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1. A method of madifying an endogenous immunoglobulin variable region gene
locus in an isolated mouse embryonic stem (ES) cell by an in sine replacement of the
endogenous locus with an orthologous human gene locus or by an ix sifu replacement
of one or more V and J, or V. D, and J gene segments of the endogenous locus with

orthologous human V and J, or V. D and ] gene segments, 10 orepic 2 nidiie
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rewiuns nd 1ouse Luuslan seuions, suid method comprising:

a}  obtaining a large cloncd genomic fragment greater than 20kb containing
orthologous human V and J, or V, D, and ] gene segments;

b)  using bacterial homologous recombination to genetically modify the
cloned genomic fragment of (a) to create a large targating vector for use
in a mouse ES cell {(LTVEC):

¢) introducing the LTVEC of (h) into a mouse ES cell to replace said
endogenous immunoglobulin variable gene locus or said one or more V
and I, or V, D, and J segments thereof in sifie with the orthologous human
gene locus or the orthologous human V and J, or V. D and'J gene
segments: and

d)  using a quantitative assay to detect modification of allele (MOA) in the
mouse ES cell of {¢) to identify a mouse ES cell in which said
endogenous immunoglobulin variable region gene locus or said onc or
more V and J, or V. D and J segments thereof have been replaced in sir
with the orthologous human gene locus or the orthologous human V and

J.or V, D and J gene segments.
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The method of claim 1 further comprising:

e) obtaining a large cloned genomic fragment greater than 20kb containing
Vand Jor V. D and J gene segments and that differs from the fragment of
(ak



f)  using bacterial homologous recombination to genetically modify the
cloned genomic fragment of (e} to create a second LTVEC,

g}  imroducing the second LTVEC of (f) into the mouse ES cell identified in
step (d) to replace said endogenous immunoglobulin variable gene locus
or said one or more V and J, or V, D, and J segments thereof in situe with
the orthologous human gene locus or the orthologous human V and J, or
V, D and J gene segments; and

h)  using a quantitative assay to detect modification of allele (MOA) in the
mouse ES cell of (g) 10 identify a mouse ES cell in which said
endogenous immunoglobulin variable region gene locus or said one or
more V and J, or V, D and J segments thereof have been replaced in st

with the orthologous human gene locus or the orthologous human V and

J,or V, D and ] gene segments.

3. The methad of claim 2 wherein steps (e) through (h) are repeated until the
endogenous immunogiobulin variable region gene locus is replaced in whole with an

orthologous human gene locus.

4. The method of any one of claims | to 3 wherein the immunoglobulin variable

gene locus is a locus selected from the group consisting of:

a)  avariable gene locus of the kappa light chain,
b)  avariable gene locus of the lambda light chain; and

c)  avariable gene locus of the heavy chain,

3. The method of any one of the preceding claims wherein the guantitative assay
comprises quantitative PCR, FISH, comparative genomic hybridization, isothermic

DNA amplification, or quantitative hybridization to an immobilized probe.

6.  The method of claim 5 wherein the quantitative PCR comprises TagMan®

techinology or quantitative PCR using molecular beacons.
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&%.  The method of any one of the preceding claims wherein the large cloned

genomic fragment is greater than 100 kb.

S8, . _.A method of modifying an endogenous immunoglobulin variable
region gene locus by an in sitt replacement of the endogenous locus with an
orthologous insnny gene locus or by an in situ replacement of one or more V and
J.or V, D and J gene segiments of the endogenous locus with orthologous g
Vand J, ot V, D and J gene segmenis, w cronte o niedifed inmninesialuiing
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o regicn s, said method comprising:

a)  creating a LTVEC greater than 20 kb comprising a site-specifie
recombination site, a downstreamn homology arm containing the region
immediately adjacent to, but not including. the J seiments of the
immuneglobulin yariable gene locus region and an upstream homology
arm within the variable gene locus;

b}  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site. an upstream homology arm containing the region
adjacent to the most distal V gene segment, but not containing any V gene
seginents of the immunoglobulin variable gene locus regton and a
downstream homology arm within the variable gene locus;

