IN THE UNITED STATES DISTRICT COURT o3
FOR THE SOUTHERN DISTRICT OF NEW YORK - o
WHITE PLAINS DIVISION cr 3
REGENERON PHARMACEUTICALS, ) -
INC., ) o
) Lz
Plaintiff, ) Civil Action No. =)
)
v. ) COMPLAINT FOR PATENT
) INFRINGEMENT
MERUS B.V. ) JUDg
) DEMAND FORJURY TRIAL & KARAG
Defendant. )
)

Plaintiff’ Regeneron Pharmaceuticals, Inc. (“Regeneron”) hereby alleges a cI;im for

patent infringement against Defendant Merus B.V. (“Merus™) as follows:

INTRODUCTION

1. Regeneron brings this action to remedy Merus’s infringement of Regeneron’s
inteliectual property concerning genetically engineered animals used in making human
biopharmaceutical therapeutics, including human antibodigs.

2, Regeneron’s groundbreaking work in this field has resulted in the creation of
Regeneron’s VelocImmune® technology. VelocImmune® is the culmination of the insights
of a group of dedicated scientists led by Regeneron’s Chief Scientific Officer, Dr. George D.
Yancopoulos.

3. Merus is an entity funded by a group of venture capitalists and large
pharmaceutical companies, including Pfizer Venture Investments (a member of the Pfizer,
Inc. conglomerate (collectively, “Pfizer”)) and Johnson & Johnson.

4. Merus’s sole business purpose appears to be directed to a genetically

modified mouse that infringes Regeneron’s intellectual property.
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THE PARTIES

5. Regeneron is a corporation organized and existing under the laws of the State
of New York, with its principal place of business at 777 Old Saw Mill River Road,
Tarrytown, New York 10591, Regeneron was founded in New York in 1988 by a Cornell
University professor—Dr. Leonard S. Schleifer—and a prominent research scientist from
Columbia University—Dr. George D. Yancopoulos. Drs. Schleifer and Yancopoulos both
trained as physician scientists, doctors who focus on finding innovative ways to use science
to advance the care of patients. Regeneron is now a global leader in biopharmaceutical
research and development with approximately 2,500 employees. Through pioneering
science and a commitment to innovation, Regeneron develops, manufactures, and
commercializes medicines for the treatment of serious medical conditions, including
Neovascular (Wet) Age-Related Macular Degeneration, one of the leading causes of
blindness in the world; Cryoprin-Associated Periodic Syndrome (CAPS), a rare and
debilitating hereditary condition; and Colorectal Cancer. Regeneron has received numerous
honors and awards, including being named the 2012 Biotech Company of the Year.

6. Regeneron has two primary locations, both of which are in the State of New
York. Regeneron’s research and administrative offices are located in Tarrytown, New York.
Regeneron has a manufacturing facility in Rensselaer, New York.

7. Regeneron is informed and believes, and on that basis alleges, that Merus is a
corporation organized and existing under the laws of The Netherlands, with its principal

place of business at Padualaan 8 (postvak 133), 3584 CH Utrecht, The Netherlands.

REGENERON'S COMPLAINT FOR PATENT
2934478 -2- INFRINGEMENT AGAINST MERUS



JURISDICTION AND VENUE

8. This is an action for patent infringement under the Patent Act, 35 U.S.C.
§ 100 et seq., including § 271. The Court has subject matter jurisdiction over the matters
pleaded herein pursuant to 28 U.S.C. §§ 1331 and 1338(a).

9. Personal jurisdiction is proper over Merus under the laws of New York State,
including N.Y.C.P.L.R. § 302(a).

10.  Merus transacts business in this state, including with Taconic Farms and
Pfizer.

11.  Merus has committed acts of infringement in this state by, inter alia, making,
using, selling, offering to sell, and/or importing infringing products in this state, and has
committed tortious acts in this state by making, using, selling, offering to sell, and/or
importing infringing products in the United States, with knowledge of Regeneron’s
intellectual property and presence in this state, and the harm caused to Regeneron by these
acts. As its office and labs are located in the Netherlands, Merus also commits acts of
infringement in the Netherlands that will be remedied under Regeneron’s European
intellectual property.

12.  Alternatively, personal jurisdiction is proper in this judicial district pursuant
to Federal Rule of Civil Procedure 4(k)(2) because Merus has extensive contacts with the
United States and exercising jurisdiction over Merus is consistent with the laws of the
United States and the United States Constitution. Among otheér things, Merus has
commercial relationships and business dealings with several companies in the United States,
including Pfizer, Taconic Farms, Bay City Capital, and Johnson & Johnson. Merus also
attends and participates in conferences and trade shows in the United States—including in

California, Illinois, Massachusetts, and Washington, D.C. in the past year alone—promoting
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its infringing mice, seeking licensing and financial partnerships with United States
companies, and soliciting sales and other business in the United States. In addition, Merus
has registered at least four trademarks with the United States Patent and Trademark Office
(“USPTQ™), including a trademark for “MeMo” which it uses in connection with its
infringing mice. Each of the applications for those trademarks was filed in compliance with
15 U.S.C. § 1141 et seq., pursuant to which Merus declared its intent to use the marks in
commerce in the United States. Merus has also filed several patent applications with the
USPTO, including U.S. Serial No. 12/459,285 to Houtzager et al., U.S. Serial No.
12/589,181 to Logtenberg et al., and U.S. Serial No. 13/750,753 to Logtenberg et al.—
applications which, based on Regeneron’s information and belief, relate to Merus’s
infringing technology.

13, Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391(b) and
(d) and 28 U.S.C. § 1400(b), because, among other reasons, Merus is subject to personal
jurisdiction because of its activities, including with Pfizer, and has committed acts of
infringement by, infer alia, making, using, selling, offering to sell, and/or importing
infringing products in this state.

INTRA-DISTRICT ASSIGNMENT

14.  Assignment to the White Plains Division is proper pursuant to Rule 18 of the
Southern District of New York’s Rules for the Division of Business Among District Judges
because, among other things, Regeneron has its principal place of business in Westchester
County, New York.

BACKGROUND FACTS

15. One of the most important biological molecules in nature is the antibody.

Antibodies, which are produced by our immune systems, attack foreign organisms such as
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viruses and bacteria. The power of antibodies, however, can also be harnessed to treat some
of the most serious diseases of our age, including cancers and immune disorders. Creating
antibodies that effectively treat disease in humans can be a difficult and inefficient process.
To address these problems, Regeneron scientists launched a scientific research program to
design a rodent that could create an extraordinary diversity of human antibodies in a rapid
and efficient mannet. This type of rodent is known as a “genetically modified” animal.
Earlier generations of genetically modified animals used to produce antibodies suffered from
serious health and functionality issues. Regeneron’s inventions led to the creation of
Regeneron’s VelocImmune® mouse. The VelocImmune® mouse makes part-human and
part-mouse antibodies, which allows the VelocImmune® mouse to mount a healthy,
functional and diverse immune tesponse to produce antibodies that can be used in making
human therapeutics. This work led to the grant of an important family of patents throughout
the world. One of these patents, the subject of this action, is United States Patent No.
8,502,018 (the ““018 Patent™). The named inventors include Regeneron’s Chief Scientific
Officer Dr. George D. Yancopoulos and Senior Vice President of Regeneron Laboratories
Dr. Andrew Murphy.

16.  After graduating from Bronx High School of Science and Columbia
University, Dr. Yancopoulos earned a Ph.D. in Biochemistry and Molecular Biophysics and
an M.D. from Columbia University. In 1989, Dr. Yancopoulos joined Regeneron as its
founding scientist. Dr. Yancopoulos was the 11th most highly cited scientist in the world in
the 1990s and was elected in 2004 to the U.S. National Academy of Sciences.
Dr. Yancopoulos is the recipient of numerous additional honors and awards, including
Columbia University’s Stevens Triennial Prize for Research and Columbia University’s

Medal of Excellence for Distinguished Achievement.
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17.  Dr. Murphy earned a B.S. in Molecular Biology frém the University of
Wisconsin and a Ph.D. in Human Genetics from Columbia University. He joined
Regeneron in 1999 as Director of Genomics and Bioinformatics. Dr. Murphy was later
named Vice President of Gene Discovery and Bioinformatics in 2001, Vice President of
Target Discovery in 2003, and Senior Vice President of Regeneron Laboratories in 2013.

18.  Following on the demonstrated success of the VelocImmune® technology,
the biopharmaceutical community recognized the power of Regeneron’s inventions to create
new genetically modified mice useful in making antibody therapeutics. A group of venture
capitalists, in concert with some of the largest pharmaceutical companies in the world,
including Pfizer and Johnson & Johnson, funded Merus—an entity whose sole apparent
purpose is to create and use a genetically meodified mouse that copies Regeneron’s
intellectual property.

COUNT ONE

(Patent Infringement)

19.  Regeneron re-alleges and incorporates by reference the allegations contained

in paragraphs 1 through 18 above.

20.  On August 6, 2013, the United States Patent and Trademark Office issued the
‘018 Patent, entitled “Methods of modifying eukaryotic cells,” to Drs. Andrew Murphy,
George Yancopoulos, Margaret Karow, Lynn Macdonald, Sean Stevens, David Valenzuela,
and Aris Economides.

21. Regeneron is the owner of the entire right, title, and interest in and to the ‘018
Patent. A copy of the ‘018 Patent is attached as Exhibit A.

22.  The ‘018 Patent includes 20 claims. By way of example, claim 9 of the ‘018

Patent recites:
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“[A genetically modified mouse, comprising in its germline
human unrearranged variable region gene segments inserted at
an endogenous mouse immunoglobulin locus] wherein the
mouse produces an antibody that comprises a human variable
region and a mouse constant region.”

23, The ‘018 Patent notes:

“A  transgenic mouse is created that produces hybrid
antibodies containing buman variable regions and mouse
constant regions. This is accomplished by a direct, in situ
replacement of the mouse variable region genes with their
human counterparts. The resultant hybrid immunoglobulin
loci will undergo the natural process of rearrangements during
B-cell development to produce the hybrid antibodies.

Subsequently, fully-human antibodies are made by replacing
the mouse constant region with the desired human
counterparts. This approach will give rise to therapeutic
antibodies much more efficiently than previous methods, e.g.
the ‘humanization’ of mouse monoclonal antibodies or the
generation of fully human antibodies . . . Further, this method
will succeed in producing therapeutic antibodies for many
antigens for which previous methods have failed. This mouse
will create antibodies that are human variable region-mouse
constant region, which will have the following benefits over
the previously available . . . mice that produce totally human
antibodies. Antibodies generated by the new mouse will
retain murine Fc regions which will interact more efficiently
with the other components of the mouse B cell receptor
complex, including the signaling components required for
appropriate B cell differentiation (such as Iga and Igb).
Additionally, the murine Fc regions will be more specific than
human Fc¢ regions in their interactions with Fc receptors on
mouse cells, complement molecules, etc. These interactions
are important for a strong and specific immune response, for
the proliferation and maturation of B cells, and for the affinity
maturation of antibodies.”

24.  Regeneron is informed and believes, and on that basis alleges, that Merus has
made a genetically modified mouse that comprises, in its germiline, at least human
unrearranged heavy chain variable region gene segments inserted at an endogenous mouse
immunoglobulin locus and that produces an antibody comprising a human variable region

and a mouse constant region.
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25.  Regeneron is informed and believes, and on that basis alleges, that Merus has
infringed and is currently infringing one or more claims of the ‘018 Patent, in violation of
35 U.S8.C. § 271, literally and/or under the doctrine of equivalents, by, among other things,
making, using, offering for sale, selling, and/or importing within this judicial district and
elsewhere in the United States, without license or authority from Regeneron, genetically
modified mice and related products and technologies that fall within the scope of one or
more claims of the ‘018 Patent, including for example claim 9. The infringing products
include, without limitation, Merus’s MeMo mouse and related products and technologies.

26.  Regeneron is informed and believes, and on that basis alleges, that Merus is
aware of the existence of the ‘018 Patent. Merus cites U.S. Patent No. 6,596,541, to which
the ‘018 Patent claims priority, as prior art before the United States Patent and Trademark
Office. In addition, Merus is participating in European Patent Office Opposition
proceedings with respect to Regeneron’s European Patent No. 1 360 287. European Patent
No. 1 360 287 claims priority to U.S. Application No. 09/784,859, which issued as U.S.
Patent No. 6,596,541. The ‘018 Patent claims priority to this same application.

27.  Regeneron is informed and believes, and on that basis alleges, that despite
awareness of the ‘018 Patent, Merus has continued to willfully, wantonly, and deliberately
engage in acts of inftingement of the ‘018 Patent, justifying an award to Regeneron of
increased damages under 35 U.S.C. § 284, and attorneys’ fees and costs incurred under 35
U.S.C. § 285.

28.  Regeneron has suffered irreparable injury as a direct and proximate result of
Merus’s conduct for which there is no adequate remedy at law and will continue to suffer

such irreparable injury.
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PRAYER FOR RELIEF

WHEREFORE, Regeneron prays for relief against Merus as follows:

A. For a determination that Merus infringes and continues to infringe one or
more claims of the ‘018 Patent;

B. For damages adequate to compensate Regeneron for Merus’s infringement of
the ‘018 Patent, but in no event less than either lost profits or a reasonable royalty for the use
made of the invention, together with interest and costs under 35 U.S.C, § 284;

C. For a determination that Merus’s infringement has been willful, wanton, and
deliberate and that the damages against it be increased up to treble on this basis;

D. For an order enjoining the further infringement of the ‘018 Patent, and

enjoining those acts necessary to prevent further infringement of the ‘018 Patent;

E. For an award of pre- and post-judgment interest on the damages assessed;

F. For an award of supplemental damages to Regeneron, including without
limitation interest;

G. For an order providing an accounting;

H. For a determination that this is an exceptional case under 35 U.S.C. § 285 and
that an award of attorneys® fees and costs to Regeneron is warranted in this action;

L For entry of judgment against Merus and in favor of Regeneron in all
respects; and

J. For such other and further relief as the Court deems just and proper.
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DEMAND FOR JURY TRIAL

Pursuant to Federal Rule of Civil Procedure 38(b), Regeneron hereby demands a trial
by jury on all issues triable to a jury.
REGENERON PHARMACEUTICALS, INC.

