized antibody or antibody fragment can also comprise at least a portion of an

immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further

details, see Jones et al., Nature, 321: 522-525, 1986; Reichmann et al., Nature, 332: 323-329,

1988; Presta, Curr. Op. Struct. Biol., 2 : 593-596, 1992.



[00101] "Fully human" refers to an immunoglobulin, such as an antibody or antibody

fragment, where the whole molecule is of human origin or consists of an amino acid sequence

identical to a human form of the antibody or immunoglobulin.

[00102] The term "isolated" means altered or removed from the natural state. For example,

a nucleic acid or a peptide naturally present in a living animal is not "isolated," but the same

nucleic acid or peptide partially or completely separated from the coexisting materials of its

natural state is "isolated." An isolated nucleic acid or protein can exist in substantially purified

form, or can exist in a non-native environment such as, for example, a host cell.

[00103] In the context of the present invention, the following abbreviations for the

commonly occurring nucleic acid bases are used. "A" refers to adenosine, "C" refers to

cytosine, "G" refers to guanosine, "T" refers to thymidine, and "U" refers to uridine.

[00104] The term "operably linked" or "transcriptional control" refers to functional linkage

between a regulatory sequence and a heterologous nucleic acid sequence resulting in expression

of the latter. For example, a first nucleic acid sequence is operably linked with a second nucleic

acid sequence when the first nucleic acid sequence is placed in a functional relationship with

the second nucleic acid sequence. For instance, a promoter is operably linked to a coding

sequence if the promoter affects the transcription or expression of the coding sequence.

Operably linked DNA sequences can be contiguous with each other and, e.g., where necessary

to join two protein coding regions, are in the same reading frame.

[00105] The term "parenteral" administration of an immunogenic composition includes, e.g.,

subcutaneous (s.c), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection,

intratumoral, or infusion techniques.

[00106] The term "nucleic acid" or "polynucleotide" refers to deoxyribonucleic acids (DNA)

or ribonucleic acids (RNA) and polymers thereof in either single- or double-stranded form.

Unless specifically limited, the term encompasses nucleic acids containing known analogues of

natural nucleotides that have similar binding properties as the reference nucleic acid and are

metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise indicated,

a particular nucleic acid sequence also implicitly encompasses conservatively modified variants

thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and complementary

sequences as well as the sequence explicitly indicated. Specifically, degenerate codon



substitutions may be achieved by generating sequences in which the third position of one or

more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues

(Batzer et al, Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J . Biol. Chem. 260:2605-2608

(1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[00107] The terms "peptide," "polypeptide," and "protein" are used interchangeably, and

refer to a compound comprised of amino acid residues covalently linked by peptide bonds. A

protein or peptide must contain at least two amino acids, and no limitation is placed on the

maximum number of amino acids that can comprise a protein's or peptide's sequence.

Polypeptides include any peptide or protein comprising two or more amino acids joined to each

other by peptide bonds. As used herein, the term refers to both short chains, which also

commonly are referred to in the art as peptides, oligopeptides and oligomers, for example, and

to longer chains, which generally are referred to in the art as proteins, of which there are many

types. "Polypeptides" include, for example, biologically active fragments, substantially

homologous polypeptides, oligopeptides, homodimers, heterodimers, variants of polypeptides,

modified polypeptides, derivatives, analogs, fusion proteins, among others. A polypeptide

includes a natural peptide, a recombinant peptide, or a combination thereof.

[00108] The term "promoter" refers to a DNA sequence recognized by the synthetic

machinery of the cell, or introduced synthetic machinery, required to initiate the specific

transcription of a polynucleotide sequence.

[00109] The term "promoter/regulatory sequence" refers to a nucleic acid sequence which is

required for expression of a gene product operably linked to the promoter/regulatory sequence.

In some instances, this sequence may be the core promoter sequence and in other instances, this

sequence may also include an enhancer sequence and other regulatory elements which are

required for expression of the gene product. The promoter/regulatory sequence may, for

example, be one which expresses the gene product in a tissue specific manner.

[001 10] The term "constitutive" promoter refers to a nucleotide sequence which, when

operably linked with a polynucleotide which encodes or specifies a gene product, causes the

gene product to be produced in a cell under most or all physiological conditions of the cell.

[001 11] The term "inducible" promoter refers to a nucleotide sequence which, when

operably linked with a polynucleotide which encodes or specifies a gene product, causes the



gene product to be produced in a cell substantially only when an inducer which corresponds to

the promoter is present in the cell.

[001 12] The term "tissue-specific" promoter refers to a nucleotide sequence which, when

operably linked with a polynucleotide encodes or specified by a gene, causes the gene product

to be produced in a cell substantially only if the cell is a cell of the tissue type corresponding to

the promoter.

[001 13] The term "flexible polypeptide linker" or "linker" as used in the context of a scFv

refers to a peptide linker that consists of amino acids such as glycine and/or serine residues

used alone or in combination, to link variable heavy and variable light chain regions together.

In one embodiment, the flexible polypeptide linker is a Gly/Ser linker and comprises the amino

acid sequence (Gly-Gly-Gly-Ser )n, where n is a positive integer equal to or greater than 1. For

example, n=l, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and n=10 (SEQ ID NO: 105). In one

embodiment, the flexible polypeptide linkers include, but are not limited to, (Gly4 Ser)4 (SEQ

ID NO: 106) or (Gly4Ser) 3 (SEQ ID NO: 107). In another embodiment, the linkers include

multiple repeats of (GlyiSer), (GlySer) or (GlysSer) (SEQ ID NO: 108). Also included within

the scope of the invention are linkers described in WO2012/138475, incorporated herein by

reference).

[001 14] As used herein, a 5' cap (also termed an RNA cap, an RNA 7-methylguanosine cap

or an RNA m G cap) is a modified guanine nucleotide that has been added to the "front" or 5'

end of a eukaryotic messenger RNA shortly after the start of transcription. The 5' cap consists

of a terminal group which is linked to the first transcribed nucleotide. Its presence is critical for

recognition by the ribosome and protection from RNases. Cap addition is coupled to

transcription, and occurs co-transcriptionally, such that each influences the other. Shortly after

the start of transcription, the 5' end of the mRNA being synthesized is bound by a cap-

synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes the

chemical reactions that are required for mRNA capping. Synthesis proceeds as a multi-step

biochemical reaction. The capping moiety can be modified to modulate functionality of mRNA

such as its stability or efficiency of translation.

[001 15] As used herein, "in vitro transcribed RNA" refers to RNA, preferably mRNA, that

has been synthesized in vitro. Generally, the in vitro transcribed RNA is generated from an in



vitro transcription vector. The in vitro transcription vector comprises a template that is used to

generate the in vitro transcribed RNA.

[001 16] As used herein, a "poly(A)" is a series of adenosines attached by polyadenylation to

the mRNA. In the preferred embodiment of a construct for transient expression, the polyA is

between 50 and 5000 (SEQ ID NO: 109), preferably greater than 64, more preferably greater

than 100, most preferably greater than 300 or 400. poly(A) sequences can be modified

chemically or enzymatically to modulate mRNA functionality such as localization, stability or

efficiency of translation.

[001 17] As used herein, "polyadenylation" refers to the covalent linkage of a polyadenylyl

moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms, most

messenger RNA (mRNA) molecules are polyadenylated at the 3' end. The 3' poly(A) tail is a

long sequence of adenine nucleotides (often several hundred) added to the pre-mRNA through

the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the poly(A) tail is

added onto transcripts that contain a specific sequence, the polyadenylation signal. The poly(A)

tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.

Polyadenylation is also important for transcription termination, export of the mRNA from the

nucleus, and translation. Polyadenylation occurs in the nucleus immediately after transcription

of DNA into RNA, but additionally can also occur later in the cytoplasm. After transcription

has been terminated, the mRNA chain is cleaved through the action of an endonuclease

complex associated with RNA polymerase. The cleavage site is usually characterized by the

presence of the base sequence AAUAAA near the cleavage site. After the mRNA has been

cleaved, adenosine residues are added to the free 3' end at the cleavage site.

[001 18] As used herein, "transient" refers to expression of a non-integrated transgene for a

period of hours, days or weeks, wherein the period of time of expression is less than the period

of time for expression of the gene if integrated into the genome or contained within a stable

plasmid replicon in the host cell.

[001 19] The term "signal transduction pathway" refers to the biochemical relationship

between a variety of signal transduction molecules that play a role in the transmission of a

signal from one portion of a cell to another portion of a cell. The phrase "cell surface receptor"



includes molecules and complexes of molecules capable of receiving a signal and transmitting

signal across the membrane of a cell.

[00120] The term "subject" is intended to include living organisms in which an immune

response can be elicited (e.g., mammals, human).

[00121] The term, a "substantially purified" cell refers to a cell that is essentially free of

other cell types. A substantially purified cell also refers to a cell which has been separated from

other cell types with which it is normally associated in its naturally occurring state. In some

instances, a population of substantially purified cells refers to a homogenous population of

cells. In other instances, this term refers simply to cell that have been separated from the cells

with which they are naturally associated in their natural state. In some aspects, the cells are

cultured in vitro. In other aspects, the cells are not cultured in vitro.

[00122] The term "therapeutic" as used herein means a treatment. A therapeutic effect is

obtained by reduction, suppression, remission, or eradication of a disease state.

[00123] The term "prophylaxis" as used herein means the prevention of or protective

treatment for a disease or disease state.

[00124] In the context of the present invention, "tumor antigen" or "hyperproliferative

disorder antigen" or "antigen associated with a hyperproliferative disorder" refers to antigens

that are common to specific hyperproliferative disorders. In certain aspects, the

hyperproliferative disorder antigens of the present invention are derived from, cancers

including but not limited to primary or metastatic melanoma, thymoma, lymphoma, sarcoma,

lung cancer, liver cancer, non-Hodgkin's lymphoma, non-Hodgkins lymphoma, leukemias,

uterine cancer, cervical cancer, bladder cancer, kidney cancer and adenocarcinomas such as

breast cancer, prostate cancer, ovarian cancer, pancreatic cancer, and the like.

[00125] The term "transfected" or "transformed" or "transduced" refers to a process by

which exogenous nucleic acid is transferred or introduced into the host cell. A "transfected" or

"transformed" or "transduced" cell is one which has been transfected, transformed or

transduced with exogenous nucleic acid. The cell includes the primary subject cell and its

progeny.



[00126] The term "specifically binds," refers to an antibody, or a ligand, which recognizes

and binds with a cognate binding partner (e.g., a stimulatory and/or costimulatory molecule

present on a T cell) protein present in a sample, but which antibody or ligand does not

substantially recognize or bind other molecules in the sample.

[00127] Ranges: throughout this disclosure, various aspects of the invention can be

presented in a range format. It should be understood that the description in range format is

merely for convenience and brevity and should not be construed as an inflexible limitation on

the scope of the invention. Accordingly, the description of a range should be considered to have

specifically disclosed all the possible subranges as well as individual numerical values within

that range. For example, description of a range such as from 1 to 6 should be considered to

have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4,

from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2,

2.7, 3, 4, 5, 5.3, and 6 . As another example, a range such as 95-99% identity, includes

something with 95%, 96%, 97%, 98% or 99% identity, and includes subranges such as 96-99%,

96-98%, 96-97%, 97-99%, 97-98% and 98-99% identity. This applies regardless of the breadth

of the range.

Description

[00128] Provided herein are compositions of matter and methods of use for the treatment of

a disease such as cancer using humanized anti-CD 19 chimeric antigen receptors (CAR).

[00129] In one aspect, the invention provides a number of chimeric antigen receptors (CAR)

comprising an antibody or antibody fragment engineered for enhanced binding to a CD19

protein. In one aspect, the invention provides a cell (e.g., T cell) engineered to express a CAR,

wherein the CAR T cell ("CART") exhibits an antitumor property. In one aspect a cell is

transformed with the CAR and the CAR is expressed on the cell surface. In some embodiments,

the cell (e.g., T cell) is transduced with a viral vector encoding a CAR. In some embodiments,

the viral vector is a retroviral vector. In some embodiments, the viral vector is a lentiviral

vector. In some such embodiments, the cell may stably express the CAR. In another

embodiment, the cell (e.g., T cell) is transfected with a nucleic acid, e.g., mRNA, cDNA, DNA,

encoding a CAR. In some such embodiments, the cell may transiently express the CAR.



[00130] In one aspect, the anti-CD 19 protein binding portion of the CAR is a scFv antibody

fragment. In one aspect such antibody fragments are functional in that they retain the

equivalent binding affinity, e.g., they bind the same antigen with comparable efficacy, as the

IgG antibody from which it is derived. In one aspect such antibody fragments are functional in

that they provide a biological response that can include, but is not limited to, activation of an

immune response, inhibition of signal-transduction origination from its target antigen,

inhibition of kinase activity, and the like, as will be understood by a skilled artisan. In one

aspect, the anti-CD 19 antigen binding domain of the CAR is a scFv antibody fragment that is

humanized compared to the murine sequence of the scFv from which it is derived. In one

aspect the parental murine scFv sequence is the CAR 19 construct provided in PCT publication

WO2012/079000 and provided herein as SEQ ID NO:58.

[00131] In some aspects, the antibodies of the invention are incorporated into a chimeric

antigen receptor (CAR). In one aspect, the CAR comprises the polypeptide sequence provided

as SEQ ID NO: 12 in PCT publication WO20 12/079000, and provided herein as SEQ ID NO:

58, wherein the scFv domain is substituted by one or more sequences selected from SEQ ID

NOS: 1-12. In one aspect, the scFv domains of SEQ ID NOS:l-12 are humanized variants of

the scFv domain of SEQ ID NO:59, which is an scFv fragment of murine origin that

specifically binds to human CD 19. Humanization of this mouse scFv may be desired for the

clinical setting, where the mouse- specific residues may induce a human-anti-mouse antigen

(HAMA) response in patients who receive CART 19 treatment, e.g., treatment with T cells

transduced with the CAR 19 construct.

[00132] In one aspect, the anti-CD 19 binding domain, e.g., humanized scFv, portion of a

CAR of the invention is encoded by a transgene whose sequence has been codon optimized for

expression in a mammalian cell. In one aspect, entire CAR construct of the invention is

encoded by a transgene whose entire sequence has been codon optimized for expression in a

mammalian cell. Codon optimization refers to the discovery that the frequency of occurrence

of synonymous codons (i.e., codons that code for the same amino acid) in coding DNA is

biased in different species. Such codon degeneracy allows an identical polypeptide to be

encoded by a variety of nucleotide sequences. A variety of codon optimization methods is

known in the art, and include, e.g., methods disclosed in at least US Patent Numbers 5,786,464

and 6,114,148.



[00133] In one aspect, the humanized CAR19 comprises the scFv portion provided in SEQ

ID NO:l. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:2. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:3. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:4. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:5. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:6. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:7. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:8. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO:9. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO: 10. In one aspect, the humanized CAR19 comprises the scFv portion provided in SEQ

ID NO: 11. In one aspect, the humanized CAR 19 comprises the scFv portion provided in SEQ

ID NO: 12.

[00134] In one aspect, the CARs of the invention combine an antigen binding domain of a

specific antibody with an intracellular signaling molecule. For example, in some aspects, the

intracellular signaling molecule includes, but is not limited to, CD3-zeta chain, 4- IBB and

CD28 signaling modules and combinations thereof. In one aspect, the antigen binding domain

binds to CD19. In one aspect, the CD19 CAR comprises a CAR selected from the sequence

provided in one or more of SEQ ID NOS: 3 1 - 42. In one aspect, the CD 19 CAR comprises

the sequence provided in SEQ ID NO:31. In one aspect, the CD19 CAR comprises the

sequence provided in SEQ ID NO:32. In one aspect, the CD19 CAR comprises the sequence

provided in SEQ ID NO: 33. In one aspect, the CD 19 CAR comprises the sequence provided

in SEQ ID NO:34. In one aspect, the CD19 CAR comprises the sequence provided in SEQ ID

NO:35. In one aspect, the CD19 CAR comprises the sequence provided in SEQ ID NO:36.

In one aspect, the CD19 CAR comprises the sequence provided in SEQ ID NO:37. In one

aspect, the CD19 CAR comprises the sequence provided in SEQ ID NO:38. In one aspect, the

CD19 CAR comprises the sequence provided in SEQ ID NO:39. In one aspect, the CD19

CAR comprises the sequence provided in SEQ ID NO:40. In one aspect, the CD19 CAR

comprises the sequence provided in SEQ ID NO:41. In one aspect, the CD19 CAR comprises

the sequence provided in SEQ ID NO:42.



[00135] Furthermore, the present invention provides CD19 CAR compositions and their use

in medicaments or methods for treating, among other diseases, cancer or any malignancy or

autoimmune diseases involving cells or tissues which express CD19.

[00136] In one aspect, the CAR of the invention can be used to eradicate CD19-expressing

normal cells, thereby applicable for use as a cellular conditioning therapy prior to cell

transplantation. In one aspect, the CD19-expressing normal cell is a CD19-expressing normal

stem cell and the cell transplantation is a stem cell transplantation.

[00137] In one aspect, the invention provides a cell (e.g., T cell) engineered to express a

chimeric antigen receptor (CAR), wherein the CAR T cell ("CART") exhibits an antitumor

property. A preferred antigen is CD 19. In one aspect, the antigen binding domain of the CAR

comprises a partially humanized anti-CD 19 antibody fragment. In one aspect, the antigen

binding domain of the CAR comprises a partially humanized anti-CD 19 antibody fragment

comprising an scFv. Accordingly, the invention provides a CD19-CAR that comprises a

humanized anti-CD 19 binding domain and is engineered into a T cell and methods of their use

for adoptive therapy.

[00138] In one aspect, the CD19-CAR comprises at least one intracellular domain selected

from the group of a CD 137 (4- IBB) signaling domain, a CD28 signaling domain, a CD3zeta

signal domain, and any combination thereof. In one aspect, the CD19-CAR comprises at least

one intracellular signaling domain is from one or more co-stimulatory molecule(s) other than a

CD137 (4-1BB) or CD28.

Chimeric Antigen Receptor (CAR)

[00139] The present invention encompasses a recombinant DNA construct comprising

sequences encoding a CAR, wherein the CAR comprises a humanized antibody fragment that

binds specifically to CD 19, e.g., human CD 19, wherein the sequence of the antibody fragment

is contiguous with and in the same reading frame as a nucleic acid sequence encoding an

intracellular signaling domain. The intracellular signaling domain can comprise a

costimulatory signaling domain and/or a primary signaling domain, e.g., a zeta chain. The

costimulatory signaling domain refers to a portion of the CAR comprising at least a portion of

the intracellular domain of a costimulatory molecule.



[00140] In specific aspects, a CAR construct of the invention comprises a scFv domain

selected from the group consisting of SEQ ID NOS:l-12, wherein the scFv may be preceded by

an optional leader sequence such as provided in SEQ ID NO: 13, and followed by an optional

hinge sequence such as provided in SEQ ID NO: 14 or SEQ ID NO:45 or SEQ ID NO:47 or

SEQ ID NO:49, a transmembrane region such as provided in SEQ ID NO: 15, an intracellular

signalling domain that includes SEQ ID NO: 16 or SEQ ID NO:51 and a CD3 zeta sequence

that includes SEQ ID NO: 17 or SEQ ID NO:43, wherein the domains are contiguous with and

in the same reading frame to form a single fusion protein. Also included in the invention is a

nucleotide sequence that encodes the polypeptide of each of the scFv fratgments selected from

the group consisting of SEQ IS NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID

NO:5, SEQ IS NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID

NO: 11 and SEQ ID NO: 12. Also included in the invention is a nucleotide sequence that

encodes the polypeptide of each of the scFv fragments selected from the group consisting of

SEQ IS NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ IS NO:6,

SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID

NO:12, and each of the domains of SEQ ID NOS: 13-17, plus the encoded CD19CAR fusion

protein of the invention. In one aspect an exemplary CD19CAR constructs comprise an

optional leader sequence, an extracellular antigen binding domain, a hinge, a transmembrane

domain, and an intracellular stimulatory domain. In one aspect an exemplary CD19CAR

construct comprises an optional leader sequence, an extracellular antigen binding domain, a

hinge, a transmembrane domain, an intracellular costimulatory domain and an intracellular

stimulatory domain. Specific CD 19 CAR constructs containing humanized scFv domains of

the invention are provided as SEQ ID NOS: 31-42.

[00141] Full-length CAR sequences are also provided herein as SEQ ID NOS: 31-42, as

shown in Table 3 .

[00142] An exemplary leader sequence is provided as SEQ ID NO: 13. An exemplary

hinge/spacer sequence is provided as SEQ ID NO: 14 or SEQ ID NO:45 or SEQ ID NO:47 or

SEQ ID NO:49. An exemplary transmembrane domain sequence is provided as SEQ ID

NO: 15. An exemplary sequence of the intracellular signaling domain of the 4- IBB protein is

provided as SEQ ID NO: 16. An exemplary sequence of the intracellular signaling domain of



CD27 is provided as SEQ ID NO:51. An exemplary CD3zeta domain sequence is provided as

SEQ ID NO: 17 or SEQ ID NO:43.

[00143] In one aspect, the present invention encompasses a recombinant nucleic acid

construct comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid

molecule comprises the nucleic acid sequence encoding an anti-CD19 binding domain, e.g.,

described herein, that is contiguous with and in the same reading frame as a nucleic acid

sequence encoding an intracellular signaling domain. In one aspect, the anti-CD 19 binding

domain is selected from one or more of SEQ ID NOS:l-12. In one aspect, the anti-CD19

binding domain is encoded by a nucleotide residues 64 to 813 of the sequence provided in one

or more of SEQ ID NOS:61-72. In one aspect, the anti-CD19 binding domain is encoded by a

nucleotide residues 64 to 813 of SEQ ID NO:61. In one aspect, the anti-CD19 binding domain

is encoded by a nucleotide residues 64 to 813 of SEQ ID NO:62. In one aspect, the anti-CD19

binding domain is encoded by a nucleotide residues 64 to 813 of SEQ ID NO:63. In one

aspect, the anti-CD 19 binding domain is encoded by a nucleotide residues 64 to 813 of SEQ ID

NO:64. In one aspect, the anti-CD19 binding domain is encoded by a nucleotide residues 64 to

813 of SEQ ID NO:65. In one aspect, the anti-CD 19 binding domain is encoded by a

nucleotide residues 64 to 813 of SEQ ID NO:66. In one aspect, the anti-CD 19 binding domain

is encoded by a nucleotide residues 64 to 813 of SEQ ID NO:67. In one aspect, the anti-CD19

binding domain is encoded by a nucleotide residues 64 to 813 of SEQ ID NO:68. In one

aspect, the anti-CD 19 binding domain is encoded by a nucleotide residues 64 to 813 of SEQ ID

NO:69. In one aspect, the anti-CD19 binding domain is encoded by a nucleotide residues 64 to

813 of SEQ ID NO:70. In one aspect, the anti-CD 19 binding domain is encoded by a

nucleotide residues 64 to 813 of SEQ ID NO:71. In one aspect, the anti-CD 19 binding domain

is encoded by a nucleotide residues 64 to 813 of SEQ ID NO:72.

[00144] In one aspect, the present invention encompasses a recombinant nucleic acid

construct comprising a transgene encoding a CAR, wherein the nucleic acid molecule

comprises a nucleic acid sequence encoding an anti-CD 19 binding domain selected from one or

more of SEQ ID NOS:61-72, wherein the sequence is contiguous with and in the same reading

frame as the nucleic acid sequence encoding an intracellular signaling domain. An exemplary

intracellular signaling domain that can be used in the CAR includes, but is not limited to, one

or more intracellular signaling domains of, e.g., CD3-zeta, CD28, 4-1BB, and the like. In some



instances, the CAR can comprise any combination of CD3-zeta, CD28, 4- IBB, and the like. In

one aspect the nucleic acid sequence of a CAR construct of the invention is selected from one

or more of SEQ ID NOS:85-96. In one aspect the nucleic acid sequence of a CAR construct is

SEQ ID NO:85. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:86.

In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 87. In one aspect

the nucleic acid sequence of a CAR construct is SEQ ID NO:88. In one aspect the nucleic acid

sequence of a CAR construct is SEQ ID NO:89. In one aspect the nucleic acid sequence of a

CAR construct is SEQ ID NO:90. In one aspect the nucleic acid sequence of a CAR construct

is SEQ ID NO:91. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID

NO:92. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:93. In one

aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:94. In one aspect the

nucleic acid sequence of a CAR construct is SEQ ID NO:95. In one aspect the nucleic acid

sequence of a CAR construct is SEQ ID NO:96. In one aspect the nucleic acid sequence of a

CAR construct is SEQ ID NO:97. In one aspect the nucleic acid sequence of a CAR construct

is SEQ ID NO:98. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID

NO:99.

[00145] The nucleic acid sequences coding for the desired molecules can be obtained using

recombinant methods known in the art, such as, for example by screening libraries from cells

expressing the gene, by deriving the gene from a vector known to include the same, or by

isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the nucleic acid of interest can be produced synthetically, rather than cloned.

[00146] The present invention includes retroviral and lentiviral vector constructs expressing

a CAR that can be directly transduced into a cell.

[00147] The present invention also includes an RNA construct that can be directly

transfected into a cell. A method for generating mRNA for use in transfection involves in vitro

transcription (IVT) of a template with specially designed primers, followed by polyA addition,

to produce a construct containing 3' and 5' untranslated sequence ("UTR"), a 5' cap and/or

Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail,

typically 50-2000 bases in length (SEQ ID NO: 118). RNA so produced can efficiently transfect

different kinds of cells. In one embodiment, the template includes sequences for the CAR. In

an embodiment, an RNA CAR vector is transduced into a T cell by electroporation.



Antigen binding domain

[00148] In one aspect, the CAR of the invention comprises a target-specific binding element

otherwise referred to as an antigen binding domain. The choice of moiety depends upon the

type and number of ligands that define the surface of a target cell. For example, the antigen

binding domain may be chosen to recognize a ligand that acts as a cell surface marker on target

cells associated with a particular disease state. Thus examples of cell surface markers that may

act as ligands for the antigen binding domain in a CAR of the invention include those

associated with viral, bacterial and parasitic infections, autoimmune disease and cancer cells.

[00149] In one aspect, the CAR-mediated T-cell response can be directed to an antigen of

interest by way of engineering an antigen binding domain that specifically binds a desired

antigen into the CAR.

[00150] In one aspect, the portion of the CAR comprising the antigen binding domain

comprises an antigen binding domain that targets CD19. In one aspect, the antigen binding

domain targets human CD19. In one aspect, the antigen binding domain of the CAR has the

same or a similar binding specificity as the FMC63 scFv fragment described in Nicholson et al.

Mol. Immun. 34 (16-17): 1157-1165 (1997).

[00151] The antigen binding domain can be any domain that binds to the antigen including

but not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a

human antibody, a humanized antibody, and a functional fragment thereof, including but not

limited to a single-domain antibody such as a heavy chain variable domain (VH), a light chain

variable domain (VL) and a variable domain (VHH) of camelid derived nanobody, and to an

alternative scaffold known in the art to function as antigen binding domain, such as a

recombinant fibronectin domain, and the like. In some instances, it is beneficial for the antigen

binding domain to be derived from the same species in which the CAR will ultimately be used

in. For example, for use in humans, it may be beneficial for the antigen binding domain of the

CAR to comprise human or humanized residues for the antigen binding domain of an antibody

or antibody fragment.

[00152] Thus, in one aspect, the antigen binding domain comprises a humanized antibody or

an antibody fragment. In one embodiment, the humanized anti-CD 19 binding domain



comprises one or more (e.g., all three) light chain complementary determining region 1 (LC

CDR1), light chain complementary determining region 2 (LC CDR2), and light chain

complementary determining region 3 (LC CDR3) of a humanized anti-CD 19 binding domain

described herein, and/or one or more (e.g., all three) heavy chain complementary determining

region 1 (HC CDR1), heavy chain complementary determining region 2 (HC CDR2), and

heavy chain complementary determining region 3 (HC CDR3) of a humanized anti-CD 19

binding domain described herein, e.g., a humanized anti-CD19 binding domain comprising one

or more, e.g., all three, LC CDRs and one or more, e.g., all three, HC CDRs. In one

embodiment, the humanized anti-CD 19 binding domain comprises one or more (e.g., all three)

heavy chain complementary determining region 1 (HC CDR1), heavy chain complementary

determining region 2 (HC CDR2), and heavy chain complementary determining region 3 (HC

CDR3) of a humanized anti-CD19 binding domain described herein, e.g., the humanized anti-

CD^ binding domain has two variable heavy chain regions, each comprising a HC CDR1, a

HC CDR2 and a HC CDR3 described herein. In one embodiment, the humanized anti-CD 19

binding domain comprises a humanized light chain variable region described herein (e.g., in

Table 3) and/or a humanized heavy chain variable region described herein (e.g., in Table 3). In

one embodiment, the humanized anti-CD 19 binding domain comprises a humanized heavy

chain variable region described herein (e.g., in Table 3), e.g., at least two humanized heavy

chain variable regions described herein (e.g., in Table 3). In one embodiment, the anti-CD19

binding domain is a scFv comprising a light chain and a heavy chain of an amino acid sequence

of Table 3 . In an embodiment, the anti-CD 19 binding domain (e.g., an scFv) comprises: a light

chain variable region comprising an amino acid sequence having at least one, two or three

modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,

substitutions) of an amino acid sequence of a light chain variable region provided in Table 3, or

a sequence with 95-99% identity with an amino acid sequence of Table 3; and/or a heavy chain

variable region comprising an amino acid sequence having at least one, two or three

modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,

substitutions) of an amino acid sequence of a heavy chain variable region provided in Table 3,

or a sequence with 95-99% identity to an amino acid sequence of Table 3 . In one embodiment,

the humanized anti-CD 19 binding domain comprises a sequence selected from a group

consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ



ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID N0:9, SEQ ID NO:10, SEQ ID N0:11, and

SEQ ID NO: 12, or a sequence with 95-99% identify thereof. In one embodiment, the nucleic

acid sequence encoding the humanized anti-CD 19 binding domain comprises a sequence

selected from a group consisting of SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID

NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:70,

SEQ ID NO:71 and SEQ ID NO:72, or a sequence with 95-99% identify thereof. In one

embodiment, the humanized anti-CD 19 binding domain is a scFv, and a light chain variable

region comprising an amino acid sequence described herein, e.g., in Table 3, is attached to a

heavy chain variable region comprising an amino acid sequence described herein, e.g., in Table

3, via a linker, e.g., a linker described herein. In one embodiment, the humanized anti-CD19

binding domain includes a (Gly4-Ser)n linker, wherein n is 1, 2, 3, 4, 5, or 6, preferably 3 or 4

(SEQ ID NO:53). The light chain variable region and heavy chain variable region of a scFv

can be, e.g., in any of the following orientations: light chain variable region-linker-heavy chain

variable region or heavy chain variable region-linker-light chain variable region.

[00153] In one aspect, the antigen binding domain portion comprises one or more sequence

selected from SEQ ID NOS:l-12. In one aspect the humanized CAR is selected from one or

more sequence selected from SEQ ID NOS: 31-42. In some aspects, a non-human antibody is

humanized, where specific sequences or regions of the antibody are modified to increase

similarity to an antibody naturally produced in a human or fragment thereof. In one aspect, the

antigen binding domain is humanized.

[00154] A humanized antibody can be produced using a variety of techniques known in the

art, including but not limited to, CDR-grafting (see, e.g., European Patent No. EP 239,400;

International Publication No. WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101, and

5,585,089, each of which is incorporated herein in its entirety by reference), veneering or

resurfacing (see, e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991,

Molecular Immunology, 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering,

7(6):805-814; and Roguska et al., 1994, PNAS, 91:969-973, each of which is incorporated

herein by its entirety by reference), chain shuffling (see, e.g., U.S. Pat. No. 5,565,332, which is

incorporated herein in its entirety by reference), and techniques disclosed in, e.g., U.S. Patent

Application Publication No. US2005/0042664, U.S. Patent Application Publication No.

US2005/0048617, U.S. Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, International Publication



No. WO 9317105, Tan et al., J . Immunol., 169:11 19-25 (2002), Caldas et al., Protein Eng.,

13(5):353-60 (2000), Morea et al., Methods, 20(3):267-79 (2000), Baca et al., J . Biol. Chem.,

272(16): 10678-84 (1997), Roguska et al., Protein Eng., 9(10):895-904 (1996), Couto et al.,

Cancer Res., 55 (23 Supp):5973s-5977s (1995), Couto et al., Cancer Res., 55(8):1717-22

(1995), Sandhu J S, Gene, 150(2):409-10 (1994), and Pedersen et al., J . Mol. Biol., 235(3):959-

73 (1994), each of which is incorporated herein in its entirety by reference. Often, framework

residues in the framework regions will be substituted with the corresponding residue from the

CDR donor antibody to alter, for example improve, antigen binding. These framework

substitutions are identified by methods well-known in the art, e.g., by modeling of the

interactions of the CDR and framework residues to identify framework residues important for

antigen binding and sequence comparison to identify unusual framework residues at particular

positions. (See, e.g., Queen et al., U.S. Pat. No. 5,585,089; and Riechmann et al., 1988, Nature,

332:323, which are incorporated herein by reference in their entireties.)

[00155] A humanized antibody or antibody fragment has one or more amino acid residues

remaining in it from a source which is nonhuman. These nonhuman amino acid residues are

often referred to as "import" residues, which are typically taken from an "import" variable

domain. As provided herein, humanized antibodies or antibody fragments comprise one or

more CDRs from nonhuman immunoglobulin molecules and framework regions wherein the

amino acid residues comprising the framework are derived completely or mostly from human

germline. Multiple techniques for humanization of antibodies or antibody fragments are well-

known in the art and can essentially be performed following the method of Winter and co

workers (Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327

(1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or

CDR sequences for the corresponding sequences of a human antibody, i.e., CDR-grafting (EP

239,400; PCT Publication No. WO 91/09967; and U.S. Pat. Nos. 4,816,567; 6,331,415;

5,225,539; 5,530,101; 5,585,089; 6,548,640, the contents of which are incorporated herein by

reference herein in their entirety). In such humanized antibodies and antibody fragments,

substantially less than an intact human variable domain has been substituted by the

corresponding sequence from a nonhuman species. Humanized antibodies are often human

antibodies in which some CDR residues and possibly some framework (FR) residues are

substituted by residues from analogous sites in rodent antibodies. Humanization of antibodies



and antibody fragments can also be achieved by veneering or resurfacing (EP 592,106; EP

519,596; Padlan, 1991, Molecular Immunology, 28(4/5):489-498; Studnicka et al., Protein

Engineering, 7(6):805-814 (1994); and Roguska et al, PNAS, 91:969-973 (1994)) or chain

shuffling (U.S. Pat. No. 5,565,332), the contents of which are incorporated herein by reference

herein in their entirety.

[00156] The choice of human variable domains, both light and heavy, to be used in making

the humanized antibodies is to reduce antigenicity. According to the so-called "best-fit"

method, the sequence of the variable domain of a rodent antibody is screened against the entire

library of known human variable-domain sequences. The human sequence which is closest to

that of the rodent is then accepted as the human framework (FR) for the humanized antibody

(Sims et al., J . Immunol., 151:2296 (1993); Chothia et al., J . Mol. Biol., 196:901 (1987), the

contents of which are incorporated herein by reference herein in their entirety). Another method

uses a particular framework derived from the consensus sequence of all human antibodies of a

particular subgroup of light or heavy chains. The same framework may be used for several

different humanized antibodies (see, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165

(1997); Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J . Immunol.,

151:2623 (1993), the contents of which are incorporated herein by reference herein in their

entirety). In some embodiments, the framework region, e.g., all four framework regions, of the

heavy chain variable region are derived from a VH4_4-59 germline sequence. In one

embodiment, the framework region can comprise, one, two, three, four or five modifications,

e.g., substitutions, e.g., from the amino acid at the corresponding murine sequence (e.g., of

SEQ ID NO:58). In one embodiment, the framework region, e.g., all four framework regions

of the light chain variable region are derived from a VK3_1.25 germline sequence. In one

embodiment, the framework region can comprise, one, two, three, four or five modifications,

e.g., substitutions, e.g., from the amino acid at the corresponding murine sequence (e.g., of

SEQ ID NO:58).

[00157] In some aspects, the portion of a CAR composition of the invention that comprises

an antibody fragment is humanized with retention of high affinity for the target antigen and

other favorable biological properties. According to one aspect of the invention, humanized

antibodies and antibody fragments are prepared by a process of analysis of the parental

sequences and various conceptual humanized products using three-dimensional models of the



parental and humanized sequences. Three-dimensional immunoglobulin models are commonly

available and are familiar to those skilled in the art. Computer programs are available which

illustrate and display probable three-dimensional conformational structures of selected

candidate immunoglobulin sequences. Inspection of these displays permits analysis of the

likely role of the residues in the functioning of the candidate immunoglobulin sequence, e.g.,

the analysis of residues that influence the ability of the candidate immunoglobulin to bind the

target antigen. In this way, FR residues can be selected and combined from the recipient and

import sequences so that the desired antibody or antibody fragment characteristic, such as

increased affinity for the target antigen, is achieved. In general, the CDR residues are directly

and most substantially involved in influencing antigen binding.

