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CLAIMS:

1. A method of making a mouse cell or a fertile mouse that is homozygous for a transgenic

WO 2013/079953 55 PCT/GB2012/052956

antibody heavy chain locus,

the mouse having a genome that
(a) comprises each transgenic heavy chain locus on a respective copy of chromogbme 12; and

(b) is inactivated for endogenous antibody heavy chain expression;

the method comprising the steps of
(c) constructing a transgenic mouse embryonic stem cell (ES cell) cophprising a transgenic
antibody heavy chain locus by inserting one or more human VH gghe segments, one or more
human D gene segments and one or more human JH gene segifents into DNA of a chromosome
12 so that the human gene segments are operably connectgfl upstream of a mouse or human
heavy chain constant region (optionally Cmu and/or Cgaghma);

(d) simultaneously or separately from step (c), deletigfg all or part of the mouse endogenous
heavy chain VDJ region of said chromosome 12 to jhactivate endogenous antibody heavy chain
expression, wherein the deletion includes mougé ADAM®6 genes;
(e) simultaneously or separately from step {£) or (d), inserting into the ES cell genome one or
more ADAM®6 genes; and optionally
(f) developing the ES cell into a fertilg/mouse or a progeny thereof whose genome is
homozygous for said transgenic hegvy chain locus and encodes ADAM®6, wherein all or part of
the endogenous heavy chain VO region has been deleted from both chromosomes 12 in the
genome; optionally wherein gaid fertile mouse or progeny is male.
A method of making a Jhouse cell or a fertile mouse that is homozygous for a transgenic
antibody heavy chajf locus,
the mouse hgfing a genome that

(a) comprjbes each transgenic heavy chain locus on a respective copy of chromosome 12; and

ctivated for endogenous antibody heavy chain expression;

method comprising the steps of
(c) constructing a transgenic mouse embryonic stem cell (ES cell) comprising a transgenic

antibody heavy chain locus by inserting one or more human VH gene segments, one or more
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human D gene segments and one or more human JH gene segments into DNA of a chromosome

12 so that the human gene segments are operably connected upstream of a mouse or human

heavy chain constant region (optionally Cmu and/or Cgamma);

(d) simultaneously or separately from step (c), deleting all or part of the mouse endoge
heavy chain VDJ region of said chromosome 12 to inactivate endogenous antibody heAvy chain
expression, wherein the deletion includes mouse ADAM®6 genes;
(e) developing the ES cell into a child mouse or progeny thereof whose genome¢/comprises a
said transgenic heavy chain locus;
(f) deriving a second ES cell from said mouse and inserting into the genoyhe of said second ES
cell one or more ADAMG6 genes; and optionally

(g) developing the second ES cell into a fertile mouse or a progeny/hereof whose genome is
homozygous for said transgenic heavy chain locus and encodes #DAMS6, wherein all or part of
the endogenous heavy chain VDJ region has been deleted frg/ both chromosomes 12 in the
genome; optionally wherein said fertile mouse or progen
A method of making a fertile mouse that is homozygbus for a transgenic antibody heavy chain

locus,

the mouse having a genome that

(a) comprises each transgenic heavy chfin locus on a respective copy of chromosome 12; and
(b) is inactivated for endogenous anfibody heavy chain expression;
the method comprising the st
(c) constructing a transgenf mouse embryonic stem cell (ES cell) comprising a transgenic
antibody heavy chain logfis by inserting one or more human VH gene segments, one or more
human D gene segmefits and one or more human JH gene segments into DNA of a chromosome
12 so that the hurgan gene segments are operably connected upstream of a mouse or human

heavy chain copfstant region (optionally Cmu and/or Cgamma);

(e)/developing the ES cell into a child mouse or progeny thereof whose genome comprises a
aid transgenic heavy chain locus; and

(f) by breeding using said child mouse (or progeny) and a further mouse whose genome
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comprises one or more ADAMG6 genes, developing a fertile mouse or a progeny thereof whose
genome is homozygous for said transgenic heavy chain locus and encodes ADAM®6, wherein all

or part of the endogenous heavy chain VDJ region has been deleted from both chromosome 12

in the genome; optionally wherein said fertile mouse or progeny is male.

Use of an ADAMS6 gene in the manufacture of a mouse for producing a fertile moug€ (eg, a fertile

male mouse),

wherein the mouse has a genome that comprises
(a) atransgenic heavy chain locus comprising one or more human VH gepfe segments, one or

ts inserted into DNA of a
chromosome 12 so that the human gene segments are operably conflected upstream of a mouse

more human D gene segments and one or more human JH gene segm
or human heavy chain constant region (optionally Cmu and/or Cggfnma); and

(b) a deletion of all or part of the mouse endogenous heavy chgfn VDJ region of said
chromosome 12 to inactivate endogenous antibody heavy chgin expression, wherein the
deletion includes mouse ADAMG6 genes; and

wherein one or more ADAMG6 genes are inserting into jhe genome.