By its attorneys,

P A

Marshall A. (meamp(@irell.com)
IRELL & NELLA LLP

1800 Avenue of the Stars, Suite 900
Los Angeles, CA 90067-4276
(310) 277-1010

OF COUNSEL:

Morgan Chu (mchu(@irell.com) (to be admitted pro hac vice)

Jason G, Sheasby (jsheasby@irell.com) (to be admitted pro hac vice)
David 1. Gindler (dgindler@irefl.com) (to be admitted pro hac vice)
Josh B. Gordon (josh.gordon(@irell.com) (to be admitted pro hac vice).
IRELL & MANELLA LLP

1800 Avenue of the Stars, Suite 900

Los Angeles, CA 90067-4276

(310) 277-1010

March 3, 2014
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4B0
CTG Tt
EAC AGG
Leu Ser

Gln Asp Gln
440
ACH CAT ATA
TET GTA TAT
Thr: Hig Ile

4890
GAT GARA GTT
CTA CTT CAA
Agp Glu Vel

530
BAC TCC CAx GAZ TGT GGC
TTS AGE GTT CTC ACA CCG
Asn Ser Gln Glu Cys Gly Ser Phe Val

Glu

TGS
ACC
Trp

e
BAG
Fhe

540

Thr Phe Cys

450
TAC ACG TGC
ARTG TGC ACG

™vr Thr Cys

500
ATT GTC AAL
TaA CAG TTG
Ile val asn

550
AGC TTT GTC
TCG AAA CAG

Ser Leu His

460
CAT ATG
GTA Tac
His Met

alcis
e i)
Arg

510
GTE ACG GAC
CAC TGC COT6
Val Thr Asp

560

CTE GCT GAG
GAC CGA COTC
Leu Ala Glu

Lys Ser Gly His>
470

TTG TCT CAR

AARC AGA EI‘T

Leu Bexr Gin

520

CAG TCT GGC AAC
GTC aGa FCG TTS
Gln Ber Gly Asn=>

™0
BAG
Phe»

a70

AGC ATC RRG CCA
TCE TAG FIC GET
Ser Ile Lys Pro>
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GEG
Pro

CEr
Als

620
TCC
AGH
ser

TGG
ACC

Trp

QTG
AEp

670
ARG
Tic
Lvs

CTA
GAT
Leu

Can
GTT
Glin

720

Pro Leu Apn

630 _
GAC TCA GCT

AGT
Ser

680

TAT
ATA
Yr

Aug, 6,2013

PIGURE IB

550

640
TAT GAC GAA CCC
caa
Ala Tyr Asp Glu Pro
€90
CTG CAG TAT CGG
GAC GTC ATA GCC
Leu Gln TyvT Arg

QAL
cTC
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CCC TTG RAC GTE ACT GTE GCC TTC TCA
GGG AAC TTG CAC TGEA CAC CGG ARG AGT
vel Thr val ala Phe Ser

650

TCC

ATA CTGE CTT GGG AGG

Ser

TG
han
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610

CGC TAT GAT
GCG ATA c'ffa
Arg TyTr Rgp

GGA
cem
Gly

Tak
Ile>

66D
GTG CTG AGA
CaC GAC TCT
Val Leu Afy

ARC
TG
Asn

TAC
ATG
Tyx

CCs
Gly>

700
¢rC
GAG
Leu

710
enda 'I‘Iit'l‘
GGG ATR
Pro

AGA
T
Arg

GhC
CTG
Asp

aCT
CGh
Ala>

GTG AGG
CRC TCC
val Arg

jalair!
GEC
Pro

770

CTE CTC
Ghk GhG
Leau Leu

CGE GCA
ECC CGT
Arg Als

B&D
TGE AGT
ACC TCA

ccr
GGA
Pro

B20

730
GTG ACC
CAC TGG
val Thr

ARG
TTC
Lys

780
GAR GAG TTC
CTT CTC ARG
Glu Glu Phe

CTG
GAC
Leu

CAC
GTG
His

B30

749

ATC
TAG
ile

had
TTT

Liys

TCA
AGT
fer

aTG
ChC
Val

780

GAT TCT
CTA AGR
Asp Ber

B0

GG
[nlc nd
Ala

CCT CAG
E@a GTC
Pro Gln

B70
GAC CCC GIC
CTG GGG ChAG

CCA GGC
GET CCG
Pro Gly

ACT
TGEA
Thr

BBD
i
ADD

RTC
TAG

CAG
GTC

Trp Ber AEp
810

GEC TEE
walr T
Gly Trp

GAC
cre
hsp

960
CTe GTT
GAC CAA
Leu Val

e
AMG
FPhe

1010
ARG ATA TEE
™C TAT ACC
Lvs Ile Trp

Pro val Ile
920
CoT Car
GGA GTG
Pro His

ATG
TAC
Met

270

FPhe

Gln

830

CTs
GAC
Leu

CT&
GAC
Lev

TCA
AST
Ser

ACC
GG
Thr

orc
GAG
Leuw

880

ATG
TAC
Met

GCA
ceT
Ala

GGT
cca
Gly

CcTG
GAC
Leu

ARG ATL CAC
TTC TAG GTG
Lys Ile His

1620
CCa GIG CCC alC Cor
36T Cac GGG TGHE GGA
Pro Val Pro Thr Pro

1030

T
Az
Phe

B3O

CAG
GTC
Gln

CTG
Gac
Leu

TG
GAC
Leu

CTC
Glu

750
GhT TCA
CTG AGT
Asp Ser

AGh
T
Axrg

BOO
AGC TRC CaG
TCG ATG GTC
Ser Tyr Gla

850
ACC
TGE
Thr

ARG
e
Arg

jeleie]
cec
Gly

e oy
CGA
hla

elee
cce
Gly

GAG
o
Glu

540
GCT
(aie)
Ala

GTC
Cag
Val

TG
ARC
Leu

890

760

AAC GIC

™G CAG
Asn Vhl

T
AGA
Ser>

84D
r'G ChG AIG
GAC GIC TAC
Leu Glo Mst»

TGG AGT GAG
ACC MeA CIC
Trp Ser Glu>

500

oCC GG GCA
GG CTC COT
Pro Glu Ala>

950
ATC H1T GIC
TAG TAA CAG
Ile Ile Val»

1600

QCT TEE
GGAR ACC
Pro Trp

CTA TGG AAA
GAT ACC TTT
Leu Trp Lys>

AGG
e
aArg

1040
AGT TTC TTC
TCA AXG ARG
SEer Phe Fhe

1050
CAG GCC CTG
GTC GOG GAC
Gln Pro Leu>
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TAC AGG
ATG TCC
Tyr Arg

1300
ACG GCC
TEC CGE
Thr Als

1150

GCC TTA
CGE AaT
Als Leu

1200
cCTG CCG
GAC GGO
Leuy Pro

1250

GRT
CCca
Gly

cac
GTe
His

TAC
ATG

Tyr

1340
orG
Cac
Val

13580
GAG
cTg
Glu

GAT
AESD

1440

GGT CCT AAT

ACT GTG GGA
TEA CAL
Thr val

CTA CTA

Ga@ CAC AGC
CTC GTG TCG
Glu His Ser

1110
TCC AGC ATH
AGE TCE TAT
Ser Ser Ile

1160
CTG TCA
GAC AGT
Leu Ser

CAT
GTA
His

121p
CTG GAA
Gags CTT
Leu Glu

G3T
CCh
Gly

TEE
ACC

Trp

TGC
ACE
Cys

ATA
TAT

1300
AT GAB
TCA CTC
Ser Glu

GAG
T
Glu

AGA
TCT
Arg

1350

GAT
CTh
Asp

cer
Gly

1400
GGC TAT
CCG ATA

Gly Tyr

GAT
Asp

145D
TCA BAG

CCA GGEA TTR AGT CTC

Gly Pro Asn

1490
TCT TGET GGC
AGE ACA CCG
Ser Cys Gly

Ser Glu

TET GTC
ACA CAG
Cys Val
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10670 108D 1080
GGE AAC TTC AAG ARA TGE GTT AAT
CCC TG RAG TTC TTT ACC CAA TTA
Gly asn Phe Lys Lys Trp Val Asn

1120 1130
GAG TTG GTG CCx CAG AGT TCC
CTC AAC CAC GGET STC TCA AGE
Glu Lea Val Prop Gln Ser Ser

ACK
ET
Thr

1170 1180
TTG TAT CCA GCC AAG GRG AAG
AARC ATA GGT CGG TTC CTC "TTC
Leu Tyr Pro ila Lys Glu Lys

p:\e
T
Liy=

1229
can CTE GAG TGT
GTT GAC CTC ACA
Gln Leu Glu Cye

1230
GAT GGA
CTa CCT
Asp Gly

GAG
cTc
Glu

ATG
TAL
M=t

1270
CCC TTE GUA GCT
GGG AAC CET CGA
Pro Leu Ala Als

1280
Caa GCG
GTT CEC
Gln ala

ATC
ThG

GG
[slne)
Giy

1310
GAC CGG
CTGE GCC
ASp RIQ

1320
CCA TAT GGT
GGET ATA CCA
Pro Tyr Gly

1330
GT@ TCC
CaC AGG
vzl Ser

CTC
@At
Leu

1360
GCh GAG
caT CTC
ala Glu

1370
GEC CTG TET GIC
CCG GAC RCA CAG
&ly Leu Cys Val

T=G CCC
ACC GGG
Trp Pro

141D idzp
GOC ATG AAC CTG GAT GOT GE&C
CGG TAC TTG GAC CTA CGA CCG
hlz Met Asn Leu Asp Ala Gly

CCA
GGT
Pro

1460 1470
CTe CTC TTG GTC ACA GAC CCT
GAC GAG AARC CAG TET CTG GGA
Lsu Leu Leu Val Thr Asp Pro

GAT
CTA
Asp

1520 1520
GGT AGT GGT CTC RGE. CTT GGG
CCA TCA CCh GAG TCC GAR CCC
Gly Ser Gly Leu Arg Leu Gly

TCA
AGT
Ser
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ACC CCT
TGE GGA
Thr Pro

TIC
AAG
Phe>

1140

RACA. ACA
TGT@TGT
Thy: Thr

TR
AGT
Ser»

1150
™o 06
ARG GEC
Phe: Pro

GGG
cce
GEly>

1240
TCT GAG
AGA CTC
Sexr Glu

ceT
GGA
Pro>

12890
GTC TCA GCC
CAG AGT CGE
val Ser Ala>

ATT GAC
TAl CTG
Ile Asp

ACA
TGT
Thr>

1380

TET AGC
ACAE TCG
Cys Ser

TCT
ACA
Cys>

1430
AGA GAG
T™CT CTC
Arg Glu

TCcT
AGA
Ser>

1480
GCT TTT CTE
CGA AAA GAC
Als Phe Lieu»

1534
GGC TCC CCA
CCG AGE GGT
Gly Ser Pro»
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1570

GGC AGC OTA CTG GAC AGG TTG AGG CTG TCA TTT GCA ARG GRA $GG
£CG TCE GRT GAC TG TCC ARC TCC Gal
Gly Ser Leu Leu Aep Arg Leu Arg leun

TGGE ACA
ACC TCT
Trp Thr

CGeT
Ala

1630
GaG AGT
CTC TCh
Glu Ser

GAR
CTT
Glu

1680
AGT GGC
TCA CCE
Ber Gly

TTT
ARA
Pha

1730
GG CCC CCcT
CCT GGG GGA
Gly Pro Pro

1780
COT GTE8 GAQ
GGA CAC CTG
Pro Val Asp

1590
GCA GAC CCR ACC TGG AGA ACT

CTG GGT TEE
Asp Pro Thr

1640

GCA GGET TCC
CGT CCh RGG
Ala Gly Ser

1690
LA GGT TCA
CET CCR AGT
Ale Gly Ser

1740
CGR AGC TAT
GCT TCGE ATA
Arg Ser Tyr

1790

1600

ACC TCT TGA
Trp Arg Thx

1650
cee CCT GET
GGG GBA CCA
Pro Pro Gly

1700
GAC TET GGC
CTE RCR CCG
Asp Cyp Gly

1750
T CGC CAG
GAG GCG GIC
Leu Arg Gln

AGT AAR CGT
Ser Phe Ala

i6l0
GGS TCC
CCC aGeE
Gly Ser

CCA
GET
Pro

16640
CTG GAC ATH
GAC CTG TAC
Leu ABp Met

1710
cee GTe
GGG CAC
Pro Val

AGC
TG
Ser

17
TGGE
ACC
Trp

1s00

AGT GEA GCC CAG AGC AGC TAG
TCA CCT CBG GTC TCG TC6 ATC
Ser Gly Ala Gln Ser Ser **¥»>

TTC {TT CCC
Lys Glu Gly

1620
GeA GGG GGC
CCT CCC CCG
GBly Cly Gly

1670
GAC ACA TTT
CTG TGT ARA
Asp Thr Fhe

1720
GAG ACT GAT
CTC TGA CTA
glu Thr Asp

&0

GrC
CTrG
Asp>

T

Ser>»

GAC

cre
Asp»

GAh
11
Glus

17710

GTG GTC AGG ACC CUT CCA

CAC CAG TCC TGG GGA GET

val Val Arg Thr Pro FPro>
|
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METHODS OF MODIFYING EUKARYOTIC
CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Ser. No. 13/154,
$76, filed 7 Jun. 2011, which is a continuation of U.S. Ser. No.
11/595,427, filed 9 Nov. 2006, which is a continuation of U.S.
Ser. No. 10/624,044 filed 21 Jul. 2003, which is a divisional of
.S, Ser, No. 09/784,859, filed 16 Feb. 2001, vow U.S. Pat.
No. 6,596,541, which is a continuation-in-part of U.S. Ser.
No. 09/732,234, filed 7 Dec. 2000, now U.S5. Pat. No. 6,585,
251, which claims the benefit of 1.S. Ser. No. 60/244,665,
filed 31 Oct. 2000, now abandoned; this application is alse a
contimuation of U.S. Ser. No. 11/595,427, filed 9 Nov. 2006,
which is a continuation of U.S. Ser. Na. 1#624,044 filed 21
Jul. 2003, which is a divisiopal of U.S. Ser. No. 09/784,859,
filed 16 Feb. 2001, now U.S. Pat. No. 6,596,541, which is a
contimuation-in-part of U.S. Ser. No. 09/732,234, filed 7 Dec.
2000, now 1.8, Pat. No. 6,585,251, which claims the bensfit
of 11.8. Ser. No. 60/244,665, filed 31 Oct. 2000, now aban-
doned; each of which is incorporated by reference herein.

FIELD OF THE INVENTION

The field of this invention is a method for engineering and
utilizing large DNA vectors to target, via homologous recom-
bination, and modify, in any desirable fashion, endogenous
genes and chromoesomal loei in eukaryotic cells. The field
also encompasses the use of these cells to generate organisms
bearing the genetic modification, the organisms, themselves,
and methods of use thereof.

BACKGROUND

The use of LTVECs provides substantial advantages over
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current methods. For example, since these are derived from .

DNA fragments larger than those currently used to generate
targeting vectors, LTVECs can be more rapidly and conve-
niently generated from available libraries of large genomic
DNA fragments (such as BAC and PAC libraries) than target-
ing vectors made nsing curent technologies. In addition,
larger modifications as well as modifications spanning larger
genomic regions can be more conveniently generated than
using current technologies. Furthermore, the present ihven-
tion takes advantage of long regions of homolegy 1o increase
the targeting frequency of “hard to target” loci, and also
diminishes the benefit, ifany, ofusing isogenic DNA in these
targeting vectors.

