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What is claimed is:

1. A genetically modified non-human animal, comprising in its genome:

an unrearranged T cell receptor (TCR) a variable gene locus comprising at least ghe
human Va segment and at least one human Ja segment, operably linked to a non-hupian

TCRa constant gene sequence.

2. The animal of claim 1, wherein the unrearranged TCRo. variable gene |

an endogenous non-human TCRa variable gene locus.

3. The animal of claim 1, wherein endogenous non-human Vo and Ja segments are

incapable of rearranging to form a rearranged Vo/Ja sequence.

4. The animal of claim 1, wherein the animal lacks a functiongl endogenous non-human

TCRa variable locus.

5. The animal of claim 4, wherein the lack of the functignhal endogenous non-human
TCRoa variable locus comprises a deletion selected from/£the group consisting of (a) a
deletion of all endogenous Va gene segments, (b) a geletion of all endogenous Jo. gene

segments, and (c) a combination thereof.

6. The animal of claim 1, wherein the humén Va and Jo segments rearrange to form a

rearranged human Vo/Ja sequence.

7. The animal of claim 6, wherein th€ animal expresses a T cell receptor comprising a

human TCRa variable region on the glrface of a T cell.

8. The animal of claim 1, whefein T cells of the animal undergo thymic T cell

development to produce CD4 ghd CD8 single positive T cells.

9. The animal of claim/, wherein the animal comprises a normal ratio of splenic CD3+

T cells to total splenocytgs.

10. The animal of/claim 1, wherein the animal generates a population of central and

effector memory T/cells to an antigen of interest.

iable gene locus, and wherein the locus is a non-functional locus.

13. The animal of claim 1, wherein the animal is a rodent.
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14. The animal of claim 13, wherein the rodent is a mouse.

15. A genetically modified non-human animal, comprising in its genome:

an unrearranged TCRp variable gene locus comprising at least one human VB
segment, at least one human D segment, and at least one human JB segment, oper.

linked to a non-human TCRp constant gene sequence.

16. The animal of claim 15, wherein the unrearranged TCRp variable gene J6cus

replaces an endogenous non-human TCRp variable gene locus.

17. The animal of claim 15, wherein endogenous rodent VB, DB, and/Jp segments are

incapable of rearranging to form a rearranged VB/DB/JB sequence.

18. The animal of claim 15, wherein the animal lacks a functioffial endogenous non-

human TCR@ variable locus.

19. The animal of claim 18, wherein the lack of the fungtional endogenous rodent TCRp
variable locus comprises a deletion selected from the grgup consisting of (a) a deletion of all
endogenous VB gene segments, (b) a deletion of all ehdogenous D gene segments, (c) a

deletion of all endogenous JB gene segments, ang/(d) a combination thereof.

20. The animal of claim 15, wherein the huphan VB, D, and JB segments rearrange to

form a rearranged human VB/DB/JB sequente.

21. The animal of claim 20, wherein the animal expresses a T cell receptor comprising a

human TCRp variable region on the

22. The animal of claim 15, wherein T cells of the animal undergo thymic T cell

development to produce CD4 ghd CD8 single positive T cells.

23. The animal of claim/15, wherein the animal comprises a normal ratio of splenic CD3+

T cells to total splenocyigs.

24. The animal of claim 15, wherein the animal generates a population of central and

effector memory J/cells to an antigen of interest.

25. The anfmal of claim 15, wherein the unrearranged TCRp variable gene locus

comprises & complete repertoire of human Jf segments, a complete repertoire of human DB

vgriable gene locus, and wherein the locus is a non-functional locus.

27. The animal of claim 15, wherein the animal is a rodent.
59



huang.liangshu
Line


WO 2013/063361 PCT/US2012/062065

28. The animal of claim 27, wherein the rodent is a mouse.

29. A genetically modified non-human animal, comprising in its genome:

an unrearranged T cell receptor (TCR) a variable gene locus comprising at least
human Va segment and at least one human Ja segment, operably linked to a non-hurfan

TCRa constant gene sequence; and,

an unrearranged TCRp variable gene locus comprising at least one hu
segment, at least one human D segment, and at least one human JB segmgnt, operably

linked to a non-human TCRp constant gene sequence.

30. The animal of claim 29, wherein the unrearranged TCRo. variafle gene locus
replaces an endogenous non-human TCRa variable gene locus, and wherein the
unrearranged TCRp variable gene locus replaces an endogenoys non-human TCRp

variable gene locus.

31. The animal of claim 29, wherein endogenous nonfiuman Vo and Jo. segments are
incapable of rearranging to form a rearranged Va/Ja sgquence, and wherein endogenous
non-human Vp, D, and Jp segments are incapabl
VB/DB/JP sequence.

of rearranging to form a rearranged

32. The animal of claim 29, wherein the gnimal lacks a functional endogenous non-
human TCRoa variable locus and lacks a fyhctional endogenous non-human TCRp variable

locus.