[00158] A humanized antibody or antibody fragment may retain a similar antigenic

specificity as the original antibody, e.g., in the present invention, the ability to bind human

CD19. In some embodiments, a humanized antibody or antibody fragment may have improved

affinity and/or specificity of binding to human CD 19.

[00159] In one aspect, the anti-CD 19 binding domain is characterized by particular

functional features or properties of an antibody or antibody fragment. For example, in one

aspect, the portion of a CAR composition of the invention that comprises an antigen binding

domain specifically binds human CD 19. In one aspect, the antigen binding domain has the

same or a similar binding specificity to human CD 19 as the FMC63 scFv described in

Nicholson et al. Mol. Immun. 34 (16-17): 1157-1 165 (1997). In one aspect, the invention

relates to an antigen binding domain comprising an antibody or antibody fragment, wherein the

antibody binding domain specifically binds to a CD 19 protein or fragment thereof, wherein the

antibody or antibody fragment comprises a variable light chain and/or a variable heavy chain

that includes an amino acid sequence of SEQ ID NO: 1-12. In one aspect, the antigen binding

domain comprises an amino acid sequence of an scFv selected from SEQ ID NOs: 1-12. In

certain aspects, the scFv is contiguous with and in the same reading frame as a leader sequence.

In one aspect the leader sequence is the polypeptide sequence provided as SEQ ID NO: 13.

[00160] In one aspect, the anti-CD19 binding domain is a fragment, e.g., a single chain

variable fragment (scFv). In one aspect, the anti-CD 19 binding domain is a Fv, a Fab, a (Fab')2,

or a bi-functional (e.g. bi-specific) hybrid antibody (e.g., Lanzavecchia et al., Eur. J . Immunol.



17, 105 (1987)). In one aspect, the antibodies and fragments thereof of the invention binds a

CD 19 protein with wild-type or enhanced affinity.

[00161] In some instances, scFvs can be prepared according to method known in the art (see,

for example, Bird et al., (1988) Science 242:423-426 and Huston et al., (1988) Proc. Natl.

Acad. Sci. USA 85:5879-5883). ScFv molecules can be produced by linking VH and VL

regions together using flexible polypeptide linkers. The scFv molecules comprise a linker (e.g.,

a Ser-Gly linker) with an optimized length and/or amino acid composition. The linker length

can greatly affect how the variable regions of a scFv fold and interact. In fact, if a short

polypeptide linker is employed (e.g., between 5-10 amino acids) intrachain folding is

prevented. Interchain folding is also required to bring the two variable regions together to form

a functional epitope binding site. For examples of linker orientation and size see, e.g., Hollinger

et al. 1993 Proc Natl Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication

Nos. 2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.

WO2006/020258 and WO2007/024715, is incorporated herein by reference.

[00162] An scFv can comprise a linker of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more amino acid residues between its VL and

VH regions. The linker sequence may comprise any naturally occurring amino acid. In some

embodiments, the linker sequence comprises amino acids glycine and serine. In another

embodiment, the linker sequence comprises sets of glycine and serine repeats such as

(Gly4Ser)n, where n is a positive integer equal to or greater than 1 (SEQ ID NO: 18). In one

embodiment, the linker can be (Gly4Ser)4 (SEQ ID NO: 106) or (Gly4Ser)3(SEQ ID NO: 107).

Variation in the linker length may retain or enhance activity, giving rise to superior efficacy in

activity studies.

Stability and Mutations

[00163] The stability of an anti-CD 19 binding domain, e.g., scFv molecules (e.g., soluble

scFv) can be evaluated in reference to the biophysical properties (e.g., thermal stability) of a

conventional control scFv molecule or a full length antibody. In one embodiment, the

humanized scFv has a thermal stability that is greater than about 0.1, about 0.25, about 0.5,

about 0.75, about 1, about 1.25, about 1.5, about 1.75, about 2, about 2.5, about 3, about 3.5,

about 4, about 4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5,

about 9, about 9.5, about 10 degrees, about 11 degrees, about 12 degrees, about 13 degrees,



about 14 degrees, or about 15 degrees Celsius than a control binding molecule (e.g. a

conventional scFv molecule) in the described assays.

[00164] The improved thermal stability of the anti-CD19 binding domain, e.g., scFv is

subsequently conferred to the entire CART 19 construct, leading to improved therapeutic

properties of the CART 19 construct. The thermal stability of the anti-CD 19 binding domain,

e.g., scFv can be improved by at least about 2°C or 3°C as compared to a conventional

antibody. In one embodiment, the anti-CD19 binding domain, e.g., scFv has a 1°C improved

thermal stability as compared to a conventional antibody. In another embodiment, the anti-

CD^ binding domain, e.g., scFv has a 2°C improved thermal stability as compared to a

conventional antibody. In another embodiment, the scFv has a 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15°C improved thermal stability as compared to a conventional antibody. Comparisons can be

made, for example, between the scFv molecules disclosed herein and scFv molecules or Fab

fragments of an antibody from which the scFv VH and VL were derived. Thermal stability can

be measured using methods known in the art. For example, in one embodiment, Tm can be

measured. Methods for measuring Tm and other methods of determining protein stability are

described in more detail below.

[00165] Mutations in scFv (arising through humanization or direct mutagenesis of the

soluble scFv) alter the stability of the scFv and improve the overall stability of the scFv and the

CART 19 construct. Stability of the humanized scFv is compared against the murine scFv using

measurements such as Tm, temperature denaturation and temperature aggregation.

[00166] The binding capacity of the mutant scFvs can be determined using assays

described in the Examples.

[00167] In one embodiment, the anti-CD19 binding domain, e.g., scFv comprises at least

one mutation arising from the humanization process such that the mutated scFv confers

improved stability to the CART 19 construct. In another embodiment, the anti-CD 19 binding

domain, e.g., scFv comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 mutations arising from the

humanization process such that the mutated scFv confers improved stability to the CART19

construct.

Methods of Evaluating Protein Stability



[00168] The stability of an antigen binding domain may be assessed using, e.g., the methods

described below. Such methods allow for the determination of multiple thermal unfolding

transitions where the least stable domain either unfolds first or limits the overall stability

threshold of a multidomain unit that unfolds cooperatively (e.g., a multidomain protein which

exhibits a single unfolding transition). The least stable domain can be identified in a number of

additional ways. Mutagenesis can be performed to probe which domain limits the overall

stability. Additionally, protease resistance of a multidomain protein can be performed under

conditions where the least stable domain is known to be intrinsically unfolded via DSC or other

spectroscopic methods (Fontana, et al., (1997) Fold. Des., 2 : R17-26; Dimasi et al. (2009) J .

Mol. Biol. 393: 672-692). Once the least stable domain is identified, the sequence encoding this

domain (or a portion thereof) may be employed as a test sequence in the methods.

a) Thermal Stability

[00169] The thermal stability of the compositions may be analyzed using a number of non-

limiting biophysical or biochemical techniques known in the art. In certain embodiments,

thermal stability is evaluated by analytical spectroscopy.

[00170] An exemplary analytical spectroscopy method is Differential Scanning Calorimetry

(DSC). DSC employs a calorimeter which is sensitive to the heat absorbances that accompany

the unfolding of most proteins or protein domains (see, e.g. Sanchez-Ruiz, et al., Biochemistry,

27: 1648-52, 1988). To determine the thermal stability of a protein, a sample of the protein is

inserted into the calorimeter and the temperature is raised until the Fab or scFv unfolds. The

temperature at which the protein unfolds is indicative of overall protein stability.

[00171] Another exemplary analytical spectroscopy method is Circular Dichroism (CD)

spectroscopy. CD spectrometry measures the optical activity of a composition as a function of

increasing temperature. Circular dichroism (CD) spectroscopy measures differences in the

absorption of left-handed polarized light versus right-handed polarized light which arise due to

structural asymmetry. A disordered or unfolded structure results in a CD spectrum very

different from that of an ordered or folded structure. The CD spectrum reflects the sensitivity of

the proteins to the denaturing effects of increasing temperature and is therefore indicative of a

protein's thermal stability (see van Mierlo and Steemsma, J . Biotechnol., 79(3):281-98, 2000).



[00172] Another exemplary analytical spectroscopy method for measuring thermal stability

is Fluorescence Emission Spectroscopy (see van Mierlo and Steemsma, supra). Yet another

exemplary analytical spectroscopy method for measuring thermal stability is Nuclear Magnetic

Resonance (NMR) spectroscopy (see, e.g. van Mierlo and Steemsma, supra).

[00173] The thermal stability of a composition can be measured biochemically. An

exemplary biochemical method for assessing thermal stability is a thermal challenge assay. In a

"thermal challenge assay", a composition is subjected to a range of elevated temperatures for a

set period of time. For example, in one embodiment, test scFv molecules or molecules

comprising scFv molecules are subject to a range of increasing temperatures, e.g., for 1-1.5

hours. The activity of the protein is then assayed by a relevant biochemical assay. For example,

if the protein is a binding protein (e.g. an scFv or scFv-containing polypeptide ) the binding

activity of the binding protein may be determined by a functional or quantitative ELISA.

[00174] Such an assay may be done in a high-throughput format and those disclosed in the

Examples using E. coli and high throughput screening. A library of anti-CD 19 binding

domain, e.g., scFv variants may be created using methods known in the art. Anti-CD19 binding

domain, e.g., scFv expression may be induced and the anti-CD19 binding domain, e.g., scFv

may be subjected to thermal challenge. The challenged test samples may be assayed for binding

and those anti-CD 19 binding domain, e.g., scFvs which are stable may be scaled up and further

characterized.

[00175] Thermal stability is evaluated by measuring the melting temperature (Tm) of a

composition using any of the above techniques (e.g. analytical spectroscopy techniques). The

melting temperature is the temperature at the midpoint of a thermal transition curve wherein

50% of molecules of a composition are in a folded state (See e.g., Dimasi et al. (2009) J . Mol

Biol. 393: 672-692). In one embodiment, Tm values for an anti-CD19 binding domain, e.g.,

scFv are about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C,

52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C,

67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C,

82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C,

97°C, 98°C, 99°C, 100°C. In one embodiment, Tm values for an IgG is about 40°C, 41°C,

42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C,

57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C,



72°C, 73°C, 74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C,

87°C, 88°C, 89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In

one embodiment, Tm values for an multivalent antibody is about 40°C, 41°C, 42°C, 43°C,

44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C,

59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C,

74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C,

89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C.

[00176] Thermal stability is also evaluated by measuring the specific heat or heat capacity

(Cp) of a composition using an analytical calorimetric technique (e.g. DSC). The specific heat

of a composition is the energy (e.g. in kcal/mol) is required to rise by 1°C, the temperature of 1

mol of water. As large Cp is a hallmark of a denatured or inactive protein composition. The

change in heat capacity (ACp) of a composition is measured by determining the specific heat of

a composition before and after its thermal transition. Thermal stability may also be evaluated

by measuring or determining other parameters of thermodynamic stability including Gibbs free

energy of unfolding (AG), enthalpy of unfolding (∆Η), or entropy of unfolding (AS). One or

more of the above biochemical assays (e.g. a thermal challenge assay) are used to determine the

temperature (i.e. the Tc value) at which 50% of the composition retains its activity (e.g. binding

activity).

[00177] In addition, mutations to the anti-CD19 binding domain, e.g., scFv alter the thermal

stability of the anti-CD 19 binding domain, e.g., scFv compared with the unmutated anti-CD 19

binding domain, e.g., scFv. When the humanized anti-CD19 binding domain, e.g., scFv is

incorporated into a CART19 construct, the anti-CD19 binding domain, e.g., humanized scFv

confers thermal stability to the overall anti-CD 19 CART construct. In one embodiment, the

anti-CD19 binding domain, e.g., scFv comprises a single mutation that confers thermal stability

to the anti-CD19 binding domain, e.g., scFv. In another embodiment, the anti-CD19 binding

domain, e.g., scFv comprises multiple mutations that confer thermal stability to the anti-CD19

binding domain, e.g., scFv. In one embodiment, the multiple mutations in the anti-CD 19

binding domain, e.g., scFv have an additive effect on thermal stability of the anti-CD 19 binding

domain, e.g., scFv.

b) %Aggregation



[00178] The stability of a composition can be determined by measuring its propensity to

aggregate. Aggregation can be measured by a number of non-limiting biochemical or

biophysical techniques. For example, the aggregation of a composition may be evaluated using

chromatography, e.g. Size-Exclusion Chromatography (SEC). SEC separates molecules on the

basis of size. A column is filled with semi-solid beads of a polymeric gel that will admit ions

and small molecules into their interior but not large ones. When a protein composition is

applied to the top of the column, the compact folded proteins (i.e. non-aggregated proteins) are

distributed through a larger volume of solvent than is available to the large protein aggregates.

Consequently, the large aggregates move more rapidly through the column, and in this way the

mixture can be separated or fractionated into its components. Each fraction can be separately

quantified (e.g. by light scattering) as it elutes from the gel. Accordingly, the % aggregation of

a composition can be determined by comparing the concentration of a fraction with the total

concentration of protein applied to the gel. Stable compositions elute from the column as

essentially a single fraction and appear as essentially a single peak in the elution profile or

chromatogram.

c) Binding Affinity

[00179] The stability of a composition can be assessed by determining its target binding

affinity. A wide variety of methods for determining binding affinity are known in the art. An

exemplary method for determining binding affinity employs surface plasmon resonance.

Surface plasmon resonance is an optical phenomenon that allows for the analysis of real-time

biospecific interactions by detection of alterations in protein concentrations within a biosensor

matrix, for example using the BIAcore system (Pharmacia Biosensor AB, Uppsala, Sweden and

Piscataway, N.J.). For further descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin.

51:19-26; Jonsson, U., i (1991) Biotechniques 11:620-627; Johnsson, B., et al. (1995) J . Mol.

Recognit. 8:125-131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.

[00180] In one aspect, the antigen binding domain of the CAR comprises an amino acid

sequence that is homologous to an antigen binding domain amino acid sequence described

herein, and the antigen binding domain retains the desired functional properties of the anti-

CD^ antibody fragments described herein. In one specific aspect, the CAR composition of the

invention comprises an antibody fragment. In a further aspect, that antibody fragment

comprises an scFv.



[00181] In various aspects, the antigen binding domain of the CAR is engineered by

modifying one or more amino acids within one or both variable regions (e.g., VH and/or VL),

for example within one or more CDR regions and/or within one or more framework regions. In

one specific aspect, the CAR composition of the invention comprises an antibody fragment. In

a further aspect, that antibody fragment comprises an scFv.

[00182] It will be understood by one of ordinary skill in the art that the antibody or antibody

fragment of the invention may further be modified such that they vary in amino acid sequence

(e.g., from wild-type), but not in desired activity. For example, additional nucleotide

substitutions leading to amino acid substitutions at "non-essential" amino acid residues may be

made to the protein For example, a nonessential amino acid residue in a molecule may be

replaced with another amino acid residue from the same side chain family. In another

embodiment, a string of amino acids can be replaced with a structurally similar string that

differs in order and/or composition of side chain family members, e.g., a conservative

substitution, in which an amino acid residue is replaced with an amino acid residue having a

similar side chain, may be made.

[00183] Families of amino acid residues having similar side chains have been defined in the

art, including basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,

aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine,

serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,

isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,

threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,

tryptophan, histidine).

[00184] Percent identity in the context of two or more nucleic acids or polypeptide

sequences, refers to two or more sequences that are the same. Two sequences are "substantially

identical" if two sequences have a specified percentage of amino acid residues or nucleotides

that are the same (e.g., 60% identity, optionally 70%, 71%. 72%. 73%, 74%, 75%, 76%, 77%,

78%, 79%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, 99% identity over a specified region, or, when not specified, over

the entire sequence), when compared and aligned for maximum correspondence over a

comparison window, or designated region as measured using one of the following sequence

comparison algorithms or by manual alignment and visual inspection. Optionally, the identity



exists over a region that is at least about 50 nucleotides (or 10 amino acids) in length, or more

preferably over a region that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more

amino acids) in length.

[00185] For sequence comparison, typically one sequence acts as a reference sequence, to

which test sequences are compared. When using a sequence comparison algorithm, test and

reference sequences are entered into a computer, subsequence coordinates are designated, if

necessary, and sequence algorithm program parameters are designated. Default program

parameters can be used, or alternative parameters can be designated. The sequence comparison

algorithm then calculates the percent sequence identities for the test sequences relative to the

reference sequence, based on the program parameters. Methods of alignment of sequences for

comparison are well known in the art. Optimal alignment of sequences for comparison can be

conducted, e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl.

Math. 2:482c, by the homology alignment algorithm of Needleman and Wunsch, (1970) J . Mol.

Biol. 48:443, by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat'l.

Acad. Sci. USA 85:2444, by computerized implementations of these algorithms (GAP,

BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics

Computer Group, 575 Science Dr., Madison, WI), or by manual alignment and visual

inspection (see, e.g., Brent et al., (2003) Current Protocols in Molecular Biology).

[00186] Two examples of algorithms that are suitable for determining percent sequence

identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are

described in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et al., (1990) J .

Mol. Biol. 215:403-410, respectively. Software for performing BLAST analyses is publicly

available through the National Center for Biotechnology Information.

[00187] The percent identity between two amino acid sequences can also be determined

using the algorithm of E. Meyers and W. Miller, (1988) Comput. Appl. Biosci. 4:11-17) which

has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue

table, a gap length penalty of 12 and a gap penalty of 4 . In addition, the percent identity

between two amino acid sequences can be determined using the Needleman and Wunsch

(1970) J . Mol. Biol. 48:444-453) algorithm which has been incorporated into the GAP program

in the GCG software package (available at www.gcg.com), using either a Blossom 62 matrix or



a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3,

4, 5, or 6 .

[00188] In one aspect, the present invention contemplates modifications of the starting

antibody or fragment (e.g., scFv) amino acid sequence that generate functionally equivalent

molecules. For example, the VH or VL of an anti-CD19 binding domain, e.g., scFv, comprised

in the CAR can be modified to retain at least about 70%, 71%. 72%. 73%, 74%, 75%, 76%,

77%, 78%, 79%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting VH or VL framework region of

the anti-CD 19 binding domain, e.g., scFv. The present invention contemplates modifications

of the entire CAR construct, e.g., modifications in one or more amino acid sequences of the

various domains of the CAR construct in order to generate functionally equivalent molecules.

The CAR construct can be modified to retain at least about 70%, 71%. 72%. 73%, 74%, 75%,

76%, 77%, 78%, 79%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting CAR construct.

Transmembrane domain

[00189] With respect to the transmembrane domain, in various embodiments, a CAR can be

designed to comprise a transmembrane domain that is attached to the extracellular domain of

the CAR. A transmembrane domain can include one or more additional amino acids adjacent to

the transmembrane region, e.g., one or more amino acid associated with the extracellular region

of the protein from which the transmembrane was derived (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to

15 amino acids of the extracellular region) and/or one or more additional amino acids

associated with the intracellular region of the protein from which the transmembrane protein is

derived (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to 15 amino acids of the intracellular region). In one

aspect, the transmembrane domain is one that is associated with one of the otherdomains of the

CAR is used. In some instances, the transmembrane domain can be selected or modified by

amino acid substitution to avoid binding of such domains to the transmembrane domains of the

same or different surface membrane proteins, e.g., to minimize interactions with other members

of the receptor complex. In one aspect, the transmembrane domain is capable of

homodimerization with another CAR on the CART cell surface. In a different aspect the amino



acid sequence of the transmembrane domain may be modified or substituted so as to minimize

interactions with the binding domains of the native binding partner present in the same CART.

[00190] The transmembrane domain may be derived either from a natural or from a

recombinant source. Where the source is natural, the domain may be derived from any

membrane-bound or transmembrane protein. In one aspect the transmembrane domain is

capable of signaling to the intracellular domain(s) whenever the CAR has bound to a target. A

transmembrane domain of particular use in this invention may include at least the

transmembrane region(s) of e.g., the alpha, beta or zeta chain of the T-cell receptor, CD28,

CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,

CD134, CD137, CD154.

[00191] In some instances, the transmembrane domain can be attached to the extracellular

region of the CAR, e.g., the antigen binding domain of the CAR, via a hinge, e.g., a hinge from

a human protein. For example, in one embodiment, the hinge can be a human Ig

(immunoglobulin) hinge, e.g., an IgG4 hinge, or a CD8a hinge. In one embodiment, the hinge

or spacer comprises (e.g., consists of) the amino acid sequence of SEQ ID NO: 14. In one

aspect, the transmembrane domain comprises (e.g., consists of) a transmembrane domain of

SEQ ID NO: 15.

[00192] In one aspect, the hinge or spacer comprises an IgG4 hinge. For example, in one

embodiment, the hinge or spacer comprises a hinge of the amino acid sequence

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNW

YVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK

TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK

TTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKM

(SEQ ID NO:45). In some embodiments, the hinge or spacer comprises a hinge encoded by a

nucleotide sequence of

GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGG

ACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGA

CCCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCA

GTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAGACCAAGCCCCGG

GAGGAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCA

GGACTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGGCCTGCCC



AGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCTCGGGAGCCCCAGG

TGTACACCCTGCCCCCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGAC

CTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAC

GGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCA

GCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAA

CGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGA

GCCTGAGCCTGTCCCTGGGCAAGATG (SEQ ID NO:46).

[00193] In one aspect, the hinge or spacer comprises an IgD hinge. For example, in one

embodiment, the hinge or spacer comprises a hinge of the amino acid sequence

RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERET

KTPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTG

GVEEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQA

PVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPG

STTFWAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH (SEQ ID

NO:47). In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide

sequence of

AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAGCCCCA

GGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACGCGCAATACT

GGCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGAAGA

GAGGGAGACCAAGACCCCTGAATGTCCATCCCATACCCAGCCGCTGGGCGTCTATC

TCTTGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAAGGCCACCTTTACATGT

TTCGTCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGCCGGAAA

GGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGCCATTCCAATGGCTCT

CAGAGCCAGCACTCAAGACTCACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTC

TGTCACATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAG

AGAGCCAGCCGCCCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTG

ATCCCCCAGAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCC

AACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGCGGCTTCG

CTCCAGCCCGGCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTGGAGTGTC

TTAAGGGTCCCAGCACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGTC



CCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACG

TGACTGACCATT (SEQ ID NO:48).

[00194] In one aspect, the transmembrane domain may be recombinant, in which case it will

comprise predominantly hydrophobic residues such as leucine and valine. In one aspect a triplet

of phenylalanine, tryptophan and valine can be found at each end of a recombinant

transmembrane domain.

[00195] Optionally, a short oligo- or polypeptide linker, between 2 and 10 amino acids in

length may form the linkage between the transmembrane domain and the cytoplasmic region of

the CAR. A glycine-serine doublet provides a particularly suitable linker. For example, in one

aspect, the linker comprises the amino acid sequence of GGGGSGGGGS (SEQ ID NO:49). In

some embodiments, the linker is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO:50).

Cytoplasmic domain

[00196] The cytoplasmic domain or region of the CAR includes an intracellular signaling

domain. An intracellular signaling domain is generally responsible for activation of at least one

of the normal effector functions of the immune cell in which the CAR has been introduced. The

term "effector function" refers to a specialized function of a cell. Effector function of a T cell,

for example, may be cytolytic activity or helper activity including the secretion of cytokines.

Thus the term "intracellular signaling domain" refers to the portion of a protein which

transduces the effector function signal and directs the cell to perform a specialized function.

While usually the entire intracellular signaling domain can be employed, in many cases it is not

necessary to use the entire chain. To the extent that a truncated portion of the intracellular

signaling domain is used, such truncated portion may be used in place of the intact chain as

long as it transduces the effector function signal. The term intracellular signaling domain is

thus meant to include any truncated portion of the intracellular signaling domain sufficient to

transduce the effector function signal.

[00197] Examples of intracellular signaling domains for use in the CAR of the invention

include the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in

concert to initiate signal transduction following antigen receptor engagement, as well as any



derivative or variant of these sequences and any recombinant sequence that has the same

functional capability.

[00198] It is known that signals generated through the TCR alone are insufficient for full

activation of the T cell and that a secondary and/or costimulatory signal is also required. Thus,

T cell activation can be said to be mediated by two distinct classes of cytoplasmic signaling

sequences: those that initiate antigen-dependent primary activation through the TCR (primary

intracellular signaling domains) and those that act in an antigen-independent manner to provide

a secondary or costimulatory signal (secondary cytoplasmic domain, e.g., a costimulatory

domain).

[00199] A primary signaling domain regulates primary activation of the TCR complex either

in a stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act

in a stimulatory manner may contain signaling motifs which are known as immunoreceptor

tyrosine-based activation motifs or ITAMs.

[00200] Examples of ITAM containing primary intracellular signaling domains that are of

particular use in the invention include those of TCR zeta, FcR gamma, FcR beta, CD3 gamma,

CD3 delta , CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d. In one embodiment, a

CAR of the invention comprises an intracellular signaling domain, e.g., a primary signaling

domain of CD3-zeta.

[00201] In one embodiment, a primary signaling domain comprises a modified ITAM

domain, e.g., a mutated ITAM domain which has altered (e.g., increased or decreased) activity

as compared to the native ΓΓΑΜ domain. In one embodiment, a primary signaling domain

comprises a modified ITAM-containing primary intracellular signaling domain, e.g., an

optimized and/or truncated ITAM-containing primary intracellular signaling domain. In an

embodiment, a primary signaling domain comprises one, two, three, four or more ITAM

motifs.

[00202] The intracellular signalling domain of the CAR can comprise the CD3-zeta

signaling domain by itself or it can be combined with any other desired intracellular signaling

domain(s) useful in the context of a CAR of the invention. For example, the intracellular

signaling domain of the CAR can comprise a CD3 zeta chain portion and a costimulatory

signaling domain. The costimulatory signaling domain refers to a portion of the CAR



comprising the intracellular domain of a costimulatory molecule. A costimulatory molecule is a

cell surface molecule other than an antigen receptor or its ligands that is required for an

efficient response of lymphocytes to an antigen. Examples of such molecules include CD27,

CD28, 4-1BB (CD137), OX40, CD30, CD40, PD1, ICOS, lymphocyte function-associated

antigen- 1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds

with CD83, and the like. For example, CD27 costimulation has been demonstrated to enhance

expansion, effector function, and survival of human CART cells in vitro and augments human

T cell persistence and antitumor activity in vivo (Song et al. Blood. 2012; 119(3):696-706).

[00203] The intracellular signaling sequences within the cytoplasmic portion of the CAR of

the invention may be linked to each other in a random or specified order. Optionally, a short

oligo- or polypeptide linker, for example, between 2 and 10 amino acids (e.g., 2, 3, 4, 5, 6, 7, 8,

9, or 10 amino acids) in length may form the linkage between intracellular signaling sequence.

In one embodiment, a glycine-serine doublet can be used as a suitable linker. In one

embodiment, a single amino acid, e.g., an alanine, a glycine, can be used as a suitable linker.

[00204] In one aspect, the intracellular signaling domain is designed to comprise two or

more, e.g., 2, 3, 4, 5, or more, costimulatory signaling domains. In an embodiment, the two or

more, e.g., 2, 3, 4, 5, or more, costimulatory signaling domains, are separated by a linker

molecule, e.g., a linker molecule described herein. In one embodiment, the intracellular

signaling domain comprises two costimulatory signaling domains. In some embodiments, the

linker molecule is a glycine residue. In some embodiments, the linker is an alanine residue.

[00205] In one aspect, the intracellular signaling domain is designed to comprise the

signaling domain of CD3-zeta and the signaling domain of CD28. In one aspect, the

intracellular signaling domain is designed to comprise the signaling domain of CD3-zeta and

the signaling domain of 4-1BB. In one aspect, the signaling domain of 4-1BB is a signaling

domain of SEQ ID NO: 16. In one aspect, the signaling domain of CD3-zeta is a signaling

domain of SEQ ID NO: 17.

[00206] In one aspect, the intracellular signaling domain is designed to comprise the

signaling domain of CD3-zeta and the signaling domain of CD27. In one aspect, the signaling

domain of CD27 comprises an amino acid sequence of

QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP (SEQ ID NO:51).



In one aspect, the signalling domain of CD27 is encoded by a nucleic acid sequence of

AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCC

GCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCA

GCCTATCGCTCC (SEQ ID NO:52).

[00207] In one aspect, the CAR-expressing cell described herein can further comprise a

second CAR, e.g., a second CAR that includes a different antigen binding domain, e.g., to the

same target (CD19) or a different target (e.g., CD123). In one embodiment, when the CAR-

expressing cell comprises two or more different CARs, the antigen binding domains of the

different CARs can be such that the antigen binding domains do not interact with one another.

For example, a cell expressing a first and second CAR can have an antigen binding domain of

the first CAR, e.g., as a fragment, e.g., an scFv, that does not form an association with the

antigen binding domain of the second CAR, e.g., the antigen binding domain of the second

CAR is a VHH.

[00208] In another aspect, the CAR-expressing cell described herein can further express

another agent, e.g., an agent which enhances the activity of a CAR-expressing cell. For

example, in one embodiment, the agent can be an agent which inhibits an inhibitory molecule.

Inhibitory molecules, e.g., PDl, can, in some embodiments, decrease the ability of a CAR-

expressing cell to mount an immune effector response. Examples of inhibitory molecules

include PDl, PD-L1, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4 and

TGFR beta. In one embodiment, the agent which inhibits an inhibitory molecule comprises a

first polypeptide, e.g., an inhibitory molecule, associated with a second polypeptide that

provides a positive signal to the cell, e.g., an intracellular signaling domain described herein.

In one embodiment, the agent comprises a first polypeptide, e.g., of an inhibitory molecule

such as PDl, LAG3, CTLA4, CD160, BTLA, LAIRl, TIM3, 2B4 and TIGIT, or a fragment of

any of these (e.g., at least a portion of an extracellular domain of any of these), and a second

polypeptide which is an intracellular signaling domain described herein (e.g., comprising a

costimulatory domain (e.g., 41BB, CD27 or CD28, e.g., as described herein) and/or a primary

signaling domain (e.g., a CD3 zeta signaling domain described herein). In one embodiment,

the agent comprises a first polypeptide of PDl or a fragment thereof (e.g., at least a portion of

an extracellular domain of PDl), and a second polypeptide of an intracellular signaling domain

described herein (e.g., a CD28 signaling domain described herein and/or a CD3 zeta signaling



domain described herein). PD1 is an inhibitory member of the CD28 family of receptors that

also includes CD28, CTLA-4, ICOS, and BTLA. PD-1 is expressed on activated B cells, T

cells and myeloid cells (Agata et al. 1996 Int. Immunol 8:765-75). Two ligands for PD1, PD-

Ll and PD-L2 have been shown to downregulate T cell activation upon binding to PD1

(Freeman et a . 2000 J Exp Med 192:1027-34; Latchman et al. 2001 Nat Immunol 2:261-8;

Carter et al. 2002 Eur J Immunol 32:634-43). PD-L1 is abundant in human cancers (Dong et

al. 2003 J Mol Med 81:281-7; Blank et al. 2005 Cancer Immunol. Immunother 54:307-314;

Konishi et al. 2004 Clin Cancer Res 10:5094). Immune suppression can be reversed by

inhibiting the local interaction of PD1 with PD-L1.

[00209] In one embodiment, the agent comprises the extracellular domain (ECD) of an

inhibitory molecule, e.g., Programmed Death 1 (PD1), can be fused to a transmembrane

domain and intracellular signaling domains such as 4IBB and CD3 zeta (also referred to herein

as a PD1 CAR). In one embodiment, the PD1 CAR, when used incombinations with a CD 19

CAR described herein, improves the persistence of the T cell. In one embodiment, the CAR is

a PD1 CAR comprising the extracellular domain of PD1 indicated as underlined in SEQ ID

NO: 121. In one embodiment, the PD1 CAR comprises the amino acid sequence of SEQ ID

NO:121.

[00210] Malpvtalllplalllhaarppgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfylnwyrmspsnqtdk

laafpedrsqpgqdcrfrvtqlpngrdfhmsvyrarrndsgtylcgaislapkaqikeslraelrvterraevptahpspsprpagqfqtl

ytttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiwap

eedgcscrfpeeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdk

maeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr (SEQ ID NO: 121).

[0021 1] In one embodiment, the PD1 CAR comprises the amino acid sequence provided

below (SEQ ID NO: 119).

[00212] pgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfylnwyrmspsnqtdklaafpedrsqpgqdcrfrvt

qlpngrdfhmsvyrarrndsgtylcgaislapkaqikeslraelrvterraevptahpspsprpagqfqtlvtttpaprpptpaptiasqpl

skpeacrpaaggavhtrgldfacdiyiwaplagtcgvlllslvitlycla¾^

rvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeayseigmkgerrrgk

ghdglyqglstatkdtydalhmqalppr (SEQ ID NO: 119).



[00213] In one embodiment, the agent comprises a nucleic acid sequence encoding the PD1

CAR, e.g., the PD1 CAR described herein. In one embodiment, the nucleic acid sequence for

the PD1 CAR is shown below, with the PD1 ECD underlined below in SEQ ID NO: 120

[00214] atggccctccctgtcactgccctgcttctccccctcgcactcctgctccacgccgctagacca cccggatggtttctggac

tctccggatcgcccgtggaatcccccaaccttctcaccggcactcttggttgtgactgagggcgataatgcgaccttcacgtgctcgttctc

caacacctccgaatcattcgtgctgaactggtaccgcatgagcccgtcaaaccagaccgacaagctcgccgcgtttccggaagatcggt

cgcaaccgggacaggattgtcggttccgcgtgactcaactgccgaatggcagagacttccacatgagcgtggtccgcgctaggcgaaa

cgactccgggacctacctgtgcggagccatctcgctggcgcctaaggcccaaatcaaagagagcttgagggccgaactgagagtgac

cgagcgcagagctgaggtgccaactgcacatccatccccatcgcctcggcctgcggggcagtttcagaccctggtcacgaccactccg

gcgccgcgcccaccgactccggccccaactatcgcgagccagcccctgtcgctgaggccggaagcatgccgccctgccgccggagg

tgctgtgcatacccggggattggacttcgcatgcgacatctacatttgggctcctctcgccggaacttgtggcgtgctccttctgtccctggt

catcaccctgtactgcaagcggggtcggaaaaagcttctgtacattttcaagcagcccttcatgaggcccgtgcaaaccacccaggagga

ggacggttgctcctgccggttccccgaagaggaagaaggaggttgcgagctgcgcgtgaagttctcccggagcgccgacgcccccgc

ctataagcagggccagaaccagctgtacaacgaactgaacctgggacggcgggaagagtacgatgtgctggacaagcggcgcggcc

gggaccccgaaatgggcgggaagcctagaagaaagaaccctcaggaaggcctgtataacgagctgcagaaggacaagatggccga

ggcctactccgaaattgggatgaagggagagcggcggaggggaaaggggcacgacggcctgtaccaaggactgtccaccgccacc

aaggacacatacgatgccctgcacatgcaggcccttccccctcgc (SEQ ID NO: 120).

[00215] In another aspect, the present invention provides a population of CAR-expressing

cells, e.g., CART cells. In some embodiments, the population of CAR-expressing cells

comprises a mixture of cells expressing different CARs. For example, in one embodiment, the

population of CART cells can include a first cell expressing a CAR having an anti-CD 19

binding domain described herein, and a second cell expressing a CAR having a different anti-

CD 19 binding domain, e.g., an anti-CD 19 binding domain described herein that differs from

the anti-CD 19 binding domain in the CAR expressed by the first cell. As another example, the

population of CAR-expressing cells can include a first cell expressing a CAR that includes an

anti- CD19 binding domain, e.g., as described herein, and a second cell expressing a CAR that

includes an antigen binding domain to a target other than CD19 (e.g., CD123). In one

embodiment, the population of CAR-expressing cells includes, e.g., a first cell expressing a

CAR that includes a primary intracellular signaling domain, and a second cell expressing a

CAR that includes a secondary signaling domain.



[00216] In another aspect, the present invention provides a population of cells wherein at

least one cell in the population expresses a CAR having an anti- CD 19 domain described

herein, and a second cell expressing another agent, e.g., an agent which enhances the activity of

a CAR-expressing cell. For example, in one embodiment, the agent can be an agent which

inhibits an inhibitory molecule. Inhibitory molecules, e.g., can, in some embodiments,

decrease the ability of a CAR-expressing cell to mount an immune effector response.