‘The present invention thus provides for a rapid, convenient,
and strearnlined method for systematically medifying virmu-
ally all the endogenous genes and chromosomal loci of a
given organism.

Gene targeting by means of homologous recombination
between homalogous exogenous DNA and endogenous chro-
mosomal sequences has proven to be an extremely valuable
way to create deletions, insertions, design mutations, correct
gene mutations, introduce transgenes, or make other genetic
modifications in mice. Cument methods invelve using stan-
dard targeting vectors, with regions of homology to endog-
enous DNA typically totaling less than 10-20 kb, to introduce
the desired genetic modification into mouse embryonic stem
(ES) cells, followed by the injection of the altered ES cells
into mouse embryos 1o transmit these engineered genetic
modifications into the mouse {Smithies et al.,
Nature, 317:230-234, 1985; Thomas et al., Cell, 51:503-512,
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1987, Koller ct al., Proc Natl Acad Sci USA, 86:8927-8931,
1989; Kuhn et al., Science, 254:707-710, 1991; Thomas etal.,
Nature, 346:847-850, 1990; Schwartzberg, ¢t al., Science,
246:799-803, 1989; Doetschman et al., Nature, 330:576-578,
1987; Thomson et al., Cell, 5:313-321, 1989; DeChiara et al.,
Nature, 345:78-80, 1990; U.S. Pat. No. 5,789,215, issued
Aug. 4, 1998 in the name of GenPharm Iiernational) In these
current methods, détecting the rare ES cells in which the
standard targeting vectors have correctly targeted and modi-
fied the desired endogenous genefs) or chromosomal Jocus
(loci) requires sequence information outside of the homolo-
gous targeting sequences contained within the targeting vec-
tor. Assays for successful targeting involve standard Southern
blotting or long PCR (see for example Cheng, et al., Nature,
369:684-5, 1994; U.S. Pat. No. 5,436,149) from sequences
outside the targeting vector and spaum'lng an entire homology
arm (see Definitions); thus, because iof size considerations
that limit these methods, the size of the homology arms are
restricted to less than 10-20kb intotal {Joyner, The Practical
Approach Series, 293, 1999).

The ability to utiliza‘e-targeﬁng vectors with homology arms
larger than those used in current methads wounld be extremely
valuable. For example, such targeting) vectors could be more
rapidly and conveniently generated from available libraries
containing large genomic inserts (e.g. BAC or PAC libraries)
than targeting vectors made using current technologies, in
which such genomic inserts have to be extensively character-
ized and trimmed prior to usc. In addition, Jarger modifica-
tions as well as modifications spanning larger genomic
regions could be more conveniently gensrated and in fewer
steps than using current technelogies. Furthermore, the use of
long regions of homology could increase the targeting fire-
quency of “hard to target” loci in enkaryotic cells, since the’
targeting of homologous recombination in eukaryotic cells
appears 1o be related to the total homelogy contained within
the targeting vector (Deng and Caplecchi, Mol Cell Biol,
12:3365-71, 1992). In addition, the increased targeting fre-
quency obtamecl using long homology arms could diminish
any potential benefit that can be derived from using isogenic
DNA, in these targeting vectors.

The problem of engineering predise modifications into
very large genomic fragments, such ds those cloned in BAC
libraries, has largely been solved through the use of homolo-
gous recombination in bacteria (Zhang, et al., Nat Genet,
20:123-8, 1998, Yang, et al., Nat Biotechnol, 15:859-65,
1997; Angrand, et al,, Nucle:c Aclds Res, 27:e16, 1999,
Muyrers, et ab. Nuclc1c Acids Res, 27:1555-7, 1999; Naray-
anan, et al,, Gene Ther, 6:442-7, 1999), a]luwmg for the
construction of vectors containing ]a.rge regions of homology
to eukaryotic endogenous genes or chmmosoma] loci. How-
ever, once made, these vectors have not been generally useful
for modifying endogenous genes or:chromosomal loci via
homologous recombination becauseé of the difficulty in
detecting rare correct targeting events when homology arms
are larger than 10-20 kb (Joyner supta). Consequently, vec-
tors generated using bacterial homoélogous recombination
from BAC genomic fragments must still be extensively
trimimed prior to use as targeting vectbrs (Hil et al., Genom-
ics, 64:111-3, 2000). Therefore, there is still a need fora rapid
and convenient methodology that makm possible the vse of
targeting vectors containing large regions of homology so as
to modify endogenous genes or chromosomal loci in eukary-
otic cells.

In accordance with the present invention, Applicants pro-
vide novel methods that enables the use of targeting vectars
containing large regions of homologyj so as to modify endog-
enots genes or chromosomal loci in eukaryotic cells via
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homojogous recombination. Such methods overcome the
above-described limitations of current technologies. In addi-
tion, the skilled artisan will readily recognize that the meth-
ods of the invention are easily adapted. for use with any
genomic DNA of any ewkaryotic organism including, but not
limited to, animals such as mouse, rat, otherrodent, or human,
as well as plants such as soy, corn and wheat.

SUMMARY OF THE INVENTION

In accordance with the present invention, Applicants have
developed a novel, rapid, streamlined, and efficient methed
for creating and screening evkaryotic cells which contain
modified endogenous genes or chromosomal loci. This novel
methods combine, for the first time: 1, Bacterial homologous
recombipation to precisely engineer a desired genetic modi-
fication within a large cloned genomic fragment, thereby
creating a large targeting vector for use in eukaryotic cells
(LTVECs); 2. Direct introduction of these LTVECs into
eukaryotic cells to modify the endogenous chromosomsl
locus of interest in these cells; and 3. An analysis to determine
the rare enkaryotic cells in which the targeted allele has been
modified as desired, involving an assay for modification of
allele {(MOA) of the parental allele that does not require
sequence information outside of the targeting sequence, such
as, for example, quantitative PCR.

A preferred embodiment of the invention is a method for
genetically modifying an endogenous gene or chromosomal
locus in eukaryotic cells, comprising: a) obtaining a large
cloned genomic fragment containing a DNA sequence of
interest; b) using bacterial homolegous recombination to
genetically modify the large cloned genomic fragment of (a)
to create a large targeting vector for use in the evkaryotic cells
(LTVEC); ¢) introducing the LTVEC of (b} into the eukary-
otic cells to modify the endogenous gene or chromosomal
locus in the cells; and d) using a quantitative assay to detect
modification of allele (MOA) in the eukaryatic cells of (c) to
identify those eukaryotic cells in which the endogenous gene
or chromosomal locus has been genetically modified.
Another embodiment of the invention is a method wherein the
genetic modification to the endogenous gene or chromosomal
locus comprises deletion of a coding sequence, gene segment,
or regulatory element, alteration of a coding sequence, gene
segment, or regulatory element; insertion of a new coding
sequence, gene segment, or regulatory element; creation of a
conditional allele; or replacement of a coding sequence or
gene segment from one species with an homelogous or
orthologous coding sequence from a different species. An
alternative embodiment of the invention is a method wherein
the alteration of a coding sequence, gene segmen, or regula-
tory element comprises a substitution, addition, or fusion,
wherein the fusion comprises an epitope tag or bifunctional
protein. Yet another embodiment of the invention is a method
wherein the quantitative assay comprises quantitative PCR,
comparative genomic hybridization, isothermic DNA ampli-
fication, or quantitative hybridization to an immeobilized
probe, wherein the quantitative PCR comprises TAQMAN®:
technology or quantitative PCR using molecular beacons.
Another preferred embodiment of the invention is a method
wherein the evkaryotic cell is a mammalian embryonic stem
cell and in particular wherein the embryonic stem cell is a
mouse, tat, or other rodent embiyonic stem cell. Another
preferred embodiment of the invention is a method wherein
the endogenous gene or chromosomal lovus is a mammalian
gene or chromosomal locus, preferably a human gene or
chromosomal locus or a mouse, rat, or other rodent gene or
chromosemal locus, An additional preferred embodiment is
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one in which the LTVEC is capable of accommodating large
DNA fragments greater than 20 kb, ind in particular large
DNA fragments greater than 100 kb. Another preferred
embodiment is a genetically modified endogenous gene or
chromosomal locus that is produced by the method of the
invention. Yet another preferred embodiment is a genetically
meadified eukearyotic cell that is produoed by the method of the
invention. A preferred embodiment of'the invention is a non-
human organism containing the genetically modified endog-
enous gene or chromosomal Jocus produced by the method of
the invention. Also preferred in a nonthumnan organism pro-
duced from the genetically modified evkaryotic cells or
embryonic stem cells produced by the method of the inven-
tion.

A preferred embodiment is a non-JmEnan organism con-
taining a genetically modified endogenous gene or chromo-
somal locus, produced by a method compnsmg the steps of:
a) obtaining a large cloned genomlc fragment containing a
DINA sequence of interest; b) using bacterial homologous
recombination 10 genetically modify the large cloned
genomic fragment of (a) to create a large targeting vector
(LTVEC) for use in'embryonic stem cells; ¢} introducing the
LTVEC of (b) into the embryonic stém cells to modify the
endogencus gene or chromosomal locus in the cells; d) vsing
a quantitative assay to detect modification of allele (MOA) in
the embl'yonic stem cells of (¢) to identify those embryonic
stem cells in which the endogenous igene or chromosomal
locus has been genetically mdlified; €) introducing the
embryomc stem cell of (d) into a blastocyst; and f) introdue-
ing the blastocyst of (¢) into a sumcgate mother for gestation.

An additional preferred embodimet of the invention is a
pon-human organism containing a genetically modified
endogenous gene or chromosomal locus, produced by a
method comprising the steps of: /) obtaining a large cloned
genomlc fragment containing a DNA sequence of interest; b)
using bacterial homologous reoomlimanon to genetically
modify the large cloned genomic. fira) of (a) to create a
large targeting vector for use in eukaryotic cells (LTVEC); c)
infroducing the LTVEC of (b) into the eukaryotic cefls to
genencally modify the endogenous }gene or chromesomal
locus in the cells; d) using a quamltatlve assay to detect
modification of allele (MOA) in the eukaryotlc cells of () to
identify those eukaryotic cells in whm’h!he endogenous gene
or chromosomal locus has been genetically modified; )
removing the nucleus from the enkaryotic cell of (d); £} intro-
ducing the nucleus of (€} into an cocyte; and g) introducing
the cocyte of (f) into a surrogate mother for gestation,

Yet another preferred embodiment fis a non-human organ-
ism containing a genetically modified endogenous gene or
chromosomal locus, produced by a method comprising the
steps of: a) obtaining a large cloned genomic fragment con-
taining a DNA sequence of interest; b) using bacterial
homologous recombination to genetically modify the large
cloned genomlc fragment of (a) to dreate a large targeting
vector for use in eukaryotic cells (LTVEC); ¢} intreducing the
LTVEC of (b) into the eukdryatic cells to genetically modify
the endogenous gene or chromosomal locus in the cells; d)
using a quantitative assay to detect: modification of allele
(MOA) in the eukaryotic cells of (c) 16 identify those eukary-
otic cells in which the endogenous :gene or chromosomal
locus has been genetically modified; ¢) fusing the eukaryotic
cell of (d) with another enkaryotic ¢ell; f) introducing the
fused eukaryotic cell of (g) into a sufrogate mother for ges-
tation.

A preferred embodiment of the invention is a method for
genetically modifying an endogenous gene or chromasomal
locus of interest in mouse embryonic stem cells, comprising:
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a)obtaining a jarge cloned genomic fragment greater than 20
kb which contains a DNA sequence of interest, wherein the
large cloned DNA fragment is homologous to the endogenous
gene or chromosomal Jocus; b) using bacterial homologous
recombination to genetically modify the large cloned
genomic fragment of {(a) to create a large targeting vector for
use in the mouse embryonic stem cells, wherein the genetic
modification is deletion of a coding sequence, gene segment,
or regulatory element; ) introducing the large targeting vec-
tor of (b) into the mouse ernbryonic stem cells 1o modify the
endogencus gene or chromosomal locus in the cells; and d)
using a quantitative assay to detect modification of allele
{MOA) in the mouse embryonic stem cells of (¢) to identify
those mouse embryonic stem cells in which the endogenous
gene or chromosomal Jocus has been geneticatly modified,
wherein the quantitative assay is quantitative PCR. Also pre-
ferred is a genetically modified mouse embryonic stem cell
produced by this method; a mounse containing a genetically
modified endogenous gene or chromosomal locus produced
by this method; and a mouse produced from the genetically
modified mouse embryonic stem cell.

"Amnother preferred embodiment is a mouse containing a
genetically meodified endegenous gene or chromosomal locus
of interest, produced by a method comprising the steps of: a)
obtaining a Jarge cloned genomic fragment greater than 20kb
which contains a DNA sequence of interest, wherein the large
cloned DNA fragment is homologous to the endogenouns gene
or chromosomal locus; b wsing bacterial homologous recom-
bination to genetically modify the large cloned genomic frag-
ment of (a) to create a large targeting vector for use in the
mouse embryonic stem cells, wherein the genetic modifica-
tion is deletion of a coding sequence, gene segment, or regu-
latory element; ¢) introducing the large targeting vector of (b)
into the mouse embryonic stem cells to modify the endog-
enous gene or chromosomal locus in the cells; and d) using a
quantitative assay to detect modification of allele (MOA) in
the mouse embryonic stem cells of {¢) to identify those mouse
embryonic stem cells in which the endogenous gene or chro-
mosomal locus has been gepetically modified, wherein the
quantitative assay is quantitative PCR; €} introducing the
mouse embryonic stem cell of (d) into a blastocyst; and f)
introducing the blastocyst of (g} into a surrogate mother for
gestation.

One embodiment of the invention is a method af replacing,
in whole orin part, in a non-hnman enkaryotic cell, an endog-
enous immunoglobulin variable region gene locus with an
homologous or ortholagous human gene locus comprising: a)
obtaining 2 large cloned genomic fragment containing, in
whole ar in part, the homologous or orthologous human gene
lecus; b) using bacterial homologous recombination to
genetically modify the cloned genomic frapment of (a) to
create a large targeting veetor for use in the eukaryotic cells
(LTVECY); c) introducing the LTVEC of (b) into the eukary-
ofic cells to replace, in whole or in part, the endogencus
immunoglobulin variable gene locus; and d) using a quanti-
talive assay to detect modification of allele (MOA) in the
eukaryotic cells of (¢} to identify those eukaryotic cells in
which the endogenous immunoglobulin variable region gene
focus has been replaced, in whole or in part, with the homolo-
gous or orthologous human gene locus.

