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5 A quarter century after the discovery cf
monoclonal antibodies (mAbs) [(G. Kohler and <.
Milstein, Nature 256:495-497 (1975)], their therapeutic
utility is finally being realized. Monoclonal
antibodies have now been approved as therapies in

10 transplantation, cancer, infectious disease,

cardiovascular disease and inflammation. Many

monoclonal antibodies are in late stage clinical trials

to treat a.broad range of disease indications. As a

result, mAbs represent one of the largest classes of

15 drugs currently in development.

The utility of mAbs stems from their specific
recognition of a complex target followed by high
affinity binding to that target. Because different C,
isotypes have different effector functions, it is
20 desirable to tailor the mAb isotype to the desired
effector function. For, example, a mAb bearing a
constant region with effector functions, e.g., human
1gG,, can be used to direct cbmpleméht dependent

cytotoxicity or antibody-dependent cytotoxicity to a
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anti bodi es require repeated adm nistrations,

especially for chronic diseases such as autoi nmunity

or cancer. Because mce are convenient for

i mmuni zati on and 10 recogni ze nost human anti gens as

foreign, mAbs against human targets wth therapeutic

potential have typically been of nurine origin.

However, nurine mAbs have inherent disadvantages as

human t herapeutics. They reguire nore frequent dosing

to maintain a therapeutic 15 |level of mAb because of a

shorter circulating half-life in humans than human

anti bodies. Mre critically, repeated adm nistration
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reguire more frequent dosing to maintain a therapeutic

level of mAb because of a shorter circulating half-life
in humans than human antibodies. More critically,
repeated administration of murine immuncglobulin
creates the likelihood that the human immune system
will recognize the mouse protein as foreign, generating
a human anti-mouse antibcdy (HAMA) response. At best,
a HAMA response will result in a rapid clearance of the
murine antibody upon repeated administration, rendering
the therapeutic useless. More likely is that a HAMA
response can cause a severe allergic reaction. This
possibility of reduced efficacy and safety has lead to
the development of a number of technologies for
reducing the immunogenicity of murine mAbs.

In order to reduce the immunogenicity of
antibodies generated in mice, various attempts have
been made to replace murine protein sequences with
human protein sequences in a process now known as
humanization. The first humanization attempts utilized

molecular biology techniques to construct recombinant
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anti body framework, effecting a CDR replacenent. The 5
new anti body retai ned the binding specificity conveyed
by the CDR sequences. [See P.T. Jones et al. Nature
321: 522-525 (1986)]. The next |evel of humanization

i nvol ved conbi ning an entire nouse VH regi on (HuVnp)
Wi th a human constant region such as yl. [S. L. 10
Morrison et al., Proc. Natl. Acad. Sci., 81, pp. 6851-
6855 (1984)]. Such chineric_agtibodies, which stil
contain greater than 30% xenogehei c sequences, are
sonetinmes only marginally | ess i nmunogeni c than
totally xenogeneic: antibodies. [M Bruggenmann et

al ...J Exp. 1 . RRe 21535121550 A l.
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86: 6709- .6713 . se :at . t :
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xenogeneic antibodies. (M. Bruggemann et al., J. Exp.
Med.. 170, pp. 2153-2157 (1989)].

Subsequently, attempts were carried out to
introduce human immunoglobulin genes into the mouse,
thus creating transgenic mice capable of responding to
antigens with antibodies having human sequences. [See
Bruggeimann et al. Proc. Nat'l. Acad. Sci. USA 86:6709-
6713 (1989))]. These attempts were thought to be
limited by the amount of DNA which could be stably
maintained by available cloning vehicles. As a result,
many investigators concentrated on producing mini-loci
containing limited numbers of V region genes and having
altered spatial distances between genes as compared to
the natural or germline configuration. [See United
States Patent 5,569,825 to Lonberg et al., (1996)].
These studies indicated that producing human sequence
antibodies in mice is possible, but serious obstacles
remained regarding obtaining sufficient diversity of

binding specificities and effector functions (isotypes)
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demand for anti body therapeutics. In order to provide
additional diversity, work has been conducted to add
| arge germline fragments 5 of the human Ig locus into
transgeni c mammal s. For exanple, a majority of the
human V, D, and J region genes arranged with the
sane. spacing found in the unrearranged gernline of

t he hunman genone and the human C. and Co const ant
regions was introduced into mge 10 using yeast
artificial chronosone (YAC) cloning vectors. [See PCT
patent application WO 94/02602 to Kucherlapati et
al.]. A 22 kb DNA fragnment conprising sequences
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i ntroduce nto m ce usi ng argetlng was
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guREpat&aaged rgeemllrﬁ%eaﬁawﬁghtlménhaﬁaﬁmv aDd Jhe human

Ce, arfa @nc&ko%ésﬁtd%gtcwéisﬂg [egi Qﬂstr%%u\é%l lfat&& heice

hufran Vk C. "region genes al .
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|.; see al so Mendez ture CGenetics
Sugheri@@a(tm@m__ 3]0 Ye’és@Z alkpi PNéi 4raghesifosomes iasing

cls g&b%ce‘ée%tn(?{o%l'ﬂb Cé’%rﬂé‘ﬁ'&?m MeLh Q%Rgt%%n:g%te'ﬁﬂgmwand
endogenous  oci and breeding of transgenic strains
the upstream sequences required for class-switch
recombination was latter appended to the foregoing
transgene. In addition, a portion of a human kappé
lccus comprising V,, J, and C, region genes, alsc
arranged with substantially the same spacing found in
the unrearranged germline of the human genome, was
introduced into mice using YACS. Gene targeting was
used to inactivate the murine IgH & kappa light chain
immunoglobulin gene loci and such knockout strains were
bred with the above transgenic strains to generate a
line of mice having the human VvV, D, J, C,, C, and Cy2
constant regions as well as the human V., J, and C,
region genes all on an inactivated murine
immunoglobulin background. [See PCT patent application
WO 94/02602 to Kucherlapati et al.; see also Mendez et
al., Nature Genetics 15:146-156 (1997)].
Yeast artificial chromosomes as cloning
vectors in combination with gene targeting of

endogenous loci and breeding of transgenic strains
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- 5 provided one solution to the problem of antibody
di versity. Several advantages were obtained by this
approach. One advantage was that YACs can be used to
transfer hundreds of kil obases of DNA into a host
cell. 5 Therefore, use of YAC cloning vehicles allows
i nclusion of substantial portions of the entire human
g Heavy and light chain regions into a transgenic
ani mal thus approaching the | evel of potentia
diversity available in the hidhan. Another advantage
of this approach is 10 that the |arge nunber of V
genes has been shown to restore fuII B cel

devel opnent in m_ce deficient in
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Green and A Jakobovits, J.- Exp. Med. 188; 483-495
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freq uenc¥$§o honol ogous reconbi nation in yeast. This
pRBYi dé rcharlameegw noeEP ng bF2PRECYAE animal thus

t Lapsgeres nAsHEeNtd rned, abgyeent Nglecarerseveorabailable
strategi es that exist for the generatlon of manmmal s

t R&t Sheo s humdi? At bori ean LR Ee part FehFafPPTABFB 8

2%hta|%e thl Nid AU iurdpPF 0gehy t aébesShh)épbfebﬁdsthmt&s
of GenPharm I'nternati onal I nc. and the Medical

RESEACCS ICound Ice%@‘?'f]ﬂ%‘ﬂﬁf‘rtoh“of“%r gefiamdent in

substiaRt iidduhopespdine pregaeeisnof thesl @nb@@lest bakt
is typified by  work of Abgenix, Ing. forgg Cel

Géﬁ@s%?s)re%ﬁ{bs%ﬂc?%ﬁ?o‘ahﬁ?u%ﬁeoPISNtlFF e
suRstandiitd loe e if&r | @6inting a robust human antibody

response to any given immunogen. [See PCT patent
application WO 94/02602 to Kucherlapati et—al.; L.Green
and A. Jakobovits, J. Exp. Med. 188:483-495 (1998)]. A
further advantage is that sequences can be deleted or
inserted onto the YAC by utilizing high frequency
homologous recombination in yeast. This prcvides for
facile engineering of the YAC transgenes.

As mentioned above, there are several
strategies that exist for the generation of mammals
that produce human antibodies. In particular, there is
the “minilocus” approach that is typified by work of
GenPharm International, Inc. and the Medical Research
Council, YAC introduction of large and substantially
germline fragments of the Ig loci that is typified by
work of Abgenix, Inc. (formerly Cell Genesys), and
introduction of entire or substantially entire loci
through the use microcell fusion as typified by work of

Kirin Beer Kabushiki Kaisha.
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t hrough the use mcrocell fusion as typified by work
of Kirin Beer Kabushiki Kaisha. 6 In the mnilocus
approach, an exogenous Ig locus is mnmcked through
the inclusion of pieces (individual genes) fromthe
g locus. Thus, one or nore VH genes, one or nore DH
genes, one or nore J,, genes, a nu 5 constant region,
and a second constant region (preferably a gama
constant region) are fornmed into a construct for
insertion into. an animal. This approach is described
or related to work in U S. Patent No. 5,545,807 to
Surani et al. and U S. Patent Nos. 10 5, 545, 806, 5,

625, S 3,42- 1, ;01 5, .

730, HSom i R e S e S0 d5BR0 N 50 aR6ERy IS
andmigied WISowr dite Noncbusodn 669 poekesnpentant dand
Ber U. t . 61 , 721, 367,
5?9@%?%1?%“{;%%@2‘?0%‘??: TR SrpaPETORE, U genes,
5064307680tie Choigebh®sandnBumy, menke GBnkBleares, a mu

I I L0 ; . ent [ Lon_Serial. Nos.
0TI TR LYY ATt 390 OR ofBhEBInET5 G65" 11 e
Adgustte3bblly F00gagvd 81 vent fegednDeeerbéoried into a
FEPRIEIGSE 250 90 Groan BR0" 28 FRFea DEGadbar Crgach
1992deG8r038:d 3, félatedptd | w@Bk iA9U3S.08LQL6,L76D,.

ficl Jul . 08/ 155, 3 frle v r. 18,
139%?150 /%%éﬁ%g%ﬁ e%{ Eége ’i“ri 3;5-185%@%%@5, 699,

f Bl @d SDESED Y, 625, 8093, 508220028415, 688l 4@ SMabGIE69, 016,
1994 At i scl r of ieh e reby
i%égpgéggtggd 'ypsrsééffﬁss%’nc%%sg'eigg%éggéurggﬁgaﬁo BRPEsE9 and
NE2aYQ B46 -0FRBILT |Me erhad?bnbf S Phb ekt imppplifiocdt iaow

\SPpl0, P RGIO P20 VOUS2 42081, 0 40 o g0, 215
to Berns et al., and U.S. Patent No. 5,643,763 to Choi
and Dunn, and GenPharm International U.S. Patent
Application Serial Nos. 07/574,748, filed August 29,
1990, 07/575,962, filed August 31, 1990, 07/810,279,
filed December 17, 1991, 07/853,408, filed March 18,
1992, 07/904,068, filed June 23, 1992, 07/990, 860,
filed December 16, 1992, 08/053,131, filed April 26,
1993, 08/096,762, filed July 22, 1993, 08/155, 301,
filed November 18, 1993, 08/161,739, filed December 3,
1993, 08/165,699, filed December 10, 1993, 08/209, 741,
filed March 9, 1994, the disclosures of which are
hereby incorporated by reference. See also European
Patent No. 0 546 073 Bl, International Patent
Application Nos. WO 92/03918, WO 92/22645, WO 92/22647,
WO 92/22670, WO 93/12227, WO 94/00569, WO 94/25585, WO
96/14436, WO 97/13852, and WO 98/24884, the disclosures
of which are hereby incorporated by reference in their
entirety. See further Taylor et al. “A transgenic

mouse that expresses a diversity of human seguence
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96/ 14436, NO 97/ 13852, and WD 98/24884, the

di scl osures 30 of which are hereby incorporated by
reference in their entirety. See further Taylor et
al. "A transgenic nouse that expresses a diversity of
human sequence - 7 heavy and |ight chain

i mmunogl obulins.” Nucleic Acids Research 20:6287-6295
(1992), Chen et al. "I mmunogl obulin gene
rearrangenent in B-cell deficient mce generated by
targeted del etion of the J. 1dcus" 5 Internationa

| mmunol ogy 5:647-656 (1993), Tuaillon et al.

"Anal ysis of direct and inverted DJh rearrangenents

in a human |.g heavy chain trans n|c n1nLIocus J.
| RfrBHdl anﬁi%s%w #1bpsg| Nucleic Acids

Eé@%%%‘ﬂb“zlo @2%97%53' (1195‘@2)3 heesTEsR @@ayy chain

i Trunogl in gene 10 fragnent cloned in a yeast
al Tinfiupicgl 1 ctwlomp sanmee’ ot Ceaet i £8 Brge¥lidegficient

an??é)&éﬂ¥¥§E§j§h/%ar éégﬁlggﬂe§988|£fctﬂgn§nlocus”

eés from mw’ce co risin our distinct genetic
nﬁdtémnnuxnnhl'ImmanﬂO@ﬁ85866785©6(199ﬁ¥ » Tdykdtlen et

r%%rraéﬁgﬁé’qEPQQp f%%%%nagé {£§Q§98865J rggﬁég)nﬁsments

somatic nutati on and ¢l as$
I AnMac & urteat 1gﬂﬂ@a&ykmﬁmnmsttgﬁt@enintmnna&oonar J.

 KERTSS, oG St D1 hvartb B0SF oBFr AngenBAERSIPRLe

amliwéartdrgtih&alvry chaiumdf ansgeni ehaini iaeuadglobdQin gene
| nmunol 154 6453 6465@§1995)

ild et al.,
" B GRTAR i 3 3P Heftrat® 19 %ﬁBc?Bﬁa?lSﬁFEbS f8E°FPBMm a

NeNely &4 r@bMe@f c &l 01 oTUS281 ansgeni cLBhBery Bat une
Bi otech. 14:845-851 (1996), the disclqsures of which,
aréﬂﬁ%W%&RF$R%%%%%§a?%@a%yaPEfEP@héé ROPhEfiFe comprising

eRureldi srndf SONBect| @Bdmwah’ﬁ\@nsnt'r adi¢gtrieon,

Green et al. Nature Cenetics 7:13-21 (1994) describes

t 368:856-859 (1994), Taylor et al. “Human immunoglobulin
transgenes undergo rearrangemeht, somatic mutation and
class switching in mice that lack endogenous IgM.”
International Irnmunology 6:579-591 {1994), Tuaillon et
al. “Analysis of direct and inverted DJ. rearrangements
in a human Ig heavy chain transgenic minilocus” J.
Immunol. 154:6453-6465 (1995), and Fishwild et al.
“High-avidity human IgG monoclonal antibodies from a
novel strain of minilocus transgenic mice.” Nature
Biotech. 14:845-851 (1996), the disclosures of which
are hereby incorporated by reference in their entirety.

In connection with YAC introduction, Green et

al. Nature Genetics 7:13-21 (1994) describes the
generation of YACs containing 245 kb and 190 kb-sized
germline configuration fragments of the human heavy
chain locus and kappa light chain locus, respectively,
which contzined core variable and constant region
éequences. Id. The work of Green et al. was recently

extended to the introduction of greater than
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germine configuration fragnents of the human heavy

chain |l ocus and kappa |ight chain | ocus, respectively,

30 which contained core variable and constant region
sequences. Id. The work of Geen et al. was recently
extended to the introduction of greater than 8
approxi mately 80% of the hunman. anti body repertoire

t hrough introduction of neggbgsg sized, gernline
configuration YAC fragnments of the human heavy chain
| oci and kappa |ight chain loci, respectively, to 5
produce XenoMuse'" nice. See Mendez et al. Nature

St Eind 5V aBS TR P Rbony TR a R B o e
Aplpt bogh i bnt Sediatidn. oB8EEAPE2E, idest, Dprenbene 3,

1996, .t he_di scl res._of i.ch-are hereby incorpor.ated
10 PeFaf kAR, PAL FRaghMILoR ik Hhatn IERTPOLBLSS
ahoci dehdnkappd LonghtSchBanedbdAppliesgieoni Gery al tdlos.
07/ 466, 00 filed Januar . 90, 07/610,515, filed
BEaTBer BenoleBSeaoRITs 25Fe HTME Sy Sh: Hassre

0F£H22i 64915t 1 hed13ul ¥180,7)19%2edr |2l 08 K03doB0ds I5

filed March 15,1993, 08/112,6848, filed Au%%st 27,
1888; Mpgr 23881483-fPPed 185811 24 1bdu, DBISTH, 279,

fabgdi cdanyar ¥e£29211R85, 0897430.6 838, £ A di | D@l 8953,
08/464,584, filed June 5, 1995, 08/464,582, filed June

5199995thpgragglegyresi pdd Whind Hre guelpg/ YppopRyrated

29T L edrdHbe . >, 5&895apg§/o‘£%@h 833, £ 1 d 1ok JUNEc 95 54898nd

08/ 486, 857, filed June _ _
cdeignsated) 4p2Us83, Peitred Ivmd -abigys SeRlabaNgs?

1995, 08/486,859, filed June

fohpdeErbober £21e48996nuand A8/, 75H4620,01} bed, Desenben e

3, 1996. See also Mendez et al. Nature Genetics
November 8, 1990, 07/919,227, filed July 24, 1992

07/922,649, filed July 30, 1992, filed 08/031,801,
filed March 15,1993, 08/112,848, filed August 27,

January 20, 1995, 08/430, 938, April 27, 1995,

08/464,584, filed June 5, 1985, 08/464,582, filed June

5, 1995, 08/463,191, filed June 5, 1995, 08/462,83

7

1993,
08/234,145, filed April 28, 1994, 08/376,279, filed

7,

filed June 5, 1995, 08/486,853, filed June 5, 1885,

08/486,857, filed June 5, 1995, 08/486,859, filed June

5, 1995, 08/462,513, filed June 5, 1995, 08/724,752,
filed October 2, 1996, and 08/759,620, filed December

3, 1896. See also Mendez et al. Nature Genetics

15:146-156 (1997) and Green and Jakobovits J. Exp. Med.

188:483-495 (1998). See also European Patent No.,
463 151 Bl, grant published June 12, 1926,
International Patent Application No., WO 94/02602,
published February 3, 1994, International Patent
Application No., WO 96/34096, published October 31
1996, and WO 98/24893, published June 11, 1998.

disclosures of each of the above-cited patents,

EP
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25 15:146-156 (1997) and Green and Jakobovits J. Exp.
Med. 188:483-495 (1998). See al so European Patent
No., EP O 463 151 B1, grant published June 12, 1996,
International Patent Application No., W 94/02602,
publ i shed February 3, 1994, International Patent 30
Application No., WO 96/34096, published Cctober 31,
1996, and WD 98/ 24893, published June 11, 1998. The
di scl osures of each of the above-cited patents, - 9
appl i cations, and references é?é’hereby i ncor por at ed
by reference in their entirety. In connection with
the mcrocell fusion approach, portions or whole
human chronosones can be 5 introduced jnto mce

as

deBBR B 1w SEu RS dif TSR S AFHT§ cAET BRY NOTCBPPET845Y PY
961 rBkeniche idi $3asUrehofreti ch is hereby -

i ncorporated by reference. |t will be understood that
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anti gens havinq}a nunber of different constant
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desidead teanstaic 15 c€0hORef ot epanbiayl anief beptrdach and
function., Al so, the transchronosopes are nitotiﬁally
e
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hy@ar daH y 'posSedeinmaré gkhen bath bhangehearmsamss all,
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"23@f5§k§§§§¥ﬂ§g a number of different constant regions.
Thus, there is no way to preselect the desired constant
region for particﬁlar effector function.

Also, the transchromosomes are mitotically
and meioticelly unstable. As a result, either the
human IgH, t:.e human IgK or both transchromosomes are
lost with a frequency approaching 80%. This results in
aberrantly high recovery of mouse IgA mAbs and
hybridoma instability.

Technology exists for in vitro isotype
switching of antibodies. Antibodies produced from
transgenic mice that produce only IgGl isotypes, from
transgenic mice that produce multiple IgG isotypes, or
from phage display technologies may have the desired
antigen-specificity and affinity, but not have the
desired effector function. In this instance, the
variable region of the heavy chain, at the least, and
most likely, the entire light chain of the antibody
must be cloned.

Methods for cloning include recovery of

genomic DNA from a library, recovery of cDNA from a
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swi tching of antibodies. Antibodies produced from
transgenic mce that produce only 1gGl i sotypes, from
25 transgenic nmice that produce nultiple IgGisotypes,
or from phage display technol ogi es may have the
desired antigen-specificity and affinity, but not
have the desired effector function. In this instance,
the variable region of the heavy chain, at the | east,
and 30 nost |ikely, the entjrﬁ light chain of the

anti body nust be cloned. Methods for cloning include
recovery of genomc DNA froma library, recovery of
cDNA froma 10 Iibrary, recovery of genom c¢ DNA usi ng

fi t '
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extensive “SscCree per for ned to f a cl one
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nfpgggrchain of the antibody.

The expression construct(s) must be stably
transfected into a suitable host cell for transcription
and translation to produce a secreted form of the
engineered mAb. Typically, at the least, extensive
screening must be performed to find a clone of the cell
line that expresses sufficient levels of mAb for
further experiments and subsequent manufacturing. More
likely, methodologies such as DNA amplification must be
employed to raised the copy number of the antibodies
expression constructs and consequently, the expression
level of the mAb.

Finally, the re-engineered mAb must be re-
tested to confirm that it has retained the desired
qualities and has the desire function, including
specificity, affinity, and presence or absence of
effector functition. Other technologies for isotype
switching exist, but all such programs to re-engineer
the mAb isotype require experimentation and expertise
in molecular biology and tissue culture, and are labor

intensive, slow, expensive, and covered by 1issued and
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the expression level of the mAb. 25 Finally, the
re-engi neered mAb nust be re- tested to confirmthat
it has retained the desired qualities and has the
desire function, including -specificity, affinity, and
presence or absence of effector function. O her
technol ogi es for isotype 30 switching exist, but al
such progranms to re-engineer the mAb isotype require
exfeaidirentiat t &Nl et X ppEbbee t vi, N rdh el dddlodhal

and tissue culture, _.and are | abo i ensi ve, sl ow,
st e oo oV Fubddgbae TN T iRy Thus,
i nteeldrapiisd r DEQPET tyAbr Eguir bhe ddditnalo dridensi ng
fees, if even avajlable for |icensing. Thus,.
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riori. woul d obvi ate . the Q$eq).
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£ GE, it O T cSOmit RBerng SOBY Rt M 1 bd"de
difHeresdd XemoMuwsebstiyaires engnie eeathapad) en®dfing three
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prasiugecy2 f LEps okt byl headesianedeafifd midyse can be pulled

o0 ol PSS! L0t e O T PL RS AN AL,

i mexeasesth hehef déesi eady adfd niwser -t iensh+ sressi fority and

d%ﬁ%éQBQ?PEegfigg 98202%5 with the desired effector
function a priori. This increases the efficiency and
user-friendliness for development of monoclonal
antibody based therapeutics. No expertise in molecular
biology or antibody engineering is required. The
antigen-specific mAb can be taken directly into pre-
clinical studies without the extra expenditure of money
and time, resulting in a decrease in the development
cost and an acceleration of the timeline for
development of the therapeutic mAb.

The present invention is directed to scolving
the problem of obtaining a pre-selected human antibody
isotype from a transgenic mouse, in addition to the
desired specificity, which is compatible with the

therapeutic goals for which the antibody will be used.

SUMMARY OF THE INVENTION

The present invention solves the problems
referred to above by providing, in one aspect of the

invention, transgenic non-human animals capable of
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anti body based therapeutics. No expertise in nolecul ar
bi ol ogy or anti body engineering is required. The

anti gen-specific mAb can be taken directly into pre 20
clinical studies without the extra expenditure of
noney and tinme, resulting in a decrease in the

devel opnent cost and an accel eration of the tineline
for devel opment of the therapeutic mAb. The present
invention is directed to soLvijpg- 25 the probl em of
obtai ning a pre-selected human anti body isotype from
a transgenic nouse, in addition to the desired
specificity, which is conpatible with the therapeutic

geabsiukamn g tdh ther ant ¢ podyuyd |l hﬁﬁaHSgﬁtlngo@:a
THE I NVENTI ON 30 The present invention solves the
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The aforenmentioned transgenic non-human ani mals have
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encodes on rearrangenent, a fuIF human

i AFEN d@aobulln heavy chain of the deS|red i sotype.

The chwigda i Munesh ohuhh i hegyyvehahBi hrapsgegenknihhene
1Q foregoing ani nals conprises a human constant region

gERE CEFREN 2 IPI T SFHEP EXDRS &nkBBRrRgCPREtaRE; Fegion

hgavy eRajnen €0tyMer i &Des abkynki Bkeddat AgSwhtChesired
froma constant regjon of a different heavy

segnment s
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from a constant region of a different heavy chain
isotype, i.e., a non-cognate switch region.

The foregoing transgenic non-human animal
also has in its somatic and germ cells a human
immunoglobulin light chain transgene. 1In a preferred
embodiment, the endogenous immunoglobulin heavy and
light chain loci of the transgenic non-human animal are
inactivated so that the animzl is incapable of
producing endogenous heavy or light chains. 1In a
particularly preferred embodiment, the non-human
transgenic animal is a mouse.

In another aspect, the invention provides an
unrearranged human immunoglobulin heavy chain transgene
that encodes, on rearrangement, for a human heavy chain
of a desired isotype. The transgenes of the invention
comprise a DNA seguence identicél to the DNA seguence
of human chromosome 14 starting at least from the first
D segment gene of the human immunoglobulin heavy chain
locus, continuing through the J segment genes and the
constant region genes through Cp of that locus. In the

transgenes of the invention, the aforementioned DNA
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15 The foregoi ng transgeni c non-human ani mal al so has
inits somatic and germcells a human i mmunogl obulin
light chain transgene. In a preferred enbodinent, the
endogenous i mmunogl obulin heavy and [|ight chain I oc
of the transgeni c non-human ani mal are 20 inactivated
so that the animal is incapable of producing
endogenous heavy or light chains. In a - particularly
preferred enbodi nent, the non-hunan transgeni c ani ma
is a nouse. |In another aspect’,” the invention provides
an 25 unrearranged human i mmunogl obul i n heavy chain
transgene that encodes, on rearrangenent, for a human

heavy chain_. of a_desired,isotyp The t n of
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opsgredshy 1§ ndgeer dboland inkecapablae sofitdisotegieon that it
swtching to_ addi ti | ¢ tant. regi oHYE
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In one embod MRt QL LAQIIEYS Ahe LN L ANGYENELL Snbn-
cognate switch region may be a switch region frem a
different species than the constant region coding
segment. In one embodiment, the non-cognate switch
regicn is a mouse switch region operably linked to a
human, constant region coding segment encoding-a'human
gamma, alpha or epsilon constant region. 1In a
preferred embodiment, the switch region is a mouse
gamma-1 switch region. 1In more preferred embodiments,
the switch region is a mouse gamma-l switch region and
the human constant region coding segment encodes a
gamma-1 or a gamma-4 constant region. In a
particularly preferred embodiment, the transgene is the
yH2Bm yeast artificial chromosome (YAC) or the yH2Cm
YAC.

In another embodiment, both the non-cognate
switch region and the constant region coding segment
are human sequences, the non-cognate switch region
being from a human constant region of a different
isotype than the constant region coding segment. In a

preferred embodiment, the switch region is a human
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yeast artificial chronobsonme (YAC). In the transgenes
of the invention, the non- cognate switch regi on nay
be a switch region froma 15 different species than
t he constant region coding segnent. In one

enbodi nent, the non-cognate switch region is a nouse
swtch region operably linked to a human const ant
regi on coding segnment encoding a human gamm, alpha
or epsilon constant regionu_lﬂqa_zo preferred

enbodi nent, the swtch region is a nouse ganma-i
swtch region. In nore preferred enbodi nents, the
switch region is a nouse ganma-1 switch regi on and

{he, UT N GODSHAOL ofeql 9 C OING SHTBN £AS0UESCading
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codi ng_segment 30 are _h C e
n%ﬁm%% ia?e g%ﬁ?chQFEEPo%ngthgﬁgfgﬁfi %ﬁaﬁo%éﬁgtant
reggmenof aldi bfaertemulausl(yc ypeaﬁdtatmecﬂ hemgodsnants, the

sgf%g% %gg:n% Sc%%m%’h’t@l oﬁﬂéﬁ ?E di nent, the
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t he constanﬂnregudd @mmnnyr:§ﬂpnﬁumestanal§0§yséene of

ot her .t han adi
C i BaRE P e o e SheCgefran T . 5
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st ant i i
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tE%H% an% %eglon isotype and the secreted constant

region exons are from a different isotype. The
transgenes of the invention also may comprise a human
non-cognate switch region and a human constant region
coding segment wherein the switch region is from one
isotype, the secreted constant region exons are from a
second isotype and the membrane constant region exons
are from yet a third isotype.

In a preferred embodiment, the switch region
and membrane exons are from a human gamma-2 constant
region. In particularly preferred embodiments, the
switch region and membrane exons are from a human
gamma-2 constant region and the secreted constant
region exons are from a human gamma-1l or a human gamma-
4 constant region. In preferred embodiments, the
transgene is the yHG1/2 YAC or the yHG4/2 YAC.

In another embodiment, any of the foregoing
transgenes of the invention comprise a plurality of
different human VH genes. In a preferred embodiment,
the transgene comprises at least 50% of the human

germline VH genes. In another embodiment, the
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the invention conprises a human non-cognate switch 10
regi on and a hunman constant regi on codi ng segnent,
wherein the switch region and the nmenbrane exons of
the constant regi on coding segnent are fromthe sane
human constant region isotype and the secreted
constant region exons are froma different isotype.
The 15. transgenes of the invention also may conprise
a human non-cognate switch-regi en and a human
constant region coding segnent wherein the switch
region is fromone isotype, the secreted constant
region exons are froma second isotype and the
n@ﬂ@ﬁ@@@néoa&h@mhs@%gman]&xngs 20 @i Bféremt yetnantViird
I sotype pr r iment, the swtch re

P Worrbr BAE LEXGRL Var STYS Orh AP TURS TR 5* EoRet BREST 60
regEeBrehd PakkincviHadan gy ef etded pﬂ@ﬁdrmhnys thhe

sSwi tch reglon and nengﬁgne exons

ghRfBS 9 CEEn SRR 1&g %uﬁPQ%%ﬁs%%?%?ég cﬁﬁgggﬁtog 8
regh8f 8%aRy ahe il acuumeim ganeehdr oemaoclimant, the

gamma- 4 constant, region. referred enb
Rt Re paneoanatrs ot et B GEhE hERREID) dE kR eny
?thaﬁrvﬂnﬁﬁfk?ﬁ@b ﬁﬁaﬁ(ﬁhéfmmémsegnengf GQFa?le of
ransgenes o e i nven | ural i
HEMEOBaRE. Rind it gorbst 01 £ Bty A B hmen

thﬁmhh@@&@@ﬂﬁjﬁpﬁﬂkﬁQﬁScmd1meas@uéﬂ&éotomhenhumans,
germ i ne VH genes. .In anot he enbo

UM Tbont, Cdeledndd ANGSE SUROELORAY: aiBexzdd) or
gga@%tlef@hﬁﬁﬂﬂdh dihent ¢ ansgenstedipehséebeat ehbastinést,

AU L N K R

h@ﬁ&ﬁdﬁﬁ&#M:thprddunB at nlaasthép%entfodiheeBt-cetlie
population of a wild-type mouse in a transgenic mouse
containing the transgene.

A transgene of the invention furtter
comprises a murine 3' enhancer, positioned 3' of the
constant region gene containing the non-cognate switch
region. In one embodiment the murine 3' enhancer is an
approximately 0.9 kb core region of the native
enhancer. In an alternative embodiment, the 3'
enhancer is an approximately 4 kb region of the murine
enhancer that includes the core region. In still
another embodiment, the transgene includes the mouse
major enhancer locus.

In another aspect, the invention provides
methods for producing the transgenic non-human animals
of the invention. According to the methods, an
unrearranged human immunoglobulin heavy chain transgene
is introduced into the germline of a non-human animal
to produce a transgenic non-human animal having the
transgene in its somatic and germ cells. Breeding of

the human heavy chain transgenic animals with
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transgene conprises a sufficient nunber of different
human VH genes so that the transgene is capable of
encoding at least 1 x 105 different functional hunan
i mmunogl obul i n heavy chai n sequence conbi nations, 10
wi t hout taking into account junctional diversity or
somatic nutation events. In still another enbodi nent,
t he nunber of human VH genes in the transgene is
sufficient to produce at |east,.50% of the B-cel

popul ation of a wild-type nouse in a transgeni c nouse
15 containing the transgene. A transgene of the

i nvention further conprises a-nurine 3" enhancer,

pﬁé&ﬁécﬁéﬁgc n thhﬁen GRRRLA Jolergda{hﬁr?&“e | ning
& hon- cognate Sw tch region. one enbodi nent the
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nven ccor _ unrearr anged
tnmmﬁu¢ananbgbobgbhdch@@wyhﬂmﬂn1anzmggemmaeoprsduces a
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ransgen C non urman ani-nma
t¢md@@©n©usnart309dwatlc and germ cel|s. Breedlng of
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transgenl c non-human ani nal s ‘conta
|1ﬂmuwmgi©bunSnlhtgbﬁuch@InfﬁnaﬁggeﬂebpY@mucesLem (ES)

cell which is then inserted into a blastocyst. The
blastocyst with the ES cell containing the transgene of
the invention is then surgically inserted into the
uterus of the non-human animal to produce a chimeric
non-human animal. The chimeric animal is bred to
obtain germline transmission of the transgene of the
invention to produce a transgenic, non-human animal
having somatic and germ cells containing the transgene
0f the invention. Accordingly, a further aspects of the
invention are an ES.cell comprising a transgene of the
invention and non-human animals having the transgene in
some or all of its cells.

In still another aspect, the invention
provides a method for producing high affinity, fully
human antibodies of a desired isotype that are specific
for an antigen of interest in a transgenic non-human
animal of the invention. According to the method, a
transgenic non-human animal of the invention 1is
contacted with an antigen of interest under conditions
that induce the production o©f an antibody by the B-
cells of the animal. High affinity, fully human,
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transgeni ¢ non- human ani mal s contai ni ng a human heavy
chain transgene of the invention and a human light 5
chai n transgene. Either of the aforenentioned
transgeni ¢ non-human ani mals can be bred with ani mal s
havi ng inactivated heavy and/or |ight chain loci to
produce a transgeni c non-human ani mal that produces a
fully human anti body and is incapable of producing an
10 endogenous anti body. In ong7enbodi nent, a transgene
of the invention is introduced into an enbryonic stem
(ES) <cell which is then inserted into a bl astocyst.
The blastocyst with the ES cell containing the
téﬁ%g@ﬂesgfechffltdﬂ%mtﬁ\mmlle@ dafs ﬂH‘éer}jMﬂécﬂ?aiéd’type can
|nserted i nto, the f t he non- hynan ani mal
pPBdtes! ﬁcEﬁudnérruOE}‘ %Frﬁer?é‘r OTh"ehecth?eW%enlc
apbARhuhsnbzed i . obtaln germine transm ssion of the
transgene of the invention to produce a transgenic,

non- hunman aﬁllﬁﬁlrnﬁélﬁg\}lyng OGP ddimradineds of

COntai A Rgthibe ,t raRrs gere boefy e durviely imtells can be
Accordlngly, a further aspects of the .Jinvenption are

AN ESEEFR CERBY itSEngnd RO NETSE Gael 2§ hydhtdibh means

apdoRAniAurhe arity Bl rhawan g dite hyAns ganeiddt 1c$rOrEEf or
all of its cells. 25 In stjl]l another a%ﬂﬁft

| AV BRPPEAE Spr oild &% S KIS privudt %ﬁgﬁfe fused

afif tpi Bymohigle! myehmn c'mtll-qud1ee9ccpfplaxdﬁ5é ra&otlmwe
that are specifi for an,_anti Of i nterest
t FAREGEARE ﬁé(#? S -aniTv&i" SF ‘Zt C?I?ﬂ/’serﬁ%rbrPe screened

Aggogdiagtt ehidke meidred.iny 30 dH anrsgen oy NofuwBunan,
ani mal of the .inventian i contacted wth an antigen
of M hEERESPEmider” &&&ﬁﬁ%i?%f- that induce the

producti on gh an fanttdheady dpediie Bre cigldeniofot herovides
agyggldoma%hdgnggJ)%rggﬂggéggggvhproducing B-cells
harvested from a transgenic animal of the invention.
The antibodies of this invention may also be
by the expression of B-cells expressing a desired
antibody, by cloned human immunoglobulin genes, by

phage~display, or by any other method known in the art.



- 17 antigen-specific antibodies of the desired

i sotype can be collected fromthe bl ood stream of the
transgeni c non-human animal. Alternatively, according
to the nmethods of 5 the invention, the anti body
produci ng B-cells can be hgg%gsted fromthe ani nal
and i mortalized by any nean known in the art, for

t he continuous production of antibodies. In one

enbBde mepteséhe Bigebhsighe fusgd with.a nouse
.”Ve|$%% cell-line to prgduce g%?i ’ﬁ?vi%eiec?%¥inﬁne of the
" hy b TBAHES &% c h dh PER Pesdas kedmovbe sod eenpdichede! 66ltn  the

t hosemisees ei i obgh affinity, fully human,
antigen-specific antibodies. In a further aspect, the
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expressing a desire ant 1 body, uma
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conpri Sing a DNA'sequerice identical to t
seqBBABEN Lo SMAvart hrahsehe 1aidr BNRt Keapreagmdmrther is

10en8ge bl Re 13 dhurmn & rawinegh obLbh 81 NeaKY tahadl BdAGES: said
continuing - through the J segnent genes and the

condfgnt 1PEGiloFOTGRERRE (TR DM CPMBFiehRE FoEws constant
wherghicsaicdddMy exons operably linked to a non-cognate

switch region.

2. The transgene according to claim 1, wherein
15 3aid human constant region coding exons encode a human
constant region selected from the group consisting cof:

a human gamma constant region, a human alpha constant

region and a human epsilon constant region.

3. The transgene according to claim 2, wherein
20 said human constant region coding exons encode a human

gamma constant region.

4, The transgene according to claim 3, wherein
said human gamma constant region is a gamma-1 constant

region.

25 5. The transgene according to claim 4 which is

the yH2Bm yeast artificial chromosome (YAC).



fragnent is operably linked to at | east one human V
segnment gene, and wherein said DNA fragnment further .is
10 operably linked to an additional constant region,
said additional constant region conprising human
constant region coding exons operably linked to a
non-cognate sw tch region. 2 _The transgene accordi ng
to'claiml1, wherein 15 sai& Runan constant region
codi ng exons encode a human constant region sel ected
fromthe group consisting of: a human ganma const ant
regi on, a human al pha constant region and a human
epsil on constant region. 3. The transgene according to
claim2, wherein 20 said human constant region coding
exons ehcodeélRE hbRaRSIRAMECEOFSIdI FRgihin 4, THeerein
t IANSY G AE COL B ATcbRs EhaktMB g Whered N $cth-MBhstant
ganme constant region is a gama-1 constant region.
25 991Cfhe transgene according to claim4 which is the
yH2Bm yeast artificial chronmosone (YAC). -17b- 6. The
transgene according to claim3, wherein said human _
gamma cbnst alite r BERBAIPECa AGSRRL N T Rt &R 17 ragiWierein
5 7.saflte Hurdd}s 0efena 2668EERRAE bR GIGH M3, a WEHRI 5 Gonstant
said human gamma constant region is a gama-3 const ant
réfidr?™ 8. The transgene according to claim3, wherein
said human gamma constant region is a gamma-4 const ant
10 region. 9, The transgene according to claim8 which
is the® yH2CMGehERPEFEPFI GCS°% "b‘?rmg%‘brfél?WC}' wherein

said human gamma constant region is a gamma-4 constant

10 region.

9. The transgene according to claim & which is

the yH2Cm yeast artificial chrcmosome (YAC).

10. The transgene according to claim 2, wherein
said human constant region coding exons enccde a humarn

15 aliphz constant region.

11. The transgene according to claim 10, wherein
said human alpha constant region is an alpha-1l c¢onstant

region.

12. The transgene according to claim 10, wherein
20 said human alpha constant region is an alpha-2 constant

region.

13. The transgene according to claim 2, wherein
said human constant region coding exons encode & human

epsilon constant region.
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10. The transgene according to claim2, wherein said
human constant regi on codi ng exons encode a human 15
al pha constant region. 11. The transgene according to
claim 10, wherein said human al pha constant region is
an al pha-1. constant region. 12. The transgene
according to claim 10, wherejyn 20 said human al pha
constant region is an al pha-2 constant region. 13.
The transgene according to claim?2, wherein said
human constant regi on codi ng exons encode a human
epsil on constant region. - 17c 14. The transgene
according to claim1, wherein said DNA fragnment is
operably linked to a plurality of human VH genes. 15.
The trapagenarracaradistgrie iy tbectiin D, SRhlrein

DNA fra nt. is operably linked to, at | east 50% of _.
Che hAnBNRD et A 4 il Pdteq TER g oRbtTaLity of
aceandhnyHt gedleai.m 14, wherein said DNA fragnent is

operably linked to at |l east 40 different human VH
genes. 10 17. The transgene according to claim 14,

wher ei n15sai dHaNA faragrerd dccopeiepl yol énked 18, awherein

suffici unber_.of. di fferent human enes_so that
e 8 BB a e B e i 9 ST o G oAkt Lgogt 1682 of
di ther rotnahuretdrdnale Miragerdgsmunogl obul i n heavy chain

15 sequence conbi nations,' wthout taking into account
junctional diversity or somatic nutation events. 18.

The trah$gendlecdoragisyprto adaimidg whetBaim 1be wherein
nugDes BlaNETRL 981 Sk Y | 800 10, PLOMYEE e 40

different human'VH genes.

17. The transgene according to claim.ld, wherein
said DNA fraément is operably linked to a sufficient
number of different human VH genes so¢ that the
transgene is capable of encoding at least 1 x 10°
different functional human immunoglobulin heavy chain
sequence combinations, without taking into account

junctional diversity or somatic mutation events.

18. The transgene according to claim 14, wherein
the number of human VH genes is sufficient to produce
at least 50% of the B-cell population cof a wild-type

mouse in a transgenic mouse containing the transgene.

19. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cn of that locus, wherein said DNA
fragment is operably linked to at least one human V

segment gene, and wherein said DNA fragment further is



at | east 50% of the B-cell population of a wild"type
20 nouse in a transgeni c nouse containing the
transgene. 19. A transgene conprising a DNA fragment
conprising a DNA sequence identical to the DNA
sequence of human chronposone 14 fromthe D segnent
genes of the human i munogl ghul in heavy chain | ocus,
continuing 25 through the J Segnent genes and the
constant region genes through Cu. of that |ocus,
wherein said DNA fragnent is operably linked to at
| east one human V segnent gene, and wherei n sai d- DNA

" fragnment further is - 17d operably linked to am
addi tinal constant region,. said _additional constant
r e@PEF 2&Fiipriisiked & hATRredH EEhalr egRehaBRdTRAARRA, - Said
coRglAt Jridl ARBHrERAHNY LXPISn ¥WBRpeEBingahdhiMERNswitch
sw tch region _and said human constant région 5 coding |
ex &8¢ igre bR GEN L3RGt JPeion200dFRE £XaRSgenBerein

accend M GhatBH YegdOh €aRd ERedNHIRANSWoheRant region
region i's a human Cy2 switch region, 21. The

& r &9sga1e ar QNS ditfy R | @i hf opentheFeEKPESi-d human
constant region coding exons encode a hunan 10
constant_regi on selected fromthe group consisting of:

a human Zfanmelle SRt SFR1 e edr AL datAuRBN Cgadfa s, wherein

CORSANHUAY] At h tdPNoganBBa 4ncRBSt 8QL 158Giken, rdgion.
human al pha-1 constant region, a human al pha-2

"constant region and a human epsilon constant region.
15 22. The. t ransgenen 8§60é dadgotaiahakm 21aiwhenei iherein

said h n constanat regi on codi exons encode a

hurfti & gER TNt T FRRP B3R ST RAC SaRO5ERE @ human
lacemktuht arexd oo 221 ebt el Esomt heeyGbupeasthisisting of:

artificial chronm onenéYAC . 20.24. ghgukyans ene

ac Cortihy t &% n 1S WReref RI1 O an gamma-3

constant region, a human gamma-4 constant region, a
human alpha-l constant region, =z human alpha-2 constant

region and a human epsilon constant region.

15 22. The transgene according tc claim 21, wherein
said human constanat region coding exons encode a human

gamma-1 constant region.

23. The transgene according to- claim 22 which is

the yHG1l yeast artificial chromoscme (YAC).

20 24. The transgene according to claim 21, wherein
said human constanat region coding exons encode a human

gamma-4 constant region.

25. The transgene according to claim 24 which 1is

the yHG4 yeast artificial chromosome (YAC).



sai d human constanat region codi ng exons encode a
human ganma-4 constant region. 25. The transgene
according to claim24 which is the yH& yeast
artificial chronmosonme (YAC). - 17e 26. The transgene
according to claim 19, wherein said DNA fragnment is
operably linked to a pluraljfﬁé_of human VH genes. 27.
The transgene according to claim19, wherein 5 said
DNA fragment is operably linked to at |east 50% of
the human germ ine VH genes. 28. The transgene
according to claim19, wherein said DNA fragnent is
operably linked to at | east 40 different human VH
genes. 10 29. The transgene according to claim 19,
wher ei 26 .saiTh DN 3R 2gaRAt 2FSOBPeRabILY |Gladed ¥ aWherein

suffiiCippt £ ek of sdbbEensnt hupmRr VR OeNes R P of
the transgene is capable of encoding at least. 1 x
1Gumginf V8f @i uinct i onal human i munogl obul i n heavy
chain 15 sequence conbi nati ons, w thout taking into
account junctional diversity or somatic nutation

event s.2730. TR tFansgene aceerding @ Qldim 199, wberein
wherigl bNA herdwnber of bperabYH densed SsWd iréedt 663 o

praoduce at |east 50% of the B-cell population of a :
widhe e EHousERenVE 8FRRSgeni ¢ nouse cont ai ni ng

the transgene. 31. A transgene conprising a DNA

fragment conprising a DNA sequence identical-to the .
DNA sedfencelNof thahageeRr 8&626%“134 % smaie PP, wherein

segRNIDNeNesa @hehbei shoparabiyunagikeulid lreavyaghaio

~locu conti nuin t hrough the J segnent genes and
tfﬂ%éﬁﬁﬁﬁ%ﬁnh¥%@goﬁg HERES -t hrough Cp of that |ocus,
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wherein said DNA
29. The transgene according to claim 19, wherein
said DNA fragment is operably linked to a sufficient
number of different human VH gehes so that the
transgene is capable of encoding at least 1 x 10°
different functional human immuncglobulin heavy chain
sequence combinations, without taking into account

junctional diversity or somatic mutation events.