Examples of inhibitory molecules include PDl, PD-Ll, CTLA4, TIM3, LAG3, VISTA, BTLA,

TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In one embodiment, the agent which inhibits an

inhibitory molecule comprises a first polypeptide, e.g., an inhibitory molecule, associated with

a second polypeptide that provides a positive signal to the cell, e.g., an intracellular signaling

domain described herein. In one embodiment, the agent comprises a first polypeptide, e.g., of

an inhibitory molecule such as PDl, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1,

CD160, 2B4 and TGFR beta, or a fragment of any of these (e.g., at least a portion of an

extracellular domain of any of these), and a second polypeptide which is an intracellular

signaling domain described herein (e.g., comprising a costimulatory domain (e.g., 41BB, CD27

or CD28, e.g., as described herein) and/or a primary signaling domain (e.g., a CD3 zeta

signaling domain described herein). In one embodiment, the agent comprises a first

polypeptide of PDl or a fragment thereof (e.g., at least a portion of the extracellular domain of

PDl), and a second polypeptide of an intracellular signaling domain described herein (e.g., a

CD28 signaling domain described herein and/or a CD3 zeta signaling domain described

herein).

RNA Transfection

[00217] Disclosed herein are methods for producing an in vitro transcribed RNA CAR.

The present invention also includes a CAR encoding RNA construct that can be directly

transfected into a cell. A method for generating mRNA for use in transfection can involve in

vitro transcription (IVT) of a template with specially designed primers, followed by polyA

addition, to produce a construct containing 3' and 5' untranslated sequence ("UTR"), a 5' cap

and/or Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail,

typically 50-2000 bases in length (SEQ ID NO: 118). RNA so produced can efficiently transfect

different kinds of cells. In one aspect, the template includes sequences for the CAR.



[00218] In one aspect the anti-CD 19 CAR is encoded by a messenger RNA (mRNA). In one

aspect the mRNA encoding the anti-CD 19 CAR is introduced into a T cell for production of a

CART cell.

[00219] In one embodiment, the in vitro transcribed RNA CAR can be introduced to a cell as

a form of transient transfection. The RNA is produced by in vitro transcription using a

polymerase chain reaction (PCR)-generated template. DNA of interest from any source can be

directly converted by PCR into a template for in vitro mRNA synthesis using appropriate

primers and RNA polymerase. The source of the DNA can be, for example, genomic DNA,

plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any other appropriate source of

DNA. The desired temple for in vitro transcription is a CAR of the present invention. For

example, the template for the RNA CAR comprises an extracellular region comprising a single

chain variable domain of an anti-tumor antibody; a hinge region, a transmembrane domain

(e.g., a transmembrane domain of CD8a); and a cytoplasmic region that includes an

intracellular signaling domain, e.g., comprising the signaling domain of CD3-zeta and the

signaling domain of 4-IBB.

[00220] In one embodiment, the DNA to be used for PCR contains an open reading frame.

The DNA can be from a naturally occurring DNA sequence from the genome of an organism.

In one embodiment, the nucleic acid can include some or all of the 5' and/or 3' untranslated

regions (UTRs). The nucleic acid can include exons and introns. In one embodiment, the DNA

to be used for PCR is a human nucleic acid sequence. In another embodiment, the DNA to be

used for PCR is a human nucleic acid sequence including the 5' and 3' UTRs. The DNA can

alternatively be an artificial DNA sequence that is not normally expressed in a naturally

occurring organism. An exemplary artificial DNA sequence is one that contains portions of

genes that are ligated together to form an open reading frame that encodes a fusion protein. The

portions of DNA that are ligated together can be from a single organism or from more than one

organism.

[00221] PCR is used to generate a template for in vitro transcription of mRNA which is used

for transfection. Methods for performing PCR are well known in the art. Primers for use in

PCR are designed to have regions that are substantially complementary to regions of the DNA

to be used as a template for the PCR. "Substantially complementary," as used herein, refers to

sequences of nucleotides where a majority or all of the bases in the primer sequence are



complementary, or one or more bases are non-complementary, or mismatched. Substantially

complementary sequences are able to anneal or hybridize with the intended DNA target under

annealing conditions used for PCR. The primers can be designed to be substantially

complementary to any portion of the DNA template. For example, the primers can be designed

to amplify the portion of a nucleic acid that is normally transcribed in cells (the open reading

frame), including 5' and 3' UTRs. The primers can also be designed to amplify a portion of a

nucleic acid that encodes a particular domain of interest. In one embodiment, the primers are

designed to amplify the coding region of a human cDNA, including all or portions of the 5' and

3' UTRs. Primers useful for PCR can be generated by synthetic methods that are well known in

the art. "Forward primers" are primers that contain a region of nucleotides that are substantially

complementary to nucleotides on the DNA template that are upstream of the DNA sequence

that is to be amplified. "Upstream" is used herein to refer to a location 5, to the DNA sequence

to be amplified relative to the coding strand. "Reverse primers" are primers that contain a

region of nucleotides that are substantially complementary to a double-stranded DNA template

that are downstream of the DNA sequence that is to be amplified. "Downstream" is used herein

to refer to a location 3' to the DNA sequence to be amplified relative to the coding strand.

[00222] Any DNA polymerase useful for PCR can be used in the methods disclosed herein.

The reagents and polymerase are commercially available from a number of sources.

[00223] Chemical structures with the ability to promote stability and/or translation efficiency

may also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment, the 5' UTR is

between one and 3000 nucleotides in length. The length of 5' and 3' UTR sequences to be

added to the coding region can be altered by different methods, including, but not limited to,

designing primers for PCR that anneal to different regions of the UTRs. Using this approach,

one of ordinary skill in the art can modify the 5' and 3' UTR lengths required to achieve optimal

translation efficiency following transfection of the transcribed RNA.

[00224] The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs for

the nucleic acid of interest. Alternatively, UTR sequences that are not endogenous to the

nucleic acid of interest can be added by incorporating the UTR sequences into the forward and

reverse primers or by any other modifications of the template. The use of UTR sequences that

are not endogenous to the nucleic acid of interest can be useful for modifying the stability

and/or translation efficiency of the RNA. For example, it is known that AU-rich elements in 3'



UTR sequences can decrease the stability of mRNA. Therefore, 3' UTRs can be selected or

designed to increase the stability of the transcribed RNA based on properties of UTRs that are

well known in the art.

[00225] In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous

nucleic acid. Alternatively, when a 5' UTR that is not endogenous to the nucleic acid of interest

is being added by PCR as described above, a consensus Kozak sequence can be redesigned by

adding the 5' UTR sequence. Kozak sequences can increase the efficiency of translation of

some RNA transcripts, but does not appear to be required for all RNAs to enable efficient

translation. The requirement for Kozak sequences for many mRNAs is known in the art. In

other embodiments the 5' UTR can be 5'UTR of an RNA virus whose RNA genome is stable in

cells. In other embodiments various nucleotide analogues can be used in the 3' or 5' UTR to

impede exonuclease degradation of the mRNA.

[00226] To enable synthesis of RNA from a DNA template without the need for gene

cloning, a promoter of transcription should be attached to the DNA template upstream of the

sequence to be transcribed. When a sequence that functions as a promoter for an RNA

polymerase is added to the 5' end of the forward primer, the RNA polymerase promoter

becomes incorporated into the PCR product upstream of the open reading frame that is to be

transcribed. In one preferred embodiment, the promoter is a T7 polymerase promoter, as

described elsewhere herein. Other useful promoters include, but are not limited to, T3 and SP6

RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and SP6 promoters

are known in the art.

[00227] In a preferred embodiment, the mRNA has both a cap on the 5' end and a 3' poly(A)

tail which determine ribosome binding, initiation of translation and stability mRNA in the cell.

On a circular DNA template, for instance, plasmid DNA, RNA polymerase produces a long

concatameric product which is not suitable for expression in eukaryotic cells. The transcription

of plasmid DNA linearized at the end of the 3' UTR results in normal sized mRNA which is not

effective in eukaryotic transfection even if it is polyadenylated after transcription.

[00228] On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the

transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,

13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J . Biochem., 270:1485-65 (2003).



[00229] The conventional method of integration of polyA/T stretches into a DNA template is

molecular cloning. However polyA/T sequence integrated into plasmid DNA can cause plasmid

instability, which is why plasmid DNA templates obtained from bacterial cells are often highly

contaminated with deletions and other aberrations. This makes cloning procedures not only

laborious and time consuming but often not reliable. That is why a method which allows

construction of DNA templates with polyA/T 3' stretch without cloning highly desirable.

[00230] The polyA/T segment of the transcriptional DNA template can be produced during

PCR by using a reverse primer containing a polyT tail, such as 100T tail (SEQ ID NO: 110)

(size can be 50-5000 T (SEQ ID NO: 111)), or after PCR by any other method, including, but

not limited to, DNA ligation or in vitro recombination. Poly(A) tails also provide stability to

RNAs and reduce their degradation. Generally, the length of a poly(A) tail positively correlates

with the stability of the transcribed RNA. In one embodiment, the poly(A) tail is between 100

and 5000 adenosines (SEQ ID NO: 112).

[00231] Poly(A) tails of RNAs can be further extended following in vitro transcription with

the use of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one

embodiment, increasing the length of a poly(A) tail from 100 nucleotides to between 300 and

400 nucleotides (SEQ ID NO: 113) results in about a two-fold increase in the translation

efficiency of the RNA. Additionally, the attachment of different chemical groups to the 3' end

can increase mRNA stability. Such attachment can contain modified/artificial nucleotides,

aptamers and other compounds. For example, ATP analogs can be incorporated into the

poly(A) tail using poly(A) polymerase. ATP analogs can further increase the stability of the

RNA.

[00232] 5' caps on also provide stability to RNA molecules. In a preferred embodiment,

RNAs produced by the methods disclosed herein include a 5' cap. The 5' cap is provided using

techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,

29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.

Res. Commun., 330:958-966 (2005)).

[00233] The RNAs produced by the methods disclosed herein can also contain an internal

ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal or

artificially designed sequence which initiates cap-independent ribosome binding to mRNA and



facilitates the initiation of translation. Any solutes suitable for cell electroporation, which can

contain factors facilitating cellular permeability and viability such as sugars, peptides, lipids,

proteins, antioxidants, and surfactants can be included.

[00234] RNA can be introduced into target cells using any of a number of different methods,

for instance, commercially available methods which include, but are not limited to,

electroporation (Amaxa Nucleofector-II (Amaxa Biosystems, Cologne, Germany)), (ECM 830

(BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser II (BioRad, Denver, Colo.),

Multiporator (Eppendort, Hamburg Germany), cationic liposome mediated transfection using

lipofection, polymer encapsulation, peptide mediated transfection, or biolistic particle delivery

systems such as "gene guns" (see, for example, Nishikawa, et al. Hum Gene Ther., 12(8):861-

70 (2001).

Nucleic Acid Constructs Encoding a CAR

[00235] The present invention also provides nucleic acid molecules encoding one or more

CAR constructs described herein. In one aspect, the nucleic acid molecule is provided as a

messenger RNA transcript. In one aspect, the nucleic acid molecule is provided as a DNA

construct.

[00236] Accordingly, in one aspect, the invention pertains to an isolated nucleic acid

molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises a anti-

CD19 binding domain (e.g., a humanized anti-CD19 binding domain), a transmembrane

domain, and an intracellular signaling domain comprising a stimulatory domain, e.g., a

costimulatory signaling domain and/or a primary signaling domain, e.g., zeta chain. In one

embodiment, the anti-CD 19 binding domain is an anti-CD 19 binding domain described herein,

e.g., an anti-CD19 binding domain which comprises a sequence selected from a group

consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ

ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:ll, and

SEQ ID NO: 12, or a sequence with 95-99% identify thereof. In one embodiment, the

transmembrane domain is transmembrane domain of a protein selected from the group

consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45,

CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and



CD 154. In one embodiment, the transmembrane domain comprises a sequence of SEQ ID NO:

15, or a sequence with 95-99% identity thereof. In one embodiment, the anti-CD19 binding

domain is connected to the transmembrane domain by a hinge region, e.g., a hinge described

herein. In one embodiment, the hinge region comprises SEQ ID NO: 14 or SEQ ID NO:45 or

SEQ ID NO:47 or SEQ ID NO:49, or a sequence with 95-99% identity thereof. In one

embodiment, the isolated nucleic acid molecule further comprises a sequence encoding a

costimulatory domain. In one embodiment, the costimulatory domain is a functional signaling

domain of a protein selected from the group consisting of OX40, CD27, CD28, CDS, ICAM-1,

LFA-1 (CDlla/CD18), ICOS (CD278), and 4-1BB (CD137). In one embodiment, the

costimulatory domain comprises a sequence of SEQ ID NO: 16, or a sequence with 95-99%

identity thereof. In one embodiment, the intracellular signaling domain comprises a functional

signaling domain of 4-IBB and a functional signaling domain of CD3 zeta. In one embodiment,

the intracellular signaling domain comprises the sequence of SEQ ID NO: 16 or SEQ ID

NO:51, or a sequence with 95-99% identity thereof, and the sequence of SEQ ID NO: 17 or

SEQ ID NO:43, or a sequence with 95-99% identity thereof, wherein the sequences comprising

the intracellular signaling domain are expressed in the same frame and as a single polypeptide

chain.

[00237] In another aspect, the invention pertains to an isolated nucleic acid molecule

encoding a CAR construct comprising a leader sequence of SEQ ID NO: 13, a scFv domain

having a sequence selected from the group consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID

NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID

NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12, (or a sequence with 95-99%

identify thereof), a hinge region of SEQ ID NO: 14 or SEQ ID NO:45 or SEQ ID NO:47 or

SEQ ID NO:49 (or a sequence with 95-99% identity thereof), a transmembrane domain having

a sequence of SEQ ID NO: 15 (or a sequence with 95-99% identity thereof), a 4-IBB

costimulatory domain having a sequence of SEQ ID NO: 16 or a CD27 costimulatory domain

having a sequence of SEQ ID NO:51 (or a sequence with 95-99% identity thereof), and a CD3

zeta stimulatory domain having a sequence of SEQ ID NO: 17 or SEQ ID NO:43 (or a sequence

with 95-99% identity thereof).

[00238] In another aspect, the invention pertains to an isolated polypeptide molecule

encoded by the nucleic acid molecule. In one embodiment, the isolated polypeptide molecule



comprises a sequence selected from the group consisting of SEQ ID NO:31, SEQ ID NO:32,

SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID

NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:42 or a sequence

with 95-99% identify thereof.

[00239] In another aspect, the invention pertains to a nucleic acid molecule encoding a

chimeric antigen receptor (CAR) molecule that comprises an anti-CD 19 binding domain, a

transmembrane domain, and an intracellular signaling domain comprising a stimulatory

domain, and wherein said anti-CD 19 binding domain comprises a sequence selected from the

group consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID

NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID

NO: 11, and SEQ ID NO: 12, or a sequence with 95-99% identify thereof.

[00240] In one embodiment, the encoded CAR molecule further comprises a sequence

encoding a costimulatory domain. In one embodiment, the costimulatory domain is a

functional signaling domain of a protein selected from the group consisting of OX40, CD27,

CD28, CDS, ICAM-1, LFA-1 (CDlla/CD18) and 4-1BB (CD137). In one embodiment, the

costimulatory domain comprises a sequence of SEQ ID NO: 16. In one embodiment, the

transmembrane domain is a transmembrane domain of a protein selected from the group

consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45,

CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and

CD 154. In one embodiment, the transmembrane domain comprises a sequence of SEQ ID

NO: 15. In one embodiment, the intracellular signaling domain comprises a functional signaling

domain of 4- IBB and a functional signaling domain of zeta. In one embodiment, the

intracellular signaling domain comprises the sequence of SEQ ID NO: 16 and the sequence of

SEQ ID NO: 17, wherein the sequences comprising the intracellular signaling domain are

expressed in the same frame and as a single polypeptide chain. In one embodiment, the anti-

CD^ binding domain is connected to the transmembrane domain by a hinge region. In one

embodiment, the hinge region comprises SEQ ID NO: 14. In one embodiment, the hinge region

comprises SEQ ID NO:45 or SEQ ID NO:47 or SEQ ID NO:49.

[00241] In another aspect, the invention pertains to an encoded CAR molecule comprising a

leader sequence of SEQ ID NO: 13, a scFv domain having a sequence selected from the group

consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ



ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID N0:9, SEQ ID NO:10, SEQ ID N0:11, and

SEQ ID NO: 12, or a sequence with 95-99% identify thereof, a hinge region of SEQ ID NO: 14

or SEQ ID NO:45 or SEQ ID NO:47 or SEQ ID NO:49, a transmembrane domain having a

sequence of SEQ ID NO: 15, a 4-1BB costimulatory domain having a sequence of SEQ ID

NO:16 or a CD27 costimulatory domain having a sequence of SEQ ID NO:51, and a CD3 zeta

stimulatory domain having a sequence of SEQ ID NO: 17 or SEQ ID NO:43. In one

embodiment, the encoded CAR molecule comprises a sequence selected from a group

consisting of SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID

NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,

SEQ ID NO:41 and SEQ ID NO:42, or a sequence with 95-99% identify thereof.

[00242] The nucleic acid sequences coding for the desired molecules can be obtained using

recombinant methods known in the art, such as, for example by screening libraries from cells

expressing the gene, by deriving the gene from a vector known to include the same, or by

isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the gene of interest can be produced synthetically, rather than cloned.

[00243] The present invention also provides vectors in which a DNA of the present

invention is inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools

to achieve long-term gene transfer since they allow long-term, stable integration of a transgene

and its propagation in daughter cells. Lentiviral vectors have the added advantage over vectors

derived from onco-retroviruses such as murine leukemia viruses in that they can transduce non-

proliferating cells, such as hepatocytes. They also have the added advantage of low

immunogenicity.

[00244] In another embodiment, the vector comprising the nucleic acid encoding the desired

CAR of the invention is an adenoviral vector (A5/35). In another embodiment, the expression

of nucleic acids encoding CARs can be accomplished using of transposons such as sleeping

beauty, crisper, CAS9, and zinc finger nucleases. See below June et al. 2 9Nat re Reviews

Immunology 9.10: 704-716, is incorporated herein by reference.

[00245] In brief summary, the expression of natural or synthetic nucleic acids encoding

CARs is typically achieved by operably linking a nucleic acid encoding the CAR polypeptide

or portions thereof to a promoter, and incorporating the construct into an expression vector. The



vectors can be suitable for replication and integration eukaryotes. Typical cloning vectors

contain transcription and translation terminators, initiation sequences, and promoters useful for

regulation of the expression of the desired nucleic acid sequence.

[00246] The expression constructs of the present invention may also be used for nucleic acid

immunization and gene therapy, using standard gene delivery protocols. Methods for gene

delivery are known in the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,466,

incorporated by reference herein in their entireties. In another embodiment, the invention

provides a gene therapy vector.

[00247] The nucleic acid can be cloned into a number of types of vectors. For example, the

nucleic acid can be cloned into a vector including, but not limited to a plasmid, a phagemid, a

phage derivative, an animal virus, and a cosmid. Vectors of particular interest include

expression vectors, replication vectors, probe generation vectors, and sequencing vectors.

[00248] Further, the expression vector may be provided to a cell in the form of a viral vector.

Viral vector technology is well known in the art and is described, for example, in Sambrook et

al., 2012, MOLECULAR CLONING: A LABORATORY MANUAL, volumes 1 -4, Cold

Spring Harbor Press, NY), and in other virology and molecular biology manuals. Viruses,

which are useful as vectors include, but are not limited to, retroviruses, adenoviruses, adeno-

associated viruses, herpes viruses, and lentiviruses. In general, a suitable vector contains an

origin of replication functional in at least one organism, a promoter sequence, convenient

restriction endonuclease sites, and one or more selectable markers, (e.g., WO 01/96584; WO

01/29058; and U.S. Pat. No. 6,326,193).

[00249] A number of viral based systems have been developed for gene transfer into

mammalian cells. For example, retroviruses provide a convenient platform for gene delivery

systems. A selected gene can be inserted into a vector and packaged in retroviral particles using

techniques known in the art. The recombinant virus can then be isolated and delivered to cells

of the subject either in vivo or ex vivo. A number of retroviral systems are known in the art. In

some embodiments, adenovirus vectors are used. A number of adenovirus vectors are known in

the art. In one embodiment, lentivirus vectors are used.

[00250] Additional promoter elements, e.g., enhancers, regulate the frequency of

transcriptional initiation. Typically, these are located in the region 30-1 10 bp upstream of the



start site, although a number of promoters have been shown to contain functional elements

downstream of the start site as well. The spacing between promoter elements frequently is

flexible, so that promoter function is preserved when elements are inverted or moved relative to

one another. In the thymidine kinase (tk) promoter, the spacing between promoter elements can

be increased to 50 bp apart before activity begins to decline. Depending on the promoter, it

appears that individual elements can function either cooperatively or independently to activate

transcription.

[00251] An example of a promoter that is capable of expressing a CAR transgene in a

mammalian T cell is the EFla promoter. The native EFla promoter drives expression of the

alpha subunit of the elongation factor- 1 complex, which is responsible for the enzymatic

delivery of aminoacyl tRNAs to the ribosome. The EFla promoter has been extensively used

in mammalian expression plasmids and has been shown to be effective in driving CAR

expression from transgenes cloned into a lentiviral vector. See, e.g., Milone et al., Mol. Ther.

17(8): 1453-1464 (2009). In one aspect, the EFla promoter comprises the sequence provided

as SEQ ID NO:100.

[00252] Another example of a promoter is the immediate early cytomegalovirus (CMV)

promoter sequence. This promoter sequence is a strong constitutive promoter sequence capable

of driving high levels of expression of any polynucleotide sequence operatively linked thereto.

However, other constitutive promoter sequences may also be used, including, but not limited to

the simian virus 40 (SV40) early promoter, mouse mammary tumor virus (MMTV), human

immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, MoMuLV promoter, an

avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a Rous

sarcoma virus promoter, as well as human gene promoters such as, but not limited to, the actin

promoter, the myosin promoter, the elongation factor- l a promoter, the hemoglobin promoter,

and the creatine kinase promoter. Further, the invention should not be limited to the use of

constitutive promoters. Inducible promoters are also contemplated as part of the invention. The

use of an inducible promoter provides a molecular switch capable of turning on expression of

the polynucleotide sequence which it is operatively linked when such expression is desired, or

turning off the expression when expression is not desired. Examples of inducible promoters

include, but are not limited to a metallothionine promoter, a glucocorticoid promoter, a

progesterone promoter, and a tetracycline promoter.



[00253] In order to assess the expression of a CAR polypeptide or portions thereof, 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 expressing cells from the

population of cells sought to be transfected or infected through viral vectors. In other aspects,

the selectable marker may be carried on a separate piece of DNA and used in a co- transfection

procedure. Both selectable markers and reporter genes may be flanked with appropriate

regulatory sequences to enable expression in the host cells. Useful selectable markers include,

for example, antibiotic-resistance genes, such as neo and the like.

[00254] Reporter genes are used for identifying potentially transfected cells and for

evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that is

not present in or expressed by the recipient organism 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 assayed at a suitable time after the DNA has been introduced

into the recipient cells. Suitable reporter genes may include genes encoding luciferase, beta-

galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green

fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82). Suitable

expression systems are well known and may be prepared using known techniques or obtained

commercially. In general, the construct with the minimal 5' 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.

[00255] Methods of introducing and expressing genes into a cell are known in the art. In the

context of an expression vector, the vector can be readily introduced into a host cell, e.g.,

mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the

expression vector can be transferred into a host cell by physical, chemical, or biological means.

[00256] Physical methods for introducing a polynucleotide into a host cell include calcium

phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and

the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are

well-known in the art. See, for example, Sambrook et al., 2012, MOLECULAR CLONING: A

LABORATORY MANUAL, volumes 1 -4, Cold Spring Harbor Press, NY). A preferred



method for the introduction of a polynucleotide into a host cell is calcium phosphate

transfection

[00257] Biological methods for introducing a polynucleotide of interest into a host cell

include the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have

become the most widely used method for inserting genes into mammalian, e.g., human cells.

Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus I,

adenoviruses and adeno-associated viruses, and the like. See, for example, U.S. Pat. Nos.

5,350,674 and 5,585,362.

[00258] Chemical means for introducing a polynucleotide into a host cell include colloidal

dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and

lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.

An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome

(e.g. , an artificial membrane vesicle). Other methods of state-of-the-art targeted delivery of

nucleic acids are available, such as delivery of polynucleotides with targeted nanoparticles or

other suitable sub-micron sized delivery system.

[00259] In the case where a non-viral delivery system is utilized, an exemplary delivery

vehicle is a liposome. The use of lipid formulations is contemplated for the introduction of the

nucleic acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid

may be associated with a lipid. The nucleic acid associated with a lipid may be encapsulated in

the aqueous interior of a liposome, interspersed within the lipid bilayer of a liposome, attached

to a liposome via a linking molecule that is associated with both the liposome and the

oligonucleotide, entrapped in a liposome, complexed with a liposome, dispersed in a solution

containing a lipid, mixed 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 lipid. Lipid,

lipid/DNA or lipid/expression vector associated compositions are not limited to any particular

structure in solution. For example, they may be present in a bilayer structure, as micelles, or

with a "collapsed" structure. They may also simply be interspersed in a solution, possibly

forming aggregates that are not uniform in size or shape. Lipids are fatty substances which may

be naturally occurring or synthetic lipids. For example, lipids include the fatty droplets that

naturally occur in the cytoplasm 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.

[00260] Lipids suitable for use can be obtained from commercial 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, NY); cholesterol

("Choi") can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol

("DMPG") and other lipids may be obtained from Avanti Polar Lipids, Inc. (Birmingham,

AL.). Stock solutions of lipids in chloroform or chloroform/methanol can be stored at about -

20°C. Chloroform is used as the only solvent since it is more readily evaporated than methanol.

"Liposome" is a generic term encompassing a variety of single and multilamellar lipid vehicles

formed by the generation of enclosed lipid bilayers or aggregates. Liposomes can be

characterized as having vesicular structures with a phospholipid bilayer membrane and an inner

aqueous medium. Multilamellar liposomes have multiple lipid layers separated by aqueous

medium. They form spontaneously when phospholipids are suspended in an excess of aqueous

solution. The lipid components undergo self-rearrangement before the formation of closed

structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al., 1991

Glycobiology 5 : 505-10). However, compositions that have different structures in solution than

the normal vesicular structure are also encompassed. For example, the lipids may assume a

micellar structure or merely exist as nonuniform aggregates of lipid molecules. Also

contemplated are lipofectamine-nucleic acid complexes.

[00261] Regardless of the method used to introduce exogenous nucleic acids into a host cell

or otherwise expose a cell to the inhibitor of the present invention, in order to confirm the

presence of the recombinant DNA sequence in the host cell, a variety of assays may be

performed. Such assays include, for example, "molecular biological" assays well known to

those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR;

"biochemical" assays, such as detecting the presence or absence of a particular peptide, e.g., by

immunological means (ELISAs and Western blots) or by assays described herein to identify

agents falling within the scope of the invention.

[00262] The present invention further provides a vector comprising a CAR encoding nucleic

acid molecule. In one aspect, a CAR vector can be directly transduced into a cell, e.g., a T cell.

In one aspect, the vector is a cloning or expression vector, e.g., a vector including, but not



limited to, one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles,

minivectors, double minute chromosomes), retroviral and lentiviral vector constructs. In one

aspect, the vector is capable of expressing the CAR construct in mammalian T cells. In one

aspect, the mammalian T cell is a human T cell.

Sources of T cells

[00263] Prior to expansion and genetic modification, a source of T cells is obtained from a

subject. The term "subject" is intended to include living organisms in which an immune

response can be elicited (e.g., mammals). Examples of subjects include humans, dogs, cats,

mice, rats, and transgenic species thereof. T cells can be obtained from a number of sources,

including peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood,

thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and

tumors. In certain aspects of the present invention, any number of T cell lines available in the

art, may be used. In certain aspects of the present invention, T cells can be obtained from a unit

of blood collected from a subject using any number of techniques known to the skilled artisan,

such as Ficoll™ separation. In one preferred aspect, cells from the circulating blood of an

individual are obtained by apheresis. The apheresis product typically contains lymphocytes,

including T cells, monocytes, granulocytes, B cells, other nucleated white blood cells, red

blood cells, and platelets. In one aspect, 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 processing steps. In one aspect of the invention, the cells are washed with

phosphate buffered saline (PBS). In an alternative aspect, the wash solution lacks calcium and

may lack magnesium or may lack many if not all divalent cations. Initial activation steps in the

absence of calcium can lead to magnified activation. As those of ordinary skill in the art would

readily appreciate a washing step may be accomplished by methods known to those in the art,

such as by using a semi-automated "flow-through" centrifuge (for example, the Cobe 2991 cell

processor, the Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the

manufacturer's instructions. After washing, the cells may be resuspended in a variety of

biocompatible buffers, such as, for example, Ca-free, Mg-free PBS, PlasmaLyte A, or other

saline solution with or without buffer. Alternatively, the undesirable components of the

apheresis sample may be removed and the cells directly resuspended in culture media.



[00264] In one aspect, T cells are isolated from peripheral blood lymphocytes by lysing the

red blood cells and depleting the monocytes, for example, by centrifugation through a

PERCOLLTM gradient or by counterflow centrifugal elutriation. A specific subpopulation of T

cells, such as CD3+, CD28+, CD4+, CD8+, CD45RA+, and CD45RO+T cells, can be further

isolated by positive or negative selection techniques. For example, in one aspect, T cells are

isolated by incubation with anti-CD3/anti-CD28 (e.g., 3x28)-conjugated beads, such as

DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive selection of the

desired T cells. In one aspect, the time period is about 30 minutes. In a further aspect, the time

period ranges from 30 minutes to 36 hours or longer and all integer values there between. In a

further aspect, the time period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred aspect,

the time period is 10 to 24 hours. In one aspect, the incubation time period is 24 hours. Longer

incubation times may be used to isolate T cells in any situation where there are few T cells as

compared to other cell types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor

tissue or from immunocompromised individuals. Further, use of longer incubation times can

increase the efficiency of capture of CD8+ T cells. Thus, by simply shortening or lengthening

the time T cells are allowed to bind to the CD3/CD28 beads and/or by increasing or decreasing

the ratio of beads to T cells (as described further herein), subpopulations of T cells can be

preferentially selected for or against at culture initiation or at other time points during the

process. Additionally, by increasing or decreasing the ratio of anti-CD3 and/or anti-CD28

antibodies on the beads or other surface, subpopulations of T cells can be preferentially

selected for or against at culture initiation or at other desired time points. The skilled artisan

would recognize that multiple rounds of selection can also be used in the context of this

invention. In certain aspects, it may be desirable to perform the selection procedure and use the

"unselected" cells in the activation and expansion process. "Unselected" cells can also be

subjected to further rounds of selection.

[00265] Enrichment of a T cell population by negative selection can be accomplished with a

combination of antibodies directed to surface markers unique to the negatively selected cells.

One method is cell sorting and/or selection via negative magnetic immunoadherence or flow

cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present

on the cells negatively selected. For example, to enrich for CD4+ cells by negative selection, a

monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CDllb, CD16,



HLA-DR, and CD8. In certain aspects, it may be desirable to enrich for or positively select for

regulatory T cells which typically express CD4+, CD25+, CD62Lhi, GITR+, and FoxP3+.

Alternatively, in certain aspects, T regulatory cells are depleted by anti-C25 conjugated beads

or other similar method of selection.

[00266] In one embodiment, a T cell population can be selected that expresses one or more

of IFN- , TNFa, IL-17A, IL-2, IL-3, IL-4, GM-CSF, IL-10, IL-13, granzyme B, and perforin,

or other appropriate molecules, e.g., other cytokines. Methods for screening for cell expression

can be determined, e.g., by the methods described in PCT Publication No.: WO 2013/126712.

[00267] For isolation of a desired population of cells by positive or negative selection, the

concentration of cells and surface (e.g., particles such as beads) can be varied. In certain

aspects, it may be desirable to significantly decrease the volume in which beads and cells are

mixed together (e.g., increase the concentration of cells), to ensure maximum contact of cells

and beads. For example, in one aspect, a concentration of 2 billion cells/ml is used. In one

aspect, a concentration of 1 billion cells/ml is used. In a further aspect, greater than 100 million

cells/ml is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or

50 million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or

100 million cells/ml is used. In further aspects, concentrations of 125 or 150 million cells/ml

can be used. Using high concentrations can result in increased cell yield, cell activation, and

cell expansion. Further, use of high cell concentrations allows more efficient capture of cells

that may weakly express target antigens of interest, such as CD28-negative T cells, or from

samples where there are many tumor cells present (e.g., leukemic blood, tumor tissue, etc.).

Such populations of cells may have therapeutic value and would be desirable to obtain. For

example, using high concentration of cells allows more efficient selection of CD8+ T cells that

normally have weaker CD28 expression.

[00268] In a related aspect, it may be desirable to use lower concentrations of cells. By

significantly diluting the mixture of T cells and surface (e.g., particles such as beads),

interactions between the particles and cells is minimized. This selects for cells that express high

amounts of desired antigens to be bound to the particles. For example, CD4+ T cells express

higher levels of CD28 and are more efficiently captured than CD8+ T cells in dilute

concentrations. In one aspect, the concentration of cells used is 5 X 10e6/ml. In other aspects,



the concentration used can be from about 1 X 105/ml to 1 X 106/ml, and any integer value in

between.

[00269] In other aspects, the cells may be incubated on a rotator for varying lengths of time

at varying speeds at either 2-10°C or at room temperature.

[00270] T cells for stimulation can also be frozen after a washing step. Wishing not to be

bound by theory, the freeze and subsequent thaw step provides a more uniform product by

removing granulocytes and to some extent monocytes in the cell population. After the washing

step that removes plasma and platelets, the cells may be suspended in a freezing solution.

While many freezing solutions and parameters are known in the art and will be useful in this

context, one method involves using PBS containing 20% DMSO and 8% human serum

albumin, or culture media containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum

Albumin and 7.5% DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% NaCl, 10%

Dextran 40 and 5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable

cell freezing media containing for example, Hespan and PlasmaLyte A, the cells then are frozen

to -80°C at a rate of 1° per minute and stored in the vapor phase of a liquid nitrogen storage

tank. Other methods of controlled freezing may be used as well as uncontrolled freezing

immediately at -20° C or in liquid nitrogen.

[00271] In certain aspects, cryopreserved cells are thawed and washed as described herein

and allowed to rest for one hour at room temperature prior to activation using the methods of

the present invention.

[00272] Also contemplated in the context of the invention is the collection of blood samples

or apheresis product from a subject at a time period prior to when the expanded cells as

described herein might be needed. As such, the source of the cells to be expanded can be

collected at any time point necessary, and desired cells, such as T cells, isolated and frozen for

later use in T cell therapy for any number of diseases or conditions that would benefit from T

cell therapy, such as those described herein. In one aspect a blood sample or an apheresis is

taken from a generally healthy subject. In certain aspects, a blood sample or an apheresis is

taken from a generally healthy subject who is at risk of developing a disease, but who has not

yet developed a disease, and the cells of interest are isolated and frozen for later use. In certain

aspects, the T cells may be expanded, frozen, and used at a later time. In certain aspects,



samples are collected from a patient shortly after diagnosis of a particular disease as described

herein but prior to any treatments. In a further aspect, the cells are isolated from a blood sample

or an apheresis from a subject prior to any number of relevant treatment modalities, including

but not limited to treatment with agents such as natalizumab, efalizumab, antiviral agents,

chemotherapy, radiation, immunosuppressive agents, such as cyclosporin, azathioprine,

methotrexate, mycophenolate, and FK506, antibodies, or other immunoablative agents such as

CAMPATH, anti-CD3 antibodies, Cytoxan, fludarabine, cyclosporin, FK506, rapamycin,

mycophenolic acid, steroids, FR901228, and irradiation.

[00273] In a further aspect of the present invention, T cells are obtained from a patient

directly following treatment that leaves the subject with functional T cells. In this regard, it has

been observed that following certain cancer treatments, in particular treatments with drugs that

damage the immune system, shortly after treatment during the period when patients would

normally be recovering from the treatment, the quality of T cells obtained may be optimal or

improved for their ability to expand ex vivo. Likewise, following ex vivo manipulation using

the methods described herein, these cells may be in a preferred state for enhanced engraftment

and in vivo expansion. Thus, it is contemplated within the context of the present invention to

collect blood cells, including T cells, dendritic cells, or other cells of the hematopoietic lineage,

during this recovery phase. Further, in certain aspects, mobilization (for example, mobilization

with GM-CSF) and conditioning regimens can be used to create a condition in a subject

wherein repopulation, recirculation, regeneration, and/or expansion of particular cell types is

favored, especially during a defined window of time following therapy. Illustrative cell types

include T cells, B cells, dendritic cells, and other cells of the immune system.