Another embodiment is a method of replacing, in whole or
in part, in a non-human eukaryotic cell, an endogenous
immunoglobulin variable region gene locus with an homalo-
gous ot orthologous human gene locus further comprising the
steps: €} obtaining a large cloned genomic fragment confain-
ing a part of the homologous or orthalogous human gene
locus that differs from the fragment of (a); f) using bacterial
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homologous recombination to genetically modify the cloned
genomic fragment of (€) to create a second LTVEC; g) intro-
ducing the second LTVEC of (f) into the eukaryotic cells
identified in step (d) to replace, in whole or in part, the
endagenous immunoglobulin variable gene locus; and h)
using a quantitative assay to detect. modification of allele
(MOA) in the eukaryotic cells of {g) to identify those evkary-
otic cells in which the endogenous imnunoglobulin variahle
region gene locus has been replaced, in whole or in part, with
the homologous or orthologous human gene locus.

Another embodiment of the above method is a method
wherein steps (2) throngh (h) are regieated until the endog-
enous immunoglobulin variable region gene locus is replaced
in whoele with an homelogous or orthologous human gene
locus.

Another embodiment of the method is one in which the
immumoglobulin variable gene locus is a locus selected from
the group consisting of a) a variable é_ene locus of the kappa
light chain; b) a variable gene locus ofithe lambda light chain;
and c) a variable gene locus of the heavy chain.

A preferred embodiment is a method wherein the guanti-
tative assay comprises quantitative PCR, FISH, comparative
genomic hybridization, isothermic DNA amplification, or
quantitative hybridization to an mmioblhzed probe, and in
particular wherein the quantitative PCR comprises TAQ-
MAN®. technology or quantitative PCR vsing molecular
heacoms.

Yet ancther preferred embodiment is a method of replae-
ing, in whale or in part, in & mouse embryonic stem cell, an
endogenous immunoglobulin variablé region gene locus with
its homologous or orthofogous huindn gene locus compris-
ing: a) cbtaining a large cloned genomic fragment containing,
in whole or in part, the homologous|or orthelogous hurmnan
gene locus; b) using bacterial homologows recombination to
genetically modify the large cloned genomic fragment of (a)
to create a large targeting vector for use in the embryonic stem
cells; ¢) introducing the large targefing vector of (b) into
mouse embsryonic stem cells to replape, in whole or in part,
the endogenous immunoglobulin variable gene locus in the
cells; and d) using a quantitative PCR assay to detect modi-
fication of allele (MOA) in the mouse embryonic stem cells of
(d) to identify those mouse embryonic stem cells in which the
endogenous variable gene locus has been replaced, in whale
or in part, with the homologous or ofthologous human gene
locus.

In another embodiment, the method further comprises: )
obtaining a large cloned genoric fragment containing a part
of the homologous or orthologous human gene locus that
differs from the fragment of (a); f) using bacterial homoto-
gous recombination 1o genetically modify the cloned
genomic fragment of (e) to create a ldrge targeting vector for
use in the embryonic stem cells; g) introducing the large
targeting vector of (f) into the mouse embryonic stem cells
identified in step {d) to replace, in; whole or in part, the
endogenous immunoglobulin varlah]e gene locus; and h)
using a guanptitative assay to detectl modification of allele
(MOA) in the mouse embryonic stend cells of () to identify
those mouse embryonic stem cells in which the endogenous
immunoglobulin vardable region geme locus has been
replaced, in whole or in part, with the homologous or orthelo-
gous human gene locus.

Another preferred émbodiment is a genetically modified
immunoglobulin variable region gene locus produced by the
methods described above; a genetically modified eukaryotic
cell comprising a genetically modified immunoglobulin vari-
able region gene locus produced by jthe methads described
above; a non-human organism comprsing a genetically
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modified immumoglobulin variable region gene Iocus pro-
duced by the methods described above; and a mouse embry-
onic stem cell containing a genetically modified immunoglo-
bulin variable region gene locus produced by the methods
described above.

Also preferred is an embryonic stem cell wherein the
mouse heavy chain variable region locus is replaced, in whole
ar in part, with a human heavy chain variable gene locus; an
embryonic stem cell of claim wherein the mouse kappa light
chain variable region locus is replaced, in whole or in part,
with a human kappa light chain variable region locus; an
embryonic stem cefl wherein the mouse Jambda light chain
variable region locus is replaced, in whole or in part, with a
human lambda light chain variable region locus; and an
embryonic stem cell wherein the heavy and light chain vari-
able region gene loci are replaced, in whole, with their human
homologs or orthologs.

Yet another preferred embodiment is an antibody compris-
ing a hunan variable region encoded by the genetically modi-
fied variable gene locus of described above; an antibody
further comprising a non-humsan constant regton; and an anti-
body further comprising a humnan constant region.

Also preferred is a transgenic mouse having a genome
comprising entirely human heavy and light chain variable
region loci operably linked to entirely endogenous mouse
constant region loci such that the mouse produces a serum
containing an antibody comprising a hurnan variable region
and a mouse constant region in response to anfigenic stimu-
lation; a transgenic mouse having a genome comprising
hurnan heavy and/or light chain variable region loci operably
linked to endogenons mouse constant region loci such that the
mouse produces a serum containing an antibody comprising
a human variable region and a mouse constant region in
response to aptigenic stimulation; a transgenic mouse con-
tatning an endogenous variable region locus that has been
replaced with an homologous or orthologous human variable
locus, such mouse being produced by a method comprising:
a) obtaining one or more large cloned. genomic fragments
containing the entire homologous or grthelogous luman vari-
able region focus; b) using bacterial homologous recombina-
tion to genetically modify the cloned genomic fragment(s) of
(a) ta create large targeting vector(s) for use in mouse embry-
onic stem ¢ells; ¢) introducing the large targeting vector(s) of
(b) into mouse smbryonic stem cells 1o replace the entire
endogencus variable region locus in the cells; and d) vsing a
quantitative PCR assay to detcct modification of allele
{MOA) in the mouse embryonic stem cells of {c) to identify
those mouse embryonic stem cells in which the entire endog-
enous variable region locus has been replaced with the
homologous or orthologous human variable region locus; e)
intrxducing the mouse embryonic stem cell of (d) into a
blastocyst; and f) imtrodducing the blastocyst of (e) into a
surrogate mother for gestation.

Still yet another preferred embodiment of the invention is a
method of making a buman antibody comprising: a} exposing
the monse described above to antigenic stimulation, such that
the mouse produces an antibody against the antigen; b) ise-
lating the DNA encoding the variable regions of the heavy
and light chains of the antibody; ¢) operably linking the DNA
encading the variable regions of (b) to DNA encoding the
human heavy and light chain comstant regions inh a cell
capable of expressing active antibodies; dY growing the cell

under such conditions as to express the human antibody; and -

) recovering the antibody. In another preferred embodiment,
the cell described above is a CHO cell. Also preferred is 2
method of wherein the DNA of step (b) described above is
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isolated from a bybridoma created from the spleen of the
mouse exposed 1o antigenic stimulation in step (a) described
ahove.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Schematic diagram of the generation of a typical
LTVEC using bacterial homologous recombination.
(hbl=homology box 1; hb2 homology box 2; RE=restriction
enzyme site}.

FIG. 2: Schematic diagram of donof fragment and LTVEC
for mouse OCR10. (hbl=homology bix 1; lacZ={-galactosi-
dase ORF; SV40 polyA=a DNA ﬁagment derived from Sim-
ian Virns 40, containing a polyadenylation site and signal;
PGKp=mouse phosphoglycerate kinase (PGK) promotet;

- EM7=a bacterial promoter; nee=nepmycin phosphotrans-

ferase; PGK polyA=3' untranslated region derived from the
PGK gene and containing a polyadenylation site and signal;
hb2=homology box 2}

FIGS. 3A-3D: Sequence of the mouse OCR10 cDNA {(up-
per strand, SEQIDNO:5), homology’hox 1 (b1}, hemology
box 2 (hb2), and TAQMAN® probes and primers used in a
quantitative PCR assay to detect modification of allele
(MOQA) in ES cells targeted using the mOCR10 LTVEC. hb1:
base pairs 1 to 211; hb2: base pairs 1586 to 1801; TAQMAN®
probe and corresponding PCR primmer set derived from
mOCR10 excn 3: TAQMAN® probe: nucleotides 413 to
439—upper strand; Primer ex3-5" nucleotides 390 to 410—
vpper strand; Primer ex3-3" nuc]eohﬂ::s 445 o 461 —lower
strand; TAQMAN® probe and corresponxding PCR primer set
derived fiom mOCR10 exon 4: TAQMAN® probe: nucle-
otides 608 to 639—upper strand; Primer ex4-5" mcleotides
586 to 605—upper strand; Pr:mer exd1-3"; nucleotides 642 to
662—lower strand.

FIG. 4A-4D: (SEQ ID NO:5-6) Schematic diagram of the
two LTVECs constructed to replace the mouse VD] region
with human VDT region. A: Large insert (BAC) clones span-
ning theentire VDJ region of the human heavy chain locus are
isolated. B Tn this example, large insert (BAC) clones are
isolated from the ends of the mouse VDI region as a source of
homelogy arms which are used to- direct infegration via
homelogous recombination of the huritan VDJ sequences ina
two step process. C-I: In the ref:p LTVEC] is con-
structed by bacterial hemologous mbination in E. colf.
LTVEC] contains, in order: a large monse homology arm
derived from the region upstream frofn the mouse DJ region,
but whose absohte endpoints are not important; a cassette
encading a selectable marker functidnal in ES cells (PGK-
neamycinR); a loxP site; a large humzm insert spanning from
several V' gene segments through the|ent1re DJ region; and a
mouse homology arm containing the region immediately
adjacent to, but not including, the méuse J segments. In the
second step, LTVEC2 is constructed by bacterial homologous
recombination in E. coli. LTVEC2 contains, in order: a large
mouse homology arm containing the region adjacent to the
most distal mouse V gene segnent, but not containing, any
mouse V gene segments; a large insert containing a large
number of distal human V gens segments; a mutant loxP site
called lox511 in the orientation-oppésite to that of the wild
type loxP sites in LTVEC2 and LTVECI (this site will not
recombine with wild type loxP sites but will readily recom-
bine with ather lox511 sites); a wild {ype loxP site; a second
selectable marker (PGK-hygromycinR); and 2 mouse homol-
ogy am derived from the V region, but whose absolute end-
points are not important.

DETAILED DESCRIPTION

A “targeting vector” is a DNA construct that contains
sequences “homologous” to endogenous chromosomal
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nucleic acid sequences flanking a desired genetic modifica-
tion(s). The flanking homology sequences, referred to as
“homology arms”, direct the targeting vector to a specific
chromosemal location within the pgenome by virtue of the
homology that exists between the homology anns and the
corresponding endogenous sequence and introduce the
desired genetic modification by & process refemred to as
“homologous recombination™.

“Homelogous” means two or more nucleic acid sequences
that are either identical or similar enough that they are able to
hybridize to each other or undergo intermolecular exchange.

“Gene targeting™ is the modification of an endogencus
chromosomal locus by the insertion into, deletion of, or
replacement of the endogenous sequence via homologous
recombination using a targeting vector.

A “geneknockout” is a genetic modification resulting from
the disruption of the genetic information encoded in a chro-
mosomal locus. A “gene knockin® is a genetic modification
resulting from the replacement of the genetic information
encoded in a chromosomal locus with a different DNA
sequence. A “koockout organism” is an organism in which a
significant proportion of the organism’s cells harbor a gene
knockout. A “knockin organism™ is an organism in which a
significant proportion of the organism’s cells harbor a gene
kmockin.

A “marker” or a “selectable markes™ is a selection marker
that allows for the isolation of rare transfected cells express-
ing the marker from the majority of treated cells in the popu-
lation. Such marker’s gene’s inclde, but are not limited to,
neamycin phosphotransferase and hygromycin B phospho-
wransferase, or flucrescing proteins such as GFP.

An*“ES cell” is an embryonic stem cell. This cell is usually
derived from the inner cell mass of a blastocyst-stage embryo.
An“ES cell clone” is a subpopulation of cells derived from a
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single ceil of the ES cell population following introductionof 35

DINA and subsequent selection.

A “flanking DNA™ is a segment of DMA that is collinear
with and adjacent to a particular point of reference.

“LITVECs” are large targeting vectors for eukaryotic cells
that are derived from fragments of cloned genomic DNA
larger than those typically used by other approaches intended
to perform homologous targeting in eukaryotic cells.

“Moadification of allele” (MOA) refers to the modification
of the exact DNA sequence of one allele of a gene(s) or

chromosoms} locus (loci) in a genome. This modification of 45

allele (MOA) includes, but is not limited to, deletions, sub-
stitutions, or insertions of as litfle as a single nucleotide or
deletions of many kilobases spanning a gene(s) or chromo-
somal locus (loci) of interest, as well as any and all possible
modifications between these two extremes.

“Orthologous™ sequence refers to a sequeace from one
species that is the functional equivalent of that sequence in
another species.

General Description

Applicants have developed 2 novel, rapid, streamlined, and
efficient method for creating and screening eukaryotic cells
which contain modified endogenous genes or chromosomal
locd. In these cells, the modification may be gene(s) knock-
outs, knockins, point mutations, or large genomic insertions
or deletions or other modifications. These cells may be
embryonic stem cells which are useful for creating knockout
or knockin organisms and in particular, knockout or knockin
mice, for the purpose of determining the fenction of the
gene(s) that have been altered, deteted and/or inserted.

The novel methods described herein combine, for the first
time: 1. Bacterial homologons recombination to precisely
engineer a desired genetic modification within a large cioned
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genomic DNA fragment, thereby creating a large targeting
vector for use in eukaryotic cells (LTVECs); 2. Direct intro-
duction of these LTVECs inio evkaryotic cells to modify the
corresponding endogenous gene(s) or chromosemal locus
(loct) of interest in thesecells; and 3, Ain analysis to determine
the rare eukaryotic cells in which the targeted allele has been
modified as desired, involving a quantitative assay for modi-
fication of allele (MOA) of the parental allele.

It should be emphasized that previous methods to detect
suceessful homologous recombination in eukaryotic cells
cannot be utilized in conjunction with the LTVECs of Appli-
cants’ invention because of the long Bomology arms present
in the LTVECs. Utilizing a ETVEC to deliberately modify
endopenous genes or chromosomal Joci in evkaryotic cells
via hamologous recombination is made possible by the novel
application of an assay to detetmine the rare enkaryotic cells
in which the targeted allele has beer modified as desired, such
assay involving a quantitative assay for modification of allele
(MOA)of a parental allele, by employing, for example, guan-
titative PCR or other suitable quantitative assays for MOA.