33. The animal of claim 32, wherein the lack of the functional endogenous non-human
TCRa variable locus comprises g deletion selected from the group consisting of (a) a
deletion of all endogenous Vg/gene segments, (b) a deletion of all endogenous Jo. gene

segments, and (c) a combipfation thereof;

and the lack of jie functional endogenous non-human TCRp variable locus
comprises a deletioryselected from the group consisting of (a) a deletion of all endogenous
VB gene segmenjg, (b) a deletion of all endogenous Dp gene segments, (c¢) a deletion of all

endogenous J@ gene segments, and (d) a combination thereof.

34.  The¢/animal of claim 29, wherein the human Vo. and Jo segments rearrange to form a
rearranged human Vo/Ja sequence, and the human Vg, DB, and JB segments rearrange to

rearranged human VB/DB/JB sequence.

The animal of claim 34, wherein the animal expresses a T cell receptor comprising a

human variable region and a non-human constant region on a surface of a T cell.
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36. The animal of claim 29, wherein T cells of the animal undergo thymic T cell

development to produce CD4 and CD8 single positive T cells.

37. The animal of claim 29, wherein the animal comprises a normal ratio of splenic C

T cells to total splenocytes.

38. The animal of claim 29, wherein the animal generates a population of centraf and

effector memory T cells to an antigen of interest.

39. The animal of claim 29, wherein the unrearranged TCRa variable gené locus
comprises 61 human Jo. segments and 8 human Vo segments, and whergin the
unrearranged TCRp variable gene locus comprises 14 human Jf segménts, 2 human Dp

segments, and 14 human Vp segments.

40. The animal of claim 29, wherein the unrearranged TCRo/{ariable gene locus
comprises a complete repertoire of human Jo segments and & complete repertoire of human
Vo segments, and wherein the unrearranged TCR@ variab}é gene locus comprises a
complete repertoire of human JB segments, a completefepertoire of human DB segments,

and a complete repertoire of human VB segments.

41, The animal of claim 29, wherein the ani

and TCRp variable gene loci, and wherein the/oci are non-functional loci.

42. The animal of claim 29, wherein thg animal further comprises nucleotide sequences

of human V& segments at a humanized/TCRa locus.

43. The animal of claim 42, wherein the animal further comprises a complete repertoire
of human V& segments, a complgte repertoire of human D3 segments, and a complete

repertoire of human Jé segments at the humanized TCRa locus.

44. The animal of clain/ 29, wherein the animal is a rodent.

45. The animal of ¢faim 44, wherein the rodent is a mouse.

46, A method fgt making a genetically modified non-human animal that expresses a T
cell receptor coprising a human variable region and a non-human constant region on a

surface of a J/cell comprising:

reglacing in a first non-human animal an endogenous non-human TCRa variable
gene lgCus with an unrearranged humanized TCRa variable gene locus comprising at least
one/human Va segment and at least one human Ja segment to generate a humanized
Ra variable gene locus, wherein the humanized TCRa variable gene locus is operably

linked to endogenous non-human TCRa constant region;
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replacing in a second non-human animal an endogenous non-human TCRp variable
gene locus with an unrearranged humanized TCRp variable gene locus comprising at least
one human Vp segment, at least one human Df segment, and at least one human Jp

segment to generate a humanized TCRf variable gene locus, wherein the humanized JCRp

and

expresses a T cell receptor comprising a human variable region and a non-Afuman constant

region.

47. The method of claim 46, wherein endogenous non-human Vg/and Ja segments are
incapable of rearranging to form a rearranged Vo/Ja sequence, agid wherein endogenous
non-human VB, DB, and JB segments are incapable of rearranging to form a rearranged

VB/DB/IPB sequence.

48. The method of claim 46, wherein the genetically phodified animal lacks a functional
endogenous non-human TCRa variable locus and lagks a functional endogenous non-

human TCRp variable locus.

49, The method of claim 48, wherein the lagk of the functional endogenous non-human
TCRa variable locus comprises a deletion sglected from the group consisting of (a) a

deletion of all endogenous Vo gene segmpents, (b) a deletion of all endogenous Jo. gene

and the lack of the functiongl endogenous non-human TCRp variable locus
comprises a deletion selected fpém the group consisting of (a) a deletion of all endogenous
VP gene segments, (b) a delgtion of all endogenous D} gene segments, (c) a deletion of all

endogenous JB gene segments, and (d) a combination thereof.