Activation and Expansion of T Cells

[00274] T cells may be activated and expanded generally using methods as described, for

example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466;

6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566; 7,175,843; 5,883,223; 6,905,874;

6,797,514; 6,867,041; and U.S. Patent Application Publication No. 20060121005.

[00275] Generally, the T cells of the invention may be expanded by contact with a surface

having attached thereto an agent that stimulates a CD3/TCR complex associated signal and a



ligand that stimulates a costimulatory molecule on the surface of the T cells. In particular, T

cell populations may be stimulated as described herein, such as by contact with an anti-CD3

antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a

surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a

calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T cells, a

ligand that binds the accessory molecule is used. For example, a population of T cells can be

contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions appropriate

for stimulating proliferation of the T cells. To stimulate proliferation of either CD4+ T cells or

CD8+ T cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples of an anti-CD28

antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besancon, France) can be used as can other

methods commonly known in the art (Berg et al., Transplant Proc. 30(8):3975-3977, 1998;

Haanen et al., J . Exp. Med. 190(9):13191328, 1999; Garland et al., J . Immunol Meth. 227(1-

2):53-63, 1999).

[00276] In certain aspects, the primary stimulatory signal and the costimulatory signal for

the T cell may be provided by different protocols. For example, the agents providing each

signal may be in solution or coupled to a surface. When coupled to a surface, the agents may be

coupled to the same surface (i.e., in "cis" formation) or to separate surfaces (i.e., in "trans"

formation). Alternatively, one agent may be coupled to a surface and the other agent in

solution. In one aspect, the agent providing the costimulatory signal is bound to a cell surface

and the agent providing the primary activation signal is in solution or coupled to a surface. In

certain aspects, both agents can be in solution. In one aspect, the agents may be in soluble form,

and then cross-linked to a surface, such as a cell expressing Fc receptors or an antibody or other

binding agent which will bind to the agents. In this regard, see for example, U.S. Patent

Application Publication Nos. 20040101519 and 20060034810 for artificial antigen presenting

cells (aAPCs) that are contemplated for use in activating and expanding T cells in the present

invention.

[00277] In one aspect, the two agents are immobilized on beads, either on the same bead,

i.e., "cis," or to separate beads, i.e., "trans." By way of example, the agent providing the

primary activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof and

the agent providing the costimulatory signal is an anti-CD28 antibody or antigen-binding

fragment thereof; and both agents are co-immobilized to the same bead in equivalent molecular



amounts. In one aspect, a 1:1 ratio of each antibody bound to the beads for CD4+ T cell

expansion and T cell growth is used. In certain aspects of the present invention, a ratio of anti

CD3:CD28 antibodies bound to the beads is used such that an increase in T cell expansion is

observed as compared to the expansion observed using a ratio of 1:1. In one particular aspect

an increase of from about 1 to about 3 fold is observed as compared to the expansion observed

using a ratio of 1:1. In one aspect, the ratio of CD3:CD28 antibody bound to the beads ranges

from 100:1 to 1:100 and all integer values there between. In one aspect of the present invention,

more anti-CD28 antibody is bound to the particles than anti-CD3 antibody, i.e., the ratio of

CD3:CD28 is less than one. In certain aspects of the invention, the ratio of anti CD28 antibody

to anti CD3 antibody bound to the beads is greater than 2:1. In one particular aspect, a 1:100

CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a 1:75 CD3:CD28 ratio of

antibody bound to beads is used. In a further aspect, a 1:50 CD3:CD28 ratio of antibody bound

to beads is used. In one aspect, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In

one preferred aspect, a 1: 10 CD3:CD28 ratio of antibody bound to beads is used. In one aspect,

a 1:3 CD3:CD28 ratio of antibody bound to the beads is used. In yet one aspect, a 3:1

CD3:CD28 ratio of antibody bound to the beads is used.

[00278] Ratios of particles to cells from 1:500 to 500:1 and any integer values in between

may be used to stimulate T cells or other target cells. As those of ordinary skill in the art can

readily appreciate, the ratio of particles to cells may depend on particle size relative to the

target cell. For example, small sized beads could only bind a few cells, while larger beads could

bind many. In certain aspects the ratio of cells to particles ranges from 1:100 to 100:1 and any

integer values in-between and in further aspects the ratio comprises 1:9 to 9:1 and any integer

values in between, can also be used to stimulate T cells. The ratio of anti-CD3- and anti-CD28-

coupled particles to T cells that result in T cell stimulation can vary as noted above, however

certain preferred values include 1:100, 1:50, 1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4,

1:3, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, and 15:1 with one preferred ratio being

at least 1:1 particles per T cell. In one aspect, a ratio of particles to cells of 1:1 or less is used.

In one particular aspect, a preferred particle: cell ratio is 1:5. In further aspects, the ratio of

particles to cells can be varied depending on the day of stimulation. For example, in one aspect,

the ratio of particles to cells is from 1:1 to 10:1 on the first day and additional particles are

added to the cells every day or every other day thereafter for up to 10 days, at final ratios of



from 1:1 to 1:10 (based on cell counts on the day of addition). In one particular aspect, the ratio

of particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and

fifth days of stimulation. In one aspect, particles are added on a daily or every other day basis

to a final ratio of 1:1 on the first day, and 1:5 on the third and fifth days of stimulation. In one

aspect, the ratio of particles to cells is 2:1 on the first day of stimulation and adjusted to 1:10 on

the third and fifth days of stimulation. In one aspect, particles are added on a daily or every

other day basis to a final ratio of 1:1 on the first day, and 1:10 on the third and fifth days of

stimulation. One of skill in the art will appreciate that a variety of other ratios may be suitable

for use in the present invention. In particular, ratios will vary depending on particle size and on

cell size and type. In one aspect, the most typical ratios for use are in the neighborhood of 1:1,

2 :1 and 3 :1 on the first day.

[00279] In further aspects of the present invention, the cells, such as T cells, are combined

with agent-coated beads, the beads and the cells are subsequently separated, and then the cells

are cultured. In an alternative aspect, prior to culture, the agent-coated beads and cells are not

separated but are cultured together. In a further aspect, the beads and cells are first concentrated

by application of a force, such as a magnetic force, resulting in increased ligation of cell surface

markers, thereby inducing cell stimulation.

[00280] By way of example, cell surface proteins may be ligated by allowing paramagnetic

beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one

aspect the cells (for example, 104 to 109 T cells) and beads (for example, DYNABEADS® M-

450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer, for example

PBS (without divalent cations such as, calcium and magnesium). Again, those of ordinary skill

in the art can readily appreciate any cell concentration may be used. For example, the target cell

may be very rare in the sample and comprise only 0.01 of the sample or the entire sample

(i.e., 100%) may comprise the target cell of interest. Accordingly, any cell number is within the

context of the present invention. In certain aspects, it may be desirable to significantly decrease

the volume in which particles and cells are mixed together (i.e., increase the concentration of

cells), to ensure maximum contact of cells and particles. For example, in one aspect, a

concentration of about 2 billion cells/ml is used. In one aspect, greater than 100 million cells/ml

is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50

million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or



100 million cells/ml is used. In further aspects, concentrations of 125 or 150 million cells/ml

can be used. Using high concentrations can result in increased cell yield, cell activation, and

cell expansion. Further, use of high cell concentrations allows more efficient capture of cells

that may weakly express target antigens of interest, such as CD28-negative T cells. Such

populations of cells may have therapeutic value and would be desirable to obtain in certain

aspects. For example, using high concentration of cells allows more efficient selection of CD8+

T cells that normally have weaker CD28 expression.

[00281] In one aspect of the present invention, the mixture may be cultured for several hours

(about 3 hours) to about 14 days or any hourly integer value in between. In one aspect, the

mixture may be cultured for 2 1 days. In one aspect of the invention the beads and the T cells

are cultured together for about eight days. In one aspect, the beads and T cells are cultured

together for 2-3 days. Several cycles of stimulation may also be desired such that culture time

of T cells can be 60 days or more. Conditions appropriate for T cell culture include an

appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza))

that may contain factors necessary for proliferation and viability, including serum (e.g., fetal

bovine or human serum), interleukin-2 (IL-2), insulin, IFN-γ , IL-4, IL-7, GM-CSF, IL-10, IL-

12, IL-15, TGFp, and TNF-a or any other additives for the growth of cells known to the skilled

artisan. Other additives for the growth of cells include, but are not limited to, surfactant,

plasmanate, and reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media can

include RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-12, X-Vivo 15, and X-Vivo 20,

Optimizer, with added amino acids, sodium pyruvate, and vitamins, either serum-free or

supplemented with an appropriate amount of serum (or plasma) or a defined set of hormones,

and/or an amount of cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics,

e.g., penicillin and streptomycin, are included only in experimental cultures, not in cultures of

cells that are to be infused into a subject. The target cells are maintained under conditions

necessary to support growth, for example, an appropriate temperature (e.g., 37° C) and

atmosphere (e.g., air plus 5% C0 2) .

[00282] T cells that have been exposed to varied stimulation times may exhibit different

characteristics. For example, typical blood or apheresed peripheral blood mononuclear cell

products have a helper T cell population (TH, CD4+) that is greater than the cytotoxic or

suppressor T cell population (TC, CD8+). Ex vivo expansion of T cells by stimulating CD3 and



CD28 receptors produces a population of T cells that prior to about days 8-9 consists

predominately of TH cells, while after about days 8-9, the population of T cells comprises an

increasingly greater population of TC cells. Accordingly, depending on the purpose of

treatment, infusing a subject with a T cell population comprising predominately of TH cells

may be advantageous. Similarly, if an antigen-specific subset of TC cells has been isolated it

may be beneficial to expand this subset to a greater degree.

[00283] Further, in addition to CD4 and CD8 markers, other phenotypic markers vary

significantly, but in large part, reproducibly during the course of the cell expansion process.

Thus, such reproducibility enables the ability to tailor an activated T cell product for specific

purposes.

[00284] Once a CD 19 CAR is constructed, various assays can be used to evaluate the

activity of the molecule, such as but not limited to, the ability to expand T cells following

antigen stimulation, sustain T cell expansion in the absence of re-stimulation, and anti-cancer

activities in appropriate in vitro and animal models. Assays to evaluate the effects of a CD 19

CAR are described in further detail below

[00285] Western blot analysis of CAR expression in primary T cells can be used to detect

the presence of monomers and dimers. See, e.g., Milone et al., Molecular Therapy 17(8):

1453-1464 (2009). Very briefly, T cells (1:1 mixture of CD4+ and CD8+ T cells) expressing

the CARs are expanded in vitro for more than 10 days followed by lysis and SDS-PAGE under

reducing conditions. CARs containing the full length TCR-ζ cytoplasmic domain and the

endogenous TCR-ζ chain are detected by western blotting using an antibody to the TCR-ζ

chain. The same T cell subsets are used for SDS-PAGE analysis under non-reducing

conditions to permit evaluation of covalent dimer formation.

[00286] In vitro expansion of CAR+ T cells following antigen stimulation can be measured

by flow cytometry. For example, a mixture of CD4+ and CD8+ T cells are stimulated with

aCD3/aCD28 aAPCs followed by transduction with lentiviral vectors expressing GFP under

the control of the promoters to be analyzed. Exemplary promoters include the CMV IE gene,

EF-l , ubiquitin C, or phosphoglycerokinase (PGK) promoters. GFP fluorescence is evaluated

on day 6 of culture in the CD4+ and/or CD8+ T cell subsets by flow cytometry. See, e.g.,

Milone et al, Molecular Therapy 17(8): 1453-1464 (2009). Alternatively, a mixture of CD4+



and CD8+ T cells are stimulated with aCD3/aCD28 coated magnetic beads on day 0, and

transduced with CAR on day 1 using a bicistronic lentiviral vector expressing CAR along with

eGFP using a 2A ribosomal skipping sequence. Cultures are re-stimulated with either CD19+

K562 cells (K562-CD19), wild-type K562 cells (K562 wild type) or K562 cells expressing

hCD32 and 4-1BBL in the presence of antiCD3 and anti-CD28 antibody (K562-BBL-3/28)

following washing. Exogenous IL-2 is added to the cultures every other day at 100 IU/ml.

GFP+ T cells are enumerated by flow cytometry using bead-based counting. See, e.g., Milone

et al, Molecular Therapy 17(8): 1453-1464 (2009).

[00287] Sustained CAR+ T cell expansion in the absence of re-stimulation can also be

measured. See, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly, mean

T cell volume (fl) is measured on day 8 of culture using a Coulter Multisizer III particle counter

following stimulation with aCD3/aCD28 coated magnetic beads on day 0, and transduction

with the indicated CAR on day 1.

[00288] Animal models can also be used to measure a CART activity. For example,

xenograft model using human CD 19-specific CAR+ T cells to treat a primary human pre-B

ALL in immunodeficient mice can be used. See, e.g., Milone et al., Molecular Therapy 17(8):

1453-1464 (2009). Very briefly, after establishment of ALL, mice are randomized as to

treatment groups. Different numbers of 19-ζ and 19-ΒΒ-ζ engineered T cells are

coinjected at a 1:1 ratio into NOD-SCID-γ - - mice bearing B-ALL. The number of copies of

19-ζ and 19-ΒΒ-ζ vector in spleen DNA from mice is evaluated at various times

following T cell injection. Animals are assessed for leukemia at weekly intervals. Peripheral

blood CD19+ B-ALL blast cell counts are measured in mice that are injected with 19-ζ

CAR+ T cells or mock-transduced T cells. Survival curves for the groups are compared using

the log-rank test. In addition, absolute peripheral blood CD4+ and CD8+ T cell counts 4 weeks

following T cell injection in NOD-SCID- γ - - mice can also be analyzed. Mice are injected with

leukemic cells and 3 weeks later are injected with T cells engineered to express CAR by a

bicistronic lentiviral vector that encodes the CAR linked to eGFP. T cells are normalized to

45-50% input GFP+ T cells by mixing with mock-transduced cells prior to injection, and

confirmed by flow cytometry. Animals are assessed for leukemia at 1-week intervals. Survival

curves for the CAR+ T cell groups are compared using the log-rank test.



[00289] Dose dependent CAR treatment response can be evaluated. See, e.g., Milone et al,

Molecular Therapy 17(8): 1453-1464 (2009). For example, peripheral blood is obtained 35-70

days after establishing leukemia in mice injected on day 2 1 with CAR T cells, an equivalent

number of mock-transduced T cells, or no T cells. Mice from each group are randomly bled for

determination of peripheral blood CD19+ ALL blast counts and then killed on days 35 and 49.

The remaining animals are evaluated on days 57 and 70.

[00290] Assessment of cell proliferation and cytokine production has been previously

described, e.g., at Milone et al, Molecular Therapy 17(8): 1453-1464 (2009). Briefly,

assessment of CAR-mediated proliferation is performed in microtiter plates by mixing washed

T cells with K562 cells expressing CD19 (K19) or CD32 and CD137 (KT32-BBL) for a final

T-cell:K562 ratio of 2:1. K562 cells are irradiated with gamma-radiation prior to use. Anti-CD3

(clone OKT3) and anti- CD28 (clone 9.3) monoclonal antibodies are added to cultures with

KT32-BBL cells to serve as a positive control for stimulating T-cell proliferation since these

signals support long-term CD8+ T cell expansion ex vivo. T cells are enumerated in cultures

using CountBright™ fluorescent beads (Invitrogen, Carlsbad, CA) and flow cytometry as

described by the manufacturer. CAR+ T cells are identified by GFP expression using T cells

that are engineered with eGFP-2A linked CAR-expressing lentiviral vectors. For CAR+ T cells

not expressing GFP, the CAR+ T cells are detected with biotinylated recombinant CD 19

protein and a secondary avidin-PE conjugate. CD4+ and CD8+ expression on T cells are also

simultaneously detected with specific monoclonal antibodies (BD Biosciences). Cytokine

measurements are performed on supernatants collected 24 hours following re-stimulation using

the human TH1/TH2 cytokine cytometric bead array kit (BD Biosciences, San Diego, CA)

according the manufacturer's instructions. Fluorescence is assessed using a FACScalibur flow

cytometer, and data is analyzed according to the manufacturer's instructions.

[00291] Cytotoxicity can be assessed by a standard 51Cr-release assay. See, e.g., Milone et

al, Molecular Therapy 17(8): 1453-1464 (2009). Briefly, target cells (K562 lines and primary

pro-B-ALL cells) are loaded with 51Cr (as NaCr04, New England Nuclear, Boston, MA) at

37°C for 2 hours with frequent agitation, washed twice in complete RPMI and plated into

microtiter plates. Effector T cells are mixed with target cells in the wells in complete RPMI at

varying ratios of effector celktarget cell (E:T). Additional wells containing media only

(spontaneous release, SR) or a 1% solution of triton-X 100 detergent (total release, TR) are also



prepared. After 4 hours of incubation at 37°C, supernatant from each well is harvested.

Released 51Cr is then measured using a gamma particle counter (Packard Instrument Co.,

Waltham, MA). Each condition is performed in at least triplicate, and the percentage of lysis is

calculated using the formula: % Lysis = (ER- SR) / (TR - SR), where ER represents the

average 51Cr released for each experimental condition.

[00292] Imaging technologies can be used to evaluate specific trafficking and proliferation

of CARs in tumor-bearing animal models. Such assays have been described, for example, in

Barrett et al., Human Gene Therapy 22: 1575-1586 (201 1). Briefly, NOD/SCID/yc (NSG)

mice are injected IV with Nalm-6 cells followed 7 days later with T cells 4 hour after

electroporation with the CAR constructs. The T cells are stably transfected with a lentiviral

construct to express firefly luciferase, and mice are imaged for bioluminescence. Alternatively,

therapeutic efficacy and specificity of a single injection of CAR + T cells in Nalm-6 xenograft

model can be measured as the following: NSG mice are injected with Nalm-6 transduced to

stably express firefly luciferase, followed by a single tail-vein injection of T cells

electroporated with CD 19 CAR 7 days later. Animals are imaged at various time points post

injection. For example, photon-density heat maps of firefly luciferasepositive leukemia in

representative mice at day 5 (2 days before treatment) and day 8 (24 hr post CAR + PBLs) can

be generated.

[00293] Other assays, including those described in the Example section herein as well as

those that are known in the art can also be used to evaluate the CD 19 CAR constructs of the

invention.

Therapeutic Application

CD19 Associated Diseases and/or Disorders

[00294] In one aspect, the invention provides methods for treating a disease associated with

CD 19 expression. In one aspect, the invention provides methods for treating a disease wherein

part of the tumor is negative for CD19 and part of the tumor is positive for CD19. For example,

the CAR of the invention is useful for treating subjects that have undergone treatment for a

disease associated with elevated expression of CD 19, wherein the subject that has undergone



treatment for elevated levels of CD19 exhibits a disease associated with elevated levels of

CD19.

[00295] In one aspect, the invention pertains to a vector comprising CD19 CAR operably

linked to promoter for expression in mammalian T cells. In one aspect, the invention provides a

recombinant T cell expressing the CD19 CAR for use in treating CD19-expressing tumors,

wherein the recombinant T cell expressing the CD19 CAR is termed a CD 19 CART. In one

aspect, the CD 19 CART of the invention is capable of contacting a tumor cell with at least one

CD 19 CAR of the invention expressed on its surface such that the CART targets the tumor cell

and growth of the tumor is inhibited.

[00296] In one aspect, the invention pertains to a method of inhibiting growth of a CD19-

expressing tumor cell, comprising contacting the tumor cell with a CD19 CAR T cell of the

present invention such that the CART is activated in response to the antigen and targets the

cancer cell, wherein the growth of the tumor is inhibited.

[00297] In one aspect, the invention pertains to a method of treating cancer in a subject. The

method comprises administering to the subject a CD19 CAR T cell of the present invention

such that the cancer is treated in the subject. An example of a cancer that is treatable by the

CD19 CAR T cell of the invention is a cancer associated with expression of CD19. In one

aspect, the cancer associated with expression of CD19 is a hematological cancer. In one aspect,

the hematolical cancer is 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 include, 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, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic

syndrome, non-Hodgkin's 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 a disease associated with CD 19 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.

[00298] In some embodiments, a cancer that can be treated with a CD19 CAR, e.g.,

described herein, is multiple myeloma. Multiple myeloma is a cancer of the blood,

characterized by accumulation of a plasma cell clone in the bone marrow. Current therapies for

multiple myeloma include, but are not limited to, treatment with lenalidomide, which is an

analog of thalidomide. Lenalidomide has activities which include anti-tumor activity,

angiogenesis inhibition, and immunomodulation. Generally, myeloma cells are thought to be

negative for CD 19 expression by flow cytometry. The present invention encompasses the

recognition that a small percent of myeloma tumor cells express CD 19, as demonstrated in

Example 6 . Thus, in some embodiments, a C19 CAR, e.g., as described herein, may be used to

target myeloma cells. In some embodiments, CD19 CAR therapy can be used in combination

with one or more additional therapies, e.g., lenalidomide treatment.

[00299] The invention includes a type of cellular therapy where T cells are genetically

modified to express a chimeric antigen receptor (CAR) and the CAR T cell is infused to a

recipient in need thereof. The infused cell is able to kill tumor cells in the recipient. Unlike

antibody therapies, CAR-modified T cells are able to replicate in vivo resulting in long-term

persistence that can lead to sustained tumor control. In various aspects, the T cells administered

to the patient, or their progeny, persist in the patient for at least four months, five months, six

months, seven months, eight months, nine months, ten months, eleven months, twelve months,

thirteen months, fourteen month, fifteen months, sixteen months, seventeen months, eighteen

months, nineteen months, twenty months, twenty-one months, twenty-two months, twenty-

three months, two years, three years, four years, or five years after administration of the T cell

to the patient.

[00300] The invention also includes a type of cellular therapy where T cells are modified,

e.g., by in vitro transcribed RNA, to transiently express a chimeric antigen receptor (CAR) and

the CAR T cell is infused to a recipient in need thereof. The infused cell is able to kill tumor

cells in the recipient. Thus, in various aspects, the T cells administered to the patient, is present



for less than one month, e.g., three weeks, two weeks, one week, after administration of the T

cell to the patient.

[00301] Without wishing to be bound by any particular theory, the anti-tumor immunity

response elicited by the CAR-modified T cells may be an active or a passive immune response,

or alternatively may be due to a direct vs indirect immune response. In one aspect, the CAR

transduced T cells exhibit specific proinflammatory cytokine secretion and potent cytolytic

activity in response to human cancer cells expressing the CD19, resist soluble CD19 inhibition,

mediate bystander killing and mediate regression of an established human tumor. For example,

antigen-less tumor cells within a heterogeneous field of CD19-expressing tumor may be

susceptible to indirect destruction by CD19-redirected T cells that has previously reacted

against adjacent antigen-positive cancer cells.

[00302] In one aspect, the fully-human CAR-modified T cells of the invention may be a type

of vaccine for ex vivo immunization and/or in vivo therapy in a mammal. In one aspect, the

mammal is a human.

[00303] With respect to ex vivo immunization, at least one of the following occurs in vitro

prior to administering the cell into a mammal: i) expansion of the cells, ii) introducing a nucleic

acid encoding a CAR to the cells or iii) cryopreservation of the cells.

[00304] Ex vivo procedures are well known in the art and are discussed more fully below.

Briefly, cells are isolated from a mammal (e.g., a human) and genetically modified (i.e.,

transduced or transfected in vitro) with a vector expressing a CAR disclosed herein. The CAR-

modified cell can be administered to a mammalian recipient to provide a therapeutic benefit.

The mammalian recipient may be a human and the CAR-modified cell can be autologous with

respect to the recipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with

respect to the recipient.

[00305] The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is

described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied to the

cells of the present invention. Other suitable methods are known in the art, therefore the present

invention is not limited to any particular method of ex vivo expansion of the cells. Briefly, ex

vivo culture and expansion of T cells comprises: (1) collecting CD34+ hematopoietic stem and

progenitor cells from a mammal from peripheral blood harvest or bone marrow explants; and



(2) expanding such cells ex vivo. In addition to the cellular growth factors described in U.S.

Pat. No. 5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for

culturing and expansion of the cells.

[00306] In addition to using a cell-based vaccine in terms of ex vivo immunization, the

present invention also provides compositions and methods for in vivo immunization to elicit an

immune response directed against an antigen in a patient.

[00307] Generally, the cells activated and expanded as described herein may be utilized in

the treatment and prevention of diseases that arise in individuals who are

immunocompromised. In particular, the CAR-modified T cells of the invention are used in the

treatment of diseases, disorders and conditions associated with expression of CD 19. In certain

aspects, the cells of the invention are used in the treatment of patients at risk for developing

diseases, disorders and conditions associated with expression of CD19. Thus, the present

invention provides methods for the treatment or prevention of diseases, disorders and

conditions associated with expression of CD19 comprising administering to a subject in need

thereof, a therapeutically effective amount of the CAR-modified T cells of the invention.

[00308] In one aspect the CART cells of the inventions may be used to treat a proliferative

disease such as a cancer or malignancy or is a precancerous condition such as a

myelodysplasia, a myelodysplastic syndrome or a preleukemia. In one aspect, the cancer is a

hematolical cancer. In one aspect, the hematolical cancer is a leukemia or a lymphoma. In one

aspect, the CART cells of the invention may be used to treat cancers and malignancies such as,

but not limited to, e.g., 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 lymphocytic leukemia (CLL); additional hematologic cancers or

hematologic conditions including, but 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, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic

syndrome, non-Hodgkin's 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 a disease associated with CD 19 expression include, but not limited

to, e.g., atypical and/or non-classical cancers, malignancies, precancerous conditions or

proliferative diseases expressing 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.

[00309] The CAR-modified T cells of the present invention may be administered either

alone, or as a pharmaceutical composition in combination with diluents and/or with other

components such as IL-2 or other cytokines or cell populations.

Hematologic Cancer

[00310] Hematological cancer conditions are the types of cancer such as leukemia and

malignant lymphoproliferative conditions that affect blood, bone marrow and the lymphatic

system.

[0031 1] Leukemia can be classified as acute leukemia and chronic leukemia. Acute leukemia

can be further classified as acute myelogenous leukemia (AML) and acute lymphoid leukemia

(ALL). Chronic leukemia includes chronic myelogenous leukemia (CML) and chronic

lymphoid leukemia (CLL). Other related conditions include myelodysplastic syndromes (MDS,

formerly known as "preleukemia") which are a diverse collection of hematological conditions

united by ineffective production (or dysplasia) of myeloid blood cells and risk of

transformation to AML.

[00312] The present invention provides for compositions and methods for treating cancer. In

one aspect, the cancer is a hematologic cancer including but is not limited to hematolical cancer

is a leukemia or a lymphoma. In one aspect, the CART cells of the invention may be used to

treat cancers and malignancies such as, but not limited to, e.g., 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 lymphocytic leukemia (CLL);

additional hematologic cancers or hematologic conditions including, but not limited to, e.g., B

cell prolymphocyte 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, Marginal zone lymphoma, multiple myeloma,

myelodysplasia and myelodysplasia syndrome, non-Hodgkin's 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 a disease associated with

CD19 expression includes, but not limited to, e.g., atypical and/or non-classical cancers,

malignancies, precancerous conditions or proliferative diseases expressing CD19.

[00313] The present invention also provides methods for inhibiting the proliferation or

reducing a CD19-expressing cell population, the methods comprising contacting a population

of cells comprising a CD19-expressing cell with an anti-CD 19 CART cell of the invention that

binds to the CD19-expressing cell. In a specific aspect, the present invention provides methods

for inhibiting the proliferation or reducing the population of cancer cells expressing CD19, the

methods comprising contacting the CD19-expressing cancer cell population with an anti-CD 19

CART cell of the invention that binds to the CD19-expressing cell. In one aspect, the present

invention provides methods for inhibiting the proliferation or reducing the population of cancer

cells expressing CD 19, the methods comprising contacting the CD19-expressing cancer cell

population with an anti-CD 19 CART cell of the invention that binds to the CD19-expressing

cell. In certain aspects, the anti-CD 19 CART cell of the invention reduces the quantity, number,

amount or percentage of cells and/or cancer cells by at least 25%, at least 30%, at least 40%, at

least 50%, at least 65%, at least 75%, at least 85%, at least 95%, or at least 99% in a subject

with or animal model for myeloid leukemia or another cancer associated with CD19-expressing

cells relative to a negative control. In one aspect, the subject is a human.

[00314] The present invention also provides methods for preventing, treating and/or

managing a disease associated with CD19-expressing cells (e.g., a hematologic cancer or

atypical cancer expessing CD19), the methods comprising administering to a subject in need an

anti-CD 19 CART cell of the invention that binds to the CD19-expressing cell. In one aspect,

the subject is a human. Non-limiting examples of disorders associated with CD19-expressing

cells include autoimmune disorders (such as lupus), inflammatory disorders (such as allergies

and asthma) and cancers (such as hematological cancers or atypical cancers expessing CD19).



[00315] The present invention also provides methods for preventing, treating and/or

managing a disease associated with CD19-expressing cells, the methods comprising

administering to a subject in need an anti-CD 19 CART cell of the invention that binds to the

CD19-expressing cell. In one aspect, the subject is a human.

[00316] The present invention provides methods for preventing relapse of cancer associated

with CD19-expressing cells, the methods comprising administering to a subject in need thereof

an anti-CD 19 CART cell of the invention that binds to the CD19-expressing cell. In one aspect,

the methods comprise administering to the subject in need thereof an effective amount of an

anti-CD 19 CART cell described herein that binds to the CD19-expressing cell in combination

with an effective amount of another therapy.

Combination Therapies

[00317] A CAR-expressing cell described herein may be used in combination with other

known agents and therapies. Administered "in combination", as used herein, means that two

(or more) different treatments are delivered to the subject during the course of the subject's

affliction with the disorder, e.g., the two or more treatments are delivered after the subject has

been diagnosed with the disorder and before the disorder has been cured or eliminated or

treatment has ceased for other reasons. In some embodiments, the delivery of one treatment is

still occurring when the delivery of the second begins, so that there is overlap in terms of

administration. This is sometimes referred to herein as "simultaneous" or "concurrent

delivery". In other embodiments, the delivery of one treatment ends before the delivery of the

other treatment begins. In some embodiments of either case, the treatment is more effective

because of combined administration. For example, the second treatment is more effective, e.g.,

an equivalent effect is seen with less of the second treatment, or the second treatment reduces

symptoms to a greater extent, than would be seen if the second treatment were administered in

the absence of the first treatment, or the analogous situation is seen with the first treatment. In

some embodiments, delivery is such that the reduction in a symptom, or other parameter related

to the disorder is greater than what would be observed with one treatment delivered in the

absence of the other. The effect of the two treatments can be partially additive, wholly additive,



or greater than additive. The delivery can be such that an effect of the first treatment delivered

is still detectable when the second is delivered.

[00318] A CAR-expressing cell described herein and the at least one additional therapeutic

agent can be administered simultaneously, in the same or in separate compositions, or

sequentially. For sequential administration, the CAR-expressing cell described herein can be

administered first, and the additional agent can be administered second, or the order of

administration can be reversed.

[00319] In further aspects, a CAR-expressing cell described herein may be used in a

treatment regimen in combination with surgery, chemotherapy, radiation, immunosuppressive

agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506,

antibodies, or other immunoablative agents such as CAMPATH, anti-CD3 antibodies or other

antibody therapies, cytoxin, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid,

steroids, FR901228, cytokines, and irradiation peptide vaccine, such as that described in

Izumoto et al. 2008 J Neurosurg 108:963-971.

[00320] In one embodiment, a CAR-expressing cell described herein can be used in

combination with a chemotherapeutic agent. Exemplary chemotherapeutic agents include an

anthracycline (e.g., doxorubicin (e.g., liposomal doxorubicin)) a vinca alkaloid (e.g.,

vinblastine, vincristine, vindesine, vinorelbine), an alkylating agent (e.g., cyclophosphamide,

decarbazine, melphalan, ifosfamide, temozolomide), an immune cell antibody (e.g.,

alemtuzamab, gemtuzumab, rituximab, tositumomab), an antimetabolite (including, e.g., folic

acid antagonists, pyrimidine analogs, purine analogs and adenosine deaminase inhibitors (e.g.,

fludarabine)), an mTOR inhibitor, a TNFR glucocorticoid induced TNFR related protein

(GITR) agonist, a proteasome inhibitor (e.g., aclacinomycin A, gliotoxin or bortezomib), an

immunomodulator such as thalidomide or a thalidomide derivative (e.g., lenalidomide).

[00321] General Chemotherapeutic agents considered for use in combination therapies

include anastrozole (Arimidex®), bicalutamide (Casodex®), bleomycin sulfate (Blenoxane®),

busulfan (Myleran®), busulfan injection (Busulfex®), capecitabine (Xeloda®), N4-

pentoxycarbonyl-5-deoxy-5-fluorocytidine, carboplatin (Paraplatin®), carmustine (BiCNU®),

chlorambucil (Leukeran®), cisplatin (Platinol®), cladribine (Leustatin®), cyclophosphamide

(Cytoxan® or Neosar®), cytarabine, cytosine arabinoside (Cytosar-U®), cytarabine liposome



injection (DepoCyt®), dacarbazine (DTIC-Dome®), dactinomycin (Actinomycin D,

Cosmegan), daunorubicin hydrochloride (Cerubidine®), daunorubicin citrate liposome

injection (DaunoXome®), dexamethasone, docetaxel (Taxotere®), doxorubicin hydrochloride

(Adriamycin®, Rubex®), etoposide (Vepesid®), fludarabine phosphate (Fludara®), 5-

fluorouracil (Adrucil®, Efudex®), flutamide (Eulexin®), tezacitibine, Gemcitabine

(difluorodeoxycitidine), hydroxyurea (Hydrea®), Idarubicin (Idamycin®), ifosfamide

(IFEX®), irinotecan (Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium,

melphalan (Alkeran®), 6-mercaptopurine (Purinethol®), methotrexate (Folex®), mitoxantrone

(Novantrone®), mylotarg, paclitaxel (Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin,

polifeprosan 20 with carmustine implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide

(Vumon®), 6-thioguanine, thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for

injection (Hycamptin®), vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine

(Navelbine®).

[00322] Exemplary alkylating agents include, without limitation, nitrogen mustards,

ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard

(Aminouracil Mustard®, Chlorethaminacil®, Demethyldopan®, Desmethyldopan®,

Haemanthamine®, Nordopan®, Uracil nitrogen mustard®, Uracillost®, Uracilmostaza®,

Uramustin®, Uramustine®), chlormethine (Mustargen®), cyclophosphamide (Cytoxan®,

Neosar®, Clafen®, Endoxan®, Procytox®, Revimmune™), ifosfamide (Mitoxana®),

melphalan (Alkeran®), Chlorambucil (Leukeran®), pipobroman (Amedel®, Vercyte®),

triethylenemelamine (Hemel®, Hexalen®, Hexastat®), triethylenethiophosphoramine,

Temozolomide (Temodar®), thiotepa (Thioplex®), busulfan (Busilvex®, Myleran®),

carmustine (BiCNU®), lomustine (CeeNU®), streptozocin (Zanosar®), and Dacarbazine

(DTIC-Dome®). Additional exemplary alkylating agents include, without limitation,

Oxaliplatin (Eloxatin®); Temozolomide (Temodar® and Temodal®); Dactinomycin (also

known as actinomycin-D, Cosmegen®); Melphalan (also known as L-PAM, L-sarcolysin, and

phenylalanine mustard, Alkeran®); Altretamine (also known as hexamethylmelamine (HMM),

Hexalen®); Carmustine (BiCNU®); Bendamustine (Treanda®); Busulfan (Busulfex® and

Myleran®); Carboplatin (Paraplatin®); Lomustine (also known as CCNU, CeeNU®);

Cisplatin (also known as CDDP, Platinol® and Platinol®-AQ); Chlorambucil (Leukeran®);

Cyclophosphamide (Cytoxan® and Neosar®); Dacarbazine (also known as DTIC, DIC and



imidazole carboxamide, DTIC-Dome®); Altretamine (also known as hexamethylmelamine

(HMM), Hexalen®); Ifosfamide (Ifex®); Prednumustine; Procarbazine (Matulane®);

Mechlorethamine (also known as nitrogen mustard, mustine and mechloroethamine

hydrochloride, Mustargen®); Streptozocin (Zanosar®); Thiotepa (also known as

thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide (Endoxan®,

Cytoxan®, Neosar®, Procytox®, Revimmune®); and Bendamustine HC1 (Treanda®).