The ability to utilize targeting vectars with homolagy arms
larger than those used in current methods is extremely valu-
able for the following reasons: 1. Targeting vectors are more
rapidly and conveniently generated from available libraries
containing large genomic inserts (e.g. BAC or PAC libraries)
than targeting vectors made using prévious technologies, in
which the genomic jnserts have to be extensively character-
ized and “trimmed" prior to use (explained in detail below). In
addition, minimal sequence information needs to be known
about the locus of interest, i.e. it is only necessary to know the
approximately 80-100 nucleotides that are required to gener-
ate the homology boxes (described in detail below) and
generate probes that can be used in guantitative assays for
MOA (described iz detail below). 2. Larger modifications as
well as modifications spanning largér genomic regions are
more conveniently generated and in fewer steps than using
previous technologies. For example, the method of the inven-
tion makes possible the precise modification of large loci that
cannot be accommodated by traditional plasmid-based tar-
geting vectors because of their size lifmitations. It also makes
possible the modification of any givenilocus at multiple points
(-g- the introduction of specific mutations at different exons
of a multi-exon gene) in one step, alleviating the need to
engineer multiple targeting vectors and to perform multiple
rounds of targeting and screening fot hemologous recombi-
nation in ES cells. 3. The use of long regions of homology
(long homology arms) increase the targeting frequency of
“hard to target” loci in eukaryotic cells, consistent with pre-
vious findings that targeting of homolpgous recombination in
evkaryotic cells appears to be related to the total homology
contained within the targeting vector. 4, The increased target-
ing frequency obtained using long hornology arms apparently
diminishes the benefit, if any, from wsing isogenic DNA in
these targeting vectors. 5. The application of quantitative
MOA assays for screening eukaryotic cells for homologous
recombination ot only empowers the use of LTVECs as
targeting vectors {advantages outlined above) but also

- reduces the time for identifying correctly modified evkaryotic

cells from the typical several days to a few hours. In addition,
the application of quantitative MOA does not require the use
of probes located cutside the endogenious gene(s) or chromo-

somal focus {loci} that is being modified, thus obviating the
need to know the sequence flanking the modified gene(s) or
Jocus {loci). This is a significant imp ent in the way the

screening has been performed in the past and makes i1 a much
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less labor-intensive and much more cost-effective approach
to screening for hamologous recombination events in eukary-
otic cells.

Methods

Many of the techniques used to construct DNA vectors
described herein are standard molecular biology techniques
well known to the skilled artisan (see e.g., Sambrook, I, E. F.
Fritsch And T. Maniatis, Molecular Cloning: A Laboratory
Mannal, Second Edition, Vols 1, 2, and 3, 1989; Current
Prutocols in Molecular Biology, Fds. Ausubel et al., Greene
Publ. Assoc., Wiley Interscience, NY). All DNA sequencing
is done by standard techniques using an AB] 373A DNA
sequencer and Tag Dideoxy Terminator Cycle Sequencing
Kit (Applied Biosystems, Inc., Foster City, Calif)).

Step 1. Obtain a Large Genomic DNA Clone Containing
the Gene(s) or Chromosomal Lecus (Loci) of Iterest.

A gene{s) or locus (Joci) of interest can be selected based
on specific criteria, such as detatled structural or fanctional
data, or it can be selected in the absence of such detailed
information as potential genes or gene fragments become
predicted through the efforts of the varicus genome sequenc-
ing projects. importantly, it should be noted that it is not
necessary to know the complete sequence and gene structure
of a gene(s) of interest to apply the method of the subject
invention to produce LTVECs. In fact, the only sequence
information that is required is appmximately 80-100 nucle-
otides 50 as to obtain the gepomic clone of interest as well as
to generate the homology boxes uvsed in making the LTVEC
(described in detail below) and to make probes for use in
quantitative MOA assays.

Once a gene(s) or locus (loci) of interest has been selected,
a large genomic clone(s) containing this gene(s) or locus
(laci) is obtained. This clone(s) can be obtained in any one of
several ways including, but oot limited to, screening suitable
DNA fibraries (e.g. BAC, PAC, YAC, or cosmid) by standard
hybridization or PCR techniques, or by any other methods
familiar to the skilled arfisan.

Step 2. Append Homology Boxes 1 and 2 to a Modification
Cassette and Generation of LTVEC.

Homology boxes mark the sites of bacterial homologous
recombination that are used to generate LTVECs from large
cloned genomic fragments (FIG. 1). Homology boxes are
short segments of DNA, generally double-stranded and at
least 40 pucleotides in length, that are homologous to regions
within the large cloned genomic fragment flanking the

“region to be modified”, The homaology boxes are appended
to the modification cassette, so that following hemologous
recombination in bacteria, the modification cassetie replaces
the region to be modified (FIG. 1). The technique of creating
a targeting vector using bacterial homologous recombination
can be performed in a variety of systems (Yang et al. supra;
Muyrers et al. supra; Angrand et al. supra; Narayanan et al.
supra; Yu, et al., Proc Natl Acad Sci USA, §7:5978-83,2000).
One example of a favored technology currently in use is ET
cloning and variations of this technology (¥n et al. supra). ET
refers to the recE (Hall and Kolodner, Proc Natl Acad Sci
USA, 91:3205-9, 1994) and recT proteins (Kusano et al.,
Gene, 138:17-25, 1994) that carry out the homologous
recombination reaction. RecE is an exonuclease that trims
one strand of linear double-stranded DNA (essentially the
donor DNA fragment described infra) 5' to 3, thus leaving
behind a linear double-stranded fragment with a 3' single-
stranded overhang, This single-stranded overhang is coated
by recT protein, which has single-stranded DNA. (ssDNA)
binding activity (Kovall and Matthews, Science, 277:1824-7,
1997). BT cloning is performed using E. coli that transiently
express the E. coli gene products of recE and recT (Hall and
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Kolodner, Proc Natl Acad Sci USA, 91:3205-8, 1894; Clark
et al., Cold Spring Harb Symp Quant Biol, 49:453-62, 1984;
Noirot and Kolodner, ] Biol Chem, 273:12274-80, 1998;
Thresher etal., ] Mol Biol, 254:364-71,:1995; Kolodneretal.,
Mol Microbiol, 11:23-30, 1994; Hali et al., J Bacteriol, 175:
277-87, 1993) and the bacteriophage lambda () protein
hgam (Murphy, I Bacteriol, 173:5808-21, 1991; Poteete et
al, T Bacteriol, 170:2082-21, 1988}. The kgam protein is
reqmred for protecting the donor DNA fragment from degra-
dation by the recBC exonuclease system (Myers and Stahl,
Anrm Rev Genet, 28:49-70, 1994) and it is required for effi-
cient ET-cloning in recBC* hosts such as the frequently used
E. eoli strain DH10b,

The region to be modified and replaced using bacterial
homologous recombination can range from zero nucleotides
in length (creating an insertion into the original locus) to
many tens of kilobases (creating a delgtion and/or a replace-
ment of the original locus). Depen.d.mg on the modification
cassette, the modification can result in the following: (a)
deletion of coding sequences, gene segments, or regulatory
elements; (b) alteration(s) of coding' sequence, gene seg-
ments, or regulatory elements including substitutions, addi-
ticns, and fusions (e.g. epitope tags or creation of bifunctional
pmtems such as those with GFP); (¢} insertion of new coding
regions, gene segments, or regulatory elements, such as those
for selectable marker genes or reporter genes or putting new
genes under endogenous transcriptional control; (d) creation
of conditional alleles, e.g. by introduction of JoxP sites flank-
ing the region to be excxsed by Cre rebombinase (Abremski
and Hoess, ] Biol Chem, 259:1509-14, 1984}, or FRT sites
flanking the region to be excised by Flp recombinase (An-
drews et al., Cell, 40:795-803, 1985; Meyer-Leon et al., Cold
Spring Harb Symp Quant Biol, 49:797}-804, 1984; Cox, Proc
Natl Acad Sci USA, 80:4223-7, 1983); or (e) replacement of
coding sequences or gene segments from one specws with
orthologous oodmg sequences from a!different species, e.g.
replacing a murine genetic locus with the orthologous human
genetic locus to engineer a mouse where that particular Jocus
hasg been ‘humanized’.

Any or all of these modifications ¢an be incorporated into
aLTVEC. A specific examplein whlctl’alflendogemus coding
sequence is entirely deleted and simultaneously replaced with
both a reporter gene as wellasa selectdble marker is provided
below i Example 1, as are the advanilages of the method of
the invention as compared to previcus technologies.

Siep 3 (Optional). Verify that Each LTVEC has been Engi-
neered Correctly.

Verify that each LTVEC has been engineered correctly by:
a, Diagnostic PCR to verify the novel junctions created by the
intraduction of the donor fragment mFo the gene(s) or chro-
mosomal Jocus (loci) of interest. The PCR fragments. thus
obtained can be sequenced to further! verify the novel junc-
tions created by the introcuction of the donor fragment into
the gene(s) or chromosomal locus (lodi) of interest. b. Diag-
nostic restriction enzyme digestion to make sure that only the
desired modifications have been introduced into the LTVEC
during the bacterial homologous recombination process. c.
Direct sequencing of the LTVEC, particularly the regions
spanning the site of the modification o verify the povel junc-
tions created by the introduction of the donor fragment into
the gene(s) or chromosomal lecus (loci) of interest.

Step 4. Purification, Prepa:anon,l and Linearization of
LTVEC DNA for Introduction Into Eikaryotic Cells.

a. aration of LTWEC DNA:

Prepare miniprep DNA (Sambrookiet al. supra; Tillett and
Neilan, Biotechniques, 24:568-70, 572, 1998; of the selected
LTVEC and re-transform the miniprep LTVEC DNA into E.
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colinsing electroporation (Sambrook etal. supra). This step is
necessary 1o get rid of the plasmid encoding the recombino-
genic proteins thal are utilized for the bacterial homologous
recombination step. It is useful to get rid of this plasmid (a)
because it is a high copy number plasmid and may reduce the
yields obtained in the large scale LTVEC preps; (b} to elimi-
nate the possibility of inducing expression of the recombino-
genic proteins; and (c) because it may obscure physical map-
ping of the LTVEC. Before introducing the LTVEC into
eukaryotic cells, larger amounts of LTVEC DNA are pre-
pared by standard methodology; Sambrcok etal. supra; Tillett
and Neilan, Biotechniques, 24:568-70, 572, 1998). However,
this step can be bypassed if a bacterial homologous recombi-
nation method that utilizes a recombinogenic prophage is
used, i.e. where the genes encoding the recombinogenic pro-
teins are integrated into the bacterial chromosome. (Y, et a.
supra), is used. '

b. Linearizing the UTVEC DNA:

o prepare the LTVEC for introduction into eukaryotic
cells, the LTVEC is preferably linearized in a manner that
leaves the modified endogenous gene(s) or chromosomal
locus (loci) DNA flanked with long homology arms. This can
be accomplished by linearizing the LTVEC, preferably in the
vector backbone, with any suitable resttiction enzyme that
digests only rarely. Examples of suitable restriction enzymes
incade Notl, Pacl, Sfil, Srfl, Swal, Fsel, etc. The choice of
restriction enzyine may be determined experimentally (i.e. by
testing several different candidate rare cutters) or, if the
sequence of the LTVEC is known, by analyzing the sequence
and choosing a smitable restriction enzyme based on the
analysis. In situations where the LTVEC has a vector back-
bone containing rare sites such as Cos N sites, then it can be

cleaved with enzymes recognizing such sites, for example k.

terminase (Shizuya et al., Proc Natl Acad Sci USA, 89:8794-
7, 1992; Becker and Geld, Proc Natl Acad S¢i USA, 75:4199-
203, 1978; Rackwitz et al., Gene, 40:259-66, 1985).

Step 5. Introduction of LTVEC inte Eukaryotic Cells and
Selection of Celis where Successful Introduction of the
LTVEC has Taken Place.

LTVEC DNA can be introduced into eukaryotic cells using
standard methodology, such as transfection mediated by cal-
cium phosphate, lipids, or electroporation (Sambrook et al.
supra). The cells where the LTVEC has been introduced
successfully can be selected by exposure to selection agents,
depending on the selectable marker gene that has been engi-
neered into the LT'VEC. For example, if the selectable marker
is the neomycin phosphotransferase {neo) gene (Beck, et al,
Gene, 19:327-36, 1982), then cells that have taken up the
LYVEC can be selected in G4 18-containing media; cells that
de not have the LTVEC will die wheseas cells that have taken
up the LTVEC will survive (Santerre, et al., Gene, 30:147-56,
1984). Other suitable selectable markers include any drug
that has activity in eukaryotic cells, such as hygromycin B
(Santerre, et al., Gene, 30:147-56, 1984; Bernard, et al., Exp
Cell Res, 158:237-43, 1985; Giordano and McAllister, Gene,
88:285-8, 1999, Blasticidin S (lzumi, et al., Exp Cell Res,
197:229-33, 1991), and other which are familiar to those
siilled in the art.

Step 6.

Screen for homologous recombination events in enkary-
otic cells using quantitative assay for modification of allele
(MOA). Bukaryotic cells that have been successfully modi-
fied by targeting the LTVEC into the locus of interest can be
identified using a variety of approaches that cam detect modi-
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fication of atlele within the Jocus of interest aml that do not
depend on assays spanning the entire homology arm or arms.
Such appmaches can include but are not limited to: (a) quan-
titative PCR wsing TAQMAN® (Lie dnd Petropoulos, Curr
Opin Biotechnol, 9:43-8, 1998); (b} quantitative MOA assay
using molecular beacons (Tan, et al., Chemistry, 6:1107-11,
2000); (c) flucrescence in situ hybridifation FISH (Laan, €t
al., Hem Genet, 56:275-80, 1995) or comparative genomic
hybridization {CGH) (Forozan, et al., Trends Genet, 13:405-
9, 1997; Thompson and Gray, J Cell Biochem Suppl, 13943,
1993; Houldsworth and Chaganti, Am ] Pathol, 145:1253-60,
1994); (d) isothermic DNA amplification (Lizaxdi et al., Nat
Genet, 19:225-32, 1998; Mitra and Church, Nucleic Acids
Res, 27:¢34, 1999); and (e) quantitative hybridization to an
immobilized probe(s) (Southern, 1. Mol. Bicl. 98; 503, 1975;
Kafatos et al., Nucleic Acids Res 7(6):1541-52, 1979).

