-1 - TRANSCENIC ANIMALS FOR PRODUCING SPECIFIC ISOTYPES
OF HUMAN ANTIBODIES VIA NON-COGNATE SWITCH REGIONS
BACKGROUND OF THE INVENTION 5A quarter century after the
discovery cf monoclonal antibodies (mAbs) G. Kohler and C. 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 CH
isotypes have different effector functions, it is 20 desirable to tailor the
mADb isotype to the desired effector function. For, example, a mAb bearing
a constant region with effector functions, e.g., human IAInG" can be used
to direct complement dependent cytotoxicitv or antibody-dependent
cytotoxicity to a. - 2 - target cell. Alternatively, a mAb with a constant
region essentially lacking effector function, e.g., human IgG2 or IgGO0 can
be used to block signal transgugtionyeithenbyvaindingde and neutralizing
a 5 ligand, or by blockingrareceptas binding site.s0TY PEMany therapeutic
applicatiogsifonmenuciedEa angbadias Xeginedepaate dsatiiivistiaticndN S
especially for chronic diseases such as autoimmunity or cancer. Because

potential have typically been of murine origin. However, murine nuzlbs
have inherent disadvantages as human therapeutics. They require more

frequent dosing t%m%qg@e&thsgqpﬁyyg 15 devel of mAR;because of & ¢

shorter circulating half-life in humans than human antibodies. More
critissliyCrepeatdd adrhinistrbivn of Mtk iMEndgRtdiff cRtesthe
likelihppd-that the wmandimipene systemnywilliretoegnize the mouskerapeutic

protein as foreign, generating 20 a human anti-mouse, antibo 'X'AMA)
resp%Eﬁé_lﬁybéﬁ’éMmAyg %em Lant-mouse.al Dodly (Mf

reSpons% will Festitin a rapid clearance of the
murinetaritibody $ipba Yepeated adfiinisPationy eenderingthedRérapetitic

1 bseless, Mare likelyisdhat a 11Lky2A respanse icanscause-a severe
allergic reaction. This 25 possibility of reduced efficacy, and sa{?t%has
lead 0 tHe QEGSIOPTent 6f-& ?\ﬁ%%e?%gtejcﬁﬁ I%%%%Ppe‘ducmag the
immunagenicity: of muorineouilss Ik orderto teduceshe mnuhbgeéaicity bfials
antit%%di%srggqergtqg:i@araicga%@;{.éo"@iat@{@gﬁE@Vgndications. 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 Cy
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

I1gG,, can be used to direct compleme”nt dependent

cytotoxicity or antibody-dependent cytotoxicity to a



30 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 - 3 - antibod es. For example, the complementaritv
determining regions (CDR) from a mouse antibody specific for a hapten
were grafted onto a human antibody framework, effecting a CDR
replacement. The 5 new antibody retained the binding specificity
conveyed by the CDR sequences.[See P:T. Jones et al. Nature 321:
522-525 (1986)). The next level of humanization involved combining an
entire mouse Vii region (lhaVnp) with a human constant region such as
yl.kSkgMerrisen et al.pPrac: Natli Acad, Se., 8LPR: 16851; 6855 £1984)].
Surcg cpérpleréiacsgrét%bcoﬂelsi W@chcitillncont?ip %rgater than 0% xenogeneic
sequgnces, §re sometimes onﬁy marg?nael y 8SS fthm H%& Aicthart t&al1y
xehvgeneid gRtibodies sM. Bragyersantsetialt,d. Expc k5 Merh 2170, pp.
21632154498, < itnSHDsequENtl; Atlemptsware cayried pUL1Q o 4

introduce human immunoglobulin genes into the mouse, thus creating

> trahs§EME mite cRyalié Of FedpondingEositiyens Wihiaibodled -having
human sequencés: iSeé ROrBruggemanaret lal.RrotoNat'lf AecadoBeic USA 1
86; - 1 These att Wi imite the
am%ﬂ%é%%%%%ﬁ%%ﬁ% ggéé%%aﬁ%ﬁ?é%%%%?éégc|§r? g oty
vehitlesCAE A rESu gAY fivestigatorScondentratedi produchifgcer -
miBielosi 2= catitaining-imitech numberscoffY reginngenes angrhaving