30. The transgene according to claim 19, wherein
the number of human VH genes is sufficient to produce
at least 50% of the B-cell population of a wild-type

mouse in a transgenic mouse ccntaining the transgene.

, 31. A transgene comprising a DNA fragment
cﬁmprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to a2t leaét one human V

segment gene, and wherein said DNA fragment further is



fragnent is operably linked to at | east one human V
segnment gene, and wherein said DNA fragnment further is
- 17f operably linked to an additional constant

region, said additional constant region conprising a
human switch region, human CH1, Ching,., CH2 -and CH3
exons and human nenbrane exgnes, wherein said human-:
switch region and 5 sai d hunan menbrane exons are from
the sane isotype and the human CHLl, Chinge, CH2 and
CH3 exons are froma different isotype than said

human switch region and said human nenbrane exons.

32. The transgene according to claim 31, wherein 10
said human switch region and said hunman nmenbrane exons
arephpabhygarimke2 foqeenceddiBianaTlheongharyenegion, said
acggégkggﬁ%q %%%' %% f@H%éﬂrkoﬁffdsDHEHQ ﬂtﬂan sw1tch

C7J, exons encode a humah const ant
regegmoselé@MG@-ﬁﬁdn1ﬂhemgmcﬁﬁﬂc®m§|sfHﬁgebﬁnS aBdahuman

huxqeﬁbgamae&o%%st Wef@ﬂ{ 0fhi@ DUHBA OR0PBR3region and

constant regl on, human gar ar aa- 4 const ant region, a
5huﬁamdahp1m@n1n@mh>§tam erefiorere hueanthpphane isotype and

COEﬁEaﬁhma%thﬁn and a humen, &psi kR sﬁeﬁgaakerggbﬁgo

e transgene according to claim 33, wherein
t heifdsasenCHE satyPfcEhatHs akd mppaBxdHsteRchagign and

hugahg gammsr hea@nslinte &gl on. 35. The transgene
according to claim34 which is the yHGlL/ 2 yeast

artificial chronosone (YAC). 36. The transgene

accordi ng .t 0 GAitPadls gaher £t ForddniheohdMBANCEL, wherein
Chi nce/ CH2 andlggsbexons enco

10cofgtdntureédi Givy T & oD rﬁﬁ%@eﬂHmQEcnggﬁﬁnFoexons
cl air@ BQmat Ghnn-2 sequences.

33. The transgene according to claim 32, wherein
said human CH1l, Cyy,ger CHZ and CH3 exons encode a human
constant region selected from the group ccnsisting of:

15 a human gamma-l constant region, a human gamma-3
constant region, a human gamma-4 cconstant region, a-
human alpha-1l constant region, a human alpha-2 constant

region and a human epsilon constant region.

24.  The transgene according to claim 33, wherein
20 the human CH1, G, CH2 and CH3 excns encode a human

gamma-1 constant region.

35. The transgene according to claim 34 which is

the yHG1/2 yeast artificial chromosome (YAC).

36. The transgene according to claim 31, wherein
25 the human CHl, Cj,., CH2Z and CH3 exons encode a human

gamma-4 constant region.
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the yH&4/ 2 yeast artificial chronmosone (YAC). 38. The
transgene according to claim 31, wherein said DNA
fragnent is operably linked to a plurality of 5 human
VH genes. 39. The transgene according to claim 31,
wherein said DNA fragnent is operably linked to at

| east 50% cf the human ger f ne VH genes. 40. The
transgene according to clalﬁ 81, wherein 10 said DNA
fragment is operably linked to at least 40 different
human VH genes. 41. The transgene according to claim

31, wherein said DNA fragnent is operably linked to a
sufficient nunber of different hunman VH genes so that
the 15 transgene is capable of encoding at |east 1 x

105 diX¥.er ertte fumeh sgenk horendinguteglcdldd B hemiyh is
chalen seonRLpaLians, whibaul dakigadnto

accoun gf onal “drversity or ‘i'on
events 42 The transgene according to clain131

wher ei genes suf.fi ci.ent
to pro uce fqgleastgéagg EH?&ngﬁgeﬁg r%#%dn%heﬁfln
wislad-t P fmagreenh ast opasgbiiyc lankee ¢mnmmpmunynﬂuy of

ARsge egdhe transgene according to any one of
CF%IWB %? %é%or 31, further conprising a nouse 3'

enhancer. -17h- 44. The transgene according to claim

43, wheyegin ﬁaifdtf@fegég'g se%@a%g scoara%&g{%' & Yein

0.9 kb core. ragnen a nousée derm
ersiraitc dNA 45ragientr adsgerealdyordnkgd docladi eAdt 50% cf

mﬁe&em&mé;Sﬁ%prpgéevﬁ ggﬂggncer IS an approxi mately

fragnent of a nouse germine 3" enhancer. 46.
The transgene according to claim43, wherein

40. The transgene according to claim 31, wherein
said DNA fragment is operably linked to at least 40

different human VH genes.

41. The transgene according to claim 31, wherein
:sald DNA fragment is operably linked to a sufficient
number of different human VH genes so that the
transgene is capable of encoding at least 1 x 10°
different functional human immunoglcbulin heavy chain
sequence combinations, without taking into account

junctional diversity or somatic mutation events.

42. The transgene according to claim 31, wherein
the number of human VH genes is sufficient to produce
at least 50% of the B-cell population of a wild-type

mouse in a transgenic mouse containing the transgene.

43. The transgene according to any one of claims

1, 19 or 31, further comprising a mouse 3' enhancer.



sai d nmouse 3' enhancer is a 'Locus control region. 47.

“An enbryonic stein (ES) cell conprising a 10
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transgene according to any one of clainms 1-46. 48. The
enbryonic stem (ES) cell according to claim47, which
Is a nmouse ES cell. 49. A transgenic: 'non-human
animal and its progeny, mh%ﬁgln the somatic and germ
cells conprise a 15 transge according to any one of
clainms 1-46. 50. The transgeni c non-human ani mal and
progeny according to claim49, further conprising a
human i mmunogl obulin |ight chain transgene. 51. The
transgeni ¢ non-hunan ani mal and progeny 20 accordlng
to claim49 or 50, wherein the animal is a nouse. 52.

The t r ahdgenTBenshaRSAER CaRCRRTCARd piogdmin dfvordiergin
tos gl @i Abd8eon: 5thBHEEI%eﬁsC%W%'p§ir‘aﬁurﬂ g“Oatgeckb core
endogenous i nmunogl obul i n heavy and |ight 25 chain .
| ofragment 9if a5POUTRe YEFARIGENiT OGN ani mal
according to claimb52, wherein the animal is a nouse.

54. A nethod for producing a transgeni c non-hunan

ani mal 4Rd | F&eptEgRRFeRR0SEOFBAL tohF geimLhl Meyein

COgRLiSRoa skl BNSEARENReEONiEd R6 LRk ena Ofy o aiys 1-
46 _and that produces hlgh affinity, fully human

anFF%%?Q§ Sff 8 Be¥rredSrEdiySe S p&aTanc s or an

anti gen i-nterest follow ng innunlzatlon with the
anti gen terest, conprisin i é%? |ntro uci n
Sai d tréﬁsgeﬁg eGP RSB AT n 4. Wikrein

pr edudi ngukeomd't keheastreyrorisc ast_Lem\IseIdoratrol region.

47. An embryonic stem (ES) cell comprising a

transgene according to any one of claims 1-46.

48. The embryonic stem (ES) cell according to

claim 47, which is a mouse ES cell.

49. A transgenic non-numan animal and its
progeny, wherein the somatic and germ cells comprise a

transgene according to any one of claims 1-46.

59. The transgenic non-human animal and progeny
according to claim 49, further comprising a human

immunoglobulin light chain transgene.

51. The transgenic non-human animal and progeny
according to claim 49 or 50, wherein the animal is a

mouse.

52. The transgenic non-human animal.and progeny
according to claim 49 or 50, further comprising
inactivated endogenous immunoglobulin heavy and light

chain loci.
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transgeni ¢ non- human ani mal whose somatic and germ
cells contain said transgene; and 15 (c) breeding said
transgeni ¢ non-hunman ani mal as needed ta produce a
transgeni ¢ non-human animal and its progeny that
produces high affinity, fully human antibodies of a
desired isotype specific foy,ﬁq antigen of interest
foll owi ng i mmuni zati on with lﬁe antigen of 20
interest. 55. The nethod according to claimb54,
wherein the transgenic non-human aninmal is a nouse.
56. A nethod for producing a high-affinity, fully
human anti body of a desired isotype, wherein said 25
antibodg is specific for, an antigen of interest, ;
conpri $Png EORt ACERF D IT HRGSHRED  aRYRShuAGHFOEAIRG tO
age@ifli BQ,t @hameionery alaidts 49-H3mwisb.t he antigen
of interest to induce antibody production in the B-
cells of said aninmal and collecting said anti body.
-17j - 57.. Ap avetdHeelyrdr asittedungi iy c@l tr basveatied nbhefuman
a transgeni c .non- human animal according tg an% onequ :
cPBiAE 146183 LG oA, i PP Sh SR beh 8P AféFestits
58omphe sB- @eldr st rcderdimi nt&7anki ohehas A3 aieen 1-
imortalized. 59., The nethod according_.to.claim>56,
Wl GPA et BRIMES e ot tEErRl YT rhad BBy
Staheamodfi esaiot & réasigestd ci swhyieinepeanifial fo60.anTatigen
nmet_hod _accor.di to claimbe,. rein t i.
TSrcarteead rroma 1 dmorar AR Bl R bR B of
cliaitrare®t ,6iconfhel sietdod according to claim56
wherein o ysaid A Lady 85 §oLLSELEEnL 9B NASter@f Jonic
transf efed

stem cell; '

{b) producing from the embryonic stem cell a
transgenic non-human animal whose somatic and germ
cells contain said transgene; and

{c) breeding said transgenic non-human animal as
needed to prcduce a transgenic non-human animal and its
progeny that produces high affinity, fully human
antibodies of a desired isotype specific fqr an antigen

of interest following immunization with the antigen of

interest.

£5. The method according to claim 54, wherein the

transgenic ncn-human animal is a mouse.

56. A method for producing a high-affinity, fully
human antibody of a desired isotype, wherein said
antibody is specific for an antigen of interest,
comprising contacting a transgenic, non-human animal
according to any one of claims 49-53 with the antigen
of interest to induce antibody production in the B-

cells of said animal and collecting said antibody.
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with DNA isolated froma B-cell according to claimb57.
15 62. A transgene conprising a DNA fragnent
conprising a DNA sequence identical to the DNA
sequence of human chronposone 14 fromthe D segnent
genes of the human i mmunogl obulin heavy chain | ocus,
conti nui ng through the J seg&ent genes and the
constant region 20 genes thr'dagh Chi of that |ocus,
wherein said DNA fragnent is operably linked to at

| east one human V segnent gene, and wherein said DNA
fragment further is operably linked to an additi onal
constant region, said additional constant region
conprising: (1) a human 25 switch region; (2) a region
conpri §Mg e G d Chh e 1 K42?Bandl CHRaexesspdatidom a
(3) hunman .msrrbra_rlg exons, . V\Q‘Erei n gi drrgurmn svvitcgf
" PSS S L BAD FA RSP RG T RGmER ErY. one
Clilagens @42 581 dinGindth Exed sy i eindan sahtibaman fnentieare t .
exons are fromdifferent isotypes. 63. A transgene
conprising a DNA fragnment conprising a DNA sequence -
identi cd. t *liheB-DNY sexuemc@ing b hligam Ofr elmmsbnieas
14 fromthe D segment genes of the hunman _

i mﬁogﬁ“gbo%ﬁan*%%%y chain | ocus, continuing through
the J segnent genes and the constant region genes :
through &p afy, J Nale ) 95US. AT AL 8L PNAs el T Q9BRL 1 ene
is operably Tinked to a Teast 6ne human V. 10 segment
gerd, iantly vikeres hleat ed DNrofr Byaebi obdr shgeams of said
op_gra}gj e d Okedh Lou A, addi fipnal constant region, said
additi'onal” constant region conprising a human switch
regi on, hiuman CHLl, Chino., CH2 and CH3 exons, and
non- huggn MeNbraRensX0hscoriehsl RosadibumRy) SWMd@in the
region, 15 said region.conprising human CHl, ChilQ_,-
D P EHE S e5@h3SCRAd SRPR ATMBATREN S 4TE e Forrs dr e

fromdhe $aMes claim 58.

61. The method according to claim 56, wherein
seid antibedy is collected from a host cell transiected

wi“h DNA isolated from a B-cell according to claim.57.

62. A transgene comprising a bNA fragment
comprising 2 DNA sequence ider:tical to the DNA sequence
of human chromosome 14 from the D segment genes or the
human immuncglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant region, said
additional constant region comprising: (1) a human
switch region; (2) a region comprising human CH1, Cpnges
CH2 and CH3 exons; and (3) human membrane exons,

wherein said human switch region, said region
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or fromdifferent isotypes. 64. A transgene conprising
a DNA fragnent conprising a DNA sequence identical to
t he DNA sequence 20 of human chronosone 14 fromthe D
segnent genes of the human inmunogl obulin. heavy
chai n | ocus, continuing through the J segnent genes
and the constant region - g EEthrough Cp of that

| ocus, wherein said DNA 2 is operably Iinked
to at | east one human V 25 segnent gene, and wherein
said DNA fragnent further is operably linked to an
addi tional constant region, said additional constant
regi on conprising a non-human swtch region human
CH1, Chinge, CH2 and C}B exons, _and unan

NEPRP BhE1 BLoREMaRh &Fdin Coaiedt ﬁ%ﬁzﬁﬂﬁﬁn TPy and

I 891 & 3RENS AlefbR@Rreh WY STRIHY amonewwsfar@tf r gt yiees .
same species. -171- 65. The transgene according to any
one of the foregoing clains, wherein a | oxP site is
inserteg 3 Aofcrahls@e&vd tddanmegsmrg aendDN'A of 2 griveen €H1

exon. ector consis and
ABaRL g3 g Ta Dh iSRS Do e i Ui DL S0ulnce

P6 @ dHGinEaN chebrbskined AR St tdat thun der segred s sgame § chE nghe
vitro.

f d hyb t
ug%?ﬁolgf‘ggggéﬁbt%rhj“?%r% (E}?%{Jr?' ?c';rplrigs|rér1(9lr%?§uH18
|aht?dgnlm@elmtsemmhnndopmmea aanS@eneom%t@mU|nggtg?

10 ai ecto ccordin n
Bebrp Paegudly PR AR M Y e I Ry R
FEgugﬁem*iabaagdnahﬂycixﬂ*&@tt@nabfleh@ty¢ﬂ£:bnman '
yHZBm, (Ol 20D, & GASEr &4 1 £ 4 £4 3hNANE PIDRONES LY 15

operably linked to an additional constant region, said
additional constant region comprising a human switch
region, human CH1, Cpiner CH2 and CH3 axons, and non-
human membrane exons, wherein said human switch region,
said region comprising human CH1, Cjne, CH2 and CH3
exons, and said human membrane exons are from the same

or from different isotypes.

€4. A transgene comprising a DNA fragment
coemprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, ccntinuing
through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant regicn, said
additional constant region cecmprising a non-human
switch region, human CH1l, Cjinge, CHZ and CH3 exons, and
non-human membrane exons, wherein said non-human switch
région and said non-human membrane exons are from the

same species.
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Figure 2 is a schematic depiction of the yHIC and yHGL
5 yeast artificial chronosones. (YACs). Figure 3 is a
schemati c depiction of the yHIC and yHGL/2 yeast
artificial chronmosones (YAC5). Figure 4 is a
schemati-c depiction of the yHIC and yHG4/2 yeast
artificial chronosones (YAQﬁhl_lo Figure 5.is a
schemati c diagramof the targeting vectors (TV1 and
TV4) for retrofitting yHIC to yHGL and yH&® YACs.
Figure 6 illustrates the construction of the targeting
vectors for retrofitting yHLC to yHGL/ 2 and yH&X/ 2 15
YACs. Figure 7 is a schematic diagramof the targeting
vectors (TV.Gl/2 and TV 4/2) for retrofitting ¥H%g to
yHGL/ 2%nd. THAF22YVEeRe [ e B BN S hbWs2Bhue Rer A bHoe
ShPfc ESigs pneser@in f aiseek i § ity HBB YACetCRaNB' Zof
70.17.1) - 19 DETAILED pEngIPTI OF THE | NVENTI ON
THiSs ST i BRI+ atRE Po AbvEPS(TRASERARs for the

producti on of human i munogl obul i n heavy chains of a

desired isotype and to enbryonjc _ste E ells 5_anpd
transd@ﬁic-%oﬁNﬁuﬁﬁﬁtﬁﬁiﬁﬁ? lEthB?i%?Lé E%ég s1%e’afd |
toa sereresind hh Sconyeaht onegisn gehat eSotothet hodgutdion
produci ng_such transaegic non: human agigals a%dvg Lo
oduP AR Py hahaA dRT PBOGE BSSoP WA TGRS Fed ™ ¥ofYBe
in response to an antigen of interest in a transgenic
10 aninmal of the invention, .The tran n
transg®hi c %oﬂ?ﬁﬂﬂgngoénPﬁﬁﬁgcéthﬁ@ggﬁgéﬁF?ogthe
Useiehgb et bespeaduening iaf viiurby bunpmiantibodies of
Yﬁgéggguéfgéyggﬁookybridomas a transgene according to

claim 65, a vector according to claim 66, and CRE

recombinase.
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cl asses. For therapeutic uses of such antibodies, the
15 different effector functions of the individua

anti body isotypes permts the use of a particular

i sotype to achieve a desired therapeutic effect. It
Is desirable, thus, to produce strains of transgenic
non- human ani mal s that produce anti bodies of a single
i sotype 20 follow ng inmunization with an antigen of
interest. In order that the i#vention herein described
may be nore fully understood, the follow ng detail ed
description is set forth. In the description, the
followi ng terns are enployed 25 GEne reglons - the
DNA i nvol ved® d JAHINGBt i cul ar

ngpg %% %h%%%emanlu§:$1c51 é& Sﬂ?ﬁ@c§£§’ ?2Bm
regi ons prece _ cons an ene as we

aSrupHQCmanwaaétd@wmsﬁneaml prhetcedh stgnen d( YAC S bwi ng

odi n ons, and |nterven| 30 S enc uch . as.
?ﬁ??ﬁ%s gﬁw@eﬁé@ ST s SGFReTS B gg@hs e%%é ard yHG1
§v@l€enta$t1fh|&&aaodjmnsﬁgmﬁ s(YaCs) . mul t| - exon gene
such as_an i nmun heavy. chai nst
PLGREE 00 Boaredtic LSRR end dufOughd
ofict he Reran Iammrmgil@auldmdammnwa(mcg)am
constant regi on contains 4 gene segnents

Elgurgnd &B2 5B A5G Gi™ats on hetiﬁ%i[c and

JuGangeRRRls tanRd t iHRGINY HrdnBBsRad Obiwkct@ gene
SegnentS before any somatic gene rearrangenent has

Bégureed. U9 enewiEEdientdiagkamy Qe $hagheheebinehe
@E@éB‘EsPQ'TXﬁEVa%%e g USSR | de dHOM & i 68! yH1dNt6 $HG1 and

fragnment does not contaln any 5 to 3' " exonucl ease

yHG4 YACs.

Figure 6 illustrates the construction of the targeting
vectors for retrofitting yHIC to yHG1/2 and yHGA4/2

YACs.

Figure 7 is a schematic diagram of the targeting
vectors (TV G1/2 and TV G4/2) for retrofitting yH1C to
yHG1/2 and yHG4/2 YACs.

Figure 8 shows Southern blot analyses of ES clones
fused with yH3B YAC (Clone Z 70.17.1)
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activity and only has polynerase activity. It can be
used for end-filling of DNA nol ecules to create bl unt
ends. Library - A mxture of Cloned DNA fragnents 15
usual | y propagat ed on DNA- based vectors, e.g.,
plasmds in bacteria, |anbda bacteriophage in E

coli, Pl bacteriophage in E. coli, bacterial
artificial chronosones in E. coli, yeast artificial
chronmosones in Saccharomyces jeerevi si ae, manmal i an
artificial 20 chronosones in cultured cells, manmmal i an
chronosone fragnents in somatic cell hybrids. Linker
- Synthetic DNA fragnments that are designed to
contain resprigtipn skteszamdost hgr THY operdnEsowhi ch
can be added to I ar ger DNA no] ecul es, 25 e.

facilitate ditom é%ﬂﬁ%ﬂnkﬁﬁ+ﬂtﬁﬁcEOpBPFF&n§ra8§gSNR5

f FAGMRMES paeRd fidhest nadhdel yRephbgesou 1 9er @@@Wg chains
the Library - The_grocess of searchlng§fcr a sgec

B NS S 4 CHERI R 17 oo SRPEPOR g0 6esy [Rg) cells

t BARS Glripisyen i ANSCH RSN PEROHSE B chn@ﬂ‘\ltsﬁ@id @ hleOCi
thought not toé&} transl at ed |ni gU|red somat i C
¥ aSs re

gERETNSEFRE R - ANGEHENt LT @ stes & F@ﬁhOdS for
I eeidiay Qﬂch n @ﬁ@@éﬂa1ern@nph@mancghllmagrso%@ fr

I gM t here e&ﬁ for exa erm i_ne nRNA

t PERSOG RS SPIPRR P bo?ﬂ eBHOdeRe S SRITEH isotype
pgbﬁ&@éﬁddﬁéTEB(éﬂfhﬁwﬂ§@nl§@tYﬁ@eE€%tCQH aWitldansgenic
switch 5 to . and produce. Vector - A DNA nol ecul e used

t GPifEs Sor tERE ¥FOYRRGHPONA into a host and bei ng

replicated itThd h@tansgenes and transgenic non-human

animals of the invention are useful in the production
of fully human antibodies of varicus isotypes or
classes. For therapeutic uses of such antibodies, the
different effector functions of the individual antibody
isotypes permits the use of a particular isotype to
achieve a desired therapeutic effect. It is desirable,
thus, to produce strains of transgenic non-human
animals that produce antibodies of a single isotype
following immunization with an antigen of interest.

In order that the invention herein described
may be more fully understood, the following detailed
description is set forth. In the description, the
following terms are employed:

Gene regions - the DNA involved in producing

or selecting & particular polypeptide chain; including
promoters, éhhancers, any switch regions preceding a
constant gene as well as upstream and downstream
preceding and following coding regions, and intervening
sequences such as introns between coding segments or
exons.

Gene segments - the coding segments in a

multi-exon gene such as an immunoglobulin heavy chain



host, to transformthat host. avail able vectors
include but are not linted to viruses (prokaryotes
and 10 eukaryotes), bacterial plasmds or artificial
chronosones. Yeast artificial chronosones (YACS) -
cloning vehicles constructed fromel enments of yeast
chronobsones which allow the vector to be replicated
and mai ntained 15 in yeast cells in vivo. Yeast

el ements include a centronere,_ an autononous
replication sequence, a pair’ 3 tel oneres, yeast

sel ectabl e markers, and usually a bacterial origin of
replication and sel ectable marker for replication and
selectlon of the YAC_vector arn s in 20 bact ri .. DNA
ST EPOTEar FBAsE 2090 kb [Wkn BT diBnedand
mmanﬁnﬁﬁmiﬂsrmgofAﬁhe XENSMOWSR

IS a nous m@icﬂ has.i nactivyated nouse I%ﬁ and Ig

| Gl o p D BRR AT SPRFaRER: dndicrepstanents TEu1, 1,
meEttEhaserdi ¢ed. human 1 gH and 1 gk transgenes. The
generation apd_c aracterlzatlon of Xe Mouse has been

S descri bed [ S8&- Lqdura S EIFGLIRFENL and
(Eﬂﬁb;n@kmﬂemehnablprahur@eﬁén%@gﬁﬁntHdeﬂbre any
146-1 (19 Nat ure Cenetics 7:13-21

( 1580 1%0‘3?% eFﬁSFFSHgFmI%’tteHFSaﬁrﬂquc%ﬁdon VO
94/ 02602, byklktoheFkapakntet al 1.arpublfirshedron of the
Februar 22 More particularly, there have

bedH ¥ é$¢%¥§86ﬁsﬁe§ HEEReNYs 1P He ffidse | gt ishd

10| ?rﬁgraigiﬁén‘@ydb@mh@god&PtlfaQ&OTé’ﬂhrn@t'| &b :’?{T MEficlease
e r nic ste 0 er
tr%ﬁgéﬁﬁgYoﬁna}oPh¥ hﬁta? 3ﬁ§e£ﬁ %gﬁﬁéﬁﬁﬁéntlt can be
bresadi nfpt oepsodit e i Aiyce fwimheh mane c oA gutse 108 blunt
kxg{&épactivated loci (DI mce). Such

Library - A mixture of cloned DNA fragments
15 wusually propagated on DNA-based vectors, e.g., plasmids
in bacteria, lambda bacteriopghage in E. c¢oli, P1
bactericphage in E. coli, bacterial artificial
chromosomes in E. coli, yeast artificial chromosomes in

Saccharomyces cerevisiae, mammalian artificial

20 chromosomes 1n cultured cells, mammalian chromosome
fragments in somatic cell hybrids.

Linker - Synthetic DNA fragments that are
designed to contain restriction sites and other
properties which can be added to larger DNA molecules,

25 e.g., to facilitate cloning and/or build back portions

of DNA fragments encoding desired polypeptides.

Screening the Librarv - The process of
searching fcr a specific seguence of cloned DNA in a
library.

30 Sterile transcripts - Transcripts produced

from the Ig loci thought not to be translated into

required somatic gene segment rearrangement or class
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m ce are incapabl e of making nouse IgH and | gk chains
and display an arrest in B cell devel opnent in the

bone marrow at the proB/preB-1 stage. [Geen et al,
Nature 10 Genetics, 7, pp. 13-21 (1994) ; Geen and
Jakobovits, J. Exp. Ned., 188:483 (1998)]. The human
IgH and I gk 1loci, cloned on yeast artificial
chronosones, were introduced into ES cells via yeast
spheropl ast-ES cell fusion [Jakohovits et al., Nature
362: 255-258 (1993) 1 . 15 After germine transm ssion
and subsequent breeding onto the DI background, the
human 1gH and | gk YAC transgenes, yH C and yK2, were
aklg @ fUncdionakt YonSubshi buseckor bhekr prerBneell
counterparts and support B cell developnent. In,

A RTAUSHNG Hed6 WRESCpRBUUBEA 3OTT BIFTORENA FME g TRIA
| 9G2K antihodi esyr88doHbihaBts! Yhe bybgedesBsnhich
secreting antigen-specific, high affinity f Ihy QUnan
|g@er}'ﬁﬂrﬁ)}elbnhﬁdaﬁﬁfiﬁodpé@vvilgﬁtYPﬁeFQSe&teilg 111 swi
patentdaloMesecgenerated. THE VHIC TRANSGENE 25 The
human Igﬁjtrans ene, XHIC i s_conposed of 66 VH, al
the D el enen¥ectar| ~JAePEAeRPseCRY caRgeEy [0 AjrRnsport a
regul ol M YoeACIREbSa 8bktl Bnaebelinge regnfiiicguledl 1ign.that

By using honol ogous reconbination in yeast, the 3' end
ofngAHC WRast BppEAREER Wek &°53 kb aﬁ’ﬁ&éﬁ%ﬁ@ IEHSA5T ng

30; { he, deinBit Yargens: i1Ralididngol s rawetsc i pregdBicias and
el enments, and a 4 kb fragnent containing .the mouse 3'
ZSNJ%ﬁﬁﬁhE%F'eIEﬁﬁﬁ?rﬁgéepw@ﬁ@é?SePraPF,lNéfﬁgg
CenetdeSsoks146- 156 (1997) the disclosure of which is

hereby incorporated by reference]l. The leff YAC ar .
carries eXpX@§éEeﬁ;ééé§§%@§&4&%£Q%%9%%%ﬁ¥é¥%ﬁéCta @ng
By K©{ ¢ Pe ADEZn stthe cFeiTelrican esehecitablef nivder dntbridimes

right i _ ,
ghich allow the vector to be replicated and maintained

tch

in yeast cells in vivo. Yeast elements include a
centromere, an autonomous replication sequence, a pair
of telomeres, yeast selectable markers, and usually a
bacterial origin of replication and selectable marker
for replication and selection of the YAC vector arms in
bacteria. DNA inserts of up to at least 2000 kb can be

cloned and maintained using YACs.

XENOMQOUSE DEVELOPMENT

XenoMcuse is a mouse which has inactivated

mouse IgH and Igk loci and is transgenic for functional
megabase-sized human IgH and Igk transgenes. The
generation and characterization of XenoMouse has been
described [See Mendez et al., Genomics 26:2394-307
(1995); Mendez et al., Neture Genetics, 15, pp. 146-156
(1997); Green et al., Nature Genetics 7:13-21 (19%94);
International Patent application WO 94/02602, by
Kucherlapati et al., published on February 3, 19¢94].
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YAC arm carries expression cassettes for the yeast

sel ectabl e marker LYS2 and a manmmal i an sel ect abl e

mar ker Neo, encoding resistance to the drug, (418. The
latter is non-functional in ES cells as its pronoter,
10 M Ml (nouse netallothionine), is probably )

non-functional in ES cells. In other cell types, the
MMI pronoter drives transcription at only very |ow
levels, if at all, under normal physiol ogical

conditions and requires heavyznetals, e.g., Cd, for

hi gher | evel transcription. 15 Indeed, ES cells
transfected with this construct never becane

resistant to even |low levels of G418. B-CELL
DEVEECPRENT B legl )y deied opniexite | g eh atieset hohkeolfokey
TR EQWL ! Iy 2 del eld anal r gecanbi nati en. be d
20 J ggnes. Subsequently, 5&1 gengé%eggﬁ‘gi%gﬁ\%mgﬁgtgﬁgs
DI ecppbiaRd iVRJ, Whieh ¢mbryamser $bed, cptdducifog lawed
sBli gedmYRHU draselid Plon |+ t{}?etxﬁgx@é%‘{bﬁ% bRgl N
frame, then a p chain is synthesized upon translation.
Serpbaglen taly qpshiaral iy rfedrce/, mDde; whiecbnbirrat i on
ARGn22 SUECESRIU I A 11,00 P, Shai powi th

sur}noggtée I'i ght bc al nl, t tgf‘f%&%igﬁggghé?# 6&8)‘ Such
reaceange tingiarapland D nyeirg segueat EgH SandedgkukhBins
cehly devghapment di 11PORE- B TG ip B
cells exg)r e?;ilaang I gl\/ékg}grlr?g%bé:@%% ?ﬁ‘éé%@#‘{“gi‘ﬁr gcg.hel rkfone
t mermouset 5% ofratheeeRel | stBPe expEesen!| ghKali nNeherre

h at:! .a.%pr(;/xi tel.y % E%{]e B. cells_express |gW
it ’ . - ;

2% ArTlihéé’e’l g1 g?)odulc% %)l Bpfcge S f%?%??h%ngrﬁﬁngovgts' J-
| BwpnelMeeper Udis:el end( @38 )0y M i i Neusan Vegll anee 1har
r%ggni tci orrke%{ r_)for e{_\!%&]aﬂntl ns. Jrnf_the nmouse or in
hiftang, CERESS I"gMproducin Thit sSCREAMSEBRE§ueEF§
introduced into ES cells via yeast spheroplast-ES cell
fusion [Jakobovits et _al., Nature 362:255-258 (1993)].
After germline transmission and subsequent breeding’
onto the DI background, the human IgH and Igk YAC
transgenes, yHIC and yK2, were able to functionally
substitute for their murine counterparts and support B
cell development. In addition, these mice produced
fully human IgMxk and IgG2x antibodies, and ultimately,
hybridcmas secreting antigen-specific, high affinity
fully human IgG2k monoclonal antibodies with

therapeutic potential were generated.

THE yH1C TRANSGENE

The human IgH transgene, yH1C, is composed of
66 VH, all the D elements, all J elements, Cp and C3,
all regulatory elements, all in germline configuration.
By using homologous recombination in yeast, the 3' end
of yH1C was appended with a 22 kb fragment containing
the human v2 gene, including its switch regulatory

elements, and a 4 kb fragment containing the mouse 3
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5 undergo isotype class-switching fromligMto the |1gG
or IgA ,or IgE isotypes. The frequency of class
switching increases during an inmune response. M ce
and humans each have genes for four different

i sotypes of 1gG They are Igd, Ig&a, |g&b, and
Ig& in the nouse, and 10 1gd, 1g&, 1gG3, 1gHA in

t he hunman. Humans have two |gA isotypes, |IgAl and

| gA2, and one I gE isotype. _IBsa_ nouse, there is, on
average, 6500, 4200 and 1200 pg/m of 1gd, |gQ®2a,
and | g&B respectively, and 260 pg/m 1gA In the
human, of the total IgG, about 70%is 15 IgGl, 18%is

LR 3 A e im0k, L il g
EBN@I%EG:(L&NM BcuueESinsctl@wene @éowlypela havbereby
gunctﬁ%yaég;%b e é Pns dgycbegt gggeggﬁscagrles

on are refl st1nc I fensi ona
stmHSﬂuunfqussduxa&uﬁmmsthanﬂa@gtoSeléqtabbEypesker

P5ee) T Ea it SN g e e LRRY np pg 2 28

E@mlym@$<$Hmrmaauﬁxnﬂbs$u@@npaeaehtesnédratbd esiss or

1&%%31%6@%%%? SR UlaE 255hol PXhCLLY oLADRR). and

have . I| “0or no nomn et &ctor
h@mxannNEOJEﬁnqnﬁﬁnqnmb$1$xanéénkelhhﬁ dFugdaféaBal The

I 7 ce.d e
SPESRR Y i i Rn£B 11808} ce BLPRES (L peRopcer,
MGt V(pesysd tnd st hwtleforeneesi ¥ abpeobabbyg 80nalfuactaonal
sot -t [Walel S [ [ he
3 5 GiRice S T (72} SpB0p DY, pERE) M pYonficd:
eiavgse, tidnscmpht ien desi eyt vengul pdl Legedscytidkiate
r.aspon 2 of r o nkh ;
T A T ook G Y et bhee P capHEEeRhe epfNEh R res
heavy metals, e.g., Ccd, for hlgher level Lranscrlptlon.

Indeed, ES cells transfected with this construct never

became resistant to even low levels of G418.

B-CELL DEVELOQPMENT

B cell development initiates in the bone
marrow with a deletional recombination between a D and
J gene. Subsequently, a V gene recombines with the DJ
to make a VDJ, which is transcribed, producing a
spliced VDJCp transcript. If the transcript is in-
frame, then a p chain is synthesized upon translation.
Similarly, and generally after V,DJ, recombination and
successful pairing of the p chain with surrogate light
chain, the Ig light chain loci rearrange their V and J
gene segments. Successful B cell development in the
bone marrow results in B cells expressing IgMxk or IgMA
on the cell surface. In the mcuse, 95% of the B cells
express IgMk; in the human, approximately 60% of the B

cells express IgMK.



10

20

25

30

lg&A mght be desired. On the other hand, if the 5
killing of a cell via binding of a raAb to an antigen
on the cell surface is desired, then a rnAb such as

an 1gd, with its specific effector functions, either
ADCC or CM, is desired. Thus, a transgenic nouse

engi neered for the generation of fully human

nonocl onal 10 anti bodi es woul d be desirable to contro
the isotype of the resulting goqoclonal anti bodi es.

In this case, one could sele@t a particular antibody

i sotype by inmmunizing a particular transgeni c nouse
strain which produces only the desired human anti body
i sotype. Su ' wou e that any resultin
ant i gen-speglp‘fe%% rﬂggfgpm&bésl‘g%ergigé p%%gg s??fyw% a%%iPea%arY
efffrector répactiodms. arthie ot jprechedsusubseharat for
re-engi | ng cof: th ant i .body gene_to, change the_ .
6%%%? n?ggégi%g Fé%éiﬂﬁm?n¢%%§#%bla%?oﬁhch%H?%g?ro?n
thenaas j abheseediodih parediudien @B | cgal 5 onanf sshsdaiehtly

region to. si red ene.._ln_one odi t of

téﬁ@%ﬁ%@eﬁ%gﬁxggngﬁ&{ég%éﬁgéﬁﬁ%sC§r8%ngggng?EEH§F§€§ or

hig@an ¢ gHIYBCL sOyZpess B abedgbynanodhiecl £k genetching

Fo e,y Lnstead of the 22 kb fragnent carryin

T CERBRL Caur IR 8 Jo e e Ra b £ noF b “Eh0Y higns

hemeln CkHvgepesecodlod euwt ahefiferatd fbetypegedbfnggs.

vect or _of ez [ . Mendez al ... Nature

Rl a2 BE3E” 18 oy P et uren &1 thigaihEe, ena

hbey@l betgG8eqlignced Igid cian tiee ilsahated Hémans have two
eri I a_libpraries hyunman noni ¢..30

an% s£%§gg§§§f|3g?gc5$%fe Z%% E%%ﬁl Fag n%%ogype‘DN%n a
te 20LRBrkb isSeon]) aWeE ¢ sofSe0, ak200Naptiel 20Acirggml

ahow

R T S e S R VA I SO L s
efgA. In the human, of the total IgG, about 70% is
IgGl, 18% is IgG2, 8% is IgG3 and 3% is IgG4. 1In the

total IgA in humans, about 80% is IgAl.and 20% is Iga2.

EFFECTOR FUNCTIONS OF ANTIBODIES

Different isotypes have different effector
functions. Such differences in function are reflected
in distinct 3-dimensional structures for the various
immunoglobulin isotypes [P.M. Alzari et _al., Annual
Rev. Immunol. 6:555-580 (1988)]. For example, the
human IgGl and IgG3 isotypes are involved in complement
mediated-lysis or antibody-dependent cellular
cytotoxicity (ADCC) and the IgG2 and IgG4 have little
or no known effector functions. [Snapper and F.D.

‘Finkelman, Fundamental Immunology 3d Ed., pp. 837-863).

Since different effector functions are associated with
different IgG isotypes, it is therefore desirable to be
able to select the isctype and the binding specificity
of the mAb to produce optimal therapeutic benefit. For
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al., Nucleic Acids Res., 14:1779-1789 (1986); J.
Ellison et al., DNA, 1:11-18 (1981) the disclosures of
whi ch are hereby incorporated by reference). 5
Simlarly, the sequences for nmouse Cyl, Cy2a, Cy2b,
and Cy3 are all known [ See H Hayashida et al., EMBO
Journal, 3:2047-2053 (1984) the disclosure of which is
her eby i ncorporated by reference). CLASS SW TCH NG 10
Class switch reconbination (CSR) fromlgMto 1gG IgA
or IgE is nediated through a el &tional reconbi nation
event occurring between tandemdirectly repetitive
switch regions present 5 of all IgH constant region

genes xce Wi t ch Jegions are 1

c&§HFES 8 oﬁftﬁbnvgbrdhn ?% et? %x%grgnézeaasgy%orlne
dk@%@bn&%p@ﬁh&ﬂkkﬂnhﬁdeby:tﬂwstyedfrepeatepsequthes a
Enhan and ¢ nse sequences

CBARTaS RSO EPRISTs SPRUERCES AT SgER0pY an
ougs%raﬁ@mm|ﬁa(n§ﬁlmﬂduuumm , thecatrdri hmedi ati¢l yh20

t he wnstream.i nverted repea nouse . Cyl
Kid Hiag Hde T SE Fnb BRa: wh, taF aFP YRt agn on

Mt@he b&&llélsZﬂrﬂafkfel {49983 )red) sbherqai mad |551C|hEms am

h \ ted b -
B R e S
2 rexnL,t o d hie eintk ®f tmmUﬁ;geaetraﬁhgsnﬁtam&msept is

processed EP&%Hﬁ| ?I%%ﬁ%f% fﬂg %%F gﬁ %Hég{%gkoclonal
TmmmmnquQSNWOulmchgﬂdéﬂerahﬂéchoregnﬁmoﬂstmequbp¢¢pe of
(255 S o SERTRLT AL RO UE U, A SR, on
s&quﬂnte&kﬁeWWac@afwecubablantybadalhamnynHWMﬂthe
Gelrr]nkl)rfaur})kizdiar}gabaaspeargzcular transgenic mouse strain which
produces only the desired human antibody isotype. Such
mice would ‘ensure that any resulting antigen-specific
IgG mAbs would possess the desired effector functions.
This would preclude subsequent re-engineering of the
antibody gene to change the constant region including
the isolation {(cloning) of the variable region and the
ligation of said VH region to the desired CH gene.

In one embodiment of the present invention,
the sole Cy gene on the yHIC human IgH YAC, Cy2, is
replaced by another CH gene. For example, instead of
the 22 kb fragment carrying the complete human CyZ2 gene
other inserts carrying human CH genes could be cloned
into the targeting vector of Mendez et al. [See Mendez
et al., Nature Genetics 15:146-156 (1997)]. The human
Cyl-4 genes have been seqguenced and can be isolated
from bacteriophage lambda libraries of human genomic
DNA and subsequently recovered on EcoRI fragments of
about 20-25 kb [See J.W. Ellison et al., Nucleic Acids

Res., 13:4071-4079 (1982); J. Ellison gt _al., Proc.
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In the nouse, different conbinations of |ynphokines
and activators have profoundly different effects on
class switching fromlgMto individual CH genes. For
exanple, in vitro the conbination of LPS 5 and

i nterl eukin-4 induces class switching to 1gd@d and |IgE
and suppresses switching to Ig&b and 1gG&G. O her

| ynphoki nes affecting CSR i nclude but are not linmted
to, IL-5 TG--[3, interferon-36 -These | ynphoki nes are
secreted in vivo by helper cells such as the antigen
10 presenting T- and follicular dendritic cells in the
germ nal centers of secondary |ynphoid tissues. These
Nagaholdaees. nbdul aUBAL r dAsdPBEtiLER Sof(1EREN r 1Ses piovedi B

CH L t o ,CSR, bl h h ivati f
B O LRt R PRacr Brohot ar. 1Hae bidan &o5bla o’ 15
rRspese et eabnf DNAL he :tmudd Qposh )prbhroters dlasuresn of

ped. [Rathman et al . Int. |oounal. 2, pp. 621-627
(TH56) |37 THeS T SHEROREREPPEEFERs PYeness s tile human
swirtiche ¥ @i otisei segoknyes derwelbliseharact €rvi2zaed Gab, and
that of t use. Ebme er,. the different hu
S AT S S0PREB oA o P ey RS SaEhr Brert L0
rerapanses 3o02daffeoent (1llopgaphakieneld sand sactel wet oitsich is

his may.in Eart ge tge sgyE%ec%f the different
ﬁ@ﬁﬁ?ycﬁnTﬂ PPEE§0bEFadSeS e Human ser um

NON- COGNATE SW TCHI NG 25 I n view of the real and
possi bl e di gng' I onsi veness of nouse and

human S regt ; ely, to | ynphoki nes and
ot her activalass, siwti tchs réesimballag itom HAB&R) from IgM to

t er ol ogous Lt ch regi.ons ntrallin i hunan
%?’bo%‘flﬁp?ﬁdggﬁnést Pgﬁs}gaétrﬁdc%%ﬁorlﬁ%ge.a oeﬁée%xlé)n'pﬁ e,

I xpdomisihéei onsevabundacth roliags beft welegpGtiamdere dmoueseE.ly
l%eﬂétk@?&@ g&%%ckhQEggggéxy}éggHy 5' of all IgH
constant region genes except Cd. Switch regions are
known to be composed of the I promoter, the I exon and
a set of direct repeats flanked by inverted repeat
sequences. Enhancers and cytokine response sequences
are known to lie in the region near the I promoter. At
least one transcriptional enhancer, located immediately
3' of the downstream inverted repeat, in the mouse Cyl
gene has been hypothesized [J.P. Manis et al., J. Exp.
Med. 188:1421-1431 (1998)]). Also required is iEm, an
enhancer located between JH and Cm. Transcription
initiates at the I promoter and proceeds through the I
exon to the end of the C gene. This transcript is
processed to yield a non-coding sterile transcript with
the I exon spliced to the CH exons. Transcription
through the switch region is required for class switch
recombination. The human and mouse Sp and Sy regions
have been sequenced, the sequences of which are

publicly available from the Genbank database.
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- 28 .fromhuman Sp regions to nouse Syl. [Taylor et
al., Int. Imunol, 6, pp. 579-591 (1994).] Using
standard tools of nolecular biology and the

wel | -characterized and cl oned nouse Syl sequence

[ Mowatt and Dunnick, J. 5 Inmmuno., 136, pp; 2674-2683
(1986), Cenbank accession # ML2389), it is possible
to engi neer a DNA vector having the nouse Syl
functionally linked to a humgm CH codi ng sequence,
e.g., human Cyl. Included downstream of the human CH
codi ng sequences woul d be a sequence 10 enconpassi ng
t he nouse 3' enhancer. The nB8' E sequence could be a 4

kb Xbal fragﬂeﬁﬁeoho@s%QOdQEfEE@dt domag iertionlotlF of
whi ch enconpass the core DNAse

hyper se Sltl
slyeBhokisres  anga@ichv36H o8t sﬂave afryofoyn |Vm%ﬁ3|er8§f
p@fféégg éﬁoﬁl%%%g%hat%%hhgriQ%nEH o limdividual CH
| munobi ol 198, . 236-248 (1997)]. By having 5'
agenes- ff@ﬁk.eﬁ@m@éﬁm ddy ‘*tlérwi@eaﬁdm%ﬂaﬁﬁn%lp PifatEs

sgl gct able ) RRKel . Si%‘alﬁc%sv%qta%rs Cs@ﬁt%ﬂrr%cmgﬂl |a|'1hd
Vivo in yeast to replace the human gene on yHI1C.
YAGE e agin 68p@d €S etshiss! L 1nsu [t rIéﬂa’ﬁth it é[&G%I | O&Ihef

29¥RBEO¥ QHufy%cﬂ%n@ & 1Go1 e WG aRUthoaouliGhi ted

imeric CH gene: the nmouse Syl el enents woul d
coat r 6L- 5swﬂﬁﬂnﬁmlﬁﬁ@mﬂﬁH%mW1gM?Qﬁ%%éU@mM%ﬁ¥E§mare

hgg@n}egjﬁx sqadlmég;ym%%r I% @not hew, endbadidrantt i dhe

codi ng sequences, including all of the
eroRs eh6ri nghd s emdetied 1 1avd are s el Dourfer Yot g dine

tﬁsrﬁmgﬁngje@{ﬁ%fsema%e&&waan NeSndiman: Gudene tHdke

uman sequences control CSR from C'
téymneoérem Mﬁl@rtegetr@nsqrtlp%l%% §HT tIRSAEREP Y

S%ﬁug%%% ?Jr%o%tf% %gf@ wlo%a%hmm@oﬁmegcﬁwm&l of
sequences some of have
the correspondlng I promoter For example, the IL-4

response element in the mouse Cyl 1 promoter has been
mapped. [(Rothman et al., Int. Immunol 2, pp. 621-627
(1990).] The lymphokine responsiveness of the human
switch regions is not yet as well-characterizzd as that
of the mouse. However, the different human switch (5)
regions may also have different responses to different
lymphokines and activators. This may in part be the
source of the different levels of the IgG subclasses in

human serum.