50. The method of/laim 46, wherein the human Va and Ja segments rearrange to form
a rearranged humgn Va/Ja sequence, and the human VB, DB, and JB segments rearrange

to form a rearrapged human VB/DB/Jp sequence.

CDZ+ T cells to total splenocytes.
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53. The method of claim 46, wherein the animal generates a population of central and

effector memory T cells to an antigen of interest.

54. The method of claim 46, wherein the unrearranged humanized TCRa variable ge
locus comprises 61 human Jo segments and 8 human Vo segments, and wherein the
unrearranged humanized TCRp variable gene locus comprises 14 human Jp segmefits, 2

human Dg segments, and 14 human V3 segments.

55. The method of claim 46, wherein the unrearranged humanized TCRo/{ariable gene
locus comprises a complete repertoire of human Jo segments and a complete repertoire of
human Vo segments, and wherein the unrearranged humanized TCRpAariable gene locus
comprises a complete repertoire of human Jp segments, a complet

segments, and a complete repertoire of human Vp segments.

56. The method of claim 46, wherein the non-human animdl is a rodent.

57. The method of claim 56, wherein the rodent is a mguse.
58. A genetically modified mouse comprising in its genome:

an unrearranged T cell receptor (TCR) a vafiable gene locus comprising a complete

repertoire of human Ja segments and a complete repertoire of human Vo segments,

operably linked to a mouse TCRa constant géne sequence, and

an unrearranged TCRp variable géne locus comprising a complete repertoire of
human Jp segments, a complete repeptoire of human Df segments, and a complete
repertoire of human Vf segments, gperably linked to a mouse TCRp constant gene

segquence.

59. The mouse of claim 58, wherein the unrearranged TCRa variable gene locus
replaces endogenous mogdse TCRa variable gene locus, and wherein the unrearranged

TCRp variable gene logus replaces the endogenous mouse TCR variable gene locus.

60. The mouse/f claim 58, wherein the endogenous mouse Vo and Jo segments are
incapable of regfranging to form a rearranged Va/Ja sequence, and wherein the
endogenous Mmouse VB, DB, and JB segments are incapable of rearranging to form a

rearranged Vp/DB/JB sequence.

he mouse of claim 58, wherein the human Va and Ja segments rearrange to form a
anged human Va/Ja sequence, and the human Vg, DB, and JB segments rearrange to

rm a rearranged human VB/DB/Jp sequence.
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62. The mouse of claim 61, wherein the mouse expresses a T cell receptor comprising a
human variable region and a mouse constant region on a surface of a T cell.

63. The mouse of claim 58, wherein T cells of the mouse undergo thymic T cell
development to produce CD4 and CD8 single positive T cells.

64. The mouse of claim 58, wherein the mouse comprises a normal ratio of splefiic

CD3+ T cells to total splenocytes.

65. The mouse of claim 58, wherein the mouse generates a population of/central and

effector memory T cells to an antigen of interest.

66. The mouse of claim 58, wherein the mouse further comprises g/complete repertoire
of V§, a complete repertoire of D3, and a complete repertoire of J& ségments at a humanized
TCRa locus.

67. The mouse of claim 58, wherein the mouse retains endogenous mouse TCRa and

TCRB variable gene loci, and wherein the loci are non-fungtional loci.

68. A method of producing a human T cell receptoy/to an antigen of interest comprising:
immunizing a non-human animal of claim 1 Avith the antigen of interest;
allowing the animal to mount an immung response;
isolating from the animal a T cell regltive to the antigen of interest;

determining a nucleic acid sequefice of a human TCR variable region expressed by
the T cell;

cloning the human TCR vafiable region into a nucleotide construct comprising a
nucleic acid sequence of a hupfan TCR constant region, wherein the human TCR variable

region is operably linked to fie human TCR constant region; and

expressing a hurfan T cell receptor in a cell.
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What is claimed is:

1. A genetically modified non-human animal, comprising in its genome:

an unrearranged T cell receptor (TCR) a variable gene locus comprising at least one
human Va segment and at least one human Ja segment, wherein the TCRa variable gene locus is
operably linked to a non-human TCRa constant gene sequence, wherein the unrearranged TCRa.
variable gene locus replaces an endogenous non-human TCRa variable gene locus, and/or

an unrearranged TCRJ variable gene locus comprising at least one human Vf3 segment, at
least one human D segment, and at least one human JB segment, wherein the unrearranged
TCRp variable gene locus is operably linked to a non-human TCRp constant gene sequence,
wherein the unrearranged TCRp variable gene locus replaces an endogenous non-human TCRp

variable gene locus.

2. The animal of claim 1, wherein endogenous non-human Va and Ja segments are incapable of
rearranging to form a rearranged Va/Ja sequence and/or endogenous rodent V3, D3, and JB
segments are incapable of rearranging to form a rearranged VV/Dp/J sequence.