(a) atransgenic heavy chain locus compfising one or more human VH gene segments, one or

more human D gene segments and on# or more human JH gene segments inserted into DNA of a
chromosome 12 so that the human/ene segments are operably connected upstream of a mouse
or human heavy chain constant r¢gion (optionally Cmu and/or Cgamma); and

(b) a deletion of all or part of tie mouse endogenous heavy chain VDJ region of said
chromosome 12 to inactivat endogenous antibody heavy chain expression, wherein the
deletion includes mouse ADAMG6 genes; and

wherein one or more ADAMG6 genes are inserting into the genome.

The method or ySe of any preceding claim, wherein an ADAMG6 gene is inserted on one or both

chromosom

The megfhod or use of claim 6, wherein an ADAMG6 gene is inserted (i) within one or both

tranfgenic heavy chain loci or (ii) within 20 Mb of one or both transgenic heavy chain loci.

The method or use of any preceding claim, wherein said human gene segments are inserted into

chromosome 12 to replace all or part of the endogenous heavy chain VDJ region, so that
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insertion of the human gene segments and deletion of the endogenous VDJ DNA take place

simultaneously; optionally wherein the entire endogenous VDJ region is replaced.

9. The method or use of any preceding claim, wherein mouse ADAM6a and ADAMG6b genes/re

comprises more than two copies of mouse ADAM®6a and/or ADAM6Eb gengs.

10
11. The method or use of any preceding claim, with the alternative thayfeach organism is a rat
instead of a mouse and each said chromosome is a chromosome/b instead of chromosome 12;
or with the alternative that each cell is a rat cell instead of a fouse cell and each said
chromosome is a chromosome 6 instead of chromosome
15
12. A mouse (optionally a male mouse) comprising a trgfisgenic antibody heavy chain locus, the
mouse having a genome that
(i) comprises said transgenic heavy chain locfs on a chromosome 12; and
(i) is inactivated for endogenous antibodyheavy chain expression;
20
wherein said chromosome 12 of the denome comprises
(iii) a transgenic antibody heavy ¢/iain locus comprising one or more human VH gene segments,
one or more human D gene segments and one or more human JH gene segments operably
connected upstream of a mbuse or human heavy chain constant region (optionally Cmu and/or
25 Cgamma);
(iv) a deletion of all gf part of the mouse endogenous heavy chain VDJ region of said
chromosome 12 t¢finactivate endogenous antibody heavy chain expression, wherein the
deletion includgs mouse ADAMG6 genes; and
30 wherein jhe genome comprises

Insertion of one or more expressible ADAMG6 genes.




10

15

20

25

30

13.

14.

15.

16.

17.

18.

59

WO 2013/079953 PCT/GB2012/052956

The mouse of claim 12, wherein the genome comprises a transgenic antibody heavy chain locus

on a respective copy of chromosome 12.

A rat (optionally a male rat) comprising a transgenic antibody heavy chain locus, the rat ffaving a
genome that
(i) comprises said transgenic heavy chain locus on a chromosome 6; and

(i) is inactivated for endogenous antibody heavy chain expression;

wherein said chromosome 6 of the genome comprises
(iii) a transgenic antibody heavy chain locus comprising one or more hfman VH gene segments,
one or more human D gene segments and one or more human JH gfne segments operably
connected upstream of a rat or human heavy chain constant regfon (optionally Cmu and/or
Cgamma);
(iv) a deletion of all or part of the rat endogenous heavy cffain VDJ region of said chromosome 6
to inactivate endogenous antibody heavy chain expresgfon, wherein the deletion includes rat

ADAMS®6; and

wherein the genome comprises
(v) aninsertion of one or more expressibl/ADAM6 genes.
The rat of claim 13, wherein the gengme comprises a transgenic antibody heavy chain locus on a

respective copy of chromosome

The mouse of claim 12 or 1 or rat of claim 14 or 15, wherein each inserted ADAM®6 gene is on a
(i) chromosome 12 whepin the animal is a mouse; or (ii) chromosome 6 wherein the animal is a

rat.

The mouse or At of any one of claims 12 to 16, wherein an inserted ADAMG6 gene is inserted (i)
within one of both transgenic heavy chain loci or (ii) within 20 Mb of one or both transgenic

heavy ch/in loci.

Thg¢ mouse or rat of any one of claims 12 to 17, wherein the human gene segments replace all or

art of the endogenous VDJ region in each heavy chain locus.
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The mouse or rat of any one of claims 12 to 18, wherein the genome comprises inserted

expressible mouse ADAM6a and ADAM6b genes.

The mouse or rat of any one of claims 12 to 19, wherein the genome comprises an inser

expressible rat ADAMG6 gene.

The mouse or rat of any one of claims 12 to 21 wherein the genomgcomprises one or more
transgenic light chain loci each comprising one or more human ljght chain V gene segments and
one or more light chain J gene segments operably connected Aipstream of a light chain constant
region (eg, an endogenous mouse or rat C kappa constantfegion).

The method, use, mouse or rat of any preceding claj

, wherein the genome comprises an

exogenous ADAMG.

The method, use, mouse or rat of any prec¢fding claim, wherein the genome comprises ADAM6

that is inserted from a targeting vector §£g, a BAC vector).

The method, use, mouse or rat ofany preceding claim, wherein the genome comprises ADAM6

exons is inserted by targeted gf random insertion into an ES cell or zygote.