NON-COGNATE SWITCHING

In view of the real and possible differential
responsiveness of mouse and human S regions,
respectively, to lymphokines and other activators, it
is desirable to have heterologous switch regions
controlling CSR in human antibody producing transgenic
mice. For example, Igyl is the most abundant class of

IgG in the mouse. It is known also that CSR can occur
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| onger tandem arrays of S repeats may be | ess stable.
It is also known that CSR in transgenic mce wth the
- 29 human Cy2 gene is efficient and generates high
serum levels of human 1g& and results in efficient
production of fully human 1g& mAbs. Thus, it may be
preferable to retain the human Sy2 with their
favorable 5 stability and in vivo response to antigen
chal | enge while engineeri rRg28SR to occur to anot her

I sotype, e.g., either Cyl or Cy4. To acconplish this,
a vector wth the follow ng el enents woul d be
constructed: 5 honol ogy | ocated between human Sy2
anobrt Heirdanmein Gy ildn € ok ngoesenSy] . al faghorCeltgede,

of her 1han 2,-the € 3 er,..a.yeas
te’ctltérg?uen%r & ,p%'ngggé >Thr gieq??ﬁg'ao%f‘%aysittﬁnfjﬁgd

YAG lar o ff axo lexanid . bSbdg @ anvéctioe wolldcheracterized

i ntroduced,into yeasts carrying yHLC and  targete

AR DA SO o e SCRLEAGH MM I5t cEPeeREgRiFE, 7

sheulsb be uglensd oogk1hadcé® -t hese) , exanBLa% HBB¥ssion ¥

variations can be created be one skilled in the art

aHEP 387 theses Sampiiete afe ARYIReaRt at BNA| Neréarehaving
tihat ddiese §Vle'ﬁJ}ﬁ:@eraDCPé%n§iﬁQe§CBbeé!ehhfﬂgn endcehiiadg

t ransgeni ¢ nouse havi ng driven by 20 heterol ogous
SYBHGIY. THE ROUNTE ENHANCERS v AedddPrpsrregmsol the

NRGONTH UG Seqi &Gl At Q6 Y] &l 88BAL Scgli8nkBOWN tO
be or may be required for CSR The requirenent for
i TR TP gt iR 25 APRINCER- enhBRcBR ' Eegairedce

fefuexpessi onwixwmor nedz ghevel sr0hd bg6 hassheen
hypot hesi zed to be between the 3" inverted repeat of

G0 AfF e RACRAGRCOTRFSS BRRaftEF ONGEE Be
Gopseraeatk i it herc &s, ge9eszin[bALiavach et al., Eur. J.

Immunol. 21, pp. 1499—1504 {1891); Petterson et al.,
Immunobiol., 198, pp. 236-248 (1997)]1. By having 5' and
3' flanking homology to yH1C and an appropriate
selectable marker, such a vector can be recombined in
vivo in yeast to replace the human Cy2 gene on yHIC. A
YAC engineered in this way would retain intact all of
the VH, Dy, Jy, C,, and C; of yKH1C, but would have a
chimeric CH gene: the mouse Syl elements would control
switching from human IgM to the downstream human CH
coding sequences.

In another embodiment, the human Cvy2 coding
sequences, including all of the exons for the secreted
and membrane-bound forms of the C, gene are replaced by
another human C; gene. In this way, the human Svy2
sequences control CSR from C, to the downstream C, gene.
It is known that the hSg2 sequences are stable in yHIC
while other human S sequences, some of which have
longer tandem arrays of S repeats may be less stable.

It is also known that CSR in transgenic mice with the
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mouse and humans and this interval should be retained
30 in any vector designed for CSR via heterol ogous
switch sequences. [Elenich et al., J. Imunol. 157,
pp. 176 30 182 (1996); Cunninghamet al., Int.

[ mmunol ., 10, pp. 1027-1037 (1998)3. Al so inportant
is a cluster of enhancers 3' of the Ca gene in nouse
and humans. In the nouse the 40 kb regi on downstream
of Ca contains 5 four enhanc el enents, hall marks of
whi ch are Dnase | hyperseﬁs?%rVe sites (HS). These
enhancers are in 5 to 31 order: HS3a, 4 kb
downstream of Ca; HS1,2 (known in the literature and

i n thi pplication as. n8 E),_ 1 ' ; 5
RpTgn gyﬁogeqﬁ“%§{§€¥%%%e%i)$%§§g§§%§%¥8%2§?ggﬁgg?ug
H@?i@,lsa@g &Fﬁﬁmrﬂaﬁ?&lsaare@&mwlm im efficvantd B

cells and p ell.s. HSA is; Lve o t r
e T e e T e
25 etffee appEC tYAG dtaciks S ranthiye$y3uppbht sheeff Fevengble
B cel l. devel opnent _in mce. Together,, these

Slitetantid Yo &1 Act” SYne? of STHTAP yt?oa%Eﬁgﬁ%eC%gllenge
Rﬁ@?&ﬁ#d@ﬂd@bﬁﬁ%ﬁ;35§fmwmméﬁﬁfzed t¢notbem asbogps,
control region or t | gH | ocus
furfans € Eﬁé§5%%éﬁgﬁﬁb%the ?z%ﬁc?ﬂgglFhgpgggzeggggCtor
ggQﬂﬂﬁﬂﬁﬁﬁd%f$WHﬁé!éﬂbﬂfntﬁewbnﬁﬁvbduabnbﬁruntbﬁs Thé
uni npaired activity of these gl enent
Faglia Koo ok S e Eon R s u Rt A g, pBfan cv2
%merl’p\l/jbaégbn gléﬁﬁmiglﬁ%éﬁeeoﬂhﬁr MhenhsCgR,althe J.
p. . : - : 998) ]. 2 ! t
FIS 0 s GV Bnrander ot 280 FCERPECaBEY P B 37
?éﬁ§é@m$;&mmm&m@ﬁ_hnnbhegnms aton domsemsoplei-ndiSngh a
domml s 180 §NSNSELLPLAONCRAFLO0S 8UER 28 r2Tsho"3R1be
and targeted recombinants would be selected and

screened. It should be understood that in these

- examples many variations can be created be one skilled

in the art and that these examples are not meant to
indicate that these are the only means to achieve the
end of a transgenic mouse having CSR driven by

heterologous S regions.

THE ROLE QF ENHENCERS

In addition to S regions, other cis
regulatory elements are known to be or may be required
for CSR. The requirement for iEm has been mentioned.
Also, an enhancer required for expression of normal
levels of IgG has been hypothesized to be between the
3' inverted repeat of mouse Syl and the Cyl exon. This
enhancer could be conserved in other C. genes in the
mouse and humans and this interval should be retained
in any vector designed for CSR via heterologous switch

sequences. [Elenich et al., J. Immunol. 157, pp. 176-
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fragnent. [Dariavich et al., Eur. J. Imunol., 21, pp.
1499- 1504 (1991); Genbank accession 4X62778]. The 3'E
30 in the nouse is oriented opposite to the 3'E of the
rat, suggesting that |ike other enhancers, its
function 1is orientation independent. However, the 3'E
has been - 31 shown to have position dependent
activity and enhance transcription nore effectively
when positioned further fromghe pronoter. Gene, 136,
pp. 349-353 (1993). It is known that a 4 kb Xbal
fragnment enconpassing the 900 5 bp Stul fragnent wth
HS1, 2", positioned 3' of the human Cg2, gene, can

Lgrgpo(rltgééR afich i 9fhAheVvet 8xpresskon ahunkd® i1, pp.

transgenic mce [See. Mendez et al., Nature Cenetics
1921146- 056 (h%%@b] Fhgo| hERPEEBRtof Sads AU ST Gt er

Q- ¢ dsegtaE 3n kERsean @bhﬁﬁéh% .l ass
gm(ﬁ%nc%%so p O%ohntéhggG |goty s (1 g(sa2a nI gG3, 1g&2b)

driee Imswe @a@r%%sk}enregl@ﬂhépyn(srcgefm P§AF contains

QUi ousiyandde < PERBRES! B8R LS KEXBRESSEEHIGRR ArsGe T
cone under the <control of the LCR the PGK-driven

exrasss vl A5ve onstefict HP S - doWheFegBPAREF S&fd 2&&n e '

qu r?‘g%larﬁ@g 'I@SBé‘CthVQEegans@%lelaﬁl ¥ Bo;Maizs 2€t(known
a . 88:1421- 1431@&1998)] ThUS

‘NH:&h%n%g%ﬁé%tuégrﬁyﬁngnathlﬁaﬁp 6F@§§P@na§oﬁ§iﬁUct 15

drd ven by dhe nsthopg ¢ensti bt ke RReMEsar, RGK3oMi 3
construct 3' 20 and adjacent to the nouse 3'E core

cQJﬁ]qufUctHfébO?)f bPS3&y uRRA B 3kaprhengdy STPIFERICR o1

sgreef £ 8 YAGS11Bahnghgve skt egnatsed inwao 1tsh%c5‘_3_.\£e9|dver
genone wth concomtant |oss of the PCK-G gal

66M%t¢®%¥seTﬁfsBcﬁﬁllb§e§@é8ﬁﬂﬁp§heéqﬁ/#ﬁjﬁﬂﬁﬁﬁﬁft1Y
péw@ér%ime(é%sgahe Qu1by Y2T 3Jeuihemnsdlois yrohatdports

V%%Pﬂéfgné ngelg development in mice. Together, these
elements can act synergistically to enhance
transcription and are hypothesized to form a locus
control region (LCR) for the IgH locus in mouse and
humans. It has been hypothesized that there is some
redundancy of function of the individual HS units. The
unimpaired activity of these elements may be required
for CSR although HS1,2 and HS3a are separately
dispensable CSR [See J.P. Manis et al., J. Exp. Med.
188:1421-1431 (1998)].

HS1,2 (3'E) was the first discovered enhancer
of this set. The HS1,2 sites and sequences homologous
to consensus binding domains for transcription factors
such as AP-1 can be isolated on a 900 bp Stu-I
fragment. [Dariavich et al., Eur. J. Immunol., 21, pp.
1499—1504'(1991); Genbank accession #X62778]. The 3'E
in the mouse is oriented opposite to the 3'E of the
rat, suggesting that like other enhancers, its function

is orientation independent. However, the 3'E has been



10

15

20

25

30

| MMUNOGLOBULI N MEMBRANE EXONS Two fornms of each |gH

i sotype and class, secreted (s) and nenbrane (m, can
be made by a B cell. 1g(s) and Ig(n) are synthesized
t hrough alternative 30 splicing of IgH transcripts.
Two nmenbrane exons lie 2 kb downstream of the CH3
exon of each human |1 gG gene. 32 Encoded by the

menbr ane exons are a hydrophobi c transmenbrane
sequence and a short approximgtely 3 amno acid
cytoplasmc tail.' Alternative splicing from CH3 to
the first menbrane exon results in nenbrane 5 bound

| gG The nenbrane bound Ig interacts with other

pEHE%hn%d'%éJBaﬁ%é¥¥ﬂon‘Hébenééﬁ% é@@l@PQYQQ4§ e P8

others, to forma conplex called the B cell receptor

( B@R}lsmatpﬁ@rbdm ebfecihraly twher dees i bhoneg nﬁmh@her

ext racell"ul’ar envi r onnent
ansi gaowrprdsentd g deliszl cﬁnaq;feamtte)ns@rgmwsing the 900

g”%%‘it 'f‘%‘}z 0 S v?x&?af%%I r%”?fij?‘{{t%‘ §he05 e human

ds to actl atlon S an i mat
eCHicigemte ,affamisypparat WGIR | amd atmdclgelﬁveulal eﬁseneemon of

AR QT g o1 ARt B by F nerel ot MERE R

n&ydaﬁmta(iﬁrﬁ4ﬁ$&56261$%ﬁ ]proceSS|ng of and
presentatioq, en fra ne ecul

presentatlonlfg iﬁgléﬁl%ﬁﬂ? Cfi%?%% p5?$?£$gn{§§6{oihto

ashermioyls@f TayH Lm'ctIL@mad:arB%rSga*equa:I&slsfsmlanhing to

eff|C| Qr secondar y., i espon The
h3ran éﬁhlﬁ%D ane gl ﬁéahai %% n@%@ﬁ?g HS %fth
t hepmtdmerloaormﬁ)rremesrsmf 1¢el BCRyAY esud:trngushy, athe

CRLARIL:G BARJ Nal s MRY, NOLs 84 998 351 €51 LGhENEL ¥e BStne

control of the LCR: the PGK-driven expression

grem = ﬁﬂcb@eé/ r &gh 8 q3éh§3é9%§%ﬁﬁgﬁgfﬁ%%ﬁ‘ y Lheq

construct is down-regulated and can be up-regulated in
activated B cells [J.P. Manis et al., J. Exp. Med.
188:1421-1431 (1988)]. Thus, in YAC transgenes
carrying a B-gal expression construct driven by the
strong constitutive promoter, PGK, with construct 3°
and adjacent to the mouse 3'E core construct (9S00 bp
Stul), it may be advantageous to screen for YACs that
have integrated into the ES cell genome with
concomitant loss of the PGK-f-gal construct. This can
be accomplished by PCR using primers for R-gal, or by

Southern blots probed with the P-gal gene.

IMMUNOGLOBULIN MEMBRANE EXONS

Two forms of each IgH isotype and class,
secreted (s) and membrane (m), can be made by a B cell.
Ig(s) and Ig(m) are synthesized through alternative
splicing of IgH transcripts. Two membrane exons lie 2

kb downstream of the CH3 exon of each human IgG gene.



25 that of the nouse. G Pluschke et al., J.

| mnunol og.  Met hods, 215, pp. 27-37 (1998). A human
Igd construct wth all of the human exons encodi ng
the secreted and nenbrane forns of 1g@ was inserted
into the nouse [gQ&a |ocus such that all of the nouse
Cy2a exons were 30 replaced and CSR to the human
codi ng exons was under the control of the nbuse Sy2a
region. Chineric human 1gGl- (3wuse VL' J- human |1gd)
was expressed at |evels 33 100x |ess than nouse | gQxa
and antigen specific mAbs were not recovered. Thus,

al t hough class switching driven by the nouse Sy2a did

OCEtktodddiebnot hal merbBYyaae éasn@naee\/\@s h@@ﬂf@p@@b&&d
Alternatlvelé exons codlng fog secreted human
et Al R

havee hUbHERac t oeHBpN&Ee® éteﬁaﬁg%ﬁ&@&@&g t3he

se@mﬁt@daéoantptoﬁmasmtgeall Thmt@%%ttﬁv@t SRNAGUERd from
heavy chain gene thgﬁ cont ai ned al
a7 g&f

h I
T hesh b EkbRe. FEFOSaDRee 56 Wt Fegtg ane

5 dqmsrtcn EBdIG [TDU‘SBe nﬁahbaaﬁeeb@nﬁdl@ gl rih&@trac@lsasﬁth other
SMAtChIn moulg a% en driven_by the nouse
he BoGR

r &gt st i@h%r rgemﬂuv d 188 nmd§8e2pd ﬁﬁW&h yAmong
Chﬂtﬁ& Jrots et &y ( geabmpl Bxt B3 1bHARSGERI ¢ 1MOUSRedthe
L4 el s oL hume, Lol vere caul vl ent (L0 TOUSe g
dr@f/ea:etfig@melﬂy thass swytiehi Bg and tthe MU aydUGh the
1o EIBLAE, TS, o2 tunction wLin ol Leagt the e,
feréﬁémhmﬁgOﬁeDisanthgemeSﬁetbfB@gﬁéﬂstré&sbmcdﬂwh
DCBY1 98, SO0 LUk ol el g L9 mits vl 20
thefseméemedeibsnaﬂﬁ humanaCylly efferikhesa frrasulttys,
aQné{EEE%lggtagé ggrmlnal center formation in the
15 secondary immune response.

Additionally, binding of antigen by the Ig of
the BCR may lead to internalization, processing of and
presentation of antigen fragments by MHC molecules for
presentation to helper cells. Clearly, efficient

20 assembly of a functional BCR is required for an
efficient primary and secondary'immune response.

The human IgGl membrane exons may not complex
well with the other components of the BCR, resulting in
a chimeric BCR that may not signal as efficiently as

25 that of the mouse. G. Pluschke et al., J. Immunolog.:
Methods, 215, pp. 27-37 (1998). A hﬁman IgGl construct
with all of the human exons encoding the secreted and
membrane forms of IgGl was inserted into the mouse
IgG2a locus such that all of the mouse Cy2a exons were

30 replaced and CSR to the human coding exons was under
the control of the mouse Sy2a region. Chimeric human

IgGl (mouse VLJ-human IgGl) was expressed at levels
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Cyl exons, coding both the secreted and nmenbrane forns
of Cyl, and functionally linked to a human I gH | ocus
25 (Vs, D;,, J." CP, Ca and Sy regions) nmay function
sub- optimally because of inefficient assenbly of the
menbr ane- bound human 1gd@ may not yield a fully
functional BCR Thus, it may be preferable to replace
the human Cyl nenbrane exons with those from anot her
30 isotype known to assenblexfficiently into a
functional BCR Such exons may include the nouse Cyl
exons or other nmurine C nenbrane exons.

Al ternatively, the human Cy2 nmenbrane exons woul d be
expeet Bds § ot hamchooBe- 1342aweht iantﬁ.benB@Becﬁr‘tihemAbs

nouse because the Xeno has, hi h | eve

e R RSt e ook NS FonbgRpr kR el Ping

adt 1 @em - EpeﬁhélﬁoﬁﬁbsseﬁﬁldhénbbyurThuhe hbemaluitamune
2 nmenbrane exons coul d . be £¥gctio allggllnked 51to

tHeSPRIED P CPRPERRIEROns. ATHEXBEGASH f 51 coting
ﬁﬁmr@\@@r@x@asmﬁaknmml( Xa284Bekar ubyb tABRR@IATef @nly
hé%% VECTOR CONS UgT
LA EREORIIG TheSREratad T8 ProdabstodeF i ne

%ﬂ:t[ %I-B%ﬁwmctgpeoaheedyhulelnm@r ithegseqhencs afhadln
0 e huma - as. ntrons and fl ankin
CReiT ot heh  Fabréirene 1 T EPE bhfany BhpRt g i b eed
AE@@S Res. witB: 4R€1d40R9t2882hpude Hehbsaneetexalns,

Pr oc. USA

S%hek b 1aF . CRAEEBIBIARPHES RETS, DFAI P9 E B0 he
(A886¢ ; sy1 Ekbiisns. et MalbyaBRApoubdl Igl8ofleB8be mhaise V-
e R (AN T LA TR
napped, et ket serunallkyeasdod harget ilgGl were equivalent
to mouse IgGl in normal naive mice. Thus, the mouse
Syl can drive efficient class switching and the mouse
'IgGl membrane exons can function with at least the
human yl CH1-CH3 exons. The authors did not test the
mice for production of antigen-specific mAbs. As in
the previous construct, the resulting IgGl mAbs would
have been chimeric: mouse VDJ functionally linked to
the secreted form of human Cyl.

Given these results, an intact set of human
Cyl exons, coding both the secreted and membrane forms
of Cyl, and functionally linked to a human IgH locus
(Vy, Dy, Ju, C,, Cs and Sy regions) may function sub-
optimally because of inefficient assembly of the
membrane-bound human IgGl may not yield a fully
functional BCR. Thus, it may be preferable to replace
the human Cyl membrane exons with those from another
isotype known to assemble efficiently into a functcional
BCR. Such exons may include the mouse Cyl exons or
other murine C membrane exons. Alternatively, the

human Cvy2 membrane exons would be expected to function
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20 vector to be constructed. One such vector would

contain 5 honol ogy upstream of human Cy2 CH exon, an

expression construct for a positivel/negative

selectable nmarker in yeast (URA3), a direct repeat of

the 5' targeting honol ogy, sequence containing the

human Cyl 25 exons CH1-CH3, and 3' targeting

honol ogy. This vector would be transfected into

yeasts carrying yHLC and honalogous reconbi nants

positively selected on plate Iacklng uracil and then

screened by Southern blot hybridization or PCR to

test for the |l oss of human Cy2 30 CHI1-CH3 exons and

tbslﬁogﬁomea@mgw e MOBRL Ybcalhh- GhB. xNG8ouse G2
dentified, the deletion of the URA3 35 gene can be

serechéghvileNesd's. Piforsfried BieR RBEsPrOBuFes baigh

eé?%%%@yt gn%@%-%tpemlgﬁé rmgngyfgweﬁtw 5)Thus, the
because of efficient iIntra-chronmosomal recomnbi nation

beuneanCier Berbrapeate xuriepeesd | heyasetipes iy ohipked

5t5h€hQRﬁ§mgﬁn%¢'le§f}ﬂr—Q§{ﬁ dxbhy. hugmp Egbbéﬂcé‘ for the

confi'guration functional for class swtch

reephbRnat EEANSadE MWW plesd8dn &prafyibotBe867yp far
OQvbeus that there are other strategies for
achnpllshlng such engineering. A so, there nay be
notivation to engi neer 10 ot her human Cy genes, e.g.,
human Cy4, khtedrhe B cydn! ocus. CRE-LOX MEDI ATED
CLASS SMVTCHINb e CRE-Tox systemallows the targeted

i nserti on oflNDRRE PR EveREi nedtargesinPeVpGEarf &m
1éePLerlg%bertb03w%ddé@e§§§%r@ﬁen@maémdemsg into the

intra-DNA or inter-DNA r i nati on between | oxP
siiés PFBC. -Sadée %ﬁq%ﬂnceh@ﬁlﬁﬁbléél §hephymangggl-CH3 as

(@%QQ)asslnE%%%%hGGRiQElaﬁklnngﬁﬁ.1§bbbalﬁﬁﬁge Peke J.W.
A, 89: 7905- 7909 1992);
Flllson et al. ucleic Acids Res. , 13:4071-4079
(1982); J. Ellison et al., Proc. Natl. Acad. Sci. USA,
79:1984-1985 (1982); S. Huck et al., Nucléic Acids
Res., 14:1779-1789 (1986); J. Ellison et al., DNA,

1:11-18 (1981) the disclosures of which are hereby

incorporated by reference], allowing all restriction
sites to be mapped electronically and a targeting
vector to be constructed. One such vector would
contain 5' homology upstream of human Cy2 CHl exon, an
expression construct for a positive/negative selectable
marker in yeast (URA3), a direct repeat of the 5'
targeting homology, sequence containing the human Cyl
exons CH1-CH3, and 3' targeting homology. This vector
would be transfected into yeasts carrying yH1C and
homologous recombinants positively selected on plate
lacking uracil and then screened by Southern blot
hybridization or PCR to test for the loss of human Cy2
CH1-CH3 exons and the concomitant gain of human Cyl

CH1-CH3. Once identified, the deletion of the URA3
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Y.-R Zou et al., Current Biol., 4:1099-1103 (1994)]. A
20 lox P site (sequence: TA ACT TCG TAT AGC ATA CAT TAT
ACG AAG TTA TA (SEQID NO 1)) is introduced into the
DNA of a yH YAC. The sequence is positioned 3" of the
3" inverted repeat of the downstream S region, e.g.
Sg2, and 5 of the splice acceptor sequence of the

CH exon 25 of the downstream Cg gene, e.g., Cgl. The
lox P site can be inserted directly into the YAC via
honol ogous reconbi nation in %%aét, or it can be
incorporated into a larger targeting vector, such as
the ones described earlier in this description. \Wen

i ncorporating the 30 sit uch YAC.targeti
VR S R CPBAPCEPEO LER e TAEPAGA on SHoPOROSS
7Szt yéeéxﬁett@aptbf ytagrt he Bﬁght &rr@eluen@thmrfogm
e.g., 5 tgrgg%ln? onolg%g,cgr can i nserted
oPFEomER| @bt FUEFFGREed™ RV FSmO&é?m of61-6g6use ot
r@@@ﬂ@éﬁaﬁhQBCbet@p@BtZSbQNBn&bEeinl@ea@mlenD@ﬂe&non of
dependent, it is |gEortant te the 5 orlentatlon

CERGITERS  ahei FeptPegh 8 fully & the

YE-A¥idtrbbeosecondtpbase, zarplcamsd s\vac:tdhr rfe@:rombinotion

insertion of the. alternativ ene i.s .gener at ed ﬁu
t#RAcbre BKPFRPSIPBCLOHr RS g §é§%%ttét &% fghdITH%
1PheeBeate behept seducediand far @de@masmf@mjcel t he
i ntroduction: thhs cagﬁette starts vmtr1£}I oxt [ -
| AGHRSSLRARI5 - 8158y i ERFAE BRYadS FAHNACT {56 |e6\/'€e1d168
bdthse BEhAaupstr garesl, 6H,. ,corurespandi, ngrtt@ tihree diutmean

0 P insertion upstreamof the Cg on the YAC, and
1§YEO§PFHE|ng in germine configuration through CH,

with the CH exon splice acceptor intact, through

downstream of {he palxadenylabian SliFnof the

second nenb

The CRE-lox system allows the targeted
insertion of DNA into pre-defined sites. Derived from
Pl bacteriophage, the CRE recombinase drives intra-DNA
or inter-DNA recombination between loxP sites ([B. Sauver
et al., New Biologist 2:441-449 (1990); S. Fukushige et
al., Proc. Natl. Acad. Sci. USA, 89:7905-7903 (1992);
Y.-R.Zou et _al., Current Biol., 4:1099-1103 (1594)]. A
lox P site (sequence:TA ACT TCG TAT AGC ATA CAT TAT ACG
AAG TTA TA (SEQ ID NO: 1)) is introduced into the DNA
of a yH YAC. The sequence is positioned 3' of the 3'
inverted repeat of the downstream S region, e.g., SgZ2,
and 5' of the splice acceptor sequence of the CHl exon
of the downstream Cg gene, e.g., Cgl. The lox P site
can be inserted directly into the YAC via homologous
recombination in yeast, or it can be incorporated into
a larger targeting vector, such as the ones described
earlier in this description. When incorporating the
site into such YAC targeting vectors, the loxP site can

be introduced on a PCR primer used for amplifying the
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exon. For exanple, an approximately 7 kb Hind I
fragment will capture all of the required DNA for al
20 human Cg genes. Alternatively, only the CHl-CH3

-exons including appropriate 3' signals for

transcription and translation (untranslated region,
pol yadenyl ation site) could be used to generate only
the secreted formof the mAb. To abrogate possible
read through transcription, 25 a eucaryotic
transcriptional termnator sedfenrce can be appended
downstream of the CH gene on the vector. To
facilitate selection of transfornants, an expression
cassette for a sel ectable marker such as gurony0|n or

hYGrERtcing mERDe Bppehded: dewnseFeam-bg pRECEPIFener can
3Q Nee Srd damas, aaflggﬁswesgl&gomaeaar §H399%ﬁ As

nouse carrying the yH tfansgene engi neére
|m@o§4q®um¢@bwm@ kehseenwlt hkRgsEaAs3Ts be

' %‘i—ti% %J’é’i&?'&éﬁ%@é&*} | NGy ?sgamFB}‘tSk%CEBO%EQt 'tRQ
ection e circularize nsertion vector,
GQﬂuanqnﬁiqﬁeﬁh(ﬂ%ﬂ¢@cbh©|ﬁésetoﬂOaPCREtexpﬁesssemted
VaGLY -+ transfected cells, CRE will nediate 5
|nsert|on of the novel CH gene into the |ocus, where
it would béhtﬂdn30$¢©@@dapdaspliéeélﬁﬁméﬁsvegtohefor

URSIJSAN oY R eNC é‘ﬂné'ﬁ?vgeéb(og?a@“?sspSgE?E%EE{- At

The transcrlptlona term nat or rec e run on
t taresardpt ioh it \fdnfét@n\mgtaeaﬁseﬂtgénearrfylnbetm@ Cg

\Y 4 ker ; e apsf
s S AApEAAPE HRA (8 LokpeBILERES EERETe the
arid e Poighs: orthheli gagsattel éﬁé§t§clﬂéégeé boxEE| SAte
fg(r: Sfems Hnd he ﬂfs'éﬁﬁeﬂm‘é’é{‘ékohsg%yﬁ?% tlnte the, V@ethgwed

sel ectabl e mark er, poo s of trans ecte
1D3hyBYE JOHRSIRSHRE B0 s f e@ﬁéd 59rEersBAn§ﬁaghy9r themag te

of lox P insertion upstream of the Cg on the YAC, and
continuing in germline configuration through CH1l, with
the CH1l exon splice acceptor intact, through downstream
of the polyadenylation site 3' of the second membrane
exon. For example, an approximately 7 kb Hind III
fragment will capture all of the fequired DNA for all
human Cg genes. Alternatively, only the CH1-CH3 exons
including appropriate 3'signals for transcription and
translation (untranslated region, polyadenylation site)
could be used to generate only the secreted form of the
mAb. To abrogate possible read through transcription,
a eucaryotic transcriptional terminator sequence can be
appended downstream of the CH gene on the vector. To
facilitate selection of transformants, an eXxpression
cassette for a selectable marker such as puromycin or
hygromycin may be appended downstream of the CH gene.
Once hybridomas are generated from the
transgenic mouse carrying the yH transgene engineered

with the 1xoP site, CRE-lox mediate class switching can
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produci ng the desired isotype can be subcl oned from
the pool. If the replacenent CH gene encodes nenbrane
bound 1gH al so, then the hybri domas can be screened
and sorted by flow cytonmetry. 20 In sone instances,

it my be preferable to possess two different

i sotypes of a single antigen- specific mAb, with one

i sotype having one activity, such as ADCC or CM., and
the other isotype |lacking _effector function, but with
i dentical antigen-binding 25 characteristics such as
epitope specificity and affinity. This goal could be
achi eved by nolecularly cloning the variable regions

f th yy.Ghain ht,chai an 8 2t
e A T
r@glbneoféotiomedtby tiansfactizen 3@Sﬁﬁﬁ90®eWﬁ§tpén and

PLOGUCLT o0, OF s LhECAD, HBUBNBE. o! IS » RERCESSEA ke
| ab Fr e PnteRsi g6 farnati vely. ng the
CREctox. prboess- desnsfbedeﬁsceéb@veCREh@lﬁdn@ﬂddﬁéﬁ

anti bo can:b f Lently |.a W,k ch v
th%sﬁyg¥?ﬁo§£ €R§uégg ?rgkng $he§§oﬁlgﬁﬁhq%dd% Wi it
stoaldsbar erdescriibed abdasgldrcedt iiln zed mg%ﬁhe upstream

nact,i vat (DI Stral The DI. .str.
gygghﬁcgn?ﬂg%nao%ﬁStQ %%583C PUTEEGita Clﬁﬁgogenous
nﬁﬂSﬁstglptmopeefeemmdnatewbwdma@ht&edﬂuad]run(Qm
0ssess_an |nact| at use r
|553P?95r85198u§e %gggl % s%fegnbg%ggghctlon of Wi s
steatori kadi acesdedtebiiensiarddey, MhaﬂMﬂﬂaQSﬂénted

CXOBL Spnble Lachnl ques Wil 1464, f9le QENAALAN Yrug,

Fai 1S are described in deta
and then pools or individual clones screened by ELISA

for mabs of the desired novel isotype. If the vector
lacks a selectable marker, then pools of transfected
hybridomas can be screened by ELISA and hybridomas
producing the desired isotype can be subcloned from the
pool. If the replacement CHE gene encodes membrane
bound IgH also, then the hybridomas can be screened and
sorted by flow cytometry.

In some instances, it may be preferable to
possess two different isotypes of a single antigen-—
specific mAb, with one isotype having one activity,
such as ADCC or CML, and the other isotype lacking
effector function, but with identical antigen-binding
characteristics such as epitope specificity and
affinity. This goal could be achieved by molecularly
cloning the variable regions of the heavy chain and
light chain and then functionally linking them to the
appropriate constant regions, followed by transfection
into cells for production of the mAb. However, this
process can be labor and time intensive.

Alternatively, using the CRE-lox process described
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U S. Patent Application Serial Nos. 07/466,008, filed
15 January 12, 1990, 07/610,515, fil ed Novenber 8,
1990, 07/919,297, filed July 24, 1992, 08/031, 801,
filed WMarch 15, 1993, 08/112,848, filed August 27,
1993, 08/234, 145, filed April 28, 1994, 08/724,752,
filed October 2, 1996. See al so European Patent No.,
EP 0 20 463 151 Bl1l, grant published June 12, 1996,

I nternational Patent Applicati®n No., W 94/02602,
publ i shed February 3, 1994, International Patent
Application No., WO 96/34096, published Cctober 31,
1996, and PCT Application No. PCT/US96/ 05928, filed 25
Apsdde 2% hd H6nodhendi sehesueay efaneach aff tdiently
above-cited patent and patent applications are hereby
i et POt At BeR By +8f BE KAcAD ﬁhﬁhg‘iy g9 et y. DI nice
possess a Vghysd NgBELE8sB-cel | “devel opment. The mice
do not produce mature B-cells, only pro-B-cells. .

[ Green 30 ah@e JERbbOVLIRE, MPusEx§Lrved:s 2¢gB,dgssribed
4831 A0 (1998)ed hmeres8f:- XenoMouse | Strain The
design, construction, and analysis of the XenoMuse I
strain was discussed in detail in Geen et al.

Nat ure Genepb@Sie 7tddc21vh394)DISuch fHiGe 5 produced
human | gMK antibodi es against a DI background. The

m ce showedTRApPoveEr BiBePE FdREt 2P WHET ddipard nato

theodhc st £ah8t Obn il cenvBibehohaveadidd &y to NP FrLmidred
evel opnment. Wil e XenoMouse | strains of nmce nount a
seReB BeR RFunkh e@%o’ﬁéget &OFEISFeFitt ?d"f?aqtlle‘f?g%ﬁd theige Ja

10 p1 OdUghd 08n Of n Bc e ebbhs e s 20c 28%iafn W It d ype
m ce and they gossessed alimted response to

aFRPYERICt 1 @Bt B chat 8cferpdfy s srsars g8 gt bR et Y
torthghdrel | NPbedeYagipne, r eper tRidriques utilized for

generation of the DI strains are described in detail in
U?S. Patent Application Serial Nos. 07/466,008, filed
January 12, 1990, 07/610,515, filed November 8, 1990,
07/919,297, filed July 24, 18%2, 08/031,801, filed
March 15, 1993, 08/112,848, filed August 27, 1993,
08/234,145, filed April 28, 1994, 08/724,752, filed

October 2, 1996. See also European Patent No., EP O
463 151 Bl, grant published June 12, 1996,
International Patent Application No., WO 94/02602,
published February 3, 1294, International Patent
Application No., WO 96/34096, published October 31,
1996, and PCT Application No. PCT/US96/05928, filed
April 29, 1996. The disclosures of each of the
above-cited patent and patent applications are hereby
incorporated by reference in their entirety. DI mice
possess a very immature B-cell development. The mice
do not produce mature B-cells, only pro-B-cells. [Green

and Jakobovits, J. Exp. Med., 188, pp. 483-495 (1998)].
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L6 Strain 15 The L6 strain is a nouse produci ng human

I gMK anti bodi es against a DI background of endogenous
nouse |g. L6 mce contain an inserted human heavy
chain and an inserted human kappa |ight chain. The L6
strain is generated through breeding of a nouse
containing a 20 heavy chain insert against a double

i nactivated background (L6H) and a nouse having a
kappa light chain insert agasfist a double inactivated
background (L6L) The heavy chain insert conprises an
intact approxinmately 970 kb human DNA insert froma
YAC 25 contai ning approximately 66 V,; segnents,
starting atxX¥hoM6ufeand Sendiimg at V' 3-65, and

i ncluding t aene clusters ( r IS

32), J,; ge?ggn?%%lgtnhe an?ttrré‘lnl cloenr{ha%gcgr Qi%éﬁ?é éyoz the
atehdMoosighI about 185 wils QMﬁnudﬁadllngpﬁtdmkman Green et

oot CHR B P B o i) ot OB Kb ST Tua
| PS8k c &8 ORuRa ATV @Imtqwomm aga(lﬂ‘ls‘@mprmlbmct}&jz}bund
3 VK 8enes startln at V. %2d endln at

R EEnRuER: SRBrONo Br SR s G bioh HnencifBat ea

a@@f@menmelsyré@a lolF s:tlafet Wgi @t Nave u%ﬂ&@nwb engliggel 1
is in er

TP oaPBERbn ShRLan VERHRUSS th Sote ke fHerTiAE GRunt
aglz @b 5 De COMANAS rel®onBe gﬁﬂ&snticj‘@nidﬂtdﬂm’lll:em@ 3Xheir

enhancers, th onstant C Kde. ndez et.
FrORE Tre' B BRIy 6% Y B ey T e G e e Shice
FalzﬁcﬁhEhaprpolslséﬁme@ﬁ aemmmrdecprm@mm:aatt@xmtesge?m of

a lLight .chain, a 10 e tion o
BT o BRRErre e n S MY Prnt g B¢ ?%} Honehei
anihbodies-geteeerpant cliakobovits, J. Med., 188,
pp. 483-495 (1998)].

L6 Strain

The L6 strain is a mouse producing human IgMx
antibodies against a DI background of endogenous mouse
Ig. L6 mice contain an inserted human heavy chein and
an inserted human kappa light chain. The L6 strain is
generated through breeding of a mouse containing a
heavy chain insert against a double inactivated
background (L6H) and a mouse having a kappa light chain
insert against a double inactivated background (L6L).
The heavy chain insert comprises an intact
approximately 970 kb human DNA insert from a YAC _
containing approximately 66 V, segments, starting at V,
6-1 and ending at V,; 3-65, and including the major D
gene clusters (approximately 32), Jux genes (6), the
intronic enhancer (Em), Cp, and through about 25 kb
past C&, in germline configuration. The light chain
insert, yK2, comprises an.intact approximately 800 kb

human DNA insert from a YAC which contzins
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XenoMouse |la Strain: The XenoMouse Ila mce represent
second 15 generation XenoMousem strai ns equi pped with
germine configurati-on megabase-sized human I g | oci,
agai nst a DI background, such that the m ce do not
produce functional endogenous Ig. Essentially, the
mce are equivalent in construction to the L6 strain,
but 20 additionally include the human Cy2 gene with
its entire switch and regul abory sequences and the
nouse 3' enhancer in cis. The mce contain an
approximately 1020 kb heavy and an approxi nately 800
kb kappa light chain loci, which include the majority
epptrioe imaten V324K aldree s e@iamtigemea.;t Vel adidngnkiéagy at
hai n ge PREO I i ght
gﬁﬁ?ﬁ geﬁgé 8??p%§o§b%§%§ ¥Ogg %ﬁ% %h ggifgh
eppsaimateglion Yerds st(éprtxng a&td W)Loaqndakdppadlng at
gonst ant g S ) N
Héﬁflfleéggggg a?ggyDegéﬁén S. ﬁggé 0c%?§%%ﬁ! rion
tﬁe@m Fhayn: too ateeskd tihes € uVl-c.spectrdim lofo td:rmtalns the
ri.abl e g nt L en
éﬁ gﬁgfﬁ%re %HEy erﬁgéﬁ%%gf%|é$E% %%%s gﬁ?tc &%Bant Cx
gade,semat |I~’cdd1ypmanﬂaaa‘ i @n,alpr,.eddant maat Gexpt essj ohspfpp.
ht a |l arge. popul ation of mature
té"d celﬁbkja(qﬁgd—} nor maEICu ace}\l/% ot ?L P%%d Tl&gb ghuman 5
ambdb@mnantEﬁxﬁreﬁsmpnnnﬁuhumangkmpws hugan anh&ibpody

n nclydl hunman
R R i T R e d s FahoroRoer ok g e
bﬁcﬂqm&ah@mmﬁ-ah 1bbdu&&teﬂ¢r¢eelmnd;&ﬂHGprntﬁufo|EXp.
%%4 YN mAbs $ug- gnolar affinities. This
"&st ésﬁ@ b cI Stv }€ﬁ§ nonstrat es XenoMouse~"
as an excellent source for rapid isolation of high

affinity, XenoMouse ITa Strain:

The XenoMouse IIa mice represent second
generation XenoMouse™ strains equipped with germline
configuration megabase-sized human Ig loci, against a
DI background, such that the mice do not produce
functional endogenous Ig. Essentially, the mice are
equivalent 'in construction to the L6 strain, but
additionally include the human Cy2 gene with its entire
switch and regulatory sequences and the mouse 3’
enhancer in cis. The mice contain an approximately
1020 kb heavy and an approximately 800 kb kappa light
chain loci, which include the majority of the human
variable region genes, including heavy chain genes
(approximately 66 V,) and kappa light chain genes
(approximately 32 V,), human heavy constant regiocn genes
(n, &, and vy) and kappa constant region genes (C.), and
all of the major identified regulatory elements. These
rmice have been shown to access the full spectrum of the

variable genes incorporated into their genome.
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fully human t herapeutic mAbs agai nst a broad spectrum

of antigens with any desired specificity. As will be
appreci ated fromthe above 15 introduction, the
XenoMbuse Il strain appears to undergo mature B-cel

devel opnent and nount powerful adult-human-1ike inmune
responses to antigenic challenge. The L6 strain also
appear to undergo nature B-cell devel opnent. Wen
XenoMouse |1 strains, a 20 natdkedly different B-cel

devel opnent profile is observed. OMng to this
difference, it appears that the quantity and

conpl exity of variable region sequences introduced
inmﬁtEQEmanbnathearemainﬂﬁiaﬂfﬂaienﬂuaﬂa&ﬁuﬂWXﬂchﬁnq and

B-cel]. ura nd de t d
g%%%?ngohy Eg% 1 ﬁPp’h 'ﬁféﬁﬁ%ﬁﬁ}régiﬁﬂuﬁf human
Thaspai higtdi therint o at fiﬁarger aJCrPSilaJ;tJJdn tof te tgererkt e

hu anti hodi es, 1t he stral v yal t oo
fBQ?QFUdylﬁ DPEERS, sFiE Sy an b&uhgglg bfyﬁﬁagn

asht bodideesi.n Bh@hnmnmm mdunnuaruﬁgnnnuﬁ hunamﬂantﬁbody
30 the abn rnal an rist L oupe.
df §2888%an oFWé sor%ﬁ%ﬁgééﬁ§ ar a fQB?%n A58
Quané it EGIEVEeIle\p&IC&l tQEGHR) /i sampt elmrmredtu.rmzt ng¢erosis

gg #é%glgygﬁﬁb '“|4¥%im§%él Qiel €%§§H4ﬂ %ﬁntéPeC1f1c

e Spec
aﬁdlnydhaﬂamomabm(Naﬂh:ﬁﬁhﬁnannmﬁlarukﬁﬁﬂmkﬂues This

rgaﬁgg% thgr & 'Rﬁ# 48P cjéﬁon%%?%k AL %Tg s an

&nes on eav appa
chatal(¥K)k genome fHhe tapih wl@ha@f} lglem)r@fflnlty/

{BROT Y o B e S CUHE” VAT Bbl e 20°re0r oo "
thé huna@em@awtdhaaw olesimedogpobuf iaity.

- As will be apprecieated from the above
introduction, the XenoMouse II strain appears to
undergo mature B-cell development and mount powerful
adult-human-like immune responses to antigenic
challenge. The L6 strain also appear to undergo mature
B-cell development. When XenoMouse II strains, a
nmarkedly different B-cell development profile is
observed. Owing to this difference, it appears that
the quantity and complexity of variable region
sequences introduced into the animals are essential to
the induction of B-cell maturation and development and
the generation of an adult-human-like immune response.
Thus, in addition to the strains’ utility to generate
human antibodies, the strains provide a valuable tool
for studying the production and function of human
antibodies in the normal immune response, as well as
the abnormal response characteristic of autolmmune

disease and other disorders.
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nol ecul es. In addition, the human |ight chain genone

i ncl udes approximately 40 Vk genes on its proximal end
of which 25 are functional which encode variable

regi ons of the human kappa |ight chain of 15

I mmunogl obul i n nol ecul es. We have denonstrated that

‘the specificity of antibodies can be enhanced through

the inclusion of a plurality of genes encodi ng
variable |ight and heavy chadits. Provided in
accordance with the present 20 invention are
transgeni c mce having a substantial portion of the
human I g | ocus ef-rabl in Iudln bot h o2 hunan
heavy chalq& e dh et ity
Iocus I n prefes rpﬁle@mbedurrentas thlaetsafe@ﬁhcwye@tfer
n,10% of the hu enes are 25
T IBORE SRk o pr of EPabey i Tatuath: Ehen=Lnoantabgries o
30%@1d@9§pé@®@u60&& @htegens7@%ﬁ0ﬁn@@@ateb ef wWde and
V enes are uti In.a preferred enbodi ment
s b f | GAECERAER EoRBALGBES ERBTCPRG gdedgpendent

gmtash ﬁm@mrafhsbpé gxegabnr gghes f@h t:hehhuaap MKalmghtvfp
c al no 30, and/ or genes fromgthe V. portion o
AR | BHIF otieShr dpnctTualg  ares JRiTe dee e
vxztrtiubegempmé” erm@l@desgepﬁsom%ﬁabe1|ynegudadgﬁhteﬁebf
sequent j in the orde und in the hupan
Jone. 5ot rurCeiant1 dEnghoan i e encpflen i Sandan &
atdeiothadf t hiaé Hawsad heavi/hehhumans fgepaIRog@bbalin

conpi nation there Thus way of .example, an
ST Or bt Soquent T20 poPE: o r DUBEPh e SHe Chdiriin Srosie
rﬁmmmc%,s anegr@mmétéhgz kocuk @anes be utkl pzesim@nl end
va H%?S nes i can be

ei t her r
Ki ppet” eaﬂ%iﬁ?%FﬁFﬂﬁa; WB&SPaFPcogsquéﬁﬁ e
anegunmmnanf,the Migenekappthilnokitt kdminhefV.

immunoglobulin molecules. We have demonstrated that
the specificity of antibodies can be enhanced through
the inclusion of a plurality of genes encoding variable
light and heavy chains. |

Provided in accordance with the present
invention are transgenic mice having a substantial
portion of the human Ig locus, preferably including
both a human heavy chain locus and a human kappa light
chain locus. 1In preferred embodiments, therefore,
greater than 10% of the human V, and V, genes are
utilized. More preferably, greater than about 20%,
30%, 40%, 50%, 60%, or even 70% or greater of V, and V,
genes are utilized. 1In a preferred embodiment, heavy
and light chain constructs that include 32 genes from
the proximal region of the human V, light chain genome
and/or 66 genes from the V, portion of the human IgH
locus, respectively, are utilized. 2As will be
appreciated, genes may be included either sequentially,

i.e., in the order found in the human genome, or out of
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or VK genone can be reordered, and the like. In a
preferred enbodi nent, the entire human loci are 10
inserted in the nouse genonme in substantially gernline
configuration as found in humans. In any case, it is
expected and the results described herein denonstrate
that the inclusion of a diverse array of genes from
the V,, arid VK genone |eads to enhanced anti body
specificity 15 and ul ti matet A3 o enhanced anti body
affinities. Such mce preferably further include the
entire human D. region, the entire human J,: region
and the human nmu constant regi on, and can _
adEHEEBAAL | ¥ -Ber &RUPPpLICHFt RtHEHet NRBMER e CoAs @S in

r egLORSmEAr gbhemd) e9dhngoandngenenatineeft .addifionaly
i sotypes of antlbodlesn Such i sotypes can include
geRBsOEnevaTRe  YRp $Rfivsivyaganenéiadn@ostdmd ¢ther,

ceRshapt t h8IhARaneC sk NGugenes, Wdl APRIORHA  ¥ocus can
swtch and regulatory sequences. will be
appreEihiegd, aRd H3rdPyeu¥s€8Ner 25 ratdedetdid VeePswWVs

agMaAbhEt ¥aRf b%""ék@?p@ﬁdwh@@'él AbQhY 2 iHEAYERGES AH e
uglllzediln connection with any particular constant
r 6gABANS R ECRT SANITREN Lol PEW N eT&lS| @ lithdinc glidd qthghe V.

dhyeysidonde M ibodyeSoabioali ong that 1ake. possihle
in humahs, 30 based strictly on random V-D-J j oi ni ng
aRdcEéBRBPAALTBATITRER  k&PFa CPitdRe ERERAs Lo/t FoiR

conskdecat iAntak nbuaddigknefe del &ubaren?i 28ANRld&Gmline
mut ati on events. Based on these considerations, there

aFengteareF 1PRafS7 L84 1RO VPEESI-bl PaffibE@pe. 1t is

cagbiRabhoRsdl AhBUNBRS) t8f daRY riPRIE heHam idoHrate

T@Ea% %hsegkggug?ggyo%h%igi%%@g% %L%g% of genes from the
V, and V, genome leads to enhanced antibody specificity
and ultimately to enhanced antibody affinities.

