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What is claimed is:

1. An isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), whefein the

CDR3) of any anti-CD19 light chain binding domain amino acid sequénce listed in Table 3,
and one or more of heavy chain complementary determining regigh 1 (HC CDRI1), heavy
chain complementary determining region 2 (HC CDR2), and hegvy chain complementary
determining region 3 (HC CDR3) of any anti-CD19 heavy chéin binding domain amino acid

sequence listed in Table 3.

2. The isolated nucleic acid molecule of claim 1, copiprising a LC CDR1, LC CDR2 and LC
CDR3 of any anti-CD19 light chain binding domafn amino acid sequence listed in Table 3.

3. The isolated nucleic acid molecule of clajn 1, comprising a HC CDR1, HC CDR2 and HC

CDR3 of any anti-CD19 light chain bindifg domain amino acid sequence listed in Table 3.

4. The isolated nucleic acid molecuj¢ of claim 1, comprising LC CDR1, LC CDR2 and LC
CDR3 of any anti-CD109 light chg/n binding domain amino acid sequence listed in Table 3, and
HC CDR1, HC CDR2, and HGYCDR3 of any anti-CD19 heavy chain binding domain amino

acid sequence listed in Tablg 3.

5. The isolated nuclejf acid molecule of claim 1, comprising any light chain variable region

listed in Table 3.

6. The isolatgd nucleic acid molecule of claim 1, comprising any heavy chain variable region
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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 CI219

binding domain is a scFv.

9. The isolated nucleic acid molecule of any of the preceding claims, wherefn the light chain
variable region comprises an amino acid sequence having at least one, twé or three
modifications but not more than 30, 20 or 10 modifications of an amind 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 havigg at least one, two or three
modifications but not more than 30, 20 or 10 modifigations of an amino acid sequence of a
heavy chain variable region provided in Table 3, of 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-CD19

binding domain comprises a sequence/elected from a group consisting of SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID YO: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
05-99% identify thereof.

12. The isolated nucleig acid molecule of any of the preceding claims, wherein the nucleic acid
sequence encoding thfe anti-CD19 binding domain comprises a sequence selected from a group
consisting of SEQYID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID
NO:65, SEQ IP NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:71 and
SEQ ID N(OX72, or a sequence with 95-99% identify thereof.

13. THe isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

includes a transmembrane domain that comprises a transmembrane domain of a protein
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CD134, CD137 and CD154.

14. The isolated nucleic acid molecule of any of the preceding claims, wherein
transmembrane domain comprises a sequence of SEQ ID NO: 15.

15. The isolated nucleic acid molecule of any of the preceding claims, Avherein the encoded
transmembrane domain comprises an amino acid sequence comprisgé at least one, two or three
modifications but not more than 20, 10 or 5 modifications of an gfino 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 pregeding claims, wherein the, the nucleic
acid sequence encoding the transmembrane domain cgmprises a sequence of SEQ 1D 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 t¢’the transmembrane domain by a hinge region.

18. The isolated nucleic acid molecyle of claim 17, wherein the encoded hinge region

comprises SEQ ID NO:14, or a sgfjuence 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: 53, or a sequence with 95-

99% identify thereof.

20. The isolate¢/nucleic acid molecule of any of the preceding claims, further comprising a

sequence encgding a costimulatory domain.

21. Th¢/isolated nucleic acid molecule of claim 20, wherein the costimulatory domain is a

funcgfonal signaling domain obtained from a protein selected from the group consisting of
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0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1
(CD137).

22. The isolated nucleic acid molecule of claim 20 or 21, wherein the encoded costi ulatory

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 gne, two or three
modifications but not more than 20, 10 or 5 modifications of an amin¢/acid sequence of SEQ

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

24. The isolated nucleic acid molecule of claim 20 or 21, whefein the nucleic acid sequence
encoding the costimulatory domain comprises a sequence gt 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 dgfain.

26. The isolated nucleic acid molecule of/any of the preceding claims, wherein the encoded
intracellular signaling domain comprisgs a functional signaling domain of 4-1BB and/or a

functional signaling domain of CD3/zeta.

