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AMENDED CLAIMS
received by the International Bureau on 30 August 2013 (30.08.2013)

CLAIMS

What is claimed is:

1. A non-human animal comprising in its germline a genetically podified
immunoglobulin  heavy chain locus comprising an unrearrang human

one histidine codon that is not encoded by a corresponding humén germline heavy
chain variable gene segment.

2. The non-human animal of claim 1, wherein the/non-human animal is a
mammal.

3.  The non-human animai of claim 2, wherein the mammal is a rodent selected
from the group consisting of a mouse, a rat, ang/a hamster,

4. The non-human animal of claim 1, wherein the added or substituted histidine
codon is present in a human immunogldbulin heavy chain gene segment selected
from a human V) gene segment, a/human D gene segment, & human J, gene
segment, and a combination ther

5.  The non-human animalbf claim 4, wherein the human immunoglobulin heavy
chain gene segment is selected from a human germline V., gene segment, a human
germiline D gene segmesft, a human germmline Ju gene segment, and a combination
thereof.

8. The non-hdman animal of claim 5, wherein the added or substituted histidine
codon is presght in at least one reading frame of the human immunoglobulin heavy
chain gene/segment that encodes a heavy chain variable domain selected from an
N-termingl region, a loop 4 region, a complementary determining region 1 (CDR1),
a comiplementary determining region 2 (COR2), a complementary determining
region 3 (CDR3), and a combination thereof.

7. The non-human animal of claim 1, wherein the endogenous non-histidine
codon that is substituted with the histidine codon encodes the amino acid selected
from the group consisting of Y, N, D, Q, S, W, and R.
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8.  The non-human animal of claim 1, wherein the added or substituted histidine
codon is present in at least one reading frame of @ human D gene segment.

9.  The non-human animal of claim 8, wherein the reading frame is a hydropiflic
frame of the human D gene segment, and the hydrophilic frame comprifes a
nucleotide sequence that encodes the amino acid sequence selected ffom the
group consisting of SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID NO: 50, S£Q ID NO:
52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 80/ SEQ ID NO:
62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO;/70, SEQ ID NO:
72, SEQ ID NO: 74, SEQ 1D NO: 76, SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO:
82, SEQ 10 NO: 84, SEQ ID NO: 86, and a combination ther

10. The non-human animal of claim 1, wherein the dnrearranged heavy chain
variable region nucleotide sequence is operably linkgl to a human or non-human
heavy chain constant region nucieotide sequence.

11. The non-human animal of claim 10, whérein the unrearranged heavy chain
variable region nucleotide sequence is op€rably linked to an endogenous non-
human heavy chain constant region nucléotide sequence selected from the group
congisting of a C,1, a hinge, a Cn2, a @13, and a combination thereof.

12. The non-human animal of ¢gfaim 10, wherein the human heavy chain constant
region nucleotide sequence corhprises a modification that increases an affinity of a
heavy chain constant regioyamino acid sequence to neonatal Fc receptor (FcRn)
at a pH ranging from abodt 5.5 to about 6.0, wherein the modification is a mutation
selected from the grpUp consisting of M428L, N434S, M428L, V2591, V308F,
N434A, M252Y, S254T, T2568E T250Q, M248L, H433K, N434Y, and a combination
thereof.

13. The pon-human animal of claim 1, wherein the non-human animal is
homozyggls for the genetically modified immunoglobulin heavy chain locus in the

14. The non-human animal of claim 1, wherein the non-human animal further
omprises an unrearranged human immunoglobulin light chain V gene segment
and an unrearranged human immunoglobulin light chain J gene segment.
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15. The non-human animal of ciaim 1, wherein the non-human animal comprises
an enriched B cell population that is capable of producing an antigen-binding

protein comprising a heavy chain variable domain having at least one histidi
residue,

16. The non-human animal of claim 15, wherein the B cell population s been
activated with an antigen, and the antigen-binding protein has undergéne affinity
maturation through somatic hypermutation (SHM).

17. The non-human animal of claim 15, wherein the antigén-binding protein
produced by the B cell population exhibits a decreased antigefi-binding affinity at a
pH ranging from about 5.5 to about 6.0 as compared with/at a nsutral pH ranging
from about 7.0 to about 7.4.