Such mice preferably further include the
entire human Dy region, the entire human J, region and
the human mu constant region, and can additionally be
equipped with other human constant regions for the
coding and generation of additional isotypes of
antibodies. Such isotypes can include genes encoding
Yi: Yzr Y3r Yer @, €, and O and other.constant region
encoding genes with appropriate switch and regulatory
sequences. As will be appreciated, and as discussed in
more detail below, a variety of switch and regulatcry
sequences can be utilized in connection with any
particular constant region selection.

The following Table indicates the diversity of
antibody combinations that are possible in humans,
based strictly on random V-D-J joining and combination
with kappa light chains, without consideration of
N—addition, deletions or somatic mutaticn events.

Based on these considerations, there are greater than 7
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Chain 5 Functional -41 25 Variable "V' Functiona
z23 -- Diversity "D' Joining "J" 6 5 10 Conbi nati ons
5,658 125 (\VxDxJ) Total Conmbinations 7.1 x 105 (HC
Conbi nations 15 x LC Conbi nations) In connection
with a preferred enbodi rent of the invention, through
the inclusion of about 34 functional VH genes and 18
functional V,K genes in a nouse with a 20 ful

conmpl enment of DH, J. j, and JKigenes, the possible

di versity of antibody production is on the order of
4.2 X 105 different antibodies. As before, such
calculatlon does not take into account N-addition or

ol POSRikS Ghteieeds. CIRBiBRELENS inwaps, of any

apprect @l 88 25-thgk mice in accordance with the
i'nvention, such as the L6 and the XenoMuse |

strains, of fer substanti al anti body diversity. In
Mﬁﬁﬁﬁrfd enbodi nents, mce are. designed to have the
capability of producing greater than 2 X 105

i ffereptgheavy chaiin V-dal, ¢ofipations - ggbpéuﬂgght
appa Ilght chai n V4J conbi nati ons, w tjhout

ccounting for N-additions or somatic mfii®n events.
ariap gcgf"g Qaritative,prversity I'n addigicon to
uantitative Fversifty,.

Variable “V”

o< o

Functional 223 -=

Diversity “D”

Jcoining “J” 6 5

Combinations 5, 658 125
(VxDxJ)

"Total
Combinations
{HC Combinations
x LC
Combinations)

7.1 x 10°

In connection with a preferred embodiment of the
invention, through the inclusion c¢f about 34 functional
Vy genes and 18 functional V, genes in a mouse with a
full complement of Dy, Jy, and J, genes, the pcssible
diversity of antibody production is on the order of 4.2
X 10° different antibodies. BAs before, such calculation
does not take into account N-addition or somatic
mutation events. Therefore, it will be appreciated
that mice in accordance with the invention, such as the
L6 and the XenoMouse II strains, offer substantial
antibody diversity. In preferred embodiments, mice are.
designed to have the capability of producing greater

than 2 X 10° different heavy chain V-D-J combinations
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5 quantitative selection of V-genes (i.e., large
nunbers of diverse V-genes) and/or qualitative
selection of V-genes (i.e., selection of particular
V-genes) appears to play a role in what we refer to
herein as "qualitative diversity." Qualitative
diversity, as used 10 herein, refers to diversity in
V-D-J rearrangenents wherein junctional diversity
and/ or somatic nutation events are introduced. Duri ng
heavy chain rearrangenent, certain enzynes (RAG 1,
RAG 2, and possibly others) are responsible for the

cutti of the, 15 A representin t.he codi gi ons
i ¢ hbdat: bodyt GoRes. rk mo: el
tsanstincane (ddt N-aadetiitvdiony, orhisdndtsia ec&ncartsllobi evdts.
N-term nal additions of nucleotides between the V-D
and D-J gene exons is up-regulated. Simlar enzynes
and ot hers (5€liBhardR2Qiether dmairt@mive EnagreS )t \ar e
responsi bl e_f or th% del etion(s at oc urs at t he
junctions of™t R884T108ditHAg %:“ﬁh Frr Ly
dﬁM@ﬁShtytﬁeéeB&léth@hhofNV%tﬁﬂdSN]ﬁﬂéﬂﬁfﬂéﬂ@b numbers

formati on of _the conplenentar det.er m ni.ng r.egi on 3
(CHRE} V38 Wi PEPBE) AfpFdCral bRl U5 C¥e 1% Soatbt
aVFgéﬁebhelDeregBeﬂe&mddmﬂdﬂﬂhﬁkﬂﬁ&hlét[W%Uﬁhd}ﬁ]appears
Junctgonal eve nts. N ad i ans .and . del etions

dbPi Rg®Bofh™ ? ﬁ@aW § g&iferke Y2 BeLdt rdthgenent
areuaespansvblalhemoﬁmﬁs"d@uamﬂﬁam1VHuﬁyvﬂuﬁnuyuﬂas used

versity createg by,.30 N-. dd|t| addlthpns
P E3ne! BEFSRSI 6o MR g h Body SR TS
InharemhdgnnetwohbltHawan&ﬂﬁy(Hndﬂafusqquxi naifathion

gene sequences h aw N-additian lengths that are
cOﬁﬁﬁ#SbFe téngépegfg 4% A (%é%XEMKP%ﬁon | engt hs.

rearrangement, Lertaln enzymes (RAG-1, RAG-2, and

possibly others) are responsible for the cutting of the .
DNA representing the coding regions of the antibody
genes. Terminal deoxynucleotidyl transferase (Tdt)
activity, which 1s responsible for N-terminal additions
of nucleotides between the V-D and D-J gene exons is
up-regulated. Similar enzymes and others (SCID and
other DNA repair enzymes) are responsible for the
deletion{s) that occurs at the junctions of these
coding segments. Junctional diversity refers to both
N-addition events and formation cf the complementarity
determining region 3 (CDR3) . As will be appreciated,
CDR3 is located across the D region and includés the
V-D and D-J junctional events. Thus, N-additions and
deletions during both D-J rearrangement and V-D
rearrangement are responsible for CDR3 diversity.

The junctional diversity created by
N-additions and CDR3 additions play a cleer role

developing antibody specificity.
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Further, am no acid sequences across the open reading
5 franme (ORF) corresponding to CDR3 sequences show
CDR3 lengths that are conparable to expected

adul t-human CDR3 | engths. Such data is indicative

that quantitative variable. region diversity and/or
gualitative variable region diversity results in 10
human-1i ke junctional diversity. Such junctiona
diversity is expected to |eaf®éto a nore human-|ike

anti body specificity. Variable Region - Affinities
Wil e we have not conclusively denonstrated a 15

di rect causal connection between the increased

vari abl e A8geesorianes ont Ehd it i BRI SPeci F§&T 15794
VLDQBpgéﬁé’se%%%nb%s'%HE%PQ@IéﬁthEBntigﬁéﬁﬂhFEKWtdéﬂ@
such Iversity, the ability of the nouse to nount an
tmmaeabd@sﬁﬁ@n%pte@t@dmadﬂélgﬁ%w&%ﬂ N ddehkop slengths.

98§§hQE? %ﬁﬂn%oaQQ@a@Eateﬁ¥E%tééEE@éYth§U§@eﬂ1ﬁ@ading

appear nore equipped to nount inmune responses to_ a
fdmear ORY ) ofcaapiesmeasi ingolr.i FRR Vi SRR AR F gedw of PR3

L OTHPAYE RS A tF-0 Qi latah1 d t &l Sppoappear sak hethuna
agﬁpboglesaprghucedn}n accprdané%gpmdth t he pres%%tn
CRR8niieow thesse Sy cdnidiicedt af #pdi ¢8ekve 28 &hch dat a

b ChY98s (U AL S LBINBESn i et 81 t fCEREAGACE Wi th

e _invention and the XenoMuse | strains, as well as
qgnéﬂﬁaﬁﬂﬂﬂnV&ﬁlQhkﬁ;ﬁﬂﬂ1%%e@1v?%§hFYsr%Fué%ﬁP%%rm
hﬂEQBUQHHQP@uﬂ%EiJHHirﬁ%%ei@it?@””@ﬁ&hOﬂuﬂttbohﬁﬁ

enoMbuse | “strains, as nmentioned 30 above, such mnice
F9§_§6§§eﬁd’ sifb-arorafdie Bl 1 epd obRicR i BAY S aRd™alohi e
LsbedJ eshanss dio: ntigens. Such result appeared
Félétegh{n part tg'ﬁﬁe limted V-gene - 47
repertoire. Similarly, results reported by GenPharm

Variable Region - Affinities

While we have nct conclusivély demonstrated =a
direct causal connection between the increased variable
region inclusion and antibody specificity, it appears,
and it is expected that through providing such
diversity, the ability of the wcuse to mount an immune
response to a wide array of antigens is possible and
enhanced. Additionally, such mice appear more eguipped
to mount immune responses to a wide array of epitopes
upon individual antigens or immunogens. From our data
it also appears that antibodies produced in accordance
with the present invention possess enhanced affinities.
Such data includes comparisons between mice in
accordance with the invention and the XenoMouse I
strains, as well as consideration of the published
results of GenPharm International anc the MRC. In
connection with the XenoMouse I strains, as mentioned
above, such mice possessed sub-normal B-cell production'
and a only limited response to antigens. Such result

appeared related in part to the limited V-gene
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International and the MRC indicate a |limted response
to diverse antigens. Wthout wi shing to be bound to
any particular 5 theory or node of operation of the
invention, it would appear that enhanced affinities
appear to result from the provision of the |arge
nunmber and conplexity of V regions. From our data,
the provision of greater nunbers and/or selection of
qualities of V-gene 10 sequené¢és; enhances junctiona
diversity (N-additions and formation of
conplenentarity determning region 3 ("CDR3")

di versity), which is typical of an adult-human-1ike
| mapREtpéspons 8irdAd I, c ¥ §iva\t sa L enstaththalCergiheim

a%&i:@irh&t%%‘éﬁa%in%n e MM BOd €S e |4 MBY: A SA NG onse
t hat 'such antibodies are nore effective and efficient
i hosdameires emandtiicemssvent s that | ead to enhanced

af finities. yEagd Al Juatlonal MU Meisld % didhy SO Gular
mut ati on events are discussed in additional Tdetal
behewr y20 rWintlder epedte itad ighf iafi tihes, irdmritbody, it would
ab LLALLY £ 113t e5180E LOnstant s darivgd Lhroighesyit from
u%%k?%atiqﬁ.o% %Iura VH and V. genes (i.e., the use
othd2pgenésiom athdher deiresl nusgion agid temnpd exightof V
chain genome apd B0 QANes 1 e v < AU Py Rdatdie
gengne results in 25 association rates (ka in M1
Snumpegfs gnahtcer i@t talvoutof IGO0l X ugs ef\eradny
OLeR1, e AN ZulB K ol Oun b n DY@ PILL A ADLY- JAEAE Rons
t%a% a%out 4. 61X 10-E;_ dissociation rat%s.(kd in
Sanyl dbrgreddrcer atharmbamentani oo deuormininef ee @bty 3
9f<6%b%f3~t>hmvael}%qtt@-,o%%scw-ﬂs 30,k yos £ P ef erably
greater than about '4.00 X 10-4; and dissociation
censflantiuman N1 ksf igrsdicerr e IR 3Hodnd . \gpich play a
substantial role in affinity maturation of antibodies.
It may also be that such antibodies are more effective
and efficient in somatic mutation events that lead to
enhanced affinities. Each of junctional diversity and
somatic mutaticn events are discussed in additional
detail below.

With respect to affinities, antibody affinity
rates and constants derived through utilization of
plural V, and V, genes (i.e., the use of 32 genes on
the proximal region of the V, light chain genome and 66
genes on the V, portion of the genome) results in
association rates (ka in M S7') of greater than about
0.50 X 107, preferably greater than 2.00 X 107 and
more preferably greater than about 4.00 X 107¢;
dissociation rates (kd in S°') of greater than about
1.00 X 107%, preferably greater than about 2.00 X 107,
and more preferably greater than about 4.00 X 107%; and
dissociation constant (in M) of greater than about 1.00
¥ 1071°, preferably greater than ebout 2.00 X 1079, and

more preferably greater than about 4.00 X 107°°.
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X 10- 16, preferably greater than about 2.00 X 10-10,
and nore preferably greater than about 4 . 0 0 X 10 -
48 Preferably, such nmice additionally do not produce
functi onal endogenous i munogl obulins. This is
acconplished in a preferred enbodi nent through the

i nactivation (or knocking out) of endogenous heavy and
5 light chain loci. For exanple, in a preferred

enbodi nent, the nouse heavy déBairn J-regi on and nouse
kappa light chain J-region and. C K- region are

i nactivated through utilization of honol ogous

reconbi nati on vectors that replace or delete the 10
regi on. VARIABlR REG OSucIB-CEt¢ DERVELOPNENTY Boceblt

d I i.S. i ' I L
LRl A SR Rl o aum R UTRRY LSS (b 1
banwmpdlichdd nirCengsr  Aeadedi entPrésmehtdthi®ugan the

Di - CA.(198 . Ly, i I R
SORT AT Tt g R e bR P PR s RSu Dea% end
akigptnatha ifir dn@ confmn @kamppei ent st pmedelriredThe

I hacyt es, e ol,v 0 .comm l; [
SRR € hef o nthds Ay Toe e b i At gguse
premnped,l igroeldhdim ti-ate@hoshafhd sCf+ oneghen| aver to
t.he. . .haone ] | ns -thr the life
A L
friercsinb igerteiral |yecteoognilzabl eepéblei oradgieter ¢hB- cel |
@QI%Q) 25 is found in the bone marrow. Such a cell has
beéhnrheavy chain V-D-J rearrangenent, but does not
yet nmake protein. The cell then evolves into a | arge,
rapidly — diyil i (g o PEEs Bl ! Lol Cheh& 1R pmenT
cytopl asm cafty p-

B-cell development is reviewed in Klaus B

Lymphocytes (IRL Press (19S0)) and Chapters 1-3 of T.
Honjo g;_gl., Immunoglobulin Genes (Academic Press Ltd.
San Diego, CA (1989)). Generally, in mammals, blocd
cell development, including B- and T-cell lymphocytes,
originate from a common pluripotent stem cell. The
lymphocytes, then, evolve from a common lymphoid
progenitor cell. Following an early gestational
period, B-cell initiation shifts from the liver to the
bone marrow where it remains throughout the life of the
mammal.

In the life cycle of a B-cell, the first
generally recognizable cell is a pro-pre-B-cell which
is found in the bone marrow. Such a cell has begun
heavy chain V-D-J rearrangement, but does not yet make
protein. The cell then evolves into a large, rapidlyl
dividing, pre-B-cell I which is a cytoplasmically p~
cell. This pre-B-cell I then stops dividing, shrinks,
and undergoes light chain V-J rearrangement becoming a

pre-B-cell II which expresses surface IgM, which leave
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cell. This pre-B-cell | then stops dividing, shrinks,

30 and undergoes light chain V-J rearrangenent

becom ng a pre-B-cell Il which expresses surface | gM
the marrow as i mmature B-cells. Most
immature B-cells continue to devel op

surface IgDh, indicative of their

di fferentiati on and devel opnent as

of the energing
and to produce
conpl eti on of

fully mature 5 inmmunoconpet eh? peripheral B-cells,
which reside primarily in the spleen. [Hardy and
Roli nk, Ann. NY Acad. Sci., 764, pp. 19-24 (1995);

Rol i nk and Mel chers, [Imunol. Lett 54, pp. 157-161
{HOIE)  ToWoRBY EFNaturej B-66ddishl e Mo telq it erarging

fﬁ%&@hf@nﬁlégﬁlﬁe@bﬁ@lﬁﬂ@ %% Slduid1 RPtAA to produce

I mmunoconpet ent cel B-cell differentiation and
ﬁ@m@&@%néﬁplcaﬁdbéatﬁﬁﬁlP@ré@%ﬂﬁﬂQQWR%%K%@RiQ%rough

dhecuse, of 2 sUbhagsq H@Rf‘é@%ﬁ)men(%r axanpl By 488220

antigen 1s expressed in relative abundance on mature
BugehdeonpeEenrpaPrsdRhes 215 BycelB-SoelMki ¢h gregide Thus,

p&eﬁn&ri{‘?t ﬁr‘éhgzﬁgleéﬂd S AAce IO 1), Can, beyy

rzed to deternine the presence of nature B-cells.
Adedt i Snal | y7ééel by .caf—Bd %ne&dbm%mﬁ@@@ﬂ@@rs,

ERFPERT: “Betlchr eliehtoy 150 B BeT TS T R
ﬂ@VpbQQHBMEatoSEangnatIABmE'dkﬂiﬂ“ﬁdﬁﬂt&w&fiﬁg&nn and
ALK BRI SonBhB R SRl L et e e
+ + ++ HSA-ceirl+dhiffleaentiation and development can be
monitored and/or tracked through the use of surface
markers. For example, the B220 antigen is expressed in
relative abundance on mature B-cells in comparison to
Thus, ‘cells that are B220° and
can be utilized to determine the
Additionally,
(%) .

is expressed by

pre-B-cells I or II.
()
presence of mature B-cells.

surface IgM*
cells can be
screened for surface IgD expression Another
antigen, heat stable antigen,

pre-B-cells I and later developmental stages.

TABLE 2

| Bone Marrow Spleen

Marker | pro-pre- pre-B- pre—BTcell II | immature mature
B-cell cell I Ex:fleiglng B- B-cell B-cell

B220 + + + + ++

HSA - + + hi lo

n - - + + +

o* - - - - +

* Assuming the presence of a functional copy of the

Cd gene on the transgene.
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25 U- - + - +s* - - - - 4+ * Assum ng the presence
of a functional copy of the Ca gene on the transgene.

.- 50 Through use of B-cell markers, such as those

nmenti oned above, devel opnent and differentiation of
B-cells can be nonitored and assessed. W have
previously denonstrated that DI mce 5 (mce that do
not undergo heavy chain V-D-J rearrangenent or |ight
chain V-J rearrangenent) do~neP ~produce mature
B-cells. In fact, such mce arrest at the production
of pro-pre-B-cells and B-cells never nove fromthe

bone marrow to peripheral tissues, 10 including the
spl een. ThudRTsotaR Bselqf dovrd opmaitkernd Skl baglythose

pheduebner AR veMAeateldpraidte el d e r SA B ¥ £5M! &£

iS seen in mce that are only heavy chain 1nactivated
-B-gedéfl caev PRttt &t RS don  arrests in

the bone MameOWavED JRWy XRIAND RS dn ¥ Al db PHRAICEE i ce

functional, somewhat nature B-cells. However, the
nifbers tHRT Boc&ats Undeusst heaatey sdire Thaf ow ar i d

peek pREhgkemehitS PHe9,i oMY @ rsligN v £antd afr‘?c_?éhcé?ﬂjt. d
relative to wild_ type mce. 20 In conﬁ?as , our) © pot

XehoNBGEeMRIE VSt & ts ldifd LEn dtaddi nsudheXigeetaengst at

pesEepg oS o P Iee Bl e Necond igHd O never
Therefore, in accordance with the invention, we have

BB AstFafedPEhEPENFGIFIPH R Rl Vil 9916t usi on
oinguabiihat ithe ispaleldesi.on 0fus25 pea ahl @ e &fe O8AesH+
B-cell diifferentiation and devel opnent can be greatly
r &R ngppggpgy_productlon are completely arrested. The
same result is seen in mice that are only heavy chain
inactivated -- B-cell development and differentiation
arrests in the bone marrow.

Our XenoMcuse I strain produced functional,
somewhat mature B-cells. However, the numbers of
B-cells, in both the bone marrow and peripherail
tissues, were significantly reduced relative to wild
type mice.

In contrast, our XenoMouse II strains and L6
strains, unexpectedly possess almost complete B-cell
reconstitution. Therefore, in accordance with the
invention, we have demonstrated that through the
quantitative inclusion or qualitative inclusion of
variable region genes B-cell differentiation and
development can be greatly reconstituted.
Reconstitution of B-cell differentiation and
development is indicative of immune system
reconstitution. In general, B-cell reconstitution is
compared to wild type controls. Thus, in preferred
embodiments of the invention, populations of mice

having inserted human variable regions possess greater
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Reconstitution of B-cell differentiation and
devel opnent is indicative of imune system
reconstitution. In general, B-cell reconstitution is
30 conpared to wild type controls. Thus, in preferred
enbodi nents of the invention, popul ations of mce
havi ng i nserted human vari abl e regi ons possess greater
- 51 than about 50% B-cell reconstitution when
conpared to popul ations of-w] d-type mice. |SOTYPE
SW TCHI NG BY XENOVOUSE As is discussed in detai
herein, as 5 expected, XenoMwuse Il m ce undergo
efficient and effective isotype switching fromthe
htan &pbansgene Bea@cndedemmsmttqumm IJARRORNE to
encoded _ganmma- ype As nentioned above, mce in
aE%BPgaﬁgSnﬁﬁP weﬁ% HPENTGH can addi tional Iy be
equi pped with other 10 human constant regions for the
generation Such | sotypes can
i ncl ude gen N e, 5, and
ot her const agt 1rseg|1@&ue@ré@dlmg cx&ﬂ:%ﬁ@.s he/z\letlef natd ve
const apt reglons can E& i ncl uded, on

r

t
tPERSGERE, P EROMOUSRNStr Bamef FOMSTIE I‘F&H‘dﬁ%ﬁj‘tlénd

conséaniveegsoRyper swalticannat ifvehy thsuthin@ihedransgene
| uded on anot her

const egions can b
A b Lo pE e s Fr st AR quias @A 2
ow@t ypenst ast méﬁgh.@lﬁ@d alb@vler)dmid:%d ieN ddsRifte with

onpsone ,as_th sone udln t he, hu
ot AT CR b Bn BRI 126 2 dh G5 Fe e A i e
tnumaﬁ obhetansotygeo@@ fbsomm@e@emm&dtadﬂxﬁnnﬁddﬂuxbna1

e ot her ﬂ where such . er, const ant r%%yon
Hss? ¢Phded 8h 8 d°PLEPESt Cd@hrl dife FFEH (FEOULRI Y1
chy,0onpsoRg, cant aj nbpngahbieontercensisaahtr egigdone Re@ddIg g
transgene, trans:swtching to : _ . .
genes. ernative constanlt regions can be included on

the same transgene, i.e., downstream from the human mu
constant region, or, alternatively, such other constant
regions can be included on another chromosome. It will
be appreciated that where such other constant regions
are included on the same chromosome as the chromosome
including the human mu constant region encoding
transgene, cis-switching to the other isotype or
isotypes can be accomplished. On the other hand, where
such other constant region is included on a different
chromosome from the chromosome containing the mu
constant region encoding transgene, trans-switching to
the other isotype or isotypes can be accomplished.
Such arrangement allows tremendous flexibility in the
design and construction of mice for the generation of
antibodies to a wide array of antigens.

It will be appreciated that constant regions
have known switch and regulatory sequences that they
are associated with. Alil of the mﬁrine and human

constant region genes had been sequenced and published
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antibodies to a wde array of antigens. It will be
appreci ated that constant regions 30 have known
switch and regul atory sequences that they are
associated with. Al of the nmurine and human constant
regi on genes had been sequencéd and published - 52 by
1989. See Honjo et al. "Constant Region Genes of the
| mmunogl obul i n Heavy Chain and the Mol ecul ar
Mechani sm of Class Switching in I mmunogl obuiin Genes
(bIMnP—QBQt alSeeedn] Acddert ¢ Wrasst {198k Jion heemes of
I [ [ i
Chey andERopl MIEh 1AW Rai T HEEA S Nev ey,
%Er:hlanN@m O Bl sHAEwittheh idigclios ufenofogholbhhlis Genes

h i ngorporat e ef er. the f the
hgﬁgﬁgo %r%a H1 geonst a)%craréeegao Cfv\%es pr fég e)n b%%%d on
1Giknfowsuseq@én®mmqﬁ araratd mab f r:iamdul‘;eomt@d ayt. It

forth. that d e I r i t ched
18Rge RSk L BT ab L ADE et P0E g L elPter
séquendeNobed@inliHg 145s tﬂtmrd:fsddkpsfmzoen ¢ Hhewidlclenis of

BSOSt gt VA P p IR o8 LOBRAEHG e
f hageengatinat- lassordi tsolosehion Bd s sone@icladd erss:dzcemm
oG Bt AR S on W% BhlYe s Thar Theres
fsagrréntrtndltsxaluosed tire Eldyesorr agogg @ rnerdswmec}switgéne,
A RS i L L R R T
sbgoénpcesgndesssdman foorkly Herdedvye chagémd i sbtylpe first v-
STAESRE@Qn&r%@§9§neTherefore the switch region was also
included in the 5’ 5.3 kb HindIII fragment that was
disclosed in Elliscon et al. Nucleic Acids Res.
10:4071-4079 (1%982). Similarly, Takahashi et al. Cell
29:671-672 (1982) also reported that the fragment
disclosed in Ellison contained the switch sequence, and
this fragment together with the 7.7 kb HindIII to BamHI
fragment must include all of the sequences necessary
for the heavy chain isotype switching transgene
construction.

Thus, it will be appreciated that any human
constant region of choice can be readily incorporated
into mice in accordance with the invention without
undue experimentation. Such constant regions can be
associated with their native switch seguences (i.e., a
human v;, ;, 3, ; « constant region with a human v, ,, 1, or ¢
switch, respectively) or can be associated with other
switch sequences (i.e., a human vy, constant region with

a human vy-. switch). Various 3’'enhancer seguences can
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construction. Thus, it wll be appreciated that any
human 25 constant region of choice can be readily
incorporated into mce in accordance with the

i nvention without undue experinentation. Such
constant regions can be associated with their native
switch sequences (i.e., a human VY,, 2, 3, c: 4
constant region with a human Y, 2, 3, o: 4 30 switch
respectively) or can be assogizated with other swtch
sequences (i.e., a human y4 constant region with a
human y_ switch). Various 3'enhancer sequences can -
53 also be utilized, such as nobuse, human, or rat, to

aaga ba mwn&‘zjem | &ardah aihetotiegyl @haY, S@ﬂUEBQ(?St@aﬂa'ne
o0 Dbe |nclud an alte native to, and/or in

ﬁd eti-on Sigtlag Ysé’c S ?E@r-‘r/ns‘%ﬂ%“c%s gap|glso
@nlhel@@@@ened for secretion of "chineric"

ant i bodi es. For exa the L6 micge, in addltlon to
ot ng P A FUEE T4 St Boat B Oy bauegat ton' o,
@Bbk@@@l%&ﬂﬁ@ﬁﬂﬂbfiH|0h$&Wm®—@@§Y¥ c8RabB YcrPendd for
regi ons coupled to nouse constant 10 regi ons, such

geFacitep S g& Yjc’e. anpbhréltyel, FOE eéamE)leathe
tlee rdiidee. 1%u%carttﬂd3poh@sp§é@umﬁ@| Yul y§e1‘—1ulnahn 1bheir

own rlght For exanpl e, human const ant glons can_ be

PREILBEET o6, EFOMRT ot 0T he ulRviRg Grity PgBeppReavy

SWaliehiv)g O, e hegpies ved duknesnt 6 mbhige 18oakt ant
Alternatlvelﬁ, and/or in addition, fragments (i

EESBP End 9% & Rt S) © bf I8BRAS ant i Bodi BOUSEARICT

be prepar echariireh 1cond ai ishdhthet 0hoBReADHEE hegR3ant
regions., As discussed above, the nost critjcal factor

6 S8 laritl GO prddci PRt i s EPECPEPRPL- t BUBegeSPREHART

regions can be included on .the antibodies through in
vitrc isotype switching techniques well known in the
art. Alternatively, and/or in addition, fragments
(i.e., F(ab) and F(ab’), fragments} of such antibodies
carn be prepared which contain little or no mouse
constant regions.

As discussed above, the most critical facter
to antibody production is specificity to a desired
antigen ¢r epitope on an antigen. Class of the
antibody, thereafter, becomes important according to
the therapeutic need. In other words, will the
therapeutic index of an antibody be enhanced by
providing a particular isotype or class? Consideration
of that question raises issues of complement fixation
and the like, which then drives the selection of the
particular class or isoctype of antibody. Gamma
constant regions assist in affinity maturation oi
antibodies. However, the inclusion of a human gamma
constant region on a transgene is not required to

achieve such maturation. Rather, the process appears
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antigen or epitope on an antigen. Cass of the

anti body, thereafter, becones inportant according to
the therapeutic need. In other words, will the

t herapeutic i ndex of an anti body be enhanced by 25
providing a particular isotype or class? Consideration
of that question raises issues of conplenent fixation
and the like, which then drives the selection of the
particul ar class or isotype-of4antibody. Ganma
constant regions assist in affinity maturation of 30
anti bodi es. However, the inclusion of a human gama
constant region on a transgene is not required to
athi precaifch afatifral | bh. craneeiion Hel Ph oewsse apPead s

5450k aP0GREA A Wk cil %f@%é%i@%ﬁ%%&g@? g@@gu%u

constant regions which are trans-swt
eAB68EE S tamsFaRsie EXAMPLE 1 5 YAC VECTORS FOR MURI NE
yl -HUMAN y4 OR MJRI NE vl - HUMAN yl Repl acenent vectors
for targeting the parent YAC yHIC to repl ace the
hEMNAMPREZ dwitch el ement and .human CH y2 exons with

th : . t ej the h
o mions o g S a0 e £ A,
Figures 1) =Tt - ' u

and pMIShU (I QA c. JOEHEEL OIS YBEE: . SONSLELCESTon:

using a | ow copy nunber cloning Vector
pABYCYHAZC T sardctar PROVCITIN iw2 aval tabl @l ditedfit oamd

SR G. P a0 BN AR ) et ang

sequence can be nce
uadénetrhésedquaite Qekezsdnh Munbee Banabdikd dK@BA02¢re

ApkQEGRY UTRATe 011 01 N Pl FoPLE SALT Q0L SaSEENML L L8 as
pMuShul and pMuShu4d (Figure 5). The vectors were
constructed using a low copy number cloning vector
known as pACYC177. This vector pACYC177 is available
from New England Biolabs, Inc., Beverly, MA and the
seguence can be found in Genbank sequence database
undar the sequence accession number Gensbank #X 06402.
A low ccpy number origin of replication 1s useful to
prevent unwanted rearrangements or deletions of the
plasmid DNA when propagated in E celi.

The first step was to introduce a linker into
PACYC177 in order to accommodate the elements needed
for the targeting vector. The linker contained the
following restriction sites: NheI-SalI-Smal-
NotI—-EcoRI—Xbal—SacI-BamHI.

The nucleotide sequence of the linker (SEQ ID NO: 2) 1is
shown below:
5' - cta gtc gac aaa tat tcc ccg gge ggc cgc tta
cgt atg aat tca gcg cgc ttc tag aac tcg agt gag

ctc
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prevent unwanted rearrangenents or del etions of the 20
pl asm d DNA when propagated in E coll. The first step
was to introduce a linker into pACYCLl77 in order to
accommodat e the el enents needed for the targeting
vector. The |inker contained the follow ng

restriction sites: Nhel-Sall-Smal 25

Not | - ECORI - Xbal - Sacl - BamrHl . The nucl eoti de sequence of
the linker (SEQID NO 2) is >8hown below. 5 - cta

gtc gac aaa tat tcc ccg ggc ggc cgc tta cgt atg aat
tca gcg cgc ttc tag aac tcg agt gag 30 ctc - 55 The
nucl eoti de sequence of the conplinmentary strand of

t Beel PHkdEO(tSER IBNERD) 95 Bowrigel Bientrry garergeet
9eheCa6 nked adrd Clp 3G aPC ACKkiEdeh B&lofca tac gta
agc ggc cgc ccg ggg aat att tgt 5 cga Restriction
Enzyme$ 'Unl €& ctdverdfitsecast et adl ¥estagxtddm 9cg ctg
eNzymes 2ene: PULh Jd&@w%@%@@d@o&@p%w%gt
(Beverly, MA). Furthernore,”all Testriction digestion
10 condiB@ ons were standardi zed according to the
following conditions: 1 mcrogram of DNA was di gested
in 20 ul of the appropriate restriction buffer and

usi ng 5 uni tRegiriclin Bnavmees enzyme for 1 hour.
Restrictionufd&r Sal&rwisfecd £4€0 by 1 he. sppptactyrer
for. particular enzymes 15 and the conpositions are
PEBEVHES N RheP Prothrad eaml Wy tFomm dedy Bl apg [nc.
Bi QE%QSrl'y')C-MPSB.EVQE‘d%hé_Wore,Toalﬁtfé’éjtlﬁfcﬂ‘@n| &0k Evion
PACYCL77 "was digested wth restriction enzynes
Nﬁ@pﬁgéﬁﬂpsadgﬁyﬁiqﬁﬁndardlzed according to the fellowing

conditions: 1 microgram of DNA was digested in 20 nl of

the appropriate restriction buffer and using 5 units of
restriction enzyme for 1 hour. Restriction buffers are
specified by the manufacturer fcor particular enzymes
and the éompositions are provided in the product
catalog from New England Biolabs Inc. (Beverly, MA).

To introduce the linker, pACYC1l77 was
digested with restriction enzymes Nhel/BamHI &according
to the manufacturer's instructions. The linker as
shown above was ligated with & 2208 bp fragment of
PACYCi77 isolated on an agarose gel and purified using
Geneclean kit (Bio 101) (Vista, CA). This process
removed only non-essential regions of the vector
including Nhel and BamHI restriction sites.

The next step was to introduce the yeast URA3
gene, with its promoter and coding sequences as a
marker for selection of yeast cells containing the YAC.
A DNA 1971 bp fragment of the URA3 gene containing the
promoter and coding sequence was obtained Ifrom pYACY,
which is available from the American Type Culture
Collection (ATCC) catalog nc. 67379 (Manassas, VA) and

the sequence can be obtained from Genebank using
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to the manufacturer's instructions. The linker as 20
shown above was ligated with a 2208 bp fragnent of
pPpACYCi 77 isolated on an agarose gel and purified using
Genecl ean kit (Bio 101) (Vista, CA). This process
renoved only non-essential regions of the vector

i ncl udi ng Nhel and BanmHl restriction sites. 25 The
next step was to introduce the yeast URA3 gene, with
its pronoter and codi ng sequejices as a marker for

sel ection of yeast cells containing the YAC. A DNA
1971 bp fragnent of the URA3 gene containing the
pronot er and codi ng sequence was obtai ned from pYAC4,

3¢ eRisGhh i snawvatt@bbes f r omhkherAREKiIrGAMe P& 16 k&&"cﬁvides
Col | ection (ATCC) catal og no, 67379 (Manassas, VA) and
v £ &3 cP Rl oBY af REJCAF B/ EBRebaflt U S IFF S

2HRLTS LIk NP gdHQUPBG: tHhenbRABst-agmRRh ARy Ovidgles:

sufficient 3 honplogg for targeting. The plasm .
BYACY SfHy ARG S th the MaBRLpetiige ienAyidd uddaqns.

AN Moo, aQcOred bgot 01t HRerapYhaGhUR-LS I NSt ructi ons.
5 Li kewi se, the vector-linker conbination,

PAGYEL77]A 3 HKERT + WidS df §e8fE8dwrekhsgial Tarfddsrigta

ECHrH iy o e MRAML ASEHOLES si ASISUGId AR .
Subsequentlg% the two restriction nucl eotide digested
' Al URAS REPETLFEAPEd Psd&tedy sligested

predueacdd 1 Ntaga TRE3NE%LeSteRatRs tQ ddtHaducse dhsduce

bet a- gal act osi dase gene (beta ) by first digesting
Tt Z- with Xbal and Sacl according to the

manuf act ur ergse hogtryetponss the ibetradadle gane y@sa-
cloned fromthe 15 vector pGK beta Gal which can be

SRIGGTRF ¥idPt CeFRe EBREeySa)nbY (REStterdigRsEinn)int 2
The DM P et 9a &8l according to the manufacturers

instructions. The beta Gal gene was cioned from the
vector pGK beta Gal which can be obtained from Cell
Genesys, Inc. (Foster City, CA). The DNA pGK beta Gal
was digested with the restriction enzymes, Xbal and
SacI. Linearized Int 2 and the 2553 kb fragment from
pGK beta Gal were ligated together to produce the next
intermediate called Int 3.

The above beta Gal expression construct is
incomplete. The missing portion of beta Gal is
cbtained by digesting the pGK beta Gal plasmid with
restriction enzyme SécI and Ncol. The 1165 kb fragment
from the pGK beta gal digestion was isclated by agarose
gel eletrophoresis, wherein the fragment was excised
from the ethidium bromide stained gel and purified like
described above using a Geneclean kit (Bio 101) (Vista,
CA). Similarly, Int 3 was digested with the
restriction enzyme Sacl, according to the manufacturers
instructions. The linearized Int 3 was isolated by
agérose gel eletrophoresis. The 1165 bp fragment from

PGK beta gzl and the linearized Int 3 were ligated
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was digested with the restriction enzynes, Xbal and
Sacl. Linearized Int 2 and the 2553 kb fragnent from
pGK beta Gal were ligated together to produce the next
20 internediate called Int 3. The above beta Gal
expression construct is inconplete. The m ssing
portion of beta Gal is obtained by digesting the p&K

beta Gal plasmd with restriction enzyne Sacl and

Ncol. The 1165 kb fragnent 255fremthe pGK beta ga

di gestion was isolated by agarose gel eletrophoresis,
wherein the fragnent was excised fromthe ethidium

brom de stained gel and purified |ike described above
uB&@gtheEEne¢hganhkibD@Em@ 01 )DNAilsitgs se CAJurchased from

S Blert s Bt 8 e it e A estudet o

|msisomhtedsanﬁhﬁhbnneaeezemwwntHBKMﬁhdwxﬁﬁﬁgmbmw to

[ el.et rophoresi s. The b fra nment from
AL g R TRES! FRbEardd s o Gkt
tm@Em@ethasgngymbeNenzymﬁiE% DN&dﬂgﬁﬁga+¢xnuﬂuﬁﬁﬁt Dlunt
fr [ om w Enﬁland Blolabs Inc. The DNA fragnent was
rgie2 AP el 8RE EnéR"t tréated wi th Kl enow fragnment to
blunt the ends. The linearized DNA was circularised 5
usi ng the eng) es to Sacl
bl unt ends~to—¢ T4 DS
HOMOL OGY ThEheegegmonfoﬁ'5honnﬁmmnoijIdfumgﬁgﬁted

reconbl nation_was i sol ted uence of
R AR By Bl et ot ¥ e Pt e f 67
Pt E¥i BAS| pyckenedei ntEotheas’irﬁ ¢rppKvic HSerddmdezeeiously

al tur neti.cs 56 997 JThe A287-C10
Fonad' theg, Srashiitep éﬁf&}%ﬁ?% et
Véshengtenls5:146-156 (1997 The A287-C10 YAC was

isolated by screening DNA pools from the Washington

University human YAC library {(Washington Univexrsity,
St. Louis, MO) using PCR primers for the human V,6 gene.
isolation and characterization of the A287-C10 YAC was
described in detail in International Patent application
WC 384/02602, by Kucherlapati et al., published on
February 3, 1994, and that disclosure is hereby
incorporated by reference.

Int 4 was digested with the restriction
enzymes Notl and SnaBIl and then treated with Calf
Intestine Phosphatase as fcllows: 1 microgcam of DNA in
20 microliters of restriction digest reaction, 5 units
of calf intestine phosphatase (New England Biolabs.,
Beverly, MA). The enzyme and DNA were incubated for 30
minutes at 30 °C, then heated to 65 °C for another 30
minutes to denature the phosphatase. The vector ppKMlc
was digested with the restriction enzyme, EcoRI, and
then treated with Klenow Fragment to create a blunt end

to remove the EcoRI site. The linearizea ppKMlc was
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Uni versity human YAC |library (Washi ngton University,
15 St. Louis, MD using PCR priners for the human V, ;6
gene. Isolation and characterization of the A287-Cl10
YAC was described in detail in International Patent
application WC 94/02602, by Kucherlapati et al.
publ i shed on February 3, 1994, and that disclosure is
hereby 2.0 incorporated by reference. Int 4 was
digested with the restrlctlon enzynmes Notl and SnaBl
and then treated with Calf %estlne Phosphat ase as
follows: 1 mcrogram of DNA |n 20 mcroliters of
restriction digest reaction, 5 units 25 of calf

uselioe g@esa?ggg%gﬁﬁ\w}q% A B ol absy BONET Ny cr,

Wer e
zﬁcdﬁkdinghén bkat rdntid 265 v efrar xnuﬂﬂmntfﬁhsn1nﬂtes

dqu%grg th ngﬁgh%t se. Ihe v,e KNIC
WLH W E hePRECFELEFEEY dn enzyne @% %ﬁa 30

ti&mﬂat@atedexth KhendwkEr&gm@Ment)maﬁalﬁgatbaunégefher

end [ th i.te. i nearized. pp c

T gt BET 8 g e e SEET AT YHe FestTibr, B
qnzmner&bibn wascnamedglhm 6he manuf act urers
Instruction f ragnment 0Xi y 1 kb o, ..
honol ogy magh |§0I§F§dyq xt’ ?ﬁé“ﬁ Eﬁ£$?ag%%%t“aés“0dlng
lexgated togethembbawket kxbhe Notd apptdﬂmﬁﬂtdlgestbh of
Int 4., This DNA._prepar on ned Int_S. Th I
é%ﬂ“@%tigfﬁ Efﬂggg Ce ? %&bng é}é T lnfr%d%ceg Ynto

Uﬂ&ngnanbaaameeXonscandsammmmxmﬂahshy Bnk@rmédldte DNAs
R e S OHERE %L (or< Thrbugh tup i nt ermodiate.
DNAs deri vEdrEtonppBR322wal rkitge pBR3221 WasHingesi &d
V%}éhtigdwkkh'Calf Intestine Phosphatase (CIP) and
ligated with the approximately 7kb Hind 1II fragment
containing the vyl sequences from Pl clone #1737 (Glj.
Pl phage clone was purchased from Genome Systems, Inc.
(St Louis, MO). This resulted in intermediate plasmid
pCGl2.

The second intermediate was constructed by
digesting pBR322 with the restriction enzymes, HindIII
and BamHI. The 3986 kb fragment was treated with calf
intestine phosphatase and ligated with approximately
7kb HindIII/BamHI fragment containing the human v4
sequences from BAC clone #176E10, purchased from Genome
Systems, Inc. (St. Louis, MO). This intermediate
plasmid was called pCG43.

In order to complete construction of
targeting vectors, & new linker was cloned into the
Xbal restriction site of Int 5. The lirker had the
following-restriction sites: Xbalekill ~-MfeI-Sspl-
HindIII-SnaBI-BclI-XhoI-Mlul-X¥backill. Int 5 with the
linker cloned into it was called Int6. The linker

sequence ID NO: 4)is shown below:
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treated with Calf Intestine Phosphatase (ClP) and
ligated with the approximately 7kb Hind 11 fragnent
15 containing the yl sequences from P1 cl one 7#1737
(Gl) P1 phage clone was purchased from Genone
Systens, Inc. (St Louis, MJ). This resulted in
internmedi ate plasmd pCGL2. The second internediate
was constructed by 20 digesting pBR322 with the
restriction enzynes, Hindlll s@and BanH . The 3986 kb
fragnent was treated with calf intestine phosphatase
and |igated with approximately 7kb -H ndll1/BanH
fragnent contai ning the human y4 sequences from BAC
cl one $176H] -%c pas EhagedtbromaGenene i yisd &g dtC.tga
(St. Louis, MJ. This | nterrredl ate plasmd was call ed
pC:3.t9% tfrderCy 022dnpPEt 8t8onst ruction of targeting

Rl S e it LW étﬂgﬁa waau@h@@eot gy a b he: Xpad

restriction site of . The linker had the 30

fol | om n¥estsd c‘EF%ntEPt tga ¥h& d&a 13tre@t S5 - cta gta
Hi ndl IdgSnadt <B§d_;|c§<80!acl§ﬂ gbkeXbaokill. Int 5 with the

i nker cI oned into it was called Int6. The |inker
sequence ID NO 4)is shown below. 59 5' cta ggc aat

0 aahiat vada gelehtadcyh aht @as tsﬁ?c}tCC th aga
cgc gt}gZt Conpl enent a{%bstrand sequence (SEQ I

5 cgtPh48h TtaReBa! EfeRgads Ic&ibaajgﬁae%)ta}’l&ila 5

gga gelidOr CcBLIXRbe-Nha1kipdseicamds @diented in Int
6 as such: A287 -

SnaBl (ex) - EcoRI - BssHI | - Xbal (ex) - M el -
H ngl I - Bclthehpd s M uktpEK- Bet:a Gada 1hha 1NeSiVdicdt@’ that

%téaggﬁﬂféé arndlc%tgitghgall Fe eliminated upon
ligation into the larger DNA. The linker is
conveniently designed so that it can ligate into an
Xbal site but the site does not survive the ligation.
The particular Xbal site which contained the linker was
determined by first cloning the linker and then
digesting the DNA with the following pairs of
restriction enzymes separately: NotI and HindIII; Xbal
and SphI; and Mlul and SphI. Introduction of the
linker eliminates one Xbal site. The position of the
linker in Int 6 was determined by the distance between
the newly introduced Hind III site and the NotI site

which was present in Int 5.

