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WHAT IS CLLATMILD IS:

1. An isolated nueleic acid sequence encoding a chimeric antigen receptor
(CAR), wherein the isolaied nucleic acid sequence comprises the nucleic acid sequence
u-folate receptor (FRu) binding domain and the nucleic acid sequence of a 4-1BB (CP137)

costimulatory domain,

2. The isolated nucleic acid sequence of ¢laim 1, further comppiSing the nucicic

acid sequence of a CD3 zeta signaling domain,

3. The isolated nucleic acid sequence of claim I, whefein the CAR comprises the
amino acid sequence of SEQ ID NO: 13 or SEQ ID NO; 22,

4, The isolated nucleic acid sequence ol claipd' 1 comprising the nucléic acid

sequence of SEQ ID NO: 1 or SEQ ID NO: 20,

5 The isolated nucleic acid sequence/of clain 1, wherein the FR¢ binding

domain is an antibody or 2 FRe-binding fragmént thereof,

6. The isolated nucleic acid séquence of claim 5, wherein the FRa-binding

fragment is a Fab or a s¢Fv.

7. The isolated nuclei acid sequence of claim 1, wherein the FRa binding

domain binds fo a tumor antigéh, wherein the tomor antigen is FRo.-

8. The isolated nucleic acid sequence of claim 7, wherein the tumor antigen is

associated with an epifhetial malignancy.

isolated nucleic acid sequence of claim 7, wherein the tumor antigen is

associated with a solid turnor,

The isolated nucleic sequence of claim 1, wherein the FRe, binding domain

compylses the amino acid sequence of SEQ ID NO: 15 or SEQ 1D NO: 23,

[1.  The isolated nucleic acid sequence of claim 1, wherein the FRo: binding

domain is encoded by the nucleic acid sequence of SEQ ID NC: 3 or SEQ ID NO: 21,
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12, The isolated nucleie sequence of claim I, wherein the 4-1BB costimulatory

domain comprises the amino acid sequence of SEQ 1D NO: 18,

13, The isolaied nucleic acid sequence of claim 1, wherein the 4-1BB

costimulnfory domain is encoded by the nucleie acid sequence of SEQ ID NO: 6,

14, The isolated nucleic sequence of claim 2, wherein the CD3 zeta signaling

domain comprises the amino acid sequence of SEQ ID NO: 19.

15.  The isolated nuckeic acid sequence of claiin 2, wherein the CP3 zela signaling

domain is encoded by the niclejc acid sequence of SEQ IDNO: 7.

16,  The isolaled nucleic acid sequence of claim |, furthef/comprising the nucleic

acid sequence of a transmembrane domain,
17. - Anisolaled chimeric antigen receptor (CARYcomprising a FRat binding

domain and a 4-1B8 coslimulalory domain.

18.  The isolated CAR of elaim 17 furthér comprising a CD3 zeta signaling

domain.

19.  The isolaled CAR of ¢laitf 17, wherein the CAR comprises the amino acld
sequence of SEQ ID NO: 13 or SEQ ) NO; 22.

20,  Theisofated CAX of claim 17, wherein the FRe binding domain is an anlibody
or 2 FRo-binding fragment tMereof.

21, The isolfted CAR of ¢laim 20, whereln the FRo-binding fragment is a Fab ora

scFv.

22. he isolated CAR of elaim 17, wherein the FRu binding domain binds to a

tumor antigeh, wherein the tumor antigen is FRo.

The isolaied CAR of claim 22, wherein the tumor antigen is associated with an

epijfielial malignancy.
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24.  The isolated CAR of claim 22, wherein the tumor antigen is associated with a

solid mmor.

25,  The isolated CAR of claim 17, wherein the FRo binding domain comprissg'the
amino acid sequence of SEQ ID NO: 15 or SEQ D NO; 23,

26, The isolated CAR of claim 17, wherein the 4-1BB costimulatory gémain
comprises the amino acid sequence of SEQ ID NG: 18,

27.  The isolated CAR of claim 18, wherein the CD3 zeta sigtfaling domain
comprises the amino acid sequence of SEQ ID NO: 19,

28.  The isolated CAR of claim 17, further comprigifig a transmembrane domain,

29, A genetically modified T cel] comprisingan isolated nucleic acid sequence
encoding n chimeric antigen receptor (CAR), wherejf the isolated nucleic acid sequence
comprises the nucleic acid sequence of a FRa bipding domain and the nucleic acid sequence

of a 4-1BB costimulatory domain.