[00323] Exemplary mTOR inhibitors include, e.g., temsirolimus; ridaforolimus (formally

known as deferolimus, (lR ,2R ,45)-4-[(2R )-2 [(1R ,95,125,15R ,16E ,18R ,19R ,21R ,

23S,24E ,26E ,28Z,30S,32S,35R)- 1,18-dihydroxy- 19,30-dimethoxy- 15,17,21,23, 29,35-

hexamethyl-2,3,10,14,20-pentaoxo-ll,36-dioxa-4-azatricyclo[30.3.1.0 4'9] hexatriaconta-

16,24,26,28-tetraen-12-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known as

AP23573 and MK8669, and described in PCT Publication No. WO 03/064383); everolimus

(Afinitor® or RADOOl); rapamycin (AY22989, Sirolimus®); simapimod (CAS 164301-51-3);

emsirolimus, (5-{2,4-Bis[(3 S,)-3-methylmorpholin-4-yl]pyrido[2,3-<i]pyrimidin-7-yl}-2-

methoxyphenyl)methanol (AZD8055); 2-Amino-8 - [ira ,-4-(2-hydroxyethoxy)cyclohexyl]-6-

(6-methoxy-3-pyridinyl)-4-methyl-pyrido[2,3 - ]pyrimidin-7(8 H )-one (PF04691502, CAS

1013101-36-4); and N 2-[1,4-dioxo-4- [[4-(4-oxo-8-phenyl-4 H-1-benzopyran-2-

yl)morpholinium-4-yl]methoxy]butyl]-L-arginylglycyl-L-a-aspartylL-serine-, inner salt

(SF1126, CAS 936487-67-1), and XL765.

[00324] Exemplary immunomodulators include, e.g., afutuzumab (available from Roche®);

pegfilgrastim (Neulasta®); lenalidomide (CC-5013, Revlimid®); thalidomide (Thalomid®),

actimid (CC4047); and IRX-2 (mixture of human cytokines including interleukin 1, interleukin

2, and interferon γ , CAS 951209-71-5, available from IRX Therapeutics).

[00325] Exemplary anthracyclines include, e.g., doxorubicin (Adriamycin® and Rubex®);

bleomycin (lenoxane®); daunorubicin (dauorubicin hydrochloride, daunomycin, and

rubidomycin hydrochloride, Cerubidine®); daunorubicin liposomal (daunorubicin citrate

liposome, DaunoXome®); mitoxantrone (DHAD, Novantrone®); epirubicin (Ellence™);

idarubicin (Idamycin®, Idamycin PFS®); mitomycin C (Mutamycin®); geldanamycin;

herbimycin; ravidomycin; and desacetylravidomycin.



[00326] Exemplary vinca alkaloids include, e.g., vinorelbine tartrate (Navelbine®),

Vincristine (Oncovin®), and Vindesine (Eldisine®)); vinblastine (also known as vinblastine

sulfate, vincaleukoblastine and VLB, Alkaban-AQ® and Velban®); and vinorelbine

(Navelbine®).

[00327] Exemplary proteosome inhibitors include bortezomib (Velcade®); carfilzomib

(PX-171-007, (5)-4-Methyl -N -((^)-l-(((5)-4-methyl-l -((R )-2-methyloxiran-2-yl)-l-oxopentan-

2-yl)amino)-l-oxo-3-phenylpropan-2-yl)-2-(( S')-2-(2-morpholinoacetamido)-4-

phenylbutanamido)-pentanamide); marizomib (NPI-0052); ixazomib citrate (MLN-9708);

delanzomib (CEP-18770); and O -Methyl-N -[(2-methyl-5-thiazolyl)carbonyl]-L-seryl -O-

methyl-/V-[(1S)-2-[(2R )-2-methyl-2-oxiranyl] -2-oxo- 1-(phenylmethyl)ethyl] - L-serinamide

(ONX-0912).

[00328] Exemplary GITR agonists include, e.g., GITR fusion proteins and anti-GITR

antibodies (e.g., bivalent anti-GITR antibodies) such as, e.g., a GITR fusion protein described

in U.S. Patent No.: 6,111,090, European Patent No.: 090505B1, U.S Patent No.: 8,586,023,

PCT Publication Nos.: WO 2010/003118 and 2011/090754, or an anti-GITR antibody

described, e.g., in U.S. Patent No.: 7,025,962, European Patent No.: 1947183B1, U.S. Patent

No.: 7,812,135, U.S. Patent No.: 8,388,967, U.S. Patent No.: 8,591,886, European Patent No.:

EP 1866339, PCT Publication No.: WO 2011/028683, PCT Publication No.:WO 2013/039954,

PCT Publication No.: WO2005/007190, PCT Publication No.: WO 2007/133822, PCT

Publication No.: WO2005/055808, PCT Publication No.: WO 99/40196, PCT Publication No.:

WO 2001/03720, PCT Publication No.: WO99/20758, PCT Publication No.: WO2006/083289,

PCT Publication No.: WO 2005/115451, U.S. Patent No.: 7,618,632, and PCT Publication No.:

WO 2011/051726.

[00329] In one embodiment, a CAR expressing cell described herein is administered to a

subject in combination with an mTOR inhibitor, e.g., an mTOR inhibitor described herein, e.g.,

a rapalog such as everolimus. In one embodiment, the mTOR inhibitor is administered prior to

the CAR-expressing cell. For example, in one embodiment, the mTOR inhibitor can be

administered prior to apheresis of the cells. In one embodiment, the subject has CLL.

[00330] In one embodiment, a CAR expressing cell described herein is administered to a

subject in combination with a GITR agonist, e.g., a GITR agonist described herein. In one



embodiment, the GITR agonist is administered prior to the CAR-expressing cell. For example,

in one embodiment, the GITR agonist can be administered prior to apheresis of the cells. In

one embodiment, the subject has CLL.

[0033 1] Drugs that inhibit either the calcium dependent phosphatase calcineurin

(cyclosporine and FK506) or inhibit the p70S6 kinase that is important for growth factor

induced signaling (rapamycin). (Liu et al., Cell 66:807-815, 1991; Henderson et al., Immun.

73:316-321, 1991; Bierer et al., Curr. Opin. Immun. 5:763-773, 1993) can also be used. In a

further aspect, the cell compositions of the present invention may be administered to a patient

in conjunction with (e.g., before, simultaneously or following) bone marrow transplantation, T

cell ablative therapy using chemotherapy agents such as, fludarabine, external-beam radiation

therapy (XRT), cyclophosphamide, and/or antibodies such as OKT3 or CAMPATH. In one

aspect, the cell compositions of the present invention are administered following B-cell ablative

therapy such as agents that react with CD20, e.g., Rituxan. For example, in one embodiment,

subjects may undergo standard treatment with high dose chemotherapy followed by peripheral

blood stem cell transplantation. In certain embodiments, following the transplant, subjects

receive an infusion of the expanded immune cells of the present invention. In an additional

embodiment, expanded cells are administered before or following surgery.

[00332] In one embodiment, the subject can be administered an agent which reduces or

ameliorates a side effect associated with the administration of a CAR-expressing cell. Side

effects associated with the administration of a CAR-expressing cell include, but are not limited

to CRS, and hemophagocytic lymphohistiocytosis (HLH), also termed Macrophage Activation

Syndrome (MAS). Symptoms of CRS include high fevers, nausea, transient hypotension,

hypoxia, and the like. Accordingly, the methods described herein can comprise administering a

CAR-expressing cell described herein to a subject and further administering an agent to

manage elevated levels of a soluble factor resulting from treatment with a CAR-expressing cell.

In one embodiment, the soluble factor elevated in the subject is one or more of IFN-γ , TNFa,

IL-2 and IL-6. Therefore, an agent administered to treat this side effect can be an agent that

neutralizes one or more of these soluble factors. Such agents include, but are not limited to a



steroid, an inhibitor of TNFa, and an inhibitor of IL-6. An example of a TNFa inhibitor is

entanercept. An example of an IL-6 inhibitor is Tocilizumab (toe).

[00333] In one embodiment, the subject can be administered an agent which enhances the

activity of a CAR-expressing cell. For example, in one embodiment, the agent can be an agent

which inhibits an inhibitory molecule. Inhibitory molecules, e.g., Programmed Death 1 (PDl),

can, in some embodiments, decrease the ability of a CAR-expressing cell to mount an immune

effector response. Examples of inhibitory molecules include PDl, PD-Ll, CTLA4, TIM3,

LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta. Inhibition of an

inhibitory molecule, e.g., by inhibition at the DNA, RNA or protein level, can optimize a CAR-

expressing cell performance. In embodiments, an inhibitory nucleic acid, e.g., an inhibitory

nucleic acid, e.g., a dsRNA, e.g., an siRNA or shRNA, can be used to inhibit expression of an

inhibitory molecule in the CAR-expressing cell. In an embodiment the inhibitor is an shRNA.

In an embodiment, the inhibitory molecule is inhibited within a CAR-expressing cell. In these

embodiments, a dsRNA molecule that inhibits expression of the inhibitory molecule is linked to

the nucleic acid that encodes a component, e.g., all of the components, of the CAR. In one

embodiment, the inhibitor of an inhibitory signal can be, e.g., an antibody or antibody fragment

that binds to an inhibitory molecule. For example, the agent can be an antibody or antibody

fragment that binds to PDl, PD-Ll, PD-L2 or CTLA4 (e.g., ipilimumab (also referred to as

MDX-010 and MDX-101, and marketed as Yervoy®; Bristol-Myers Squibb; Tremelimumab

(IgG2 monoclonal antibody available from Pfizer, formerly known as ticilimumab, CP-

675,206).). In an embodiment, the agent is an antibody or antibody fragment that binds to

TIM3. In an embodiment, the agent is an antibody or antibody fragment that binds to LAG3.

[00334] PDl is an inhibitory member of the CD28 family of receptors that also includes

CD28, CTLA-4, ICOS, and BTLA. PDl is expressed on activated B cells, T cells and myeloid

cells (Agata et al. 1996 Int. Immunol 8:765-75). Two ligands for PDl, PD-Ll and PD-L2 have

been shown to downregulate T cell activation upon binding to PDl (Freeman et a . 2000 J Exp

Med 192:1027-34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et al. 2002 Eur J

Immunol 32:634-43). PD-Ll is abundant in human cancers (Dong et al. 2003 J Mol Med

81:281-7; Blank et al. 2005 Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin

Cancer Res 10:5094). Immune suppression can be reversed by inhibiting the local interaction

of PDl with PD-Ll. Antibodies, antibody fragments, and other inhibitors of PDl, PD-Ll and



PD-L2 are available in the art and may be used combination with a CD 19 CAR described

herein. For example, nivolumab (also referred to as BMS-936558 or MDX1 106; Bristol-Myers

Squibb) is a fully human IgG4 monoclonal antibody which specifically blocks PDl.

Nivolumab (clone 5C4) and other human monoclonal antibodies that specifically bind to PDl

are disclosed in US 8,008,449 and WO2006/121 168. Pidilizumab (CT-01 1; Cure Tech) is a

humanized IgGlk monoclonal antibody that binds to PDl Pidilizumab and other humanized

anti-PDl monoclonal antibodies are disclosed in WO2009/101611. Lambrolizumab (also

referred to as MK03475; Merck) is a humanized IgG4 monoclonal antibody that binds to PDl.

Lambrolizumab and other humanized anti-PDl antibodies are disclosed in US 8,354,509 and

WO2009/1 14335. MDPL3280A (Genentech / Roche) is a human Fc optimized IgGl

monoclonal antibody that binds to PD-L1. MDPL3280A and other human monoclonal

antibodies to PD-L1 are disclosed in U.S. Patent No.: 7,943,743 and U.S Publication No.:

20120039906. Other anti-PD-Ll binding agents include YW243.55.S70 (heavy and light chain

variable regions are shown in SEQ ID NOs 20 and 2 1 in WO20 10/077634) and MDX-1 105

(also referred to as BMS-936559, and, e.g., anti-PD-Ll binding agents disclosed in

WO2007/005874). AMP-224 (B7-DCIg; Amplimmune; e.g., disclosed in WO2010/027827

and WO201 1/066342), is a PD-L2 Fc fusion soluble receptor that blocks the interaction

between PDl and B7-H1. Other anti-PDl antibodies include AMP 514 (Amplimmune), among

others, e.g., anti-PDl antibodies disclosed in US 8,609,089, US 2010028330, and/or US

20120114649.

[00335] In some embodiments, the agent which enhances the activity of a CAR-expressing

cell can be, e.g., a fusion protein comprising a first domain and a second domain, wherein the

first domain is an inhibitory molecule, or fragment thereof, and the second domain is a

polypeptide that is associated with a positive signal, e.g., a polypeptide comrpsing an

antracellular signaling domain as described herein. In some embodiments, the polypeptide that

is associated with a positive signal can include a costimulatory domain of CD28, CD27, ICOS,

e.g., an intracellular signaling domain of CD28, CD27 and/or ICOS, and/or a primary signaling

domain, e.g., of CD3 zeta, e.g., described herein. In one embodiment, the fusion protein is

expressed by the same cell that expressed the CAR. In another embodiment, the fusion protein

is expressed by a cell, e.g., a T cell that does not express an anti-CD19 CAR.



[00336] In one embodiment, the agent which enhances activity of a CAR-expressing cell

described herein is miR- 17-92.

Pharmaceutical compositions and treatments

[00337] Pharmaceutical compositions of the present invention may comprise a CAR-

expressing cell, e.g., a plurality of CAR-expressing cells, as described herein, in combination

with one or more pharmaceutically or physiologically acceptable carriers, diluents or

excipients. Such compositions may comprise buffers such as neutral buffered saline, phosphate

buffered saline and the like; carbohydrates such as glucose, mannose, sucrose or dextrans,

mannitol; proteins; polypeptides or amino acids such as glycine; antioxidants; chelating agents

such as EDTA or glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives.

Compositions of the present invention are in one aspect formulated for intravenous

administration.

[00338] Pharmaceutical compositions of the present invention may be administered in a

manner appropriate to the disease to be treated (or prevented). The quantity and frequency of

administration will be determined by such factors as the condition of the patient, and the type

and severity of the patient's disease, although appropriate dosages may be determined by

clinical trials.

[00339] In one embodiment, the pharmaceutical composition is substantially free of, e.g.,

there are no detectable levels of a contaminant, e.g., selected from the group consisting of

endotoxin, mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid,

HIV gag, residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum,

bovine serum albumin, bovine serum, culture media components, vector packaging cell or

plasmid components, a bacterium and a fungus. In one embodiment, the bacterium is at least

one selected from the group consisting of Alcaligenes faecalis, Candida albicans, Escherichia

coli, Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus

aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A.

[00340] When "an immunologically effective amount," "an anti-tumor effective amount," "a

tumor-inhibiting effective amount," or "therapeutic amount" is indicated, the precise amount of

the compositions of the present invention to be administered can be determined by a physician



with consideration of individual differences in age, weight, tumor size, extent of infection or

metastasis, and condition of the patient (subject). It can generally be stated that a

pharmaceutical composition comprising the T cells described herein may be administered at a

dosage of 104 to 109 cells/kg body weight, in some instances 105 to 106 cells/kg body weight,

including all integer values within those ranges. T cell compositions may also be administered

multiple times at these dosages. The cells can be administered by using infusion techniques that

are commonly known in immunotherapy (see, e.g., Rosenberg et al., New Eng. J . of Med.

319:1676, 1988)..

[00341] In certain aspects, it may be desired to administer activated T cells to a subject and

then subsequently redraw blood (or have an apheresis performed), activate T cells therefrom

according to the present invention, and reinfuse the patient with these activated and expanded T

cells. This process can be carried out multiple times every few weeks. In certain aspects, T cells

can be activated from blood draws of from lOcc to 400cc. In certain aspects, T cells are

activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80cc, 90cc, or lOOcc.

[00342] The administration of the subject compositions may be carried out in any convenient

manner, including by aerosol inhalation, injection, ingestion, transfusion, implantation or

transplantation. The compositions described herein may be administered to a patient trans

arterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,

intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one aspect, the T cell

compositions of the present invention are administered to a patient by intradermal or

subcutaneous injection. In one aspect, the T cell compositions of the present invention are

administered by i.v. injection. The compositions of T cells may be injected directly into a

tumor, lymph node, or site of infection.

[00343] In a particular exemplary aspect, subjects may undergo leukapheresis, wherein

leukocytes are collected, enriched, or depleted ex vivo to select and/or isolate the cells of

interest, e.g., T cells. These T cell isolates may be expanded by methods known in the art and

treated such that one or more CAR constructs of the invention may be introduced, thereby

creating a CAR T cell of the invention. Subjects in need thereof may subsequently undergo

standard treatment with high dose chemotherapy followed by peripheral blood stem cell

transplantation. In certain aspects, following or concurrent with the transplant, subjects receive



an infusion of the expanded CAR T cells of the present invention. In an additional aspect,

expanded cells are administered before or following surgery.

[00344] The dosage of the above treatments to be administered to a patient will vary with the

precise nature of the condition being treated and the recipient of the treatment. The scaling of

dosages for human administration can be performed according to art-accepted practices. The

dose for CAMPATH, for example, will generally be in the range 1 to about 100 mg for an adult

patient, usually administered daily for a period between 1 and 30 days. The preferred daily dose

is 1 to 10 mg per day although in some instances larger doses of up to 40 mg per day may be

used (described in U.S. Patent No. 6,120,766).

[00345] In one embodiment, the CAR is introduced into T cells, e.g., using in vitro

transcription, and the subject (e.g., human) receives an initial administration of CAR T cells of

the invention, and one or more subsequent administrations of the CAR T cells of the invention,

wherein the one or more subsequent administrations are administered less than 15 days, e.g.,

14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 days after the previous administration. In one

embodiment, more than one administration of the CAR T cells of the invention are

administered to the subject (e.g., human) per week, e.g., 2, 3, or 4 administrations of the CAR T

cells of the invention are administered per week. In one embodiment, the subject (e.g., human

subject) receives more than one administration of the CAR T cells per week (e.g., 2, 3 or 4

administrations per week) (also referred to herein as a cycle), followed by a week of no CAR T

cells administrations, and then one or more additional administration of the CAR T cells (e.g.,

more than one administration of the CAR T cells per week) is administered to the subject. In

another embodiment, the subject (e.g., human subject) receives more than one cycle of CAR T

cells, and the time between each cycle is less than 10, 9, 8, 7, 6, 5, 4, or 3 days. In one

embodiment, the CAR T cells are administered every other day for 3 administrations per week.

In one embodiment, the CAR T cells of the invention are administered for at least two, three,

four, five, six, seven, eight or more weeks.

[00346] In one aspect, CD19 CARTs are generated using lentiviral viral vectors, such as

lentivirus. CARTs generated that way will have stable CAR expression.

[00347] In one aspect, CARTs transiently express CAR vectors for 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15 days after transduction. Transient expression of CARs can be effected by RNA



CAR vector delivery. In one aspect, the CAR RNA is transduced into the T cell by

electroporation.

[00348] A potential issue that can arise in patients being treated using transiently expressing

CAR T cells (particularly with murine scFv bearing CARTs) is anaphylaxis after multiple

treatments.

[00349] Without being bound by this theory, it is believed that such an anaphylactic

response might be caused by a patient developing humoral anti-CAR response, i.e., anti-CAR

antibodies having an anti-IgE isotype. It is thought that a patient's antibody producing cells

undergo a class switch from IgG isotype (that does not cause anaphylaxis) to IgE isotype when

there is a ten to fourteen day break in exposure to antigen.

[00350] If a patient is at high risk of generating an anti-CAR antibody response during the

course of transient CAR therapy (such as those generated by RNA transductions), CART

infusion breaks should not last more than ten to fourteen days.

EXAMPLES

[00351] The invention is further described in detail by reference to the following

experimental examples. These examples are provided for purposes of illustration only, and are

not intended to be limiting unless otherwise specified. Thus, the invention should in no way be

construed as being limited to the following examples, but rather, should be construed to

encompass any and all variations which become evident as a result of the teaching provided

herein.

[00352] Without further description, it is believed that one of ordinary skill in the art can,

using the preceding description and the following illustrative examples, make and utilize the

compounds of the present invention and practice the claimed methods. The following working

examples specifically point out various aspects of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.



Example 1: Humanization of Murine Anti-CD19 Antibody

[00353] Humanization of murine CD 19 antibody is desired for the clinical setting, where the

mouse- specific residues may induce a human-anti-mouse antigen (HAMA) response in patients

who receive CART19 treatment, i.e., treatment with T cells transduced with the CAR19

construct. VH and VL sequences of hybridoma derived murine CD 19 antibody were extracted

from published literature (Nicholson et al, 1997, supra). Humanization was accomplished by

grafting CDR regions from murine CD19 antibody onto human germline acceptor frameworks

VH4_4-59 and VK3_L25 (vBASE database). In addition to the CDR regions, five framework

residues, i.e. VH #71, #73, #78 and VL #71 #87, thought to support the structural integrity of

the CDR regions were retained from the murine sequence. Further, the human J elements JH4

and JK2 were used for the heavy and light chain, respectively. The resulting amino acid

sequences of the humanized antibody were designated FMC63_VL_hz and FMC63_VH_hzl,

respectively, and are shown below in Table 1. The residue numbering follows Kabat (Kabat

E.A. et al, 1991, supra). For CDR definitions, both Kabat as well as Chothia et al, 1987 supra)

were used. Residues coming from mouse CD19 are shown in bold / italic. Positions #60/61/62

boxed indicate potential post-translational modification (PTM) site in CDR H2, also termed

HCDR2.

Table 1: Amino acid sequences of humanized CD19 variable domains (SEQ ID NOs: 114-1 17,
respectively, in order of appearance).

fi CDR 1 D 3 1
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[00354] These humanized CD19 IgGs were used to generate soluble scFvs to test for

expression and scFvs for the full CART CD 19 constructs (See Examples below). Of interest

was that during humanization, position 62 in the CDRH2 region prefers to be a serine residue

rather than the alanine present in the murine CDRH2. The murine sequence lacks a post-

translational modification (PTM), and has asparagine-serine-alanine at positions 60/61/62,

respectively in CDRH2. This generates potential PTM motifs (indicated as the boxed cite in

CDRH2) during the course of humanization. Whether the PTM site generated during

humanization process was actually a "true" PTM site or merely a theoretical one was tested. It

was hypothesized that the amino acid motif asparagine followed by serine (NS) may be

susceptible to post-translational deamidation but not something that was readily apparent. It

was also hypothesized that asparagine followed by any amino acid except proline and then

followed by serine (NxS, x≠P) may be susceptible to post-translational N-glycosylation. To

test this hypothesis, two IgG variants, were generated in which the asparagine at position 60

(known to be a glycosylation site) was mutated to serine, or glutamine and designated

FMC63_VH_hz2 (N60S) and FMC63_VH_hz2 (N60Q), respectively. These constructs were

generated in order to eliminate the potential post-translational modification site (PTM) and test

for retained activity (See Example 2 below).

Cloning:

[00355] DNA sequences coding for mouse and humanized VL and VH domains were

obtained, and the codons for the constructs were optimized for expression in cells from Homo

sapiens.

[00356] Sequences coding for VL and VH domain were subcloned from the cloning vectors

into expression vectors suitable for secretion in mammalian cells. The heavy and light chains

were cloned into individual expression vectors to allow co-transfection. Elements of the

expression vector include a promoter (Cytomegalovirus (CMV) enhancer-promoter), a signal

sequence to facilitate secretion, a polyadenylation signal and transcription terminator (Bovine

Growth Hormone (BGH) gene), an element allowing episomal replication and replication in

prokaryotes (e.g. SV40 origin and ColEl or others known in the art) and elements to allow

selection (ampicillin resistance gene and zeocin marker).



Expression:

[00357] Chimera and humanized IgG candidates were expressed in HEK293F mammalian

cells at 1ml scale. Cleared supernatants were used for FACS binding studies. More precisely,

HEK293F cells were diluted to 5E5 cells/ml in FreeStyle medium supplemented with Pen/Strep

and 1 ml transferred into 24 round bottom deep well plate. 0.5 µ of light and 0.5 µg of heavy

chain mammalian expression plasmids were diluted in the same medium together with 4 µΐ of

FuGENE HD (Roche REF 04709705001). After 15 min RT incubation, DNA/Fugene mix was

added drop-wise to the cells and placed in a 5% C0 2 incubator at 250 rpm, 37°C for five days.

Supernatant were then separated from the cells by centrifugation. To measure IgG content,

aliquots of 200 were placed in the wells of 96-well microtiter plates. All samples and

standards were measured in duplicate using Protein A Dip and read biosensors (Fortebio Cat

No 18-5010). The plate was placed in an Octet instrument (ForteBio) and allowed to equilibrate

to 27° C in the thermostated chamber. Data were processed automatically using the Octet User

Software version 3.0 and concentration determined by comparing to an IgG standard curve.

Binding Analysis by FACS:

[00358] Humanized and chimera antibodies were evaluated with a flow cytometry binding

assay using cell line 300.19-hsCD19FL. This cell line was generated by transfecting the mouse

preB cell line 300.19 with a vector (hCD19 FL/pEF4-myc-His A) encoding the full length

human CD19 encoding sequence and natural promoter as well as a Zeocin resistance gene. In

brief, 300.19 cells were electroporated with the linearized plasmid and then cells expressing

high levels of hsCD19 were identified using an APC-conjugated anti-human CD 19 Ab (clone

HIB19 from BD 555415) and subsequently sorted using a FACS Aria flow cytometer. The

sorted hsCD19+ cells were cultured and confirmed to stably express high levels of hsCD19.

[00359] The binding assay could be performed directly with the serum free culture media

containing the expressed IgG. All evaluated IgGs were normalized to the same concentration

(85nM), before to be diluted by a 3 fold serial dilution down to 1.4pM. Then, in a 96-well plate,

aliquots of 5xl0 5 cells/well were incubated for 30 min at 4°C with diluted IgGs. Cells were

washed twice with FACS buffer (0.5% BSA in PBS) before addition of the detection antibody,

an APC conjugated goat anti-hu IgG, Fc fragment specific (Dianova #109-136-098), diluted

1:1000 in FACS buffer. Cells were incubated a further 30 min at 4°C, then washed twice in

FACS buffer and assayed using FACS Calibur (BD Bioscience). Binding curves plotting



(median of fluorescence intensity versus IgG concentration) and EC50 determination were

performed with GraphPad PrismTM 3.0 software with nonlinear regression analysis, sigmoidal

dose response (variable slope).

[00360] The FACS analyses show that apparent binding for all evaluated IgGs can vary

widely, with some constructs exhibiting a 5 to 10 fold shift in EC50 as an IgG versus a scFv.

Based on EC50 values, lead candidates are chosen that have a binding affinity within a factor of

2 or better compared to the chimeric reference.

Example 2: Characterization of anti-CD19 soluble scFv fragments derived from humanized CD19

IgG Antibodies

[00361] Soluble scFv fragments were generated from the humanized CD19 IgGs described

in Example 1 using standard molecule biology techniques. These soluble scFvs were used in

characterization studies to examine the stability, cell surface expression, and binding properties

of the scFvs. Additionally, experiments were also conducted to investigate the impact of the

potential PTM introduced during the humanization process.

scFv expression and purification

[00362] For transfection of each scFv construct, around 3e8 293F cells were transfected with

100 µg of plasmid using PEI as the transfection reagent at the ratio of 3:1 (PELDNA). The cells

were grown in 100ml ΕΧΡ 293 Expression media (Invitrogen) in a shaker flask at 37°C, 125

rpm, 8% C0 2. The culture was harvested after six days and used for protein purification.

[00363] 293F cells were harvested by spinning down at 3500g for 20 minutes. The

supernatant was collected and filtered through VacuCap90 PF Filter Unit (w/0.8/0^m Super

Membrane, PALL). Around 400 µΐ 400ul of Ni-NTA agarose beads (Qiagen) were added to

the supernatant. The mixture was rotated and incubated for 4 hrs at 4°C. It was loaded onto a

purification column and washed with washing buffer with 20mM Histidine. The protein was

eluted with 500µ1elution buffer with 300mM Histidine. The samples were dialyzed against

PBS buffer at 4C overnight. Protein samples were quantified using nanodrop 2000c.

scFv conformation and colloidal stability analysis

[00364] Thermostability of the scFv was determined by DSF : mix 10-20 µΐ of protein

sample with the dye Sypro Orange (Invitrogen Cat#S6650) of a final dilution at 1:1000, in a



total volume of 25 µΐ in PBS, run BioRad CFX1000 (25 C for 2 min, then increment 0.5° C for

30 second, 25 to 95° C).

[00365] For analytical SEC experiment, around 15-20µ of scFv protein sample in 20µ1PBS

was injected onto TSKgel Super SW2000 at 0.3ml/min flow rate on n Agilent 1100 series.

EC50 by FACS binding

[00366] Mouse cell line 300.CD19 were grown in RPMI 1640 with 0.5 mg/ml Zeocin.

Around 5e5 cells /per well were transferred to the BD Falcon 96 well plate. The cells were spin

down at 900 rpm (Sorval Legend XT centrifuge) for 3 minutes. The supernatant were removed.

Anti-CD19 scFv protein samples were diluted in DPBS with 5% FBS. The samples were added

into the wells, mixed well with the cells and incubated for 1 hour. The cells were washed twice

in the DPBS with 5% FBS. The cells were incubated with antipoly His PE (R&D) for 1 hour,

washed twice before FACS analysis (LSRII from BD Biosciences).

Kinetic analysis by Proteon

[00367] Kinetics were determined using Bio-Rad Proteon. Immobilization was performed

using standard amine coupling on a GLC sensor chip. The scFv samples were diluted to 0.03

mg/mL in acetate pH 4.5 and applied to the chip at a flow rate of 30 µ /ιη η for 300 seconds.

The CD 19 ligand was then serial diluted in PBS-Tween and injected at a flow rate of 50

µΕ/η η for 120 seconds with a dissociation time of 480 seconds. The chip surface was

regenerated with glycine pH 2.5. Data was fitted using a 1:1 Langmuir model.

Surface expression of CART19 constructs and staining by FACS

[00368] HEK293F suspension cells transiently transfected with different anti-hCD19

CARTs were harvested 2 days after the transfection. Around le6 cells were placed into each

well of a V-shape 96 well plate (Greiner Bio-One, Germany) and washed three times with 0.2

ml FACS buffer (1XPBS containing 4% bovine serum albumin (BSA) (BSA fraction V, Roche

Diagnostics, Indianapolis, IN). Cells were resuspended in 0.2 ml of the FCAS buffer with either

0.2 µg of biotinylated protein L (GenScript, Piscataway, NJ) or 100 nM of hCD19(AA 1-291)-

hlgGl Fc (Generated in NIBRI) and incubated at 4°C for 30 minutes. Cells were then washed

with 0.2 ml of FACS buffer three times, and incubated with 1 µΐ Streptavidin Alexa Fluor 488

(Life Technologies, Grand Island, NY) in 0.2 ml of FACS buffer for samples with protein L, or

2 µΐ of PE anti-human FCT (Jackson ImmunoResearch Laboratories, West Grove, PA) in 0.2 ml



of FACS buffer for samples with hCD19-hIgGl Fc for 30 minutes at 4°C in the dark. After

washing with 0.2 ml of FACS buffer three times, cells were analyzed on a LSRII (BD

Biosciences, San Jose, CA) machine using the FACSDiva software (BD Biosciences, San Jose,

CA). Immunofluorescence staining was analyzed as the relative log fluorescence of live cells,

and the percentage of the Alexa Fluor 488 positive or PE positive cells were measured.

Analysis of Potential PMTs generated during the Humanization Process

[00369] Of interest was that during humanization, position 62 in the CDRH2 region prefers

to be a serine residue rather than the alanine present in the murine CDRH2 as described in

Example 1.Whether the PTM site generated during humanization process was actually a "true"

PTM site or merely a theoretical one was tested. Two IgG variants were generated in which the

asparagine at position 60 (known to be a glycosylation site) was mutated to serine, or glutamine

and designated FMC63_VH_hz2 (N60S) and FMC63_VH_hz2 (N60Q), respectively. These

constructs were generated in order to eliminate the potential post-translational modification site

(PTM) and test for retained activity.

Results

[00370] Anti-CD 19 humanized scFvs and mouse scFv were expressed in 293F cells and

purified through His tag. The expression and yield of all humanized scFvs was much higher

than the original mouse scFv (data not shown).

[00371] To confirm identity and assess integrity, the scFV constructs are analyzed with or

without incubation with N-glycanase F (PNGaseF) followed by both high-performance liquid

chromatography mass spectrometry (HPLC-MS) (See Fig 3) and SDS-PAGE (data not shown).

PNGaseF is an enzyme specific for the removal of N-linked glycan structures from the

consensus sequence N-X-S/T/C where X is any amino acid except proline. Briefly, the

samples are diluted in water to 0 .1 g L and either left untreated or incubated with PNGaseF

at a 1:2 (w/w) PNGaseF: scFV ratio for 3 hours at 37°C.

[00372] SDS-PAGE analysis is performed using a NuPAGE 4-12% Bis-Tris gel from

Novex. Approximately 2 µg scFV are loaded into each lane and the electrophoresis is

conducted at 200 V constant for 40 minutes. Following electrophoresis, the gel is stained using



PhastGel Blue R 250 stain (Amersham Pharmacia) and destained with 10% acetic acid, 30%

methanol.

[00373] HPLC-MS analysis is performed on the Water's Acquity UPLC system coupled to a

Xevo-Tof mass spectrometer. Approximately 1 µ of each sample is loaded onto a R 1/10 2.1

x 100 mm 10 µιη POROS column (Applied Biosciences) set to 60°C at a flow rate of 0.5

mL/min. Mobile phases are composed of 0.1% formic acid (A) and 0.1% formic acid, 75%

isopropanol, 25% acetonitrile (B). Protein is eluted from the column with a reverse phase

gradient from 25%-90% B in 12 minutes. The acquisition is performed using electrospray

positive scan at the m/z range of 600-4000 Da with a source cone voltage ramp 20-50V. The

resulting spectra are deconvoluted using MaxEntl.

[00374] The glycosylation site was introduced during the process of humanization. The non-

PTM variants (VH: N60S or N60Q) were without this additional form. The construct was the

only one with a consensus site of N-linked glycosylation in HC CDR2. From the SDS-PAGE

analysis, the untreated samples migrated as single bands consistent with the approximate

molecular weights of the sequences for all constructs except 103101-WT (S/N) for which

doublet is observed. This construct is the only one with a consensus site of N-linked

glycosylation in H-CDR2. When treated with PNGaseF, the higher molecular weight band of

the doublet is no longer present suggesting partial occupancy of the site. Similarly, the

observed molecular weights from the deconvoluted mass spectra are consistent with those

predicted from the amino acid sequences. However, while the other constructs demonstrated a

single primary molecular species, 103101-WT (S/N) also had a population 1217 Daltons higher

than that predicted from the sequence which is no longer present after treatment with PNGaseF.

This is consistent with the presence of a single predominant N-linked glycoform, likely

oligomannose 5 based upon mass. The presence of the glycosylated form was confirmed by the

MS analysis as shown in FIG. 3 .

[00375] The conformation stability was measured by Differential Scanning Fluorimetry

(DSF). As shown in Fig. 4, the Tm of mouse scFv was 57°C, while the human variants showed

higher Tm at around 70°C. The Tm for all the humanized scFv is much better than the murine

scFv, clearly showing that all the humanized scFv are more stable than the murine scFv. This

stability will likely translate to the CART 19 construct, likely leading to improved therapeutic

properties.



[00376] The activity of the purified scFv was measure by binding to hCD19 expression cells

as well as by binding to hCD19 antigen using SPR based detection method. Mouse cell line 300

was used to determine the binding of scFvs. The EC50 of mouse scFv for hCD19 was around

06-1.6 nM. The humanized variants showed EC50 of the same range in the low or sub nM EC50S

range.

Example 3: CD19 CAR Constructs

[00377] ScFv to be used in the final CAR construct were derived from the humanized IgG

described in Example 1. The order in which the VL and VH domains appear in the scFv was

varied (i.e., VL-VH, or VH-VL orientation), and where either three or four copies of the "G4S"

(SEQ ID NO: 18) subunit, in which each subunit comprises the sequence GGGGS (SEQ ID

NO: 18) (e.g., (G4S)3 (SEQ ID NO: 107) or (G4S)4(SEQ ID NO: 106)), connect the variable

domains to create the entirety of the scFv domain, as shown in Table 2 .

[00378] Table 2 . Humanized CD19 scFv constructs showing VH and VL orientation and

linker length ("3G4S" is disclosed as SEQ ID NO: 107 and "4G4S" is disclosed as SEQ ID NO:

106).

construct ID Length aa annotation Vh change

mscFvCTL019 486 VL-VH, 3G4S

104879 491 VL-VH, 4G4S N/S

104880 491 VL-VH, 4G4S N/Q

10488 1 491 VH-VL, 4G4S N/S

104882 491 VH-VL, 4G4S N/Q

104875 486 VL-VH, 3G4S N/S

104876 486 VL-VH, 3G4S N/Q

104877 486 VH-VL, 3G4S N/S

104878 486 VH-VL, 3G4S N/Q

105974 491 VL-VH, 4G4S S/N

105975 491 VH-VL, 4G4S S/N

105976 486 VL-VH, 3G4S S/N

105977 486 VH-VL, 3G4S S/N



[00379] The sequences of the humanized scFv fragments (SEQ ID NOS: 1-12) are provided

below in Table 3 . Full CAR constructs were generated using SEQ ID NOs: 1-12 with

additional sequences, SEQ ID NOs: 13-17, shown below, to generate full CAR constructs with

SEQ ID NOs: 31-42.