The method, use, mouseg/or rat of any preceding claim, wherein endogenous ADAMEG is deleted

from the genome.

A non-human yrtebrate (optionally a mouse or rat) or non-human vertebrate cell (optionally a

mouse or rat/ell) having a genome that
(i) comprfes one or more transgenic antibody loci capable of expressing antibodies comprising
riable regions (optionally following antibody gene rearrangement); and

activated for endogenous antibody expression;

i) endogenous variable region gene segments have been translocated to a chromosomal
species (eg, chromosome 15) that does not contain antibody variable region gene segments in
wild-type vertebrates of said non-human type, whereby endogenous antibody expression is
inactivated.




10

15

20

25

30

35

40

28.

29.

30.

32.

61

WO 2013/079953 PCT/GB2012/052956

A mouse or mouse cell having a genome that

(i) comprises one or more transgenic antibody loci capable of expressing antibodies com
human variable regions (optionally following antibody gene rearrangement); and
(i) is inactivated for endogenous mouse antibody expression;

wherein

(iii) a plurality of endogenous mouse variable region gene segments are absent frgm
chromosomes 12 in the genome, but are present in germline configuration (wit/ respect to each
other) on one or more chromosomes other than chromosomes 12 (eg, the gghe segments are on

chromosome 15), whereby endogenous mouse antibody expression is inagfivated.

A rat or rat cell having a genome that

(i) comprises one or more transgenic antibody loci capable of eyfressing antibodies comprising
human variable regions (optionally following antibody gene regfrangement); and
(i) is inactivated for endogenous rat antibody expression;
wherein
(iii) a plurality of endogenous rat variable region gene sfgments are absent from chromosomes
6 in the genome, but are present in germline configugtion (with respect to each other) on one
or more chromosomes other than chromosomes 6/eg, the gene segments are on chromosome

15), whereby endogenous rat antibody expressiohf is inactivated.

The vertebrate, mouse, rat or cell of any ghe of claims 27 to 29, wherein said genome comprises
a transgenic antibody heavy chain locug(in heterozygous or homozygous state), the locus
comprising one or more human VH géne segments, one or more human D gene segments and
one or more human DH gene segmfnts operably connected upstream of a non-human
vertebrate (eg, mouse or rat) coffstant region or a human constant region (optionally Cmu
and/or Cgamma); and said enfogenous variable region gene segments are selected from
endogenous
(a) VH;

(b) D;

(c) JH;

(d) VH and D;
(e) Dand JH; a

(f) VH, D and

ale vertebrate, mouse, rat or cell of any one of claims 27 to 31.

. A method of making a non-human vertebrate cell (optionally a mouse or rat cell), the method

comprising
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(i) inserting into a non-human ES cell genome one or more transgenic antibody loci comprising
human variable region gene segments; and

(ii) inactivating endogenous antibody expression by translocating endogenous variable regio
gene segments to a chromosomal species (eg, chromosome 15) that does not contain anti
variable region gene segments in wild-type vertebrates of said non-human type,
whereby a non-human vertebrate ES cell is produced that is capable of giving rise tg/a progeny
cell in which endogenous antibody expression is inactivated and wherein the prog€ny is capable
of expressing antibodies comprising human variable regions; and

(iii) Optionally differentiating said ES cell into said progeny cell or a non-hyfnan vertebrate (eg,
mouse or rat) comprising said progeny cell.

The method, use, vertebrate, mouse, rat or cell of any preceding clgfm, wherein the genome
comprises an inserted human VDJ region that includes bases 105/400,051 to 106,368,585 from
human chromosome 14.

The method, use, vertebrate, mouse, rat or cell of any pfeceding claim, wherein the genome is

homozygous at the Ig heavy chain, IgA and Igk loci.

The method, use, vertebrate, mouse, rat or ceff of any preceding claim, wherein the non-human

vertebrate VDJ region of the endogenous hgavy chain Ig locus and the VJ region of the
endogenous lambda and kappa loci have Jfeen inactivated.

The method, use, vertebrate, mouge, rat or cell of any preceding claim, wherein the genome
comprises

(i) aheavy chain transgenef£omprising substantially the full human repertoire of IgH V, D and J
regions; and

(ii) substantially the f/ll human repertoire of Igk V and J regions and/or substantially the full

human repertoire ¢f IgA V and J regions.

more human heavy chain D gene segments and one or more human heavy chain JH gene
segments upstream of an endogenous non-human vertebrate constant region or a human

constant region (eg, Cmu and/or Cgamma);
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(b) A kappa light chain locus (optionally in homozygous state) comprising one or more human
kappa chain V gene segments, and one or more human kappa chain Jx gene segments
upstream of an endogenous non-human vertebrate (eg, endogenous mouse or rat) kap
constant region; and optionally

(c) Alambda light chain locus (optionally in homozygous state) comprising one or mgfe human
lambda chain V gene segments, and one or more human lambda chain JA genefSegments
upstream of a lambda constant region; and

(d) Wherein the vertebrate is capable of producing chimaeric antibodies foljdwing

rearrangement of said loci and immunisation with an antigen.