27. The isolated nucleic acid polecule of any of the preceding claims, wherein the encoded
intracellular signaling domgAn comprises the sequence of SEQ ID NO: 16 and/or the sequence

of SEQ ID NO:17 or SE@ ID NO:43.

28. The isolated nyCleic acid molecule of any of the preceding claims, wherein the intracellular
signaling domai comprises an amino acid sequence having at least one, two or three
modificationy’but not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ
ID NO:16/4nd/or an amino acid sequence of SEQ ID NO:17 or SEQ ID NO:43, or a sequence
with 95/A9% identity to an amino acid sequence of SEQ ID NO:16 and/or an amino acid
sequénce of SEQ ID NO:17 or SEQ ID NO:43.
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29. The isolated nucleic acid molecule of any of the preceding claims, wherein the encod
intracellular signaling domain comprises the sequence of SEQ ID NO:16 and the sequedce of
SEQ ID NO:17 or SEQ ID NO:43, wherein the sequences comprising the intracelluldr 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, whefein the nucleic acid
sequence encoding the intracellular signaling domain comprises a sequegce of SEQ ID NO:60,
or a sequence with 95-99% identify thereof, and/or a sequence of SE@ 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 precedjig claims, further comprising a

leader sequence.

32. The isolated nucleic acid molecule of claim 3],

SEQ ID NO: 13.

herein the leader sequence comprises

33. An isolated polypeptide molecule engédded by the nucleic acid molecule of any one of

claims 1-32.
34. The isolated polypeptide of gfaim 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, SFQ 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 pblypeptide of claim 34, comprising a sequence of SEQ ID NO:31.
36. The iso}dted polypeptide of claim 34, comprising a sequence of SEQ ID NO:32.

isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:35.

. The isolated polypeptide of claim 34, comprising a sequence of SEQ ID NO:36.
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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 4nti-CD19

binding domain, a transmembrane domain, and an intracellular signaling domain.

41. The isolated CAR molecule of claim 40, comprising an antibody or antifody fragment
which includes a humanized anti-CD19 binding domain, a transmembrang domain, and an

intracellular signaling domain.

42. The isolated CAR molecule of claim 40 or 41, wherein the imanized anti-CD19 binding

domain comprises one or more light chain complementary defrmining region 1 (LC CDR1),

43, The isolated CAR molecule of a
LC CDR3 of any anti-CD19 light

of claims 40-42, comprising LC CDR1, LC CDR2 and

ain binding domain amino acid sequence listed in Table3.

44. The isolated CAR molegdle of any of claims 40-43, comprising HC CDR 1, HC CDR2, and

HC CDR3 of any anti-CDA9 heavy chain binding domain amino acid sequence listed in Table

45. The isolated CAR molecule of any of claims 40-44, comprising LC CDR1, LC CDR2 and
LC CDR3 of ghy anti-CD19 light chain binding domain amino acid sequence listed in Table 3,
and HC CDR1, HC CDR2, and HC CDR3 of any anti-CD19 heavy chain binding domain

amino agid sequence listed in Table 3.

4¢/ The isolated CAR molecule of any of claims 40-45, wherein the anti-CD19 binding

domain is a scFv.
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47. The isolated CAR molecule of any of claims 40-46, wherein the anti-CD19 binding démain

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-CD19 Pinding
domain comprises: a light chain variable region comprising an amino acid segfience having at
least one, two or three modifications but not more than 30, 20 or 10 modififations of an amino
acid sequence of a light chain variable region provided in Table 3, or a $équence with 95-99%
identity with an amino acid sequence provided in Table 3.

49. The isolated CAR molecule of any of claims 40-48, wherejf1 the anti-CD19 binding
domain comprises a heavy chain variable region comprising/n amino acid sequence having at
least one, two or three modifications but not more than 3@, 20 or 10 modifications of an amino
acid sequence of a heavy chain variable region providefl in Table 3, or a sequence with 95-99%
identity to an amino acid sequence provided in Tabj 3.