altered spatial distances between genes as compared. to the natural or .
Eiweaioe ittty adionod S st vl o LRRES
et BLM@DOLY rEifdse sthdiestihdicatetthacpdbenyumamsequencecally
30matihodies:i mieesispasgible, butserous pbstaclessemained ave
regarding obtaining s ‘ffici nt diversity of binding specificities and effector
fu r%’c?%ﬁg ?i%tygés%a éjéfla- ?oarﬁ ?ﬁes‘ﬁ‘estrg\qﬁlsmgae% ig%j§5?£§ Yo-mget the' 2
gréwidy demareifer Antispdynthedapeutics.to nainhieliderdo provideeutic
15 addiippal diversity, wrkhasdeen conducted.to add large, gemmling. 1 £-1: re
fra:gments 5 of the hliman I%Iocus into transgenic mammals. For example,
a majontl6fthe hUATan VB aRd 5 185i0h Yenes Ariahgel With the shme,
spaeing doud indhe unsdaredngeo _gefntﬁneiqféheimmmmgglevbmeiand_
the-buman Cq.and Chconsiant segigns wasdniraduced ipto, mice.1Q using

yeast artificial chromosome (YAC) cloning vectors.[See PCT patent .
apPiicatiohShere465633 fo ROSHSHapat et dh].95 28 REDNA fragiféita ting
2 0 compisingrsegueheasepeoding athudan ganua-2 copstant regior andst,
the, upsiipar sedusnces, ipayired (ot class;owithLls fecorinalion was .
latter appended to the foregoing transgene. In a di Ion, a portion of a
hufan-e paribad CompBRsing VP 2 AntFCR {84ion genas, idlso afranged ing
withrsubstantiatly: theisame spaeipg found-in thewnrearrangadgermlingvof
the uman genome. was 20 intradyced. into rige using YACS, Gene . ;
targetlﬁg was used t6 mactivate the murine gﬂglkappa&iig t Chsin s
25 imefumdglobulit jené It and stick khdckout strathsawérethredavithled to

abeye trapsganie skainsde gengrate aldingsofyaicg having:the hegan Vv,

D,C"Coand C L
re ué%ng %%e immunogenicity of murine mAbs.

In order to reduce the immunogenicity of
antibodies generated in mice, various attempts have
30 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 technigues to construct recombinant
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25 constant regions as well as the human Vk, 4 and Ck region genes all
on an inactivated murine immunoglobulin background. [See PCT patent
application WC 94/02602 to Kucheriapati et al.; see also Mendez et al.,
Nature Genetics 15:146-156 (1997)]. 30Yeast ari-ificial chromosomes as
cloning vectors in combination with gene targeting of endogenous loci and
breeding of transgenic strains - .5 - provided one solution to the problem
of antibody diversity. Several advantages were obtained by this approach.
One advantage was that YACs can be used to transfer hundreds of
kilobases of DNA into a host cell. 5 Therefore, use of YAC cloning
vehicles allows inclusion of substantial portions of the entire human Ig
Heavy sad light.chaip regiensiintea transgeniggnimakibus approaching

the level of potential diversity jable in the human. Ano antage
ofi%&egﬁplrrgé@ﬁ is't¢ %Oa?ﬁﬁe?%l?gj ngr% er of {?%%%%s %tge}r:e%%ihown
tosrestoré full Baell devalopatent § mick déficiehtom Afurinehuman
immyneglgbulin-prodystion. Thiseasures thatdhese-taconstituted micerne
are provided with the requisite cells for mounting a robu[%t human antibodgd
15 FeS ok 16 Dy Gien'itimurtoten” 186 PETH4tent-agpticat&n Wo”
94/02602 te Knchertapatietsal.; L (Greenrari. A.Jdakebovits, dl ExpaNede
188;483-493 (1928)]. ra t s t u :
de%tled odrﬁr%sér?e%d é%%%ﬁéh@b\c s%tal]?zgl%é t:}giigegql?gﬁgﬁl 2‘1%31!}1 2acion
hémulogbas recomBinatich mryeast Miis Providesfor krie BhginBefing of
thg YAC iransgenes: Asspentionedsaboyves there age geveral sgategies
that exist for the generatiqgn of mal\rpmgls tgatapéod ce.human antibodi iSl_
IF PGSR thidre3s 25 the “HinildeUs" agproach thaTis'typified By wor
of@B&tPhares ihtdrnatiSmad hinchang the MesdicBbReésearchvCowicils YATL

intraduction of large and-substantially geryling fragments-fdbe Ig lac
that is typified by work of Abgenix, Inc. (formerly Cell Genesys), and 20