The method, use, vertebrate, mouse or cell of any preceding claim, Avherein the vertebrate is a
mouse having a mouse genetic background selected from 129, BALB/c, C57BL/6N, C57/BL/6J,
JMS, AB2.1, AB2.2, 12955 or 129Sv.

The method, use, vertebrate, mouse or cell of any precgfding claim, wherein the vertebrate is a
mouse and the genome comprises an insertion of hyman light chain kappa VI targeted into
mouse chromosome 6 between coordinates 70,6/3,899 and 70,675,515, suitably at position

70,674,734, or an equivalent position in the Ig/bda mouse locus on chromosome 16.

The method, use, vertebrate, mouse, rgf or cell of any preceding claim, wherein the genome
comprises a lambda antibody transggne comprising all or part of the human IgA locus including

at least one human JA region and At least one human CA region.

The method, use, vertebratg, mouse, rat or cell of any preceding claim, wherein the genome
comprises a lambda tranégene comprising a human EA enhancer and/or a kappa transgene

comprising a human Jk enhancer.

The method, ugk, vertebrate, mouse, rat or cell of any preceding claim, wherein the genome
comprises himan DNA (as a source of heavy and/or light chain gene segments) from a library
selected ffom a human RPCI-11 library, RPCI-13 library, CalTech A library, CalTech B library,

C library or CalTech D library.
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44. The method, use, vertebrate or cell of any preceding claim, wherein the vertebrate is a mouse,

rat, rabbit, Camelid or shark.

45. The method, use, vertebrate, mouse or rat of any preceding claim, wherein the vertebra

combinations.

46. The method, use, vertebrate, mouse, rat or cell of any preceding claim, whegéin human VH

which is naturally inverted or pseudogene VH is omitted from the genom¢.

10
47. A method of isolating an antibody or nucleotide sequence encoding/an antibody, the method

comprising
(a) immunising a vertebrate (eg, mouse or rat) as recited in pfeceding claim with a human
target antigen such that the vertebrate produces antibodigs; and

15 (b) isolating from the vertebrate an antibody that spegftically binds to said antigen and/or
isolating a nucleotide sequence encoding at least thf heavy and/or the light chain variable
regions of such an antibody; and
optionally subsequently joining the variable rg€ions of said antibody to a human constant
region.

20

48. The method of claim 47, wherein a gfime and boost protocol is used for the immunisation.

49. The method of claim 47, whergin a RIMMS protocol is used for the immunisation.

25 50. The method of any one ¢ claims 47 to 49, comprising after step (b) mutating the amino acid
sequence of the heayf and/or the light chain variable regions of the antibody to improve affinity

for binding to said/antigen.

51. The method/of any one of claims 47 to 50, comprising after step (b) mutating the amino acid
30 sequencg/of the heavy and/or the light chain variable regions of the antibody to improve one or
more Jfiophysical characteristics of the antibody, eg, one or more of melting temperature,

solftion state, stability and expression (eg, in CHO or F coli).
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52. A 4-chain antibody, a H2 antibody or an antibody fragment (eg, Fab or Fab,) produced by the
method of any one of claims 47 to 51, wherein the antibody or fragment specifically binds a
human target antigen and comprises human heavy chain variable regions and a constant reglon;

or a derivative of said antibody or fragment.

53. An antibody produced by affinity maturing the variable regions of an antibody isolgfed from a
vertebrate as recited in any one of claims 1 to 46, wherein the antibody specificélly binds a

human target antigen.

10 54. An antibody produced by mutating the constant regions of an antibody/isolated from a
vertebrate as recited in any one of claims 1 to 46 (eg, to ablate or ance Fc function), wherein

the antibody specifically binds a human target antigen.

55. The antibody of claim 52, 53 or 54 (eg, in fully humanised g6rm) for use as a therapeutic or

15 prophylactic medicament.

56. Polyclonal antibodies produced in response to anfigen challenge in vertebrates according to any

one of claims 1 to 46.

20 57. The antibodies of claim 56 (eg, in fully Wimanised form) for use as a therapeutic or prophylactic

medicament.

58. An antibody isolated from a veftebrate as recited in any one of claims 1 to 46, or a derivative or
fragment thereof, for use ip/medicine, wherein the antibody specifically binds a human target

25 antigen.

59. Polyclonal antibodfes isolated from vertebrates according to any one of claims 1 to 46, for use in

medicine.

30 60. A human/ariable region (eg, a domain antibody) generated from a heavy or light chain variable
chain groduced by the method of any one of claims 47 to 51 and which specifically binds a

huphan target antigen.
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61. A nucleotide sequence encoding an antibody, fragment, derivative or variable region according

to any one of claims 52 to 60, optionally wherein the nucleotide sequence is part of a vector.

62. A pharmaceutical composition comprising
- an antibody isolated from a vertebrate as recited in any one of claims 1 to 46, or corgfprising a
derivative of said antibody; or comprising polyclonal antibodies isolated from vertgbrates of any
one of claims 1 to 46 and
- a diluent, excipient or carrier;
- optionally wherein the composition is contained in an IV container (eg, hd IV bag) or a

container connected to an IV syringe,

wherein the antibody(ies) specifically bind(s) a human target anjfgen.