50. The isolated CAR molecule of any of clains 40-49, wherein the anti-CD19 binding

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:1¢/ SEQ ID NO:11 and SEQ ID NO:12, or a sequence with

95-99% identify thereof.

domain comprises a sequence selected fro

51. The isolated CAR molegule of any of claims 40-50, further comprising a transmembrane
domain of a protein selegfed 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, CD8%, CD134, CD137 and CD154.

52. The isolagd CAR molecule of claim 51, wherein the transmembrane domain comprises a

sequence of SEQ ID NO: 15.

53. e isolated CAR molecule of claim 51 or 52, wherein the transmembrane domain

coghiprises an amino acid sequence having at least one, two or three modifications but not more
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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-CD19

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 ther

56. The isolated CAR molecule of any of claims 40-55, further cofmprising a sequence

encoding a costimulatory domain.

57. The isolated CAR molecule of claim 56, wherein the £ostimulatory domain comprises a
functional signaling domain of a protein selected from/he group consisting of 0X40, CD2,

CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD1g) and 4-1BB (CD137).

58. The isolated CAR molecule of claim 56 of 57, wherein the costimulatory domain

comprises a sequence of SEQ ID NO: 16.

59. The isolated CAR molecule of cldim 56 or 57, wherein the costimulatory domain
comprises an amino acid sequence/aving 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 arhino acid sequence of SEQ ID NO: 16.

60. The isolated CAR folecule of any one of claims 40-59, further comprising a sequence

encoding an intracejfular signaling domain.

61. The isolaggd CAR molecule of claim 60, wherein the intracellular signaling domain

comprises gfunctional signaling domain of 4-1BB and/or a functional signaling domain of

62/ The isolated CAR molecule of claim 60 or 61, wherein the intracellular signaling domain

omprises the sequence of SEQ ID NO: 16 and/or the sequence of SEQ ID NO:17.
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63. The isolated CAR molecule of claim 60 or 61, wherein the intracellular signaling doghain

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 intracellulay’signaling
domain comprises an amino acid sequence having at least one, two or three mdifications but
not more than 20, 10 or 5 modifications of an amino acid sequence of SEQYID NO:16 and/or an
amino acid sequence of SEQ ID NO:17 or SEQ ID NO:43, or a sequengé with 95-99% identity
to an amino acid sequence of SEQ ID NO:16 and/or an amino acid sgquence of SEQ ID NO:17
or SEQ ID NO:43.

65. The isolated CAR molecule of any of claims 60-64, whefrein the intracellular signaling
domain comprises the sequence of SEQ ID NO: 16 and tife sequence of SEQ ID NO: 17 or
SEQ ID NO:43, wherein the sequences comprising thg/intracellular signaling domain are

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

66. The isolated CAR molecule of any of claiins 40-65, further comprising a leader sequence.

67. The isolated CAR molecule of claigh 66, wherein the leader sequence comprises an amino
acid sequence of SEQ ID NO: 13, oy/a sequence with 95-99% identity to an amino acid
sequence of SEQ ID NO:13.

68. A humanized anti-CD1¢ binding domain comprising one or more light chain
complementary determinfng region 1 (LC CDR1), light chain complementary determining
region 2 (LC CDR2), 4nd light chain complementary determining region 3 (LC CDR3) of any
anti-CD19 bindingdomain in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, JEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:/1, and SEQ ID NO:12, and one or more heavy chain complementary
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SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:1
SEQ ID NO:11, and SEQ ID NO:12.

69. The humanized anti-CD19 binding domain of claim 68, wherein the humanize¢/anti-CD19
binding domain is a scFv comprising a light chain and a heavy chain of an amin¢/acid sequence
of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:¥, 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, Avherein the humanized anti-
CD19 binding domain comprises: a light chain variable region gomprising an amino acid
sequence having at least one, two or three modifications but ot more than 30, 20 or 10
modifications of an amino acid sequence of a light chain ¥ariable region provided, in 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:J0, SEQ ID NO:11, and SEQ ID NO:12 or a
sequence with 95-99% identity with an amino ag/d sequence in SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,8EQ ID NO:6, SEQ ID NO:7, SEQ ID NO:§,
SEQ ID NO:9, SEQ ID NO:10, SEQ ID N@:11, and SEQ ID NO:12; and/or a heavy chain
variable region comprising an amino acjd 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 XO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, an
acid sequence in SEQ IDNO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ Il NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11,

and SEQ ID NO: 1%/

EQ ID NO:12, or a sequence with 95-99% identity to an amino

71. A vectorfomprising a nucleic acid molecule encoding a CAR of any of the preceding

claims.