Applicants provide herein an example in which TAQ-
MAN® guantitative PCR is-used to sereen for successfully
targeted eukaryotic cells. For example, TAQMAN® is used to
identify eukaryotic cells which have undergene homologous
recombination wherein a portion of cne of two endegenous
alleles in a diploid genome has been replaced by another
sequence. In contrast to traditional methods, in which a dif-
ference in restriction fragment length spanning the entire
homology arm or arms indicates the modification of one of
twa alleles, the quantitative TAQMAN® method will detect
the modification of one allele by measuring the reduction in
copy number (by haf) of the unmodified allele. Specifically,
the probe detects the unmodified allele and not the modified
sallele. Therefore, the method is indépendent of the exact
nature of the modification and not limited to the sequence
replacement described in this examplée. TAQMAN® is used
to quantify the sumber of copies ofia DNA template in a
genomic DNA sample, especially by comparison to a refer-
ence gene {Lie and Petropoulos, Cumr. Opin. Biotechnol.,
9-43-8, 1998). The reference gene is quantitated in the same
genomic DNA as the target gene(s) or locus (loci). Therefore,
two TAQMAN® amplifications (each with its respective
probe) are performed. One TAQMAN® probe determines the
“Ct" (Threshold Cycle) of the reference gene, while the ather
probe determines the Ct of the region of the targeted gene(s)
or locus (loci) which is replaced by supcessfil targeting. The
Ct is a quantity that reflects the amouiat of starting DNA for
each of the TAQMAN® probes, i.¢. a Jess abundant sequence
requires more cycles of PCR to reach the threshold cycle.
Decreasing by half the oumber of dopies of the template
sequence fora TAQMANG® reaction will result in an increase
af about one Crunit. TAQMAN® reactions in cells where one
altele of the target gene(s) or locus (Joci) has been replaced by
homologous recombination will result in an increase of one
Ct for the target TAQMAN® reaction without an increase in
the Ct for the reference gene when compared to DNA from
non-targeted cells. This allows for feady detection of the
modification of one allele of the gene{s) of interest in eukary-
atic cells using ITVECs.

As stated above, modification of allele (MOA) screening is
the use of any method that detects the modification of one
allele to identify cells which have undergone homologous
tecombipation. It is not a requirementthat the targeted alleles
be identical (homologous) ta each other, and in fact, they may
comtain polymorphisms, as is the case in progeny resulting
from crossing two different strains of mice. In addition, one
special situation that is also covered by MOA screening js
targeting of genes which are normally present as a single copy
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in cells, snch as some of the located on the sex chromosomes
and in particular, on the Y chromosome. In this case, methods
that will detect the modification of the single targeted allele,
such as quantitative PCR, Southern blottings, etc., can be
used to detect the targeting event. It is clear that the method of
the imvention can be used to generate modified eukaryotic
cells even when alleles are polymorphic or when they are
present in a single copy in the targeted cells.

Step 8. Uses of genetically modified eukaryotic cells. (a)
The genetically medified eukaryotic cells generated by the
methods described in steps 1 through 7 can be employed in
any in vitro or in vivo assay, where changing the phenotype of
the cell is desirable. (b) The geneticalty modified eukaryotic
cell generated by the methods described in steps 1 through 7
can also he used to generate an organism carrying the genetic
modification. The genetically modified organisms can be
generuted by several different techniques including but not
limited to: 1. Modified embryonic stem (ES) cells such as the
frequently used rat and mouse ES cells, ES cells can be used
to create genetically modified rats or mice by standard blas-
tocyst injection technology or aggregation techniques (Rob-
ettson, Practical Approach Series, 254, 1987; Wood, et al.,
Nature, 365:87-9, 1993; Joyner supra), tetraploid blastocyst
injection (Wang, et al, Mech Dev, 62:137-45, 1997), or
nuclear transfer and cloning (Wakayama, et al., Proc Natl
Acad Sci USA, 96:14984-9, 1999), ES cells derived from
other organisms such as rabbits (Wang, et al., Mech Dev,
62:137-45, 1997; Schoonjans, et al, Mol Reprod Dev,
45:439-43, 1996) or chickens (Pain, et al, Development, 122:
2339-48, 1996) or other species should also be amenable to
genetic modification(s) using the methods of the invention. 2.
Modified protoplasts can be used to generate genetically
moedified plants (for example see U.S. Pat. No. 5,350,689
“Zea mays plants and transgenic Zea mays plants regenerated
from protoplasts or protoplast-derived cells”, and U.S. Pat.
No. 5,508,189 “Regeneration of plants from cultured guard
cell protoplasts” and seferences therein). 3. Nuclear transfer
from modified evkaryotic cells to cocytes to generate cloned
organisms with modified alilele (Wakayama, et al., Proc Natl
Acad Sci USA, 96:14984-9, 1999; Baguisi, et al., Nat Bio-
technol, 17:456-61, 1999; Wilmut, et al., Reprod Pertil Dev,
10:639-43, 1998; Wilmut, et al., Nature, 385:810-3, 1997;
Wakayama, et al., Nat Genet, 24:108-9, 2000; Wakayama, et
al., Nature, 394:369-74, 1998; Rideout, et al., Nat Genet,
24:109-10, 2000; Campbell, et al., Nawre, 380:64-6, 1996).
4. Cell-firsion to transfer the modified allele to another cell,
including transfer of engineered chromosome(s), and uses of
such celi(s) to generate organisms camying the modified
allele or engineered chromosome(s) {Kuroiwa, et al., Nat
Biotechnol, 18:1085-1090, 2000). 5. The method of the
invention are also amenable to any other approaches that have
been used or yet to be discovered.

While many of the techniques used in practicing the indi-
vidual steps of the methods of the invention are familiar to the
skilled artisan, Applicants contend that the novelty of the
method of the invention lies in the unique combination of
those steps and techniques coupled with the never-before-
described method of introducing 8 LTVEC directly into
eukaryotic tells to modify a chromosomal locus, and the use
of quantitative MOA assays to identify eukaryotic cells which
have been appropriately modified. This novel combination
represents a significant improvement over previous technolo-
gics for creating organisms possessing modifications of
endogenous genes or chromosoemal loci.
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EXAMPLES

Example 1

Engineering Mouse ES Cells Beafing a Deletion of
the OCR10 Gene

a, Selection of a Large Genomic DNA Clone Containing
mOQCR10. _

A Bacterial Artificiel Chremosome (BAC) ¢lone carrying a
large genomic DNA fragment that contained the coding
sequence of the mouse OCR10(mOCR10) gene was obtained
by screening an arrayed mouse genomic DNA BAC library
(Incyte Genomics) using PCR. The primers employed to
screen this library were derived from the mOCRIO gene
c¢DNA sequence. Two primer paits where used: (a)
OCRI0O.RAA (SEQ ID NO:1) and OCR10.PVIre (SEQ ID
NO:2) which amplifies a 102 bp DNA; and (b) OCR10.TDY
(SEQ ID NO:3)) and OCR10.QETre (SEQ 1D NO:4)) which
amplifies a 1500 bp DNA. This mOCR10 BAC contained
approximately 180 kb of genomic DNA including the com-
plete mOCR10 coding sequence. This BAC clone was usedta
generate an LTYEC which was subsequently used to delete
portion of the coding region of mOCR10 while simulta-
neously introducing a reporter gene whose initiation codan
precisely replaced the initiation codori of OCR10, as well as
insertion of a selectable marker gene useful for selection both
in E. coli and mammalian cells following the reporter gene
(FIG. 2). The reporter gene (Lac¥), engodes the E. coli f-ga-
lactosidase enzyme. Because of the position of insertion of
Lac? (its initiating codon is at the same position as the ini-
fiation codon of mOCR10) the expression of lacZ should
mimic that of mQCR10, as has been observed in other
examples where similar replacements with LacZ were per-
formed using previous technologies (see “Gene trap strate-
giesin BS cells™, by W Wurstand A. Gossler, in Joyner snpra).
The LacZ gene allows for a simple and standard enzymatic
assay to beperformed that can reveal its expression patterns in
situ, thus providing a surrogate assay that reflects the normal
expression patteras of the replaced gene(s) or chromosomal
locus (loci).

b. Construction of Donor Fragmf%nt and Generation of
LFVEC.

The modification cassette used in the construction of the
mOCR10 LTVEC is the lacZ-8V40 poly A-PGKp-EM?7-neo-
PGK polyA cassette wherein lacZ is a marker gene as
described abave, SV40 polyA is 3 fragment derived from
Simian Virus 40 (Subramanian, et al., Prog Nucleic Acid Res
Mol Biol, 19:157-64, 1976; Thinunzppaya, et al., I Biol
Chem, 253:1613-8, 1978; Dhar, et a],, Proc Natl Acad Sci
USA, 71:371-5, 1974; Reddy, et al., Science, 200:494-502,
1978) and containing a polyadenylation site and signal (Sub-
ramanian, et al., Prog Nucleic Acid Res Mol Biol, 19:157-64,
1976; Thimmappaya, et al., ] Biol Chem, 253:1613-8, 1978;
Dhar, et al., Proc Natl Acad Sci USA, 71:371-5, 1974; Reddy,
etal., Science, 200:494-502, 1978), PGKp is the mouse phos-

glycerate kinase (PGK) promoter {Adra, et al., Gene,
60:65-74, 1987) (which has been used extensively to drive
expression of drug resistance genesi in mammalian cells),
EM?7 is a strong bacterial promoter ﬂﬂ‘“ has the advantage of
allowing for positive selection in bacteria of the completed
LTVEC construct by driving expregsion of the neomycin
phosphotransferase (nec) gene, neo is a selectable marker that
confers Kanamycin resistance in prokaryotic cells and G418
resistance in enkaryotic cells (Beck, et al., Gene, 19:327-36,
1982}, and PGK polyA is a ' untranslated region derived
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from the PGK gene and containing a polyadenylation site and
signal (Boet, et al., Biochem Genet, 28:299-308, 1990).

To construct the mOCR 10 LTVEC, first a donor fragment
was generated consisting of a mOCR10 homology box 1
{hb1) attached upstream from the LacZ gene in the modifica-
tion cassette and a mOCR10 homology box 2 (hb2) attached
downstream of the neo-PGK polyA sequence in the modifi-
cation cassette (FIG. 2), using standard recombinant genetic
engineering technology. Homology box 1 (hbl) consists of
211 bp of untranslated sequence immediately upstream of the
initiating methionine of the mOCR10 open reading frame
{mOCR10 ORF) (FIG. 3A-3D). Homology box 2 (hb2) con-
sists of last 216 bp of the mOCR10 ORF, ending at the stop
codon (FIG. 3A-3D).

Subsequently, using bacterial homologous recombination
(Zhang, et al. supra; Angrand, et al., supra; Muyrers, et al.
supra; Narayanan et al. supra; Yu et al. supra), this donor
fragment was used \o precisely replace the mOCR 10 coding
region (from initiation methionine to stop codon) with the
insertion cassette, resulting in construction of the mOCR10
LTVEC (FIG. 2). Thus, in this mOCR10 LTVEC, the
mOCR10 coding sequence was replaced by the insertion
cassette creating an approximately 20 kb deletion in the
mOCRI0 locus while leaving approximately 130 kb of
upstream homology (upstream homelogy anm) and 32 kb of
downstream homology (downstream homology arm).

Itis important to note that LTVECs can be more rapidly and
conveniently generated from available BAC libraries than
targeting vectors made using previous technolegies because
oaly a single bacterial homologous recombination step is
required and the only sequence information required is that
needed to generate the homology boxes. In contrast, previous
approaches for generating targeting vectors using, bacterial
homologous recombination require that Jarge targeting vec-
tors be “trimmed™ prior to their introduction in ES cells (Hill
et al., Genomics, 64:111-3, 2000). This trimming is necessary
becanse of the need to generate homology arms short enough
to accommodate the screening methods utilized by previous
approaches, Cne major disadvantage of the method of Hill et
al., is that two additional bomelogous recombination steps
are required simply for trimming (one to trim the region
upstream of the modified locus and one to tim the region
downstream of the modified locus). To do this, substantially
more sequence information is needed, including sequence
information spanning the sites of trimming,

In addition, another obvious advantage, illustrated by the
above example, is that a very large deletion spanning the
mOCR 10 gene (approximately 20kb) can be easily generated
in a single step. In contrast, using previcus technologies, to
accomplish the same task may require several steps and may
involve marking the regions npstream and downstream of the
coding, sequences with loxP sites in order to use the Cre
recombinage 1o remove the sequence flanked by these sites
after introduction of the modified locus in eukaryotic cells.
This may be unattainable in one step, and thus may require the
construction of two targeting vectors using differeni selection
markers and two sequential targeting events in ES cells, one to
introduce the loxP site at the region upstream of the coding
sequence and another to introduce the loxP site at the region
downstream of the coding sequence. It should be further
noted that the creation of large deletions often occurs with low
efficiency using the previous targeting technologies in
eukaryotic cells, because the frequency of achieving homoloe-
gous recombination may be low when using targeting vectors
containing large deletion Hanked by relatively short bomol-
ogy arms. The high efficiency obtained using the method of
the invention (see below) is due to the very long homelogy

20

30

a0

45

60

65

18
arms present in the LTVEC that increase the rate of homolo-
pous recembination in eukaryotic cells.

¢. Verification, Preparation, and Introduction of mOCR10
LTVEC DNA inio ES Cells.

The sequence surrownding the junction of the insertion
cassette and the homology sequenceiwas verified by DNA
sequencing, The size of the mOCR F0 LTVEC was verified by
restriction analysis followed by pulsed fiefd gel electrophore-
sis (PFGE) (Cantor, etal., Anou Rev Bjophys Biophys Chem,
17:287-304, 1988; Schwartz and Cantor, Cell, 37:67-75,
1984). A sta.ndard large-scale plasmid preparation of the
mOCR10 L.TVEC was done, the plasﬂnd DNA was digested
with the restriction enzyme Notl, which cuts in the vector
backbone of the mQCR10 LTVEC, to generate linear DNA.
Subsequently the linearized DNA was;introduced into mouse
ES cells by electroporation (Robertson, Practical Approach
Series, 254, 1987; Joyner supra; Sambrook, et sl supra). ES
cells successfully transfected with the mOCR10 LTVEC
were selected for in G418-containing media using standard
sclection methods.

d. Identification of Targeted ES Cells Clones Using a
Quantitative Modification of Allele (MOA) Assay.

To identify ES cells in which ope $f the two endogenous
mOCR10 genes had been replaced by the modification cas-
seite sequence, DNA from individual ES cell clones was
analyzed by quantitative PCR using;standard TAQMAN®
methodology as described (Applied Biosystems, TAQ-
MAN® Universal PCR Master Mix, catalog sumber P/N
4304437). The primers and TAQMAN® probes used are as
described in FIG, 3A-3D (SEQ 1D NO:5-6). A total of 69
independent ES cells clones where scneened and 3 wereiden-
tified as positive, i.e. as clones in Wh]ch one of the endog-
epous mOCR10 coding sequence: had been replaced by the
modification cassette described above.