• leader (amino acid sequence) (SEQ ID NO: 13)

MALPVTALLLPLALLLHAARP

• leader (nucleic acid sequence) (SEQ ID NO: 54)

ATGGCCCTGCCTGTGACAGCCCTGCTGCTGCCTCTGGCTCTGCTGCTGCATGCCGCTAGACC

C

• CD8 hinge (amino acid sequence) (SEQ ID NO: 14)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD

• CD8 hinge (nucleic acid sequence) (SEQ ID NO: 55)

ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTG

TCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCACACGAGGGGGCTG

GACTTCGCCTGTGAT

• CD8 transmembrane (amino acid sequence) (SEQ ID NO: 15)

IYIWAPLAGTCGVLLLSLVITLYC

• transmembrane (nucleic acid sequence) (SEQ ID NO: 56)

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCAC

CCTTTACTGC

• 4-1BB Intracellular domain (amino acid sequence) (SEQ ID NO: 16)

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

• 4-1BB Intracellular domain (nucleic acid sequence) (SEQ ID NO: 60)

AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAA

ACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGT

GAACTG



• CD3 zeta domain (amino acid sequence) (SEQ ID NO: 17)

RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE

LQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

• CD3 zeta (nucleic acid sequence) (SEQ ID NO: 101)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACAAGCAGGGCCAGAACCAGCTC

TATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGC

CGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAA

TGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCG

CCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACAC

CTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC

• CD3 zeta domain (amino acid sequence; NCBI Reference Sequence NM_000734.3) (SEQ

ID NO:43)

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE

LQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

• CD3 zeta (nucleic acid sequence; NCBI Reference Sequence NM_000734.3); (SEQ

ID NO:44)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAG

AACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTT

TGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGA

AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGG

AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGC

ACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGC

CCTTCACATGCAGGCCCTGCCCCCTCGC

IgG4 Hinge (amino acid sequence) (SEQ ID NO: 102)

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGV

EVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPRE

PQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSR

LTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKM



IgG4 Hinge (nucleotide sequence) (SEQ ID NO: 103)

GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGGACCCA

GCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCCGAGGT

GACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCAGTTCAACTGGTACGTG

GACGGCGTGGAGGTGCACAACGCCAAGACCAAGCCCCGGGAGGAGCAGTTCAATAGCACC

TACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATAC

AAGTGTAAGGTGTCCAACAAGGGCCTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGCC

AAGGGCCAGCCTCGGGAGCCCCAGGTGTACACCCTGCCCCCTAGCCAAGAGGAGATGACC

AAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG

AGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACA

GCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGG

GCAACGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAG

CCTGAGCCTGTCCCTGGGCAAGATG

[00380] These clones all contained a Q/K residue change in the signal domain of the co-

stimulatory domain derived from 4- IBB.

Table 3 : Humanized CD 19 CAR Constructs



gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagact acttactactcttcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagccaccaccatcatcaccatcaccat

103101 73 M PVTA LLPIA LLHAARPeiv tqspatlslspgeratlscrasqdiskylnw

CAR1 yqqkpgqapr lliyhtsrIhsgiparfsgsgsgtdytltisslqpedf avyfcqqg

ntlpytfgqgtkleikggggsggggsggggsqvqlqesgpglvkpsetlsltctvsSoluble
gvslpdygvswirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslk

scFv - aa
lssvtaadtavyycakhyyyggsyamdywgqgtlvtvsshhhhhhhh

104875 85 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR 1 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggFull - nt
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagccaggtccaactccaagaaa

gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagact acttactactcttcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagcaccactaccccagcaccgaggccacccaccccggctcctaccatcgcctcc

cagcctctgtccctgcgtccggaggcatgtagacccgcagctggtggggccgtgca

tacccggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggta

cttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcgg

aagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactca

agaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaac

tgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaac

cagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaa

gcggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaag

agggcctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagatt

ggtatgaaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggact

cagcaccgccaccaaggacacctatgacgctcttcacatgcaggccctgccgcctc



gg

104875 31 MALPVTALLLPLALLLHAARPeivmtqspatlslspgeratlscrasqdiskylnw

CAR 1 - yqqkpgqapr lliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfavyfcqqg

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlsltctvsFull - aa
qvslpdygvswirqppqkqlewiqviwgsettyyssslksrvtiskdnsknqvslk

lssvtaadtavyycakhyyyggsyamdywqqqtlvtvsstttpaprpptpaptias

qplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitlyckrgr

kkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapaykqgqn

qlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeaysei

gmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 2

CAR2 scFv 2 eivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsr lhs

domain giparfsgsgsgtdyt Itisslqpedfavyfcqqgntlpytfgqgtkleikggggs

ggggsggggsqvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkgle

wigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyg

gsyamdywgqgtlvtvss

103102 62 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR2 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

Soluble agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattgg

tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct
scFv - nt

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagccaggtccaactccaagaaa

gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagactacttactaccaatcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagccaccaccatcatcaccatcaccat

103102 74 M PVTA LLPIA LLHAARPeiv tqspatlslspqeratlscrasqdiskylnw

CAR2 - yqqkpgqapr lliyhtsrlhsgiparfsgsgsgtdyt Itisslqpedfavyfcqqg

Soluble ntlpytfgqgtkleikggggsggggsggggsqvqlqesgpglvkpset IsItctvs

gvslpdygvswirqppgkglewigviwgsettyyqsslksrvtiskdnsknqvslk
scFv - aa

lssvtaadtavyycakhyyyqqsyamdywqqqtlvtvsshhhhhhhh

104876 86 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg



CAR 2 - agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattgg

Full - nt tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagccaggtccaactccaagaaa

gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagactacttactaccaatcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagcaccactaccccagcaccgaggccacccaccccggctcctaccatcgcctcc

cagcctctgtccctgcgtccggaggcatgtagacccgcagctggtggggccgtgca

tacccggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggta

cttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcgg

aagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactca

agaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaac

tgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaac

cagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaa

gcggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaag

agggcctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagatt

ggtatgaaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggact

cagcaccgccaccaaggacacctatgacgctcttcacatgcaggccctgccgcctc

gg

104876 32 MALPVTALLLPLALLLHAARPeivmtqspatlslspgeratlscrasqdiskylnw

CAR 2 - yqqkpgqaprlliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfavyfcqqg

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlsltctvsFull - aa
qvslpdygvswirqppqkqlewiqviwgsettyyqsslksrvtiskdnsknqvslk

lssvtaadtavyycakhyyyggsyamdywqqqtlvtvsstttpaprpptpaptias

qplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitlyckrgr

kkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapaykqgqn

qlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeaysei

gmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 3

CAR3 scFv 3 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

domain tyyssslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggseivmtqspatlslspgeratlscrasqdiskyl



nwyqqkpgqapr lliyhtsrIhsgiparfsgsgsgtdytltisslqpedf avyfcq

qgntlpytfgqgtkleik

103104 63 I atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 3 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcSoluble
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

scFv - nt
cgaaaccacttactattcatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccgaaatcgtgatgacccagagccctgcaaccctgtcc

ctttctcccggggaacgggctaccctttcttgtcgggcatcacaagatatctcaaa

atacctcaattggtatcaacagaagccgggacaggcccctaggcttcttatctacc

acacctctcgcctgcatagcgggattcccgcacgctttagcgggtctggaagcggg

accgactacactctgaccatctcatctctccagcccgaggacttcgccgtctactt

ctgccagcagggtaacaccctgccgtacaccttcggccagggcaccaagcttgaga

tcaaacatcaccaccatcatcaccatcac

103104 75 IMA PVTA LLPIA LLHAARPqvqlqesqpglvkpsetlsltctvsgvslpdygvs

CAR 3 - wirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggseivmtqspat IsSoluble
lspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrIhsgiparfsgsgsg

scFv - aa
tdytltisslqpedf avyfcqqgntlpytfgqgtkleikhhhhhhhh

104877 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 3 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcFull - nt
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

cgaaaccacttactattcatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccgaaatcgtgatgacccagagccctgcaaccctgtcc

ctttctcccggggaacgggctaccctttcttgtcgggcatcacaagatatctcaaa

atacctcaattggtatcaacagaagccgggacaggcccctaggcttcttatctacc

acacctctcgcctgcatagcgggattcccgcacgctttagcgggtctggaagcggg

accgactacactctgaccatctcatctctccagcccgaggacttcgccgtctactt

ctgccagcagggtaacaccctgccgtacaccttcggccagggcaccaagcttgaga

tcaaaaccactactcccgctccaaggccacccacccctgccccgaccatcgcctct

cagccgctttccctgcgtccggaggcatgtagacccgcagctggtggggccgtgca



tacccggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggta

cttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcgg

aagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactca

agaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaac

tgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaac

cagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaa

gcggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaag

agggcctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagatt

ggtatgaaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggact

cagcaccgccaccaaggacacctatgacgctcttcacatgcaggccctgccgcctc

gg

104877 33 MALPVTALLLPLALLLHAARPqvqlqesgpglvkpset lsltctvsgvslpdygvs

CAR 3 - wirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlsFull - aa
lspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgipar fsgsgsg

tdytltisslqpedf avyfcqqgntlpytfgqgtkleiktttpaprpptpaptias

qplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitlyckrgr

kkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapaykqgqn

qlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeaysei

gmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 4

CAR4 scFv 4 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

domain tyyqsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggseivmtqspatlslspgeratlscrasqdiskyl

nwyqqkpgqapr lliyhtsrIhsgiparfsgsgsgtdytltisslqpedf avyfcq

qgntlpytfgqgtkleik

103106 64 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR4 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcSoluble
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

scFv - nt
cgaaaccacttactatcaatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccgaaatcgtgatgacccagagccctgcaaccctgtcc

ctttctcccggggaacgggctaccctttcttgtcgggcatcacaagatatctcaaa

atacctcaattggtatcaacagaagccgggacaggcccctaggcttcttatctacc

acacctctcgcctgcatagcgggattcccgcacgctttagcgggtctggaagcggg



accgactacactctgaccatctcatctctccagcccgaggacttcgccgtctactt

ctgccagcagggtaacaccctgccgtacaccttcggccagggcaccaagcttgaga

tcaaacatcaccaccatcatcaccatcac

103106 76 M PVTA LLPIA LLHAARPqvqlqesgpglvkpsetlsltctvsgvslpdygvs

CAR4 - wirqppgkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggseivmtqspat IsSoluble
lspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgiparfsgsgsg

scFv -aa
tdytltisslqpedf avyfcqqgntlpytfgqgtkleikhhhhhhhh

104878 88 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 4 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcFull - nt
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

cgaaaccacttactatcaatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccgaaatcgtgatgacccagagccctgcaaccctgtcc

ctttctcccggggaacgggctaccctttcttgtcgggcatcacaagatatctcaaa

atacctcaattggtatcaacagaagccgggacaggcccctaggcttcttatctacc

acacctctcgcctgcatagcgggattcccgcacgctttagcgggtctggaagcggg

accgactacactctgaccatctcatctctccagcccgaggacttcgccgtctactt

ctgccagcagggtaacaccctgccgtacaccttcggccagggcaccaagcttgaga

tcaaaaccactactcccgctccaaggccacccacccctgccccgaccatcgcctct

cagccgctttccctgcgtccggaggcatgtagacccgcagctggtggggccgtgca

tacccggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggta

cttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcgg

aagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactca

agaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaac

tgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaac

cagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaa

gcggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaag

agggcctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagatt

ggtatgaaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggact

cagcaccgccaccaaggacacctatgacgctcttcacatgcaggccctgccgcctc

gg

104878 34 MALPVTALLLPLALLLHAARPqvqlqesgpglvkpset lsltctvsgvslpdygvs

CAR 4 - wirqppgkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatls



Full -aa lspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsqsqsq

tdytltisslqpedf avyfcqqgntlpytf qqqtkleiktttpaprpptpaptias

qplslrpeacrpaaqqavhtrqldf acdiyiwaplaqtcqvlllslvitlyckrqr

kkllyif kqpfmrpvqttqeedqcscr fpeeeeqqcelrvkf srsadapaykqqqn

qlynelnlqrreeydvldkrrqrdpemqqkprrknpqeqlynelqkdkmaeaysei

qmkqerrrqkqhdqlyqqlstatkdtydalhmqalppr

CAR 5

CAR5 scFv 5 eivmtqspatlslspqeratlscrasqdiskylnwyqqkpqqapr lliyhtsr lhs

domain qipar fsqsqsqtdytltisslqpedf avyfcqqqntlpytf qqqtkleikqqqqs

qqqqsqqqqsqqqqsqvqlqesqpqlvkpset lsltctvsqvslpdyqvswirqpp

qkqlewiqviwqsettyyssslksrvtiskdnsknqvslklssvtaadtavyycak

hyyyqqsyamdywqqqt lvtvss

99789 65 atqqccctcccaqtqaccqctctqctqctqcctctcqcacttcttctccatqccqc

CAR5 - tcqqcctqaqatcqtcatqacccaaaqccccqctaccctqtccctqtcacccqqcq

aqaqqqcaaccctttcatqcaqqqccaqccaqqacatttctaaqtacctcaactqqSoluble
tatcaqcaqaaqccaqqqcaqqctcctcqcctqctqatctaccacaccaqccqcct

scFv - nt
ccacaqcqqtatccccqccaqattttccqqqaqcqqqtctqqaaccqactacaccc

tcaccatctcttctctqcaqcccqaqqatttcqccqtctatttctqccaqcaqqqq

aatactctqccqtacaccttcqqtcaaqqtaccaaqctqqaaatcaaqqqaqqcqq

aqqatcaqqcqqtqqcqqaaqcqqaqqaqqtqqctccqqaqqaqqaqqttcccaaq

tqcaqcttcaaqaatcaqqacccqqacttqtqaaqccatcaqaaaccctctccctq

acttqtaccqtqtccqqtqtqaqcctccccqactacqqaqtctcttqqattcqcca

qcctccqqqqaaqqqtcttqaatqqattqqqqtqatttqqqqatcaqaqactactt

actactcttcatcacttaaqtcacqqqtcaccatcaqcaaaqataataqcaaqaac

caaqtqtcacttaaqctqtcatctqtqaccqccqctqacaccqccqtqtactattq

tqccaaacattactattacqqaqqqtcttatqctatqqactactqqqqacaqqqqa

ccctqqtqactqtctctaqccatcaccatcaccaccatcatcac

99789 77 M PVTA LLPIA LLHAARPeiv tqspatlslspqeratlscrasqdiskylnw

CAR5 - yqqkpqqapr lliyhtsr lhsqiparf sqsqsqtdytltisslqpedf avyfcqqq

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlslSoluble
tctvsqvslpdyqvswirqppqkqlewiqviwqsettyyssslksrvtiskdnskn

scFv -aa
qvslklssvtaadtavyycakhyyyqqsyamdywqqqtlvtvsshhhhhhhh

104879 89 atqqccctccctqtcaccqccctqctqcttccqctqqctcttctqctccacqccqc

CAR 5 - tcqqcccqaaattqtqatqacccaqtcacccqccactcttaqcctttcacccqqtq

aqcqcqcaaccctqtcttqcaqaqcctcccaaqacatctcaaaataccttaattqqFull - nt
tatcaacaqaaqcccqqacaqqctcctcqccttctqatctaccacaccaqccqqct

ccattctqqaatccctqccaqqttcaqcqqtaqcqqatctqqqaccqactacaccc

tcactatcaqctcactqcaqccaqaqqacttcqctqtctatttctqtcaqcaaqqq



aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagcggcggaggcgggagccagg

tccaactccaagaaagcggaccgggtcttgtgaagccatcagaaactctttcactg

acttgtactgtgagcggagtgtctctccccgattacggggtgtcttggatcagaca

gccaccggggaagggtctggaatggattggagtgatttggggctctgagactactt

actactcttcatccctcaagtcacgcgtcaccatctcaaaggacaactctaagaat

caggtgtcactgaaactgtcatctgtgaccgcagccgacaccgccgtgtactattg

cgctaagcattactattatggcgggagctacgcaatggattactggggacagggta

ctctggtcaccgtgtccagcaccactaccccagcaccgaggccacccaccccggct

cctaccatcgcctcccagcctctgtccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

104879 35 MALPVTALLLPLALLLHAARPeivmtqspatlslspgeratlscrasqdiskylnw

CAR 5 - yqqkpgqapr lliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfavyfcqqg

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlslFull - aa
tctvsgvslpdygvswirqppqkqlewiqviwgsettyyssslksrvtiskdnskn

qvslklssvtaadtavyycakhyyyggsyamdywqqqtlvtvsstttpaprpptpa

ptiasqplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitly

ckrgrkkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapay

kqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmae

ayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 6

CAR6 6 eivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsr lhs

scFv giparfsgsgsgtdyt Itisslqpedfavyfcqqgntlpytfgqgtkleikggggs

ggggsggggsggggsqvqlqesgpglvkpset lsltctvsgvslpdygvswirqppdomain
gkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadtavyycak

hyyyggsyamdywgqgt lvtvss

99790 66 atggccctcccagtgaccgctctgctgctgcctctcgcacttcttctccatgccgc

tcggcctgagatcgtcatgacccaaagccccgctaccctgtccctgtcacccggcg



CAR6 - agagggcaaccctttcatgcagggccagccaggacatttctaagtacctcaactgg

Soluble tatcagcagaagccagggcaggctcctcgcctgctgatctaccacaccagccgcct

ccacagcggtatccccgccagattttccgggagcgggtctggaaccgactacacccscFv - nt
tcaccatctcttctctgcagcccgaggatttcgccgtctatttctgccagcagggg

aatactctgccgtacaccttcggtcaaggtaccaagctggaaatcaagggaggcgg

aggatcaggcggtggcggaagcggaggaggtggctccggaggaggaggttcccaag

tgcagcttcaagaatcaggacccggacttgtgaagccatcagaaaccctctccctg

acttgtaccgtgtccggtgtgagcctccccgactacggagtctcttggattcgcca

gcctccggggaagggtcttgaatggattggggtgatttggggatcagagactactt

actaccagtcatcacttaagtcacgggtcaccatcagcaaagataatagcaagaac

caagtgtcacttaagctgtcatctgtgaccgccgctgacaccgccgtgtactattg

tgccaaacattactattacggagggtcttatgctatggactactggggacagggga

ccctggtgactgtctctagccatcaccatcaccaccatcatcac

99790 78 M PVTA LLPIA LLHAARPeiv tqspatlslspgeratlscrasqdiskylnw

CAR6 - yqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedf avyfcqqg

ntlpytfgqgtkleikggggsggggsggggsggggsqvqlqesgpglvkpsetlslSoluble
tctvsgvslpdygvswirqppgkglewigviwgsettyyqsslksrvtiskdnskn

scFv - aa
qvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvsshhhhhhhh

104880 90 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR6 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggFull - nt
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagcggaggcggagggagccagg

tccaactccaagaaagcggaccgggtcttgtgaagccatcagaaactctttcactg

acttgtactgtgagcggagtgtctctccccgattacggggtgtcttggatcagaca

gccaccggggaagggtctggaatggattggagtgatttggggctctgagactactt

actaccaatcatccctcaagtcacgcgtcaccatctcaaaggacaactctaagaat

caggtgtcactgaaactgtcatctgtgaccgcagccgacaccgccgtgtactattg

cgctaagcattactattatggcgggagctacgcaatggattactggggacagggta

ctctggtcaccgtgtccagcaccactaccccagcaccgaggccacccaccccggct

cctaccatcgcctcccagcctctgtccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg



aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

104880 36 MALPVTALLLPLALLLHAARPeivmtqspatlslspgeratlscrasqdiskylnw

CAR6 - yqqkpgqaprlliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfavyfcqqg

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlslFull - aa
tctvsqvslpdygvswirqppqkqlewiqviwgsettyyqsslksrvtiskdnskn

qvslklssvtaadtavyycakhyyyggsyamdywqqqtlvtvsstttpaprpptpa

ptiasqplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitly

ckrgrkkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapay

kqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmae

ayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 7

CAR7 scFv 7 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

domain tyyssslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggsggggseivmtqspatlslspgeratlscrasqd

iskylnwyqqkpgqapr lliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfa

vyfcqqgntlpytfgqgtkleik

100796 67 atggcactgcctgtcactgccctcctgctgcctctggccctccttctgcatgccgc

CAR7 - caggccccaagtccagctgcaagagtcaggacccggactggtgaagccgtctgaga

ctctctcactgacttgtaccgtcagcggcgtgtccctccccgactacggagtgtcaSoluble
tggatccgccaacctcccgggaaagggcttgaatggattggtgtcatctggggttc

scFv - nt
tgaaaccacctactactcatcttccctgaagtccagggtgaccatcagcaaggata

attccaagaaccaggtcagccttaagctgtcatctgtgaccgctgctgacaccgcc

gtgtattactgcgccaagcactactattacggaggaagctacgctatggactattg

gggacagggcactctcgtgactgtgagcagcggcggtggagggtctggaggtggag

gatccggtggtggtgggtcaggcggaggagggagcgagattgtgatgactcagtca

ccagccaccctttctctttcacccggcgagagagcaaccctgagctgtagagccag

ccaggacatttctaagtacctcaactggtatcagcaaaaaccggggcaggcccctc

gcctcctgatctaccatacctcacgccttcactctggtatccccgctcggtttagc

ggatcaggatctggtaccgactacactctgaccatttccagcctgcagccagaaga

tttcgcagtgtatttctgccagcagggcaatacccttccttacaccttcggtcagg

gaaccaagctcgaaatcaagcaccatcaccatcatcaccaccat

100796 79 M PVTA LLPIA LLHAARPqvqlqesqpqlvkpsetlsltctvsqvslpdyqvs



CAR7 - wirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadta

Soluble vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggsggggseivmtqs

patlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgiparfsscFv - aa
gsgsgtdytltisslqpedf avyfcqqgntlpytfgqgtkleikhhhhhhhh

104881 91 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 7 tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcFull - nt
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

cgaaaccacttactattcatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccggaggtggcggaagcgaaatcgtgatgacccagagc

cctgcaaccctgtccctttctcccggggaacgggctaccctttcttgtcgggcatc

acaagatatctcaaaatacctcaattggtatcaacagaagccgggacaggccccta

ggcttcttatctaccacacctctcgcctgcatagcgggattcccgcacgctttagc

gggtctggaagcgggaccgactacactctgaccatctcatctctccagcccgagga

cttcgccgtctacttctgccagcagggtaacaccctgccgtacaccttcggccagg

gcaccaagcttgagatcaaaaccactactcccgctccaaggccacccacccctgcc

ccgaccatcgcctctcagccgctttccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

104881 37 MALPVTALLLPLALLLHAARPqvqlqesgpglvkpset lsltctvsgvslpdygvs

CAR 7 wirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggsggggseivmtqsFull - aa
patlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgipar fs

gsgsgtdytltisslqpedf avyfcqqgntlpytfgqgtkleiktttpaprpptpa

ptiasqplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitly

ckrgrkkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapay



kqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmae

ayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 8

CAR8 scFv 8 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

domain tyyqsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggsggggseivmtqspatlslspgeratlscrasqd

iskylnwyqqkpgqapr lliyhtsrlhsgiparfsgsgsgtdytltisslqpedf a

vyfcqqgntlpytfgqgtkleik

100798 68 atggcactgcctgtcactgccctcctgctgcctctggccctccttctgcatgccgc

CAR8 - caggccccaagtccagctgcaagagtcaggacccggactggtgaagccgtctgaga

ctctctcactgacttgtaccgtcagcggcgtgtccctccccgactacggagtgtcaSoluble
tggatccgccaacctcccgggaaagggcttgaatggattggtgtcatctggggttc

scFv - nt
tgaaaccacctactaccagtcttccctgaagtccagggtgaccatcagcaaggata

attccaagaaccaggtcagccttaagctgtcatctgtgaccgctgctgacaccgcc

gtgtattactgcgccaagcactactattacggaggaagctacgctatggactattg

gggacagggcactctcgtgactgtgagcagcggcggtggagggtctggaggtggag

gatccggtggtggtgggtcaggcggaggagggagcgagattgtgatgactcagtca

ccagccaccctttctctttcacccggcgagagagcaaccctgagctgtagagccag

ccaggacatttctaagtacctcaactggtatcagcaaaaaccggggcaggcccctc

gcctcctgatctaccatacctcacgccttcactctggtatccccgctcggtttagc

ggatcaggatctggtaccgactacactctgaccatttccagcctgcagccagaaga

tttcgcagtgtatttctgccagcagggcaatacccttccttacaccttcggtcagg

gaaccaagctcgaaatcaagcaccatcaccatcatcatcaccac

100798 80 MALPVTALLLPLALLLHAARP qvqlqesgpglvkpset IsItctvsgvslpdygvs

CAR8 - wirqppgkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggsggggseivmtqsSoluble
patlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgipar fs

scFv - aa
gsgsgtdytltisslqpedf avyfcqqgntlpytfgqgtkleikhhhhhhhh

104882 92 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 8 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcFull - nt
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

cgaaaccacttactatcaatcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccggaggcggtgggtcagaaatcgtgatgacccagagc

cctgcaaccctgtccctttctcccggggaacgggctaccctttcttgtcgggcatc



acaagatatctcaaaatacctcaattggtatcaacagaagccgggacaggccccta

ggcttcttatctaccacacctctcgcctgcatagcgggattcccgcacgctttagc

gggtctggaagcgggaccgactacactctgaccatctcatctctccagcccgagga

cttcgccgtctacttctgccagcagggtaacaccctgccgtacaccttcggccagg

gcaccaagcttgagatcaaaaccactactcccgctccaaggccacccacccctgcc

ccgaccatcgcctctcagccgctttccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

104882 38 MALPVTALLLPLALLLHAARPqvqlqesgpglvkpset lsltctvsgvslpdygvs

CAR 8 - wirqppgkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgtlvtvssggggsggggsggggsggggseivmtqsFull - aa
patlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgiparfs

gsgsgtdytltisslqpedf avyfcqqgntlpytf gqgtkleiktttpaprpptpa

ptiasqplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitly

ckrgrkkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapay

kqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmae

ayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR 9

CAR9 scFv 9 eivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsr lhs

domain giparfsgsgsgtdyt Itisslqpedfavyfcqqgntlpytfgqgtkleikggggs

ggggsggggsggggsqvqlqesgpglvkpset lsltctvsgvslpdygvswirqpp

gkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavyycak

hyyyggsyamdywgqgt lvtvss

99789 69 atggccctcccagtgaccgctctgctgctgcctctcgcacttcttctccatgccgc

CAR9 - tcggcctgagatcgtcatgacccaaagccccgctaccctgtccctgtcacccggcg

agagggcaaccctttcatgcagggccagccaggacatttctaagtacctcaactggSoluble
tatcagcagaagccagggcaggctcctcgcctgctgatctaccacaccagccgcct

scFv - nt
ccacagcggtatccccgccagattttccgggagcgggtctggaaccgactacaccc

tcaccatctcttctctgcagcccgaggatttcgccgtctatttctgccagcagggg



aatactctgccgtacaccttcggtcaaggtaccaagctggaaatcaagggaggcgg

aggatcaggcggtggcggaagcggaggaggtggctccggaggaggaggttcccaag

tgcagcttcaagaatcaggacccggacttgtgaagccatcagaaaccctctccctg

acttgtaccgtgtccggtgtgagcctccccgactacggagtctcttggattcgcca

gcctccggggaagggtcttgaatggattggggtgatttggggatcagagactactt

actacaattcatcacttaagtcacgggtcaccatcagcaaagataatagcaagaac

caagtgtcacttaagctgtcatctgtgaccgccgctgacaccgccgtgtactattg

tgccaaacattactattacggagggtcttatgctatggactactggggacagggga

ccctggtgactgtctctagccatcaccatcaccaccatcatcac

99789 81 M PVTA LLPIA LLHAARPeiv tqspatlslspgeratlscrasqdiskylnw

CAR9 - yqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedf avyfcqqg

ntlpytfgqgtkleikggggsggggsggggsggggsqvqlqesgpglvkpsetlslSoluble
tctvsgvslpdygvswirqppgkglewigviwgsettyynsslksrvtiskdnskn

scFv - aa
qvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvsshhhhhhhh

105974 93 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR 9 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggFull - nt
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagcggaggcggtgggagccagg

tccaactccaagaaagcggaccgggtcttgtgaagccatcagaaactctttcactg

acttgtactgtgagcggagtgtctctccccgattacggggtgtcttggatcagaca

gccaccggggaagggtctggaatggattggagtgatttggggctctgagactactt

actacaactcatccctcaagtcacgcgtcaccatctcaaaggacaactctaagaat

caggtgtcactgaaactgtcatctgtgaccgcagccgacaccgccgtgtactattg

cgctaagcattactattatggcgggagctacgcaatggattactggggacagggta

ctctggtcaccgtgtccagcaccactaccccagcaccgaggccacccaccccggct

cctaccatcgcctcccagcctctgtccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa



gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

105974 39 MALPVTALLLPLALLLHAARPeivmtqspatlslspgeratlscrasqdiskylnw

CAR 9 - yqqkpgqapr lliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfavyfcqqg

ntlpytf qqqtkleikqqqqsqqqqsqqqqsqqqqsqvqlqesqpqlvkpsetlslFull - aa
tctvsqvslpdygvswirqppqkqlewiqviwgsettyynsslksrvtiskdnskn

qvslklssvtaadtavyycakhyyyggsyamdywqqqtlvtvsstttpaprpptpa

ptiasqplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitly

ckrgrkkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapay

kqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmae

ayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR10

CAR10 10 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

scFv tyynsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggsggggseivmtqspatlslspgeratlscrasqddomain
iskylnwyqqkpgqapr lliyhtsrlhsgipar fsgsgsgtdyt Itisslqpedfa

vyfcqqgntlpytfgqgtkleik

100796 70 atggcactgcctgtcactgccctcctgctgcctctggccctccttctgcatgccgc

CAR10 - caggccccaagtccagctgcaagagtcaggacccggactggtgaagccgtctgaga

ctctctcactgacttgtaccgtcagcggcgtgtccctccccgactacggagtgtcaSoluble
tggatccgccaacctcccgggaaagggcttgaatggattggtgtcatctggggttc

scFv - nt
tgaaaccacctactacaactcttccctgaagtccagggtgaccatcagcaaggata

attccaagaaccaggtcagccttaagctgtcatctgtgaccgctgctgacaccgcc

gtgtattactgcgccaagcactactattacggaggaagctacgctatggactattg

gggacagggcactctcgtgactgtgagcagcggcggtggagggtctggaggtggag

gatccggtggtggtgggtcaggcggaggagggagcgagattgtgatgactcagtca

ccagccaccctttctctttcacccggcgagagagcaaccctgagctgtagagccag

ccaggacatttctaagtacctcaactggtatcagcaaaaaccggggcaggcccctc

gcctcctgatctaccatacctcacgccttcactctggtatccccgctcggtttagc

ggatcaggatctggtaccgactacactctgaccatttccagcctgcagccagaaga

tttcgcagtgtatttctgccagcagggcaatacccttccttacaccttcggtcagg

gaaccaagctcgaaatcaagcaccatcaccatcatcaccaccat

100796 82 MALPVTALLLPLALLLHAARPqvqlqesqpqlvkpsetlsltctvsqvslpdyqvs

CAR10 - wirqppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggsggggseivmtqsSoluble
patlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgiparfs

scFv - aa
gsgsgtdyt Itisslqpedfavyfcqqqntlpytfqqqtkleikhhhhhhhh



105975 94 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR 10 tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggFull - nt
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagcggaggcggtgggagccagg

tccaactccaagaaagcggaccgggtcttgtgaagccatcagaaactctttcactg

acttgtactgtgagcggagtgtctctccccgattacggggtgtcttggatcagaca

gccaccggggaagggtctggaatggattggagtgatttggggctctgagactactt

actacaactcatccctcaagtcacgcgtcaccatctcaaaggacaactctaagaat

caggtgtcactgaaactgtcatctgtgaccgcagccgacaccgccgtgtactattg

cgctaagcattactattatggcgggagctacgcaatggattactggggacagggta

ctctggtcaccgtgtccagcaccactaccccagcaccgaggccacccaccccggct

cctaccatcgcctcccagcctctgtccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

105975 40 MALPVTALLLPLALLLHAARPEIVMTQSPATLSLSPGERATLSCRASQDISKYLNW

CAR 10 YQQKPGQAPRLLIYHTSRLHSGIPARFSGSGSGTDYTLTISSLQPEDFAVYFCQQG

NTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSLFull - aa
TCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSSLKSRVTI SKDNSKN

QVSLKLSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTTTPAPRPPTPA

PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLY

CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAY

KQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE

AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR



CAR11

CAR11 11 eivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsr lhs

scFv giparfsgsgsgtdytltisslqpedf avyfcqqgntlpytfgqgtkleikggggs

ggggsggggsqvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkgledomain
wigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyg

gsyamdywgqgtlvtvss

103101 71 Atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR11 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggSoluble
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

scFv - nt
ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagccaggtccaactccaagaaa

gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagactacttactacaattcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagccaccaccatcatcaccatcaccat

103101 83 M PVTA LLPIA LLHAARPeivmtqspatlslsp eratlscrasqdiskylnw

CAR11 - yqqkpgqapr lliyhtsrlhsgiparfsgsgsgtdytltisslqpedf avyfcqqg

ntlpytfgqgtkleikggggsggggsggggsqvqlqesgpglvkpsetlsltctvsSoluble
gvslpdygvswirqppgkglewigviwgsettyynsslksrvtiskdnsknqvslk

scFv - aa
lssvtaadtavyycakhyyyggsyamdywgqgtlvtvsshhhhhhhh

105976 95 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR 11 tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcFull - nt
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

cgaaaccacttactataactcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc

gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccggaggtggcggaagcgaaatcgtgatgacccagagc

cctgcaaccctgtccctttctcccggggaacgggctaccctttcttgtcgggcatc

acaagatatctcaaaatacctcaattggtatcaacagaagccgggacaggccccta

ggcttcttatctaccacacctctcgcctgcatagcgggattcccgcacgctttagc



gggtctggaagcgggaccgactacactctgaccatctcatctctccagcccgagga

cttcgccgtctacttctgccagcagggtaacaccctgccgtacaccttcggccagg

gcaccaagcttgagatcaaaaccactactcccgctccaaggccacccacccctgcc

ccgaccatcgcctctcagccgctttccctgcgtccggaggcatgtagacccgcagc

tggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttggg

cccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttac

tgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcc

tgtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggagg

aaggcggctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctac

aagcaggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagta

cgacgtgctggacaagcggagaggacgggacccagaaatgggcgggaagccgcgca

gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaa

gcctatagcgagattggtatgaaaggggaacgcagaagaggcaaaggccacgacgg

actgtaccagggactcagcaccgccaccaaggacacctatgacgctcttcacatgc

aggccctgccgcctcgg

105976 4 1 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGVSLPDYGVS

CAR 11 WIRQPPGKGLEWIGVIWGSETTYYNSSLKSRVTI SKDNSKNQVSLKLSSVTAADTA

VYYCAKHYYYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVMTQSFull - aa
PATLSLSPGERATLSCRASQDISKYLNWYQQKPGQAPRLLIYHTSRLHSGIPARFS

GSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKLEIKTTTPAPRPPTPA

PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLY

CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAY

KQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE

AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

CAR12

CAR12 12 qvqlqesgpglvkpset lsltctvsgvslpdygvswirqppgkglewigviwgset

scFv tyynsslksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgq

gtlvtvssggggsggggsggggseivmtqspatlslspgeratlscrasqdiskyldomain
nwyqqkpgqapr lliyhtsrIhsgiparfsgsgsgtdytltisslqpedf avyfcq

qgntlpytfgqgtkleik

103104 72 atggctctgcccgtgaccgcactcctcctgccactggctctgctgcttcacgccgc

CAR12 - tcgcccacaagtccagcttcaagaatcagggcctggtctggtgaagccatctgaga

ctctgtccctcacttgcaccgtgagcggagtgtccctcccagactacggagtgagcSoluble
tggattagacagcctcccggaaagggactggagtggatcggagtgatttggggtag

scFv - nt
cgaaaccacttactataactcttccctgaagtcacgggtcaccatttcaaaggata

actcaaagaatcaagtgagcctcaagctctcatcagtcaccgccgctgacaccgcc



gtgtattactgtgccaagcattactactatggagggtcctacgccatggactactg

gggccagggaactctggtcactgtgtcatctggtggaggaggtagcggaggaggcg

ggagcggtggaggtggctccgaaatcgtgatgacccagagccctgcaaccctgtcc

ctttctcccggggaacgggctaccctttcttgtcgggcatcacaagatatctcaaa

atacctcaattggtatcaacagaagccgggacaggcccctaggcttcttatctacc

acacctctcgcctgcatagcgggattcccgcacgctttagcgggtctggaagcggg

accgactacactctgaccatctcatctctccagcccgaggacttcgccgtctactt

ctgccagcagggtaacaccctgccgtacaccttcggccagggcaccaagcttgaga

tcaaacatcaccaccatcatcaccatcac

103104 84 M PVTA LLPIA LLHAARPqvqlqesgpglvkpsetlsltctvsgvslpdygvs

CAR12 - wirqppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadta

vyycakhyyyggsyamdywgqgt lvtvssggggsggggsggggseivmtqspat IsSoluble
lspgeratlscrasqdiskylnwyqqkpgqapr lliyhtsrlhsgiparfsgsgsg

scFv -aa
tdytltisslqpedf avyfcqqgntlpytfgqgtkleikhhhhhhhh

105977 96 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgc

CAR 12 - tcggcccgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtg

agcgcgcaaccctgtcttgcagagcctcccaagacatctcaaaataccttaattggFull - nt
tatcaacagaagcccggacaggctcctcgccttctgatctaccacaccagccggct

ccattctggaatccctgccaggttcagcggtagcggatctgggaccgactacaccc

tcactatcagctcactgcagccagaggacttcgctgtctatttctgtcagcaaggg

aacaccctgccctacacctttggacagggcaccaagctcgagattaaaggtggagg

tggcagcggaggaggtgggtccggcggtggaggaagccaggtccaactccaagaaa

gcggaccgggtcttgtgaagccatcagaaactctttcactgacttgt actgtgage

ggagtgtctctccccgattacggggtgtcttggatcagacagccaccggggaaggg

tctggaatggattggagtgatttggggctctgagactacttactacaactcatccc

tcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggtgtcactgaaa

ctgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcattacta

ttatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt

ccagcaccactaccccagcaccgaggccacccaccccggctcctaccatcgcctcc

cagcctctgtccctgcgtccggaggcatgtagacccgcagctggtggggccgtgca

tacccggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggta

cttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcgg

aagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactca

agaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaac

tgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaac

cagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaa

gcggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaag

agggcctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagatt



ggtatgaaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggact

cagcaccgccaccaaggacacctatgacgctcttcacatgcaggccctgccgcctc

gg

105977 42 MALPVTALLLPLALLLHAARPEIVMTQSPATLSLSPGERATLSCRASQDISKYLNW

CAR 12 - YQQKPGQAPRLLIYHTSRLHSGIPARFSGSGSGTDYTLTISSLQPEDFAVYFCQQG

NTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSLTCTVSFull - aa
GVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSSLKSRVTISKDNSKNQVSLK

LSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTTTPAPRPPTPAPTIAS

QPLSLRPEACRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGR

KKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQN

QLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI

GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

CTL019

CTL019 - 97 atggccctgcccgtcaccgctctgctgctgccccttgctctgcttcttcatgcagc

Soluble aaggccggacatccagatgacccaaaccacctcatccctctctgcctctcttggag

scFv-Histag acagggtgaccatttcttgtcgcgccagccaggacatcagcaagtatctgaactgg

tatcagcagaagccggacggaaccgtgaagctcctgatctaccatacctctcgcct
- nt

gcatagcggcgtgccctcacgcttctctggaagcggatcaggaaccgattattctc

tcactatttcaaatcttgagcaggaagatattgccacctatttctgccagcagggt

aataccctgccctacaccttcggaggagggaccaagctcgaaatcaccggtggagg

aggcagcggcggtggagggtctggtggaggtggttctgaggtgaagctgcaagaat

caggccctggacttgtggccccttcacagtccctgagcgtgacttgcaccgtgtcc

ggagtctccctgcccgactacggagtgtcatggatcagacaacctccacggaaagg

actggaatggctcggtgtcatctggggtagcgaaactacttactacaattcagccc

tcaaaagcaggctgactattatcaaggacaacagcaagtcccaagtctttcttaag

atgaactcactccagactgacgacaccgcaatctactattgtgctaagcactacta

ctacggaggatcctacgctatggattactggggacaaggtacttccgtcactgtct

cttcacaccatcatcaccatcaccatcac

CTL019 - 98 MALPVTALLLPIALLLHAARPdiqmtqttss1sas1gdrvtiscrasqdisky1nw

Soluble yqqkpdgtvklliyhtsr lhsgvpsrfsgsgsgtdysltisnleqediatyf cqqg

ntlpytfgggtkleitggggsggggsggggsevklqesgpglvapsqslsvtctvsscFv-Histag
gvslpdygvswirqpprkglewlgviwgsettyynsalksr ltiikdnsksqvflk

- aa
mnslqtddtaiyycakhyyyggsyamdywgqgtsvtvsshhhhhhhh

CTL019 99 atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgc

Full - nt caggccggacatccagatgacacagactacatcctccctgtctgcctctctgggag



acagagtcaccatcagttgcagggcaagtcaggacattagtaaatatttaaattgg

tatcagcagaaaccagatggaactgttaaactcctgatctaccatacatcaagatt

acactcaggagtcccatcaaggttcagtggcagtgggtctggaacagattattctc

tcaccattagcaacctggagcaagaagatattgccacttacttttgccaacagggt

aatacgcttccgtacacgttcggaggggggaccaagctggagatcacaggtggcgg

tggctcgggcggtggtgggtcgggtggcggcggatctgaggtgaaactgcaggagt

caggacctggcctggtggcgccctcacagagcctgtccgtcacatgcactgtctca

ggggtctcattacccgactatggtgtaagctggattcgccagcctccacgaaaggg

tctggagtggctgggagtaatatggggtagtgaaaccacatactataattcagctc

tcaaatccagactgaccatcatcaaggacaactccaagagccaagttttcttaaaa

atgaacagtctgcaaactgatgacacagccatttactactgtgccaaacattatta

ctacggtggtagctatgctatggactactggggccaaggaacctcagtcaccgtct

cctcaaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgcgtcg

cagcccctgtccctgcgcccagaggcgtgccggccagcggcggggggcgcagtgca

cacgagggggctggacttcgcctgtgatatctacatctgggcgcccttggccggga

cttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcaga

aagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactca

agaggaagatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaac

tgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaac

cagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaa

gagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcagg

aaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagatt

gggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtct

cagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctc

gc

CTL019 58 MALPVTALLLPLALLLHAARPdiqmtqttsslsaslgdrvtiscrasqdiskylnw

Full - aa yqqkpdgtvklliyhtsr Ihsgvpsrfsgsgsgtdysltisnleqediatyf cqqg

ntlpytfgggtkleitggggsggggsggggsevklqesgpglvapsqslsvtctvs

gvslpdygvswirqpprkglewlgviwgsettyynsalksr Itiikdnsksqvflk

mnslqtddtaiyycakhyyyggsyamdywgqgtsvtvsstttpaprpptpaptias

qplslrpeacrpaaggavhtrgldf acdiyiwaplagtcgvlllslvitlyckrgr

kkllyifkqpfmrpvqttqeedgcscr fpeeeeggcelrvkf srsadapaykqgqn

qlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeaysei

gmkgerrrgkghdglyqglstatkdtydalhmqalppr

CTL019 59 diqmtqttsslsaslgdrvtiscrasqdiskylnwyqqkpdgtvklliyhtsr lhs

scFv gvpsrfsgsgsgtdysltisnleqediatyf cqqgntlpytfgggtkleitggggs

domain ggggsggggsevklqesgpglvapsqslsvtctvsgvslpdygvswirqpprkgle

wlgviwgsettyynsalksr ItiikdnsksqvfIkmnslqtddtaiyycakhyyyg



gsyamdywgqgt svtvs s

[00381] The sequences of humanized CDR sequences of the scFv domains are shown in

Table 4 for the heavy chain variable domains and in Table 5 for the light chain variable

domains. "ID" stands for the respective SEQ ID NO for each CDR.

Table 4 . Heavy Chain Variable Domain CDRs (Kabat)

Table 5. Light Chain Variable Domain CDRs

[00382] Table 6 is an identification key correlating the CD 19 constructs numerical names to

the specific orientation of the light and heavy chains of the scFv, the number of linker units

(i.e., (G4S)3 (SEQ ID NO: 107) or (G4S)4 (SEQ ID NO: 106)), separating the heavy and light

chains, and the distinguishing amino acid sequences in the heavy chain CDR2.

Table 6 : CD19 CAR designations.



(CAR3)

104878 C2139 H2L 3x YQSSL 29

(CAR4)

104879 C2140 L2H 4x YSSSL 28

(CAR5)

104880 C2141 L2H 4x YQSSL 29

(CAR6)

104881 C2142 H2L 4x YSSSL 28

(CAR7)

104882 C2143 H2L 4x YQSSL 29

(CAR8)

105974 C2144 L2H 4x YNSSL 30

(CAR9)

105975 C2145 H2L 4x YNSSL 30

(CAR 10)

105976 C2146 L2H 3x YNSSL 30

(CAR11)

105977 C2147 H2L 3x YNSSL 30

(CAR 12)

CTL019 muCART19 L2H 3x YNSAL 57

[00383] The CAR scFv fragments were then cloned into lentiviral vectors to create a full

length CAR construct in a single coding frame, and using the EF1 alpha promoter for

expression (SEQ ID NO: 100).

EF1 alpha promoter

CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGG

CAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTT

CCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA

GAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAAT

TACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCT

TGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCT

GGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCGAC

GCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCG

GGCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCG

GACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGC

GGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCA

AAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAG

CCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTAC

GTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGG



CCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTC

AGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA (SEQ ID NO: 100) .

Analysis of the humanized CAR constructs was conducted as described in Example 4.

Example 4: Analysis of humanized CD19 Constructs in CART

[00384] To evaluate the feasibility of targeting CD 19 via a CAR technology, the single chain

variable fragments for an anti-CD 19 antibody is cloned into a lentiviral CAR expression vector

with the CD3zeta chain and the 4- IBB costimulatory molecule in four different configurations

and the optimal construct is selected based on the quantity and quality of the effector T cell

response of CD19 CAR transduced T cells ("CART 19" or "CART 19 T cells") in response to

CD19+ targets. Effector T cell responses include, but are not limited to, cellular expansion,

proliferation, doubling, cytokine production and target cell killing or cytolytic activity

(degranulation).

Materials and Methods

Generation of redirected humanized CART19 T cells

[00385] The humanized CART19 lentiviral transfer vectors are used to produce the genomic

material packaged into the VSVg psuedotyped lentiviral particles. Lentiviral transfer vector

DNA is mixed with the three packaging components of VSVg, gag/pol and rev in combination

with lipofectamine reagent to transfect them together in to 293T cells. After 24 and 48hr, the

media is collected, filtered and concentrated by ultracentrifugation. The resulting viral

preparation is stored at -80C. The number of transducing units is determined by titration on

SupTl cells. Redirected CART19 T cells are produced by activating fresh naive T cells by

engaging with CD3x28 beads for 24hrs and then adding the appropriate number of transducing

units to obtain the desired percentage of transduced T cells. These modified T cells are allowed

to expand until they become rested and come down in size at which point they are

cryopreserved for later analysis. The cell numbers and sizes are measured using a coulter

multisizer III. Before cryopreserving, percentage of cells transduced (expressing the CART19

on the cell surface) and their relative fluorescence intensity of that expression are determined

by flow cytometric analysis on an LSRII. From the histogram plots, the relative expression

levels of the CARs can be examined by comparing percentage transduced with their relative

fluorescent intensity.



Evaluating cytolytic activity, proliferation capabilities and cytokine secretion of humanized CART19

redirected T cells.

[00386] To evaluate the functional abilities of humanized CAR19 T cells to kill, proliferate

and secrete cytokines, the cells are thawed and allowed to recover overnight. In addition to the

humanized CART19, the murine CART19 was used for comparative purposes while SSl-BBz

was used as non-targeting expressed CAR for background CAR/T cell effect. The "control"

gold standard (GS) CART19 was used in all assays to compare assay variation. Importantly, the

GS CART 19 are cells produced in research grade (i.e., not clinical grade) manufacturing

conditions and include the addition of IL-2 to the growth culture. This likely impacts the

overall viability and functionality of these cells and should not be evaluated as a direct

comparison to the research grade production of the other transduced T cell populations. The T

cell killing was directed towards K562, a chronic myelogenous leukemia cell line expressing or

not expressing CD19 or Ptl4, B cells isolated from CLL patients. For this flow based

cytotoxicity assay, the target cells are stained with CSFE to quantitate their presence. The

target cells were stained for CD 19 expression to confirm similar target antigens levels. The

cytolytic activities of CAR19 T cells are measured at a titration of effector:target cell ratios of

10:1, 3:1, 1:1, 0.3:1 and 0:1 where effectors were defined as T cells expressing the anti-CD19

chimeric receptor. Assays were initiated by mixing an appropriate number of T cells with a

constant number of targets cells. After 16hrs, total volume of each mixture was removed and

each well washed combining appropriately. The T cells were stained for CD2 and all cells

stained with live/dead marker 7AAD. After the final wash, the pelleted cells were re-

suspended in a specific volume with a predetermined number of counting beads. Cell staining

data was collected by LSRII flow cytometry and analyzed with FloJo software using beads to

quantitate results.

[00387] For measuring cell proliferation and cytokine production of humanized CAR19 T

cells, cells are thawed and allowed to recover overnight. In addition to the humanized

CART19, the murine CART19 was used for comparative purposes while SSl-BBz was used as

a non-targeting expressed CAR for background CAR/T cell effect. The "control" gold standard

(GS) CART 19 was used in all assays to compare assay variation. The T cells were directed

either towards K562, a chronic myelogenous leukemia cell line expressing or not expressing

CD19 or Ptl4, B cells isolated from CLL patients. In addition, CD3x28 beads were used to



evaluate the potential of T cells to respond to the endogenous immunological signals. To

analyze proliferation, T cells were stained with CSFE. The proliferation is the dilution of the

CSFE stain reflecting the separation of the parental markings now into two daughter cells. The

assay tests only an effector:target ratios of 1:1 and 1:0 where effectors were defined as T cells

expressing the anti-CD 19 chimeric receptor. The assay is done in duplicate and 24hrs after

mixing of the cells, 50% of the media is removed/replaced for cytokine analysis using the

Luminex 10-plex panel of human cytokines detection. After 5 days, T cells were stained for

CAR expression, phenotyped as either CD4 or CD8 cells and stained for live/dead with 7AAD.

After the final wash, the pelleted cells were re-suspended in a specific volume with a

predetermined number of BD counting beads. Cell staining data was collected by LSRII flow

cytometry and analyzed with FloJo software using beads to quantitate results. Total cell counts

were determined by number of cells counted relative to a specific number of beads multiplied

by the fraction of beads yet to be counted.

[00388] To evaluate the potential for the humanized CART19 cells to function similarly to

the currently successful murine CART 19, we wanted to assess in vitro their ability to kill

targeted cells, to proliferate in response to the targeted antigen and to show signs of persistence.

By packaging each of the humanized CART 19 lentiviral constructs and titering them on SupTl

cells, we are able to determine the amount of virus to normalize transductions to be around

50%. This allows for more direct comparisons of activity starting with similar average

intergration sites per cell.

[00389] The therapeutic CAR19 T cells are generated by starting with the blood from a

normal apheresed donor whose naive T cells are obtained by negative selection for T cells,

CD4+ and CD8+ lymphocytes. These cells are activated by CD3x28 beads in 10% RPMI at

37C, 5% C0 2.

[00390] After 24hrs, the T cells are blasting and the normalized amount of virus is added.

The T cells begin to divide into a logarithmic growth pattern which is monitored by measuring

the cell counts per ml and cell size. As the T cells begin to rest down, the logarithmic growth

wanes and the cell size shrinks. The combination of slowing growth rate and T cell size

approaching -300 f determines the state for T cells to be cryopreserved or restimulated.



[00391] There is a very similar trend of T cells resting down as seen by size. The almost

overlapping pattern between the humanized CART cells with the current murine CART 19 and

UTD population indicates no unusual effect of the humanized CAR19 on the normal T cell

expansion following activation. As a control, SSl-BBz is used to define unwanted antigen

independent CAR activity. The expansion profile in total cell numbers shows the differences in

the actual numbers in the individual expansions are likely due mainly to different starting

number of cells. By normalizing starting T cell numbers, a tight cluster is seen for all the

CART19 cells. In addition, the unwanted effect of antigen independent CAR activation is

detected in the line running lower and away from the group.

[00392] The level of surface expression for each of these CAR 19 expressing cells was

determined. The titered virus normalized for transduction show comparable expression levels

correlating with transduction efficiency, percent cells transduced. Some CARs had their titers

extrapolated from earlier packagings, and though their percentages transduced are lower, their

MFI are also reduced as expected. The results indicate that there is no detectable negative

effect of the humanized CAR 19 on the cells ability to expand normally when compared to the

UTD and murine CAR 19 T cells.

[00393] The ability of the humanized CART19 cells to selectively discern a cell surface

specific epitope expressed on cells and destroy them is analyzed. Wild type K562 cells do not

express CD19 but can be transduced to express CD19. Comparing these killing curves, titrating

the amount of effector cells shows that those cells expressing CD19 are destroyed. Redirected

T cells from the same donor and modified with either humanized CART 19 cells or current

clinical murine CART 19 cells indicate no difference in their ability to kill. The killing curves

show that a very similar killing capacity is found among humanized CART 19 cells targeting

CD19+ CLL cells from patient 14. Interestingly, there is a decrease in overall cytolytic activity,

in particularly GS CART 19, suggesting these cells may possess specific inhibitory properties.

The similar level of CD 19 expressed on the targets cells indicates the expression level is not the

reason for differences in cell killing.

[00394] The necessary property of the humanized CART 19 cells to proliferate after seeing

target cells is found in all constructs after being stimulated by the control CD3x28 beads and

the CD19 expressing targets. Targeting Ptl4 CLL cells appear to indicate a slightly greater

proliferation rate with scFvs with a light to heavy chain orientation with no bias seen when



having a 3x or 4x GGGGS linkage (SEQ ID NOS 107 and 106, respectively). The

proliferative results reflect the total number of cells accumulated over the 5 days, indicating

that the humanized CART19s, 2146, 2144, 2136, 2141 and 2137 drive a more proliferative

signal to the T cells. Impressively, this was detected in the humanized CART19 cells targeting

Ptl4 CLL cells.

[00395] Overall, the humanized CART 19 constructs exhibit very similar characteristics to

the current murine CART 19 in cytolytic activity, proliferative response and cytokine secretion

to antigen specific targets. The potential of humanized CART19 cells, (2146, 2144, 2136, 2141

and 2137), to drive a more proliferative signal to the T cells upon target activation would seem

to be an extra benefit of these new constructs to potentially enhance therapeutic response.

Results

[00396] Using both degranulation and cytokine production assays, it is demonstrated that the

engineered CART 19 T cells specifically target CD 19+ cells.

[00397] ND317 cells transduced with humanized CD19CAR constructs (a.k.a.

"huCART19") of the invention were analyzed. There was a tight similarity in size of the T

cells during their expansions after CD3x28 activation and transduction with the humanized

CART19 candidates relative to the murine CART19 and unmodified (UTD) T cells.

[00398] Experiments showed little difference in the number of T cells that accumulated

during their expansions after CD3x28 activation and transduction with the different humanized

CART19 candidates relative to the murine CART19 and unmodified (UTD) T cells.

[00399] Cell surface expressions of humanized CART 19 are comparable and their

expression level very similar to murine CART19. The overlay of histograms plotting the cell

surface expression staining pattern of each humanized CART 19 transduced T cells and the

mean fluorescent intensity (MFI) calculated from these profiles correlates well with the

percentage of cells transduced.

[00400] Furthermore the humanized CART 19 have similar specific cytotoxic activities in

targeting CD 19 expressing target cells and comparable to murine CART 19. Plots from 16 hr-

flow-based killing assays using titrating Effector to Target (E:T) ratios with effector humanized

CART 19 cells targeting CSFE labeled K562cc (FIG. 1A. non-expressing CD19 controls),



K562.CD19 (FIG. IB, K562 cells transduced to express CD19) or Ptl4 (FIG. 1C, B cells from

CLL patient). The cytolytic activities of all the humanized CART 19 cells are similar and

comparable to the murine CART 19. The differences in the cytolytic activity between different

targets is similar and comparable indicating the murine CART19's activity is preserved in the

humanized form of CART 19.

[00401] Histogram overlays of CFSE marked humanized CART 19 cells 6 days after being

mixed with target cells show their proliferative capacity (FIG. 5). The proliferative response

delivered from the CAR19 is a necessary response after engagement with and killing of target

cells to develop a positive clinical response. The dilution of SSl-BBz CSFE staining, an

indicator of dividing daughter cells diluting out the parental cell's stain, is a result of unrested T

cells maintaining divisions in a targeting independent mechanism.

[00402] The cell populations overall ability to proliferate is evaluated with CD3x28 beads

which mimics the endogenous engagement of the TCR and the co-stimulator CD28. Data

indicates each cell population has a comparable proliferation potential. All humanized and

murine CART19 cells proliferate strongly and comparably upon engagement with K562 cells

expressing CD 19. Humanized CART 19 cells also responded well to B cells obtained from a

CLL patient though some seem to respond slightly less. As shown in FIG. 2A and 2B, the

humanized CART 19 cells 2136, 2137, 2140, 2141, 2144 and 2146 can be seen to have a

slightly more robust proliferation as evidenced by the greater dilution of CSFE staining. These

constructs all have the same variable chain orientation of light to heavy, indicating that this is

the orientation of choice. A closer look at the amino acid changes in the heavy CDR2 site

(Table 1) reveals that each of the three variations YSSSL, YQSSL and YNSSL (SEQ ID

NOS:28, 29 and 30, respectively) are represented in the constructs that appeared to have the

more robust proliferations after seeing targets. In addition, these observed constructs have both

the G4S linker containing 3 copies of the subunit (3G4S) (SEQ ID NO: 107) and the G4S

linker containing 4 copies of the subunit (4G4S) (SEQ ID NO: 106), indicating the linker size

did not influence function.

[00403] From the proliferative expansions described above, the total cell numbers after 5

days post tumor engagement is determined. The cells show a decline in numbers than were

initially seeded, indicating activation is required to maintain survival. An endogenous

activation control is analyzed to show that the total cell count at the end of 6 days was similar.



Humanized CART19 cells targeting K562 cells expressing CD19 show that the two murine

CART 19 cells both end up with the higher cell numbers, with 2146 slightly above all the other

constructs with similar values. Total cell numbers were also analyzed 6 days after exposure to

B cells from Patient 14 (ptl4), and interestingly shows that the previously selected out

humanized CART 19 constructs 2146, 2144, 2136, 2141 and 2137, all of which have the light to

heavy chain orientation and represent the three amino acid variations YSSSL, YQSSL and

YNSSL (SEQ ID NOS: 28, 29 and 30, respectively), resulted in higher total cell numbers,

higher than the murine CART 19s. This unexpected differentiation between the various

humanized anti-CD 19CAR clones may translate to better clinical efficacy of CART cells

transduced with these constructs.

[00404] Background levels of cytokine produced from humanized CART 19 cells after

exposure to the control K562 cells not expressing CD 19 were analyzed. 24hr supernatants

were analyzed using a luminex 30-plex panel. The potential cytokine profile from stimulation

of the endogenous immune system with the CD3x28 beads indicate each of the cell populations

have a comparable cytokine profile.

[00405] Data also shows that the humanized CART19 and murine CART19 produce similar

cytokine profiles at similar levels when responding to the same targets. The cytokine profile

was lower but similar when targeting the Ptl4 target cells.

Example 5: Humanized CD19 CAR T cell treatment in an in vivo ALL model.

[00406] Primary human ALL cells can be grown in immune compromised mice without

having to culture them in vitro. These mice can be used to test the efficacy of chimeric antigen

receptor (CAR) T cells in a model that represents the patient population that will be found in

the clinic. The model used here, HALLX5447, was passaged twice in NOD.Cg-

PrkdcscidIl2rgtmlWjl/Sz (NSG) mice, prior to use in studies testing the efficacy of CAR T cells.

[00407] Murine CD 19 CAR T cells have previously been shown to target and kill leukemia

cells in an NSG mouse model of primary human ALL. The CD 19 scFv (single chain Fc

variable fragment) has been humanized and the present example compares the ability of T cells

expressing a humanized CD 19 CAR (CAR 2) to eliminate ALL tumor cells in vivo to that of

the murine CD 19 CAR T cells. Here, the efficacy of these cells has been directly compared in



mice with established primary human ALL, as assayed by peripheral blood FACS analysis of

human CD19+ cells. Following an implant of 1.5xl0 6 primary ALL cells intravenously, a

disease burden of 2.5-4% CD19+ human cells in the blood was achieved by 2 weeks post-tumor

implantation. This CD 19 percentage is of total cells in the blood of the mice. 100% of human

cells in the mice prior to treatment with CAR T cells are tumor cells. Percentages above 2%

CD19+ human cells in the peripheral blood are considered to be established human ALL

disease in this model. The leukemia-bearing mice were treated with the CAR T cells once the

leukemia is established in the mice, approximately two to three weeks after tumor implantation.

Mice in each group were treated with 5xl0 6 total human T cells. The transduction efficiencies

of the donor human T cells with the CAR expressing lentivirus were between 40-60%.

Following treatment with the T cells, mice were bled weekly for analysis of the percentage of

CD19+ human cells in the blood as a biomarker for disease progression.

Materials and Methods:

[00408] Primary human ALL cells: Primary cells were not cultured in vitro prior to

implantation. These cells were harvested from a patient with ALL and then transferred into

mice for establishment and expansion. After the tumor cells were expanded in the mice, the

bone marrow and splenocytes were harvested and viably frozen in separate batches for re

implantation. The cells were frozen in 90% DMSO and 10% FBS at a minimum concentration

of 5xl0 6 cells per milliliter. For re-implantation, the frozen ALL cells were thawed and then

injected intravenously in to NSG mice, in order to generate mice with ALL that will be used to

compare the anti-tumor efficacy of the humanized CD 19 CAR T cells and the murine CD 19

CAR T cells.

[00409] Mice: 6 week old NSG (NOO.Cg-PrkdcscidIl2rgtmlWjl/Sz ) mice were received from

the Jackson Laboratory (stock number 005557). Animals were allowed to acclimate to the

Novartis NIBRI animal facility for at least 3 days prior to experimentation. Animals were

handled in accordance with Novartis ACUC regulations and guidelines.

[00410] Tumor implantation: In vivo serially passaged primary human ALL cells, model

HALLX5447, were thawed in a 37°C water bath. The cells were then transferred to a 15 ml

conical tube and washed twice with cold sterile PBS. The primary ALL cells were then

counted and resuspended at a concentration of 15xl0 6 cells per milliliter of PBS. The cells



were placed on ice and immediately (within one hour) implanted in the mice. The ALL cells

were injected intravenously via the tail vein in a 100 µΐ volume, for a total of 1.5xl0 6 cells per

mouse.

[0041 1] CAR T cell dosing: Mice were administered 5xl0 6 T cells 16 days after tumor

implantation. Cells were partially thawed in a 37 degree Celsius water bath and then

completely thawed by the addition of 1 ml of cold sterile PBS to the tube containing the cells.

The thawed cells were transferred to a 15 ml falcon tube and adjusted to a final volume of 10

mis with PBS. The cells were washed twice at lOOOrpm for 10 minutes each time and then

counted on a hemocytometer. T cells were then resuspended at a concentration of 50x1 06 cells

per ml of cold PBS and kept on ice until the mice were dosed. The mice were injected

intravenously via the tail vein with 100 µΐ of the CAR T cells for a dose of 5xl0 6 T cells per

mouse. Five mice per group were treated either with 100 µΐ of PBS alone (PBS), untransduced

T cells (Mock), murine CD 19 CAR T cells (muCTL019), or humanized CD 19 CAR T cells

(huCTL019). The untransduced T cells, muCTL019 T cells, and huCTL019 T cells were all

prepared from the same human donor in parallel.

[00412] Animal monitoring: The health status of the mice was monitored daily, including

twice weekly body weight measurements. The percent change in body weight was calculated

as (BWcurrent - BWi itiai)/(BWi itiai) x 100%. Tumor burden was monitored weekly by peripheral

blood FACS analysis. Mice were bled weekly via the tail vein into EDTA coated tubes that

were kept on ice. 10-20µ1of blood was plated from the tubes into 96 well plates on ice. Red

blood cells were lysed with ACK red blood cell lysis buffer (Life Technologies, catalog

number A 10492-01) and then washed twice with cold PBS. The cells were incubated with an

Fc blocking mix of human and mouse Fc block (Miltenyi Biotec, catalog numbers 130-059-901

and 130-092-575) for 30 minutes and then incubated with an anti-human CD 19 antibody for 30

minutes. The cells were fixed with a 2% paraformaldehyde solution for 20 minutes, washed

and stored in PBS + 2% FBS overnight prior to analysis on a BD Canto or Fortessa, followed

by further analysis using the FlowJo FACS analysis software. The cells were analyzed to

determine the percent of human CD19 + cells in the blood of the human HALLX5447 ALL

tumor-bearing NSG mice. CD 19 percentages in the blood are reported as the mean + standard

error of the mean (SEM).



[00413] Percent treatment/control (T/C) values were calculated using the following formula:

% T/C = 100 x ∆Τ/AC if ∆Τ > 0 ;

% Regression = 100 x T T initiai if ∆Τ < 0 ;

where T = mean peripheral blood CD 19 percentage of the drug-treated group on the final day

of the study; Ti i ia = peripheral blood CD 19 percentage of the drug-treated group on initial day

of dosing; ∆Τ = mean peripheral blood CD19 percentage of the drug-treated group on the final

day of the study - mean peripheral blood CD 19 percentage of the drug treated group on the

initial day of dosing; C = mean peripheral blood CD19 percentage of the control group on the

final day of the study; and AC = mean peripheral blood CD 19 percentage of the control group

on the final day of the study - mean peripheral blood CD 19 percentage of the control group on

the initial day of dosing.

[00414] T/C values in the range of 100% to 42% are interpreted to have no or minimal anti

tumor activity; T/C values that are < 42% and > 10% are interpreted to have anti-tumor activity

or tumor growth inhibition. T/C values < 10% or regression values > -10% are interpreted to

be tumor stasis. Regression values < -10% are reported as regression.

Results:

[00415] The anti-tumor activity of murine and humanized CD 19 CAR T cells were

evaluated and directly compared in a primary model of human ALL. Following tumor

implantation on day 0, mice were randomized into treatment groups and treated with 5xl0 6 T

cells intravenously on day 16. ALL disease burden and animal health were monitored until

animals achieved endpoint. The mice in all the groups were euthanized on day 65 post-tumor

implantation when disease burden in the control groups was above 80% human CD19 + cells in

the peripheral blood.

[00416] A clear difference in disease burden was seen between the control groups and the

groups treated with either the murine or the humanized CD19 CAR T cells with P<0.01 from

day 24 after tumor implantation, and continuing to the end of the study at day 65. The murine

and human CD 19 CAR T cells demonstrate a similar ability to control human HALLX5447

ALL tumor cell growth in NSG mice. Both groups showed a peak peripheral blood disease

level of 12-15% human CD19 + cells at day 2 1 post HALLX5447 implantation. 42 days after



tumor cell implantation, no human CD19 + cells were detectable in the huCTL019 group, while

the percentage of human CD19 + cells in the muCTL019 group dropped to about 1%. Both the

murine and the humanized CD 19 CAR T cells resulted in a comparable ability to control the

expansion of primary human ALL cells in this model (P>0.05). The % T/C values for the

mock transduced T cell group was 94.40%, demonstrating that the mock transduced T cells had

no anti-tumor activity. The percent regression of the muCTL019 group was -89.75% and the

huCTL019 group was -90.46%, demonstrating that both of these treatments were able to cause

a regression of the HALLX5447 tumor model. The peripheral blood human CD19 + cell

percentages as a measure of the disease burden in these mice is shown in FIG. 7 . The PBS

treatment group, which did not receive any T cells, demonstrated baseline primary ALL tumor

growth kinetics in intravenously implanted NSG mice. The Mock treatment group received

untransduced T cells that underwent the same in vitro expansion process as the CAR T cells.

These cells serve as a T cell control to show the non-specific response of the T cells in this

tumor model. Both the PBS and Mock transduced T cell treatment groups demonstrated

continuous tumor progression throughout the experiment. Both the murine and the humanized

CD 19 CAR T cells control the progression of disease within one week of the 5xl0 6 T cell

injections and demonstrate a similar ability to sustain disease control over the course of this 65

day study.

[00 ] The anti-tumor activity of murine and humanized CD 19 CAR transduced T cells

was assessed in an efficacy study in NSG mice bearing a primary human ALL model,

HALLX5447. This study demonstrated that both the murine and humanized CD 19 CAR T

cells (muCTL019 and huCTL019) are capable of mounting an anti-tumor response in a primary

model of human ALL. In addition, this response, as assayed by peripheral blood disease

burden is the same for the muCTL019 and huCTL019 cells. Both the murine and humanized

CD 19 CAR T cells control primary ALL growth within a week of the mice being dosed with

the T cells. Initially after treatment, the disease burden continued to increase before decreasing

to virtually undetectable levels. One treatment with either the murine or humanized CAR T

cells resulted in a sustained anti-tumor response over the course of the 65 day disease

progression in control treated mice. The humanized CD 19 CAR T cells demonstrated a similar

ability to mount an efficacious anti-CD 19 tumor response and control ALL disease burden as

was seen with the murine CD 19 CAR T cells.



Example 6: CD19 CAR T cells for use in treating multiple myeloma.

[00418] Even with current regimens of chemotherapy, targeted therapies, and autologous

stem cell transplant, myeloma is considered an incurable disease. The present example

describes treating multiple myeloma (MM) with autologous T cells directed to CD19 with a

chimeric antigen receptor (lentivirus/CD19:4-lBB:CD3zeta; also known as "CART19" or

CTL019). This example demonstrates that CD19-directed CAR therapies have the potential to

establish deep, long-term durable remissions based on targeting the myeloma stem cell and/or

tumor cells that express very low (undetectable by most methods) levels of CD19.

[00419] In treating a patient with an aggressive secondary plasma cell leukemia, we found

that CART 19 administered two days after a salvage autologous stem cell transplant resulted in

rapid clearance of plasma cell leukemia and a very good partial response in a patient who had

progressed through multiple lines of chemotherapy. This patient was transfusion-dependent for

months prior to the treatment; at two months after the treatment, she has recovered her blood

counts (with normal-range platelet counts and white blood cell counts) and has not required

transfusions since she was discharged from the hospital from her treatment.

[00420] Because myeloma cells do not naturally express CD19, the finding that CART19

treatment induced a rapid and significant tumor response in this tumor was surprising. Without

wishing to be bound by a particular theory, it was reasoned that CART 19 could be used to treat

myeloma because: (1) while myeloma cells are traditionally thought to be negative for CD 19

expression by flow cytometry, there are data indicating that myeloma cells may express very

low levels of CD19, such that expression is detectable by RNA but not by flow cytometry or

immunohistochemistry; and (2) the concept of targeting the clonotypic B cell, which is thought

to be the cancerous stem cell that gives rise to multiple myeloma, and is particularly resistant to

chemotherapy. There is a clonal relationship between B cells and myeloma tumor cells, but

traditional myeloma therapy is aimed at the malignant plasma cells rather than B cells.

CART19 for treating myeloma therefore targets a different cell population than most myeloma

therapies.

[00421] In our single patient experience, the patient had circulating plasma cells, and we

were able to test her tumor cells for the expression of CD19. Approximately 1-2% of her tumor



cells expressed the CD19 antigen. (FIG. 8). Thus, it was reasoned that CART19 may have a

direct effect on a very small population of her tumor cells; a very good partial response, though

would not have been predicted based on targeting only the very small population of CD 19+

tumor cells.

[00422] In this case, CART 19 was administered following autologous stem cell transplant

rescue after high-dose melphalan. Although this is a standard therapy in myeloma, it is not

curative. Furthermore, this patient had previously undergone tandem autologous stem cell

transplants and relapsed early (<6 months) after transplant. Without wishing to be bound by a

particular theory, use of CART 19 cells as described in the present example may have a non-

overlapping mechanism in the treatment of myeloma when combined with a salvage autologous

stem cell transplant.

[00423] Ten additional multiple myeloma patients will be treated with CART19 in a Phase I

trial.