¢)  introducing the LTVECs of (2) and (b) into a mouse ES cell;

d)  using a quantitative assay to detect modification of allele (MOA) in the
vanable gene locus to identify a mouse ES cell in (¢) in which the site-
specific recombination sites flank the endogenous variable region gene
locus;

¢)  crealing a vector containing the site-specific recombination seguences
ﬂ.anking all or part of the orthologous huran gene locus; and

f)  introducing the vector of (¢) into a mouse ES cell identified in step {d)

such that. through recombination, said endogenous immunoglobulin
g



varable region gene locus or said one ormore Vand J,or V, D, and J

sepments thereof are replaced in siru with the orthologous huran gene

loeus or the orthologous buinon V and J, or V, D and ! gene segments.
4439, The method of claim %8, wherein the site-specific recombination sites are

selected from LoxP, Lox311 and Lax2272,
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#2112, The method of duv-cus=4claim 6448 (2 @ wherein said LTVECs are

greater than 100 kb,

AN

A genetically modificd hybrid immunoglobulin gene locus obtainable by the

method of any one of the preceding claims.

rei2. A genetically modified eukaryotic cell or 2 mouse comprising a genctically
modified immunoglobulin variable region locus obiainable by the method of any one

of the preceding claims in sine in place of the endogenous immunoglobulin variable
region gene locus.

+2 L4 A mouse embryonic stem (ES) cell containing a penetically modified
immunoglobulin variable region gene locus obtainable by the method of any one of

claims 1 to +#-10 in sife in place of the endogenous immunoglobulin variable region

gene locus,
Fpid, A mouse ES cell of claim +5-1 3 wherein the mouse heavy chain vaniable
region locus or one or more V, D and J gene segments thereof are replaced in sine
with a human heavy chatn variable gene locus or one or more V, D and J gene
segments thereof: or the mouse kappa light chain variable region locus or one or
more V and ] gene scgments thereof are replaced /n sine with a human kappa light
chain variabie region locus or one or more V and J gene sepments thereof: or the

mouse Jambda light chain variable region locus or onc or more V and J gene
9



segments thereof are replaced in sifu with a human Jambda light chain variable

region locus or one or more V and J gene segmments thereof.

413, A mouse ES cell of claim 451 3 wherein the heavy and light chain varable

region pene loci are replaced in sin with their human orthologs.

#5145, A method of creating. in 2 mouse embryonic stem (ES} cell, an endogenous
gene locus flanked downstream or upstream or both downstream and upstream by a

site-specific recombination site comprising:

a}  creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, a downstream homology arm containing a region that
flanks the 3° ¢nd of the endogenous gene locus region and an upstream
homology arm within the locus; and‘or
creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, an upstreamn homology arm containing a region that
flanks the 5° end of the endogencus gene locus region and a downstream
homology arm within the locus;

by  introdvcing the LTVEC or LTVECs of (a) into a mouse EQ cell; and

¢)  using a quantitative assay to detect modification of allele (MOA) in the
endogenous gene locus to identify a mouse ES cell in (b) in which the
endogenous gene locus is flanked downstream or upstream or both
downstream and upstream by the site-specific recombination site.
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Y The method of claim 8-0=13] 6 wherein said LTVEC(s) are greater than
100 kb,
S0 A method of creating, in a mouse embryonic stem (ES) cell, an

endogeious immunogiobulin variable gene locus flanked by a site-specitic
recombination site comprising:
10



a}  creating 2 LTVEC greater than 20 kb comprising a site~specific
recombination site, a downstream homology arm containing the region
immediately adjacent to, but not including, the J segments of the
immunoglobulin variable gene locus region and an upstream homology
arm within the variable gene locus;

b} introducing the LTVEC of {a} into a mouse ES cell; and

¢)  using a quantitative assay 1o detect moditication of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (b) in which the site-
specific recombination site flunks the downstream end of the endogenous

immunogiobulin variable gene locus.
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#2319, The method of claim #-«+33 1 &, wherein said LTVEC is greater than 100 kb.