CLONING OF MOUSE vyl SWITCH REGION:
The plasmid EH10 was obtained from the

University of Michigan and is & pBR3222 based plasmid
containing a murine vyl switch region on & HindIII/EcoRI
fragment [M.R. Mowatt et al., J. Immunol. 136:2647-2683
(1983)]. The plasmid was digested with the restriction
enzymes EccRI and HindIII and the 10kb fragment
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10 the particular Xbal site will be elimnated upon
ligation into the arger DNA. The |inker is
conveniently designed so that is can ligate into an
Xbal site but the site does not survive the ligation.
The particular Xbal site which contained the |inker
was 15 determ ned by first cloning the |linker and then
di gesting the DNA with the followi ng pairs of
restriction enzynes separatel g0 Notl and HindlIl; Xbal
and Sphl; and Mul and Sphl. Introduction of the
linker elimnates one Xbal site. Tne position of the
20 linker in Int 6 was determ ned by the distance
bebmeamnih@eumEMmousﬁrmﬂh&wﬂtdﬁrwh$lissEEEeandnﬁhe
hbtl was present in Int S. CLONING OF
SFﬁ'ééQ%ﬁﬂH()l The plasm d EHLO was obt ai ned
fron1the 25 University of Mchigan and is a pBR3222
based plasmd containing a nurine yl switch region on
a HndlIl/EcoRI fragnment [MR Mwatt et al., J.
[ rrunol . 138NRUPEBRAN ¢rl98&14 The pl asm' d vvas

di gested wit restrict enzynmes. Ecc
ol | and S SO 1 hgte st PORRATRAnG ERESfolicy
yhigmtﬁoh wagheyﬂxﬁﬁmiéumheqnnwéseﬂh631aEBVEragment

nstru tion of Li |nvolv
SOPRT Ty 0 Ao T e i orFer erBAE ths M fn Efort
18kb Hﬂagmamtdugnumemlm@lmh&nﬁnﬁmxiyédsmbbob washe
i sol at ed fron1 coRl III est as
(eeePhEog R We, AGA T e IR BiREs%en
dEgested wnﬁwﬂknﬂ{ eﬁmheﬁixﬁﬁs ﬂme pBRaQereBeﬂtmeSmid,
;gﬁgn ancéﬁbF%%? a§n]7@b}g 55 an’ aﬁBQEQEHEQQIQUQEg
HindIII and BanmHI tragment. All three were ligated

together to create pMSL4.

CONSTRUCTION OF pMSL1

Construction of pMSL1 also involved a three
way ligation. The first eiement was the 10kb fragment
containing the mouse vyl switch was isolated from EcoRI
and HindIII digested EH10 as deszribed above. The
second element was pBR322 digested with EcoRI and
BamHI. The final element was pBR322 based plasmid
pCGl2 containing approximately 7 kb fragment cf human
vl which was modifled by introduction c¢f Hind III kill-
HamHI linker into HindIII site on 3' end of the 7 kb
fragment. Thusly modified plasmid after double digest
with BamHI and HindIII releases 7 kb HindIII/BamHI
fragment which is subsequently used in three piece

ligation.

MOUSE 3' ENHANCER

We isolated the 0.9 kb core part of the

enhancer by Stul restriction digestion from the 4kb
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Hindl Il and BanH fragment. Al three were |igated
together to create pMsL4. CONSTRUCTI ON OF DMSL1
Construction of pMsLI also involved a three 15 way
ligation. The first elenent was the 10kb fragnment
containing the nouse yl switch was isolated from EcoRl
and Hindl 1l digested EHLO as descri bed above. The
second el enent was pBR322 digested with EcoRl and
BanHl . The final elenent was BR322 based plasnmd 20
pCGL2 contai ning approximately 7 kb fragnent of human
yl which was nodified by introduction of Hnd Il
kill- HamH linker into Hndlll site on 3 end of the
M1 fragoent. ofhuskypiBdiohine® plasydtd raf tercidnubl e
diC%gst_ w th_BanHl and Hi ndl lnléhrel eases 7 kb ,
T3P ERAHE RS 5T RF ABfrerdt RATERSGSE sibsEtflerftigprasdqto
iprd hgespi geRdeki gat hon, MAISE 3 cENANGER M. 146-156
isolated the 0.9 kb core part of the enhancer by Stul
res?¥ittion digestion fromthe 4kb - 61 Mul fragnent

of the pl Bgpama2gtatdat tRE eelidh tIRNAINNEL enzyme
nmurine 3' _ enhancer %HSI@gZ) cloned into plB [MJ.
ée

VEHeEz E01&PWEANBY U ReRitc 1 5 ths - Kisgov 1ggents to
Ve gk geshedntNenbsW t et e gheld itgld At AMZYITR; YNdarized
foll ovved.p% treatnment with the Klenow fragnment to

cheat @ Wi bht tBRAS - Wb S§ated namE e Es Rk iy Indedti zed

ldinSnsbthebherBaBekbndt ul, f RORRIU: OfedWHNE Roning
enhancer to create Int. 7. We verified the cloning 10

reRRE T AN b)Y pBEE SPRIARIr ESERTALT [P Hi L2t T P o rP s angitiel
cd pHess Wi BhuskRggEeeBR1 .1 n 1addidd i oV O d fBehddetne
desired orientation of the fragment by digests with

Ncol; Ncel and HindIII; and HindIII and PvuIll and the

~known restriction map of the 0.9 bp Stu I fragment.

We introduced another linker into plasmid Int
7. We digested Int 7 with Mfel and SnaBI (double
digest), foliowed by treatment with calf intestine
phocsphatase. Next, we introduced the follcwing linker
by performing a ligatibn reaction and creating
intermediate Int 8. The restriction sites inserted by
the linker intc Int 7 are as follows: MfelIskill-HirdIIi-
SnaBI-BclI-BgllI-Bam HI-BgllI-Nhelekill. Again,
MfelIekill indicates that the Mfel site was eliminated

upon ligation into the larger DNA.

The nucleotide segquence of the linker (SEQ ID NO: 6):
5' aat taa gct tgt acg tac tga tca aga tct gga tcc
gga tct

The nucleotide sequence of the complementary strand
(SEQ ID NO: 7):
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desired orientation of the fragnment by digests wth
Ncol; Ncol and Hindlll; and H ndlll and Pvull and the
known restriction map of the 0.9 bp Stu | fragnent. 15
We introduced another linker into plasmd Int. 7. W
digested Int 7 wwth Mel and SnaBl (double digest),
followed by treatnent with calf intestine

phosphat ase. Next, we introduced the follow ng |inker
by performing a ligation reacéfon and creating 20
internediate Int B. The restriction sites inserted by
the linker intc Int 7 are as foll ows:

Melkill-H ndlll- SnaBl-Bcll-Bglll-Bam

Hi - Bgl bBI' - Rigel kicltl ggagdias aqd ki 1193 ndFzages €@htacheadt
Mel site was elimnated upon ligation into the

| arger DNA. 25 The nucl eoti de sequence of the |inker
(SEQID NO 6): 5" aat taa get tgt acg tac tga tca

aga tct gga 97 ¢ nucl eoti de sequence of
the conpl e IPRGE T QID NG 7) :q62 5' aga
tct gga tcc Thga doo tgfe tioer aptel ngtvecaongtwere
Téﬁ%l#ﬁ@t\éﬁ%gﬁ% LS Ol i LATGPLLNG YECLPL 8¢ yBhe

57constructed iIgesting Int8 w e restriction
eanyyes sSCele lamth HHIdIA 111 f of d ovede dyoyr eaeabmenti whth

c [ t qf(psr%a{ﬁsaes Th 1 ds. Msfndang
p?/éﬁz 3@?‘%56%&?21 y |géstee'd %ﬁ?%%é@%ct_?onan
epY$ids w8oel pamd il INd! 1digesed kbl th aghenreaasi¢cfion
i ol%ﬁpr l.amde gel £} egtrephorestswaihe
p%?%gl{.ﬂgg ki}%ék%b rag%erﬁ{ﬁl\?\lgs Ieilkgat ed V\/If)t%"l nt 8"_Vtao
chieafle tielde by el l wamgetamide et brel st saPAATEALFI- gufée
purified 17 kb fragment was ligated with Int 8 to
create the final targeting vectors as shown in Figure
5.

EXAMPLE 2
TARGETING .OF vl OR v4 CONSTRUCTS ON yH1C YAC

The TVl or TV4 vectors (5 ug DNA) were
linearized by digestion with the restriction enzyme
NotI (Figure 5). The DNA was purified by phenol
extraction followed by phenol/chloroform extraction.
Next, the DNA was precipitated with ethanol and then
used to a transform a yeast clone containing the yHIc
YAC using a LiAc transformation protocol. [See
Schiestl, R.H. et al., Curr. Genet. 16,339-346 (1989)].
Transformants were plated onto SC-URA agar media plates
and incubated at 22 °C until colonies appeared or
approximately 5-6 days. SC-URA plates contain a media
for growth of yeast which lacks uracil and therefore
selects for yeast colonies that can produce their own
uracil. Similarly, SC-LYS plates contain a media for

growth of yeast which lacks lysine and selects for
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5. EXAVPLE 2 15 TARGETI NG OF VI OR y4 CONSTRUCTS ON
VHLIC YAC The TV1 or TV4 vectors (5 ug DNA) were
linearized by digestion with the restriction enzyne
Notl (Figure 5). The DNA was purified by phenol
extraction foll owed by phenol/chl orof orm extracti on.
20 Next, the DNA was precipitated with ethanol and
then used to a transforma yeast clone containing the
yH ¢ YAC using a LiAc transf@?nmati on protocol. [ See
Schiestl, RH et al., Curr. Cenet. 16, 339-346
(1989)). Transformants were plated onto SC- URA agar
nmedi a plates 25 and incubated at 22 C until col onies
Meredr exb yniepptloxt naesl prodecgaydieiSCAYRA byaies. The

CULA! Y oy N G4 LO1, B QWE B0 RASn MNTEL UREKS 2t o ang

erefore “selec or yeast colon
can §ddiit ep tdled s 0\/\nﬁorugaoertlcsltmsltam1gy 3 L¥®k for

Eg@{? Long Al 2 ﬂ?g ﬁai& gy’nqyefkﬁn s e%‘ﬂ?t%‘ w on

ysune and selects o ast
cHir Jrrocaee dheéi nobwarbyspne SCTAY'S nesd tqwnoi@nYlé@A

"x\é?e;oelaf epl Lkegl PS&PSS&U% pFat A %”%N %C '-sogﬁfi’tlt%gea%d

or- genetic testing - ook or 9 oss
Laf&meb@rbymyymaoaes whlaglm greewtomrs S@F&RAtaneJV@Imate

hours at 1%2 S&e%hg mgogggl soI of%\dr{@ égéﬁl % as

poinaetede chai hnkeacesen bRERN t\d esvial\uﬁht@ e\h@mhemm.ld
tﬂhevéjezsogﬁfgcrﬁoﬁé{ﬂgn §9| %?Ie'é%'?j; - i{se‘j(ﬁ ure

expecte inth human CH exons s ouId
]soemvenecépaa aceddhbaua Y2 sCHIeod ref e&m $Ppglemenys

te [ S S pared from
supp?%r?r;ﬁt sp&g §IHngg1f Sgﬁns\g%(b 1C§l:§L3 (Vista, CA).

PCR Primers used for this assay are as follows:

HGl: Z' cac acc gcg gtc aca tgg c (SEQ ID NG: 8)
HG2: 5' cta ctc tag ggc acc tgt cc (SEQ ID NO: 9)

The PCR reaction consisted of 35 cycles ¢t
the following: 94°C for 15 seconds followed by 60°C for
45 seconds and then 72°C for 90 seconds per cycle. HGI1
primer was positioned at nucleotide 181 on consensus
human Cyl, Cy2, Cy4 alignment and primer HG3 was
positioned at nucleotide 994 of this alignment. These
primers will amplify DNA from Cyl, Cy2, and Cvy4
isotypes.

Due to restriction site polymorphism in the
human Cy genes, the particular isotype of the template
DNA could be determined by restriction digestion of the
PCR products to yield unique sets of DNA fragments.

For example, the restriction enzyme Pvull restricts the -
PCR product into two fragments'of 621 bp and 196 bp
when Cy2 DNA is the template for the PCR products, but

does not cut the product if Cyl or Cvy4 is the template.
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PCR Prinmers used for this assay are as follows: HGL:
cac acc gcg gtc acatgg c (SEQID NGO 8) 15 H&E: 5
cta ctc tag ggc acc tgt cc (SEQID NO 9) The PCR
reacti on consisted of 35 cycles of the follow ng: 94C
for 15 seconds foll owed by 60C for 45 seconds and
then ' 72C for 90 seconds per cycle. HGL prinmer was
positioned at nucl eotide 181 on consensus 20 human
Cyl, Cy2, Cy4 alignnent and-pffner HGE was positioned
at nucl eotide 994 of this alignnment. These priners
will anmplify DNA from Cyl, Cy2, and Cy4 isotypes. Due
to restriction site pol ym)rphlsm in the 25 human Cy
geimelsl ax hg, pahei sglsgr licddoypenayTeh& acehil Tt ere PNALCEs

g%gg bbe debanaingd chy tm%stffa%emsd'oe@%fsg;bgg ald1€379 bp

ts to yle uni que sets of nents.
Fdrere@wbl s ohé&adesdr.i ctFlcsralénZyrtédeP\nﬁstmecstmm:t%nzyme

'b ]OP%QE%/%EBI\IX%SE{@#; tenp ate @12101 C@H@n@%f

p@&;@d@ps::nﬁuit%db@swmn ¢inté tife Qh’t@dllmd if Qylth¥s oyay

o7 LT esePrepE® F TSR F DA (hre Lo TTaoment s
of 438 bp akd 3Re Dﬁxﬁm@ve@jlon srobrted rradh 2 % hek / ya 11

t
Peaestislion e eBll e siie s yo

C<§'&4 tseodeained. b6 ticd-ymey werld iil-h‘rféeeli smlg@@se@fby
L%&%&qgkg g?og' éts'sglgyr“ [StpedSan{&JJke en:exatl | Q\V@i lar

aracteri zation, yeast cl ones which exhl Ited
cotoringgehetpborasonel Mammm i hhkastigred 1 gaIedt yphed S,

W% df§EEtﬂﬁF; %%E%%'}eii% GAHIBIRILL bl Ddg@ssay 4Js

rook et "al. Mol ecular d oning: ALaboratory
N@n@a@grgmagg@plg ofaddyr Fromzeach clone was digested

overnight with the restriction enzymes Hind III, EcoRI
and Bam HI. yHIC YAC DNA, which served as the original
target on the replacement vectors was used as control.
The digested DNAs were separated on 0.8% agarose gel,
stained with ethidium bromide and photographed and then
transferred onto nylon membrane (Gene Screen
Hybridization Membrane, NEN Life Sciences). Next, the
YAC candidates were checked on Southern blots using
hybridization probes from the following Ig genes: D,
mu, J, delta, murine 3' enhancer, Cgl,4,V1-6. [Sece M.J.
Mendez et al., Genomics 26, 294-307 (1995); M.J Mendez
et al., Nature genetics vol 15, 146-156 (19%7) (V3
probe) ] |

The fdllowing probes were used for Southern blotting:
HG1 : CAC ACC GCG GTC ACA TGG C (SEQ 1D NO: 8)

HG3: CTA CTC TAG GGC ACC TGT CC (SEQ ID NO: 9)

These primers will amplify ~820 bp fragment for gamma
1,2 and 4 . Either one can be uéed as a probe as they

are highly homologous.
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m crogram sanpl e of DNA for each clone was di gested
overnight with the restriction enzymes Hind II11, EcoRl
15 and Sam H . yH C YAC DNA, which served as the
original target on the replacenent vectors was used
as control. The digested DNAs were separated on 0.8%
agarose gel., stained with ethidium brom de and
phot ogr aphed and then transfesred onto nyl on nenbrane
(CGene Screen 20 Hybridizati on Menbrane, NEN Life
Sciences). Next, the YAC candi dates were checked on
Sout hern blots using hybridization probes fromthe
fﬂ%}' QMb!Dgf%g\/g@nQ%lleln@Upri,mei@ iy r gnursge 3'
enhancer

e MJ. e I .
CBhofri 03526 T§9§A§O§’G 133@) ;GGIQ fl\%g%ze}% T&T aﬁS.E,Q b
Nadur eogenetics vol 15, 146-156 (1997) (V3 probe);
The follomn probes were u f h t1ing:
55 Cnd ABECOBB P A TaR e TR UD 1. B Hhd 1o
qmﬁ,CIQ)TAG GGC ACC TGT CC (SEQ ID NGO 9) 30 These
primers will anplify -820 bp fragnent for ganma 1,2
and 4 . Either one can be used as a probe as they are
hhglal ¥rhemglagens ndbprike mpld fy W4 f ol | owi ng

i mers _were used: VHSA: 5 C (O Cl.
AP CoT OF TESEB G BCRART I £k GO TaA T 12
AAPETT sTGEGTGCRCE(SERd R TS AMA AdY Ferg HPRTNO: 133

follow ng priners were used REPS: 5 CTG GAG TCC TAT
TGA CAT CGC C (SEQ ID NO 12) REPO 5' GGI TCT TTC

Lo CTE1AGA 1AGE H{SERP IR NO.crdi3) fo Al ind i palhyrstwere

awM|fy Cru following prinmers were
used %

Jml: 5° GCT GAC ACG TGT CCT CAC TGC (SEQ ID NO: 14)
Jm4: 5' CCC CAG TTG CCC AGA CARA CGG (SEQ IL NO: 15)

Finally, we confirmed the general structural
integrity of the YACs using CHEF gel pulse-field gel
electrophoresis (CHEF DR-II, Bio Rad Life Sciences,
Hercules, CA).

We designated the YAC encoding Cyl &s yHZBm

and the YAC encoding human Cy4 as yH2Cm.

EXAMPLE 3

CONSTRUCTION OF VECTORS FOR RETRQFITTING
vH1C YAC TO vl (TV G1l) AND v4 (TV G4)

Vector construction for preparing the
targeting vectors to retrofit the yH1C YAC to yHG1 &and
vHG4 is schematically shown in Figure 6. The targeting
vectors were built on a backbone of pACYC1l77 (Genebank
#X06402) available from New England Biolabs
Inc. (Beverly, MA). We introduced a linker into

pACYC177 to facilitate cloning of a murine 3' enhancer.
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10 used : Jm: 5 GCT GAC ACG TGI CCT CAC TGC (SEQ ID
NO 14) Jnd: 5 CCC CAG TTG CCC AGA CAA CGG (SEQ I'L!
NO 15) Finally, we confirmed the general structura
integrity of the YACs using CHEF gel pulse-field ge
15 el ectrophoresis (CHEF DR-11, Bio Rad Life Sciences,
Hercul es, CA) . W designated the YAC encodi ng Cyl as
yH2Bm and the YAC encodi ng hunan Cy4 as yH2Cm
EXAMPLE 3 20 CONSTRUCTI ON ©F6VEETORS FOR RETROFI TTI NG
VHIC YAC TO tivl (TV Gl) AND y4 (TV (4) Vector
construction for preparing the targeting vectors to
retrofit the yHIC YAC to yHGL and 25 yHXA is

Wehemil edalthye @Iﬁ\@mﬂﬁ Figuier gcomheinangethaglinker Int

eCt e%amgrr%#%%@f&f? aval Oé\fejf%flm ﬁév%ng%loalng sites

Bnotabslhn&er(BEMEEky fdﬂ%owsM%Hlmmfbﬁu&ebIaMﬂuﬁkéaCI—

ERLS- BRI oyl 2 idt el g ches s o

sont aehi ng tsteown egdrow nt .9. The arrangenent of
restriction enzyne cloning sites in the linker was as
follows: Hindlll-Sall-Mul-Pacl- Fsel-Hi ndlll. The

|'i nkes 'naglcedttigle sepmemoeg ¢ S | DraStNO 246) ccg ghowa
below. 5' agc ttg tcg aca cgc gtt taa tta agg ccg gcc
a The nucl eoti de sequence of the conplenentary strand
(fBEQnUDINOt ilA sedierage ¢f gtigeccgyplefrengatr vt a4 racg

g 10 W cloned the murine 3' enhancer
%%ﬁﬁ&E% vkg%ztargeting vector as an approxi mately
41,1-, Mul

5' agc ttg gcc ggc ctt aat taa acg cgt gtc gac a
We cloned the murine 3' enhancer from the
vH1C targeting vector as an approximately 4kb Mlul
fragment. The 4 kb enhancer fragment was cloned into
the-MluI site of pPACYC177 modified with the linker
cshown above and the DNA is called Int 10. Proper
orientation of murine 3' enhancer was determined by
digesting prospective clones with the restriction

enzvmes NgoMI and EaglI.

Amplification of a 5' homology region

A region of 5' homology was obtained by PCR
amplification of the relevant portion of pIBgammaZ2
targeting vector [M.R. Mowatt, et al., J. Immunol.
136:2647-2683 (1983)]. The nucleotide sequence of the
primers used for amplifying the 5' homology region

were[See also Genbank Accessicn no. M1238%]:

Primer i :5' tgg tgg ccg aga agg cag gcc & (SEQ ID NO:
18)
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frgnment. The 4 kb enhancer fragnent was cloned into-
the Mul site of pACYCl1l77 nodified with the |inker
shown above and the DNA is called Int 10. Proper 15
orientation of murine 3" enhancer was determ ned by

di gesting prospective clones with the restriction
enz}ones NgoM and Eagl. Anplificatio n of a 5

honol ogy region 20 A region of 5 honol ogy was

obtai ned by PCR anplificatign ef the relevant portion
of pl Bgamma2 targeting vector [MR Mwatt, et al.,
J. Inrnunol. 136:2647-2683 (1983)]. The nucl eoti de
sequence of the priners used for anplifying the 5
rameleagye r e omc@&g@r@iﬁe@gal s8c CenbagkaAceessigan atg

no. ML2389] Primer 1 :5' ccg aga_a ca

(SE0 1 Nactage g it ot Heg deda2ags dgtatetic ot
aac ttc gtadaagtBE@IDD dAa tar gaa gtt att gtg gga

cag agc tgg gcc cag g (SEQID NG 19) Primer 2

contains Sacll and-Sphl sites as well as a lox 5 p

el gt .2 denteidwned ogy 4egi 9phnasiPeR agplicfiieds a lox

usi ng the foll ovm PCR conditions: 20 c es 0
Fors 1M Sdondst g &?/%EOJo?/g%sff‘?b?nsdase)é’b%démp&ﬁ%&ed

tdseimg72c|®1é‘ o.f.roﬁ;(b»sﬁc@mlsa dhedfegbns:was theneseqfersaed
er. cloning i into TA-TOPQO yecto A- TOPO.i .
3{% E abﬁeeccfl}%?n {?%%%rPﬁﬁ% ¢ ’%ﬁﬂé ad®CeR S'Tﬁé}% then
pracnerfs i @0 5edworad ogyrrseqxt@glx(:mgwasetsbﬁmmbebnw.ed

seal t cce cte t SE D NG,,.20Q seg2:
cadd“ecrcésjtoéhlg’g%gl%dnb arpjg_@?Dv -921) rﬁe\}})Pge g

atfh igetb lcat £ ges I:ra\tritg@géISEQmB.N@ai‘Z)sbka rew) .seq2:

tag tga gtg ggc ctg act (SEQ I D NO 23)

The primers for 5' homology sequencing are shown below:

seqgl: gtc tgg ccc ctc tgce tge (SEQ ID NO: Z2Q)
seqg2: cac cca taa aag gct gga (SEC ID NO: 21)
rev. seql: acg gct cat gcc cat tgg (SEC ID NO: 22)
rev. seqg2: tag tga gtg ggc ctg act (SEQ ID NO: 23)

We compared the resulting sequence to the
human switch y2 sequence (Genebank #U39934) and

determined that it is identical.

Cloning of v4 coding and 3' homologv regicns

D

We obtained human v4 ccding exons and a
region of 3' homology by performing partial enzymatic
digestion of the plasmid pCG43 using the restricrtion
enzyme SacII. We then digested plasmid pGS43 with the
restriction enzyme BamHI and we cloned a purified
approximately 7 kb fragment into the TA vector
containing 5' homology. We called this intermediate
recombinant DNA molecule IntlI G4.

Intl G4 was digested with BamHI, treated with

calf intestine phosphatase and then the vector were
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We conpared the resulting sequence to the human
swtch y2 sequence (Genebank 71-.U39934) and
determined that it is identical. Coning of y4 coding
and 3' honol oov regions 20 We obtai ned human y4
ccd.ing exons and a region of 3" honol ogy by
performng partial enzymatic digestion of the plasmd
pC&A3 using the restriction enzyne Sacll. W then
di gested plasm d pGS43 with éke- restriction enzyne
BanH and we cloned a purified 25 approximately 7 kb
fragnment into the TA vector containing 5 honol ogy.
We called this internmediate reconbinant DNA nol ecul e
i@fiaﬁﬁd hﬂ@thﬁﬁwass@i@&QI@deﬂﬁﬂnﬁh@ﬁ%si$reaT@d with
cal f_intestine _phosphatase t he ect o r 8
Jri%i b ﬁgFﬁaraggrsogelgg&éﬁeazlrggsc#%yp%%{%%?sg ﬁéllég\ewftﬁ
%S@lfieﬂaMHmtgma@&&dﬂgﬁﬁdmjpﬁﬁchﬁmmébed befencatioh of
.4 BapH fragnent .fro | B 24 X L on.
$he 1RserT Was BETETRuar B GSTATLE dobekt ENEH Pk
ttt. TheeHundHiIlI Isisti evas sletereanmeded ot bebat et heh&' 5’
end o : a fragnent, as_d ' by, t
b e§£ gfﬂfﬁgggg%gg f%%gme|%§§%§$éﬁég%9§gdné¥dg R
get eraynenesi efttatd aigdst4he |inker in
PACYCL177/ ephancer plaspid.. Thi's s.done . : -
prepari ng &eﬁgn&e(ﬁeﬁﬁgﬁiEgcﬁ%%%??éﬂg %flégtg¥lon oF
PAEYC1A R nkepAdtdl Shdntaaced thleaeidf edbhsofashdone

A e ad
prsutLnnglibhkegmentth SkeThengogithonseobtr esthi ofi the
215 g REGSHY LIS s 21 A5 Midul? 83cTOLhA S ser.
Linker orientation was determined by sizes of resulting
fragments.

The positions of restriction sites 1in

pACYC177/enhancer plasmid is as follows: Clal/Smal

(pACYCl77)—HindIII¥FseI—PacI—MluI— ({enhancer:Pstl-
PvulI-EcoRI-NcoI-NheI-Apal)) -Mlul-Sall)- Pfmll
(pACYC177) .

The next step was to clone URA 3 gene into
pACYC177/enhancer plasmid. The purpose of this is to
retrofit the targeting vector with a selectable yeast
marker, as well as 3' homology to drive homologous

recombination. In order to clone URA3 gene, Int 2

(constructed for original TVl and 4, described in

Example 1) was digested using SacIi/sall. Similarly,
the pACYCl77/enhancer plasmid was digested with
SacII/SalIl. 3.8 kb fragment from Int 2 digesticn and a
5kb fragment from pACYCi77/enhancer were isolated on
agarose gel electrophoresis and ligated together. The
resulting plasmid contains enhancer and URA3 gene in
pACYC177 backbone. The next stép was to inﬁroduce two

more linkers into Intl G4 with cloned 3.4 kb Bam HI
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(pACYC177)-Hi ndl Il -Fsel -Pacl -M ul - ((en_hancer: Pstl -
Pvul | - ECORI - Ncol - Nhel -Apai)) -MuT-Sall)- Pfml
(pACYC177). 20 The next step was to clone URA 3 gene
into pACYCL77/ enhancer plasm d. The purpose of this
isto retrofit the targeting vector with a selectable
yeast marker, as well as 3' honology to drive
honol ogous reconbination. In order to cl one URA3
gene, Int 2 25 (constructed fger -original TVl and 4,
described'in Exanple 1) was digested using
Sacli/Sall. Simlarly, the pACYCL77/enhancer plasmd
was digested with Sacll/Sail. 3.8 kb fragnment from
FRlb gReditgestimn wesuatihkbifitagnedt ateomes called Int 2
EACYCl??/enhancer were isolated on 30 agarose ge
ectrophoreS|s and ligated together. The resulting
pl asm d contai ns enhancer and URA3 gene in pACYCl7.7

backbone. The next st s to,intro .
PPk dndieiD IS 25 BPIhOEPORBACS S b T Rp RS 11 and
iﬁ@gﬂﬁptse@{§h¢@§ultlng internedi ate was called Int 2

i nkers_were

ﬁﬁqqaﬁ@6§%§96$@E|&?Fﬁséﬁg IOElnléér sequences: 5

CECCATHEXXLLLLTTASECG! DsBO 124N0 : TRGPGGECCGGTACCGG
(SEQ 1D NO 25) The second |inker had the foll ow ng
restriction sites:

BayePl s dgnhd EColve M RhdFsak- SbﬂhoBﬁmHlMdétrlct‘on sites:
AT COOG] ACDGAT AT TCAAT T 032000R0CRUCATATAGRCT (SEQ 1D
@@@ﬁmm@@@ﬁme@m@@@@@@@@@@mmmm ((SEQ ID
ID 2627) The purpose of introducing linker 1 was to

GCCATGGCTATAGGTTAACCCGGCCGGCCGGTATATCCGGACTAG (SEQ
ID NO: 27)

The purpose of introducing linker 1 was to
provide an Fsel site for the final cloning step, as
well as eliminating one of Notl sites. In additiomn,
this leaves the final targeting vector with a unique
NotI site, which was used to linearize the targeting
vector before transformation. The second linker was
used to clone the last fragment needed to restore the
complete downstream region of yH1C YAC, a 1.5 kb
BamHI/EcoRI fragment.

Linker 2 was introduced via partial digest with
Bam HI. . IntI G4 (with cloned 3.4 kb BamHI fragment)
was partially digested with BamHI and the partial
digest was iéolated on agarose gel as a 13kb fragment.
The 13 kb fragment was treated with calf intestine
phospohatase and ligated with lirker. The position of

the linker and its orientation (whether it went into

correct BamHI site at 3' end of 3.4 BamHI fragment) was

determined by digesting clones with Mfel and Notl
(double digest). The Mfel site is intrecduced with a
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provi de an Fsel site for the final cloning step, as
15 well as elimnating one of Notl sites. In addition,
this leaves the final targeting vector with a uni que
Notl site, which was used to linearize the targeting
vector before transformation. The second |inker was
used to clone the last fragnent needed to restore the
20 conpl ete downstreamregi on of yHIC YAC, a 1.5 kb
BanHl / ECoRI fragnment. Linker 72 was introduced via
partial digest wth BamH . Intl &4 (wth cloned 3.4
kb BamH fragnent) was partially digested with Ban
11T and the partial 25 digest was isolated on agarose

gel nasr addkind nagrentite The pBekbntr agment wastor.
treated with calf intestine hos hatgse and || ated

vﬁﬂﬁt}w&eﬁra%’é“‘boé?%%np‘éfm Fh@ PHR lgﬁb‘tlt@ ation

b eﬁﬁ@tp@glﬁthd @faé\ﬁﬁtatwh%fcahéea&nﬁ@erl smiee
at_ 3" end of 4 Banl raggenL%Bmas 30 deternlned

P HREieR %?Bﬁ%le%ﬂ ¥4 ER AhD*RBL AT € 88UbHE tdi ge@t)and
ThecMedgsite is introduced with a 70 linker and the
Notl site |s present in the vector. Relative fragnent

si zes per mi TP&IF¥kdS FERNYRFI £t FORTCof PERe [HdsiY |

apta gfigntation wh fbggﬂnwkebbﬁhaedpb@smad\m /ECoRI
retrofitted with_|inker ar and Int 3

Aoulhe dbgesSkieb %@gtﬁamegoﬁga?ws‘ ‘| n%@ > 5asni d,

ar 1a Smdibt fwagnenténeldt Qhﬁ@dBEh‘mPBaﬁdk/tEQQRh1g(2l3®ltb'1M3feI
di_ gest of pIBg amma?2 plasm d. . The 1. ne
cEb9edt i fit ol B n%HGﬁartPépcalé@sVFﬁf&Prfﬁtélﬁgm:Q*OQ%RQ’

n&Hor b i bnast drmeabitanal w@LOﬁleréa@.eo i@ this step.
orientation, det egm nat.l on was IS step.

b reetr PPLaS o hasao, s ar1ags Ty Aot

The next step was. to introduce the linker
with the restriction sites Notlkill-Fsel-Notikill. Int
4 G4 was digested with NotI, treated with calf
intestinz phosphatase, isolated on agarose gel and
ligated with the linker. The resultinq plasmid was
called Int 5 G4. Again, there was no need to determine
linker orientation in this step. As a result, a unigque
Not I site was eliminated and one Fsel site was added.
The purpose of introducing the ¥sel site was to allow
cloning of a fragment spanning from 5' homology region
to the 1.5 kb fragment to pACYC177/enhancer/URA3
plasmid.

The final cloning step was a partial digest
of Int 5 G4 with Fsel, followed by isolation of a 13 kb
fragment on agarose gel and ligation into the unique
Fsel site of pACYC1l77/enhancer/ URA3. The orientation
of this insert was determined by a double restriction
digest with NotI/Fsel. The final targeting vectors
were called TV G4. o

To construct the TVCGl targeting vector to

retrofit the yH1C YAC with human Cyl coding exons and a
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The next step was. to introduce the linker wth the

restriction sites Notlkil.l-Feel-Notlkill. Int 15 4
4 was digested with Notl, treated with calf intestine
phosphat ase, isolated on agarose gel and l|igated with
the linker. The resulting plasmd was called Int 5
4. Again, there was no need to determ ne |inker

orientation in this step. As a result, a unique 20 Not

| site was elimnated and enelFsel site was added.

The purpose of introducing the Fsel site was to all ow
cloning of a fragnent spanning from5' honol ogy region
to the 1.5 kb fragnment to pACYCL177/ enhancer/ URA3

pl asgién 025 3Theckicalgyc! ove ngsestigpe waso@epar ¢i aéscribed

dj gest wi t.h Fsel [ 1 pwe y t
%?g3e1§oﬁbtl“1er &é’lﬁr%tlaodhr ose{\ge(%gangw%)l %% ‘?goﬁ tﬁ?ocvl
£bgiHpi guensFseld F't eraafc ALY Alggienhincerp 1 URABd F0E12 .
orientation of this insert was determ ned by a double
restriction 30 digest with Notl/Fsel. The final
targeting vectors were called TV 4. To construct the

TVGL targeting ve 0 t 1 of 1C. YA
REAMRTBYF codi ng dck L or JEJE‘R E NE' pie 8‘@%"‘ tfglc
honol ogy, we us¢’ e " Fo?’
the constructio Y i S 0
exons and $Je>lt0rmdé)gcyoﬂi§tgr@@“édiom @éasmd m@GﬂsZ/z which
EXAMPLE 4 CONSTRUCTI ON RGETI NG ORS ., TV 5

RRD PV BAFP R SRR NG VAR Y A R RS E
SV TCHIENG dNexis t mezre anSt § Ukl edf ahweahoswiTWhGYl2region
which _has a chine onstruct, of hunma | CH. i.ng
o d F e Ot GoWhRTonnt of - 5T RbS of SR REn SHeRa=yS
Fe@a®N v2 transmembrane exons located 3' of the vl CH

coding excns (Figures 3). The vector is based on

8ve

pPACYC177 wvector, which i3 available from New England
Biclabs (Beverly, MA). We constructed the vectox,

which we call TV G1/2, using the following procedure:

1. First, 5 ug of pIBgamma2 was digested with the
restriction enzymes, HindIII and BamHI, and a 6.5
kb fragment was isolated on an agarose gel. The
vector, pIBgamma2, contains 22 kb of human genomic
DNA with y2 flanked by two EcoRI restriction
enzyme sites and was previously used to generate
yH1C. The 6.5 kb fragment was then ligated into
the pCR™2.1 vector from Invitrogen, Inc.
(Carlsbad, CA). pCR2.1 was prepared by digesting
1 pg of plasmid with BamHI/HindIII and treating
with calf intestine phosphatase and then isolated

on an agarose gel.

2. The resulting plasmid (6.5 kb fragment + pCR™2.1

vector) was subjected to partial digestion with



10

15

20

25

30

10 DNA (Figure 3). In addition, this vector contains
human y2 transnenbrane exons |located 3 of the yl CH
codi ng. excris (Figures 3). The vector is based on
pPpACYCLl77 vector, which is avail able from New Engl and

Bi ol abs (Beverly, MA) . W constructed the vector, 15
which we call TV Gl/2, using the foll ow ng procedure:
1. First, 5 ug of pliBgamma2 was digested with the
restriction enzynes, H ndlIH 7Zhd-BanHl, and a 6.5 kb
fragnent was isolated on an agarose gel. The vector,
pl Bgamma2, contains 22 kb of human genom c 20 DNA with
y2 flanked by two ECORi restriction enzyne sites and
was preadtoust il arseein zyngelenat §olydved The B.deskbion with

from T trven Ch he tEpeL San s T PGS on
pr epamm%r@l@e@¢¢wgs 25 mppgpéﬁrﬁlaésmfd kit ly2 stop
BanHl / dg“ll fﬁ%%éfg?&'nghemMEﬂ %i%% d¥(¥ﬂl ¢2/Y%2

phosphatase an sol ated on an agar ose de
The resulremic pdesen dn(tslslllbz toadgremts ¥ pCR 'di2 v2 Lin
vect or | ec oPantial di i 0 th 7

. rest ral? C on&gﬁi@n%ﬁgn%ﬁ fgl I \%eggbngﬁgilt[fe&%%@nng tZThhe
t he recs:tcnroq g epzyfe FindhHl v2The ediigesttiigrel wi t h

Xml tpea o 5040

Ther ef or'e, é%}z&gt%Hggongogbt tﬁetgq%fy%’ngf qﬂ% Ster |dlc§gene

|n|t|aéﬂi§/eq:tonta| ns 75 bp of y2 in addition to the two

3 ifg&{@ X0RS he .cadi ion,fi9, Whand y2

are i den |CZCFeU§hc?gu (gut i dggjeggt%ragé\flotgj aéndeat here

i's no redteeetian 31121}(1@215, Hﬁﬁdgldf FpCGKuvasami gest €d kb

\Mtr1t%¥%gment was isoclated by agarose gel
electrophcresis. The vector pCGl2, which is
descriped in Exampie 1, contains approximately 7kb

of human vl.

q. The 1.7 Xb HindIII/Xmnl fragment comprising most
of trhe coding sequences of vl obtained from pCGlZz
was ligated into the HindlII/XmnlI partialiy
digested vector (6.5 kb fragment + pCR™2.1 vector)

described in step 2.

5. The resuliting plasmid ccntains chimeric sequences
of coding regions of vl attached to a downstream
region of y2 that contains transmembrane exons.
We verified the composition of the plasmid by

restriction digestion with Eco47I1II.

6. The pCR™2.1 vector having cloned 5’ homology,
described in Example 3, was digested with SacII
and BamHI. Likewise, we digested the plasmid
described in step 5 with SaéII and Bam HI (double

digest) and cloned an approximately S5kb fragment



10

15

20

25

restriction enzynes Hndlll and Xml and a 1.7 kb
fragnment was isol ated by agarose gel el ectrophoresis.
The vector pCGl2, which is described in Exanple 1,
contains approximately 7kb 15 of human yl. 4. The 1.7
kb H ndl 11/ Xml fragnment conprising nost of the
codi ng sequences of yl obtained frompCGl2 was
ligated into the Hincilll/Xml partially digested
vector (6.5 kb fragnent y pCRH2.1 vector) 20
described in step 2. 5. The resulting plasm d contains
chinmeric sequences of coding regions of yl attached
to a downstream region of y2 that contains

t r ans nEefdr afiee EX0aSmid Venyer 'tfxieeﬂ)dRize IComasdt i ®f the
t he plasn1d by 25 restrictio %estlon with Eco47111.
6. The ﬁgﬁectBPeﬁaVFnalEF T&E Sl gy R

deSCflxb@@ltéf‘ ExenpsecB1 waa digest eddvidibriac! int@nghis
BanHl . Li kewi se, we dlgested the plasmd descrlbed i n

step 55 Wt ht Ba@renERdOBRATPFY( dSOH 150 Y et ) dadier 1 bed

cl oned; Ans @PPr OXIi rmmsl Me5l§bmﬁ.h@@”&ﬂi€ b?rlérfmme of the
plasmid into the g vector wiith 5' hopol ogy

Then we2ef fesPesr h%YréEBFtPﬁées¢§Ctquﬁt??%%k?%n%nd

Sacl | @nglsel @negnt 8t felihtpimsirtie fyrla/g,nzern S et ned
fromthe vector described 5.in ste et erm ned
the OFRHREEFBAMOF CPRed I89EPP Fﬁ% Vﬁ%ﬁﬂ P gesPSR2 - L

The re@%&tbf‘g Wba§ﬁlﬂe§0|ﬁhdLn®@cﬁﬂﬁﬂTﬁTAQS]}/li,yzllgdlcat_lng
exons ovvnstream rom re on y I N a

pCR2. 1th¥kct br I SVESEANPEd IE P\?%r?tj-r %L(‘

IT Rdl catipgid§ vBatok}] baddebntedr ramMmGR% 1\;1 kppwo, as

exXons.

7. We retrofitted the plR™2.1 vector with cloned 5/
homology described in step 6 with the yeast
selectable marker, URA3, gene as follows:

a. We obtained the URA3 gene by digesting Int 2
(described in Example 1) with Sall. The
products of the Sall digestion are subjected
to an additional reaction with Kienow
fragment to create blunt ends. These
products are consecutively digested with

SaclI.

b. The pCR™2.1 vector produced in step 6 was
digested with BamHI, then blunted with Klenow
fragment and further digested with SaclI.

C. The URA3 gene oktained in 7(a) was ligated
into the pCR™2.1 vector prepared as in 7(b).
The resulting vector contains a 5’ homology

region with e downstream URA3 gene, flanked



10

20

25

30

cloning vector, and contain chinmeric yl/y2 C., exons.
7. W retrofitted the pCRT"2.1 vector with cloned 5'
honol ogy described in step 6 with the yeast 15

sel ect abl e marker, URA3, gene as follows: a. W

obt ai ned the URA3 gene by digesting Int 2 (described
in Exanple 1) with Sall. The products of the Sall

di gestion are subjected to an additional reaction
with Kl enow 20 fragnent to cregate blunt ends. These
products are consecutively digested with Sac!. b. The
pCR7"2.1 vector produced in step 6 was digested with
BanHl , then blunted with Klenow 25 fragment and

further di te i cl : P. 3, e opt ai,ned
in 7(a) mag)e}fihg%i%mdgbltgso(?ﬂg 5%%@ gﬁ \%ég?gf ggeggggd
as in 7(b).andranokesertonjoisetoy pomsankisia BCR2.1).
honol ogy region with a downstream URA3 gene, fl anked
- 74 by Notl sites (one fromthe linker in Int2 and
&not hee erigisead | yher¥seit firagpER2. fron gheWelegniised

t he I h . 1.d .pr.ad Ln_S 7
and *EEGSAFTY bt FRe NPR CRoBrrhlor o Fical ey
used fsartenVAf aimk 41 cl@hsng)sede foet &V pad ¥helovdngdt.
orientation of 1 agnen iLng an EcaRl

di ges‘twfe‘e ﬂ]egcer%%hrF%j rﬁg“?p égr'n%g% %ﬁ?%ﬁ%\%élggsgéng?gd Notl

I nt 3 frgsnen®'by hoabhgggnr Egodd witess .URABegageulting
downst r,eami n the. w L G agkgr.aun 1

( pACYéf‘f%chg’. QiR LEINESRYl e ARG IhAUNG 8

t ar getiomplogy region with a URA3 gene downstream in the

low copy origin background (pACYC177).

9. To finish contruction of the final targeting
vectcr for the Gl/2 chimeric YAC, we partially

oot

digested the vector having the clecned 5' nomeclicgy
and G1/2 chimeric IgG constant region in the
pCR2.1 Backgrcund (produced in step 6) with EcoRI
restriction enzyme and subsequently recut with
Sacl restriction enzyme. We isclated an 8Kb
fragment containing the 5' homology and the
chimeric G1/2 1gG constant region and cloned it
into EcoRI and SaclI sites of Int 3, which resulted
in the TV G1/2 targeting vector. There was no

need to determine the insert orientation, since we

introduced the fragment by directional cloning.