Dose Rationale and Risks/Benefits

[00424] We have chosen to use flat dosing via the intravenous route of administration for

this protocol. The primary objective of this protocol was to test the safety and feasibility of

administering CART- 19 cells to patients with multiple myeloma. The primary toxicities that

were anticipated are (I) cytokine release when the CARs encounter their surrogate CD 19

antigen on malignant or normal B cells; (2) depletion of normal B cells, similar to rituximab

therapy; (3) steroid-responsive skin and gastrointestinal syndromes resembling graft-versus-

host disease as has been seen previously when expanded/costimulated autologous T-cells have

been coupled with ASCT for MM. A theoretical concern was whether transformation or

uncontrolled proliferation of the CART -19 T cells might occur in response to high levels of

CD 19. This was less a concern in this application compared to another study of CLL patients,

as the burden of clonotypic B-cells in MM is expected to be far lower than the burden of

malignant B-cells in the refractory CLL patients treated on that study.

Dose Rationale

[00425] With the first 3 patients, we have observed clinical activity at doses ranging from

1.4 x 10 7 to 1.1 x 10 9 CART- 19 cells. This observation demonstrates, at least in the first 3 patients

treated, that there is not an obvious dose response relationship. A complete response was



observed in patients administered with two log fold difference in dose. Thus, unlike standard

drugs that are metabolized, CAR T cells can have a wide dose response range. This is most

likely because the CAR T cells are able to proliferate extensively in the patients. We therefore

set a dose range of 1-5 x 10 CART- 19 cells for infusion. In this single-patient study offered on

a compassionate use basis, the patient was offered up to 5 x 10 CART 19 cells, with no lower

dose limit. For the ten patient trial, patients will be offered 1-5 x 10 CART- 19 cells.

General Design

[00426] This was single patient-study offered on a compassionate use basis; it was modeled

after a Phase I study to determine if the infusion of autologous T cells transduced to express

CART- 19 is safe. The primary goals of the study were to determine the safety, tolerability and

engraftment potential of CART -19 T cells in patients undergoing salvage ASCT after early

relapse following first ASCT. The protocol consists of an open label pilot study.

[00427] At entry subjects will undergo a bone marrow biopsy and routine laboratory and

imaging assessment of their MM. Eligible subjects will undergo steady-state apheresis to obtain

large numbers of peripheral blood mononuclear cells (PBMC) for CART- 19 manufacturing.

The T cells will be purified from the PBMC, transduced with TCR /4-lBB lentiviral vector,

expanded in vitro and then frozen for future administration. The number of patients who have

inadequate T cell collections, expansion or manufacturing compared to the number of patients

who have T cells successfully manufactured will be recorded; feasibility of product

manufacturing is not expected to be problematic in this patient population.

[00428] Subjects will generally have had adequate peripheral blood stem cells remaining

stored from the mobilization/collection performed in preparation for their first ASCT to

conduct two additional ASCT. Those who do not will undergo a second mobilization/collection

procedure either before or after their steady-state apheresis with a regimen according to the

treating physician's preference. Approximately two weeks after the initial leukapheresis,

subjects will be admitted to the hospital and receive high-dose melphalan (day -2) followed by

infusion of autologous stem cells two days later (day 0), and all subjects will receive infusion

of CART- 19 cells four days later (day +2). Up to 10 patients will be enrolled.

[00429] All subjects will have blood tests to assess safety, and engraftment and persistence

of the CART- 19 cells at regular intervals through week 4 of the study. At day +42 and day



+100, subjects will undergo bone marrow aspirates/biopsies to assess the bone marrow plasma

cell burden and trafficking ofCART-19 cells to the bone marrow. A formal response

assessment will be made at day 100 according to International Myeloma Working Group

(IMWG) criterial36, and TTP will be monitored according to routine clinical practice for

patients with multiple myeloma. The main efficacy outcome measured in this study will be a

comparison of TTP after a patient's initial ASCT to TTP after the ASCT on this study.

[00430] As the primary endpoint of this study is safety and feasibility of infusion of CART -

19 cells with ASCT, the study will employ an early stopping rule. Briefly, if less than 2 severe,

unexpected adverse events occur among the first five subjects treated, the study will then

accrue an additional five subjects towards a target enrollment of 10. We will observe treated

subjects for 40 days after CART- 19 infusion (i.e., through the first official response assessment

at day 42) before enrolling a subsequent subject until five subjects have been enrolled and so

observed. For treatment of the second group of five patients, no waiting period will be required

between subjects.

[00431] Following the 6 months of intensive follow-up, subjects will be evaluated at least

quarterly for two years with a medical history, physical examination, and blood tests.

Following this evaluation, subjects will enter a roll-over study for annual follow-up by phone

and questionnaire for up to additional thirteen years to assess for the diagnosis of long-term

health problems, such as development of new malignancy.

Primary Study Endpoints

[00432] This pilot trial is designed to test the safety and feasibility of the autologous T cells

transduced with the CD19 TCR^4-1BB in patients undergoing salvage ASCT for MM

following early relapse after first ASCT.

Primary safety and feasibility endpoints include:

[00433] Occurrence of study-related adverse events, defined as NCJ CTC 2 : grade 3

signs/symptoms, laboratory toxicities and clinical events that are possibly, likely or definitely

related to study treatment at any time from the infusion until week 24. This will include

infusional toxicity and any toxicity possibly related to the CART -19 cells including but not

limited to:



a . Fevers

b. Rash

c . Neutropenia, thrombocytopenia, anemia, marrow aplasia

d . Hepatic dysfunction

e . Pulmonary infiltrates or other pulmonary toxicity

f . GVHD-like syndromes affecting gastrointestinal tract or skin.

[00434] Feasibility to manufacture CART- 19 cells from patient apheresis products. The

number of manufactured products that do not meet release criteria for vector transduction

efficiency, T cell purity, viability, sterility and tumor contamination will be determined.

[00435] The depth and duration of response following autologous stem cell transplant with

CART 19 will be compared to the depth and duration of response that each patient initially

achieved following standard autologous stem cell transplant.

Subject Selection and Withdrawal

Inclusion Criteria

[00436] Subjects must have undergone a prior ASCT for MM and have progressed within

365 days of stem cell infusion. Subjects who have undergone two prior ASCTs as part of a

planned tandem ASCT consolidation regimen are eligible. Progression will be defined

according to IMWG criteria for progressive disease or, for patients who attained CR or sCR

after initial ASCT, criteria for relapse from CR (Durie et al. Leukemia 2006;20(9): 1467-1473).

N.B.: There is no requirement that patients must enroll within 365 days of prior ASCT, and

patients may be treated with other agents, including experimental agents, following

relapse/progression after prior ASCT before enrollment on this study.

[00437] Subjects must have signed written, informed consent.

[00438] Subjects must have adequate vital organ function to receive high-dose melphalan as

defined by the following criteria, measured within 12 weeks prior to the date of melphalan

infusion: a . Senun creatinine < 2.5 or estimated creatinine clearance >30 ml/min and not

dialysis-dependent b. SGOT < 3x the upper limit of normal and total bilirubin < 2.0 mg/dl



(except for patients in whom hyperbilirubinemia is attributed to Gilbert's syndrome) c . Left

ventricular ejection fraction (LVEF) > 45% or, if LVEF is <45%, a formal evaluation by a

cardiologist identifying no clinically significant cardiovascular function impairment. LVEF

assessment must have been performed within six weeks of enrollment d . Adequate pulmonary

function with FEV1, FVC, TLC, DLCO (after appropriate adjustment for lung volume and

hemoglobin concentration) >40% of predicted values. Pulmonary function testing must have

been performed within six weeks of enrollment.

[00439] Subjects must have an ECOG performance status of 0-2, unless a higher

performance status is due solely to bone pain.

Exclusion Criteria Subjects must not:

[00440] Have any active and uncontrolled infection.

[00441] Have active hepatitis B, hepatitis C, or HIV infection.

[00442] Any uncontrolled medical disorder that would preclude participation as outlined.

Treatment Regimen

[00443] Therapy for Relapsed/Progressive Multiple Myeloma

[00444] Patients may receive, prior to enrollment, therapy for relapsed/progressive multiple

myeloma according to the preference of their treating physicians. Therapy may continue upon

enrollment.

[00445] Patients must stop all therapy for two weeks prior to apheresis and for two weeks

prior to high-dose melphalan. If more than two weeks are expected to lapse between apheresis

and high-dose melphalan, patients may resume therapy after apheresis at the discretion of their

treating physicians.

[00446] High-dose Melphalan (day -2)

[00447] Patients will be admitted to the hospital on day -3 or -2 and will undergo

examination by the attending physician and routine laboratory tests, which will include

monitoring parameters for tumor lysis syndrome, prior to commencement of the treatment

protocol. Blood for MM monitoring laboratory tests (SPEP, quantitative immunoglobulins, and



serum free light chain analysis), will be drawn prior to initiation of therapy if such tests had not

been drawn within 7 days of admission.

[00448] High-dose therapy will consist of melphalan at a dose of 200 mg/m administered

intravenously over approximately 20 minutes on day -2. The dose of melphalan will be reduced

to 140 mg/m for patients >70 years of age or for patients of any age whom, at the discretion of

the treating physician, may not tolerate a dose of 200 mg/m All patients will receive standard

anti-emetic prophylaxis, which may include dexamethasone, and standard antibiotic

prophylaxis.

[00449] Stem-cell Re-infusion (day 0)

[00450] Stem cell infusion will take place on day 0, at least 18 hours after the administration

of the high-dose melphalan. Stern cells will be infused intravenously over approximately 20-60

minutes following premedication according to standard institutional practice. At least 2 x 106

CD34+ progenitors/kg body weight should be infused. In addition, at least 1 x 106 CD34+

progenitors/kg body weight should be available as a back-up stem-cell product to be infused in

the event of delayed engraftment or late graft failure. G-CSF should be administered SQ

beginning on day +5, dosed according to standard institutional practice. Other supportive care

measures such as transfusion support will be done in accordance with standard institutional

guidelines.

[0045 1] CART 19 Cell Infusion (day +2)

[00452] A single dose of CART- 19 transduced T cells will be given consisting of up to 5 x

10' CART- 19 cells. There is no minimal acceptable dose for infusion of cells transduced with

the CD19 ¾ 4-1BB vector in this single-patient protocol. CART-19 cells will be given as a

single dose by rapid i.v. infusion on day +2 after stern cell infusion.

[00453] Maintenance Lenalidomide

[00454] Subjects who received and tolerated maintenance lenalidomide after their first

ASCT will re-initiate lenalidomide maintenance therapy at approximately day + 100, assuming

there are no contraindications in the judgment of the treating physician.

[00455] Preparation and Administration of Study Drug



[00456] The CART- 19 T cells are prepared in the CVPF and are not released from the CVPF

until FDA approved release criteria for the infused cells (e.g., cell dose, cell purity, sterility,

average copy number of vectors/cell, etc.) are met. Upon release, the cells are taken to the

bedside for administration.

[00457] Cell thawing. The frozen cells will be transported in dry ice to the subject's bedside.

The cells will be thawed at the bedside using a water bath maintained at 36°C to 38°C. The

bag will be gently massaged until the cells have just thawed. There should be no frozen clumps

left in the container. If the CART- 19 cell product appears to have a damaged or the bag to be

leaking, or otherwise appears to be compromised, it should not be infused and should be

returned to the CVPF as specified below.

[00458] Premedication. Side effects following T cell infusions include transient fever, chills,

and/or nausea; see Cruz et al. for review (Cytotherapy 2010;12(6):743-749). It is recommended

that the subject be pre-medicated with acetaminophen and diphenhydramine hydrochloride

prior to the infusion of CART- 19 cells. These medications may be repeated every six hours as

needed. A course of non-steroidal anti-inflammatory medication may be prescribed if the

patient continues to have fever not relieved by acetaminophen. It is recommended that patients

not receive systemic corticosteroids such as hydrocortisone, prednisone, methylprednisolone or

dexamethasone at any time, except in the case of a life-threatening emergency, since this may

have an adverse effect on T cells. If corticosteroids are required for an acute infusional reaction,

an initial dose of hydrocortisone 100 mg is recommended.

[00459] Febrile reaction. In the unlikely event that the subject develops sepsis or systemic

bacteremia following CAR T cell infusion, appropriate cultures and medical management

should be initiated. If a contaminated CART- 19 T cell product is suspected, the product can be

retested for sterility using archived samples that are stored in the CVPF.

[00460] Administration. The infusion will take place in an isolated room in Rhoads, using

precautions for immunosuppressed patients. The transduced T cells will be administered by

rapid intravenous infusion at a flow rate of approximately lOmL to 20 ml per minute through

an 18-gauge latex free Y-type blood set with a 3-way stopcock. The duration of the infusion

will be approximately 2-20 minutes. Each infusion bag will have affixed to it a label containing

the following: "FOR AUTOLOGOUS USE ONLY." In addition the label will have at least two



unique identifiers such as the subject's initials, birth date, and study number. Prior to the

infusion, two individuals will independently verify all this information in the presence of the

subject and so confirm that the information is correctly matched to the participant.

[00461] Emergency medical equipment (i.e., emergency trolley) will be available during the

infusion in case the subject has an allergic response, or severe hypotensive crisis, or any other

reaction to the infusion. Vital signs (temperature, respiration rate, pulse, and blood pressure)

will be taken before and after infusion, then every 15 minutes for at least one hour and until

these signs are satisfactory and stable. The subject will be asked not to leave until the physician

considers it is safe for him or her to do so.

Packaging

[00462] Infusion will be comprised of a single dose of 1-5 x 10 CA T19-transduced cells,

with a minimal acceptable dose of 1 x 10 CART- 19 cells for infusion. Each bag will contain

an aliquot (volume dependent upon dose) of cryomedia containing the following infusible

grade reagents (% v/v): 31.25% plasmalyte-A, 31.25% dextrose (5%), 0.45% NaCl, up to 7.5%

DMSO, 1% dextran 40, 5% human serum albumin.

Apheresis

[00463] A large volume (12-15 liters or 4-6 blood volumes) apheresis procedure is carried

out at the apheresis center. PBMC are obtained for CART- 19 during this procedure. From a

single leukapheresis, the intention is to harvest at least 50 x 109 white blood cells to

manufacture CART- 19 T cells. Baseline blood leukocytes for FDA look-back requirements and

for research are also obtained and cryopreserved. The cell product is expected to be ready for

release approximately 2-4 weeks later. Flow cytometry lymphocyte subset quantitation,

including CD 19 and CD20 B cell determination. Baseline assessment is made for human anti-

VSV-G and anti-murine antibody (HAMA). If a subject has previously had an adequate

apberesis collection banked according to current Good Manufacturing Practices at the Clinical

Cell and Vaccine Production Facility these cells may be used as the source of cells for CART -

19 manufacturing. Using a banked apheresis product would avert the expense, time, and risk to

the subject of undergoing an additional apheresis collection.

Cytoreductive Chemotherapy



[00464] The lymphodepleting chemotherapy will be high-dose melphalan as described

herein.

CART- 19 Infusion

[00465] Infusion will begin on day-i- 2 after stem-cell reinfusion.

[00466] On day + 2 prior to the first infusion, patients will have a CBC with differential, and

assessment of CD3, CD4 and CD8 counts since chemotherapy is given in part to induce

lymphopenia.

[00467] The first dose will be administered using a single dose. The cells are thawed at the

patient's bedside. The thawed cells will be given at as rapid an infusion rate as tolerated such

that the duration of the infusion will be approximately 10-15 minutes. In order to facilitate

mixing, the cells will be administered simultaneously using a Y -adapter. Subjects will be

infused and premedicated as described herein. Subjects' vital signs will be assessed and pulse

oxymetry done prior to dosing, at the end of the infusion, and every 15 minutes thereafter for 1

hour and until these are stable and satisfactory. A blood sample for determination of a baseline

CART- 19 level is obtained any time prior to the first infusion and 20 minutes to 4 hours after

each infusion (and sent to TCSL).

[00468] Patients experiencing toxicities related to high-dose melphalan will have their

infusion schedule delayed until these toxicities have resolved. The specific toxicities warranting

delay of T cell infusions include: 1) Pulmonary: Requirement for supplemental oxygen to keep

saturation greater than 95% or presence of radiographic abnonnalities on chest x-ray that are

progressive; 2) Cardiac: New cardiac arrhythmia not controlled with medical management 3)

Hypotension requiring vasopressor support. 4) Active Infection: Positive blood cultures for

bacteria, fungus, or virus within 48-hours ofT cell infusion.

Management of Toxicity

[00469] Uncontrolled T cell proliferation. Toxicity associated with allogeneic or autologous

T cell infusions has been managed with a course of pharmacologic immunosuppression. T body

associated toxicity has been reported to respond to systemic corticosteroids. If uncontrolled T

cell proliferation occurs (grade 3 or 4 toxicity related to CART- 19 cells), subjects may be



treated with corticosteroids. Subjects will be treated with pulse methylprednisolone (2 mg/kg

i.v. divided q8 hr x 2 days), followed by a rapid taper.

[00470] In addition, based on the observations of subjects treated on another protocol, there

is some concern for macrophage activation syndrome (MAS), though the CD 19+ tumor burden

is expected to be much lower in patients with myeloma than in patients with CLL. Treatment

and timing of treatment of this toxicity will be at the discretion of the patient's physician and

the study investigator. Suggested management might include: if the subject has a fever greater

than 101°F that lasts more than 2 consecutive days and there is no evidence of infection

(negative blood cultures, CXR or other source), tocilizumab 4 mg/kg can be considered. The

addition of corticosteroids and anti-TNF therapy can be considered at the physician's discretion.

[00471] B cell depletion. It is possible that B cell depletion and hypogammaglobulinemia

will occur. This is common with anti-CD20 directed therapies. In the event of clinically

significant hypogammaglobulinemia (i.e. systemic infections), subjects will be given

intravenous immunoglobulin (IVIG) by established clinical dosing guidelines to restore normal

levels of serum immunoglobulin levels, as has been done with Rituximab.

[00472] Primary graft failure. Primary graft failure (i.e., non-engraftment) may be more

common after second ASCT compared to first ASCT. Eligibility criteria stipulate that sufficient

stem cells must be available for rescue reinfusion at the discretion of the treating physician in

the event of primary graft failure.

EQUIVALENTS

[00473] The disclosures of each and every patent, patent application, and publication

cited herein are hereby incorporated herein by reference in their entirety. While this invention

has been disclosed with reference to specific aspects, it is apparent that other aspects and

variations of this invention may be devised by others skilled in the art without departing from

the true spirit and scope of the invention. The appended claims are intended to be construed to

include all such aspects and equivalent variations.



What is claimed is:

1. An isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein the

CAR comprises an antibody or antibody fragment which includes a humanized anti-CD 19

binding domain, a transmembrane domain, and an intracellular signaling domain comprising a

stimulatory domain, and wherein said anti-CD 19 binding domain comprises one or more of

light chain complementary determining region 1 (LC CDR1), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of any anti-CD19 light chain binding domain amino acid sequence listed in Table 3,

and one or more of heavy chain complementary determining region 1 (HC CDR1), heavy

chain complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of any anti-CD 19 heavy chain binding domain amino acid

sequence listed in Table 3 .

2 . The isolated nucleic acid molecule of claim 1, comprising a LC CDR1, LC CDR2 and LC

CDR3 of any anti-CD 19 light chain binding domain amino acid sequence listed in Table 3 .

3 . The isolated nucleic acid molecule of claim 1, comprising a HC CDR1, HC CDR2 and HC

CDR3 of any anti-CD 19 light chain binding domain amino acid sequence listed in Table 3 .

4 . The isolated nucleic acid molecule of claim 1, comprising LC CDR1, LC CDR2 and LC

CDR3 of any anti-CD 19 light chain binding domain amino acid sequence listed in Table 3, and

HC CDR1, HC CDR2, and HC CDR3 of any anti-CD 19 heavy chain binding domain amino

acid sequence listed in Table 3 .

5 . The isolated nucleic acid molecule of claim 1, comprising any light chain variable region

listed in Table 3 .

6 . The isolated nucleic acid molecule of claim 1, comprising any heavy chain variable region

listed in Table 3 .



7 . The isolated nucleic acid molecule of claim 1, comprising any light chain variable region

listed in Table 3 and any heavy chain variable region listed Table 3 .

8. The isolated nucleic acid molecule of any of the preceding claims, wherein the CD19

binding domain is a scFv.

9 . The isolated nucleic acid molecule of any of the preceding claims, wherein the light chain

variable region comprises an amino acid sequence having at least one, two or three

modifications but not more than 30, 20 or 10 modifications of an amino acid sequence of a light

chain variable region provided in Table 3, or a sequence with 95-99% identity to an amino acid

sequence provided in Table 3 .

10. The isolated nucleic acid molecule of any of the preceding claims, wherein the heavy chain

variable region comprises an amino acid sequence having at least one, two or three

modifications but not more than 30, 20 or 10 modifications of an amino acid sequence of a

heavy chain variable region provided in Table 3, or a sequence with 95-99% identity to an

amino acid sequence provided in Table 3 .

11. The isolated nucleic acid molecule of any of the preceding claims, wherein the anti-CD 19

binding domain comprises a sequence selected from a group consisting of SEQ ID NO:l, SEQ

ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID

NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12, or a sequence with

95-99% identify thereof.

12. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic acid

sequence encoding the anti-CD 19 binding domain comprises a sequence selected from a group

consisting of SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID

NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:71 and

SEQ ID NO:72, or a sequence with 95-99% identify thereof.

13. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

CAR includes a transmembrane domain that comprises a transmembrane domain of a protein



selected from the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28,

CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,

CD 134, CD 137 and CD 154.

14. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

transmembrane domain comprises a sequence of SEQ ID NO: 15.

15. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

transmembrane domain comprises an amino acid sequence comprises at least one, two or three

modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ

ID NO: 15, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO: 15.

16. The isolated nucleic acid molecule of any of the preceding claims, wherein the, the nucleic

acid sequence encoding the transmembrane domain comprises a sequence of SEQ ID NO:56, or

a sequence with 95-99% identify thereof.

17. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

anti-CD 19 binding domain is connected to the transmembrane domain by a hinge region.

18. The isolated nucleic acid molecule of claim 17, wherein the encoded hinge region

comprises SEQ ID NO: 14, or a sequence with 95-99% identity thereof.

19. The isolated nucleic acid molecule of claim 17, wherein the nucleic acid sequence

encoding the hinge region comprises a sequence of SEQ ID NO: 55, or a sequence with 95-

99% identify thereof.

20. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

sequence encoding a costimulatory domain.

21. The isolated nucleic acid molecule of claim 20, wherein the costimulatory domain is a

functional signaling domain obtained from a protein selected from the group consisting of



OX40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CDlla/CD18), ICOS (CD278), and 4-lBB

(CD137).

22. The isolated nucleic acid molecule of claim 20 or 21, wherein the encoded costimulatory

domain comprises a sequence of SEQ ID NO: 16.

23. The isolated nucleic acid molecule of claim 20 or claim 21, wherein the encoded

costimulatory domain comprises an amino acid sequence having at least one, two or three

modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ

ID NO: 16, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO: 16.

24. The isolated nucleic acid molecule of claim 20 or 21, wherein the nucleic acid sequence

encoding the costimulatory domain comprises a sequence of SEQ ID NO:60, or a sequence

with 95-99% identify thereof.

25. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

sequence encoding an intracellular signaling domain.

26. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

intracellular signaling domain comprises a functional signaling domain of 4- IBB and/or a

functional signaling domain of CD3 zeta.

27. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

intracellular signaling domain comprises the sequence of SEQ ID NO: 16 and/or the sequence

of SEQ ID NO: 17 or SEQ ID NO:43.

28. The isolated nucleic acid molecule of any of the preceding claims, wherein the intracellular

signaling domain comprises an amino acid sequence having at least one, two or three

modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ

ID NO: 16 and/or an amino acid sequence of SEQ ID NO: 17 or SEQ ID NO:43, or a sequence

with 95-99% identity to an amino acid sequence of SEQ ID NO: 16 and/or an amino acid

sequence of SEQ ID NO: 17 or SEQ ID NO:43.



29. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

intracellular signaling domain comprises the sequence of SEQ ID NO: 16 and the sequence of

SEQ ID NO: 17 or SEQ ID NO:43, wherein the sequences comprising the intracellular signaling

domain are expressed in the same frame and as a single polypeptide chain.

30. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic acid

sequence encoding the intracellular signaling domain comprises a sequence of SEQ ID NO:60,

or a sequence with 95-99% identify thereof, and/or a sequence of SEQ ID NO: 101 or SEQ ID

NO:44, or a sequence with 95-99% identity thereof.

31. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

leader sequence.

32. The isolated nucleic acid molecule of claim 31, wherein the leader sequence comprises

SEQ ID NO: 13.

33. An isolated polypeptide molecule encoded by the nucleic acid molecule of any one of

claims 1-32.

34. The isolated polypeptide of claim 33, comprising a sequence selected from the group

consisting of SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID

NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,

SEQ ID NO:41, and SEQ ID NO:42.

35. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:31.

36. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:32.

37. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:35.

38. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:36.



39. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:37.

40. An isolated chimeric antigen receptor (CAR) molecule comprising a humanized anti-CD 19

binding domain, a transmembrane domain, and an intracellular signaling domain.

41. The isolated CAR molecule of claim 40, comprising an antibody or antibody fragment

which includes a humanized anti-CD 19 binding domain, a transmembrane domain, and an

intracellular signaling domain.

42. The isolated CAR molecule of claim 40 or 41, wherein the humanized anti-CD 19 binding

domain comprises one or more light chain complementary determining region 1 (LC CDRl),

light chain complementary determining region 2 (LC CDR2), and light chain complementary

determining region 3 (LC CDR3) of any humanized anti-CD 19 binding domain listed in Table

3, and one or more heavy chain complementary determining region 1 (HC CDRl), heavy chain

complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of any humanized anti-CD 19 binding domain listed in Table

3 .

43. The isolated CAR molecule of any of claims 40-42, comprising LC CDRl, LC CDR2 and

LC CDR3 of any anti-CD 19 light chain binding domain amino acid sequence listed in Table3.

44. The isolated CAR molecule of any of claims 40-43, comprising HC CDRl, HC CDR2, and

HC CDR3 of any anti-CD 19 heavy chain binding domain amino acid sequence listed in Table

3 .

45. The isolated CAR molecule of any of claims 40-44, comprising LC CDRl, LC CDR2 and

LC CDR3 of any anti-CD 19 light chain binding domain amino acid sequence listed in Table 3,

and HC CDRl, HC CDR2, and HC CDR3 of any anti-CD 19 heavy chain binding domain

amino acid sequence listed in Table 3 .

46. The isolated CAR molecule of any of claims 40-45, wherein the anti-CD 19 binding

domain is a scFv.



47. The isolated CAR molecule of any of claims 40-46, wherein the anti-CD 19 binding domain

comprises a light chain and a heavy chain of an amino acid sequence listed in Table 3 .

48. The isolated CAR molecule of any of claims 40-47, wherein the anti-CD 19 binding

domain comprises: a light chain variable region comprising an amino acid sequence having at

least one, two or three modifications but not more than 30, 20 or 10 modifications of an amino

acid sequence of a light chain variable region provided in Table 3, or a sequence with 95-99%

identity with an amino acid sequence provided in Table 3 .

49. The isolated CAR molecule of any of claims 40-48, wherein the anti-CD 19 binding

domain comprises a heavy chain variable region comprising an amino acid sequence having at

least one, two or three modifications but not more than 30, 20 or 10 modifications of an amino

acid sequence of a heavy chain variable region provided in Table 3, or a sequence with 95-99%

identity to an amino acid sequence provided in Table 3 .

50. The isolated CAR molecule of any of claims 40-49, wherein the anti-CD19 binding

domain comprises a sequence selected from a group consisting of SEQ ID NO: 1, SEQ ID

NO:2, SEQ ID NO:3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID

NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, or a sequence with

95-99% identify thereof.

51. The isolated CAR molecule of any of claims 40-50, further comprising a transmembrane

domain of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-

cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37,

CD64, CD80, CD86, CD134, CD137 and CD154.

52. The isolated CAR molecule of claim 51, wherein the transmembrane domain comprises a

sequence of SEQ ID NO: 15.

53. The isolated CAR molecule of claim 5 1 or 52, wherein the transmembrane domain

comprises an amino acid sequence having at least one, two or three modifications but not more



than 20, 10 or 5 modifications of an amino acid sequence of SEQ ID NO: 15, or a sequence

with 95-99% identity to an amino acid sequence of SEQ ID NO: 15.

54. The isolated CAR molecule of any one of claims 40-53, wherein the humanized anti-CD 19

binding domain is connected to the transmembrane domain by a hinge region.

55. The isolated CAR molecule of claim 54, wherein the encoded hinge region comprises SEQ

ID NO: 14 or SEQ ID NO: 102, or a sequence with 95-99% identity thereof.

56. The isolated CAR molecule of any of claims 40-55, further comprising a sequence

encoding a costimulatory domain.

57. The isolated CAR molecule of claim 56, wherein the costimulatory domain comprises a

functional signaling domain of a protein selected from the group consisting of OX40, CD2,

CD27, CD28, CDS, ICAM-1, LFA-1 (CDlla/CD18) and 4-lBB (CD137).

58. The isolated CAR molecule of claim 56 or 57, wherein the costimulatory domain

comprises a sequence of SEQ ID NO: 16.

59. The isolated CAR molecule of claim 56 or 57, wherein the costimulatory domain

comprises an amino acid sequence having at least one, two or three modifications but not more

than 20, 10 or 5 modifications of an amino acid sequence of SEQ ID NO: 16, or a sequence

with 95-99% identity to an amino acid sequence of SEQ ID NO: 16.

60. The isolated CAR molecule of any one of claims 40-59, further comprising a sequence

encoding an intracellular signaling domain.

61. The isolated CAR molecule of claim 60, wherein the intracellular signaling domain

comprises a functional signaling domain of 4- IBB and/or a functional signaling domain of

CD3 zeta.

62. The isolated CAR molecule of claim 60 or 61, wherein the intracellular signaling domain

comprises the sequence of SEQ ID NO: 16 and/or the sequence of SEQ ID NO: 17.



63. The isolated CAR molecule of claim 60 or 61, wherein the intracellular signaling domain

comprises the sequence of SEQ ID NO: 16 and/or the sequence of SEQ ID NO:43.

64. The isolated CAR molecule of any of claims 60-63, wherein the intracellular signaling

domain comprises an amino acid sequence having at least one, two or three modifications but

not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ ID NO: 16 and/or an

amino acid sequence of SEQ ID NO: 17 or SEQ ID NO:43, or a sequence with 95-99% identity

to an amino acid sequence of SEQ ID NO: 16 and/or an amino acid sequence of SEQ ID NO: 17

or SEQ ID NO:43.

65. The isolated CAR molecule of any of claims 60-64, wherein the intracellular signaling

domain comprises the sequence of SEQ ID NO: 16 and the sequence of SEQ ID NO: 17 or

SEQ ID NO:43, wherein the sequences comprising the intracellular signaling domain are

expressed in the same frame and as a single polypeptide chain.

66. The isolated CAR molecule of any of claims 40-65, further comprising a leader sequence.

67. The isolated CAR molecule of claim 66, wherein the leader sequence comprises an amino

acid sequence of SEQ ID NO: 13, or a sequence with 95-99% identity to an amino acid

sequence of SEQ ID NO: 13.

68. A humanized anti-CD 19 binding domain comprising one or more light chain

complementary determining region 1 (LC CDR1), light chain complementary determining

region 2 (LC CDR2), and light chain complementary determining region 3 (LC CDR3) of any

anti-CD19 binding domain in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,

SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10,

SEQ ID NO: 11, and SEQ ID NO: 12, and one or more heavy chain complementary

determining region 1 (HC CDR1), heavy chain complementary determining region 2 (HC

CDR2), and heavy chain complementary determining region 3 (HC CDR3) of any humanized

anti-CD19 binding domain in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,



SEQ ID NO:5, SEQ ID NO:6, SEQ ID N0:7, SEQ ID N0:8, SEQ ID N0:9, SEQ ID NO: 10,

SEQ ID NO: 11, and SEQ ID NO: 12.

69. The humanized anti-CD19 binding domain of claim 68, wherein the humanized anti-CD19

binding domain is a scFv comprising a light chain and a heavy chain of an amino acid sequence

of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,

SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, or SEQ ID

NO: 12.

70. The humanized anti-CD19 binding domain of claim 68 or 69, wherein the humanized anti-

CD^ binding domain comprises: a light chain variable region comprising an amino acid

sequence having at least one, two or three modifications but not more than 30, 20 or 10

modifications of an amino acid sequence of a light chain variable region provided, in SEQ ID

NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID

NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12 or a

sequence with 95-99% identity with an amino acid sequence in SEQ ID NO:l, SEQ ID NO:2,

SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,

SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12; and/or a heavy chain

variable region comprising an amino acid sequence having at least one, two or three

modifications but not more than 30, 20 or 10 modifications of an amino acid sequence of a

heavy chain variable region provided SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID

NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID

NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12, or a sequence with 95-99% identity to an amino

acid sequence in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11,

and SEQ ID NO: 12.

71. A vector comprising a nucleic acid molecule encoding a CAR of any of the preceding

claims.

72. The vector of claim 71, wherein the vector is selected from the group consisting of a DNA,

a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a retrovirus vector.



73. The vector of claim 7 1 or 72, further comprises a promoter.

74. The vector of claim 73, wherein the promoter is an EF-1 promoter.

75. The vector of claim 74, wherein the EF-1 promoter comprises a sequence of SEQ ID NO:

100.

76. The vector of any of claims 71-75, wherin the vector is an in vitro transcribed vector.

77. The vector of any of claims 71-76, wherein the, the nucleic acid sequence in the vector

further comprises a poly(A) tail.

78. The vector of any of claims 71-76, wwherein the nucleic acid sequence in the vector

further comprises a 3'UTR.

79. A cell comprising the vector of any of claims 71-78.

80. The cell of claim 79, wherein the cell is a human T cell.

81. The cell of claim 80, wherein the T cell is a CD8+ T cell.

82. A method of making a cell comprising transducing a T cell with a vector of any of claims

71-78.

83. A method of generating a population of RNA-engineered cells comprising introducing an in

vitro transcribed RNA or synthetic RNA into a cell, where the RNA comprises a nucleic acid

encoding a CAR molecule of any of the preceding claims.

84. A method of providing an anti-tumor immunity in a mammal comprising administering to

the mammal an effective amount of a cell expressing a CAR molecule of any of the preceding

claims.



85. The method of claim 84, wherein the cell is an autologous T cell.

86. The method of claim 84 or 85, wherein the cell is an allogeneic T cell.

87. The method of any of claims 84-86, wherein the mammal is a human.

88. A method of treating a mammal having a disease associated with expression of CD19

comprising administering to the mammal an effective amount of the cell of comprising a CAR

moleculeof any of the preceding claims.

89. The method of claim 88, wherein the disease associated with CD19 expression is selected

from a proliferative disease such as a cancer or malignancy or a precancerous condition such as

a myelodysplasia, a myelodysplastic syndrome or a preleukemia, or is a non-cancer related

indication associated with expression of CD19.

90. The method of claim 88 or 89, wherein the disease is a hematologic cancer selected from

the group consisting of one or more acute leukemias including but not limited to 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 chronic

myelogenous leukemia (CML), chronic lymphocytic leukemia (CLL); additional hematologic

cancers or hematologic conditions including, but not limited to 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, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic

syndrome, non-Hodgkin's 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 to disease associated with CD19 expression include, but not limited to atypical and/or

non-classical cancers, malignancies, precancerous conditions or proliferative diseases

expressing CD 19; and combinations thereof.



91. The method of any of claims 88-90, wherein the cells expressing a CAR moleculeare

administered in combination with an agent that increases the efficacy of a cell expressing a

CAR molecule.

92. The method of any of claims 88-91, wherein the cells expressing a CAR molecule are

administered in combination with an agent that ameliorates one or more side effects associated

with administration of a cell expressing a CAR molecule.

93. The method of any of claims 88-92, wherein the cells expressing a CAR moleculeare

administered in combination with an agent that treats the disease associated with CD19.

94. The isolated nucleic acid molecule of any of claims 1-32, the isolated polypeptide

molecule of any of claims 33-39, the isolated CAR of any of claims 40-67, the anti-CD19

binding domain of any of claims 68-70, the vector of any of claims 71-78 or the cell of any of

claims 79-81 for use use as a medicament.

95. The isolated nucleic acid molecule of any of claims 1-32, the isolated polypeptide

molecule of any of claims 33-39, the isolated CAR of any of claims 40-68, the anti-CD19

binding domain of any of claims 69-71, the vector of any of claims 72-79 or the cell of any of

claims 80-82 for use use in the treatment of a disease expressing CD19.

96. A cell of any of claims 79-81, further expressing an inhibitory molecule that comprises a first

polypeptide that comprises at least a portion of an inhibitory molecule, associated with a second

polypeptide that comprises a positive signal from an intracellular signaling domain.

97. The cell of claim 96, wherein the inhibitory molecule comprise first polypeptide that comprises at

least a portion of PD1 and a second polypeptide comprising a costimulatory domain and primary

signaling domain.
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