242 A method of creating, in a mouse embryonic stem (ES) cell, an endogenous

immunoglobulin variable gene locus flunked by site-specific recombination sites

COMprising:

a)  creating a LYVEC greater than 20 kb comprising a site-specific
recombination site. an upstream homology arm containing the region
adjacent to the most distal V gene segment, but not containing any V gene
segmenis of the immunoglobulin vadable gene locus repion, and a
downstreamn homology arm within the locus;

b}  introducing the LTVEC of (a) into a mouse ES cell; and

€)  using a quantitative assay to detect modification of allele (MOA) in the
variable gene locus {o identify a mouse ES cell in (b) in which the site-
spectfic recombination sites flank the upstream end of the endogenous

immunoglobulin variable region gene locus.
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2221, The method of claim Z--2p 2520, wherein said LTVEC is greater than 100 kb.

22, Amethod of creating, in a mouse embryonic stem (ES) cell, an endogenous

immunogiobulin vanable gene locus flanked by site-specific recombination sites

comprising:

a}  crealing a LTVEC greater than 20 kb comprising a site-specific
recombination site, a downsiream homology arm containing the region
immediately adjacent to, but not including, the J segments of the
immunoglobulin variable gene tocus region. and an upstream homology
arm within the locus:

b}  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, an upstream homology arm containing the region
adjacent to the most distal V gene segment. but not containing any V
gene segments of the immunoglobulin variable pene locus region, and a
downstream arm within the locus;

¢) intreducing the LTVECs of (o) and (b) into 2 mouse ES cell; and

d)  using a quantifative assay to detect modification of allele (MOA) in the
variable gene tocus to identify a mouse ES cell in (c) in which the site-
specific recombination sites tlank the endogenous immunoglobulin
variable region gene locus.
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#2213, The method of claim 27612222, wherein said LTVECS are greater than 100



28241, A method of creating, in a mouse embryonic stem (ES) cell. an endogenous
gene locus flanked downstream or upstream or both downstream and upstream by a

site-specific recombination site comprising:

3}  creating a LTVEC preater than 20 kb comprising the site-specific
recombination site, a downstream homology arm containing a region
homologous to the 3’end of the endogenous gene locus region and an
upstream homology arm within the locus; and-or
cregting a LTVEC greater than 20 kb comprising the site-specific
recombination site, an upstream homelogy arm containing a region
homologous to the 5’end of the endogenous gene locus region and a
downstream homology arm within the locus,

b} introducing the LTVEC or LTVECs of 2) into a mouse ES cell; and

¢} using a quantitative assay to detect modification of allefe (MOA) in the
endogenous pene locus to identify a mouse ES cell in b) in which the
endogenous gene locus is flanked downstream or upstream or both

downstream and upstream by a site-specific recombination site.

4425 The method of claim 2824, wherein the site-specific recombination site(s)

are sclected from LoxP, Lox51it and Lox2272.
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1. A method of modifying an endogenous immunoglobulin variable region gene
locus in an isolated mouse embryonic stem (ES) cell by an in siti replacement of the
cndogenous locus with an orthelogous human gene locus or by an i situ replacement
of one or more V and J, or V, D, and J gene segments of the endogenous locus with

orihclogous human V and J, or V, D and § gene sepments, i tiereby openaliy ek

de onbeloscus buman Y and Loor 3L D aad | eone 52100008 on 0rllea0apus fanen
mene logus (o 80 udneenous MINUIS CONELET 12Eion 1acs. said method comprising:

a}  obtuining a large cloned genomic fragment greater than 20kb containing
orthologous human V and J, or V, D, and J gene segments;

b)  using bactenal homologous recombintation to genetically modify the
cloned genomic fragment of (a) to create a large tarpeting vector for use
in a mouse ES cell (LTVECY;

¢} introducing the LTVEC of (b) into a mouse ES cell to replace said
endogenous immunoglobulin variable gene locus or said one or more V
and J. or V., D, and J scgments thereof in siti with the orthologous human
gene locus or the orthologous human Vo and J, or V. D and J gene
sepments; and

d)  using a quantitative assay to detect modification of allele (MOA) in the
mouse ES cell of (¢) to identify a mouse ES cell in which said
endogenvus immunoglobulin variable region gene locus or said one or
moreVandJ orV, DandlJ ségmcms thereof have been replaced in site
with the orthologous human gene locus or the orthologous human V and

J,or V. D and J gene segments.

