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CLAIMS:
A chimeric antigen receptor including an antigen-recognition domain
recQgnising a dysfunctional P2X7 receptor, a transmembrane domain and a linker

W1, wherein the linker domain consists of between 12 to 228 amino acids.

2

domain consis{s of between 30 to 228 amino acids.

Th& chimeric antigen receptor according to claim 1, where in the linker

3. The chimeNg antigen receptor according to claim 1, wherein the linker domain
consists of 50 to 200 §mino acids.
4. The chimeric antigap receptor according to claim 1, wherein the linker domain

consists of 70 to 180 amino agsjds.

. The chimeric antigen recepfor according to claim 1, wherein the linker domain

consists of 90 to 160 amino acids.

6. The chimeric antigen receptor accoxding to claim 1, wherein the linker domain
consists of 110 to 130 amino acids.
7. The chimeric antigen receptor according to\claim 1, wherein the linker domain
consists of 115 to 125 amino acids.
8. The chimeric antigen receptor according to claim 1\wherein the linker domain
consists of 117 to 121 amino acids.
9. The chimeric antigen receptor according to claim 1, wherein the linker domain
consists of about 119 amino acids.
10. The chimeric antigen receptor according to any one of claims 1 t0'Q, wherein
the linker domain comprises an amino acid sequence homologous\to an

immunoglobulin hinge region.

11. The chimeric antigen receptor according to any one of claims 1 to 9, wherein
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the linker domain comprises an amino acid sequence homologous to an
immunoglobulin hinge region of 1gG, IgD, IgA, or the Constant Heavy (CH) 2 region of
M or IgE, or a function variant thereof having at least 50%, 60%, 70%, 80%, 90%,
0, 96% or 99% sequence identity.

12.

the linker domain comprises an amino acid sequence homologous to a hinge region

he chimeric antigen receptor according to any one of claims 1 to 11, wherein

from an IgG\sotype immunoglobulin, or a functional variant thereof having at least
50%, 60%, 70%\80%, 90%, 93% or 96% sequence identity.

13. The chimeric\antigen receptor according to any one of claims 1 to 11, wherein
the linker domain compnges an amino acid sequence homologous to the hinge region
of the IgG1, IgG2 or IgG4 subclass of immunoglobulin or a functional variant thereof
having at least 50%, 60%, 70%, 80%, 90% or 93% sequence identity.

14. The chimeric antigen receptor according to any one of claims 1 to 13, wherein
the linker domain comprises an aminQ acid sequence homologous to a hinge region

from an IgG isotype immunoglobulin inclyding a CXXC motif.

15. The chimeric antigen receptor according to claim 14, wherein the CXXC motif
is selected from the group of CPPC, CPRC or CRSC
16. The chimeric antigen receptor according to any one of claims 1 to 15, wherein
the linker domain comprises one or more amino acid\sequences homologous to a
constant heavy (CH) region of an immunoglobulin, or a\functional variant thereof
having at least 50%, 60%, 70%, 80%, 90%, 93% or 96% sequence identity.
17. The chimeric antigen receptor according to any one of clairgs 1 to 16, wherein
the linker domain comprises an amino acid sequence homologous to §ne or more of a
CH1 region, a CH2 region, a CH3 region and/or a CH4 region of an imigunoglobulin,
or a functional variant thereof having at least 50%, 60%, 70%, 80%, 90%, 93% or

96% sequence identity.

18. The chimeric antigen receptor according to any one of claims 1 to 16, whe
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the linker domain comprises an amino acid sequence homologous to one or more of a

2 region and/or a CH3 region of an IgG isotype immunoglobulin, or a functional
varignt thereof having at least 50%, 60%, 70%, 80%, 90%, 95%, 98% or 99%

sequence identity.