Alternatively, after step 7 we remove the 5
homology and URA3 gene from the plasmid described in
step 7 by digesting with XbaI. Then we clone the 5’
homology and URA3 gene into the Xbal site of the
plasmid described in step 6 to produce the TV G1/2

vector shown in Figure 7.
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vector for the Gl/2 chinmeric YAC, we partially

di gested the vector having the cloned 5 honol ogy 15
and '11/2 chimeric 1gG constant region in the pCR2.1
background (produced in step 6) with EcoRl
restriction enzyne and subsequently recut with Sacl
restriction enzyne. W isolated an 8Kb fragnent
containing the 5° honol ogy and the 20 chineric G 1/2

I gG constant region and clonetci4 into EcoRl and Sacl
sites of Int 3, which resulted in the TV Gl/2
targeting vector. There was no need to determ ne the
insert orientation, since we introduced the fragnent
by di rieet tonatuckotiheg TV2& 442t eamatatielg/ , veaftter, stlepcly

renove.the.5 _honology. a RA3 ne fromthe
e it dc%égﬂf‘ﬁeaopﬁ@s Cgp "47&%&5<1| | gaengﬁlﬁgcové%tmfé Xoar®
Thete aleedl daentheesm oforfolkigy famdirdRAZS vgiersh iyt ar ddueon

site of the,pl m'd.escril;’ﬁd' . St.e ‘ﬁt PN
i R Stk g e R G RREER
Vith € ostb s uet dehe rTYWe@ o2 dicardyeteisn gy iec tsosme vl ahf i dwaisi @ns .
chinmeric construct with human y4 codi ng exons
attached downstream of S kb of human switch y2 region
DNA antnbuptinsy2 dCHreadiaegl exorstgfFilgure hbiddctedi ng
S the. above-descri bed .praocedur.es w th some
RO Fi ¢ tP&ﬁ?.S%l?ﬁ‘e wp§1tglsrrri(:"d';dtprrloc dcdl FH S grollowed
sipj ecyedrtion parh ahedigestniot iwit lrenagte iKitdhII. The
enzynme, Xmml f. Ivven&[b i1e_7's_c)tin'tPr .
res rFEt“r:f}nwé?ﬁ%y?r%n H?d%lﬁ“}qf.sg he b(%Ddil‘\lglg%eés |‘%)ir}%vf/f%ht)9<ermY2
ostopscdBohp upsieredinmd, tttee yXh Gerstropo £odom. v4/v2
Therefore, th n of éﬁl‘g‘aé’%y’% }Piggrig ggne
i AP tiaf iy ggﬁt%ai%tﬁlg%qhﬁpo? yZ N 'addtlg ion 1o tﬁe t wo
3ady2t penbrtaneéhexdne 3rherd niguaane exons. There is a
single base pair difference between y4 and v2 in this
fegion, which results in a single amino acid change.
To correct this, we perform site directed mutagenesis
to a C to T at the human gamma 2 gene using a DRirected
Mutagenesis Kit from Clontech lLaboratories Inc. (Palo
Alto, CA).

The we perform the repair using two synthetic
oligcnucleotides: one to replace the nucleotide
necessary to switch sequence from v2 to v4 and an
auxiliary oligonucleotide to eliminate a NotI site in
the pCR2.1 vector with the cloned chimeric G4/2 7kb
fragment. '

For replacing C with T, we use the following
oligonucleotide:
CCTCTCCCTGTCTCTGGGTAAATGAGTGCC

The T residue in bold is replacing C in original

plasmid.

The second oligonucleotide (to eliminate Notl site
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single base pair difference between y4 and y2 in this
region, which results in a single am no acid change.
15 To correct this, we performsite directed

nmut agenesis to a Cto T at the human ganma 2 gene
using a Directed Mitagenesis Kit from C ontech
Laboratories Inc. (Palo Alto, CA). The we performthe
repair using two synthetic 20 oligcnucl eotides: one
to replace the nucl eotide —nééessary to swtch
sequence fromy2 to y4 and an auxiliary

ol i gonucl eotide to elimnate a Not-1 site in the
pCR2.1 vector with the cloned chinmeric &4/2 '/kb
firdagment. 25 For replacing Cwith T, we use the

EE%E%%EE%GTCTE%%%%%@g?i%é&&ﬁgaéccﬁ$TCP%%&%%Me in

bold is replacing Cin original 30 plasnld The

ﬁﬁgondﬁoligonuqlegtidei§§§ glg ] hgg' ﬁlgg é@ ‘i

coritch s Ga ot heentmemsm©MMWthbahdﬁ.mn d5<wnp¢huaas
ee C t [ he si.

se}qlh:"enc{g\J parétcﬁloef%ﬁv%w pﬁgsﬁf 9{19 é ? hl tr% £ C’E%tfﬁ\é%

drer ectr et entd deo weade reps acedl aEXAMPLE 5 TARGETI NG

STRATEGY 10 W linearized the above descri bed vectors,

V!, TV4, TV Gl, TV&HA, TVG 1/2 and TV A/ 2 and used

EHXAMHRIE t5 ansf orm yeast cell cultures with yl HIC YAC

by Iithingﬁﬁégfqﬁtté?ﬁﬁ%gggation. We subsequently

used

We linearized the above described vectors,
™1, TV4, TV Gl, TV G4, TVG 1/2 and TV G4/2 and used
them to transform yeast cell cultures with yH1C YAC by
lithium acetate transformation. We subseguently used
the linearized vectors toc replace the targeted genes on
YEIC as described below, to produce the new YACsS yHZBm,
yH2Cm, VvHG1l, yHG4, yHG1/2 and yHG4/2 respactively
(Figures 1-4). We plated yeast cells on SC-URA med:ia
after transformation to select for the integration of
the URA3 marker. We checked any resulting clones for
YAC integrity using pulse field gel electrophoresis.

In addition, we analyzed clones by Southern blot to
validate the structure and identity.

_ In the case of yHGl/2, the URA3 gene 1in
resulting YACs was flanked by 5’ homology sequences
which we removed as follows.

We plated yeast cultures containing yHGl/2
YAC on agar plates with 5 FOR (negative selection for
URA). We checked the resulting 5 FOA-resistant clones
for integrity by pulse field gel and Southern blots &s

outlined above.
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the linearized vectors to replace the targeted genes
on 1.5 yH C as descri bed bel ow, to produce the new
YACs yH2Bm yH2Cm yHGL, yHG4, yHGL/ 2 and yH®A/ 2
respectively (Figures 1-4) W plated yeast cells on
SC-URA nedia after transformation to select for the
integration of the UR A3 marker. W checked any
resulting clones for 2.0 YAC integrity using pul se
field gel electrophoresis.~ I'd addition, we analyzed
clones by Southern blot to validate the structure and
identity. In the case of yHGL/2, the URA3 gene in

resulting YACs was flanked by 5 honpl o sequ es
25 whi ch wéle etméep%s'f‘f%ll%%tov\e%‘#a?gy ‘éggg?% vector

(%%ﬁlé?é)r\h?é rﬂgl yﬁ%/@{eb(/’@ mcSag.aéspé@t@semth 5

negati ve selection for URA). W checked the
maiﬂqwnnpEihﬁ)ﬁbQﬁﬁiﬁ%ﬁﬁr%¢%ﬁe§ r#be9IiRbegrity by
pul se field gel and Southern blots as 30 outlined
above. 77 W use the TVGL vector and the TV (4/2
FXAMALE t® produce the yHGL and yH&/ 2 YACs,

respectivel ygr 6 L OV RIoEN8LE v2BM YAC INTO ES CELLS
above-descr

OE THE vH2BM YAS IOTCES CEeL $ACUe VERBModihasa RE SPAC,
gg%%ﬁ§&gobn?9 ast §?r¥89i§ gh Hh&ﬁsge%%kl§ph@&%%QQst

ero usi on as eSCFI ed in detail
bmsmvmn[aeedescmbeénletdarall@ﬁéﬁy AndiSgsi &+ Rirren et

Labor a orém ﬁ gsy'?lugeL%b Aégogboﬂkﬁﬁm§ySW%q%me 3,

apt Tk ron o manmal i an ceIIs
hyl@me@ OSifaStamfsusl Oh4ptpagds 328ro8QCctios @ fsp¥iGeg into

B
Cold Spring Harbor Laboratory Press, Pla1nv1ew, NY]J .
yH2BM containing yeast cells were spheroplasted using
zymolase 20T at 0.15 mg/ml. The yh2BM spheroplasts
wece fused with HPRT-deficient E 14.TG3Bl mouse ES
cells which had been cultured as described below [See
Tsuda et al., Genomics 42:413-421 (1997)1. HAT
selection was initiated 48 hours after fusion.
HPRT-positive ES cell clones were selected at a
frequency of 1 clone/15-20x 10¢ fused cells. Twenty-one
HAT resistant colonies were expanded for genome
analysis and were analyzed for YAC integrity by
Southern and CHEF blot analyses. In control
experiments fusing ES cells alone and yeast
spheroplasts alone, no colonies were detected.

_The detailed procedure is as follows:

PRODUCING YEAST SPHEROPLASTS

Excess yeast cells were prepared because up

to 50% will be lost during the spheroplasting
procedure. For fusing 5 X 10" ES cells, approximately 5

x 10% yeast cells are needed.
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zynol ase 20T at 0.15 ng/m . The yH2BM spheropl asts 15
were fused with HPRT-deficient E 14. TG3B1 nouse ES
cells which had been cultured as described bel ow [ See
Tsuda et al., Genomics 42:413-421 (1997)]. HAT

sel ection was initiated 48 hours after fusion.

HPRT- positive ES cell clones were selected at a 20
frequency of 1 clone/15-20x 10' fused cells.
Twenty-one HAT resistant cohgnies were expanded for
genone analysis and were analyzed for YAC integrity
by Southern and CHEF bl ot analyses. In contro
experiments fusing ES cells al one and yeast 25

spheropl asts ah@%la&&@m@@lwrﬁeeehﬁwe@ L, wh%h
detail ed procedure is as follows:  PRODUCI NG

éPﬂER@PLASPSkE%@e§@“V%d%t5%%¥¢%HQB%BOEPéBQr@é because
YPprbQin@tew Is he ﬂdﬁstcecm@/@ra t heyspher Ophastdngn30ce11

procedure. For fusing 5 x 10 ES cell's apprOX|nater 5
{engdtyedst toE I8 ldrEr hdetadse 78t @ehﬁﬁééuFQFéﬁer We

§§E@0Eh\éec@‘i'su%‘t(§%)c W itth JH&}%&% §E°3K0t9 give a
startlng i nocul um of approximately 5 x_ 106 ceIIs/m

Q¥ HBE 6 -ned AN ALEIN GRIMSE 1501 Ret BE AT EupE B Gsko

QBcﬁeﬁggoQ%kp@%%%ilﬂ¥§f5§E§W%@P§n§ebk33@PC2§§§“kFQult in
shaking at 250 rpm overnight. |ncubation can also be

delesopr ofgCHE LTl eS MINBEADIR € fpe EBCtur fngtae

ﬁggnmg r%i‘h@ tcdl'%uﬂ@'@érﬁ@f‘t?fh§9”§e| g geng’segnesysi .
in the YAC. In the nmornj ng, the culture density was

Be Sterpe? doMns/tia 1 1o Ve teppedt Howhth oY BDR iezrch

ﬁ@hhaénm aMd R n¥RPA Hdd cfyr 2edi ypnrand tuwka%tee@eﬂa% ty
ours. Culture density at thls step shoul d_not

é%c@@dSZS%efoswll%/lh@tb%?é‘é%%% X 10 Cenq/ﬂ because

exponentially growing yeasts are needed for =fficient
and complete spheroplasting.

We poured the desired amount of culture (to
provide 5 x 10° cells) into sterile 50ml tubes,
centrifuged at 1000-1200g (2300-2500 rpm in 2 Jouan
GR4-22 centrifuge) at room temperature for 5-10
minutes, and discarded the supernatant. Alternatively,
large volumes of cells can be pelleted in large conical
centrifuge tubes.

We added 20 ml of sterile H,O0 to each tube of
veast cells, resuspended the cells by vortexing (or
with a pipette), centrifuged as above, and discarded
the supernatant. Next, we added 20 ml of 1 M sorbitol
to each tube of yeast cells, resuspended the cells by
vortexing (or with a pipette), centrifuged as &above,
and discarded the supernatant. We resuspended the
cells in SPE buffer (1 M sorbitol, 10 mv sodium
phosphate, 10 mM EDTA) containing a 1:500 dilution of
freshly added 2-mercaptoethanol to a final cell

concentration of 5 x 10% cells/ml.
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exponentially growi ng yeasts are needed for efficient
and conpl ete spheropl asting. 15 W poured the desired
amount of culture (to provide 5 x 109 cells) into
sterile 50m tubes, centrifuged at 1000-12009g
(2300-2500 rpmin a Jouan GR4-22 centrifuge) at room
tenperature for 5-1() mnutes, and discarded the
supernatant. Alternatively, 20 |arge volunes .of cells
can be pelleted in large con’8al centrifuge tubes. W
added 20 m of sterile H2ZO to each tube of yeast
cells, resuspended the cells by vortexing (or wth a

plpette) centrifuged as above, and di scarded 25 the
super nat anfie RERLINGS ddfiai Z-Df MhePIe W AsT it to

§ﬁ§$bﬁ§?@nouliﬁﬁ%% %@'6% sesuspendsask thes caldsndy 10 ul
vorteX|ngagor W.t h plpette) centrlfuged as above,

ahdtide sea e@uﬁt@@r@}ﬁe’rmfafm O Wl rs us gerfdd iRt -

%éﬁniﬂe§P%hkéUfcfequ (o soFbit tdn él-@ B 180 M B0 with
phosphate, 10 mm EDTA) containing a 1:500 dilution_ of

4 reehd g Y 2886E e -ne BB JetharkA S § oC%lJf i flaFPeRfion from
@t@é‘cﬁPEQﬁBbgn p%fra%ﬁépsli'o8u9eﬂ)"3d M .9 e A cordi ned

- the previous cel suspension with 90 pl of 5%
@wia)ss@seaﬁdoahotm 1105 upl of QhJeOQ:éT%F/I%s%%‘h%]F opt

MhH199<BL20fr 1 mneor bigdl i nMéoa eled esia neshi he gel so°c.

~concentration of each mxture with 5 a henpcytoneter.

Rar m nhaufeadn e va ks peerp e f 1 Ontl the prevists

Q@éﬁ@ﬁ@@gnt%l%QpSMFQLle@fhcﬂ W/ ef y8asindC@termine the
spensi on 1 of a 100 ng/rnl stock of

hglya§ée@¢rqﬂx99 WAt B n2 uDet ey 5PBe t dhar yWat mepELoTed
%=5d€b%ta%el neriad snuresbi pe 301 pd ehatheegelh 1A the

SUSpenS|on€MJSES¥)|Ié Oftsgéém re§Q§ngdtg?t§£gkggl
pPR@sSence ¢ reatmen pa
cell concentration in the presence of sorbitoi).

Whern 95% of the cells beccme lysed in SD3,
immediately centrifuged the sample at 200-30Cg
(1000-1200 rpm in a Jouan GR4-22 centrifuge) at room
temperature for 5 minutes and poured off the
supernatant carefully (the pellet should be very loose
and some loss of cells will occur).

The total time for spheroplasting (steps after zymolase
is added) is typically 5-20 minutes.

| We gently resuspended the spheroplasts in 20
nl of STC buffer (0.98 M sorbitol, 10mM Tris, 10mM
CaCl,) by inversion or careful pipetting, centrifuged
the sample at 200-300g (1000-1200 rpm in a Jouan GR4-22
centrifuge) at room temperature for 5 minutes, and
carefully poured off the supernatant. We repeated this
procedure one time. We resuspended the spheroplasts at
2.5 x 10° cells/ml in STC and kept them at room

temperature (or on ice) until used in step 14.
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cell concentration with a henocytoneter. W nonitored
the decrease in the nunber of cells that remain in the
presence of SDS treatnent (conpared with the initia
cell concentration in the presence of sorbitol) 15
When 95% of the cells becone Ivsed in SDS

i mredi ately centrifuged the sanple at 200-300g

(1000- 1200 rpmin a Jouan GR4-22 centrifuge) at room
tenperature for 5 mnutes an@&Opeured off the
supernatant carefully (the pellet should be very | oose
20 and sone loss of cells will occur). The total tine
for spheroplasting 'steps after zynolase is added) is
typically SEGEIGH WiEEE ESMCHbLE |y resuspended t he

spher opl aSt%l&%%fé‘gr@rﬂ\fz@b&lg‘EélBg 98 M

sor bi t ol 10rrM Tri s nverS|on or
sahendp s sier tqmgh&:e&nm:rcmrgbajst t fespanplenat02@01366g

10 ]“t%gre Slt’qpl% 260- SS?%” 588@1}230219%%‘ in

tenpera ahd “care IIy pou
Eh@owwmemmﬁiﬁﬁ caﬂtniﬁug&edathrsomptempdueeueﬁefb&wa

BRI EHES i S0P L3S BLR0ndiRst 0Py
@ﬁpla@)tumt Ml’alseed dlravsttecpu‘(Mgl asBOpipEUSEQ\I WETH ESe
g%hero§$ag?§g§ rﬁher&%gnt nlggeﬁs Sﬁt#§63df§dn% ml
ofb& Sanmet Idlent fatf lﬁged 10 ‘e edtl 200 13000t §AOO08 1200rb piy  the
ool SE, M PP o Tehe B R AT BRe 1B, o
Sagy Taspi radtilortoni 3G I dr awn- out_glass pi pette. Wth
e a0 0 SRRt pORLLON, MR BER LY
diodtlgmisi:ng wehestarted ES cultures in plates coated with
mouse primary feeders, with a starting density of
6 x 10° ES cells per 100-mm plate and standard ES medium
(DMEM high glucouse, 100 units/m}l of penicillin, 100
pg/ml of streptomycin, 2 mM L-glutamine, 100 um
Z-mercaptoethanol, 1000 units/ml of murine Leukenia
inhibitory Factor [ESGRO], and 15% heat-inactivated
fetal calf serum). Following 48 hours of standard
growth conditions, we trypsinized the cultures and used
the resulting cells to start cultures on.gelatin-coated
plates at 10’ ES cells per 100-mm plate. We allowed
growth to continue for 16-24 hours. Four hours before
fusion, we replaced the medium on the ES plates with
fresh medium. Immediately before fusion, we
trypsinized the cells, washed three times with
serum-free ES medium at room temperature, and
resuspended in serum-free ES medium at 5 x 10° cells/ml.
We centrifuged the combined spheroplast/ES
cell sample at 300g (1200 rpm in a Jouan GR4-22

centrifuge) at room temperature for 3 minutes and
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10 .spheropl ast pellet. The spheroplast: ES cell ratio
can vary from25:1 to 50:1. W prepared the ES cells

“in advance as follows: we started ES cultures in

pl ates coated with nouse primary feeders, with a
starting density of 15 6 x 10b ES cells per 100-mm
pl ate and standard ES nedi um (DMEM hi gh gl ucose, 100
units/m of penicillin, 100 pg/m of streptonycin, 2
MM L- gl utam ne, 100 di m 2--egraptoet hanol, 1000
units/nil of murine Leukem a inhibitory Factor
(ESGRO'), and 15% heat-inactivated 20 fetal calf
serum). Followi ng 48 hours of standard growth
C@Kw&fubny appitraypsi biff. ed it redduint wieh andiused-outhe
uIt| n?p El s to start cultures on gel ati n-coated
9BLeES cell's per 100-mm plate. We al |l owed
gr ovvt h to cwat gﬁuelfyorcaia@em th‘ﬁil,ll"tﬁlbd:(]lﬂ I en beforaell

S I a h i um.aon the | at
Lfe#r%gh H§8| %e“[glr?@d aﬁel Fasre 1 G}So(ﬁ g H?ls of 50%
t(wps) npzedibbe q@IHI S,. (mashegd A e itrigres M/murlmelm
S ee ES nedi um, roam e eratu and
L e TR TRt e Race iR BBkt bR 37°0)
cehl 56 nthi80s¥é ueantr Ix\n‘alsge:céjtr’fm actﬁfmi,nedlb gently mixed
spher o st/ E l.e 300 (120 pny i
J u%ncga@?z‘zl%@e%?’ﬁ fu né)% léjomterrcpeeragtlfjrg%fgrfeas
nwuteswndas 8Hdecar efwlél;ovasyplpnaieetd:emftmé | caedi um
a_dr awn- out

e Ba0t Bocen ene” B BBl Siema ooy G080 Tip el
t@usbémdsyoﬁddtOr{ﬁ)oﬂd tefnpE09%% t\ b  Won) SFEECSd<5@Iﬁ)d$pH ¥8e0
?ﬁgﬁ"ﬁl?ggéb\g rredm(o gslcc)nég\%qfég? hi s so ‘%}9 gmg%petting
bet nfracidede wetgent lof ineecdtube. We incubated cells at
room temperature for 30 minutes and, after 30 minutes,
centrifuged the cell suspension at 300g (1200 rpm in a
Jouan GR4-22 centrifuge) at room temperature for 3
minutes and carefully aspirated off ali medium with a
drawn-out glass pipette.

We resuspended the cells in 10 ml of standard
ES medium and plated the entire sample (~ 5 X 10¢ ES
cells) on & 100-mm mouse primary-feeder-coated plate.
If initial attempts result in the generation of too
many colonies, the amount of the sample plated on each
100-mm plate may need to be adjusted downward.

We incubated the plates under standard ES
cell growth conditions overnight and then replaced the
medium withhfresh ES medium.

Following 48 hours of culturing ({(after the
spheroplast fusion), we began growth under the
appropriate selective conditions (i.e., dictated by the’
specific mammalian selectable marker present on the

YAC). We replaced the medium every 2 days. We picked



the cells with the pipette tip. Once all of the
sol ution was added, we slowy pipetted the cell 10
suspensi on up and down one tinme. W incubated the cel

-suspension at roomtenperature for 90 seconds. W

slowy added 5 ml of serumfree ES nmedi um by pipetting
it fromthe bcttomof the tube. W incubated cells at
roomtenperature for 30 mnutes and, after 30 m nutes,

15 centrifuged the cell suspegsian ac 300g (1200 rpm

10

15

in a Jouan GR4-22 centrifuge) at roomtenperature for
3 mnutes and carefully aspirated off all nmediumwth
a drawn-out glass pipette. W resuspended the cells

i An&0ph tef e3t mﬁfrﬁeszQJrESnS@Qé UBY aRd » 9'—@%‘%@1@ heoated

entire sanple (- 5 x 106 ES cells) on a nm nouse
PP R&EY- ﬁ@édé%ﬂﬁ%ﬂ%ﬁ?;B%ﬁeﬁuam$a¥ﬁ|PFQFGQPF@ﬁptsWe

regplitain yt @ @ORAIAEHPES oh PO 1BDY 5C ela%l %,1 1bbﬁing
anmount of "the sanple plated on each 100-mm pl ate may
néefer6PRE S&djfiistied -downwar d. 25 We i ncubated the

pl ates undemeteandaryd Exs cebl1 QLP%QSCQQ’@'fte'r‘%‘%% toEgs 1

over ni ght _and then repl aced the mediumw th fresh
nEAFGRENFD FoW TP 148 ToHer bfeduf Fari § Caftedushen with

SQH@‘BQLP'C@%ttafNﬁ'n%n)yeaV‘ﬁ: hegesn greméhcendehckhe 39
ppropriate sel ective conditions (i.e., dictated bg
Y

t ﬁép(’éﬁ@@i FicoRarmfsl iBETISe| ¥e7 abf @IRaPKEr dpiteserd

t Be ob¥ACkp W irRp e & rithier degdh 8t ever ¥s2 stays: i Tabie
picked 82 _and plate ES col oni es on nouse

pPir mkPP- Fedderiicigatrenary| HtReS f ¥p X 8xPaASICE/dpdn the ES

standag@niRcedun st \¥r dypisatbyiohsebyed fESne Es cell
col onies 10-15 da foll owi ng spheroplast fusion, 5

PG PEaodn tES e A oo sIT T Bt e PBRZAG 1881411 The

different V, families could be detected V,1, V.2, V.3,
Vyd, V5, and Vy6; human D;, and J, ; human C, and C,
constant regions; mouse switch yv1 (mSyl) and human Cyl

Cp exons.
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through 7 in Table 3) derived fromES cel

yH2Bm cont ai ni ng yeast were found to contain al

. expect ed EcoRl
probes spanning the entire insert.

and BanH

fusion with

yH2 fragnents detected by
As shown in Table

cells containing the YAC yHZBM DNA,
blastocysts,

INTRODUCTION OF ES CELLS CONTAINING
THE vH2BM YAC INTO MICE

10 3, the follow ng human genes were detected in the
ES cell genome as part of characterization of the ES
cell DNA prior to transgenic _nouse generation: al
the different V,, famlies 88ufd be detected VHL, V2,
V'3, V,,9, VN5, and V,,6; human DF, and J,, ; human
C. and C. 1S constant regions; nouse switch yl (nByl)
and human Cyl CN exons. - 83 - TABLE 3 h or 'mES
Cell Clone genes 1 234567 VHL+ +++ - ++ 5
ViR 4 +++++VF33 +++++++ VF4+ + + + 4
++ VIb + + + + + + VH6 + + + + 4+ + 4+ 10 PDH + + + +
-I-hélf m F', + + + + + -F + (o Es telﬂ‘CIdhe"‘ + C++ + + + +
endl noyl =+ F + ] 15 _Cyl T F ¥ T
ogenot es| motise penés (Byld) E,(AI\/F‘]LE 7 | NTRO ON|OF 7
H]_CEI_‘LS CONTAI NI NG THE VH2BM YAC IINTQ M CE | -
V2 + + + + + + +
Vi3 + + + + + + +
V.é + + + + + + +
V5 + + + -+ + + +
Vy6 + + + + + + +
D, + + + + + + +
Ju + + + + + -+ +
C, + + + + + + +
Cs + + + + + + 4
mSvyl + + + + + + +
Cvyl + + + + + + +
I - denotes mouse genes {(mSvyl)
EXAMPLE 7

In order to generate chimeric mice from ES

followed by breeding.

we microinjected of

We 1isolated ES

cells containing the YAC yH2BM DNA as described in

Example 5,

mice.

clones into mouse C57Bl/6 blastocysts

Next,

al.,
Manual", Secti
Information,

on D,

"Manipulating the Mouse Embryo:

Introduction of New Genetic

‘and expanded for the generation of chimeric
we microinjected yH2BM-bearing ES cell
{See B. Hogan et

A Laboreatory

"Injection of Cells into the Blastocyst"
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20 In order to generate chineric mce fromES cells

c

ontai ning the YAC yH2BM DNA, we m croi nj ected of

bl ast ocysts, followed by breeding. W isolated ES

c

ell's containing the YAC yH2BM DNA as described in

Exanpl e 5, and expanded for the generation of chineric
25 mce. Next, we mcroinjected yH2BM beari ng ES cel |

c

| ones into nouse C57B1/6 bl astocysts (See B. Hogan et

al ., "Manipulating the Mouse Enbryo: A Laboratory
Manual ", Section D, |ntroduetigan-of New CGenetic

nformation, "Injection of Cells into the Bl astocyst"

84 pages 188-196, (1986)(Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY)]. Chineric
obkgpki N®8-WIE | deggdf i@ﬁl@ysp@ﬁzﬁg Cﬂb@borTBQb@rét§ry

DERESahi et ae SR R i T el 2BNE T HB5- 660

ect ed rn
sgr&ng

2862 14t i ie? bR 3351@0.15 6 0 2BM4 261 6 4
3 0 10 2BM5 344 15 15 7 1 2BM6 382 27 27 8 6 2BM7
201 29 27 7 5 Table 4 summuari zes the data for

geaenat ung transgenic :mce using seven different
yH2BM cont aining 15 ES cell lines Five out of seven
clloffé8 %l & EFaRESi | t 8dX1¥F odgh *t AE ndU'sEPHRF<H | ne. ¥
EXAVPLE 8 | BROEDENG MGh GG Al diliNer yH2 Biviee YAG s DNAeWhiire
yhopM-M 5 162 16 15 8 |
2BM-2 144 5 5 3 - 2
2BM-3 335 20 15 6 0
2BM—~4 261 6 4 3 0
2BM-5 344 15 15 7 1
2BM—-6 382 277 27 8 5
2BM-77 201 29 277 7 s

Table 4 summarizes the data for generating
transgenic nrice using seven different yH2BM contairniny
ES cell lines. Five out c¢f seven clones were

transmitted through the mouse germline.

EXAMPLE B

BREEDING MICE CONTAINING yHZBM
YAC DNA WiTH vK2:DI MICE

In order to generate mice that produce human
antibodies in the absence of endogenous antibodies, we
bred yK2-transgenic mice with double-~inactivated (DI)
mouse strains. The DI mouse strains are homozygous for
gene targeted—inactivated'mouse heavy and kappa light
chain loci and, thus, lack in antibody production [see
Jakobovits 2t al., Nature 362:255-258 (1883); Green et
2l., Nature Genetics 7:13-21 (1894)]). We bred one of
the yK2-transgenic mouse strains, J23.1, with DI mice
to generate mice hemizygous or homozygous for yK2 YACs

on a homozygous inactivated mouse heavy and kappa chain
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20 In order to generate mce that produce human
anti bodies in the absence of endogenous anti bodi es, we
bred yK2-transgenic mce with double-inactivated (Dl)

- nouse strains. The DI nouse strains are honobzygous for

gene targeted-inactivated nouse heavy and kappa |ight
25 chain loci and, thus, lack in antibody production
[ see Jakobovits et al., Nature 362:255-258 (1993);
Geen et al., Nature GCeneti s 7:13-21 (1994)]. Ve
bred one of the yK2-transgenic nouse strains, J23.1,
with DI mce to generate mce hem zygous or
honnzygous for yK2 YACs 30 on a honobzygous inactivated
%%i% % Pa chal 1,83 4 Q—?%k@érpéﬂ?é’ K2, DI).
reedi ng sche for genera 2 hew XenoMou se,
wlenelr aits nige @& mgloa@rfc@&ousma WHHZBM YAC1¢181 310ems bébowthe
PRESROYRN! U QR0 il o KEN NS £ £ 0 KERRMUS
emal’e i el'ds eno use 5 progen are et
ﬁemomg:@@smmemmmmmme fﬁ@ﬂ\ﬁanﬂl@ldyi@eneﬂgnﬁe

T R

WHSIRY and/ge kéadi iy dni nehade Xernodbuge yrR8NMind0ot

Xenalbu ee s : ' .
e o o otbricd 1o St o1 Do PRB BRI 3™,
inbtH 'VH2ZEYCOKEd WKAH2BM L1 ykPeld mittue pfreding line of
4 Xenohet x YK2:Dl) yH2BM ; yK2'; mif;
%%%%»ﬁo&s%“@% K2 '; mF;"' - mCx-'- 15
Ceneration 3 (Alnost Xenonouse X yK2 DI ) or Xenonouse
- BM ; yK2+;

mJ~, -' ncK
@Eranhmﬁ 2 nﬂChimeb@mNstenbgghIQBI\/b;eleZe YK2:DI)

'nHQBM” YQEX mJg”*;_ K X yH2BM ;yK2'; mJ," ;mCK™/”
Jeneratlon 2 : (Xenohet x YK2:DI)

yu/BM yK2’TmL’“,mCK”' X yH2BM ;yK2';mJ,’";mCxk ™'~

Generation 3 (Almost Xenomouse x yK2:DI)

. or Xenomouse X yK2;DI)

yH2BM+; yK2";mJ,"/";mCk™/" yH2BM™; yK2*;mJy, ™" ;mCk™"~

I

yH23M+ ;yE2Y;mdy T, mCr™ X yHZBM :yK2*';mJ, /' ;mCr "~

XenoMouse: yH2BM'; yK2*; mJ,’"; mCx’~

We confirmed the int.e'grity. of the human heavy
and kaDpa chain YACs in XenoMouse HZBM strains ky
Southern blot analysis. In all XenoMouse H2BM strains -
analyzed, yHZBM was transmitted unaltered through
multiple generations with no apparent deletions or

rearrangements.



10

20

25

20 W confirned the integrity. of the human heavy and
kappa chain YACs in XenoMwuse H2BM strains by

Sout hern bl ot analysis. In all XenoMouse H2BM strains
anal yzed, yH2ZBM was transm tted unal tered through
mul tiple generations with no apparent deletions or 25
rearrangenents. 86 - EXAMPLE 9 FLOW CYTOVETRY ANALYSI S
To further characterize Xenonobuse H2BM transgenic

m ce, peripheral- blood and-sgeen 5 | ynphocytes were
isolated from 8-10 week old mce and controls. The
cells were purified on Lynpholyte M (Accurate) (San
Diego, CA) and treated with purified anti-nouse

CD32/ CD16 Fc receptor (Pharm ngen, 01241D) ( San

Dg ) to bl ock non-specific binding to Fc 10
ggg’? Next the cells were stained with various

ant i bodi es qnjgbpar@fty@@@lrfm BNEACStar r L15 (Becton
Di cki nson, CELLQuest software The panel of

anti bodi es U<ed 4t RS Ri FRaERBMBEIES BMO(?Q‘%%G H2BM

| Rebudedni CrtlvoMepd e plil i pB32@ GRRAT
01128A); 15 fluoroscein isothiocyanate (F

TC
antTPRGGEIT 9 M Pt ot AR, L3975 8x) OFIWF@)%er Fofse and

lgbhtRargt ngets cO2P404dx ¢ . phy Mpheey es Fﬁm@m&%e M
animals fromthree  different XenohMuse BM strai ns

We P CEF A 1t P Ah P PP R onpt eBR o bwierd &y e s/ f1ed

Ma@e ibHdiGd I8 LM DBt FY, re8Sp8BeWN PHA rFakl£H kalawp)
Stral ns XM 2BM 1, XM2BM 2 and XM 2BM 6 showed about
a (6§8788% oSt thR iRDIOTH PRR-BPESLM i oo Sipaiitnferto FC

cam@m@ztsa WiNegdett ypehdn €€1{dabkeeSktained with various

antibocdies and analyzed on a FAC3tarf*® (Becton

Dickinson, CELLQuest software). The panel of
antibodies used tc stain XenoMouse H28M cells inciuded:
Cychrome (Cyc) anti-B220 [Pharmingen, 01128R);
fluoroscein isothiocyanate (F1TC) anti-human IgM
(Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) . _

Lymphocytes from four animals from three
different XenoMouse H2BM strains were evaluated and
compared to wild type B6/129 mice using flow cytometry,
as shown in Table 5 below.

Strains XM-2BM-1, XM-2BM-2 and XM-2BM-6
showed about a 60-80% reccnstitution in the B-cell
compartment compared to wild-type mice (Table 5).
Trangenic mice having the yH2BM YAC DNA show
significant human antibody and immune system

development.
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25 Trangeni c m ce having the yH2BM YAC DNA show
significant human anti body and i nmune system

devel opment. 87 - Table 5 AVG $ strain $ of B220
12W B CELLS XM 2BM 1 #1 34 24 XM2BM 1 #2 24 5
XM2BM 1 #3 19 XM 2BM 1 #4 17 XM 2BM 2 #1 28 28

XM 2BM 2 #2 27 XM 2BM 2 #3 29 10 XM 2BM 2 #4 27

XM 2BM 6 #1 27 25 XM 2BM 6 #2 28 XM 2BM 6 #3 22

XM 2BM 6 #4 23 15 WI B6X129-#87406 39 W B6X129 #2 38,
W B6X129 #3 35 W B6X129 #4 43 EXAMPLE 10 20 SERUM
LEVELS OF HUMAN ANTIBODIES | N UNI MMUNI ZED M CE An

ELI SA for determ nation of human antibodies in
ubélbbheinbzed nouse serumwas carried out. For nore

et-atrted—+nforratton—and puLucdu.g@EﬁquS—anunoassays

ee E. Harlow et al., Antibqdies: A Laboratory
t rap [ BA3QS g Ay "B

XM-2BM-1 #1 34 24

XM-2BM-1 #2 24

XM-2BM-1 #3 19

XM-2BM~1 #4 17

XM-2BM-2 #1 28 28

XM-2BM-2 %2 27 -

XM-2BM-2 #3 29

XM-2BM-2 #4 27

XM-2BM-6 #1 | 27 25

XM-2BM-6 #2 28

XM-2BM-6- #3 22

XM-2BM-6 #4 23

WT B6X129 #1 40 39

WT B6X129 #2 38

WT B6X129 #3 35

WT B6X129 #4 43

EXAMPLE 10

SERUM LEVELS CF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA fof determination of human
antibodies in unimmunized mouse serum was carried out.
For more detailed information and procedures on
immuncassays see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immunoglobulins were determined using the
following capture antibodies: mouse anti-human IgM
(CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments were mouse
anti-human IgGl-HRP {(Southern Biotechnology, 28050-05)

(Birmingham, AL), mouse anti-human IGM-HRP (Southern
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553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human i mmunogl obul i ns were determ ned using the 30
foll ow ng capture anti bodi es: nouse anti-human | gM
(CA [ ATCC, HB-57)(Manassas, VA). The detection
anti bodi es used in ELISA experinents were nouse
anti - human 1 gGl- HRP ( Sout hern Bi ot echnol ogy, 9050- 05)
(Bi rmi ngham AL), nouse anti-$uman | GW HRP ( Sout hern -
88 Bi ot echnol ogy, 9020-05) (Birm ngham AL).
St andards used for quantitation of human |g were:
human | gMK (Cappel, 13000) (Costa Mesa, CA) and human
Pa@teqrmq i $ehen?86198) (Basrbreem CAL).. 5 venddoim
Lk e BalH %uéﬁ@f‘&’ﬁ@ﬁ§@n"‘3%'\/hmnﬁﬁ TiF Qucad 3i g%%ﬁ?t
g n

baseline | evel s of both human I gM™ an uman

théPRSgende’ 1 01 mitRFEat MeRa  TEB) e agdQiramart atd@in of
htg.\ﬂbi%:l%enlotl@d)g%bné%(EHOMPHgS,H%% gyl 1gM pg m
pg M XM 2BM 7 H 781-2 298 140 'H850-1 172 101

H 850- 2 259 19hXwp 2B Tabil 908 1 Xen@Mpm s eHHHIIRL 5uik 85

L oddc 28~ G r BdakM i He873321Q. 13z
phodicea 5017 o Snee (EVE1G 35 Dgy Hiah 1o
and human IgG in the.absence of immunization.

Table 6

Quantitation of hIgyl and
hIgM in XenoMouse H2BM

Tgyl ToM

pg/ml ng/ml
XM-2BM-7 H-781~-2 298 140
H-850-1 172 101
H-850-2 250 110
XM—-2BM-1 H-908-1 1.3 70
H-808-5 0.35 51
H-953-8 3.7 81
XM-2BM-2 H-873-2 0.8 38
H-873-3 1.5 52
H-873-4 1.7 90
XM-2BM-6 H-910-4 1 68
H-911~3 0.8 477
H-C12-4 0.3 44

EXAMPIE 11
IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenoMice H2BM
were immunized subcutaneously at the base of the tail
(or other route of administration (IP, footpad, etc.)
with 10 pg of either recombinant human IL~8, 5 ng TNF-«
or CEM cells .(for CD147). The antigen is emulsified in

complete Freund’s adjuvant for the primary immunization

and in incomplete Freund’s adjuvant for the additional
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H911-3 0.8 47 H912-4 0.3 44 15 EXAWPLE 11

| MVUNI ZATI ON AND HYBRI DOVA GENERATI ON Groups of six 8
to 10 weeks ol d XenoM ce H2BM were i muni zed

subcut aneously at the base of the tail (or other
route of admnistration (IP, footpad, etc.) 20 with 10
pg of either reconbinant human IL-8, 5 pg TNF-a or
CEM cells (for CD147). The antigen is emulsified in
conpl ete Freund's adjuvant foggthe primary

i mmuni zation and in inconplete Freund s adjuvant for
the additional 89 immunization.. For nore detailed

i nformati on and procedures on ani mal i muni zat i ons

Seembni FRELOW et rak. moABt kRediiesy %n%%Q%EQHQEyand
Manual , Chapter 5, "l munizations" pages 53-138, Cold

sar@ﬁed%%o@n5ana¥3éﬂ-atl@mynprzé§gon@o|saees§r| Hg THarb 6L,
“ET’th%ti&8?§éforA"EE%b§%Eb gsg%n%aqar%%% rRyt sat 3-4

vweek' interva |"'east oost er ni zat'i'ons
(bémsue)zaVﬁenshakaggsnﬁﬁodBémaCoadt6Dmdm@sﬂath@rnlce

r e nj 0 n [ or
TR AR T R e e s SRR
ihmmunazabnoaadapeocedmneg omtwak|ﬁg4wwwe¢lom&hrvals for
LSS l; [ 6
%o?g %?y3N§8 gF F%%%Rph?Eéé 9&&ﬁ3§P§%§| Antlbodles"
pages 139- ZWhencmhﬁlsgrmngoHapbed kalydbatiarys , Pmessmlr@

OO0, 82 [RE oL bRt 2 Ko IS er AR 1A0 up, s
nﬁnusedazsobyfqyelbha Nssnoell EbmempSe Rayr,aidtedal .

ol oSt L RERLATG) o
antibodies see E. Harlow et al., Antlbodles
Laboratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the
non-secretory myeloma NSO cell line [S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)) or the
P3-X63-Ag8.653 myeloma and are subjected toc HAT
selection as previously described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981)].

Table 7 shows that transgenic mice produced
according to Examples 6-8 above, and immunized with
recombinant human IL-8, 5 ng TNF-o or CEM cells (for
CD147) yielded human IgGl monoclonal antibodies.

EXAMPLE 12
EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE

We performed an ELISA for the determination
of whether transgenic mice were producing
antigen-specific antibodies (Table 7). We determined

the antigen specificity and isotype of antibodies
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20 selection as previously described [G Glfre, et
al., Methods Enzynol. 73:3-46 (1981)]. Table 7 shows
that transgenic mce produced according to Exanples
6-8 above, and inmunized with reconbinant human |L-8,
5 ug TNF-a or CEMcells (for 2.5 CD147) yielded human
I g@ nonocl onal antibodies. EXAMPLE 12 EVALUATI ON OF
ANTI BODY SPECI FI TY AND | SOTYPE W perfornmed an ELI SA
for the determ nation of whegther transgenic mce were
produci ng 30 antigen-specific antibodies (Table 7). W
determ ned the antigen specificity and isotype of
antibodies - 90 isolated from nouse serum and from

hybbud@@@ f&‘é)ﬂﬁﬁd&ﬁs@“s%r@ﬁn dascrihed hiokiganaset al.
Unit 2. "Enzynme-1inked nnunosorbent assays, |n

CﬁPP@ﬁPat§P&§o@§|§qq?q G 9amoat. 1. usPRgt 2.1,
r eggRaBhRant nk %dn%s%r%@@@&‘ INF-ant @u%@@k'ﬂr €

the antigen- specific antibodies. V% determ ned the
cOHOERCOdtS di M UNAFRT Y n&ﬁﬁﬁﬂg)l obul Easngskagorhénant

fﬂhhtg}gﬂe&@ ~GaPt19 7 anty H@gell a@?g;rguég thaugﬁfelgg%-

Sou rn Blotechnology ectron
aﬁpﬁﬁ@dul@s andddpodi@si-n M @@mxma@ntbemeoecmusetlon

g IR TR R B N BN AR e Ol
96P0ibsyHiegrid rgosit @mm-ﬁumn kb@@a(boutharQVect or,

Bél%@@@%ﬂO%%%@daQQQ5—%§qd fQﬁuQQ?%%%%@ib aHEﬁgg%;gf used

and nouse are: human 15 I OC
heﬁaﬁLﬂéﬁKeﬁeﬁﬂyﬂEHQ£OGﬁﬁ ndigmret yeRunaal bg6éhBRP

g@ég%)ag W@)llﬂgéﬁ%%qegﬁ%)g) 'mgﬁgéeahg%’khuman
IGM HRP (Southern Biotechnology, 9020-05), and goat
anti-human kappa-biotin (Vector, BA-3060). Standards
used for quantitation of human and mouse Ig are: human
IgG, (Calbiochem, 400122), human IgMk (Cappel, 13000),
human IgG,k (Calbiochem, 400122), mouse IgGx (Cappel
55939), mouse IgMxk (Sigma, M-3725), and mouse IgG,A
(Sigma, M-9019).

Table 7 further shows that transgenic mice
produced according to Examples 6-8 above, and immunized
with recombinant human IL-8, 5 pg TNF-a or CEM cells
(for CD147) yielded human IgGl monoclonal antibodies
that were antigen specific and of the predicted

isotype.
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Table 7 further shows that transgenic mce 20 produced
according to Exanpl es 6-8 above, and i mmunized wth
reconbi nant human IL-8, 5 pg TNF-a or CEMcells (for
CD147) yielded human 1gd nonocl onal antibodies that
were antigen specific and of the predicted isotype. 91 -
- Table 7 >r1lii& :;..: us or # yH2BE mce GL #
Hybndonmas x438 Aimals ;: 1.9& J.GlL a%4...< X
(CEM21) CD147 10 Gl-1 325 1-19) GEM22)CD147 14, Gl-1
198 15 5 1L8-16 10 Gl1-5 243 20 5 I1L8-17 12 Gl-6 268
31 5 1L8-18 10 G1-1 213 10 1L8-19 10 G1-2 136 4
TNF-38 10 Gl-1/2 179 ing. 1 3 116 popl. 2 6 10 TNF-39
Ieh3k 67180 4 6. EXAMPLE 13 | NTRODUCTI ON OF THE yH2

aWa PLC N/ a 0

(CEM21)CD147 10 G1-1 325 1 1
(CEM22)CD147 14 G- 198 15
IL8-16 10 G1-5 243 : 20 5
IL8-17 12 G1-6 - 268 31 5
IL8-18 10 Gi-1 213 10
IL8-19 70 4

G1-112

116 popl. 2 6
TNF-39 10 G1-6 180 4 6

EXAMPILE 13
INTRODUCTION OF THE vH2CM YAC INTO ES CELLS
We introduced the YAC, yH2CM, into mouse

embryonic stem (ES) cells by yeast spheroplast fusion
as described in detail in Example 6. [See B. Birren et
al., Genome Analysis: A Laboratory Manuel, Volume 3,
Cloning Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NYJ.
Generally, yH2CM containing yeast cells were
spheroplasted using zymolase 20T at 1.5 mg/ml. The
yH2CM spheroplasts were fused with HPRT-deficient E

14 .TG3B1 mouse ES cells which had been cultured as
described {see Jakobovits et al., Nature 362:255-258
(1993); Green et al., Nature Genetics 7:13-21 (19%94);

E. Robertson in Teratocarcinomas and Embryonic Stem

Cells, pages 71-112, IRL, Oxford (1987)] HAT selection
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- 15

manmal i an cell s by spheropl ast fusion", pages 548-550,
Col d Spring Harbor Laboratory Press, Plainview, NY].