2. The method of claim | further comprising;

e}  oblaining a large cloned genomic fragment greater than 20kb containing
Vand J or V, D and J gene segments and that differs from the fragment of
{ak

15



f}  using bacterial homologous recombination to genetically modify the
cloned genomic fragment of (e) to create & secend LTVEC;

g) introducing the second LTVEC of (f) into the mouse ES cell identified in
step (d) to replace said endagenous immunoglobulin variable gene locus
or said one or more V and I, or V, D, and J segments thereof in site with
the orthologous human gene locus or the orthologous human V and J, or
V, D and J gene segments; and

h}  using a quantitative assay to detect modification of allele (MOA) in the
mouse ES cell of (g) to identify a mouse ES cell in which said
endogenous immunoglobulin variable region gene locus or said one or
more V and §, or V, D and ] segments thereof have been replaced in situ
with the orthologous human gene locus or the orthologous human V and

I,orV, D and J gene segments.

3. The method of claim 2 wherein steps (e) through (h) are repeated unti! the
endogenous immunoglobulin variable region gene locus is replaced in whole with an

orthologous human gene locus.

4. The method of any one of claims 1 to 3 wherein the immunogliobulin variable

gene locus is a locus selected from the group consisting of:

a)  avariable gene locus of the kappa light chain;
b}  avariable gene locus of the lambda light chain; and

¢)  avariable gene locus of the heavy chain.
5. The method of any one of the preceding claims wherein the quantitative assay
comprises quantitative PCR, FISH, comparative genomic hybridization, isothermic

DNA amplification, or quantitative hybridization to an immobilized probe.

6.  The method of claim 5 wherein the quantitative PCR comprises TagMan®

technology or quantitative PCR using molecular beacons.

16
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#:7 The method of any one of the preceding claims wherein the large cloned
genomic fragment is greater than 100 kb.

5. . A method of modifying an endogenous immunogiobulin variabie
region gene locus by an in sifu replacement of the endogenous locus with an

orthologous launan gene locus or by an ia sine replacement of one or more V and

152G

by bk e oniholozous

Vand J, or V, D and I gene segments, 19 diciciy 2

D oene semmans eeonhiod

s NG s Sonstant revien loeus, said method comprising:

4} creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, a downstream homeology anm containing the region
immediately adjacent to, but not including. the J segments of the
immunoglobulin variable gene locus region and an upstream homology
ann within the variable gene locus:

b} creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, an upstream homology ann comntaining the region
adjacent to the most distal V gene segment, but not containing any V gene
segments ot the immunoglobulin variable gene locus region and a
dewnstream homology ann within the variable gene locus:

c) introducing the LTVECs of (a) and {b) into a mouse ES cell;

d)  using a quantitative assay 1o detect modification of allele (MOA) in the
variable gene loeus to identify a mouse ES cell in {(c) in which the site-
specific recombination sites flank the endogenous variable region gene
locus;

e)  creating a vector containing the site-specific recombination sequences
flanking all or part of the orthologous fimag pene locus; and

f)  introducing the vector of (¢) into a mouse ES cell identified in step (d)

such that, through recombination, suid endogencus immunoglobulin
17



variable region gene locus or said one ormore Vand J,or V, D, and J
segments thereof are repiaced in situ with the orthologous liuman gene

locus or the orthologous human V and 1, or V, D and 1 gene segments.

128, The method of claim 95, wherein the site-specific recombination sites are

selected from LoxP, Lox511 and Lox2272.
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234, The method of sive enc-whclaim 24 F1 2 wr 9, wherein sald LTVECs are
greater than 100 kb.

1318, A genetically modified hybrid immunoglobulin gene locus obtainable by the

method of any one of the preceding claims.

412, A penetically modified eukaryotic cell or a mouse comprising a genetically
modified immunoglobulin variable region locus obtainable by the method of any one

of the preceding claims in sifie in place of the endogenous iminunoglobulin variable

region gene locus.

{435 Amouse embryonic stem {ES) cel! containing u genetically moditied
inmunoglobulin variable region gene tocus obtainable by the method of any one of

claims § to < (¢ i site in place of the endogenous immunoglobulin variable region
gene locus.