72. Fhe 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.
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73. The vector of claim 71 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/6f SEQ ID NO:
100.
transcribed vector.

76. The vector of any of claims 71-75, wherin the vector is an in vitr

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 nycleic acid sequence in the vector

further comprises a 3’UTR.
79. A cell comprising the vector of any of claighs 71-78.

80. The cell of claim 79, wherein the cell/1s a human T cell.
T cell is a CD8+ T cell.

81. The cell of claim 80, wherein t

82. A method of making a ce}f comprising transducing a T cell with a vector of any of claims

71-78.

83. A method of genefating a population of RNA-engineered cells comprising introducing an in
vitro transcribed A or synthetic RNA into a cell, where the RNA comprises a nucleic acid

encoding a CAR¥ molecule of any of the preceding claims.
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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 expfession of CD19
comprising administering to the mammal an effective amount of the cefl 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 preléukemia, or is a non-cancer related

indication associated with expression of CD19.

90. The method of claim 88 or 89, wherein theisease is a hematologic cancer selected from
the group consisting of one or more acute leykemias including but not limited to B-cell acute
lymphoid leukemia (“BALL”), T-cell acyte lymphoid leukemia (“TALL”), acute lymphoid
leukemia (ALL); one or more chronic Jukemias including but not limited to chronic
myelogenous leukemia (CML), chrohic lymphocytic leukemia (CLL); additional hematologic
cancers or hematologic conditioné including, but not limited to B cell prolymphocytic

leukemia, blastic plasmacytoid’dendritic cell neoplasm, Burkitt's lymphoma, diffuse large B

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, andfo disease associated with CD19 expression include, but not limited to atypical and/or

non-clgssical cancers, malignancies, precancerous conditions or proliferative diseases

expyessing CD19; and combinations thereof.
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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 8§8-91, wherein the cells expressing a CAR mg¢lecule are
administered in combination with an agent that ameliorates one or more side £ffects 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 dssociated 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 apy 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 affy of claims 1-32, the isolated polypeptide
molecule of any of claims 33-39, the isoJdted 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 tregfment 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 ¢ least a portion of an inhibitory molecule, associated with a second

polypeptide that comprisgs a positive signal from an intracellular signaling domain.

97. The cell of clajm 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 dopain.




CLAIMS

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-CD19
binding domain, a transmembrane domain, and an intracellular signaling domain comprising a
stimulatory domain, and wherein said anti-CD19 binding domain comprises:

a light chain complementary determining region 1 (LC CDR1) comprising the amino acid
sequence of SEQ ID NO: 25,

a light chain complementary determining region 2 (LC CDR2) comprising the amino acid
sequence of SEQ ID NO: 26,

a light chain complementary determining region 3 (LC CDR3) comprising the amino acid
sequence of SEQ ID NO: 27,

a heavy chain complementary determining region 1 (HC CDR1) comprising the amino acid
sequence of SEQ ID NO: 19,

a heavy chain complementary determining region 2 (HC CDR2) comprising the amino acid
sequence of any of SEQ ID NOS: 22, 21, or 23, and

a heavy chain complementary determining region 3 (HC CDR3) comprising the amino acid

sequence of SEQ ID NO: 24.

2. The isolated nucleic acid molecule of claim 1, wherein the HC CDR2 comprises the amino

acid sequence of SEQ ID NO: 21.

3. The isolated nucleic acid molecule of claim 1, wherein the HC CDR2 comprises the amino

acid sequence of SEQ ID NO: 22.

4. The isolated nucleic acid molecule of claim 1, wherein the HC CDR2 comprises the amino

acid sequence of SEQ ID NO: 23.