20 Generally, yH2CM contai ning yeast cells were

spheropl asted using zynol ase 20T at 1.5 ng/m . The
yH2CM spher opl asts were fused with HPRT-deficient E

14. TG3B1 nouse ES cells which had been cultured as
descri bed (see Jakobovits et al., Nature 362: 255-258

25 (1993); Geen et al., Natupe Genetics 7:13-21

(1994); E. Robertson in Teratocarci nomas and

Enbryonic Stem Cells, pages 71-112, |IRL, Oxford

(1987)] HAT selection 92 was initiated 48 hours after

f w];aisOﬁnilﬂREIE-e?j)SdH Ir?/cﬁnl:_/§ atiedt ﬁh@ﬁ?ﬁ. V\gHBR*islebﬁgierat ES
a frequency of 1 <c e/15-;20x 10 used cel |.s, HAT

r §§il§‘t §ﬁtor’zeoﬁ oHi e s%\g?%teec}(paa%oaedg’f%guﬁléﬁ%n%fa?wal ysi s
ard oner/a Sarzaly e faseld ¥AClisnt e@AT ydwyi soititherdl aick s
CHEE bl ot %%%k{éfs. In control ex e[iaeqts W th nocé _
f USTFEn§ 61 s BMPTY st Spher opt atES fpalyzed for
Cwmniigse\g&fi&ﬂeiﬁﬁﬁﬂthgzlﬁ'n- & gceﬂch%D?eSaﬁw?gééFd In
to a ones 1-.10.in Tahle 8 rive r S ¢

t SoPEHON BR DR AT oM A Mol SeRLE B ot aFrotontp and
e&r&g@ttedpﬁﬁh‘%lp]aﬁ‘ni:s,B&WIcc}'Hﬁufé@Q&ﬁ@ﬁéSdﬁEéCﬁé@d b;gl
probes spannjn e tire insert, As own in_Table

B e der ectEl b ca 51 | Sl nLFBhe BERGeCh napnEleaes 1-

celol igeTets a8 paddr Died chasmcE®r¢Eali o0s0bnt RELES

ce \A prior to transgenic 15 use. generatign. a A
CRE26PF PSRRI TS (T F et R R es L HoPRRT hegrAgORT and
VH2mHYHS H 2VHA; 2 gvikdS) t sandle 8446 e dhusanp Bbb e angpdiinihghunan

At P e SO U £ LD Ve LB e
following human genes in the ES cell genome as part of
characterization of the ES cell DNA prior to transgenic
mouse generation: all the different V, families could be
detected Vyl, V2, Vg3, Vy4, V.5, and Vu6; human D,, and Jy
; human C, and C, constant regions; mouse switch vyl

(mSyl) and human Cvy4 C, exons.
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+
+
+
+
+
+
+
+
+
+
2
+
+

+ + + + + + 4+ rrSyI++++++
++++++++ + + ,m- denotes nouse genes
(mByl) EXAMPLE 14 | NTRODUCTI @y OF ES CELLS CONTAI NI NG
THE VH2CM YAC I NTO M CE 20 In order to generate
chinmeric mce fromthe YAC yH2CM DNA cont ai ni ng ES
cells, mcroinjection of blastocysts was conduct ed,
fildenved by breeding. ES cells containing the YAC
were jsolated as described in Exanple 6,

O+ ++++=
RO+ +++0
=

ARG, e,qumded for the generat Eg@eﬁZ@o@f chi merl C m ce.
hﬁ?ms y 2 EMbegqrimgTES cetH——coneg—wergnicrptnjected
i Ysé :§7E1/% Hl &stbcyst|s § See 7 B.| Hdyan| et® all. , 10
' |puI atihg, the, Mjuse Enmbryjo:, Al Laporptory Manuall™,
Qpﬁ?inn % %ﬁrndurtlnn ??hhmf+Cbn9t|c Infor Pio N
1hnpectifon pf+ QEILS i nt o] the |30 B] ast ocyst pages +
oo 104 L4090\ Qe wma—llar ha laW.| albar Ak ~Av 2\,
FO0™ 1L J0, \+ UU) \WI M1 T I U J= AUUTTroOTy
PVeds, Cotd| Sprling Harbof, *NY) ]+ Chitrerjc + + +
Vy4 + + + + + + + + + +
V5 + + + + + + + + + +
Vy6 + + + + + + + + + +
Dy + + + + + + + + + +
Jy + + + + + + + + + +
C, + b + + + + + + + +
Cs + + + + + + + + + +
mSyl + + + + + + + + + +
Cv4 + + + + + + + + + +

m - denotes mouse genes (mSyl)

EXAMPLE 14

INTRODUCTION OF ES CELLS CONTAINING
THE vH2CM YAC INTO MICE

In order to generate chimeric mice from the
YAC yH2CM DNA containing ES cells, microinjection of
blastocysts was conducted, followed by breeding. ES
cells containing the YAC yH2CM DNA were isolated as
described in Example 6, and expanded for the generation
of chimeric mice. Next, yH2CM-bearing ES cell clones
were microinjected into mouse C57Bl1/6 blastocysts [See
B. Hogan et al., "Manipulating the Mouse Embryo: A
Laboratory Manual", Section D, Introduction of New
Genetic Information, "Injection of Cells into the

Blastocyst" pages 188-1586, (1986) (Cold Spring Harbor
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offspring were identified by coat color. Table 9 C one
# enbryos # live # of # chimera # |njected born pups
chi neras breedings germine 5 2CM1 381 26 24 8 4
2CM2 399 26 14 10 5 2Cv3 224 21 10 5 0 2CM4 217
21 14 4 0 2CM5 276 19 15 9 0 10 2CM6 296 18 12 2 O
2CM7 269 22 16 6 0 2Cv8 133 12 12 9 0 2CM9 177 5
3 10 Table 9 sunmarized the data for generating 15
transgenic mce using nine digferent yH2CM cont ai ni ng
ES cell lines. Two out of nine clones were transmtted
t hrough the nouse germ ine. EXAMPLE 15 BREEDI NG M CE
CONTAI NI NG yH2CM YAC 20 DNA WTH VK2: DI M CE I n order
tbalgenatatrg Fressthablpr cguded; Mursor amy)bodi eShieric
th bsence of endogenqus anti bodi.es K2-transgenic
ny gfeg%%relgp‘r’qg\lfieoﬁ%]eg%ﬁgégcﬁ\‘dbtyh Cotfgubcfoel-‘%/ﬂact ivated
(D) nouse strains. The DI nobuse 25 strains
égigogozygous for gene targeted-inactivated nouse
heavy and kappa chain loci and thus were deficient in
ant Fbody proawckbor] [saeevdakpPDo¥1dsS €f # alimezdNgl UT €5

36?;252_ ?E%@%&?ge%)h’ \,bgrn%+2i%t aﬁéin’meﬁr’é@t uLzGeed(i?egg\sez I glei ine

st2iMis 1 1233871 yae h DIZ%icelto &enerate 4

m e&Meri zyge® or [hom8fygouk 1 ard yK2| YAGOon 4 5
2CM-3 224 21 10 5 0
2CM-4 217 21 14 4 0
2CM-5 276 19 15 9 0
2CM—-6 296 18 12 2 0
2CM-" 269 22 16 6 0
2CM-8 133 12 12 9 0
2CM-9 177 5 3 1 0

Table 9 summarized the data for generating
transgenic mice using nine different yH2CM containing
ES cell lines. Two out of nine clones were transmitted

through the mouse germline.

EXAMPLE 15

BREEDING MICE CONTAINING yH2CM YAC
DNA WITH yK2:DI MICE

In order to generate mice that produced human
antibodies in the absence of endogenous antibodies,
yK2-transgenic mice were previously bred with
double-inactivated (DI) mouse strains. The DI mouse
strains were "homozygous for gene targeted-inactivated

mouse heavy and kappa chain loci and thus were

deficient in antibody production [see Jakobovits et
al., Nature 362:255-258 (1993); Green et al., Nature
Genetics 7:13-21 (1©94)]. ©One of the yK2-transgenic

mouse strains, J23.1, was bred with DI mice to generate

mice hemizygous or homozygous for yK2 YACs on a
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95 honobzygous inactivated nouse heavy and kappa chain
background (yK2; Dl ). The breedi ng schene for
generating a new Xenonouse, which is hem zygous for
the yH2CM YAC i s shown bel ow. Subsequent breedi ng of
5 XenoMbuse nal es to XenoMuse"fenal es yi el ds
XenoMouse progeny who are either hem zygous or
honozygous for yH2CM and/ or yK2. From t hese progeny,
breeding of nmales and femalgs,-both of which are
honozygous for both yH2CM and yK2, will yield a true
breeding Iine of 10 XenoMouse H2CM XenoMouse H2CM
Breedi ng schene Generation 1 : (Chimera or Transgenic

Héﬁgz§§oﬁ¥21£&%tlyﬁggw mdﬁ%%uhdﬁﬂﬁ andfﬁﬁﬁﬁé chain
GEneratlon 2 Xenohet

IR I LTI T et o S vt
Jihkratif&Ka ne@eﬂéh@hbgﬁe?) wlmt1§MW% for the
yK2; DI) or Xenonouse x yK2 HZCNH; K2': miH ! -;
HERCM- TRCy 1B CREOWHKD 6103%- ShgRent #mﬁew?
ﬂﬂﬁbMousgﬁhaiethEHQ@NbM5&selﬁHﬁales'ﬁﬂé&ds YdhoMouse
XenoMbuse; K2'; X The integrjt
BFOPRBY hUHBNCREAGY tHRT RABHE YIS YA 7Y e
Fﬂ@M«'Sbhayﬁﬁ VRS . COIH‘&thQ%e@é psaigd}e_,rn ot dd angl ysi s.

n

FFAREnF DOCTRYFEer E8 hedugi 28 MRS (I BEAh 13 ths

Woth pa2eppananiykdel etinQns ixld rearnengeresd sng 9bine of
EXAVPLE 16 gl_ow CYTOVETRY ANALYSI S To further
¢RaPYCEERi Fé“Nenomouse H2CM

XenoMouse H2CM Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)

yH2CM'; yK27;mJy*/" ;mCk*/* X yH2CM ; yK2'; mJy /" ;mCk™/"
Generation 2 : (Xenohet x YK2:DI)

yH2CM*; yK2*;mJ,*/";mCx*/~ X yH2CM ; yK2*;mJy /" ;mCk™/"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse X yK2;DI)

yH2CM+; yK27;mJ," /" ;mCx™’" X yH2CM ; yK27;mJ.";mCx™"

yH2CM+; yK2*;mJy/";mCx™/~ X yH2CM ;yK2*;mJ. /" ;mCx™’"

XenoMouse: yH2CM'; yK2'; mJy’"; mCk™’~

The integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains was confirmed by
Southern blot analysis. In all XenoMouse H2CM strains
analyzed, yH2CM was transmitted unaltered through

multiple generations with no apparent deletions or

rearrangenents.
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transgenic mce, peripheral 'blood and spleen 5

| ynphocytes were isolated from 8-10 week old m ce and
controls. The cells were purified on Lynpholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-muse CD32/CD16 Fc receptor (Pharnm ngen, 01241D)
(San Di ego, CA) to block non-specific binding to Fc 10
receptors. Next, the cells were stained with various
anti bodi es and anal yzed on a %:@C_St arlL="S (Becton

Di cki nson, CELLQuest software). The panel of

anti bodi es used to stain XenoMouse H2CM cel | s

i ncluded: Cychronme (Cyc) anti-B220 (Pharm ngen,
01128A) ; 15 fluoroscein isothiocyanate (FITC
anti-human I gM (Pharm ngen, 34154X); FITC anti-nouse
EG¥MBNFarh® ngen, 02204D). Lynphocytes fromtwo

animals fro [ n use H2CM strai ns
were eval u el G AN S wild type B6/129

m ce using Toolucghemerhprastenowe Xerfaisius el G262 ow.
e e BT REE T ksl PR ¢ 1)
Trangerd ¢t e ceehavilng lefiedy H20M $AC Dk edhowdmice and
Sty OB e 38 e B TR ko tvee v
heterozageus (&ad Rérgryglds wede teegiaced/ittd: muwd fied
Sk s a8 TR 90U s o AN, sn
1T B gE, CA) to block non-specific binding to Fc
receptors. Next, the cells were stained with various
antibodies and analyzed on a FACStarf* (Becton
Dickinson, CELLQuest software). The panel of
antibodies used to stain XenoMouse H2CM cells included:
Cychrome (Cyc) anti-B220 (Pharmingen, 01128A);
fluoroscein iscothiocyanate (FITC) anti-human IgM
(Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphocytes from two animals from two
different XenoMouse H2CM strains were evaluated and
compared to wild type B6/129 mice using flow cytometry
as shown in Table 10 below.

Strain XM2Cm-2 homo showed about a 80-100%
reconstitution in the B-cell compartment (Teble 10).
Trangenic mice having the yH2CM YAC DNA show
significant human antibody and immune system
development. Control 129xB6, DI, Xenomouse Z2a
heterozygous and homozygous were compared to mice

heterozygous and homozygous for the yH2CM YAC.
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DI O. 6 XMA-5 het 29.2 XMA-5 het 23.7 XMA-5
hono 23.4 10 XM2A-5 homo 25.5 XM2Cm 2 het 19.3
XM2Cm 2 het 19.2 XM2Cm 2 hono 29.8 XM2Cm 2 honp 23.6
15 Avg. 129xB6 23.8 + 1.4 DI 0.6 Avg. XM2A-5 het
26.5 + 3.9 Avg. XM2A-5 honmo 24.5 + 1.5 Avg. XN2Cm 2
het 19.3 + 0.1 20 Avg. XM2Cm 2 honpo 26.7 + 4.4
EXAMPLE 17 SERUM LEVELS OF HUMAN ANTI BODIES I N

UNI MMUNI ZED M CE An ELI SA tor-deternmi nation of human
25 anti bodi es in uni muni zed nouse serumwas carried
out. For nore detailed information and procedures on
i mmunoassays see E. Harlow et al., Antibodies: A
Fabaratiaqry Manual , Chapter 14, "Irnnunoassay", pages
98 5Hhh3-614

CDJd,SDrlna Harbor laboratory Press, Cold
Sprlng Fhrbor,ImbM/York (]988) ogggoqpncentration of
hu g r1|||uuug| obut s werg—deterned—ust Y t he
fol || dWiSxdBapt ure anti bodiles: m)use antZZ- Human 1 gM 5
(CG/?IL@S6 AB-57)(Vanassag, VA teC on
ant il Bod\ used in ELISA Exoerlnents % Sibuse
ant if 1wy | gG4- HRP (Sout hern. Bi ot echngl agy, 9050-05)
DI 0.6
XM2A-5 het - 29.2
XM2A-5 het 23.7
XM2A-5 homo 23.4
XM22-5 homo 25.5
XM2Cm-2 het 19.3
XM2Cm-2 het 19.2
XM2Cm-2 homo - _ 29.8
XM2Cm—-2 homo 23.6
Avg. 129xB6 23.8 + 1.4
DI 0.6
Avg. XM2A-5 het 26.5 + 3.¢%
Avg. XM2A-5 homo 24.5 £+ 1.5
Avg. XM2Cm-2 het 19.3 + 0.1
Avg. XM2Cm-2 homo 26.7 + 4.4
EXAMPLE 17
SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE
An ELISA for determination of human
antibodies in unimmunized mouse serum was carried out.

For more detailed information and procedures on
immunoassays see E. Harlow et al., Antibodies: A

Laboratory Manual, Chapter 14, "Immunoassay", pages
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(Bi rm ngham AL), nouse anti-human | GW HRP ( Sout hern
Bi ot echnol ogy, 9020-05) (Birm ngham AL). Standards 10
used for quantitation of human I g were: human | gW
(Cappel, 13000) (Costa Mesa, CA) and human |gd -
(Cal bi ochem 400126) (San Di ego, CA). As shown in Table
11, rows 15-30, Xenonouse H2CM produced significant
baseline | evels of both human 15 IgMand a4 in the
absence of imunization. 99 ygTable 11 Muse ID high
(pg/mM) hlg& (jig/m) higHA éllg/m) 1 129 x B6 2
129 x B6 53 129 x B6 4D 5D .6 D 7 XMRA-5 89.5
37.6 10 8 XMA-5 97.1 37.6 9 XM2A-5 98.0 409.7 10

3755 TR G 6 T s 0 SRS Ti55 6 D
Xenongusle rHR@Y NES XRGm (1 A00). 4 3Bhe copcestkaRConlof
B808n18fmbinb G RETL Sk % 08 S iR AMETLS BRe7 61.3
following capture antibodies: mouse anti-human IgM
(CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments were mouse
anti-human IgG,~HRP (Southern Biotechnology, 9050-05)
(Birmingham, AL), mouéé anti-human IGM-HRP (Southern
Biotechnology, 9020-05) (Birmingham, AL). Standards
used for quantitation of human Ig were: human IgMk
(Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CA).

As shown in Table 11, rows 15-30, Xenomouse
H2CM produced significant baseline levels of both human

IgM and IgG4 in the absence of immunization.
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35

19 XMCmt1 93.1 177.2 20 XMCm 1 79.4 36.9 25 21
XMCm1 80.4 91.2 22 XMCm1 76.9 238.6 23 XM2Cm 2
35.2 20.9 24 XMCm 2 35.4 88.8 25 XMCm 2 28.0 42.5
30 26 XMCm 2 25.0 20.6 27 XMCm 2 66.8 23.0 28
XMCm 2 28.1 14.8 29 XMCm 2 27.3 30.1 30 XmM2Cm 2
32.6 69.3 35 129xB6 N.D. NND. ND. D ND ND ND
XMRA-5 92.7 + 17.2 155.6 + 182.1 N.D. XMCm 1 87.1 +
10.4 N.D. 186.4 + 208.0 XMeCA#°2-34.8 + 13.5 N.D. 38.8
+ 26.7 100 - EXAMPLE 18 | MMUNI ZATI ON AND HYBRI DOVA
CGENERATI ON Groups of six 8 to 10 weeks ol d XenoM ce
H2CM were i mmuni zed subcut aneously at the base of the

tail

5wth 10 }.g of either

reconbi nant hu

man | L-6 or

llr8y1e He antigen is enulsified in conplete Freund' s

adjuvant for the primary inmminization and in
i peoffebes &0 Ey alnHIMS (odElh v ant PREF2 (kmbiddil | BFER4 (ng/ml)
[ Ntz vd&.! For nore detlajled informatilon and
procedu¥’8s* &A {ani mal 10 | ni zations see Har | ow et
all. . Anmt4°bodfdas: A laboratdry Minual, Chapter 5,
"ILnmmuni zat# #hd" pages 53- 138, Cold Spring |Harbor
Labor at ory> PEass, Cold Spring Harbor. New [York
(1988) . | nfmPhijzations are carried out
7 XM2A-5 85.5 - 37.6
8 XM2A-5 97.1 37.6
9 XM2A-5 $8.0 409.7
10 XM2A-5 85.1 18.2
11 XM2A-5 72.0 423.1
12 XM2A-5 74.3 273.3
13 XM2A-5 S8.6 16.8
14 XM2A-5 126.8 28.8
Xenomouse
H2CM
15 XM2Cm-1 106.4 33.2
16 XM2Cm-1 83. 6 187.1
17 XM2Cm-1 84.9 665.3
18 XM2Cm-1 88.7 61.3
19 XM2Cm-1 S3.1 177.2
20 XM2Cm-1 79.4 36.9
21 XM2Cm-1 80.4 91.2
22 XMz2Cm-1 76.9 238.6
23 XM2Cm-2 35.2 20.9
24 XM2Cm-2 35.4 88.8
25 XM2Cm-2 28.0 42.5
26 XM2Cm-2 25.0 20.6
27 XM2Cm-2 66.8 23.0
28 XM2Cm-2 28.1 14.8
29 XM2Cm-2 27.3 30.1
30 XM2Cm-2 32.6 69.3
129xB6 N.D. N.D. N.D.
DI N.D. N.D. N.D. |
XM2A-5 92.7 + 17.2 155.6 + 182.1 N.D.
XM2Cm-1 87.1 + 10.4 N.D. 186.4 + 208.0
XM2Cm-2 34.8 + 13.5 N.D. 38.8 + 26.7
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at 3-4 week intervals for at l|east 3 booster 15

i mruni zati ons (boosts). Wen nmaki ng nonocl ona

anti bodies, the mice receive a final injection of
antigen or cells in PBS four days before the fusion.

For nore detailed information and procedures on

meki ng nonocl onal 20 anti bodies see E. Harlow et al.

Anti bodi es: A Laboratory Manual, Chapter 6,

"“Monocl onal Anti bodi es”, page® 139-244, Cold Spring

Har bor Laboratory Press, Cold Spring Harbor, New York
(1988). Lynph node |ynphocytes from i munized m ce

fused with the 25 non-secretory myel ona NSO cell 1ine
[SxalayE &8 al., Proc. Nat- Z. Acad. Sci. USA,

91: 5548- 5551 . -Iona cells

and subj ect &&f ; i : RETION

descri bed [@ro@@sf bﬁ, sfitx @ to ll‘@tvl@éi}Ss E@Zd’m?)énoMlce H2CM
73:3-46 (1981) h Eg Tabl e 12 shows that transgeni

N8 €S pi BUHEed e a SUOCHTRT SOY SBRafdt €' 2LA%e a%bvéheaﬁall

| WORi Zedpyi b|ﬂ ell;%r rRCHY Mt Murdn | 126606 tLL88

yi el ded human % ocl onal antibodi es. EXAMPLE 19
ET}AEU?;\I?FéﬂeéFlﬁl\r?F‘BéE‘% ISECIE PPN | SOTYPRNd5S\edIuvant

pesf OtH@dpammEb;IySAmndatce;rlmrnem@etmeincémpmég@nE‘Qeund'

e were rodu in n-specific antibodies
(S EpEeng) Bofe el e AT S onan | EB@ymore
Ia@tapeopr lef@&ﬁla(t-ﬁ@bﬂ enk?)proddgess Sspeshiinaity and

I sotype determ nations _were performed 10 on antlbodles
i éwaﬁéaaﬁesmvn&%e Ese AR Lot St - hyBrtaBRELES:

Sﬂasraaatt@@g/smﬁqscrdh@%e[m | 98fn@hndkatiokBit pdgds 53-
"Enzyme- | i nked inmunosor bent assays,” in
138, Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York (1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster
immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four days before the fusicn. For more detailed
information and procedures on making monoclonal
antibodies see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice fused with the
non-secretory myeloma NSO cell line (S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or
P3-X63-Ag8.653 myeloma Cells and subjected to HAT
selection as previously described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981)]

Table 12 shows that transgenic mice produced

according to Examples 14-16 above, and immunized with
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Current protocols in -inmunol ogy (1994) .) using
reconbi nant human IL-6 or I1L-8, to capture the antigen
15 specific antibodies. The concentrati on of human and
nouse i nmunogl obul i ns were determ ned using the
foll owi ng capture antibodi es: rabbit anti-human |1gG
(Sout hern Bi ot echnol ogy, 6145-01). The detection
anti bodi es used in ELI SA experinents was nouse 20
anti-human 1gd -HRP (Cal tags MLO45) (Burlingane, CA)
nouse anti-human | GVt HRP ( Sout her n Bi ot echnol ogy,
9020-05), and goat anti-human kappa-biotin (Vector,
BA- 3060). Standards used for quantitation of human and
nmes:@rdkgin/aa’rte humaranl 1g&, o Cal.b8ochieml d400b22pn HAgBan
pp 3000), human 1 g&x (Cal bi ochem
ﬁ?wiéé%%néigﬁ%ﬁéé%%bppel 55939), nouse | gWk
(Slgna M 3795), and nouse 1g&41, (Sigma, M 9019).
Table 12 further shows that transgenic mce produced
according to Exanples 14-16 above, and 30 i mruni zed
WENAMEEZOMA nant hunen | L-6 or IL-8 yielded 102 hunman

| g4 monocl gn il E‘Iﬂﬁ(} AEIBG%E&QPE

and of the preditc

4]an]t4LbcE:‘>§N\PLEFﬂﬁ)l dOl 2 NTRCDRCI L élxl HEt?EHEMHGl/cEeYAGman

INTQ %?c?Elsotype produced (Table 12). Antigen
specificity and isotype determinations were performed
.on antibodies isolated from mouse serum and from
hybridcma supernatants as described ([Coligan et al.,
Unit 2.1, “Enzyme-linked immunosorbent assays,” in
Current protocols .in immunology (1994).] using
recombinant human IL-6 or IL-8, to capture the antigen-
specific antibodies. The concentration of human and
mouse immunoglobulins were determined using the
foliowing capture antibodies: rabbit anti-human IgG
(Southern Biotechnology, 6145-01). The detection
antibodies used in ELISA experiments was mouse
anti-human IgGl-HRP (Caltag, MH1015) (Burlingame, CA),
mcuse anti-human IGM-HRP (Southern Biotechnology,
9020-05), and goat anti-human kappa-biotin (Vector,
BA-3060). Standards used for quantitation of human and
mouse Ig were: human IgG,; (Calbiochem, 400122), human
IgMk (Cappel, 13000), human IgG,x (Calbiochem, 400122),
mouse IgGk (Cappel 55939), mouse IgMk (Sigma, M-3785},
and mouse IgG,A (Sigma, M-9019).

Table 12 further shows that transgenic mice

produced according to Examples 14-16 above, and

immunized with recombinant human IL-6 or IL-8 yielded



W introduced the YAC, yHGL/2, into nouse enbryonic
stem (ES) cells by yeast spheroplast fusion as
described in Exanple 6. [See B. Birren et al., Cenone
Anal ysis: A Laboratory Manual, Volune 3, Coning 15
Systens, Chapter 5: "Introduction of YACs into
mamal i an cells by spheropl ast fusion", pages 548-550,
Cold Spring. Harbor Laboratory Press, Plainview, NY]
Generally, yHd /2 containi nglg2ast cells were

spheropl asted using zynol ase 20T at 0.15 ng/m . The.
20 yHGL/ 2 spheropl asts were fused wth HPRT-deficient
E 14. TGB1 nouse ES cells which were cultured as
deswan begG{ smendakobevi estebodlies Natalr &e3€2:2255-g258
(1993) ;. , r et 7:13-21 (1994),;
épﬁégﬁﬁéi%ﬁaiﬁkTgbgt %%?EFES§§§§§§ éﬁbryonic Stem 25
Cells, pages 71-112, IRL, Oxford (1987)) HAT sel ection

H1avas2initiated 48 hours after -fusion.
Lt | d

Soutibenn b| ot walh probes-spanning tse entiye | ngert
tfo 10 detefm ne whether the clTones contain Al
& =7

flfoumg-fhat| alTidjour ESscebl clones esoni al ned I pjact
ACs.s-1¢ (et ecigd the &oi-bow ng jhunan genep 1n ijhe E
¢elliLs.genofre as part ofceharacterj zafii oh of [ the1fS
cell DNA 15 prior to transgenic nouse generation:. al
the ctifferent

EXAMPLE 20
INTRODUCTION OF THE vHGl/2 YAC INTO.ES CELLS
We introduced the YAC, yHG1l/2, into mouse

embryonic stem (ES) cells by yeast spheroplast fusion
as described in Example 6. [See B. Birren et al.,
Genome Analysis: A Laboratory Manual, Volume 3, Cloning
Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-559,
Cold Spring. Harbor Laboratory Press, Plainview, NY].
Generally, yHGl/2 containing yeast cells were
spheroplasted using zymolase 20T at 0.15 mg/ml. The
yHG1/2 spheroplasts were fused with HPRT-deficient E
14.T7G3B1 mouse ES cells which were cultured as
described [see Jakobovits et al., Nature 362:255-258
(1993); Green et _al., Nature Genetics 7:13-21 (1994);
E. Robertson in Teratocarcinomas and Embryonic Stem
Cells, pages 71-112, IRL, Oxford (1987)] HAT selection
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V' famlies (VHL, VH2, VH3, VH4, VHS, and VH6) ; human
DH, and J. ; human C, and C. constant regions; human
switch y2 (hSy2) and human Cyl CH exons (see Figure 8
and Table 13). 104 - TABLE 13 VV VV V. D C Cd Sg
3e CLONEJ 23456 Z72.12.1 + + + + + + + + + + +

+ Z72.7.1 + + + +++ ++ + ++ + ~L 3 272.8.1 + + +
+ + + + + + + + + 1 7Z70.17.1 + + + + + + + + + + + +
Sout hern bl ot anal ysis of ESighones after fusion with
yH3B YAC - 105 - EXAMPLE 21 | NTRODUCTI ON OF ES CELLS
CONTAINING THE yHGL/ 2 YAC INTO MCE 5 To generate
chinmeric mce fromES cells containing YAC yHGL/ 2 DNA
V\ﬁaélsﬂ@ltbi@'@é@cysthom':gr@fﬂEECEheﬁloﬁol | HEBd-bysitive ES
breedi n W isol ate § ceEkg cont ai nlng the YAC
iy C PRRE 2V 8RS o F HBT P FSSéSt§H &Rp&hd&a 2T €
fé%fpérli@e@eﬂ@fda@w@m@f %ﬁﬁwgﬁsc:aiha lwlecre laNe)lty,zeWEfor YAC
m croinj ecte 2- beari,n clones i nt .
s ChSRTrS SpakbEEyorne BbT ebTnsyaR-d0teg | Control
'\@f\;bé)ﬂiraémﬂg \béﬁe MusexEnbuyoonA babasatenys Mabual and
Secti on %% Int ctlgn of New Genetic Information,

Yokt eB?p Bt he Bl ast ocyst™”

We examlned four - ES cell clones derived from
ES cell fusion with yHGl/2—c6ntaining yeast using
Southern blect with probes spanning the entire insert to
determine whether the clones contain all expected
EcoRI, HindIII and BamHI yH2 fragments. We found that
all four ES cell clones contained intact YACs. We
detected the following human genes in the ES cell
genome as part of characterization of the ES cell DNA
pricr to transgenic mouse generation: all the aifferent
VvV, families (Vyl, V2, V3, Vu4, Vi5, and Vu6); human Dy,
and J, ; human C, and C, constant regions; human switch

vZ (hSy2) and human Cyl C, excns (see Figure 8 znd Table
12).



15 pages 188-196, (1986) (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY)]. EXAMPLE
22 BREEDI NG M CE CONTAI NI NG yHG1/2 "' AC DNA WTH
yK2: DI MCE - 20 In order to generate mice that
produce human antibodies in the absence of endogenous
anti bodi es, yK2-transgenic mce are previously bred
with double-inactivated (D) nouse strains. The D
nouse strains are honozygousifor-gene
targeted-inactivated 25 nouse heavy and kappa chain

| oci and thus are deficient in antibody production

[ see Jakobovits et al., Nature 362:255-258 (1993);
GEeaLEeti’ml ., Nature Genetics 7:13- 21 (1999)]. One of
the yK2-transgeni c nouse strains, J23.1, is bred with
DI mce to generate m ce hem zygous 30 or honpbzygous
for yK2 YACs on a honpbzygous ihactivated nouse heavy
and kappa chai n background (yK2; D). The breeding
schene for generating a new Xenonouse, which is
mzygous for the yHA /2 YAC is shown below - 106
Jbsequent breédlnq of {XengMouse npl es| Vo| XenoWbude |V

emalEds yi ellds | xendibugCdrSgengd’ang are ety |5 | g
(2

e ALYNBuUsS |or hormozygoys fqr yHGL/ P and/ of yK2. Fronm
eSgy progeny, [bregdimg of oth—o

' are ho%nzyqous for [both yHGL/ 3 and yK2, Wl
el 'a'trué‘bréédlﬁg llithe |6F XénoMbuge™ HGL/

~
4
mf‘narntijn !

al

| | £
el €5 AT 11Ty €5,

ih
Prroivotse—VHGH2—Bieedt Rg—S € ;
JF%- i Transgenic|bred toj YK2. D) yHA/|2+; | yK2;
J oy ﬁc}<+|++ ‘(*ijEIf/ 21{7yK2+ pda-{ +; Skt (B0 [+ |+
Ganeratlon 2 1 (Xenohett x YK2:DI) yHGI/ 2+] yK2+; mJ, ;
Y- EK+H - | X YyHA / 2- yK2+ ) - - '
Z1281 |+ |+ [+ [+ |4 |+

4
Z7027.1 4+ |+ [+ |+ [+ |+

LI “2aan =

q’\>C< el =2

Iy~

+ |+ |+ |+ |+

Southern blot analysis of ES clones after fusion with yH3B
YAC '



10

15

20

25

30

Generation 3 (Al nbst Xenonouse x yK2:DI.) or Xenonouse

x yK2; D) yHA/2+; yK2+; mlE, "' -; nCK"' - X yHGL/ 2-;
yK2';m)_-'-;nCK-"'- 15 yH@ [/ 2+; yK2'; mJF;, ;nCK-/- X
yHE@ [/ 2-;yK2+;, m}_-'-;nCK-'- XenoMouse: yHd/2+;

yK2+; midr-' nCK / The integrity of the human heavy and
kappa chain YACs in XenoMouse H2ZCM strains is
confirmed by Southern blot analysis. In all XenoMuse
HGLl/ 2M 20 strains anal yzed;- yH@1/2 is transmtted

unal tered through nultiple generations with no
apparent deletions or rearrangenents. EXAMPLE 2.3
FLOW CYTOVETRY ANALYSIS 25 To further characterize
XE}lﬂmMBDEIeZIHGl/Z transgenic m ce, peripheral blood and
spl een y [ t f.rOm 8= ol d
mce and - 29‘%%%%6%@ (C)%OE% %%ﬁésog%ﬂlnglr*i icléfd on
Lynphol yt e 1 : i eat ed

with purified _anti-mouse .CD32/ CDI6 Fc 0

(Phar m ngen?ooffﬁ}fﬁf%( %glr% egco, %: %%&E%%kéells
noFFspeniihigthtn@ﬂ{Gg /R0 DRA. e ecapt drkasiNexystt he
cells are stained with varjo 1| bodi .
CRaF 98 6RO RACS AP EEtE T RE e S ti FE oh 6 ated B
CEkLQuesbnsafiniame theTH&pakill /6f DNmtd dodeesr ised Lo

Zh?‘lf?‘g@;%n%wbu%% HGL. 2 egieilléfgtA)ﬂk{]{B or SYELL OB (fYfdric

_ B220 ( Pharmngen, uor oscei n .

i sathi. ocYarat, e weFIMLCr camiedhararyHGM 2 {Phar iirggef, cell
34154X); .ELTC anti - pouss ( ' n 2204 -
Lﬁirﬁﬁggytlgs“of Fnc;%rtﬁsfeoﬁ anl/lrregl%sl¥r%6mén%$€$e%%$ 2 %gan et
XenohM nze 1H2GH 2Mosttrhas o wree evlat vat ed aabocehpayed

t

%anual, Section D, Introduction of New Genetic
Information, "Injection of Cells intc the Blastocyst”
pages 188-19€, (1986) (Cold Spring Harbor Laborétory
Press, Cold Spring Harbor, NY)].

EXAMPLE 22

BREEDING MICE CONTAINING yHG1/2 YAC
DNA WITH vK2:DI MICE

In order to generate mice that produce human
antibodies in the absence of endogenous antibodies, |
yK2-transgenic mice are previously bred with
double-inactivated (DI) mouse strains. The DI mouse
strains are homozygous for gene targeted-inactivated
mouse heavy and kappa chain loci and thus are deficient
in antibody production ([see Jakobovits et ai., Nature
362:255~-258 (1993); Green et al., Nature Genetics 7:13-
21 (1994)]. One of the yK2-transgenic mouse strains,
J23.1, is bred with DI mice to generate mice hemizygous
or homozygous for yK2 YACs on a homozygous inactivated
mouse heavy and kappa chain background (yK2;DI). The
breeding scheme for generating a new Xenomouse, which

is hemizygous for the yHGl/2 YAC is shown below.
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15 wld type B6/129 mce using flow cytonetry.
Trangenic m ce having the yHGL/ 2 YAC DNA will show
signi ficant human anti body and i nmune system

devel opment. Control 129xB6, DI, Xenonouse 2a

het er ozygous and honozygous are conpared to mce 20
het er ozygous and honozygous for the yHGL/ 2 YAC.
EXAMPLE 24 SERUM LEVELS OF HUMAN ANTI BODIES I N

UNI MMUNI ZED M CE An ELI SA f-orl0det-er m nati on of human
25 anti bodi es in uni muni zed nouse serumis carried
out. For nore detailed information and procedures on
i mmunoassays see E. Harlow et al., Antibodies: A
[SAbreatoept Maneald inChaft érerb¥ou'ser malarodss alenoeges

S ISR ) B L 2

Hmmmymaogb:ob@mprzszm dfeiremﬁCfie’dZ uidgpt K208 From

(g PR SRRl 7 BRI B U AN R, 198 o0

antidodaes bewdziygoEls| Slbremh rm%ﬁls/%rasud]m@ will

ntishu R t.her [ 50- 05)
gy%ggmgﬁ ﬁbg%ﬁggdlﬁsﬁemanﬁgﬁgn%wa@ out her n
Bi ot echnol ogy, 9020 05) (Birm ngham AL) St andar ds
used for quantita :

( Cappel , 13008

(Gahérathem aoelze)u@@na mzegzxar@@enﬂ;o DEUPLE 282 DI)

A e e SR e 5

scdgcataneeusby :at (xkerdrase >OfYI-t2h:QZ)I
yHG1/2*; yK2*;mJ, "~ ;mCx*/" X yHG1l/27;yK2*';mJ./ ;mCx™’"

Generation 3 (Almost Xenomouse X yK2:DI)

or Xenomouse x yK2;DI)

yHG1/2+;yK2*;mJ,/;mCx™/~ X yHG1/2 ;yK2';mJ.”’";mCkr™’"
yHG1/2+;yK2";mJ,/";mCx™/~ - X yHG1/27;yK2";mJ.”’ ;mCk‘"

XenoMouse: yHG1l/2*; yK2*; mJy”’"; mCxk™’"

The-integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains is confirmed by
Southern blot analysis. In all XenoMouse HG1/2M

strains analyzed, yHG1l/2 is transmitted unaltered

through multiple generations with no apparent deletions

Or rearrangements.

EXAMPLE 23
FLOW CYTOMETRY ANALYSIS

To further characterize Xenomouse HG1l/2

transgenic mice, peripheral blood and spleen

. lymphocytes are isolated from 8-10 week old mice ana
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tail (or other route of admi nistration (IP, footpad,
15 etc.) with 10 ug of antigen of choice. The antigen
is enmulsified in conplete Freund' s adjuvant for the
primary immuni zation and in inconplete Freund's

adj uvant for the additional inmunizations. For nore
detailed informati on and procedures on ani mal 20

i muni zations see E. Harlow et a!., Antibodies: A
Laborat ory Manual , Chapter- 5,07 [-muni zati ons" pages
53- 138, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). I|nnhunizations are
carried out at 3-4 week intervals for at least 3
boastrel s25 iTaumiedatd arse (hoostisyd atherymmtkd higte M

nocl anal ' ' t ] ' ' e
i Fg&riagr? )o?(géa{r{{)/i:;éj‘;ee oo'r (%Sel)l Irgsr&fnté%fifgﬁ?t%la@gigez %?)e
the ifFususe EE2 6 det afd@aptomnf oF et mongemd 1D

r.ocedures o ' : i i
SAon ety A Rl R QMR A1 SRS SR aE0 e
Ceaptodiort, . " Mol dited et Hodi esstaipagesi Qi3gvanijous
Col. d,Spr.i 3] [
S e o] SR o A,
Drikriinzsech ,m L e § Useaf Wate t he Bheapasekrefory

l.onm, NSO ' [ [ tl.

RS ER o St B e L R 18
BRR-cNGRIeAg & 658 oyl Ohec et bl abdl2 Gr éPRabpeeged, t 81 HAFA) /

lection. ' I - i f [ .,
TR LB ERSIEPRE (e B
FPAAATRIrQN TOF INTSBODY BPEC] &1 TY-1a0Ds ¢ SOIYPEPhFgmingen,

detgy4f,ne of whether transgenic mce are producing

antigen-specific antibodies, we perfornmed an _
Lymphocytes from four animals from different

XenoMouse H2G1/2M strains are evaiuated and compared to
wild type B6/129 mice using flilow cytometry.

Trangenic mice having the yHG1/2 YAC DNA will
show significant human antibody and immune system
development. Control 129xB€, DI, Xenomouse 2a
heterozygous and homozygous are compared to mice

heterozygous and homozygous for the yHG1/2 YAC.

EXAMPLE 24

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
antibodies in unimmunized mouse serum is carried out.
For more detailed information and procedures on
immunoassays see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay', pages
553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of

human immunoglobulins are determined using the
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ELI SA. W al so determ ne the human anti body isotype 15
produced. W perform antigen specificity and isotype
determ nations on antibodies isolated fromnouse serum
and from hybri doma supernatants as described [Coligan

et al., Unit 2.1, "Enzyne-linked i mmunosor bent
assays," in Current Protocols in Imunol ogy (1994)
] ., using 20 antigen to capture the antigen-specific

antibodi es. The concentration,of human and nmouse
i mmunogl obulins are determ ned using the foll ow ng
capture antibodies: rabbit anti-human 1gG (Sout hern
Bi ot echnol ogy, 6145-01). The detection anti bodi es

S50 SRR AR 81 S L D

anCGIMMTIT | @A1HRP (MBnsses n Bhbt echnel dgyec8@?a- 05) ,

. i, - ’ -biofi Vect BA- 3060) .
SERERRA WU, ROROR L0 TR Bhe RRUERIOL |
aeetikrbweren JGG3HREal v wthernn BOOI@2hnobogan PGHK-05)

el. 3000).,. .human. - 110.-. | g&x | bj h
OBy e A i o 550 oTan | HOUSBRE giouthern
( Sigtechicdzes),, a‘ﬂf@md e llgﬁﬁﬁﬁld_ 'lﬁrﬁh@ﬂ};,ALM glgighdgrgés
Tr.an cm .Nr.aduce cording to a e -
B g SRR et it PR T e e P

niQepbedal l@MAModiGssthatess e @t i ged hspesi Tgciand

of, the .predi ct i.sotype. MPLE | NTRODUCTI ON OF
THESTRR TR PO Y U185 Tk toduced the vAG
yH&4, into nouse enbryonic stem (ES) cells by yeast
spheropl ast fusion as described in Exanple 6. [See B
Birren_et al., GCenone Analysis: A Laboratory Mnual
VBF&H§L§,2 oni ng

IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 wezeks old XenoMice
yHG1/2 are immunized subcutaneously at the base of the
tail (or other route of administration (IP, footpad,
etc.) with 10 pg of antigen of choice. The antigen is
emulsified in complete Freund’s adjuvant for the
primary immunization and in incomplete Freund’s
adjuvant for the additional immunizations. For more
detailed information and procedures on animal
immunizations see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 5, "Immurizations" pages 53-
138, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York (1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster
immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four days before the fusion. For more detailed
information and procedures on making monoclonal

antibodies see E. Harlow et al., Antibodies: A
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Systens, Chapter 5: "Introduction of YACs into 15
manmal i an cells by spheropl ast fusion", pages 548-550,
Col d Spring Harbor Laboratory Press, Plainview, NY]-
CGenerally, yH& containing yeast cells were

spheropl asted using zynol ase 20T at 1.5 ng/m . The
yH&A spheropl asts were fused with HPRT-deficient E 20
14. TG3B1 nouse ES cells which were cultured as

descri bed [see Jakobovits et ., Nature 362: 255-258
(1993); Geen et al., Nature netics 7:13-21 (1994);
E. Robertson in Teratocarci nomas and Enbryonic Stem
Cells, pages 71-112, IRL Oxford (1987)) HAT selection

5 I niti 8 fter,fusio HPRT- pasi tj.ve
é@kﬂgit#n%%éﬁéggﬁéréﬂg e%’ ?n?g o§€§5§”§d§8él§§ ’
f\parg@s e, f@rl%e‘.ﬁmm&q@ﬁﬂims naﬁowg:tergmalrl)eaed

ar, YAC nt y rn CHEF 0 yses
5 tropr%5<eﬂl y i Fﬁﬁgﬁ ‘ﬁ%@% “f uSYBR %
d@mphaﬂynns:ﬁkamuhmmundz@@hex©@lasésfabeﬂew1thllhe Ve

R o 1P AT S8 17 Rt Shst “01 A5 SBY hetmotior

\Hrtdr praedels. spaani ngc 1 heram,t ISBB 55@&#555&0 (debenmn Be the

nes contal expected 5 EcoRI and
ggrrgé%lﬁéﬁf Tt SO CF ‘?Ih%tafﬁeSVPI@Ct?ﬂCt\W/a@T
isletl@ett lian aelé m@&moﬁme@esd&l}d@cﬁegcedchmeref oklkowiing

enone as part of
8%23’&%? %'{1 e% “F%S Jg%iﬂ ) DBNA prior to
transgeni ¢ nouse generatlon all the different VH
famlies (VHL, 10 VH2, VH3, VH4, VHS, and VH6) ; human

DH, and J. ; human C, and C. constant regions; hunman
swirMrLEy 26 hSy2) and human Cy4 CH exons. EXAMPLE 28

EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE

To determine of whether transgenic mice are
producing antigen—specific antibodies, we performed an
ELISA. We also determine the human antibody isotype
produced. We perform antigen specificity and isotype
determinations on antibodies isolated from mouse serum
and from hybridoma supernatants 2as described ([Coligan
et al., Unit 2.1, “Enzyme-linked immunosorbent assays,”
in Current Protdcols in Immunoliogy (1994).1, using
antigen to capture the antigen-specific antibodies.