INFBEGCHORCT eiffife oF Sdisktatialy ehtire loti i the Use MierbCeif ¥
fusion asdypified by werkof Kirin Seer Kabyshikidtaishe: a6 - In the Exp.
minilocus approach, a e I is mimicked through the
intiGSion oi b%éce%gii'ncrj%v%gghlgie)isg %%ﬁ%i Ig locus. Thus, one or more
VH genes, one ériporsDengdnos, oht ormicre\8TH geRES, eMuBsit to

constant regian . andk a segand,eenstantregionpreferablyagammause,
constant region) are formed into a construct fo% %r}J%grtion into, an arH'maI.

THIE Sproagh ie Bescribdd s Foited i ok U S° Pafertt g, 00119 t0
5,545,802 1ta Suidri et ak andd).Ss PatenitiNnsh 005,545 8D6: B7625,825 See

> B IEh RS 88053 001000, 5)/70429, 789,699, and 28143187 09-
eac}t'n tg({on era and Kay, U.S. Patent No. 5,591,669 to Krimpenfort and
Beiid, 2U. 6L Patent Nod Bea2, 205, &3525 6 367 1% 780 24815 BetnS 8t al.,

ang;. S Patent No, 5,643,463 te Ehoiid5 and Qunneand SenPhasil v
International U.S. Patent Application Serial Nos, Q7 48, filed
2@&@56,%@%,%2?%3&%%%& ST o0 ﬁ|.eoll‘ﬁ&[%e<'”§‘AeLr%(‘]%J§SrEl e
1774991 107/853,408 Lfiled Mtk 98t 1892 D H004L 068 Fiéd Jufé 23, Loct

1998n@@@§966xh1mited 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)



20 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 25 hereby
incorporated by reference. See also European Patent No. 0 546 073 131,
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 9@/24884, the disclosures 30 of
which are hereby incorporated by reference in their entirety. See further
Taylor et al. vA transgenic mouse that expresses a diversity of human
seguence heayy angdight ehain immunoglobylingt Nugleic Agigsing
Redsglgé%th(%:ggm-Ggg? (53,9% ce%%ene%tta:gb"lmmunoglobulin gene
rearrangement in Bicell d&ficient mice generastéd by targeted deletion of
the J, locus" Intérnatiarssg Imhrureloe Ty 26472656 {1983), Taaikars et al,
"Apalygisrof dingstand: nverted Ly 'ﬁc’ie%ré@”&eé‘}‘%jgsé%ér{‘}’{@?@ @H&%@x\’é(nts
chain transgenic minilocus” J. Immunol. 154:6453-6465 (1995&, Choi et
5 al S5 TR EMB ice Eonaftiig AThuthart RESR/Chath RAMTAGGIobuli ©

geeeaiipftagmentwclgred. inya yéastiastificialaohromosomehNatlireegion
Gepelics 4L7ahed (993 Lanhera ghal. contaansseecilishumap,, .
antibodies from mice comprising four distinct genetic modifications."
NatiiFee365:656.8894 89 )}W%yl%ifettﬁe"ﬁ%éﬁirﬁﬁﬂﬁ%@lo@uﬁn‘%‘e human
transgenes aundesge teattangament ssermatic mutationcanrd elass switeking

10 in mic%that Iaacgtenéjoge@o%%gglM."rllryggloagiorqgl I%%Qolgg%g§g9-591
(1@5‘991), Fuailion et ar- ,&najﬂysis of direct and mverte J, Fearrang%ments
in H4ieaie 1g hé&eE cRAIR tRasgaric IRRIGERT I020RNRMOP2602 to
1543453:6465,(1995); and Rishwild ebaliHighmavidityAURan 19Gor i sing
monoclonal antibodies from a novel strain of minilocus transgenic mice."
NG Soeh. T'845:887 (T096) fHe ¢i&tiBaures OP WhicH dreltfstepy 2nd
incorporatedt: by referenge dm theair ertiretyr 28Inftonnectons with YAG