19. Thexchimeric antigen receptor according to any one of claims 1 to 18, wherein
the linker domgin consists of one or more immunoglobulin hinge region(s) and/or one
or more CH regioR(s) of an immunoglobulin.
20. The chimeric

the linker domain consists of an IgG hinge region and one or more CH region(s) of an

tigen receptor according to any one of claims 1 to 19, wherein
immunoglobulin.
21. The chimeric antigen receptor according to any one of claims 1 to 20, wherein
the linker domain consists of an Ig& hinge region and/or a CH2 or CH3 region of an
immunoglobulin.
22. The chimeric antigen receptor acconding to any one of claims 1 to 21, wherein
the linker domain comprises an amino acid sequence according to SEQ ID NOs: 9 to
17, or a functional variant having at least 50%, §0%, 70%, 80%, 90%, 93% or 96%

sequence identity.

23. The chimeric antigen receptor according to any oke of claims 1 to 21, wherein
ing to SEQ ID NOs: 9 to
%, 80%, 90%, 93% or

the linker domain comprises an amino acid sequence acco
13, or a functional variant thereof having at least 50%, 60%,
96% sequence identity.

24. The chimeric antigen receptor according to claims 1 to 28 wherein the
chimeric antigen receptor does not comprise an amino acid sequence \p the linker

domain that substantially binds to an Fc receptor.

25. The chimeric antigen receptor according to any one of claims 1 to 24, whegein
the chimeric antigen receptor when expressed in a CD8+ T cell has a cytotoxicity X

vitro against target cells expressing a dysfunctional P2X7 receptor of at least 20%, at
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ratio of CAR expressing CD8+T cells : target cells of 30:1 or greater.

The chimeric antigen receptor according to any one of claims 1 to 25, wherein

when expressed in a CD3+ T cell, the T cell demonstrates activity against as least 2

different cancer\types, at least 8 different cancer types, at least 9 different cancer
types, at least 10 different cancer types.

27. The chimeric anfgen receptor according to any one of claims 1 to 26, wherein
the antigen-recognition dokjain recognises an epitope associated with an adenosine
triphosphate (ATP)-binding site of the P2X7 receptor.

28. The chimeric antigen recep{or according to any one of claims 1 to 27, wherein
the dysfunctional P2X7 receptor has '§ reduced capacity to bind ATP compared to an
ATP-binding capacity of a fully functionakP2X7 receptor.

29. The chimeric antigen receptor accordig to any one of claims 1 to 28, wherein
the dysfunctional P2X7 receptor has a confdymational change that renders the
receptor dysfunctional.
30. The chimeric antigen receptor according claim 29, wherein the
conformational change is a change of an amino acid from\a trans-conformation to a
cis-conformation.
31. The chimeric antigen receptor according to claim 30, whergin the amino acid
that has changed from a trans-conformation to a cis-conformation is groline at amino

acid position 210 of the dysfunctional P2X7 receptor.

32. The chimeric antigen receptor according to any one of claims 1 to 31,
the antigen-recognition domain recognises an epitope that includes one or
amino acid residues spanning from glycine at amino acid position 200 to cysteine\at

amino acid position 216 of the dysfunctional P2X7 receptor.


Sindhu.Prabhakaran
Line


WO 2019/222796 PCT/AU2019/050487
87

33. The chimeric antigen receptor according to any one of claim 1 to 32, wherein
the antigen-recognition domain recognises an epitope that includes proline at amino
acid\position 210 of the dysfunctional P2X7 receptor.
34.

the antigen\ecognition domain comprises an amino acid sequence homologous to

e chimeric antigen receptor according to any one of claims 1 to 33, wherein

sequence of an antigen binding domain of an antibody that binds to a
dysfunctional P2X7 receptor, or wherein the antigen-recognition domain comprises
the complementary\determining regions of the heavy chain and/or light chain of an

antibody that binds to & dysfunctional P2X7 receptor.