The concentration of human and mcuse immunoglobulins
are determined using the fcllowing capture antibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA
experiments are: mouse anti-~-human IgG1l-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
(Southern Biotechnology, S020-05), and goat anti-human
kappa-biotin (Vector, BA-3060). Standards used for '
guantitation of human and mouse Ig are: human IgG,
(Calbiocchem, 400122), human IgMx (Cappel, 13000), human



| NTRODUCTI ON OF ES CELLS CONTAINING 15 TFE yHXA YAC

I NTO M CE To generate chineric mce fromthe YAC yHXA
DNA containing ES cells, we used m croinjection of

bl ast ocysts foll owed by breeding. W isolated ES cells
contai ning the YAC yH&4 DNA as descri bed in Exanple 6,
20 and expanded for the generation of chineric mce.
Next, we m croinjected yHX-bearing ES cell clones
into nouse C57B1/6 bl astocystsipSee B. Hogan et al.,
Mani pul ati ng the Mouse Enbryo: A Laboratory Mnual,
Section D, Introduction of New Genetic Information, 25
"Injection of Cells into the Bl astocyst" pages
188gER6, (Célgse):he@ol dOSpUZZ’dg Heor ooy ﬂgibor(aﬁapneprmw) ,

Cold S rig tifi r' : :

of F'SPF ng%%ly C At gq‘l:a’ol or ‘lﬂ%gfm Qﬁg ?%ﬁgmf nls\c/\}a%“a’
obMapbne®) .We identified 30 yH&A transgenic m ce by

PCR usi ng priJfers ec for V6, 112 -
EXAVPLE 99 BRREDIIE T VERF & CROTRBRF M e Eo
SCONKARNILNG \HGE 2YADONA WA - yiK2ubi z Mi CEEL toageast agen
mce a d h sence of.
enaoggﬁoﬁgﬁ{? %%%% %ﬁ%ﬂ% §¥¥{§]4¥%ét§§§¥)are antlgen
pr epecughy @nebl cvﬁ tttne ctmn@dieetadcﬁsvaypd. (DI') nouse
strains, which are honobzygous for gene
targeted-inactivated nouse heavy and kappa chain | oci
and, thus, are deficient in 10 anti body production -

[s b ts et al., Nature 362:255-258 (1993);
Gggﬁ‘&g%‘? Vi Nat ure CGenetics 7:13- 21 (1994)). One

of the yK2-t raICREDUCT hMWISEFSTHAI REG4 YAC INTO ES CELLS

10 We introduced the YAC, yHG4, into mouse

embryonic stem (ES) cells by yeast spheroplast fuéion
as descrikbed in Example 6. {See B. Birren et al.,
Genome Analysis: A Laboratory Manual, Volume 3, Cloning
Systems, Chapter 5: “Introduction of YACs into _

15 mammalian cells by sphercplast fusion", pages 545—550,
Cold Spring Harbor Laboratory PreSs, Plainview, NY]J.
Generally, yHG4 containing yeast cells were
spheroplasted using zymolase 20T at 1.5 mg/ml. The
yHG4 spheroplasts were fused with HPRT-deficient E

20 14.TG3B1 mouse ES cells which were cultured as
described [see Jakobovits et al., Nature 362:255-258
(1993); Green et al., Nature Genetics 7:13-21 (1894);
E. Robertson in Teratocarcinomas and Embryonic Stem
Cells, pages 71-112, IRL, Oxford (1987)} HAT selection
25 was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected. HAT resistant colonies werxe
expranded for genome analysis and were analyzed for YAC
integrity by Southern and CHEF blot analyses. Control
experiments included “mock” fusions of ES cells alone

30 and yeast spheroplasts alone.
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J23.1, was bred with DI mce to generate m ce
hem zygous or honobzygous for yK2. PACs on a honbzygous
15 inactivated nouse heavy and kappa chai n background
(yK2; D). The breeding schene used to generate a new
Xenonmouse, which is hem zygous for the yH& YAC is
shown bel ow. Subsequent breedi ng of hem zygous
Xer _cMouse mal es to hem zygous XenoMbuse fenal es
yi el ds 20 XencMouse progeny- tlhat -are honpbzygous for
yHA and/or yK2. From these progeny, breeding of
mal es and females, both of which are honbzygous for
both yH& and yK2, will yietd a true breedi ng i ne of
XenoMus e 4 WeXeaxsbiused G Brledi nge Bkhehengs derived from
e lhO -: jyer _ LS i tQ:YK2: Dl)
N P R LR B B i LR e e
r uthe@endrlatt orw LN Xer@bhet seameimy) theiGntiygoinsert
;+/_. K _ _. 1 B B o _ |
e A e o Sy R B ™ b oy ool
XenoRdusedx BaH IDIYH 18ragMaas . yKPe ; fagnd+thatpiike yHGA
- K2+ N=/[ =4 = Y ; N,
S R G e
yEHRALoWIKZ hupHr)/genedxint The Ehtegrit genbmeheshpanh of
heauy 204 Kapna op Shaifle YACS-L M XBREMILSEr ChoStEah BSenic
was confirne y Southern blot analysis. In all
XenoMeugern@r sty nsal hnkihg 7@l £ §HEAT wis Sfariahnisefi t (Ved -
upad t through i pl ensrati gns Wd hyno n,
agﬁ%l’r g{r/f%d'de\f]”e/;t'i %’é) 'g? er ggf)r'gngerrg{]]t g'." 1%%&E>8&I\/¢Lfgdr3nca)n <
FEOW CYTORNEFRYNANAISESIOS STo Humatth W idHar act efh$e2) and

XERAIRURE, L, exons .

EXAMPLE 28

INTRODUCTION OF ES CELLS CONTAINING
TEE vHG4 YAC INTO MICE.

Tc generate chimeric mice from the YAC yHG4

DNA containing ES cells, we used microinjection of
blastocysts followed by breeding. We isolated ES cells
containing the YAC yHG4 DNA as described in Example 6,
and expanded for the generation of chimeric mice.
Next, we microinjected yHG4-bearing ES cell clones into
mouse C57Bl/6 blastocysts [{See B. Hogan et _al.,
Manipulating the Mouse Embryo: A Laboratory Manual,
Section D, Introduction of New Genetic Information,
"Injection of Cells intc the Blastocyst" pages 188-19¢,
(1986) (Cold Spring Harbor Laboratory Press, Cold 3Spring
Harbor, NY)]. We identified chimeric offspring by coat
color.

Germline transmission was obtained. We identified
yHG4 transgenic mice by PCR using primers specific for

human V6.



transgenic mce, peripheral blood and spl een

| ynphocytes are isolated from8-10 week old mce and
15 controls. The cells are purified on Lynpholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-nmouse CD32/ CD16 Fc receptor (Pharm ngen, 01241D).
(San Di ego, CA) to block non-specific binding to Fc
receptors. Next, the cells are stained with various 20
anti bodi es and anal yzed on a EACStar - -'S (Becton

Di cki nson, CELLQuest software). The panel of

anti bodi es used to stain XenoMouse A cells include:
Cychrome (Cyc) anti-B220 (Pharm ngen, 01128A);

- f | EXAWBERI A9i sot hi ocyanat e (FITO) ant| - human | gM 25

5

20

25

30

(Phar m ngen
02204D). Ly 0 i
di fferent Xe :“v'. = 1wy e ; e
conpared to wild type, B6/ 129 usi fI

cytonetry. 114 g?f%%ﬁgﬁl fech gvPﬁad?IﬁS %E“‘?RC DNA
Wi bhtilsbdnesi gni theaabshu&anoanbmbi@@yen@md amait®dies,

system _devel opnent . Control 129xB6,.' DI, Xen m)use 2a
el Sf sy abtacana ReRBZ) G606 PAPS Ramaar BaeFo 1h
heﬁenbzggmacamdahedoz(@mumouﬁer stthre 1G4, Y/MB:LchEMM:’LE

I RETAR EPTSAT RS DG el A RATEan 167 e L0 W DOREY

i nandi mrppazekjamnuiecseaum i $haarr iaee detficikert nore

odetailed,informmiion and_proce nogssays see
OF SRR PO ob CARCC CARTI DOSPES SR POUt G abbrf Ivan i
Onaptezsaﬂfzsél MIBROASSGYLenPa®es] ., Nature Genetics 7:13-

21 (19¢4). One of the yK2-transgenic mouse strains,

J22.1, was bred with DI mice to generate mice
hemizygous or homozygous for yK2Z YACs on a homozygous
inactivated mcuse heavy and kappa chain background
(yK2;0I)j. The breeding scheme used to generate a new
Xenomocuss, which is hemizvgous for the yHG4 YAC is
shown below. Subsequent breeding of hemizygous
XencMouse males to hemizygous XenoMouse females yields
XencMouse progeny that are homozygous for yHG4 and/or
yKZ. From these progeny, breeding of males and
females, both of which are homozygous for both yHG4 and

vyK2, will yield a true breeding line of XencMouseG4.

XenoMouse G4 Breeding Scheme

Generation 1 : (Chimera or Transgenic bred to YKZ2:DI)

yHG4™; yK27;mJ,/*;mCk* X yHG4™;yK2'; mJy’ ;mCk/"
Generation 2 : (Xenohet x YK2:DI)

yHG4*;yK2';mJg”";mCx”‘ X yHG4™;yK2';mJy /" ;mCxr™’"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x yK2;DI)
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553-614, Cold Spring Harbor Laboratory Press, Cold 15
Spring Harbor, New York (1988). The concentration of
human i mmunogl obul i ns are determ ned using the
foll ow ng capture anti bodi es: nouse anti-human | gM
(Cd i ATCC, HB-57)(Manassas, VA) The detection
anti bodi es used in ELISA experinents are nouse 20
anti - human 1 gd - HRP ( Sout hern Bi ot echnol ogy, 9050- 05)
(Bi rmi ngham AL), nouse antirjwman | G HRP ( Sout hern
Bi ot echnol ogy, 9020-05) (Birm ngham AL). Standards
used for quantitation of human I g are: human | g\
(Cappel, 13000) (Costa Mesa, CA) and human |1 gGl 25
ggelqu gehem AOB1R6X ¢ SanxDi eges- GAY2* ;mald5; mCEXAVPLE
2 | MVUNI ZATI ON AND_ HYBRI DOVA GENERATI ON_ G- oups,_of  si x
BHES' 1K 9ed@kb 'of BCRenoM Le YHEA / Vi< /Mvimini 36l
subcut aneously at the base of the tail or 5 other
route of administration (1P, footpad, etc.) with 10
Bgneronsei gahC The YERti gt |'s &R Sified in conplete
Freund' s adjuvant for the prlnary i muni zation and in
i nconpl ete Freund' s adjuvant for the additiona
i muni zat i RS iMdredortey det aftfe PR or AedVenaafdkapra

e&ggﬁdm%% I HUHBM o JBTUEY 2+ ONSs R8s Ecohl@!im%egy
., Antibodies: A Laboratory Manual, Chapter

Spnﬁi}mr@ahl@ﬁ-s anFHgEs $53- 188, 2 5o He P hge rﬁﬂbé%rams
LARQK3ar Y JAES Sva L0 3P4k NG ddar Hos ). té'%‘kiYQBEo(Jégss)

I mruni zations are carried out at 3-4 week_intervals
Pof tiplgt Jededia 3 Prodtidrh i AR Rat $Ohs EbBOSPEF. CHhen
raki-Rg RRREItenal antibodies, the mce receive a
final injection of antigen or cells in PBS four days
before the fusion. For nore detailed

EXAMPLE 30
TLOW CYTOMETRY ANATYSIS

To further characterize Xenomouse G4
transgenic mice, peripheral blcod and spleen
lymphocytes are isolated from 8-10 week old mice and
contrals. The cells are purified on Lympholyte M
(Bccurate) (San Diego, CA) and treated with purified
anti-mouse CD32/CD16 Fc receptor (Pharmingen, 01241D).
(San Diego, CA) to block non-specific binding to Fc
receptors. Next, the cells are stained with various
antibodies and analyzed on a FACStar®™ (Becton
Dickinson, CELLQuest scftware). The panel of
antibodies used.to stain XenoMouse G4 cells include:
Cychrome (Cyc) anti-B220 (Pharmingen, 01128A);
fluoroscein isothiocyanate (FITC) anti—human'IgM
(Pharmingen, 34154X); FITC anti-mouse igM (Pharmingen,
02204D) .

Lymphocytes from four animals from three
different XenoMouse G4 strains are evealuated and

compared to wild type B6/129 mice using flow cytometry.
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i nformati on and procedures on maki ng nonocl onal 20
anti bodies see E. Harlow et al., Antibodies: A
Laborat ory Manual, Chapter 6, "Mbnocl onal Anti bodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Col d Spring Harbor, New York (1988). Lynph node

| ynphocytes from i nmuni zed mce are fused with the 25
non-secretory nyeloma NSO line [S. Ray, et al., Proc.
Natl. Acad. Sci. USA, 91:5548:5654 (1994)] or the P3-
X63- Ag8. 653 nyel oma and are subjected to HAT sel ection
as previously described [G Galfre, et al., Methods
Enzynol . 73:3-46 (1981)]. 116 - EXAMPLE 33 EVALUATI ON
OF ANTI BODY TSREG} dH Iy nNER | ISOTYRE tAn &4 BACT DRAt hell
det.er m_nati. of et her nsgeniLc.mce are

p?g dcicn %éﬁﬁ%ﬁﬁﬁﬁﬁéﬂﬁ i%ggfgégyb%ggeémanﬁeF¥8Fﬁ@d

| Beive lbpmtendr. dexintebl 0128xB6) r blt heehumansangebody

i sotype produced. . Antigen specificity_and |sotype
(BREFREARERE S DS e SnE anbpbbares HooriBee

f hemenrpuye oser Emdritbriics oygdybr fdonahes@pernat ant s as
described [Coligan et al., Unit 2.1, 10 "Enzyne-linked
i mmunosor bent assays," in Current protocols in

I mmunol ogy (1994).] using reconbinant antigen to
CE&EﬁﬁgEtEq antigen-specific antibodies. The
concentrafion of human and nouse i mmunogl obulins are
det erm ned $ERUW tIEVEILS | OM RgMBRPANT 8BaDLEbOdi es: 15
rabbit anti -INUNENTMMIGI I BobtMech Bi ot echnol ogy,
6145-01). The detection anti bodies used in ELISA
experi nment s zirs Bidi&Fe ot | ddterani hgtl o hiRPE ( Bahkag,

MHLO1 Burli. . CA i -h n | GVt HRP
CEBt RS Gl ) - G055SwET" bantfaaa: CARE T eRuANE-

For more detailed information and procedures on

immunoassays see E. Harlow et al., Antibodies: A
Labératory Manual, Chapter 14, "Immunoassay'", pages
553-€14, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immuncglobulins are determined using the
following capture antibodies: mouse anti-human IgM
{CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse
anti-human IgGl-HRP (Southern Biotechnology, 2030-05)
(Birmingham, AL), mouse anti-human IGM-HRP {Southern
Biotechnology, 8020-05) (Birmingham, AL). Standards
used for quantitation of human Ig are: human IgMk
(Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CA).
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20 kappa-biotin (Vector, BA-3060). Standards used for
guantitation of human and nouse.lg are: human 1gG_
(Cal bi ochem 400122), human |1 gMK (Cappel, 13000),
human | g&x (Cal bi ochem 400122), nouse |gGx (Cappe
55939), nouse IgWK (Sigma, M 3795) , and nouse |1gG X
(Sigm, 25 M9019). Transgenic m ce produced according
to Exanples 27-29 above, and imuni zed with antigen
yield human 1 g&4 nonocl onal jalt iLbodi es that are
antigen specific and of the predicted isotype. 117 -
Bi ol ogi cal Materials: The foll ow ng biol ogical
materials are disclosed and discussed in connection
with the above Exanples and are exenplary of

"Bt Ahbad Ssphat can be utilized and 5 prepared in
accordance with.the present invention: ppKML1C (yHLC
targeting vEEYBNIZATRONt ANGeHY B NOOMAQENERATION

TV1( gl - h i-d t qr I C

o ke yHBBE 110 A ChSS SRCad peser d DA edl e vacs

foret angeringd sebCutensake lyH2Cnmthem\paGke (Cthgtlhe tail cr
t | G ith

NP (RO TPl s o DAR vBarer far 1 arstiig yiic ” 18

t b0 mwﬁkmylcymoﬁbﬁsghth@gm YAC)err(tdleqolcfsmetcedlw th

t T o} . pa e$si.0 u ([ - st

(B T RCE VAR Qopiarvad wilh the ATCRN ampniestion

hawvd ngn aze@@@@pbﬂtﬁu%érmgo SyIaIGJJU(VIﬁiSCQ frayltA@dditional

immunizations. For more detailed information and

procedures on animal immunizations see E. Harlow et
al., Antibodies: A Laboratory Manual, Chapter 5,
"Immunizations" pages 53-138, Coid Spring Harbor
Laboratory Press, Cold Spring Harbor, New York {1988).
Immunizations are carried out at 3-4 week intervals rfor
at least 3 booster immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four days before the fusion. For more detaiied
information and procedures on making monocclonal
antibodies see E. Harlow et al., Antibodies: A
Labcratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the
non-secretory myeloma NSO line [(S. Ray, et al., Proc.
Naﬁl. Acad. Sci. USA, 91:5548-5551 (1994)] or the P3-
X63-Ag8.653 myeloma and are subjected to HAT selection
as previously described [G. Galfre, et al., Methods

Enzymol. 73:3-46 (1981)].
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yHA (also referred to as yH3C). (hSg2-hCg4 YAQC)
(deposited with the ATCC on and having accession
nunber YyH3B (also referred to as yHGL/ 2) (hSg2- hCgl
25 hCg2(TM YAC) (deposited with the ATCC on and
havi ng accessi on nunber ES-yH2Cm clone 1 ES-yH2Cm
clone 2 ES-yH2Bm cl one 1 30 ES-yH2Bm cl one 2
ES-yH2Bm cl one 3 ES-yH2Bm clone 4 118 - ES-yH2Bm
clone 5 ES-yH2Bm cl one 6 ES-yHBm clone 7 ES-yH2Bm
clone 8 5 ES-yH2Bm cl one 9 119 - | NCORPORATI ON BY
REFERENCE All references cited herin, including

pat ents, patent applications, papers, text books and
t beaMPEE, 38nd the references cited therein, to the 5

extent that Rp are not_al read are hereb¥ !
i ncor por at e T ' Y AND ISOTYPE

addi tion, the fEIliow i f eher @Eesmanet 8b800f whether
i ncor porated hy reference herein in their entirety,

i hEPDGPRG 1l En e HIeAUFMmeuRRtierRreneesfico M J.

Mendepoetiedl .i,s '‘Patrdimnal Transgl antcpér Megabhase to
obulin Loci Recapitul ates Human Anti bod

EES%E&%%“}%E%Qwa e OGN Lt EEPE 187 2dBC 886 (ADBTFEN
specificity and isotype determination are performed on
antibodies isolated from mouse serum and from hybridoma
supernatants as described [Coligan et al.,-Unit 2.1,
“Enzyme-linked immunosorbent assays,” in Current
protocols in immunology (1994).] using reccmbinant

‘antigen to capture the antigen-specific antibodies.

- The concentration of human and mouse immuncglobulins
are determined using the following capture anfibodies:
rabbit anti-human IgG (Southern Bictechnology,
6145—01); The detection antibcdies used in ELISA
experiments is mouse anti-human IgGl-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
(Scuthern Biotechnology, 9020-05), and goat anti-numan
kappa-biotin (Vector, BA-3060). Standards used for
quantitation of human and mouse.Ig are: human IgG.
(Calbiochem, 400122), human IgMk (Cappel, 13000), human
IgG;k (Calbiochem, 400122}, mouse IgGx (Cappel 55939),
mouse IgMk (Sigma, M-3795), and mouse IgG,A (Sigma,
M-9019).

Transgenic mice produced according to
Examples 27-29 above, and immunized with antigen yield
human IgG4 monoclonal antibodies that are antigen

specific and of the predicted isotype.



GT. Wllianms =al. , "Menbrane | nmmunogl obulin Wt hout
Sheat h or Anchor," Mol ecul ar | mmunol ogy, 30:1427-1432,
15 (1993) G T. Wllianms et al., "The a/~ Sheath and
Its Cytoplasm c Tyrosine Are Requires For Signaling
By The B-cell Antigen Receptor But Not for Capping or
For Serine/ Threoni ne-Ki nase Recruitnent,” | nmunol ogy,
20 91:474-478 (1994) A R Venkitaraman et al., "The
B-cell Antigen Receptor of thé Five Innunoglobulln
Cl asses,"” Nature, 352:777- 781 (1991) GT. WIlians et
al ., "The Sequence of The p 25 Transnenbrane Segnent
Deternlnes the Tlssue Specificity of the Transport of
; terialshe Cell Surface," J. Exp. Med.

171: 9%@%1ﬂ&mg §10P§§;§§£§Sﬂ£‘t§h§hs’ é\ §§ee@@séd
cel | -specific_ Enhancer | mmunogl obul I n

lHesl P il $5¢@cis, COHB@CR&PUr‘éltBMh%%bQBS Exegp)es2@nd
arélgﬂ £Egt09|matgbﬁahgu§ﬁa£955§ beEﬂE§@§§Ed"aEﬁr

. I nmmunol . 1: 1499- 1504 (1991) P.
m@gmreﬁ@onmcwwwa@f—et HéthgHhe| ﬁF?éﬁnEnhaﬁéélthEp)
i.n th t t ernati onal
naTagy e B0 Bs {1085, 1B, BoRRYer et al Lr " The 1 gK
3 -Eﬁﬁﬁhcé?an@eggegsvgéﬁ@r Expression in Early B
Lynphegyi gRsStintys %gmaynm vgeeagceeroreaﬁg%%hhg
Activation," International | munology, 8:1561-1568
(199BYC1EoMmS keNaiiFder et al ., "Reconbi nant
Ant | bqw&S&m?gﬁsgé Un?l&'@iﬁ% Bhhech ot oFURGE| @R%geting

Nat ur e
yHlC to make yH2Cm)

TV Gl (hCgl plasmid DNA vector for targeting yHI1C
to make yHG1)
TV G4 {(hCgl plasmid DNA vector for targeting yHI1C
to make yHG4)
yH2Cm (mSgl-hCg4 YAC) (deposited with the ATCC on
and having accession number __ )
yH2Bm (mSgl-hCgl YAC) (deposited with the ATCC on

and having accession number )

yYyHG1 (hSg2-hCgl YAC)

yHG4 (also referred to as yH3C). (hSg2-hCg4
YAC) (deposited with the ATCC on = and having
accession number )

yYH3B (also referred to as yHG1l/2) (hSg2-hCgl-
hCg2 (TM) YAC) (deposited with the ATCC on _ and
having accession number )

ES-yH2Cm clone 1

ES-yH2Cm clone 2

ES-yH2Bm clone 1

ES-yH2Bm clone 2

ES~-yH2Bm clone

ES-yH2Bm clone

w

sy
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tcacatggc 19 <210> 9 <211>7283%212> DNA <213>

Artificial Sequence <22pussdz3piddascription of

Artificial Sequence: Priner <400> 9 ctactctagg
<11g:ea\@etarglmclm) <210> 10 <211> 27 <212> DNA <213>
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<151> 1999-06-10

<160> 31

<170> PatentIn Ver. 2.1

<210> 1

<211> 32

<212> DNA

<213> Unknown Organism

<220>
<223> Description of Unknown Organism: Lox P site

<400> 1
acttcgtata gcatacatta tacgaagtta ta 32

<210> 2

<211> 72

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 2
ctagtcgaca aatattcccc gggcggecgce ttacgtatga attcagcegcg cttctagaac 60
tcgagtgagc tc . 72

<210> 3

<21l1l> 72

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Complimentary
: strand

<400> 3°
gatcgagctc actcgagttc tagaagcgcg ctgaattcat acgtaagcgg ccgcecgggg 60
aatatttgtc ga _ 72



<212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer <400> 11
gggccctgat tcaaattttg tgtctcc 27 <210> 12 <211> 22
<212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer <400> 12
ctggagtcct attgacatcg cc 22 <210> 13 <211> 21 <212>
DNA <213> Artificial Sequence. 20> - 137 - <223>
<2fesgription of Artificial Sequence: Priner <400> 13
<2Qg@gtsetttcc gecctcagaag g 21 <210> 14 <211> 21 <212>
<2IDNADNR13> Artificial Sequence <220> <223> Description
<216f ArtiffiredlalSestapsénce: Priner <400> 14 gct gacacgt
<22%t>cctcactg c 21

<223> Description of Artificial Sequence: Linker

<400> 4 .
ctaggcaatt gataatatta agctttacgt atctgatcat cctcgagacg cgtg 54

<210> 5

<211> 54

<212> DNA

<213> Artificial Sequence

<220> :
<223> Description of Artificial Sequence: Complementary

strand

<400> 5
cgttaactat tataattcga aatgcataga ctagtaggag ctctgcgcac gatce 54

<210> 6

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 6
aattaagctt gtacgtactg atcaagatct ggatccagat ct 42

<210> 7

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Complementary
strand

<400> 7 ] _
agatctggat ccagatcttg atcagtacgt acaagtt 37

<210> 8

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer



<210> 15 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Prinmer
<400> 15 ccccagttgc ccagacaacg g 21 <210> 16 <211> 34
<212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Linker <400> 16
agcttgtcga cacgcgttta attagggsgg_gcca 34 <210> 17
<211> 34 <212> DNA <213> Artrrticial Sequence <220>

<4092223> Description of Artificial Sequence:

cacaEsAptemen %rgt/g’ strand <400> 17 agcttggccg gecttaatta
aacgcgtgtc gaca 34 <210> 18 <211> 22 <212> DNA - 138

<210~ §213> AWtIfICIa| Sequence <220>

<211> 20

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> S
ctactctagg gcacctgtcc 20

<210> 10

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
«<223> Description of Artificial Sequence: Primer

<400> 10
gtcgacgggc tcggggctgg tttctcet 27

<210> 11

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 11
gggccctgat tcaaattttg tgtctcc 27

<210> 12

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 12 _
ctggagtcct attgacatcg cc 22

<210> 13

<211> 21

<212> DNA

<213> Artificial Sequence

1 <220>



c223> Description of Artificial Sequence: Prinmer
<400> 18 tggtggccga gaaggcaggc ca 22 <210> 19 <211>
67 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer <400> 19
ccgcgggcat gcaacttcgt ataatgtatg ctatacgaag ttattgtggg
acagagctgg 60 gcccagg 67 <21Q> 20 <211> 18 <212>
DNA <213> Artificial Sequence 2220? <223> Descri ption
<22pf DRserintdial oBéghiticéal FEHErC® '<BHYS 20 gt ct ggcccce
<4oé§:€§;gp 18 <210> 21 <211> 18 <212> DNA <213>
I.C ce <220> <223> Description of
99%?%%“#.’:(;‘1&’%“5@%2%0(;: Primer <400> 21 cgcccat aaa “
aggctgga 18 <210> 22 <211> 18 <212> DNA
<210> 14 '
<21l1l> 21

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 14
gctgacacgt gtcctcactg ¢ 21

<210> 15

<211> 21

<212> DNA )
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 15
ccccagttge ccagacaacg g 21

<210> 16

<211l> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 16
agcttgtcga cacgcgttta attaaggccg gcca 34

<210> 17

<211> 34

<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: Complementary
strand

<400> 17
agcttggccg gccttaatta aacgcgtgtc gaca 34

<210> 18
<21ll> 22
<212> DNA



<213> Artificial
Artificial Sequence:
cccattgg 18 - 139 -
Artificial Sequence
Artificial Sequence: Priner
gcctgact 18 <210> 24 <211> 1
Artificial, Sequence
<2L3g fF ¥ RECAT! %eegfﬁ%fh%ee: Li nker
«o20dgccat 16 <210> 25 <211> 16

Sequence
Pri mer

<210> 23 <211> 18
<220> <223> Description of
<400> 23 tagt gagtgg

g <212> DNA <213>
<220> <2538
<400> 24 ggccatggcc
<212> DNA <213>

<220> <223> Description of
<400> 22 acggctcatg

<212> DNA <213>

Descri ption of

<223Ar biddrGbal orSeFUENGE i c A2Beqed 23> rbesat | ption of

Artificial Sequence: Linker

<a00ggteat 16 <210> 26
tggtggccga gaaggcaggce ca

<210> 19

<211l> 67

<212> DNA

<213> Artificial Seguence

<220>
<223>

<400> 19

ccgcgggcat gcaacttcgt ataatgtatg ctatacgaag ttattgtggg acagagctgg 60

gcccagg

<210> 20

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 20
gtctggccec tctgctge

<210> 21

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 21
cacccataaa aggctgga

<210> 22

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 22
acggctcatg cccattgg

Description of Artificial Sequence:

Description of Artificial Sequence:

<400> 25 ggccat ggcc

22

Primer

67

Primer

18
Primer

18
Primer

18



<211> 45 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Linker
<400> 26 gatccggtac cgatatccaa ttgggccggc cggccatata
ggcct 45 <210> 27 <211> 45 <212> DNA <213>
Artificial Sequence <220> <223> Description of
Artificial Sequence: Linker <400> 27 gatcaggcct
at at ggccgg cc9gcccaat tggat atégg taccg 45 140 - <210>
<2138 211> 30 <212> DNA <213> Artificial Sequence
<21322(k> <223> Description of Artificial Sequence:
<218ymMNdeti c ol i gonucl eoti de <400> 28 cctctccctg
<21Bp At Gt iRladt§EgrHcc 30 <210> 29 <211> 30 <212> DNA
.225213> Artificial Sequence <220> <223> Description of

<zz§ftﬂéék?iﬁ!io§egf“%}€§éiéiX@tJE%ELSee: Primer '

<400> 23

tagpgagtgg gcctgact 18

<210> 24

<211> 16

<212> DNA :
<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: Linker

<400> 24
ggccatggec ggccat 16

<210> 25

<211l> 16

<212> DNA )

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Linker

<400> 25
ggccatggcc ggccat 16

<210> 26

<211> 45

<212> DNA .

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 26
gatccggtac cgatatccaa ttgggccgge cggecatata ggeet 45

<210> 27

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 27 .
gatcaggcct atatggccgg ccggcccaat tggatatcgg taccg : 45



ol i gonucl eoti de <400> 29 tatccatcac actggcgacc
gctcgagcat 30 <210> 30 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of
Artificial Sequence: Prinmer <400> 30 gcagagcctg
ctgaattctg gctg 24 <210> 31 <211> 22 <212> DNA <213>
Artificial Sequence <220> <223> Description of
Artificial Sequence: Prinmer <400> 31 gtaatacaca
gcecgtgtcect cg 22 -141- d atnk4@.-A vector conprising a
<210Qug} eotide sequence encoding a human constant region,
2118888l human constant 5 region conprising a splice
<2123co@ptor site, wherein said sequence conprises a lox P
<213si betifpsiaedenoéndehe splice acceptor site of said
constant region. 2. The vector according to claim1,
<220pherein the 1Q constant. region is sel ected fromthe .
<223@r8§§§r&85 T8 (] Ny Sf & h iR gamT " ttitéfant region, a
o} onpcledtide . .
huRaiv aflp a constant region and a hunman epsilon
<40060Rgt ant region. 3. The vector according to claim 2,
cctdobesr) Actdyggta aatgagtgec 30

<210> 28

<211> 30

<212> DNA

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Synthetic

oligonucleotide

<400> 29
tatccatcac actggcgacc gctcgagcat 30

<210> 30

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 30
gcagagcctg ctgaattctg gctg 24

<210> 31

<211> 22

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 31
gtaatacaca gccgtgtcecct cg 22
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15 human constant region is a human gamma const ant
region. 4. The vector according to claim3, wherein

t he hunan gamma constant region is a ganma-1 constant
region. 20 5. The vector according to claim 3,

wherein the human ganma consfsgnt region is a gamm-2
constant region. 6. The vector according to claim 3,
%ﬁgreln the human gamma constant region is a gamm- 3
const ant region. - 142 7. The vector according to
claim3, wherein the human gamma constant region is a
gamma-4 constant region. 5 8. The vector according to
claim?2, wherein the constant region is a human al pha
const dnt r égiVEELT. CTRPTRASEEGH 2 dBsTAd A% SEBRT
wherein the human al pha constant region is an al pha-1
corddmg Pedivoan CoMst@ntThediany,orsadek drutiary aamsdiagitm
8, wherein the hunman al pha constant region is an
aefian? compitiating egisprlicel hecHpt orectiate ,acd@rdiing da0d
claim2, wherein the 15 constant region is a hunman

QRSN C QRN Ll Abx El2itENQPLRGIain RECHHE N 1tite

claim1, wherein the constant region conprises human

Ql'é%e Cide A4 OdF 4an5 « gl ehde Hagyivgetor according to

12, wherein the constant région further
conpri ses human nmenbrane exons. -143- 14. The vector
according to claim1, wherein the constant region

conprises human CHl, CH2 and CH3 exans. and non-hunma
menbr dne extivs VaRGTedT e 6% QJéﬁ I%  the

are fromthe sane or dlfferent |sotype than the non- 5
[FemEt aptnFeaieTednselested drofetiie MRURIRaREftiRg of a
and its progeny, wherein at |east one somatic and/or
@m@a@egwmm@|CQ@@¢pm¢5g§gion, a human alpha constant region

and a human epsilon constant region.

3. The vector according to claim 2, wherein the

human constant region is a human gamma constant region.

4. The vector according to claim 3, wherein the

human gamma constant region is a gamma-1 constant region.

5. The vector according to claim 3, wherein the human

gamma constant region is a gamma-2 constant region.

6. The vector according to claim 3, wherein the

human gamma constant region is a gamma-3 constant region.
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a transgene conprising a DNA fragnment conprising a DNA
10 sequence of a contiguous region of the
i mmunogl obul i n heavy chain |ocus on human chronosone
14 fromthe D segnment genes, continuing through the J
segnent genes and the constanb regi on gene Cp of that
| ocus, wherein said DNA fragnment is operably |inked
to at | east one human V segnment 15 gene, and wherein
sai d DNA fragnent further is operably linked to an
addi ti_onal _const ant i on _gene, sai.d. additional.
const dnt 1 8GFONGERE GUTHFIPNG TS FIME gamiieFein the
switch regi on and human constant regi on codi ng exons,
WHERsi Fa8ERd CONEESFEN& g4 O FACE SG™G - 4TIFOTE aRgr region.
non- human animal and its progeny according to claim
15, wherein said human constant region codi ng exons
encode a human constant region selected from the
gr oup 8consiTéiel rgctbr aduwreingamesa cdarist @nt whegiedm, the
-144- human al pha constant region and a human epsil on
constant reedonnisla hiRnChilPpa EohtahtmaegdbnTal
and its progeny 5 according to claim 16, wherein said
human constant region coding exons encode a human
gamma constant region. 18. The chineric non-hunman
01 Pl 200 hs A0S cAGEILY 90, LG Lo IE T
sai d hunan ganma ‘constant 1o TS

nstan glon 19. The chlnerlc nqn- hu n anlwa

E‘aﬁ’ré‘ & C&&é&ﬁ&tngetg&oé‘l di"m?7 2 gwa i & &“ﬁuﬁ&ﬁmn'
ganma constant region is a ganme- 2 const ant regi on.
15 20. The chineric non-human ani mal and its progeny

according to claim17, wherein said hunan gamma
const alt- The vector accordlng to claim 8, wherein the

human alpha constant region is an alpha-2 constant region.

11. The vector according to claim 2, wherein the

constant region is a human epsilon constant region.

12. The vector according to claim 1, wherein the

constant region comprises human CH1l, CH2 and CH3 exons.

13. The vector according to claim 12, wherein the

constant region further comprises human membrane exons.
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region is a gamma-3 constant region. 20 21. The
chimeric non-human animal and its progeny according
to claim17, wherein said hunan gamma constant region
is a gamma-4 constant region. - 145 22. The chineric
non-human ani mal and its proggRy according to claim
16, wherein said human constant region coding exons

encodeAa h%%%n al%ha const %% al“l%’ 'L n the

vector .ac %.n
chi meri¢ nofi-hdiran Anicmal and 3 ts progeny accordi

to claim?22, wherein said hunan a&Pha const ant re o
COTS AR I 0o GBI SESgiTar A HIpn EHh C&B ons and
non- human ani mal and its progeny 10 accordin

SIORIRUTAN REPERREs SXPTISUNER SFISIRa thensHnt C 2eg‘rrb'h Grs3
an alpha 2 constant region. 25. The chineric non-human
ariomss] agned firom hegeayne aoc olidifiegrand Gl sxitvpks , thelrertdien non-
said human constant region 15 coding exons encode a
huran epsbramecexsinant regi on. 26. The chineric
non- human ani mal and its progeny according to claim
15, wherein said DNA fragnent is operably linked to a
plurality of human VH genes 20 27. The chineric

non- hyman %n'c‘?i‘i@efl‘l@ @{u‘&&‘%ﬂénﬁ%clo ﬂd“g]ttso ﬂdﬁéﬁy,

26, wherein sai ragnent opera I nke

| east O°oof the human ern1| enes
YperBTR AR deAeE R0 WOR an ) SIS e;rrmogceenlil bonprises
accordrn% to cIa|n126 mherer& sard DNA fragment is
Gp&rAbSFeren IceI P s39 G & TGS e 0 ngya DNA

genes. 5 29. The chinmeric non-hunman ani mal and its
SeayEnFe of a contiguous region of the immunoglobulin heavy

chain locus on human chromosome 14 from the D segment
genes, continuing through the J segment genes and the
constant region gene Cu of that locus, wherein said DNA
fragment is operably linked to at least one human V segment
gene, and wherein said DNA fragment further is operably
linked to an additional constant region gene, said
additional constant region gene comprising a mouse gamma-1
switch region and human constant region coding exons,

wherein said transgene is a YAC.

16. The chimeric non-human animal and its progeny
according to claim 15, wherein said human constant region
coding exons encode a human constant region selected from

the group consisting of: a human gamma constant region, a
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according to claim 26, wherein said DNA fragnent is
operably linked to a sufficient nunber of different
human VH genes so that the transgene is capabl e of
encoding at 10 least 1 x 105 different functiona
human i nmunogl obul in heavy _gRai_n sequences through
V(D)J reconbi nati on, without taking into account
%g&%%hgﬁ? adE%SE%%E¥ e %%E?%b% an% gghp%p%%%%%§bo%%tant
. e I'meri ¢ non- human ani mal” and 1t s~ progeny
according to claim 26, wherein the nunber of human VH
&S™is sufficient to produce at |east 50% of the
B-cell population of a wild-type nouse in a
transgeni c nouse containing the transgene. 20 31. A
chimeric non-human aninmal and its progeny, wherein at
| east 1dne Fbeachdiveglic ang/-bumene agdmmlcend igenpriogeny
a DNA fragnent conprising a DNA sequence of a
eorbirguags toegilanmofl 6t, h@hiemetino gladlbu humalne avy sthaitn region
| ocus - 147 on human chronosone 14, fromthe D segnent
gedesg e&ohki uichdet Br BugAnt Bamhas egiefhngeregiand t he
constant region gene Cp of that |ocus, wherein said
DNA fragnment is operably |inked to at | east one human
V segnent gene, and 5 wherein said DNA fragnment
futhﬁ%.lsTﬂ@eE gh%agbn%%g- Amaf a%ﬁﬁb&'%%%ﬁi%%”%&%@%ny
regi on gene, said additional constan region gené
conpri.sing,a human itch region, .human CH1l, Chi nge
B B BRI RSP n AR S En BP4 e ARG o SARE: SRSt ant
sai d hunman switch regi on and said human nenbrane exons
3PELPH fFof BRE™ME5de SPESEPPE Z/RFLPRe hunman CHI,
Chinge, CH2 and CH3 exons are froma different
i sotype than said human switch region and said human
menbr ane exons. 32. The chineric non-human ani mal and
its pidgenfhe chimeric non-human animal and its progeny

according to claim 17, wherein said human gamma constant

region is a gamma-2 constant region.

20. The chimeric non-human animal and its progeny
according to claim 17, wherein said human gamma constant

region is a gamma-3 constant region.

21. The chimeric non-human animal and its progeny
according to claim 17, wherein said human gamma constant

region is a gamma-4 constant region.



10

15

20

15 according to claim 31, wherein said human sw tch
region and said human nenbrane exons are human

gamma- 2 sequences. 33. The chinmeric non-human ani nal

and its progeny according to claim 31, wherein said
human CH1, Chinge, CH2 20 angsCH3 exons encode a

human constant region selected fromthe group

consi ghi ng T%ff c?limé@% R O LA gaﬁ]ﬂ;@aqz:s %rogeny

human gamma-3 constant regi on, a hunman g

constant regign,. a_human al pha-| .constant region, -a .
AR g, 583 It b s 2 E i, f i Tegion
constant region. - 148 34. The chineric non-human

SRAABE §XPTF §T5P6Ge Ry PUeToAdig (Ot F2Iifdier ei n
the human CH1, Chinge, CH2 and CH3 exons encode a

human gamma-1 constant region. 5 35. The chineric _
non- human animal and its progeny according to claim

33, wRér.ei Thehehhmear cCHbn -Gumage anGiia]l amdl G exergeny
encode a human gamma-4 constant region. 10 36. The
abicoeditgned- kugam a2i, Midheadn s il @MY AR GdiEtant
to claim31l, wherein said DNA fragnment is operably

kepgked i@ anPhipahi-ty hstummn ~Ydigenes. 37. The
chirmeric non-human animal and its progeny 15
according to claim 36, wherein said DNA fragnent is
operably linked to at | east 50% of the human germnl i ne

VH ggﬂes. %8. g&e chi_meri c,non-human ani .%pd its
progefy - 2075cEEMTCAG St 60 BYRZs 2 e dit¢ BNRISY
fragnment is openabl¥ linked to at |east 40 _different
RGFRNVAGGEReS 134T 2Pne ERERER E3i6h PidEn admhfalconsFant

its progeny according to claim 36, wherein said DNA
reaapent si 8n- alphagpecapisyantnkedics -a suf fici ent
nunber of different human

25. The chimeric non-human animal and its progeny

according to claim 16, wherein said human constant region

coding exons encode a human epsilon constant region.

26. The chimeric non-human animal and its progeny
according to claim 15, wherein said DNA fragment is

operably linked to a plurality of human VH genes.

27. The chimeric non-human animal and its progeny
according to claim 26, wherein said DNA fragment is
operably linked to at least 50% of the human germline VH

genes.
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VH genes so that the transgene is capable of encoding

at least 1 x 105 different functional human

i mmunogl obul in heavy chain sequences through V(D)J
reconbi nation, without 5 taking into account

junctional diversity or somatjsg_ nutation events. 40.
The chinmeric non-human animal and its progeny

according to claim 36, wherein the nunber of hunman VH
genes 10 is sufficient to produce at |east 50% of the
B-cel |, _popul ation of ,a wildstype nouse.in_a transgenic
mouse 2&on %anﬁdeﬁéctP5H§& 0 AP10e a0g &S progeny
non- human ani mal .and its_progeny 15 according to claim
PSCOFIANT [RefdPi™ KE t WRSSGeRe SPdc PAR frgepierded sa
nouse 3' enhancer. 42. The chineric non-human ani mal
aperiabdyphldgkeyd tecesr dieagtt ¢ OcBaiffesen twbaimainn VEaiggnes .
nmouse 3' enhancer is an 20 approximately 0.9 kb core
fragment of a nouse germine 3 enhancer. 43. The
chimeric non-human animal and its progeny according

to cl aiom 4TheWaeigiel isanSnThuf@Nn3'anefRaNGRY it sAProgeny
-150- approximately 4 kb fragnent of a nouse gerniine
dcco2BRABCeb: 44im! B8, ChHnEREL e RANENHIAN raligRal tand

its progény 5 according to claim41l, wherein said

gﬁ%@%hi ?Qﬁﬂ%&eEoiﬁ gufknggnﬁo%h%%%rr%&i%ﬂff% 'nlh%uman

chimeri ¢ non-human animal and 1t s progeny accor di ng
f.clai 5-43, furth I Si 10

Kin G A GRoGTabUT FRGREISRE, ot FARGTLRe CTABTORGERT 2t

chinmeric nonzhuman ani mal and, p ogeny according_.to

] . r [
4F7SEné &f 107 P hEE9550S, T¥RFE heRatoRpPeR| Agmunoglobulin

i nacti vat ed endogenous i nmunogl obul i n heavy and |i ght
Bgavy chain sequences through V(D)J recombination, without

taking into account junctional diversity or somatic

mutation events.

30. The chimeric non-human animal and its progeny
according to claim 26, wherein the number of human VH genes
is sufficient to produce at least 50% of the B-cell
population of a wild-type mouse in a transgenic mouse

containing the transgene.

31. A chimeric non-human animal and its progeny,
wherein at least one somatic cell and/or one germ cell
comprises a DNA fragment comprising a DNA sequence of a

contiguous region of the immunoglobulin heavy chain locus
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15 loci. 47. The chinmeric non-human ani mal according
to any one of clains 15-46, wherein the aninmal is a
nouse. 20 48. A nethod for producing a chineric

non- human animal and its progeny according to claim
15 conprising: (a) introducijg _said transgene into an
enbryonic stem cell; -151- (b) producing fromthe

SEPEYRARC R eMoERhe 1S ARRHS D YLJHLTR AR - 5
continuing through the J segment genes and the constant
region gene Cp of that locus, wherein said DNA fragment is
operably linked to at least one human V segment gene, and
wherein said DNA fragment further is operably linked to an
additional constant region gene, said additional constant
region gene comprising a human switch region, human CH1,
Chinge, CH2 and CH3 exons and human membrane exons, wherein
said human switch region and said human membrane exons are
from the same isotype and the human CH1, Chinge, CH2 and
CH3 exons are from a different isotype than said human

switch region and said human membrane exons.

32. The chimeric non-human animal and its progeny
according to claim 31, wherein said human switch region and

said human membrane exons are human gamma-2 sequences.

33. The chimeric non-human animal and its progeny
according to claim 31, wherein said human CH1l, Chinge, CH2
and CH3 exons encode a human constant region selected from
the group consisting of: a human gamma-1 constant region, a
human gamma-3 constant region, a human gamma-4 constant
region, a human alpha-1 constant region, a human alpha-2

constant region and a human epsilon constant region.
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34. The chimeric non-human animal and its progeny
according to claim 33, wherein the human CH1, Chinge, CH2

and CH3 exons encode a human gamma-1 constant region.

35. The chimeric non-human animal and its progeny
according to claim 33, wherein the human CH1, Chinge, CH2

and CH3 exons encode a human gamma-4 constant region.

36. The chimeric non-human animal and its progeny
according to claim 31, wherein said DNA fragment is

operably linked to a plurality of human VH genes.

37. The chimeric non-human animal and its progeny
according to claim 36, wherein said DNA fragment is
operably linked to at least 50% of the human germline VH

genes.

38. The chimeric non-human animal and its progeny
according to claim 36, wherein said DNA fragment is

operably linked to at least 40 different human VH genes.

39. The chimeric non-human animal and its progeny

according to claim 36, wherein said DNA fragment is
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- 149 -
operably linked to a sufficient number of different human
VH genes so that the transgene is capable of encoding at
least 1 x 10° different functional human immunoglobulin
heavy chain sequences through V(D)J recombination, without
taking into account junctional diversity or somatic

mutation events.

40. The chimeric non-human animal and its progeny
according to claim 36, wherein the number of human VH genes
is sufficient to produce at least 50% of the B-cell
population of a wild-type mouse in a transgenic mouse

containing the transgene.

41. The chimeric non-human animal and its progeny
according to claim 15 or 31, wherein the transgene further

comprises a mouse 3' enhancer.

42. The chimeric non-human animal and its progeny
according to claim 41, wherein said mouse 3' enhancer is an
approximately 0.9 kb core fragment of a mouse germline 3

enhancer.

43. The chimeric non-human animal and its progeny

according to claim 41, wherein said mouse 3' enhancer is an
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- 150 -
approximately 4 kb fragment of a mouse germline 3

enhancer.

44. The chimeric non-human animal and its progeny
according to claim 41, wherein said mouse 3' enhancer is a

locus control region.

45. The chimeric non-human animal and its progeny
according to any one of claims 15-43, further comprising a

human immunoglobulin light chain transgene.

46. The chimeric non-human animal and progeny
according to any one of claims 15-45, further comprising
inactivated endogenous immunoglobulin heavy and light chain

loci.

47. The chimeric non-human animal according to any

one of claims 15-46, wherein the animal is a mouse.

48. A method for producing a chimeric non-human
animal and its progeny according to claim 15 comprising:
(a) introducing said transgene into an embryonic stem

cell;



- 151 -
(b) producing from the embryonic stem cell the

chimeric non-human animal.