5. The isolated nucleic acid molecule of claim 1, which encodes any light chain variable region

listed in SEQ ID NOs: 32, 31, or 33-42.
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6. The isolated nucleic acid molecule of claim 1, which encodes any heavy chain variable region

listed in SEQ ID NOs: 32, 31, or 33-42.

7. The isolated nucleic acid molecule of claim 1, which encodes any light chain variable region
listed in SEQ ID NOs: 32, 31, or 33-42 and any heavy chain variable region listed SEQ ID NOs:
32,31, 0or 33-42.

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 SEQ ID NOs: 32, 31, or 33-42, or an amino acid sequence with at least 95%
identity to an amino acid sequence provided in SEQ ID NOs: 32, 31, or 33-42.

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 SEQ ID NOs: 32, 31, or 33-42, or an amino acid sequence with at

least 95% identity to an amino acid sequence provided in SEQ ID NOs: 32, 31, or 33-42.

11. The isolated nucleic acid molecule of any of the preceding claims, wherein the anti-CD19
binding domain comprises an amino acid sequence selected from a group consisting of SEQ ID
NO:2, SEQ ID NO:1, 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 an

amino acid sequence with at least 95% identity thereof.

12. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic acid

sequence encoding the anti-CD19 binding domain comprises a nucleic acid sequence selected
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from a group consisting of SEQ ID NO:62, SEQ ID NO:61, 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 nucleic acid sequence with at least 95% identity thereof.

13. The isolated nucleic acid molecule of any of the preceding claims, which comprises a nucleic
acid sequence selected from a group consisting of SEQ ID NO: 86, SEQ ID NO: 85, SEQ ID
NO: 87, SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92,
SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, and SEQ ID NO: 96, or a nucleic acid

sequence with at least 95% identity thereof.

14. 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, CDS, CDS§, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,
CD134, CD137 and CD154.

15. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
transmembrane domain comprises the amino acid sequence of SEQ ID NO: 15, or

comprises an amino acid sequence comprising at least one, two or three modifications but not
more than 20, 10 or 5 modifications of the amino acid sequence of SEQ ID NO:15, or an amino
acid sequence with at least 95% identity to the amino acid sequence of SEQ ID NO:15 or

the nucleic acid sequence encoding the transmembrane domain comprises the amino acid

sequence of SEQ ID NO:56, or a sequence with at least 95% identity thereof.

16. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded anti-

CD19 binding domain is connected to the transmembrane domain by a hinge region.

17. The isolated nucleic acid molecule of claim 16, wherein the encoded hinge region comprises

the amino acid sequence of SEQ ID NO:14, or an amino acid sequence with at least 95% identity
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thereof or wherein the nucleic acid sequence encoding the hinge region comprises the nucleic

acid sequence of SEQ ID NO: 55, or a nucleic acid sequence with at least 95% identity thereof.

18. The isolated nucleic acid molecule of any of the preceding claims, wherein the intracellular

signaling domain comprises a costimulatory domain.

19. The isolated nucleic acid molecule of claim 18, wherein the costimulatory domain is a
functional signaling domain obtained from a protein selected from the group consisting of 0X40,
CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB
(CD137).

20. The isolated nucleic acid molecule of claim 18 or 19, wherein the encoded costimulatory
domain comprises the amino acid sequence of SEQ ID NO:16 or

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 an amino acid sequence with
at least 95% identity to the amino acid sequence of SEQ ID NO:16 or

the nucleic acid sequence encoding the costimulatory domain comprises the nucleic acid

sequence of SEQ ID NO:60, or a nucleic acid sequence with at least 95% identity thereof.

21. The isolated nucleic acid molecule of any of the preceding claims, wherein the intracellular

signaling domain comprises a primary signaling domain.

22. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain comprises a functional signaling domain of 4-1BB and/or a

functional signaling domain of CD3 zeta.

23. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain: (i) comprises the amino acid sequence of SEQ ID NO: 16 and/or
the amino acid sequence of SEQ ID NO:17 or SEQ ID NO:43, or (ii) an amino acid sequence
having at least one, two or three modifications but not more than 20, 10 or 5 modifications of the

amino acid sequence of SEQ ID NO:16 and/or an amino acid sequence of SEQ ID NO:17 or
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SEQ ID NO:43, or (iii) an amino acid sequence with at least 95% identity to the amino acid
sequence of SEQ ID NO:16 and/or an amino acid sequence of SEQ ID NO:17 or SEQ ID NO:43.

24. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain comprises the amino acid sequence of SEQ ID NO:16 and the
amino acid 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.

25. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic acid
sequence encoding the intracellular signaling domain comprises the nucleic acid sequence of
SEQ ID NO:60, or a nucleic acid sequence with at least 95% identity thereof, and/or a nucleic
acid sequence of SEQ ID NO:101 or SEQ ID NO:44, or a nucleic acid sequence with at least
95% identity thereof.

26. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

leader sequence.

27. The isolated nucleic acid molecule of claim 26, wherein the leader sequence encodes the

amino acid sequence of SEQ ID NO: 13.

28. An isolated polypeptide molecule encoded by the nucleic acid molecule of any one of the

preceding claims.

29. The isolated polypeptide of claim 28, comprising an amino acid sequence selected from the
group consisting of SEQ ID NO:32, SEQ ID NO:31, 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.

30. Anisolated chimeric antigen receptor (CAR) molecule comprising: (i) an antibody or

antibody fragment which includes a humanized anti-CD19 binding domain, (ii) a transmembrane
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domain, and (iii) an intracellular signaling domain, wherein the humanized anti-CD19 binding
domain comprises:

a light chain complementary determining region 1 (LC CDR1) comprising the amino acid
sequence of SEQ ID NO: 25,

a light chain complementary determining region 2 (LC CDR2) comprising the amino acid
sequence of SEQ ID NO: 26,

a light chain complementary determining region 3 (LC CDR3) comprising the amino acid
sequence of SEQ ID NO: 27,

a heavy chain complementary determining region 1 (HC CDR1) comprising the amino acid
sequence of SEQ ID NO: 19,

a heavy chain complementary determining region 2 (HC CDR2) comprising the amino acid
sequence of any of SEQ ID NOS: 22, 21, or 23, and

a heavy chain complementary determining region 3 (HC CDR3) comprising the amino acid

sequence of SEQ ID NO: 24.

31. The isolated CAR molecule of claim 30, wherein the HC CDR2 comprises the amino acid
sequence of SEQ ID NO: 21.

32. The isolated CAR molecule of claim 30, wherein the HC CDR2 comprises the amino acid
sequence of SEQ ID NO: 22.

33. The isolated CAR molecule of claim 30, wherein the HC CDR2 comprises the amino acid
sequence of SEQ ID NO: 23.

34. The isolated CAR molecule of any of claims 30-33, wherein the anti-CD19 binding domain

is a scFv.
35. The isolated CAR molecule of any of claims 30-34, wherein the anti-CD19 binding domain

comprises a light chain and a heavy chain of an amino acid sequence listed in SEQ ID NOs: 32,

31, or 33-42.
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36. The isolated CAR molecule of any of claims 30-35, wherein the anti-CD19 binding domain
comprises: (i) a light chain variable region listed in SEQ ID NOs: 32, 31, or 33-42, (ii) 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 NOs: 32, 31, or 33-42, or (iii) an amino acid sequence
with at least 95% identity with a light chain variable region provided in SEQ ID NOs: 32, 31, or
33-42.

37. The isolated CAR molecule of any of claims 30-36, wherein the anti-CD19 binding domain
comprises: (i) a heavy chain variable region listed in SEQ ID NOs: 32, 31, or 33-42, (ii) 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 SEQ ID NOs: 32, 31, or 33-42, or (iii) an amino acid sequence
with at least 95% identity to a heavy chain variable region provided in SEQ ID NOs: 32, 31, or
33-42.