30. A vector comprising an #Solated nucleic acid sequence encoding a chimeric
antigen receptor (CAR), wherein thyisolated nucleic acid sequence ¢omprises the nucleie
acid sequence of a FRy binding domain and the nuecleie acid sequence of a 4-1BB

costimulatory donain,

31, A methpd for providing anti-tumor immunity in a subject, the method
comprising: adminigfering to the subject an effective amount of a genetically modified T cell
comprising an isglated nucieic acid sequence encoding a chimeric antigen receptor (CAR),
lated nucleic acid sequence comprises the nucleic acid sequence of a FRe
ain and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby

providifg anti-tumor immunity in the subject.

32.  The method of claim 31, wherein the isolated nucleic acid sequence further

comprises the nucleic acid sequence of a CD3 zeta signaling domain,

99



WO 2012/099973 PCT/US2012/021738

33, The method of claim 31, wherein the presence of the costimulatory donain

enhances T cell survival,

34.  The method of claim 31, wherein the presence of the costimulatory domai

increases the efficacy of anti-tumor immunity in a subject.
35, The method of clain 31, whercin the subject is a mammal.
36.  The method of claim 31, wherein the subject is 2 human,

37. A method for stimulating a T cell-mediated iminunefesponse to a cell
population or lissue in a subject, the method comprising: adminigfering to the subject an
effective amount of a genetically modified T cell comprising 2h isolated nucleic acid
sequence encoding a chimeric antigen receptor (CAR), wlérein the isolated nucleic acid
sequence comprises the nucleic acid sequence of o FReg/binding domain and the nucleic acid
sequence of a 4-1BB costimulatory domain, therebyAtimulating a T cell-mediated immune

response in the subject.

38, Amethod for treating an oydrian cancer in a subject, the method comprising:
administering to (he subject an effective/amount of a genetically modified T cell comprising
an isolated nucleic acid sequence engbding a chimeric antigen receptor (CAR), wherein the
isolated nucleic acid sequence copfiprises the nucleic acid sequence of a FRa binding domain
and the nucleic acid sequence ¢f a 4-1BB costimulatory domain, thereby {zeating the ovarian

cancer in the subject.

39.  Amethdd for treating cancer in a subject, the method comprising:
adminisiering (o thg/subject an effective amount of a genetically modified T cell comprising
an isolated nuclpie acid sequence encodiné a chimeric antigen receptor (CAR), wherein the
isolated nuclgic acid sequence comprises the nucleic acid sequence of 2 FRe binding domain

and the nyéleic acid sequence of a 4-1BB costimulatory domain, thereby treating cancer in the
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40. A method of penerating a persisting population of genelically engineered T
cells in a subject diagnosed with ovarian cancer, the method comprising: administering to the
subject an effective amount of a genetieally modified T cell comprising an isolated nucleic
acid sequence encoding a chimeric antigen teceptor (CAR), wherein {he isolated nucleic 3éid
sequence comprises the nucleic acid sequence of a FRu binding domain and the nucleje acid
sequence of a 4-1BB costimulalory domain, wherein the persisting population of gedetically

engineered T cells persists in the subject for at least one month after administration,

41, The methed of claim 40, wherein the persisting population of genetically

engineered T cells persists in the human for at lcast three months after agministration.




WHAT IS CLAIMED IS:

1.

10.

11.

12.

13.

14.

15.

An isolated nucleic acid sequence encoding a chimeric antigen receptor (CAR), wherein
the isolated nucleic acid sequence comprises the nucleic acid sequence of a a-folate
receptor (FRa) binding domain and the nucleic acid sequence of a 4-1BB (CD137)
costimulatory domain.

The isolated nucleic acid sequence of claim 1, further comprising the nucleic acid
sequence of a CD3 zeta signaling domain.

The isolated nucleic acid sequence of claim 1, wherein the CAR comprises the amino
acid sequence of SEQ ID NO: 13 or SEQ ID NO: 22.

The isolated nucleic acid sequence of claim 1 comprising the nucleic acid sequence of
SEQ ID NO: 1 or SEQ ID NO: 20.