3. The animal of claim 1, wherein the animal lacks a functional endogenous non-human TCRa

and/or TCRp variable locus.

4. The animal of claim 3, wherein the lack of the functional endogenous non-human TCRa
variable gene locus comprises a deletion selected from the group consisting of (a) a deletion of
all endogenous Va gene segments, (b) a deletion of all endogenous Ja gene segments, and (¢) a
combination thereof and/or the lack of the functional endogenous rodent TCRf variable gene
locus comprises a deletion selected from the group consisting of (a) a deletion of all endogenous
VB gene segments, (b) a deletion of all endogenous Df3 gene segments, (c) a deletion of all

endogenous JB gene segments, and (d) a combination thereof.

5. The animal of claim 1, wherein the human Va and Ja segments rearrange to form a rearranged
human Va/Ja sequence and/or the human Vp, DB, and JB segments rearrange to form a
rearranged human V/Dp/JP sequence.
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6. The animal of any one of claims 1 to 5, wherein the animal expresses a T cell receptor

comprising a human TCRa and/or TCRp variable region on the surface of a T cell.

7. The animal of any one of claims 1 to 6, wherein T cells of the animal undergo thymic T cell

development to produce CD4 and CD8 single positive T cells.

8. The animal of any one of claims 1 to 7, wherein the animal comprises a normal ratio of splenic

CD3+ T cells to total splenocytes.

9. The animal of any one of claims 1 to 8, wherein the animal generates a population of central
and effector memory T cells to an antigen of interest.

10. The animal of any one of claims 1 to 9, wherein the unrearranged TCRa variable gene locus
comprises a complete repertoire of human Ja segments and a complete repertoire of human Va

segments and/or the unrearranged TCRf variable gene locus comprises a complete repertoire of
human JB segments, a complete repertoire of human D segments, and a complete repertoire of

human Vp segments.

11. The animal of claim 1, wherein the animal retains an endogenous non-human TCRa variable
gene locus and/or an endogenous non-human TCRp variable gene locus, and wherein the
endogenous non-human TCRa variable gene locus and/or the endogenous non-human TCRf
variable gene locus is a non-functional locus.

12. The animal of any one of claims 1 to 11, wherein the animal is a rodent.

13. The animal of claim 12, wherein the rodent is a mouse.

14. A genetically modified non-human animal according to any one of claims 1 to 13,

comprising in its genome:
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an unrearranged T cell receptor (TCR) a variable gene locus comprising at least one
human Va segment and at least one human Ja segment, operably linked to a non-human TCRa
constant gene sequence; and,

an unrearranged TCRJ variable gene locus comprising at least one human Vf3 segment, at
least one human D segment, and at least one human Jp segment, operably linked to a non-

human TCRJ constant gene sequence.

15. The animal of claim 14, wherein the animal expresses a T cell receptor comprising a human

variable region and a non-human constant region on a surface of a T cell.

16. The animal of claim 14, wherein the unrearranged TCRa variable gene locus comprises 61
human Ja segments and 8 human Vo segments, and wherein the unrearranged TCRp variable
gene locus comprises 14 human JB segments, 2 human D segments, and 14 human Vf3

segments.

17. The animal of claim 14, wherein the animal further comprises an unrearranged TCRd

variable region locus comprising human V& segments.

18. The animal of claim 17, wherein the animal further comprises a complete repertoire of
human V& segments, a complete repertoire of human Dé segments, and a complete repertoire of

human Jo segments at the humanized TCRa locus.

19. A genetically modified non-human animal according to any one of claims 1 to 18, wherein
the non-human animal is a mouse comprising in its genome:

an unrearranged T cell receptor (TCR) a variable gene locus comprising a complete
repertoire of human Jo segments and a complete repertoire of human Va segments, operably
linked to a mouse TCRa constant gene sequence, and

an unrearranged TCRJ variable gene locus comprising a complete repertoire of human JB
segments, a complete repertoire of human D3 segments, and a complete repertoire of human Vj

segments, operably linked to a mouse TCR[ constant gene sequence.
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20. A method of producing a human T cell receptor to an antigen of interest comprising:
immunizing a non-human animal of any one of claims 1 to 19 with the antigen of interest;
allowing the animal to mount an immune response;
isolating from the animal a T cell reactive to the antigen of interest;
determining a nucleic acid sequence of a human TCR variable region expressed by the T

cell;
cloning the nucleic acid sequence of the human TCR variable region into a nucleotide

construct comprising a nucleic acid sequence of a human TCR constant region, wherein the
nucleic acid sequence of the human TCR variable region is operably linked to the nucleic acid
sequence of the human TCR constant region; and

expressing a human T cell receptor in a cell.
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