35. The chimeric antigeRr receptor according to any one of claims 1 to 34, wherein
the transmembrane domain cgmprises all or part of the transmembrane domain of
CD8 or CD28.
36. A nucleic acid molecule comprising a nucleotide sequence encoding the
chimeric antigen receptor according to any one of claims 1 to 35.
37. A nucleic acid construct comprising @ nucleic acid molecule according to

claim 36.

38. A genetically modified cell, the cell comprising\ the chimeric antigen receptor
according to any one of claims 1 to 35.
39. A genetically modified cell, the cell including the Yucleic acid molecule

according to claim 36 or the nucleic acid construct according to clgim 37.

40. The genetically modified cell according to claims 38 or 39, whyrein the cell is
a leukocyte.
41. The genetically modified cell according to any one of claims 38 to 40, wherein

the cell is a Peripheral Blood Mononuclear Cell (PBMC).

42. The genetically modified cell according to any one of claims 38 to 41, wherein
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the cell is a lymphocyte.

The genetically modified cell according to any one of claims 38 to 42, wherein

the ceNisa T cell.

44, The\genetically modified cell according to claim 43, wherein the T cell is a
CD4+ T cell.

45, The geneti
CD8+ T cell.

lly modified cell according to claim 43, wherein the T cell is a

46. The genetically modified\cell according to claim 43, wherein the T cell is a gamma
delta T cell.

47. The genetically modified ceNaccording to any one of claims 38 to 42, wherein
the cell is a natural killer cell.
48. The genetically modified cell according to any one of claim 38 to 42, wherein

the cell is a natural killer T cell.

49, The genetically modified cell according to agy one of claim 38 to 42, wherein
the cell is macrophage.
50. Use of a genetically modified cell according to any oQe of claims 38 to 49 or a
cell expressing the chimeric antigen receptor according to any\one of claims 1 to 35,

for treating cancer.
51. Use according to claim 50, wherein the cancer is a solid cance
52. A method of killing a cell expressing a dysfunctional P2X7 recgptor, the
method comprising exposing the cell expressing a dysfunctional P2X7 receptor to a
cell expressing a chimeric antigen receptor according to any one of claims 1 to 3%, or

the method comprises exposing the cell expressing a dysfunctional P2X7 receptor

a genetically modified cell according to any one of claims 38 to 49.
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The method according to claim 52, wherein the cell expressing a

dysfunctional P2X7 receptor is a cancer cell.

55. The metRod according to claim 53 or claim 54, wherein the cancer cell is a
breast cancer cell, ' glioblastoma cancer cell, an ovarian cancer cell, or a melanoma

cancer cell.

56. The method acconding to any one of claims 52 to 55, wherein the cell
expressing the chimeric antigen receptor, or the genetically modified cell, is a cell

autologous to the cell expressing\a dysfunctional P2X7 receptor.

57. The method according to any one of claims 52 to 56, wherein the cell

expressing a dysfunctional P2X7 receptox is within the body of a subject.

58. The method according to claim 57, \wherein the cell within the body of a

subject is a cell from a metastatic cancer.

59. A pharmaceutical composition comprising\ a genetically modified cell
according to any one of claims 38 to 49, a nucleic acid Kolecule according to claims
36, or a nucleic acid construct according to claim 37\and a pharmaceutically

acceptable carrier or excipient.

60. The use of a chimeric antigen receptor according to any ong of claims 1 to 35

in the preparation of a medicament for the prevention or treatment of cgncer.

61. A viral vector comprising a nucleic acid molecule according to cleim 36 or

nucleic acid construct according to claim 37.

62. The use of a viral vector according to claim 61 in the transduction of a cell or

the prevention or treatment of cancer.
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The Use of a nucleic acid molecule according to claim 36 or a nucleic acid

construct according to claim 37 in the transduction, transformation or transfection of a

64. A use according to claim 63, wherein the cell is used in the preparation of a

medicament fokthe prevention or treatment of cancer.
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CLAIMS:
1. A chimeric _antigen receptor including an antigen-recognition domain _for

recognising a dysfunctional P2Xz receptor, a transmembrane domain and a linker

domain for linking the antigen-recognition domain and the transmembrane domain,

wherein the linker domain consists of between 70 to 180 amino acids, and wherein the

dysfunctional P2Xz receptor has a reduced capacity to bind ATP compared to an ATP-

binding capacity of a functional P2Xz receptor.