63. A cell line (eg, an immortalised cell line, ES cell or iPS cell lhe), B-cell, hybridoma or stem cell

derived from a vertebrate as recited in any one of clairgs 1 to 46.

64. The stem cell of claim 63 wherein the cell is a BAB/c, IM8, AB2.1 or AB2.2 embryonic stem cell.

65. The cell line, cell or hybridoma of claim 63 Ar 64, wherein the vertebrate is a mouse BALB/c,

C57BL/6N, C57BL/6J, 12955 or 129Sv styhin.
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CLAIMS

1. A method of making a mouse cell or a fertile mouse that is homozygous for a transgenic

antibody heavy chain locus,

the mouse having a genome that

(a) comprises each transgenic heavy chain locus on a respective copy of

chromosome 12; and
(b) is inactivated for endogenous antibody heavy chain expression;
the method comprising the steps of

(c) constructing a transgenic mouse embryonic stem cell comprising a transgenic
antibody heavy chain locus by inserting one or more human VH gene segments,
one or more human D gene segments and one or more human JH gene segments
into DNA of a chromosome 12 so that the human gene segments are operably
connected upstream of a mouse or human heavy chain constant region, optionally

Cmu and/or Cgamma,;

(d) simultaneously or separately from step (c), deleting all or part of the mouse
endogenous heavy chain VDIJ region of the chromosome 12 to inactivate
endogenous antibody heavy chain expression, in which the deletion includes

mouse ADAMG6 genes;

(e) simultaneously or separately from step (c¢) or (d), inserting into the embryonic
stem cell genome one or more expressible ADAMG6 genes in order to restore

fertility; and optionally

(f) developing the embryonic stem cell into a fertile mouse or a progeny thereof
whose genome is homozygous for the transgenic heavy chain locus and encodes
ADAMBG6, in which all or part of the endogenous heavy chain VDJ region has been
deleted from both chromosomes 12 in the genome; optionally in which the fertile

mouse or progeny is male;
in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
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(11) the mouse comprises a human target antigen; or

(111) the mouse or mouse cell has a genetic background selected from 129,
BALB/c, C57BL/6N, C57/BL/6J, IM8, AB2.1, AB2.2, 129S5 or 129Sv, in which
the genetic background is not the F1 ES line F1H4 derived from 129S6/SvEvTac
and C57BL/6NTac.

2. A method of making a mouse cell or a fertile mouse that is homozygous for a transgenic

antibody heavy chain locus,

the mouse having a genome that

(a) comprises each transgenic heavy chain locus on a respective copy of

chromosome 12; and
(b) is inactivated for endogenous antibody heavy chain expression;
the method comprising the steps of

(c) constructing a transgenic mouse embryonic stem cell comprising a transgenic
antibody heavy chain locus by inserting one or more human VH gene segments,
one or more human D gene segments and one or more human JH gene segments
into DNA of a chromosome 12 so that the human gene segments are operably
connected upstream of a mouse or human heavy chain constant region , optionally

Cmu and/or Cgamma,;

(d) simultaneously or separately from step (c), deleting all or part of the mouse
endogenous heavy chain VDJ region of the chromosome 12 to inactivate
endogenous antibody heavy chain expression, in which the deletion includes

mouse ADAMG6 genes;

(e) developing the embryonic stem cell into a child mouse or progeny thereof

whose genome comprises a the transgenic heavy chain locus;

(f) deriving a second embryonic stem cell from the mouse and inserting into the
genome of the second embryonic stem cell one or more expressible ADAM6

genes in order to restore fertility; and optionally

(g) developing the second embryonic stem cell into a fertile mouse or a progeny
thereof whose genome is homozygous for the transgenic heavy chain locus and

encodes ADAMG, in which all or part of the endogenous heavy chain VDJ region
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has been deleted from both chromosomes 12 in the genome; optionally in which

the fertile mouse or progeny is male;
in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
(11) the mouse comprises a human target antigen; or

(111) the mouse or mouse cell has a genetic background selected from 129,
BALB/c, C57BL/6N, C57/BL/6J, IM8, AB2.1, AB2.2, 129S5 or 129Sv, in which
the genetic background is not the F1 ES line F1H4 derived from 129S6/SvEvTac
and C57BL/6NTac.

3. A method of making a fertile mouse that is homozygous for a transgenic antibody heavy

chain locus,

the mouse having a genome that

(a) comprises each transgenic heavy chain locus on a respective copy of

chromosome 12; and
(b) is inactivated for endogenous antibody heavy chain expression;
the method comprising the steps of

(c) constructing a transgenic mouse embryonic stem cell comprising a transgenic
antibody heavy chain locus by inserting one or more human VH gene segments,
one or more human D gene segments and one or more human JH gene segments
into DNA of a chromosome 12 so that the human gene segments are operably
connected upstream of a mouse or human heavy chain constant region, optionally

Cmu and/or Cgamma,;

(d) simultaneously or separately from step (c), deleting all or part of the mouse
endogenous heavy chain VDJ region of the chromosome 12 to inactivate
endogenous antibody heavy chain expression, in which the deletion includes

mouse ADAMG6 genes;