15 intiodugtion, Green et al Nafure:Genetics 7:13-21(1,994) describes the,
generation of YA.Cs containing 245 kb and 190 kb-sized germline
confiGirafsn fragmEntLethe Htnarfh&QK crin REUd z?hﬂ%széa}i@ﬁﬁ
chabloeus; segpectively, 80, whichecohtaipedcpte nvariable andcanstant
region s nces, /d. T f.Green l. re extepded to .
OB SF reStor s - Agoroumath B0% o T hirog . 47
antib6dy Fepeatbira MR gH ShtfoduttioR bf Fikyabadeé BiZzeangemmlinea s

20 lcorr?ﬁquz]tr@a?@ MQH@@W\@F@MB@%@ mandieavy caain lh@@&:@@t kappasas

. light chain loci, respectively, to 5 produce XenaMouseml mice.. S .
IHISS ool Ttine S heie o6 158 (157 CroBH ant jaoboug ™™
J. Expuniedl v88:483-4951€1998% larkid. S Wate it ysplicatiors SesianNowere
08{759:620, filed-Recembek3+1296s the discloswresf whicharebereby -

incor%orated 10 by reference. Such approach is further discussed

andd8fincatedincg. S PaE% ApBlicBiiSiT Berial Nus. 07/466,008, et Y2
25 Janvarytk?; 199690 4/6$0 54 5vfiled Novenilseri8n890vQ7/919,28¢, filed

July2 39968 U922.689, flleduly,3Q. 1992, filgd QB/Q31.801,
immunogleobulin background. ([See PCT patent application
WC 94/02602 to Kucherlapati et al.; see also Mendez et
al., Nature Genetics 15:146-156 (1997)].
30 Yeast artificial chromosomes as cloning
vectors in combination with gene targeting of

endogenous loci and breeding of transgenic strains
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15 filed March 15,1993, 08/112,848, filed August 27, 1993, 08/234,145,

filed April 28, 1994, 08/376,279, filed January 20, 1995, 08/430, 938, April
27, 1995, 08/464,584, filed June 5, 1995, 08/464,582, filed June 5, 1995,
08/463,191, filed June 5, 1995, 08/462,837, 20 filed June 5, 1995,
08/486,853, filed June 5, 1995, 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,

1996. See also Mendez et al. Nature Gehetics 25 15:146-156 (1997) and
Green and Jakobovits J. Exp. Med. 188:483-495 (1998). See also

European Patent No., EP 0 463 151 91, grant published June 12, 1996,
Internatianal Patent Application No., , , bublished ary 3,
1894 ﬁfleerﬁgat?oph%al E’%@(&T g%%Aplt\lpcfi cg\t@l{)% %%IQ%V%%% 6C;3IP4 C% g 6% K %%%2;1 ed
Otioher 31t Y996, EitPWAO- 98248035 asliblished SuRe 1311698 Prhdhis
d%ﬁk@%%‘é&f eﬁ@hets))fi_laiazam\@;@g%@a;@ﬂ@t -x_aqcr;aprama_ti@as,@w to
references are her ncorporat y reference in their entirety.
Intc?cﬁ{h%%ﬁgn%\}vﬂﬂ%ﬁg Crir%cr%lj%:el}l< Es?cgnagﬁﬁroggh,ﬂ%%tiéﬁg Sr \E/ivr%&fésﬁurﬁg% L
chiomosbnes, carstse 5 intridduced dmbrimics elsdesefibed iPEardgeahis ion

Pgtent ApplicationNo 2R 0 843:-961-Ak the diselosure-ohwhich is hereby
mcogorated by reference. It will be understood that rice generated using _

RS Approdtt ahll &oRtaiviAg FREhdMER 16 hEaR SR 1ocdd Wito ©
gensralhspossess rherelthare bne fancbpetentially alli oé thelhymanailable

C%@“@Hée%{a&?P?SQB@%@F%‘&UQQ‘A@%' dherefore, antibodies, that
bind to particular antigens having a number of different constant regions.