38. The isolated CAR molecule of any of claims 30-37, wherein the anti-CD19 binding domain
comprises an amino acid sequence selected from a group consisting of SEQ ID NO:2, SEQ ID
NO:1, SEQ ID NO:3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:§, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11 and SEQ ID NO:12, or an amino acid

sequence with at least 95% identity thereof.

39. The isolated CAR molecule of any of claims 30-38, 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.

40. The isolated CAR molecule of claim 39, wherein the transmembrane domain comprises: (i)

an amino acid sequence of SEQ ID NO: 15, (ii) an amino acid sequence having at least one, two
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or three modifications but not more than 20, 10 or 5 modifications of the amino acid sequence of
SEQ ID NO: 15, or (iii) a sequence with at least 95% identity to the amino acid sequence of SEQ
ID NO: 15.

41. The isolated CAR molecule of any one of claims 30-40, wherein the humanized anti-CD19

binding domain is connected to the transmembrane domain by a hinge region.

42. The isolated CAR molecule of claim 41, wherein the encoded hinge region comprises the
amino acid sequence of SEQ ID NO:14 or SEQ ID NO:102, or a sequence with at least 95%

identity thereof.

43. The isolated CAR molecule of any of claims 30-42, wherein the intracellular signaling

domain comprises a costimulatory domain.

44. The isolated CAR molecule of claim 43, wherein the costimulatory domain comprises a
functional signaling domain of a protein selected from the group consisting of 0X40, CD2,

CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18) and 4-1BB (CD137).

45. The isolated CAR molecule of claim 43 or 44, wherein the costimulatory domain comprises:
(i) the amino acid sequence of SEQ ID NO: 16, (ii) an amino acid sequence having at least one,
two or three modifications but not more than 20, 10 or 5 modifications of the amino acid
sequence of SEQ ID NO: 16, or (iii) an amino acid sequence with at least 95% identity to the
amino acid sequence of SEQ ID NO: 16.

46. The isolated CAR molecule of any one of claims 30-45, wherein the intracellular signaling

domain comprises a primary signaling domain.

47. The isolated CAR molecule of claim 46, wherein the intracellular signaling domain
comprises a functional signaling domain of 4-1BB and/or a functional signaling domain of CD3

zeta.
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48. The isolated CAR molecule of claim 46 or 47, wherein the intracellular signaling domain
comprises: (1) the amino acid sequence of SEQ ID NO: 16 and/or the amino acid sequence of
SEQ ID NO:17, or the amino acid sequence of SEQ ID NO:43, or (ii) an amino acid sequence
having at least one, two or three modifications but not more than 20, 10 or 5 modifications of the
amino acid sequence of SEQ ID NO:16 and/or the amino acid sequence of SEQ ID NO:17 or
SEQ ID NO:43, or an amino acid sequence with at least 95% identity to the amino acid sequence

of SEQ ID NO:16 and/or the amino acid sequence of SEQ ID NO:17 or SEQ ID NO:43.

49. The isolated CAR molecule of any of claims 46-48, wherein the intracellular signaling
domain comprises the amino acid sequence of SEQ ID NO: 16 and the amino acid 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.

50. The isolated CAR molecule of any of claims 30-49, further comprising a leader sequence.

51. The isolated CAR molecule of claim 50, wherein the leader sequence comprises the amino
acid sequence of SEQ ID NO: 13, or a sequence with at least 95% identity to the amino acid
sequence of SEQ ID NO:13.

52. A humanized anti-CD19 binding domain comprising:

a light chain complementary determining region 1 (LC CDR1) comprising the amino acid
sequence of SEQ ID NO: 25,

a light chain complementary determining region 2 (LC CDR2) comprising the amino acid
sequence of SEQ ID NO: 26,

a light chain complementary determining region 3 (LC CDR3) comprising the amino acid
sequence of SEQ ID NO: 27,

a heavy chain complementary determining region 1 (HC CDR1) comprising the amino acid
sequence of SEQ ID NO: 19,

a heavy chain complementary determining region 2 (HC CDR2) comprising the amino acid

sequence of any of SEQ ID NOS: 22, 21, or 23, and
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a heavy chain complementary determining region 3 (HC CDR3) comprising the amino acid

sequence of SEQ ID NO: 24.