Several advantages of the MOA approach are apparent: (i)
Tt does not require the use of a probe putside the locus being
modified, thus obviating the need to klow the sequence flank-
ing the modified locus. (i) It requires very little time to
perform compared to conventional Southern blot methodol-
ogy which has been the previous method of choice, thus
reducing the time for identifying comectly modified cells
from the typical severaldaysto_]ustafew hours. This is a
significant improvement in the way screening has been per-
formed in the past and makes it a much less labor-intensive
and more cost-effective appmach ta screening for homolo-
gous recombination events in euka.r}Lonc cells. Yet ancther
advantage of the method of the jnvention is that it is also
supericr to previous technologies because of its ability to
target difficult loci, Using previous technologies, it has been
shown that for certain loci the frequency of successfil target-
ing may by as low as 1 in 2000 integration events, pethaps
even lower. Using the method of the invention, Applicants
have demonstrated that such difficult loci can be targeted
much more efficiently using LTVECs that contain long
homology arms (i.e. greater than those allowed by previous
technologies). As the non-limiting example described above
demonstrates, the Applicants have targeted the OCR10 locus,
a locus that has previously proven secalcitrant to targeting
using conventional technology. Using the method of the
invention, Applicants have shown that they have obtained
successful targeting in 3 outof 69 ES oells clones in whichthe
mOCR10 LTVEC (containing more ﬂia.n 160kb of homology
arms, and immducing a 20 kb deletion) had integrated,
whereas using previons technotogy foL'ES cell targeting using
a plasmid-based vector with homolbgy arms shorter than
10-20 kb while also introducing a delenon of less than 15 kb,
no targeted events were identified among more than 600
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integrants of the vector. These data clearly demonstrate the
superiority of the method of the invention over previous tech-
nologies.

Bxample 2

Increased Targeting Frequency and Abrogation of the
Need to Use Isogenic DNA when LTVECs are Used
as the Targeting Vectors

As noted abave, the increased targeting frequency obtained
using long homology arms should diminish the benefit, if any,
derived from using genamic DNA in constructing LTVECs
that is isogenic with (i.e. identical in sequence to) the DNA of
the eukaryotic cell being targeted. To test this hypothesis,
Applicants have constructed numerous LTVECs using
genomic DNA derived from the same mouse substrain as the
enkaryotic cell to be targeted (presumably isogenic), and
numerous other LTVECSs using genomic DNA derived from
mouse substrains differing from that of the eukaryotic cell to
be targeted (presumably non-isogenic). The two sets of
LTVECs exkibited similar targeting frequencies, ranging
from 1-13%, indicating that the rate of successful targeting
using ITVECs does not depend on isogenicity-

‘Ihe approach of creating LTVECS and directly using them
as targeling vectors combined with MOA screening for
homelogous recombination events in ES cells creates a novel
method for engineering genetically modified loci that is rapid,
inexpensive and represents a significant improvement over
the tedious, time-consuming methods previously in use. It
thus opens the possibility of a rapid large scale in vivo func-
tional genomics analysis of essentially any and all genes inan
organism’s genome in a fraction of the time and cost neces-
sitated by previous miethodologies.

Example 3

Use of LTWECs to Produce Chimeric and Human
Antibodies

a_ Introdoction.

The rearrmmgement of variable region genes during the
initial development of B cells is the primary mechanism
whereby the immune system produces antibodies capable of
recognizing the huge number of antigens that it may encoun-
ter. Essentially, through DNA rearrangements during B cell
development, a huge repertoire of variable (V) region
sequences are assembled which are subsequently joined to a
constant {C) region to produce complete heavy and light
chains which assemble to form an antibody. After functional
antibodies have been assembled, somatic hypermutation
which occurs in the secondary lymphoid organs, introduces
further diversity which enables the organism to select and
optimize the affinity of the antibody.

The production of antibodies to varous antigens in non-
human species initially provided great promise for the large
scale production of antibodies that could be used as luman
therapeutics. Species differences, however, leads to the pro-
duction of antibodies by humans which inactivate the fareign
antibodies and cause allergic reactions. Attempis were sub-
sequently made 1o “humanize” the antibodies, thus making
them less likely to be recognized as foreign in humans. Ini-
tially, this process involved eombining the antigen binding
portions of antibodies derived from mice with the constant
region of human antibodies, thereby creating recombinant
antibodies that were less immmogenic in humans, A second
approach which was developed was phage display, whereby
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human V regions are cloned into a phage display library and
regions with the appropnate bindidg characteristics are
joined to human constant regions to creéate human antibodies.
This technology is limited, however, Hy the lack of antibody
development and affinity matiration which naturally cccurs
in B cells.

More recently, endegenous genes hiave been knocked cut
of mice, and the genes replaced with their human counterparts
to produce entirely human antibodies. Unfortunately, the use
of these comstructs has highlighted the importance of an
endogenous constant region in the development and optimi-
zation of antibodies in B cells. Humah antibodies produced
by transgenic mice with entirely himan constructs have
reduced affinity as compared to their mouse counterparts.
Accordingly, the much acclaimed methods of producing
humanized antibodies in mice and other organisms, wherein
endogenons variable and constant regions of the mice are
knocked out and replaced with their human counterparts, has
not resulted in optimal antibodies.

The vse of chimeric antibodies, thch utilize human vari-
able regions with mouse constant reg:ons thmugh B cell
maturation, followed by subsequent mgmeenng of the anti-
bodies to replace the mouse {xmstant regions with their
human counterparts, has beensuggestéd(U S.Pat. No. 5,770,
429). However, the only methodology | that has existed to date
for making such chimeras has been trau.s-swﬁchmg wherein
the formation of the chimeras is only a rare event which
occurs onfy in heavy chains. Heretofore, there has been no
mechanism to produce, in transgenic animals, large scale
replacement of the entire variable gene encoding segments
with human genes, theréby producing chimeras in both the
heavy and light chains. Utilizing Applicants® technology, as
disclosed herein, chimeric antibodies are generated which
can then be altered, through standard technology, to create
high affinity human antibodies.

b. Brief Description.

A transgenic mouse is created that prodoces hybrid anti-
bodies containing human variable regions and mouse con-
stant regions. This is accomplished by b direct, in situ replace-
ment of the mouse variable region penes with their human
counterparts. The resultant hybrid iminunoglobulin loci will
undergo the natural process of rearrangements during B-cell
development to produce the hybrid attibodies.

Subsequently, fully-hnman antibodjes are made by replac-
ing the mouse constant regions with tHe desired human coun-
terparts. This approach will give rise to therapeutic antibodies
much more efficienily than previaus methods, e.g. the
“humanization” of mouse monoclaonal antibodies or the gen-
eration of fully human antibodies in HUMAB™ mice. Fur-
ther, this method will succeed in producing therapeutic anti-
bodies for many antigens for which previous methods have
failed. This mouse will create antibodies that are human vari-
able region-mouse constant region, which will have the fol-
lowing benefits over the previously: available HUMAB™
mice that produce totally hnman antibodies. Antibodies gen-
erated by the new mouse will retain mm'me Fe regions which
will interact more efficiently withthe gther components ofthe
mouse B cell receptor complex, including the signaling com-
ponents required for appropriate B cell differentiation (such
as Iga and Igb). Additionally, the murine Fe regions will be
more specific than human Fe regions ih their interactions with
Fc receptors on mouse cells, complement molecules, eic
These interactions are important for a strong and specific
immune response, for the proliferation and mamration of B
cells, and for the afﬁ.mty maturation of antibodies.

Because there is a direct subsnmu-l,m of the human V-D-J/
V-I regions for the equivalent regionsiof the mouse loci all of
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the sequences necessary for proper transcription, recombina-
tion, andfor class switching will remain intact. For example,
the murine immunoglobulin heavy chain intronic enhancer,
Em, has been shown to be critical for V-D-J recambination as
well as heavy chain gene expression during the early stages of
B cell development (Ronai et al. Mol Cell Biol 19:7031-7040
(1999)], whereas the immunoglobulin heavy chain 3'
enhancer region appears o be critical for class switching (Pan
et al. Eur J Immunol 30:1019-1029 {2000)) as well as heavy
chain gene expression at later stages of B cell differentiation
{Ong, et al. ] Immunol 160:4896-4903 (1998)). Given these
varions, yet crucial, functions of the transcriptional control
elements, #t is desirable to maintain these sequences intact.

The required recombination events which occcur at the
immunoglobulin loci during the normal course of B cell dif-
ferentiation may increase the frequency of aberrant, non-
productive immunoglobulin rearrangements when these loci
are inserted at improper chromosomal locations, or in mul-
tiple copies, as in currently available mice. With reductions in
productive immunoglobulin rearrangement and, therefore,
appropriate signaliag at specific steps of B cell development
the aberrant cells are eliminated. Reductions of B cetl num-
bers at early stages of development significantly decreases the
final overall B cell population and greatly limits the immune
responses of the mice. Since there will be only one, chimeric,
heavy or light chain locus (as opposed to mutated immune-
globulin loci and with human transgenic loci integrated at
distinet chromosomal locations for heavy and light chains in
the currently available mice) there should be no trans-splicing
or trans-rearrangements of the loci which could result in
non-productive rearvangements or therapeutically irrelevant
chimeric antibodies (Willers et al. Immunobiclogy 200;150-
164 (2000), Fujieda et al. J. Immunol. 157:3450-3459
(1996)).

The substitutions of the human V-D-J or V-J regions into
the gemnine murine chromosomal immunoglobulin loci
should be substantially more stable, with increased transmis-
sion rates to progeny and decreased mosaicism of B cell
genotypes compared with the cutrently available mice (Tomi-
zuka et al Proc Natl Acad Sci (USA) 97:722-727 (2000)).
Furthermore, intrduction of the human variable regjons at
the genuine murine loct in vivo will maintain the appropriate
global regulation of chromatin accessibility previously
shown to be important for appropriately timed recombination
events (Haines et al. Eur ] Immunol 28:4228-4235 (1998)).

Approximately 5 of human antibodies contain lambda
light cheins, as compared to mice in which only Y20 of murine
antibodies contain lambda light chains. Therefore, replacing

murine lambda light chain V-J sequences with lambda light.

chain V-J sequences derived from the human locus will serve
to increase the repertoire of antibodies as well as more closely
match the genuine human immune response, thus increasing
the likelihood of obtaining therapeutically nseful antibodies.

An additional benefit of integrating the human sequences
into the genuine murine immunoglobulin loci is that no novel
integration sites are introduced which might give rise to
mutagenic disruptions at the insertion site and prectude the
isolation of viable homozygous mice. This will greatly sim-
plify the production and maintenance of a breeding mouse
colony.

¢. Materials and Methods:

Precise replacement of the mouse heavy chain locus vari-
able region (VDJ) with its human counterpart is exemplified
using a combination of homologous and site-specific recom-
bination in the foHowing example, which utilizes a two step
process. One skilled in the art will recognize that replacernent
of the mouse locus with the hemologous or orthologous
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human locuos may be accomplished in one or more steps.
Accordingly, the invention contemplates reptacemnent of the
murine locus, in whole or in part, with each integration via
homologous recombination, '

Large insert (BAC) clones spanning the entire VD region
of the human heavy chain locus are isolated (FIG. 4A). The
sequence of this entire region is available in the following
GenBank files (AB019437, ABO019438, AB019439,
AB019440, AB019441, X97051 and X54713). In this
example, large insert (BAC) clones areisolaied from the ends
of the mouse VD] region as a source of homology amms (FIG.
4B) which are used to direct integration via homologous
recombination of the human VDJ sequences in a two step
process.

In ihe first step, LTVEC] (FIG. 4D} is comstructed by
bacterial homologons recombination in E. c¢oli, I.TVEC]
cantains, in order: a large mouse homalogy arm derived from
the region upstream from the mouse/DJ region, but whose
ahsolute endpoints are not important; a cassette enceding a
selectable marker functional in ES cells (PGK-neomycinR); a
loxP site; a large human insert spanning from several V gene
segments through the entire DJ region; and a mouse homol-
ogy arm containing the region immediately adjacent to, but
not including, the mouse J segments. Mouse ES cells will be
transformed by standard techniques, for example, electropo-
ration, with linearized LTVEC], and neomycin resistant
colonies will be.screened for correct fargeting using a MOA
assay. These targeted ES cells can give rise to mice that
produce antibodies with hybrid heavy chains, However, it
will be preferable to proceed with sublsequent steps that will
eliminate the remainder of the mouse variable segments.

1o the second step, L1'VEC2 (F1G. 4C) is constructed by
bacterial homologous recombination in E. cofi. LTVEC2
contains, in order: a large mouse homology arm containing
the region adgacenx to the most distal mouse V gene segment,
but not containing any mouse V gene segmzms alarge insert
containing a large number of distal humanV gene segments;
a mutant loxP site called lox511 (Hoess et al. Nucleic Acids
Res. 14:2287-2300 (1986)), inthe omntahonoppos:teto that
of the wild type loxP sites in LTVECZ2 and LTVEC] (this site
will ot recombine with wild type 1oxP sites but will readily
recombine with other Jox511 sites); 4 wild type loxP site; a
second selectable marker (PGK-hyg:qmycmR), and a meuse
homology arm derived from the V region, but whose absolute
endpoints are not important. Mouse FS cells that were cor-
rectly targeted with LTVEC] will then be transfonmed by
standard techniques with linearized LTVEC2, and hygromy-
cin resistart colanies will be screenad for correct targeting
using a MOA assay. Correctly targeted ES cells resulting
from this transformation will heresfter be referred to as
“double targeted ES cells™.

Subsequent transient expression of CRE recombinase in
the double targeted ES cells will result in deletion of the
remainder of the mouse V region. Alternatively, the donbie
targeted ES cells can be injected into host blastocysts for the
pmduclmn of chimeric mice. Breedmg of the resultant chi-
meric mice with mice expressmg CRE recombinase early in
development will result in deletion of the remainder of the
mouse V region in the progeny Fl; This later alternative
increases the likelihood that the hy'brld heavy chain locus will
be passed through the germline because it involves culturing
thie'ES cells for fewer generations,

The inclusion of lox511 in LTVEC2 will allow for the
insertion of additions] human V gene segments into the

. hybrid locus. One approach woukl be to use bacterial

homolagous recombination to flanka large genomic DNA
clone containing many additional human V' gene segments
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with lox511 and loxP sites. Co-transformation of such a
medified Jarge genomic DNA clone into double targeted E3
cells with a plasmid that transiently expresses CRE recombi-
nase will result in the intreduction of the additional V gene
segments by cassette exchange (Bethke et al. Nucleic Acids
Res. 25:2828-2834 (1997)).

A second approach to the incorporation of additional V
gene segments s to independently target a large genomic
DNA clone containing many additional human V gene seg-
ments into the mouse locus using, for instance, the same
mouse homology arms incleded in LTVEC2. In this case, the
additional buman V gene segments would be flanked by
lox511 and loxP sites, and the targeted ES cells would be used
1o create a mouse. The mice derived from double targeted ES
cells and the mice derived from the ES cells containing the
additional V gene segmenis would be bred with a third mouse
that directs expression of CRE recombinase during meiosis.
The close proximity of the two recombinant loci during mej-
otic pairing would result in a high frequency of CRE induced
inter-chromosomal recombination as has been seen in other
systems (Herault et al. Nature Genetics 20: 381-384 (1998)).