2. The chimeric antigen receptor according to claim 1, wherein the linker domain
consists of:

a) between 90 to 160 amino acids; or

b) between 110 to 130 amino acids; or

c) between 115 to 125 amino acids; or

d) between 117 to 121 amino acids.

3. The chimeric antigen receptor according to claim 1 or 2, wherein the linker

domain consists of about 119 amino acids.

4. The chimeric antigen receptor according to any one of claims 1 to 3, wherein

the linker domain comprises:

a) an amino acid sequence homologous to an immunoglobulin hinge region:; or

b) an amino acid sequence homologous to a hinge region selected from CD4,
CD8, CD3, CD7 or CD28 reqions.

5. The chimeric antigen receptor according to any one of claims 1 to 4, wherein

the linker domain comprises an amino acid sequence homologous to an

immunoglobulin hinge reqgion of I1gG, IgD, IgA, or the Constant Heavy (CH) 2 region of
IgM or IgE, or a functional variant thereof having at least 50%, 60%, 70%, 80%, 90%,
93%, 96% or 99% sequence identity thereto.

6. The chimeric antigen receptor according to any one of claims 1 to 5, wherein

the linker domain comprises an amino acid sequence homologous to a hinge region

from an IgG isotype immunoglobulin, or a functional variant thereof having at least 50%,

60%, 70%, 80%, 90%., 93% or 96% sequence identity thereto.
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7. The chimeric antigen receptor according to any one of claims 1 to 5, wherein

the linker domain comprises an amino acid sequence homologous to the hinge region

of the 1gG1, 1gG2 or 1gG4 subclass of immunoglobulin or a functional variant thereof
having at least 50%, 60%, 70%, 80%. 90% or 93% sequence identity thereto.

8. The chimeric antigen receptor according to any one of claims 1 to 7, wherein

the linker domain comprises an amino acid sequence homologous to a hinge region

from an 1gG isotype immunoglobulin including a CXXC motif.

9. The chimeric antigen receptor according to claim 8, wherein the CXXC motif is
selected from the group of CPPC, CPRC or CPSC

10. The chimeric antigen receptor according to any one of claims 1 to 9, wherein

the linker domain comprises one or more amino acid sequences that is at least 50%,
60%, 70%, 80%, 90%, 93% or 96% identical to or is identical to:

a) a constant heavy (CH) region of an immunoglobulin;

b) a CH1 reqgion, a CH2 region, a CH3 region and/or a CH4 region of an
immunoglobulin;

c) a CH2 region and/or a CH3 region of an IgG isotype immunoglobulin:

11. The chimeric antigen receptor according to any one of claims 1 to 10, wherein

the linker domain consists of:

a) one or more immunoglobulin hinge region(s) and/or one or more CH region(s)

of an immunoglobulin;

b) an 1gG hinge region and one or more CH region(s) of an immunoglobulin; or
c) an IgG hinge region and/or a CH2 or CH3 region of an immunoglobulin.
12. The chimeric antigen receptor according to any one of claims 1 to 11, wherein

the linker domain comprises an amino acid sequence according to any one of SEQ ID
NOs: 9 to 17, or a functional variant thereof having at least 50%, 60%., 70%, 80%, 90%,

93% or 96% sequence identity thereto.

13. The chimeric antigen receptor according to claims 1 to 12, wherein the chimeric
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antigen receptor does not comprise an amino acid sequence in the linker domain that

substantially binds to an Fc receptor.

14. The chimeric antigen receptor according to any one of claims 1 to 13, wherein

the chimeric antigen receptor when expressed in a CD8+ T cell has a cytotoxicity in

vitro against target cells expressing a dysfunctional P2X7 receptor of at least 20%, at

a ratio of CAR expressing CD8+T cells : target cells of 30:1 or greater.