18. The non-human animal of claim 1, whergin the non-human animal is
heterozygous for the genetically modified immungglobulin heavy chain locus in the
germling, and the non-human animal comprisgs a B cell population that is capable
of producing an antigen-binding protein copiprising a heavy chain variable domain
having at least one histidine residue.

19. The non-human animal of clajm 1, wherein the non-human animal comprises
an Adam6a gene, an Adaméb gepe, or both.

20. A genetically modifieg/immunogiobulin heavy chain locus in a germline of a
non-human animal compriging an unrearranged human heavy chain variable region
nucleotide sequence, wierein the unrearranged human heavy chain variable region
nucleotide sequence/comprises at least one histidine codon that is not encoded by
a corresponding hdman germline heavy chain variable gene segment.

21. The génetically modified immunoglobulin heavy chain locus of claim 20,
wherein thé added or substituted histidine codon is present in an immunoglobulin

gene/segment, a human Jy gene segment, and a combination thereof.

2. The genetically modified immunoglobulin heavy chain locus of claim 21,
wherein the human immunoglobulin heavy chain gene segment is selected from a
~ human germline V,, gene segment, a human germline D gene segment, a human
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germiine Ji gene segment, and a combination thereof.

23. The genetically modified immunoglobulin heavy chain locus of claim 20
wherein the added or substituted histidine codon is present in at least one readifg

a combination thereof.

24. The genetically modified immunoglobulin heavy chain lgcus of claim 20,
wherein the endogenous non-histidine codon that is replacgd with the histidine
codon encodes the amino acid selected from the group conéisting of Y, N, D, Q, S,
W, and R.

25. The genetically modified immunoglobulin heavy chain locug of claim 20,
wherein the added or substituted histidine codon /s present in at least one reading
frame of 8 human D gene segment.

26. The genetically modified immunogiobulin heavy chain locus of claim 25,
wherein the reading frame is a hydrophilic frame of the human D gene segment,
and the hydrophilic frame comprises 8 nucleotide sequence that encodes the amino
acid sequence selected from the group consisting of SEQ ID NO: 48, SEQ 1D NO:
48, SEQ ID NO: 50, SEQ ID N& 52, SEQ ID NO: 54, SEQ ID NO: 58, SEQ ID NO:
58, SEQ ID NO: 80, SEQ IDNO: 62, SEQ D NO: 64, SEQ ID NO: 66, SEQ ID NO:
68, SEQ ID NO: 70, SEQAD NQ: 72, SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO:
78, SEQ ID NO: 80, 8EQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, and a
combination thereof

27. The genétically modifiéd immunoglobulin heavy chain locus of claim 20,
wherein the /unrearranged heavy chain variable region nucleotide sequence is
operably litked to a human or non-human heavy chain constant region nucleotide
sequende selected from the group consisting of a C41, a hinge, a C+2, 8 Cy3,and a
comfdination thereof.

8. The genetically modified immunoglobulin heavy chain locus of claim 27,
wherein the unrearranged heavy chain variable region nucleotide sequence is
operably linked to an endogenous non-human heavy chain constant region

AMENDED SHEET (ARTICLE 19)



huang.liangshu
Line


WO 2013/138681 PCT/US2013/031834
120

nucleotide sequence selected from the group consisting of a C,,1, a hinge, a C,.2, a
Cu3, and a combination thereof.

29. The genetically modified Immunoglobulin locus of claim 27, wherein
human heavy chain constant region nucleotide sequence comprises a modifigation
that increases an affinity of a heavy chain constant region amina acid sequence to
neonatal Fc receptor (FcRn) at a pH ranging from about 5.5 to about 64, wherein
the modification is a mutation selected from the group consisting of MA28L, N434S
M428L, V2591, V308F, N434A, M252Y, S254T, T256E T250Q, M248L, H433K

N434Y, and a combination thereof.

30. A method of making a non-human animal that comprises a genetically
modified immunoglobulin heavy chain locus in ite germfine genome, the method
comprising:

(a) modifying a genome of a non-human/animal to delete or render non-
functional endogenous immunoglobuli®’ heavy chain V, D, and J gene
segments in an immunoglobulin heayy chain locus; and

(b) placing in the genome an uhrearranged human heavy chain variable
region nucleotide sequence gdmprising an addition of at least one histidine
codon or a substitution of gf least one endogencus non-histidine codon with
a histidine codon.