The final steps in creating the human variable/mouse con-
stant monoclonal antibody producing-mouse will be per-
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forming the equivalent variable region substitutions on the
Jambda and kappa light chain loci apd breeding all three
hybrid loci to homezygecity together ih the same mouse. The
resultant transgenic mouse will have a genome comprising
entirely human beavy and light chain variable gene loci oper-
ably linked to entirely endogenous mouse constant region
such that the mouse produces a serum containing an antibody
comprising a human variable region ind & mouse constant
region in response to antigenic stimulation. Such a mouse
may then be tsed as a source of DNAiencoding the variable
regions of buman antibodies. Using gtandard recombinant
technelogy, DNA encoding the variable regions of the heavy
and light chains of the antibody is operably Jinked to DNA
encoding the hurnan heavy and light chain constant regions in
cells, such as a CHO cells, which areicapable of expressing
active antibodies, The cells are grown; under the appropriste
corditions to express the fully human’ antibodies, which are
then recovered. Variable region encoding sequences may be
isolated, for example, by PCR amplification or ¢DNA clon-
ing. In a preferred embodiment, bybridomas made from
transgenic mice comprising some or al] of the human variable
region immunogiobulin loci (Kchler et al. Eur. J. Immuzol.,
6:511-519 (1976) are used as a source of DNA encoding the
human vartable regions.

SEQUENCE LISTING

«160> NOMBER OF SEQ ID NOS: &

210>
211>
=212»

SEQ ID Ha 1

LENGTH: 2%

TYPE: DHA

<213> ORGANISM: Artificial Sequancé

«220> FEATURE:

«223» OTHER INFORMATION: Mouse OCR10 gene primer

=400> SEQUENCE: 1

agctaccage bgcagatgeg ggoag

<210> SEQ ID KO 2

<211> LENGTH: ZE

«212> TYPE: DMA

<213> ORGANISM: Artificial Sequence

<2Z20> FEATURE:

<223 OTHER INFORMATION: Mouse OCR10 gena primer

=400 SEQUENCE: 2

ctecceagoe tgggtetgaa agatgacg

«210> SEQ ID RO 3

<211> LENGTH: 24

«<212> TYPE: DHA

<213 ORGANISM: Artificial Sequence

<220> PEATURE:

«223> OTHER INFORMATICH: Mouss OCR10 gene primer

«4{0> SEQUENCE: 3

gacetcackt gotacactga otac

«210= SEQ ID NG 4

«211> LENGTH: 28

<212 TYPE: DHA

213> QRGRWISM: Artificial Segquence

«220> FPEATURE:

223> OTHER IHPORMATION: Mouse OCR10 gene primer

«400> SEQUENCE: 4

25

2B

24
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actratgrag gotgeagaagy gtctottg

<210> SEQ ID.- KRG 5
<211> LERGTH: 179%

<212> TYPE:

DHA

<213> ORGANISM: Avtificial Sequence
220> FEATURE:
<223> OTHER INFORMATION: Mouse OCR1C cDNHA

«<400> SEQUENCE: 5

aoecgggett
ttggtactca
actgaccctyg
agatacttct
cotgotgatt
ctggaccate
ctggcaagat
tygecacaan
cgatgaagtt
cagetitgte
ctoaggacge
gagaggcasg
goeggtgace
acaaagackte
gggggacery
aggcaggcetg
tcatgggtot
coagcactga
gggtLaatac
catoagoott
gtotggaaga
cattggoage
tggtgtccat
getgtgagga
attoagagga
gtagtggtet
ttgcaaagga
gototgagag
ttgoaggtte

tecgacagty

cctgttctaa
acaggggtet
ggtggggaag
cttgeaggte
ctocatggag
acctgbgteo
gaatatgaqg
accacacata
ttcattgtoa
ctggotgaga
tatgatatct
cracaartatyg
aageegatet
tagctaccag
gagtgagtgg
ggacectoac
daagat.asac
gagtttette
coctbteacy
acatctgtca
gcaactggag
tggcocaageg
tgacacaghg
tgatggetat
tetgotettg
caggcttgag
aggggactgg
tgaagoaggh
agactgtgoe

gotgatcagy

<210> SEQ ID RO &
«211> LENGTH: 529

=212> TYPE:

FRT

taagaatacc
tctttatgag
ceactcagty
tgggacacag
wtrggagety
tggagacacg
aacttcagga
tatggtacac
acghgacgga
geatoaageo
cotgggactc
agctgeagta
cagrggacte
ccgeagatgo
agtgacooceg
atgetgerge
argocttgga
cagcooctgh
gectecagoa
thgtatacay
tgtgatggaa
gtotoagoot
actgtgggay
coagccatga
gtcacagacc
ggetooeeag
acagcagace
Locceoecty
agocoogedy

ACCCCTOTAC

toctagghee cecatggget
cttoggaces gotottrtyga
¢atgacecca getggttcac
catgocoogg gucocagtay
coctggacctc acttgotaca
gagceccaac cocoagoatac
coasgagace ttetgoageco
gtgecatatyg cgettgtete
ceagtcigge aacaactoce
agctecccoec ttgaacglga
agettatgac gaaccctcooa
toggaacete agagaccoct
aagaaacgtc tecgetecct
gggeagegec toagocagge
teoatotttca gacccagget
toctggotgt cttgatcatt
ggctatggaa aaagatatgag
acagggagea cagogggaac
tagagtbyggt gecacagagt
ccaaggagaa gaagttoeey
tgtotgagee tggtoactyg
acagtgagga gagagaccgg
atgcagagyg cotgtgtgto
acctggatge tggcagagag
ctgetttict gtettgtgge
geagoctact ggacaggiig
caacctggag aactgggtoc
gtotggacat ggacacatte
agactgatga aggacoaoct

ctgtggacag tggagcoccag

«213» ORGANISM: Artificial Sequaence
«220> PEATURE:
<223 OTHER INPORMATICN: Mouse QCR10 protein

aacctcatct
tgtggcaggg
cacatatacc
ctgecttact
ctgactacet
toagratead
tacacaagtc
aattcoctgte
aagagtgtag
¢tgtggocet
actacgtget
atgctgtgag
gaagagttoc
actbcocattca
ggggagecey
gtoctOggrete
geaccagtge
ttoaagaaat
toccacaacaa
gygcrgooyy
tgcataatce
gaatatygte
tggeectgta
tctggtocta
tgtgtcteag
aggctgteat
coaggagyyy
gacagtgget
egaagerate

agcagctag

28

€0
1z0
180
240
200
360
430
430
540
600
£60
T20
780
240
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1799
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28

<400> SEQUENCE: &

Mat Pro Axg

1

Ala

Ile

Lan

Cye

65

hon

Val

Ala

Fro

145

Sex

Asp

Ser

225

Lew

His

Pro

Lyn

205

Ala

Glu

Ala

385

Trp

Thr

Thr

S50

Ser

Hig

Val

Leu

Phe

130

Sar

Asn

Val

Zer

Phe

210

Gln

Lew

Leu

Glu

Lys
230

Gln

Ly=

Cya

Ala

aly

270

Cya

Leu

Ser

Cyw

35

Tzp

Leu

Hest

Thr

Ala

115

Ser

Asn

Leu

Asp

Sex

195

Ala

Ala

Pro

say

275

Trp

Ser

Glu

hsp

Gly

3565

Leu

Val

Rap

Gly Pro
5

Cya Leu
20

Val Leu
¢Lln Aep
His Lys
Arg Lew

85

Zap Gln
100

Glu Ser
Gly arg
TyT Val
ATg Asp

165
Ser Arg
184q
Tyx 3ln
Gly Thr

Gly Glu

Val Leu
245

260

Phe Phe

Val Asn

Ser Thr

Lye Lye
325

Gly Met
340

@ln Ala
Val Ser

Trp Pro

Bla Gly
405

Val

Qdlu

Elu

Smr

70

ser

Ser

Ile

Tyr

150

Pra

Aman

Leu

Trp

Pro

230

Ile=

Lew

Gln

310

Phe

sSer

Val

Ile

Cys
50

Arg

ala

Thr

TyT
55

Gly
Gln
aly

Lys

Rep
135

val
Gln
Ser
215
Glu

Ile

rp

Pro

285

Pro

Glu

Ser

Arp

a7s

Ser

alu

ala

Thr

Arg

40

Glu

Phe

Pro

120

Ile

Gly

Ala

Sar

Mat

200

@lu

Ala

Val

Liys

Leu

280

Fhe

Ser

Gly

Pro

Ala
360

Cye

Ser

Leu
Cys
25

Sexr

Glu

Agn

105

Ala

Ser

Lya

Val

Leu
185

ely

Lya
265

Ala

Leu

Gly

345

Yal

Glu

Gly

Leu

Lau

Ser

9D

Ser

Pro

Trp

Leu

Arg

17

Leuw

Ala

Ser

Trp

Val

250

Ile

Arg

Ala

Len

Fro

330

Hie

Sar

Thr

Asp

Fro
410

Leau

AAn

Gln

78

@ln

Pro

Asp

Gln

155

Pxo

Ala

Glu

Sar

His

318

aly

Glu

Val

Rsp
i5s5

ABn

Leau

Pxo

F

&0

Hie

Glu

Glu

Leu

140

Tyr

Val

Glu

Pro

Fro

220

Pro

Hat

Ala

Hia

Ser

200

Leu

Leu

Cys

Glu

£ly

380

Gly

Ber

Ile

Sex
45
Gln

Ile

val

Asn
125
Ala

Glu

Glu

Gln

206

Val

His

Gly

Pre

Sex

285

Ile

Ser

Glu

Ile

365

Aep

Glu

Leu

Leu
ag

Ile

Glu

Trp

Pha

Gly

110

Val

Tyr

Leu

Lys

Pha

pR-1]

Pro

Ile

Mat

Len

Val

270

aly

alu

Leu

fea kil

Ila

as0

hap

Ala

Pro

Asp

Him

15

Trp

Leu

Thr

TyYT

Ile

55

Ser

Thr

Adp

Gln

Leu

175

Him

Gly

Phe

Leu

Lya

285

Pro

Asn

Lau

Tyx

Gln

335

EFro

Glu

Ala

Leu
415

Gly

Ser

Fhe

Thr

ED

Val

Phe

val

Glu

Tyr
160
Il=
Lys
Thr
Gln
Leuw

240

Ila

Fhe
Val
Pro
320
Leu
Leu
Pro
Gly
Met

400

Leu
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-continued

Leu Val Thr Asp Pro Ala Phe Leu
420

Ser Cye
425

Gly Cya Val

Gly Leu Axg Leu Gly Gly Ser Preo
425 449

Gly Ser Leu Leu Asp

448

Leu Sex Phe RAla Lyp Glu Gly asp
450 455

Trp Thr Ala Asp Pro

4680

Thr dly Ser Pro Gly Gly Gly Serxr
465 470

Glu Ser Glu Ala dly

475

Gly Leu Asp Met Asp Thr Phe Asp
485

Ser Gly
490

Phe Ala Gly

@ly Ser Pro Val Glu Thr Asp Glu
500

Gly Pro
508

Pxro Arg Ser

Gln Trp Val Val Arg Thx Pre Pro
515 520

Pro Val Asp Ser Gly
525

Sex

Ser Uly Sar
430

Arg Lau Arg
Thr Trp Arg
Ser Pro Fro

480

Sar Bhap Cys
495

Tyxr Lau Arg
s1c

Ala Gln Ser

We claim:

1. A genctically modified mouse, comprising in its germ-
line human unrearanged variable region gene segments
inserted at an endogencus mouse immuneglobulin locus.

2. The mouse of claim 1, wherein the human unrearranged
variable region gene segments are heavy chain gene sep-
ments, and the mouse immunoglobnlin locus is a heavy chain
locus.

3. The mouse of claim 1, wherein the liman unrearranged
variable region gene segments are light chain gene segments,
and the mouse immunoglobulin locus is a light chain lacus.

4. The mouse of claim 3, wherein the light chain gene
segments are human kappa light chain gene segments.

5. The mouseof'claim 1, wherein the imrearranged variable
region gene segments are contained on a genomic DNA frag-
ment larger than 20 kb.

6. The mouse of claim 1, wherein the human variable
region gene segments are capable of rearranging o form a
functional V region gene.

7. The mouse of claim 1, where following rearrangement
the mouse expresses a functional antigen-binding molecule
encoded by the human gene segments,

8. The mouse of claim 1, wherein rearrangement of the 45

human variable gene segments in the mouse resolts in a van-
able region gene that comprises a rearranged human vaniable
region gene linked to a mouse constant region gene.

9. The movse of claim 1, wherein the mouse produces an
antibody that comprises a human variable region and 8 mouse
constant region.

10. The mouse of clatm 1, wherein the mouse does not
comprise & human immunoglobulin constant gene.

11. A genetically modified monse, comprising in its germ-
line human unrearranged variable region gene segments
linked to a mouse constant region gene, wherein the mouse
lacks a human constant region gene, and wherein the mouse
constant region gene is at an endogenons movse immuneglo-
bulin Jocus.

12. The mouse of claim 11, wherein the uman unrear-
ranged variable region gene segments are heavy chain gene
segments.

13. The mouse of claim 11, wherein the human unrear-
ranged variable region gene segments are light chain gene
segments.

14. The mouse of claim 13, wherein the light chain gene
25 Segments are human kappa light chmu gene segments.

15. The mouse of claim 11, wherein the unrearranged
variable region gene segments are contained on a genomic
DNA fragment larger than 20 kb.

16. The mouse of claim 11, wher¢in the human variable

30 region gene segments are capable of rearranging to form a
functional variable region gene.

17. The mouseof claim 11, where following rearangement
the mouse expresses a functional amﬁgen-bmdmg molecule
encoded by the human gene segments

18. The mouse of claim 11, wherein rearrangement of the
human variable gene segments in the jnouse results in a vari-
able region gene that comprises a rearranged human variable
region gene operubly linked to a mouse constant region gene.

19. The mouse of claim 11, whereuithe mouse produces an
antlbody that comprises a human varigble region and a mouse
constant region.

20. A mouse, comprising a modification in the germlirie of
the mouse, wherein the modification comprises

(2) a hybrid heavy chain jocus prising an insertion of
human immunoglobulin heavy ¢hain V, D, and ] gene
segments, wherein the human héavy chain immuneglo-
bulin V, D, and J gene segmentﬁ are linked to a mouse
immunoglobulin heavy chain gene, wherein the mouse
immunoglobulin heavy chain gene is at an endogenous
mouse immunoglobulin Jocus;

(b) a hybrid light chain locus comprising an insertion of
human immunoglobulin light chain V and ] gene seg-
ments, wherein the humad V and J gene segments are
linked to a mouse immunoglolm']jn light chain constant
region gene sequence;

wherein (a) rearranges to form a hybrid heavy chain
sequence comprising a human variable region linked to
a mouse constant region, and (b) rearranges 10 form a
hybrid light chain sequence comprising a human vari-
able region linked 1o a mous¢ constant regiom, and
wherein the mouse is incapable pf forming an antibody
that comprises a human variable region and a human
constant region. '
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