L6l b A mouse ES cell of claim =5 1.2 wherein the mouse heavy chain variable
region locus o one or more V, I and J gene sepments thereof are replaced in situ
with a human heavy chain vanable gene locus or one or more V, D and J gene
ségments thereof; or the mousce kappa light chain variable region locus or one or
more V and J gene segnents thereof are replaced in sitr with a humaon kappa light
chain variuble region locus or one or more V and J gene segments thereof; or the

mouse lambda light chain variable region tocus or one or more V and § gene

13



segments thereof are replaced in sifi with a human lambda light chain variable

region locus or one or more V and J gene segments thereof.

1715 A mouse ES cell of claim 4313 wherein the heavy and light chain variable

region gene locl are replaced in size with their human orthologs.

%10, A method of creating, in a mouse ecmbryonic stem (ES) cell, an endogenous
gene locus flanked downstream or upstream or both downstream and upstream by a

site-specific recombination site comprising:

a) creating a LTVEC greater than 20 kb comprising the site-specific
recomnbination site, a downsiream homology arm containing a region that
flanks the 3" end of the endogenous gene locus region and an upstream
homology arm within the locus; and/or
creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, an upstream homology arm containing a region that
flanks the 5° end of the endogenous gene locus region and a downstream
homology arm within the locus;

b) intreducing the LTVEC or LTVECs of (a) into a mouse EO celi; and

€}  using 4 quantitative assay to detect modification of allele (MOA) in the
endogenous gene locus fo identify a mouse ES cell in (b) in which the
cndogenous gene locus is flanked downstream or upstream or both

downstream and upstream by the site-specific recombination site.
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FN1T The method of claim #2-2-+2 {5 wherein sald LTVEC(s) are greater than
100 kb
s A method of creating. in a mouse embryonic stem (ES) cell, an

endogenous immunogiebulin variable gene locus flanked by a site-specitic

recombination site comprising:
19



a)  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, a downstream homology am containing the region
iminediately adjacent to, but not including, the J segments of the
immunoglobulin variable gene locus region and an upstream homology
arm within the variable gene tocus:

t) introducing the LTVEC of (a) into a mouse ES cell; and

¢} using a quantitative assay to detect modification of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (b} in which the site-
spectfic recombination site flanks the downstream end of the endogenous
immunoglobulin variable gene locus.
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The method of elaim 24022 1Y, wherein said LTVEC is greater than 100 kb.

24 A method of creating, in a mouse embryonic stem (ES) cell, an endogenous

immunoglobulin variable genc locus flanked by site-specific recombination sites
comprising:

a}  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site. an upstream homology arm containing the region
adjacent to the most distal V gene segment, but not containing any V gene
segments of the immunoglobulin variable gene locus region, and a
downstreain homology arm within the locus;

b)  introducing the LTVEC of (2) into a mouse ES cell: and

¢}  using a quantitative assay to detect modification of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (b) in which the site-
specific recornbination sites flank the upstream end of the endogenous

immunoglobulin variable region gene locus.
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2621, The method of claim 2-ber-25820, wherein said LTVEC is greater than 100 kb.
2723, A method of creating, in a mouse embryonic stem (ES) celi. an endogenous

immunoglobulin variable gene locus flanked by site-specific recombination sites

comprising:

a) creating a LTVEC greater than 20 kb compnising a site-specific
recombination site, a downstream homology arm containing the region
immediately adjacent to, but not including, the J segments of the
immunoglobulin variable gene locus region, and an upstream homology
anm within the locus;

b)  creating a LTVEC greater than 20 kb comprising a site-specific
recombination sile, an upstream homology arm containing the region
adjacent to the most distal V gene segment, but nof containing any V
gene segments of the immunoglobutin variable gene locus region, and a
downstrean ann within the locus:

¢) introducing the LTVECSs of (a) and {b) into a mousc ES cell; and

d)  using » quantitative assay to detect medification of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (¢} in which the site-
specific recombination sites flank the endogenous immunoglobutin
variable region gene locus,
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12, The method of claim &%#+22 22 wherein said LTVECS are greater than 100
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3024, A method of creating, in a mouse embryonic stem {ES}) cell, an endogenous
gene tocus flanked downstream or upstream or both downstream and upstream by a

site-specific recombination site comprising:

ay  creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, a downstream homology arm containing a region
homologous to the 3’end of the endogenous gene locus region and an
upsiream homology anm within the locus; andror
creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, an upstream homology arm containing a region
homologous to the 5’end of the endogenous gene locus region and a
downstream homology arm within the locus,

b} introducing the LTVEC or LTVECSs of a) into a miouse ES cell; and

¢}  using a quantitative assay to detect modification of allele (MOAY in the
cndogenous gene locus to identify a mouse ES cell in b) in which the
endogenous gene locus is flanked downstream or upstream or both

downstream and upstream by o site-specific recombination site,

2325, The method of claim 2824, wherein the site-specific recombination site(s)

are sclected from LoxP. Lox511 and Lox2272.
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SEABISREOURST 3

i

1. A method of modifying an endogenous immunoglebulin variable region gene
locus in an isolated mouse embryonic stem (ES) cell by an in sive replacement of the
endogenous locus with an orthologous human gene locus or by an in situ replacement
of one ormore V and }, or V, D, and | gene segments of the endogencus locus with
orthologous human V and 3, or V, D and ] gene segments, {3 cicsls ¢
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sadilindics, said method comprising:

a)  obtaining a large cloned genomic fragment greater than 20kb containing
orthologous human V and J. or V. D, and J gene scuments;

b)  using bactenal homologous recombination lo genetically modify the
cloned genomic fragment of {a) to create a large targeting vector for use
in a mouse ES cell {LTVECY,;

¢} introducing the LTVEC of (b} into a mouse ES cel} to replace said
endogenous immunoplobulin variable gene locus or said one or more V
and J, or V., D. and J segments thereaf in sitne with the orthologous human
gene locus or the orthelogous human Vo and J, or V, D and J gene
semnents; and

d}  using a quantitative assay to detect modification of allefe (MOA)Y in the
mouse ES cell of () to identify a mouse ES cell in which said
endogenous immunoglohulin variable repion gene locus or said one or
more Vand J, or V, D and J segments thereof have been replaced in situ
with the orthologous human gene locus or the orthologous human V and

J,or V., D and } gene segments.
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The method of claim 1 further compnising:

e) obtaining a large cloned genomic fragment greater than 20kb containing
Vand Jor V. D and J gene segments and that differs from the fragment of
{ak
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f)  using bacterial homologous recombination to genetically modify the
cloned genomic fragment of () {o create a second LTVEC;

g) iniroducing the second LTVEC of (f) into the mouse ES cell identified in
step {d) to replace said endogenous immunoglobulin variable gene locus
or said one or more V and J, or V, D, and ] segmenits thereof in situ with
the orthologous human gene locus or the orthologous human V and J, or
V, D and ] gene segments; and

h}  using a quantitative assay to detect modification of allele (MOA) in the
mouse ES cell of (g) to identify a mouse ES cell in which said
endogenous immunoglobulin variable region gene locus or said one or
more V and J, or V, D and J segments thereof have been replaced in situ

with the orthologous human gene locus or the arthologous human V and

J,orV, D and ) gene segments.

3 The method of claim 2 wherein steps (e) through {h) are repeated until the

endogenous immunoglobulin variable region gene locus is replaced in whole with an

ortholopous human gene locus.

4. The method of any one of claims | to 3 wherein the immunoglobulin variable

gene locus is a locus selected from the group consisting of

a}  avariable gene locus of the kappa light chain;
b)  avariable gene Jocus of the lambda light chain; and

¢) avariable genc locus of the heavy chain,

5. The method of any one of the preceding claims wherein the quantitative assay
compnises quantitative PCR, FISH, comparative genomic hybridization, isothermic

DNA amplification, or guantitative hybridization to an immobilized probe.