31. Thea method of clainy30, wherein the added or substituted histidine codon is
present in an immunogjgbulin heavy chain gene segment selected from a human
Vu gene segment, a human D gene segment, a human J gene segment, and a
combination there:

32. The method of claim 31, wherein the human immunoglobulin heavy chain
gene segmént is selected from a human gemmline V, gene segment, a human
germiing/D gene segment, a human germline Jy gene segment, and a combination

3. The method of claim 30, wherein the added or substituted histidine codon is
present in at least one reading frame encoding a heavy chain variable domain
selected from an N-terminal region, a loop 4 region, a complementary determining
region 1 (CDR1), a complementary determining region 2 (CDR2), a complementary
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determining region 3 (CDR3), and a combination thereof,

34. The method of claim 30, wherein the endogenous non-histidine codon that i
replaced with the histidine codon encodes the amino acid selected from the groGp
consistingof Y, N, D, Q, S, W, and R.

35. The method of ciaim 30, wherein the added or substituted histiding’ codon is
present in one or more reading frame of a human D gene segment.

36. The method of claim 35, wherein the reading frame is a hydrophilic frame of
the human D gene segment, and the hydrophilic frame comfrises a nucleotide
sequence that encodes the amino acid sequence seleéted from the group
consisting of SEQ ID NO: 46, SEQ ID NQ: 48, SEQ ID XO: 50, SEQ ID NO: 52,
SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ/ID NO: 60, SEQ ID NO: 82,
SEQ ID NO: 84, SEQ ID NO: 66, SEQ ID NO: 68, SFQ ID NO: 70, SEQ ID NO: 72,
SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78 /6EQ ID NO: 80, SEQ ID NQ: 82,
SEQ ID NQ: 84, SEQ ID NO: 86, and a combingtion thereof.

37. The method of claim 30, wherein the unrearranged heavy chain variable
region nucleotide sequence is operabjy linked to @ human or non-human heavy
chain constant region nucleotide segdence selected from the group consisting of a
Cu1, ahinge, a Cy2, a Cu3, and a combination thereof.

38. The method of claim 47, wherein the unrearranged heavy chain variable
region nucleotide sequencg is operably linked to an endogenous non-human heavy
chain constant region nucleotide sequence selected from the group consisting of a
Cn1, a hinge, a Cu2, & Cy3, and a combination thereof.

39. The methdd of claim 38, wherein the human heavy chain constant region
nucleotide sequence comprises a modification that increases an affinity of a heavy
chain constént region amino acid sequence to neonatal Fc receptor (FCRn) at a pH
ranging ffom about 5.5 to about 6.0, wherein the modification is a mutation selected
from Ahe group consisting of M428L, N434S, M428L, V258!, V308F, N434A,
M252Y, S254T, T256E T250Q, M248L, H433K, N434Y, and a combination thereof.

40. The method of claim 30, wherein the non-human animal is homozygous for
the genetically modified immunoglobulin heavy chaln locus in the germline genome,
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41. The method of claim 30, wherein the non-human animal comprising the
genetically modified immunoglobutin heavy chain locus comprices a B cell
population that is capable of producing an antigen-binding protein comprising
heavy chain variable domain having at least one histidine residue.

42. The method of claim 41, whersin the B cell population has been gétivated
with an antigen, and the antigen-binding protein has undergone affinity fhaturation
through somatic hypermutation (SHM).

43. The method of claim 41, wherein the antigen-binding proteisl produced by the
B cell population exhibits a decreased antigen-binding affinity at a pH ranging from
about 5.5 to about 6.0 as compared with at a neutral pH ragging from about 7.0 to
about 7 4.