53. The humanized anti-CD19 binding domain of claim 52, wherein the HC CDR2 comprises
the amino acid sequence of SEQ ID NO: 21.

54. The humanized anti-CD19 binding domain of claim 52, wherein the HC CDR2 comprises
the amino acid sequence of SEQ ID NO: 22.

55. The humanized anti-CD19 binding domain of claim 52, wherein the HC CDR2 comprises
the amino acid sequence of SEQ ID NO: 23.

56. The humanized anti-CD19 binding domain of any of claims 52-55, wherein the humanized
anti-CD19 binding domain comprises (i) a scFv comprising a light chain variable region and a
heavy chain variable region of an amino acid sequence of any of SEQ ID NOs: 32, 31, or 33-42,
or (ii) 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 any of SEQ ID NOs: 32, 31, or 33-42 or (iii) a sequence
with at least 95% identity with an amino acid sequence in any of SEQ ID NOs: 32, 31, or 33-42;
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 any of SEQ ID NOs: 32, 31, or 33-42, or an amino acid
sequence with at least 95% identity to an amino acid sequence in any of SEQ ID NOs: 32, 31, or
33-42.

57. A vector comprising a nucleic acid molecule encoding a CAR of any of claims 30-51.

58. The vector of claim 57, 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.

59. The vector of claim 57 or 58, further comprises a promoter.
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60. The vector of claim 59, wherein the promoter is an EF-1 promoter.

61. The vector of claim 60, wherein the EF-1 promoter comprises the nucleic acid sequence of

SEQ ID NO: 100.

62. The vector of any of claims 57-61, wherein the vector is an in vitro transcribed vector.

63. The vector of any of claims 57-62, wherein the nucleic acid sequence in the vector further

comprises a poly(A) tail.

64. The vector of any of claims 57-63, wherein the nucleic acid sequence in the vector further

comprises a 3’UTR.

65. A cell comprising the vector of any of claims 57-64.

66. A cell comprising a nucleic acid of any of claims 1-27.

67. A cell comprising a CAR molecule of any of claims 30-51.

68. The cell of any of claims 65-67, wherein the cell is a human T cell.

69. The cell of any of claims 65-67, wherein the T cell is a CD8+ T cell.

70. A cell of any of claims 65-69, 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.
71. The cell of claim 70, 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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72. A method of making a cell comprising transducing a T cell with a vector of any of claims

57-64 or a nucleic acid of any of claims 1-27.

73. 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 claims 30-51.

74. 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 claims 30-51.

75. The method of claim 74, wherein the cell is an autologous T cell.

76. The method of claim 74 or 75, wherein the cell is an allogeneic T cell.

77. The method of any of claims 74-75, wherein the mammal is a human.

78. A cell of any of claims 65-71, a nucleic acid of any of claims 1-27, or a CAR molecule of

any of claims 30-51, for use in treating a disease associated with expression of CD19.

79. The cell, nucleic acid, or CAR molecule of claim 78, 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.

80. The cell, nucleic acid, or CAR molecule of claim 78 or 79, 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);
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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 CD19; and combinations thereof.

81. The cell of any of claims 78-80, which is administered in combination with an agent that
increases the efficacy of a cell expressing a CAR molecule, an agent that ameliorates one or
more side effects associated with administration of a cell expressing a CAR molecule, or an

agent that treats the disease associated with CD19.

82. Use of a cell of any of claims 65-71, a nucleic acid of any of claims 1-27, or a CAR
molecule of any of claims 30-51, for the manufacture of a medicament for treating a disease

associated with expression of CD19.

83. The use of claim 82, 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.

84. The use of claim 82 or 83, 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
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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

CD19; and combinations thereof.

85. The use of any of claims 82-84, wherein the cell is administered in combination with an
agent that increases the efficacy of a cell expressing a CAR molecule, an agent that ameliorates
one or more side effects associated with administration of a cell expressing a CAR molecule, or

an agent that treats the disease associated with CD19.

184