6.  The method of claim 5 wherein the quantifative PCR comprises TagMan®

technology or quantitative PCR using molecular beacons.
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¥7. The method of any one of the preceding claims wherein the large cloned

genomic fragment is greater than 100 kb,

TRy

- ... A method of modifying an endogenous immunoglobulin variable
region gene locus by an i situ replacement of the endogenous locus with an
orthelopous funnss gene locus or by an iz siar replacement of one or more V and
I, or V, D and J gene segments of the endogenous locus with orthologous fevan
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method comprising:

a) creating a LTVEC greater than 20 kb comprising o site-specific
recombination site. 2 downstremn homology arm containing the region
immediately adjacent to, but not including, the ¥ scgments of the
immunoglobulin variable gene locus region and an upstream homology
anm within the variable gene locus;

b} creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, an upsiream homology arm containing the region
adjacent to the most distal V gene segment. but not containing any V gene
segments of the immunoglobulin variabie gene locus region and a
downstream homology arm within the variable gene locus:

c)  introducing the LTVECs of (a) and (b) into 2 mouse ES cell;

d)  using a quantitative assay to detect modification of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (¢} in which the site-
specific recombination sites flank the endogenous variable region gene
locus;

e}  creating a vector containing the site-specific recombination sequences

tlanking all or part of the orthologous hunun gene locus; and
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f)  introducing the vector of (¢) into 2 mouse ES cell identified in step (d}
such that, through recombination, said endogenous immunoglobulin
variable region pene locus or said one ormore Vand 1, or V, D, and J

segments thereof are replaced in sifie with the orthologous huinon gene

119, The method of claim %3, wherein the site-specific recombination sites are
selected from LoxP, Lox511 and Lox2272.
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=3 The method of i oo oielaim ¥10-1+8 or 9, wherein said LTVECs are

greater than 100 kb.
3L A genetically modified hybrid immunoglobulin gene tocus oblainable by the

method of any one of the preceding claims.

i1l A genetically modified eukaryotic cell or a mouse coinprising a penetically
modified immunoglobulin variable region locus obtainable by the method of any one

of the preceding claims in sirt in place of the endogenous immunoglobulin variable
region gene locus.

1513, A mouse embryonic stem (ES) cell contuining a genetically modified
immunoglobulin variable region gene locus obtainable by the method of any one of

claims | to &+i{ in sifi in place of the endogenous immunoglebulin variable region

gene locus.

114 A mouse ES cell of claim 2 )2 wherein the mouse heavy chain variable
region locus or one or more V, D and J gene segments thereof are replaced in sife
with a human heavy chain vanable gene locus or one or more V, D and J gene
sepments thereof, or the mouse kappa light chain variable region locus or one or

more V and J gene segments thereof are replaced in sivie with a human kappa light
27 |



chain vanable region locus or one or more V and J gene segments thereof; or the
mouse lambda fight chain variable region locus or one or more V and J gene
segments thercof are replaced in sife with a human lambda light chain vaniable

region locus or one or more V and ! gene sepments thereof.

1715, A mouse ES cell of claim 44-13 wherein the heavy and light chain variable
region gene loci are replaced in situ with their human orthologs.

+& 18, A method of creating, in a mouse embryonic stem (ES) cell, an endogenous
gene locus flanked downstream or upstream or both downstream and upstream by a

site-specific recombination site comprising:

a}  creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, a downstream homology arm containing a region that
flanks the 3" end of the endogenous gene locus region and an upstream
homology arm within the locus; and/or
creating o LTVEC greater than 20 kb comprising the site-specific
recombination site. an upstreain homology anm containing a region that
Aanks the 5” end of the endogenous gene focus region and a downstream
homology ann within the ocus;

b)  introducing the LTVEC or LTVECs of {a) into a mousc EQ cell: and

€}  usinga quantilative assay lo detect modification of allele (MOA) in the
endogenous gene focus to identify a mouse ES cell in (b) in which the
endogenous gene locys is flanked downstream or upstream or both
downstream and upstream by the site-specific recombination site,
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The method of claim {&-«- 1910 wherein said LTVEC(s) are greater than
100 kb.