44. The method of claim 29, wherein the nonfuman animal comprises an
AdamBa gene, an Adambb gene, or both.

45. The method of claim 29, wherein the méthod results in a genetically modified
animal that comprises a population of B cefls enriched for antibodies exhibiting pH-
dependent binding to an antigen of intergst.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A non-human animal comprising in its germline a genetically modified immunoglobulin
heavy chain locus comprising an unrearranged human immunoglobulin heavy chain variable
region nucleotide sequence, wherein the unrearranged heavy chain variable region
nucleotide sequence comprises at least one histidine codon that is not encoded by a
corresponding human germline heavy chain variable region gene segment, and wherein the
histidine codon is present in a complementary determining region (CDR3) encoding

sequence.

2. The non-human animal of claim 1, wherein the non-human animal is a mammal,
optionally wherein the mammal is a rodent selected from the group consisting of a mouse, a
rat, and a hamster.

3. The non-human animal of claim 1 or 2, wherein the histidine codon is present in a
human immunoglobulin heavy chain gene segment selected from a human Vi gene segment,

a human D gene segment, a human Jy gene segment, and a combination thereof.

4. The non-human animal of claim 3, wherein the human immunoglobulin heavy chain
gene segment is selected from a human germline V, gene segment, a human germline D

gene segment, a human germline J, gene segment, and a combination thereof.
5. The non-human animal of claim 1, wherein:

() an endogenous non-histidine codon encoding an amino acid selected from the
group consisting of Y, N, D, Q, S, W, and R is substituted with said at least one histidine
codon;

(1) the histidine codon is present in at least one reading frame of a human D gene
segment, optionally

wherein the reading frame is a hydrophilic frame of the human D gene segment, and
the hydrophilic frame comprises a nucleotide sequence that encodes the amino acid
sequence selected from the group consisting of SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID NO:
50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ
ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO:
72, SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 82, SEQ
ID NO: 84, SEQ ID NO: 86, and a combination thereof;
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(Ill) the unrearranged heavy chain variable region nucleotide sequence is operably
linked to a human or non-human heavy chain constant region nucleotide sequence; optionally
wherein - the unrearranged heavy chain variable region nucleotide sequence is operably
linked to an endogenous non-human heavy chain constant region nucleotide sequence
selected from the group consisting of a Cu1, a hinge, a Cp2, a Cy3, and a combination
thereof; or wherein - the human heavy chain constant region nucleotide sequence comprises
a modification that increases an affinity of a CH,-CHj; region of IgG heavy chain constant
region amino acid sequence to neonatal Fc receptor (FCRn) at a pH ranging from about 5.5 to
about 6.0, wherein the modification is a mutation selected from the group consisting of
M428L, N434S, V259I, V308F, N434A, M252Y, S254T, T256E T250Q, H433K, N434Y, and a
combination thereof;

(IV) the non-human animal is homozygous for the genetically modified

immunoglobulin heavy chain locus in the germline;

(V) the non-human animal further comprises an unrearranged human immunoglobulin
light chain V gene segment and an unrearranged human immunoglobulin light chain J gene

segment;

(VI) the non-human animal comprises an enriched B cell population that is capable of
producing an antigen-binding protein comprising a heavy chain variable domain having at
least one histidine residue, optionally

wherein - the B cell population has been activated with an antigen, and the antigen-
binding protein has undergone affinity maturation through somatic hypermutation (SHM), or

wherein - the antigen-binding protein produced by the B cell population exhibits a
decreased antigen-binding affinity at a pH ranging from about 5.5 to about 6.0 as compared
with at a neutral pH ranging from about 7.0 to about 7.4; or

(VIl) the non-human animal is heterozygous for the genetically modified
immunoglobulin heavy chain locus in the germline, and the non-human animal comprises a B
cell population that is capable of producing an antigen-binding protein comprising a heavy
chain variable domain having at least one histidine residue; or

(VIII) the non-human animal comprises an Adam6a gene, an Adam6b gene, or both.
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6. A method of making a non-human animal that comprises a genetically modified

immunoglobulin heavy chain locus in its germline genome, the method comprising:

(a) modifying a genome of a non-human animal to delete or render non-functional
endogenous immunoglobulin heavy chain V, D, and J gene segments in an

immunoglobulin heavy chain locus; and

(b) placing in the genome an unrearranged human heavy chain variable region
nucleotide sequence comprising an addition of at least one histidine codon or a
substitution of at least one endogenous non-histidine codon with a histidine codon,
wherein the histidine codon is present in a complementary determining region (CDR3)
encoding sequence.