15. The chimeric antigen receptor according to any one of claims 1 to 14, wherein

when expressed in a CD3+ T cell, the T cell demonstrates activity against as least 2

different cancer types, at least 3 different cancer types, at least 4 different cancer types,

at least 5 different cancer types, at least 6 different cancer types, at least 7 different

cancer types, at least 8 different cancer types, at least 9 different cancer types, at least

10 different cancer types.

16. The chimeric antigen receptor according to any one of claims 1 to 15, wherein

the antigen-recognition domain recognises an epitope associated with an adenosine
triphosphate (ATP)-binding site of the P2X7 receptor.

17. The chimeric antigen receptor according to any one of claims 1 to 16, wherein

the dysfunctional P2Xz receptor has a conformational change that renders the receptor

dysfunctional.

18. The chimeric antigen receptor according to claim 17, wherein the

conformational change is a change of an amino acid from a trans-conformation to a cis-

conformation; or_wherein the amino acid that has changed from a trans-conformation

to a cis-conformation is proline at amino acid position 210 of the dysfunctional P2Xz

receptor; or _wherein the antigen-recognition domain recognises an epitope that

includes one or more amino acid residues spanning from glycine at amino acid position

200 to cysteine at amino acid position 216 of the dysfunctional P2X7 receptor.; or

wherein the antigen-recognition domain recognises an epitope that includes proline at

amino acid position 210 of the dysfunctional P2X7 receptor.

19. The chimeric antigen receptor according to any one of claims 1 to 18, wherein
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the antigen-recognition domain comprises an amino acid sequence homologous to the

amino acid sequence of an antigen binding domain of an antibody that binds to a

dysfunctional P2Xz receptor, or wherein the antigen-recognition domain comprises the

complementary determining regions of the heavy chain and/or light chain of an antibody

that binds to a dysfunctional P2X7 receptor.

20. The chimeric antigen receptor according to any one of claims 1 to 19, wherein

the transmembrane domain comprises all or part of the transmembrane domain of CD8
or CD28.

21. A nucleic_acid molecule or construct comprising a nucleotide sequence

encoding the chimeric antigen receptor according to any one of claims 1 to 20.

22. An_ex vivo genetically modified cell, the cell comprising the chimeric antigen

receptor according to any one of claims 1 to 20; and/or the cell comprising the nucleic

acid molecule according to claim 21 or the nucleic acid construct according to claim 21.

23. The ex vivo genetically modified cell according to claim 22, wherein the cell is

selected from: a leukocyte: a Peripheral Blood Mononuclear Cell (PBMC): a

lymphocyte: a T cell: a CD4+ T cell; a CD8+ T cell; a gamma delta T cell; a natural

killer cell; a natural killer T cell; a macrophage.

24. Use of a genetically modified cell according to claim 22 or a cell expressing the

chimeric antigen receptor according to any one of claims 1 to 20, in the manufacture of

a medicament for treating or preventing a cancer that expresses dysfunctional P2Xz
receptor.

25. The use according to claim 24, wherein the cancer cell is a leukaemia cell, a

lymphoma cell or a myeloma cell.

26. The use according to claim 24 or 25, wherein the cancer cell is a cell from a
solid cancer.
27. The use according to 28, wherein the cancer cell is a breast cancer cell, a
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glioblastoma cancer cell, an ovarian cancer cell, or a melanoma cancer cell.

28. The use according to any one of claims 24 to 27, wherein the cell expressing

the chimeric antigen receptor, or the genetically modified cell, is a cell autologous to

the cell expressing a dysfunctional P2Xz7 receptor.

29. A pharmaceutical composition comprising a genetically modified cell according

to claim 22 or a nucleic acid molecule or construct according to claim 21, and a

pharmaceutically acceptable carrier or excipient.
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