(e) developing the embryonic stem cell into a child mouse or progeny thereof

whose genome comprises a the transgenic heavy chain locus; and
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(f) by breeding the child mouse or progeny and a further mouse whose genome
comprises one or more expressible ADAMG6 genes, developing a fertile mouse or a
progeny thereof whose genome is homozygous for the transgenic heavy chain
locus and encodes expressible ADAMG6, in which all or part of the endogenous
heavy chain VDIJ region has been deleted from both chromosomes 12 in the

genome; optionally in which the fertile mouse or progeny is male;

in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
(11) the mouse comprises a human target antigen; or

(111) the mouse has a genetic background selected from 129, BALB/c, C57BL/6N,
C57/BL/6J, IMS, AB2.1, AB2.2, 129S5 or 129Sv, in which the genetic
background is not the F1 ES line F1H4 derived from 129S6/SvEvTac and
C57BL/6NTac.

A method of making a fertile rodent that is homozygous for a transgenic antibody heavy

chain locus,

the rodent having a genome that

(a) comprises each transgenic heavy chain locus on a respective copy of mouse

chromosome 12 or equivalent chromosome for the rodent; and

(b) is inactivated for endogenous antibody heavy chain expression;

the method comprising the steps of

(c) constructing a transgenic embryonic stem cell comprising a transgenic
antibody heavy chain locus by inserting one or more human VH gene segments,
one or more human D gene segments and one or more human JH gene segments
into DNA of the chromosome so that the human gene segments are operably
connected upstream of a rodent heavy chain constant region, optionally Cmu

and/or Cgamma;

(d) simultaneously or separately from step (c), deleting all or part of the rodent
endogenous heavy chain VDJ region of the chromosome to inactivate endogenous

antibody heavy chain expression, in which the deletion includes ADAM®6 gene(s);
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(e) simultaneously or separately from step (c¢) or (d), inserting into the embryonic
stem cell genome one or more expressible ADAMG6 genes in order to restore

fertility; and

(f) developing the embryonic stem cell into a fertile rodent or a progeny thereof
whose genome is homozygous for the transgenic heavy chain locus and encodes
ADAMBG6, in which all or part of the endogenous heavy chain VDJ region has been
deleted from both of the chromosomes in the genome; optionally in which the

fertile rodent or progeny is male;
in which
(1) the genome comprises a lambda transgene comprising a human EA enhancer
and/or a kappa transgene comprising a human EK enhancer; or
(1) the rodent comprises a human target antigen; or

(111) the rodent is a mouse that has a genetic background selected from 129,
BALB/c, C57BL/6N, C57/BL/6J, IM8, AB2.1, AB2.2, 129S5 or 129Sv, in which
the genetic background is not the F1 embryonic stem line F1H4 derived from

129S6/SvEvTac and C57BL/6NTac heterozygous embryos.

5. Use of an ADAMS6 gene in the manufacture of a mouse for producing a fertile male

mouse,

in which the mouse has a genome that comprises

(a) a transgenic heavy chain locus comprising one or more human VH gene
segments, one or more human D gene segments and one or more human JH gene
segments inserted into DNA of a chromosome 12 so that the human gene
segments are operably connected upstream of a mouse or human heavy chain

constant region, optionally Cmu and/or Cgamma; and

(b) a deletion of all or part of the mouse endogenous heavy chain VDJ region of
the chromosome 12 to inactivate endogenous antibody heavy chain expression, in

which the deletion includes mouse ADAMG6 genes; and
in which one or more expressible ADAMS6 genes are inserting into the genome;

in which
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(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
(11) the mouse comprises a human target antigen; or

(111) the mouse has a genetic background selected from 129, BALB/c, C57BL/6N,
C57/BL/6J, IMS, AB2.1, AB2.2, 129S5 or 129Sv, in which the genetic
background is not the F1 embryonic stem line F1H4 derived from 129S6/SvEvTac
and C57BL/6NTac heterozygous embryos.

6.  Use of an ADAMS6 gene in the manufacture of a mouse cell for producing a cell that is

capable of developing into such fertile male mouse;

in which the mouse cell has a genome that comprises

(a) a transgenic heavy chain locus comprising one or more human VH gene
segments, one or more human D gene segments and one or more human JH gene
segments inserted into DNA of a chromosome 12 so that the human gene
segments are operably connected upstream of a mouse or human heavy chain

constant region , optionally Cmu and/or Cgamma; and

(b) a deletion of all or part of the mouse endogenous heavy chain VDJ region of
the chromosome 12 to inactivate endogenous antibody heavy chain expression, in
which the deletion includes mouse ADAMG6 genes; and in which one or more

expressible ADAMG6 genes are inserting into the genome;
in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
(11) the mouse comprises a human target antigen; or

(111) the mouse or mouse cell has a genetic background selected from 129,
BALB/c, C57BL/6N, C57/BL/6J, IM8, AB2.1, AB2.2, 129S5 or 129Sv, in which
the genetic background is not the F1 embryonic stem line F1H4 derived from

129S6/SvEvTac and C57BL/6NTac heterozygous embryos.