The isolated nucleic acid sequence of claim 1, wherein the FRa binding domain is an
antibody or a FRa-binding fragment thereof.

The isolated nucleic acid sequence of claim 5, wherein the FRo-binding fragment is a Fab
or a scFv.

The isolated nucleic acid sequence of claim 1, wherein the FRo binding domain binds to
a tumor antigen, wherein the rumor antigen is FRo

The isolated nucleic acid sequence of claim 7, wherein the tumor antigen is associated
with an epithelial malignancy.

The isolated nucleic acid sequence of claim 7, wherein the tumor antigen is associated
with a solid tumor.

The isolated nucleic sequence of claim 1, wherein the FRa binding domain comprises the
amino acid sequence of SEQ ID NO: 15 or SEQ ID NO: 23,

The isolated nucleic acid sequence of claim 1, wherein the FRa binding domain is
encoded by the nucleic acid sequence of SEQ ID NO: 3 or SEQ ID NO: 21.

The isolated nucleic sequence of claim 1 , wherein the 4-1BB costimulatoiy domain
comprises the amino acid sequence of SEQ ID NO: 18.

The isolated nucleic acid sequence of claim 1, wherein the 4-1BB costimulatoiy domain
is encoded by the nucleic acid sequence of SEQ ID NO: 6.

The isolated nucleic sequence of claim 2, wherein the CD3 zeta signaling domain
comprises the amino acid sequence of SEQ ID NO: 19.

The isolated nucleic acid sequence of claim 2, wherein the CD3 zeta signaling domain is
encoded by the nucleic acid sequence of SEQ ID NO: 7.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

The isolated nucleic acid sequence of claim 1 , further comprising the nucleic acid
sequence of a transmembrane domain.

An isolated chimeric antigen receptor (CAR) comprising a FRa binding domain and a 4-
1BB costimulatoiy domain.

The isolated CAR of claim 17 further comprising a CD3 zeta signaling domain.

The isolated CAR of claim 17, wherein the CAR comprises the amino acid sequence of
SEQ ID NO: 13 or SEQ ID NO: 22.

The isolated CAR of claim 17, wherein the FRa binding domain is an antibody or a FRo-
binding fragment thereof.

The isolated CAR of claim 20, wherein the FRo-binding fragment is a Fab or a scFv.

The isolated CAR of claim 17, wherein the FRa binding domain binds to a tumor antigen,
wherein the tumor antigen is FRev

The isolated CAR of claim 22, wherein the tumor antigen is associated with an epithelial
malignancy.

The isolated CAR of claim 22, wherein the tumor antigen is associated with a solid
tumor.

The isolated CAR of claim 17, wherein the FRa binding domain comprises the amino
acid sequence of SEQ ID NO; 15 or SEQ ID NO: 23.

The isolated CAR of claim 17, wherein the 4-1BB costimulatory domain comprises the
amino acid sequence of SEQ ID NO: 18.

The isolated CAR of claim 18, wherein the CD3 zeta signaling domain comprises the
amino acid sequence of SEQ ID NO: 1.

The isolated CAR of claim 17, further comprising a transmembrane domain.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-
1BB costimulatory domain.

A vector comprising an isolated nucleic acid sequence encoding a chimeric antigen
receptor (CAR), wherein the isolated nucleic acid sequence comprises the nucleic acid
sequence of a FRa binding domain and the nucleic acid sequence of a 4-1BB
costimulatory domain.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
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32.

33.

34,

35.

36.

the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-
1BB costimulatory domain, for use in an anti-tumor immunity treatment.

The modified T-cell of claim 31, wherein the isolated nucleic acid sequence further
comprises the nucleic acid sequence of a CDS zeta signaling domain.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-
1BB costimulatory domain, for use as a medicament to stimulate a T cell-mediated
immune response.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-
IBB costimulatory domain, for use in treating ovarian cancer.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
the nucleic acid sequence of a FRa: binding domain and the nucleic acid sequence of a 4-
1BB costimulatory domain, for use in treating cancer.

A genetically modified T cell comprising an isolated nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises
the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-
1BB costimulatory domain, for use as a medicament to generate a persisting population
of genetically engineered T cells for treating ovarian cancer.
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