2310 A method of creating, in a mouse embryonic stem (ES) cell. an
endogenous immurnoglobulin variable gene locus flanked by a site-specific

recombination site comprising:

a)  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, a2 downstream homology arm containing the region
immediately adjacent to, but not including, the J segments of the
immunoglobulin variable gene locus region and an upstream homology
anm within the variable gene lacus:

b} introducing the LTVEC of {(a) into a mouse ES celi; and

¢)  using a quantitatis e assay lo detect modification of allele (MOA) in the
variable gene locus 1o identify a mouse ES cell in (b) in which the site-
specific recombination site flanks the downstream end of the endogenous
immunoglobulin variable gene locus.
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2719, The method of claim 24-w-22 17, wherein said LTVEC is greater than 100 kb.
2210, A method of creating, in a mouse embryonic stem (ES) cell, an endogenous

immunogiobulin variable gene locus flanked by site-specific recombination sites

comprising:

a)  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, an upstreain homology arm containing the region
adjacent to the most distal V gene segment, but not containing any V gene
segments of the immunoglobulin variable gene locus region, and a
downstream homology arm within the locus;

b)  imtroducing the LTVEC of (a) into a tnouse ES cell; and

¢} using a quantitative assay 1o detect modification of allele (MOA) in the

variabte gene locus 1o identify a mouse ES cell in (b) in which the site-
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specific recombination sites flank the upstream end of the endogenous

immunocglobulin variable region gene locus.
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2021, The method of claim &ter2834, wherein said LTVEC is greater than 100 kb,

=522, A method of creating, in a mouse embryonic stem {(ES) cell, an endogenous
immunoglobulin variable pene iecus flanked by site-specific recombination sites

comprising:

a)  creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, a downstream homology arm containing the region
immediately adjacent to, but not including, the J segments of the
yminunoglobulin variable gene locus region, and an upstreain homology
arm within the locus;

b} creating a LTVEC greater than 20 kb comprising a site-specific
recombination site, an upstream homolugy arm containing the region
adjacent to the most distal V gene segment, bul not containing any V
gene segments of the immunoglobulin variable gene locus region, and a
downstream arm within the locus:

¢} introducing the LTVECs of (a) and {b) into a mouse ES cetl: and

d)  using a quantitative assay to detect imodification of allele (MOA) in the
variable gene locus to identify a mouse ES cell in (€} in which the site-
specific recombination sites Hank the endogenous immunoglobulin
variable region gene locus,
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2. The wmethod of claim 2%-e—=2422, wherein said LTVECS are greater than 100
kb.
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3924, A method of creating, in a mouse embryonic stemn (ES) cell, an ¢ndogenous
gene Jocus flanked downstream or upstream or both downsiream and upstream by a

site-specific recombination site comprising:

a)  creating a LTVEC greater than 20 kb comprising the site-specific
recombination site, 2 downstream homology ann containing a region
homologous to the 3’end of the endogenous gene locus region and an
upstream homolopy arm within the locus; and/or
creating a LTVEC greater than 20 kb comprising the site-specific
recombinatton site, an upstream homology arm containing a region
homolagous to the 5’end of the endogenous gene locus region and a
downstream homaology arm within the locus.

b} introducing the LTVEC or LTVECs of a) info a mouse ES celi; and

t)  using a quantitative assay to detect modification of allele (MOA) in the
endogenous gene locus to identify a mouse ES cell in b) in which the
endouenous gene locus is flanked downstream or upstream or both

downstream and upstream by a site-specific recombination site.

e

B The method of claim 343 4, wherein the site-specific recombination site(s)

are selected from LoxP, Lox511 and Lox2272.

i

3. . ¥ 4 g F T TF -. 1 * L i g . N P L, . ¥ - .
A2 lweppebatr et dannaliand b o ped- e B [AFE I R EN L FRTR T ERI R S e

paderobd oo thinnaat Ll

1.3
oo



Claim Nos. §12-2013-G00UD HRIIREIZ65 &
HP-2004- 00008 1 P15 00 007

IN THE HIGH COURT OF JUSTICE

CHANCERY DIVISION
PATENTS COURT
BETWEEN:
REGENERON PHARMACEUTICALS,
INC.
Claimant
- and -
(13 KYMAR LIMITED
Defendant in 27 F-20 50N FHL (270200

{2) NOVO NORDISK A/S

Defendant in b2 20 i UU000 1L {3 A D007

e e e e,

Allen & Query LLP
One Bishops Square
{ondon
Ei 6AD
Ref: 0107890-000000)

Soliciiors for the Claimant

L
(%]