7. A method or use according to any preceding claim, in which an expressible ADAM6

gene is inserted on one or both chromosomes 12 of a mouse.
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8. A method or use according to any preceding claim, in which the human gene segments
are inserted into mouse chromosome 12 to replace all or part of the endogenous heavy chain
VDJ region, so that insertion of the human gene segments and deletion of the endogenous

VDJ DNA take place simultaneously; optionally in which the entire endogenous VDJ region

is replaced.

9. A method or use according to any preceding claim, in which mouse ADAM6a and
ADAMG6D genes or a rat ADAMG6 gene are inserted, such that the final fertile mouse can
express both ADAM6a and ADAMG6b proteins or a rat ADAMG6 protein.

10. A method or use according to any preceding claim, in which the genome of the final
fertile mouse or progeny is homozygous for each inserted ADAMG6 gene; optionally in which

the genome comprises more than two copies of mouse ADAM6a and/or ADAMO6b genes.

11. A method or use according to any preceding claim, with the alternative that each
organism is a rat instead of a mouse and each chromosome is a chromosome 6 instead of
chromosome 12; or with the alternative that each cell is a rat cell instead of a mouse cell and
each chromosome is a chromosome 6 instead of chromosome 12; in which, option (iii) of

Claims 1 to 6 does not apply.

12. A fertile mouse, optionally male, that is homozygous for a transgenic antibody heavy

chain locus, the mouse having a genome that

(a) comprises a transgenic heavy chain locus on a chromosome 12; and
(b) is inactivated for endogenous antibody heavy chain expression;
in which the chromosome 12 of the genome comprises

(c) a transgenic antibody heavy chain locus comprising one or more human VH
gene segments, one or more human D gene segments and one or more human JH
gene segments operably connected upstream of a mouse or human heavy chain

constant region, optionally Cmu and/or Cgamma,;

(d) a deletion of all or part of the mouse endogenous heavy chain VDJ region of
the chromosome 12 to inactivate endogenous antibody heavy chain expression, in

which the deletion includes mouse ADAMG6 genes; and

in which the genome comprises




62
(e) an insertion of one or more expressible ADAM6 genes;
in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
5 (11) the mouse comprises a human target antigen; or

(111) the mouse has a genetic background selected from 129, BALB/c, C57BL/6N,
C57/BL/6J, IMS8, AB2.1, AB2.2, 129S5 or 129Sv, in which the genetic
background is not the F1 embryonic stem line F1H4 derived from 129S6/SvEvTac
and C57BL/6NTac heterozygous embryos.

10 13. A fertile rat, optionally male, that is homozygous for a transgenic antibody heavy chain
locus, the rat having a genome that
(a) comprises a transgenic heavy chain locus on a chromosome 6; and
(b) is inactivated for endogenous antibody heavy chain expression;
in which the chromosome 6 of the genome comprises

15 (c) a transgenic antibody heavy chain locus comprising one or more human VH
gene segments, one or more human D gene segments and one or more human JH
gene segments operably connected upstream of a rat or human heavy chain

constant region, optionally Cmu and/or Cgamma,;

(d) a deletion of all or part of the rat endogenous heavy chain VDI region of the
20 chromosome 6 to inactivate endogenous antibody heavy chain expression, in

which the deletion includes rat ADAMG6; and
in which the genome comprises

(e) an insertion of one or more expressible ADAMS6 genes;
optionally in which

25 (1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or

(1) the rat comprises a human target antigen;
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14. A mouse according to Claim 12, in which the genome comprises a transgenic antibody
heavy chain locus on a respective copy of chromosome 12; or the rat according to Claim 13,
in which the genome comprises a transgenic antibody heavy chain locus on a respective copy

of chromosome 6.

15. A fertile rodent, optionally male, that is homozygous for a transgenic antibody heavy

chain locus, the rodent having a genome that
(a) comprises each heavy chain locus on a respective copy of a first chromosome;
and
(b) is inactivated for endogenous antibody heavy chain expression;
in which each first chromosome of the genome comprises

(c) a transgenic antibody heavy chain locus comprising one or more human VH
gene segments, one or more human D gene segments and one or more human JH
gene segments operably connected upstream of a rodent heavy chain constant

region, optionally Cmu and/or Cgamma;

(d) a deletion of all or part of the endogenous heavy chain VDJ region of the
chromosome to inactivate endogenous antibody heavy chain expression, in which

the deletion includes ADAM6; and
in which the genome comprises

(e) an insertion of one or more expressible ADAM6 genes;
in which

(1) the genome comprises a lambda transgene comprising a human EA enhancer

and/or a kappa transgene comprising a human EK enhancer; or
(1) the rodent comprises a human target antigen; or

(111) the rodent is a mouse that has a genetic background selected from 129,
BALB/c, C57BL/6N, C57/BL/6J, IM8, AB2.1, AB2.2, 129S5 or 129Sv, in which
the genetic background of the mouse is not the F1 embryonic stem line F1H4

derived from 129S6/SvEvTac and C57BL/6NTac heterozygous embryos.

16. A mouse according to Claim 12 or a rat according to Claim 13, in which each inserted

ADAMBS6 gene is on a
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(1) chromosome 12 in which the animal is a mouse; or
(11) chromosome 6 in which the animal is a rat.