7. The method of claim 6, wherein the added or substituted histidine codon is present in
an immunoglobulin heavy chain gene segment selected from a human Vy gene segment, a

human D gene segment, a human Jy gene segment, and a combination thereof.

8. The method of claim 7, wherein the human immunoglobulin heavy chain gene
segment is selected from a human germline Vy gene segment, a human germline D gene

segment, a human germline Jy gene segment, and a combination thereof.
9. The method of claim 6, wherein:

(1) the endogenous non-histidine codon that is replaced with the histidine codon
encodes the amino acid selected from the group consisting of Y, N, D, Q, S, W, and R; or

(1) the added or substituted histidine codon is present in one or more reading frame of
a human D gene segment, optionally

wherein the reading frame is a hydrophilic frame of the human D gene segment, and
the hydrophilic frame comprises a nucleotide sequence that encodes the amino acid
sequence selected from the group consisting of SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID NO:
50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ
ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO:
72, SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 82, SEQ
ID NO: 84, SEQ ID NO: 86, and a combination thereof.

10. The method of claim 6, wherein the unrearranged heavy chain variable region
nucleotide sequence is operably linked to a human or non-human heavy chain constant
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region nucleotide sequence selected from the group consisting of a Cy1, a hinge, a Cy2, a
Cu3, and a combination thereof.

11. The method of claim 10, wherein:

(I) the unrearranged heavy chain variable region nucleotide sequence is operably
linked to an endogenous non-human heavy chain constant region nucleotide sequence
selected from the group consisting of a Cy1, a hinge, a C42, a Cy3, and a combination
thereof, optionally

wherein the human heavy chain constant region nucleotide sequence comprises a
modification that increases an affinity of a CH,-CHj; region of an IgG heavy chain constant
region amino acid sequence to neonatal Fc receptor (FCRn) at a pH ranging from about 5.5 to
about 6.0, wherein the modification is a mutation selected from the group consisting of
M428L, N434S, V259I, V308F, N434A, M252Y, S254T, T256E T250Q, H433K, N434Y, and a
combination thereof;

(1) the non-human animal is homozygous for the genetically modified immunoglobulin

heavy chain locus in the germline genome;
(1) the non-human animal comprises an Adam6a gene, an Adaméb gene, or both; or

(IV) the method results in a genetically modified animal that comprises a population of
B cells enriched for antibodies exhibiting pH-dependent binding to an antigen of interest.

12. The method of claim 6, wherein the non-human animal comprising the genetically
modified immunoglobulin heavy chain locus comprises a B cell population that is capable of
producing an antigen-binding protein comprising a heavy chain variable domain having at
least one histidine residue.

13. The method of claim 12, wherein:

(1) the B cell population has been activated with an antigen, and the antigen-binding
protein has undergone affinity maturation through somatic hypermutation (SHM); or

(1Y the antigen-binding protein produced by the B cell population exhibits a decreased
antigen-binding affinity at a pH ranging from about 5.5 to about 6.0 as compared with at a
neutral pH ranging from about 7.0 to about 7.4.

14. A method for obtaining an antigen-binding protein with enhanced recyclability and/or
improved serum half-life, comprising:
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(@) Immunising a non-human animal comprising in its germline a genetically
modified immunoglobulin heavy chain locus comprising an unrearranged human
immunoglobulin heavy chain variable region nucleotide sequence, wherein the
unrearranged heavy chain variable region nucleotide sequence comprises at least one
histidine codon that is not encoded by a corresponding human germline heavy chain
variable region gene segment, and wherein the histidine codon is present in a
complementary determining region (CDR3) encoding sequence;

(b) allowing the non-human animal to mount an immune response;

(c) harvesting a lymphocyte (e.g., a B cell) from the immunized non-human

animal;
(d) fusing the lymphocyte with a myeloma cell to form a hybridoma cell, and

(e) obtaining an antigen-binding protein produced by the hybridoma cell, wherein
the antigen-binding protein exhibits enhanced recyclability and/or serum stability.

15. The method of claim 14, wherein said non-human animal is as defined in any one of

claims 2 to 5.
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