17. A method or use according to Claim 7, or a mouse, rat or rodent according to any of

Claims 12 to 16, in which an ADAMG6 gene is inserted

(1) within one or both transgenic heavy chain loci or
(11) within 20Mb of one or both transgenic heavy chain loci.

18. A mouse, rat or rodent according to any of Claims 12 to 17, in which the human gene

segments replace all or part of the endogenous VDIJ region in each heavy chain locus.

19. A mouse, rat or rodent according to any of Claims 12 to 18, in which the genome
comprises inserted expressible mouse ADAM6a and ADAMG6D genes; or in which the genome

comprises an inserted expressible rat ADAMG6 gene.

20. A mouse, rat or rodent according to any of Claims 12 to 19, in which the genome is
homozygous for each inserted ADAMG6 gene; optionally in which the genome comprises more
than two copies of ADAMG6 genes selected from rat ADAM6, mouse ADAM6a and mouse
ADAMG6b genes.

21. A method, use, mouse, rat or rodent according to any preceding claim, in which the
genome comprises expressible ADAMG6 that is inserted from a targeting vector, for example a

BAC vector.

22. A method, use, mouse, rat or rodent according to any preceding claim, in which the
genome comprises ADAMG6 exons is inserted by targeted or random insertion into an

embryonic stem cell or zygote.

23. A method, use, mouse, rat or rodent according to any preceding claim, in which the
expressible ADAMG6 gene(s) is a rat ADAMG6 nucleotide sequence operably connected to an
endogenous mouse ADAMG6 promoter or a mouse ADAMS6 nucleotide sequence operably

connected to an endogenous rat ADAMG6 promoter.

24. A method, use, rodent, mouse, rat or cell according to any preceding claim, in which the
genome comprises an inserted human VDJ region that includes bases 105,400,051 to

106,368,585 from human chromosome 14.
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25. A method, use, rodent, mouse, rat or cell according to any preceding claim, in which the

genome is homozygous at the Ig heavy chain, IgA and lgk loci.

26. A method, use, rodent, mouse, rat or cell according to any preceding claim, in which the

genome COIl’lpI‘iSGSZ

(a) heavy chain loci, each comprising one or more human heavy chain V gene
segments, one or more human heavy chain D gene segments and one or more
human heavy chain JH gene segments upstream of an endogenous rodent constant

region or a human constant region, for example Cmu and/or Cgamma,;

(b) a kappa light chain locus, optionally in homozygous state, comprising one or
more human kappa chain V gene segments, and one or more human kappa chain
Jx gene segments upstream of an endogenous rodent, for example endogenous

mouse or rat, kappa constant region; and optionally

(c) a lambda light chain locus, optionally in homozygous state, comprising one or
more human lambda chain V gene segments, and one or more human lambda

chain JA gene segments upstream of a lambda constant region; and

(d) in which the rodent, mouse or rat is capable of producing chimaeric antibodies

following rearrangement of the loci and immunisation with an antigen.

27. A method, use, rodent, mouse or cell according to any preceding claim, in which the
rodent is a mouse and the genome comprises an insertion of human light chain kappa VJ
targeted into mouse chromosome 6 between coordinates 70,673,899 and 70,675,515, suitably
at position 70,674,734, or an equivalent position in the lambda mouse locus on chromosome

16.

28. A method, use, rodent, mouse, rat or cell according to any preceding claim, in which the
genome comprises human DNA as a source of heavy and/or light chain gene segments from a
library selected from a human RPCI-11 library, RPCI-13 library, CalTech A library, CalTech

B library, CalTech C library or CalTech D library.

29. A method, use, rodent or cell according to any preceding claim, in which the rodent is a

mouse or rat.

30. A method, use, rodent, mouse, rat or cell according to any preceding claim, in which

human VH which is naturally inverted or pseudogene VH is omitted from the genome.
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31. A method of isolating an antibody or nucleotide sequence encoding an antibody, the

method comprising

(a) immunising a rodent, for example a mouse or rat, as recited in any preceding claim

with a human target antigen such that the rodent produces antibodies; and

(b) isolating from the rodent an antibody that specifically binds to the antigen and/or
isolating a nucleotide sequence encoding at least the heavy and/or the light chain

variable regions of such an antibody; and

optionally subsequently joining the variable regions of the antibody to a human constant

region.

32. A method according to Claim 31, in which a prime and boost protocol is used for the

immunisation or in which a RIMMS protocol is used for the immunisation.

33. A method according to Claim 31 in which the antibody is formulated as a
pharmaceutical composition with a diluent, excipient or carrier, and in which the composition

is contained in an IV bag or a container connected to an IV syringe.

34. A cell line, for example an immortalised cell line, embryonic stem cell or iPS cell line,
B-cell, hybridoma or stem cell derived from a rodent, mouse or rat as recited in any one of
claims 1 to 30 optionally in which the stem cell is a BALB/c, IM8, AB2.1 or AB2.2

embryonic stem cell.

35. A cell line, cell or hybridoma according to Claim 35, in which the rodent is a mouse
BALB/c, CS7TBL/6N, C57BL/6J, 129S5 or 129Sv strain, and in which the genetic background
is not the F1 embryonic stem line F1H4 derived from 129S6/SvEvTac and C57BL/6NTac

heterozygous embryos.