THES Ehérbds A8 VS 0BRSS IeBithY J88RES cHistaREES rédiol Tor-©
partiedar-effectonfupctien. Alsw; the transehromosames atefitdtioatly i n
and meiotically unstable. As a result, either the human lg K
o A e e e o
THib essults 95 20 SbEFraRHE hiharR cavety F AibtdedgX ihAbs ARd

hybridomas instability. I echrolgey exisis,fos invitsa dsotype switshioguafa y
antibodies. Antibodies produced {%%rhgans enic r@éceeetkﬁé rod%cgncénly
19,67 Ro¥ses  fof 95 Tansgenic Tice that produtd multiple fgG isotypes,
ordrgm phage displsy teernel6gies neaynavecthbadesiredet al.; L.Green
antigen;spegificity and affinity, byt,not haye;the desiregkefiector fuastion.. 2
In this instance, the variable region of the heavy chain, at the least, and 30

méSHIKBR tHeditire dight driain bRthe G fiBaY Ffust b dn&teted ©oF
Metheds frclening includerrecoyerywof genaemicyDAAfrofra tibrany,y
regovery of SBQArfé%mn%i&in'@ﬁa% r%%&%%’ of gepomig DNA 45100 ¢,
specfﬁc o?laonucleotl(fe primers, and r& using specific oligonucleotide
prifders BadeDNA e templatd (RTPCRY: ERERTERBAS especially
PORebased mefwdsereauygdhatabove, 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 BAbgenix, Inc. (formerly Cell Genesys), and
introduction of entire or substantially entire loci
through the use microcell fusion as typified by work oL

Kirin Beer Kabushiki Kaisha.



5 the clone be sequenced to verify faithful reproduction of the antibody
coding sequences. Then the variable region of the heavy chain must be
operably linked via DNA ligation to the desired constant region gene.
Then, the engineered VH-CH gene must be operably linked 10 to
expression controlling regions such as a promoter-enhancer and a
polyadenylation site. Such an expresSion construct might also be needed
for the Ig light chain of the antibody. The gxgression construct (s) must be
stably 15 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
celt tine thatrexpresses suffisient ieve)s ehmée fos20 further experinents
and subsequent.manufacturing..Mare likely, methodologies such as DN
ariBICAGoR UGt b Bmpioyed (o riibed e Lopy AEiTber of e, ue
antigddies expragsioncohstruessnd ciseguenthe tive expression leveks,
of theemévb. 28Fally, theresengineersd mAB must be res tested g
confirm that it has retained the desired qualities and has the desire

> fulcHOR efudirif Satificil) Caffinity (eRBREE Blraf&shce of effector
funigtivaf ©they tecknolegies farasctype 80swjtehing exist, butaksucnto a
Progiatistgde-enginess e mAIsolyps gquile exparimentation a0d. o,

expertise in molecular biology and tissue culture, and are labor intensive,
slow, ERpenshReAnaTovErettiFisEGed 3R Péhding intdlRsetidt No -
praperyys requiring additiendl lieensing feesi ifeven available for icensing.
Thuscre-engineering,of rom ope isaotype ta.anather, requires
Lo exgélgt)ifg,' gg{?d m%hg%aéyéggén |t'u?e§ %at'anjg‘:v%éIo(\)/Své%(;%\E/]\/nat%(;%g’de%’eﬁ)(fajfrieon]T6 !
of the/mbénBelBnalantibBdy ¥6t prétdinicaf add Ehficaladhlsto Lonberg and
Having, a technology dhat weuld preducesihe rmibyithithe desired Gy
isatype a prigri would obviate the need for antihody_re-engineering. B
h;}éi%%r}ﬁfee81 dif eraebn?gér?gﬁo'ugg’s r%%ﬁsg,%%é e5a’cl7’1%c’ ’p%l %o%mzv%%&”
onkeCPR Ty GrECHL a tramigelicmodse eart bt pulléd 68 e sRelf,carithoi
i Speataly soe o oS Soe A v he deaited aiecior 15
antigen-specificity and the ired isqty nd with the desired effector
o LRI R atE e DIy Har sy AFRndTHES fors o
delél®pmedt 6bMbn8clanalfantibddibased therapedtics, No7eXqIertise i,
maoleqular biglogy,or antibody engineering isyregyived.cThe. 4 varch 18,
antigen-specific mAb can be taken directly into pre- 20 clinical studies
withoat theeXtraldxpehaiture dfiHonePSnd fime! féuttiy/in™® de&redse
20 in theldevelgpreentaosi &énd 2_3& %Zspeke&%atdrfreomhe? ,tinﬂeil!hec_fompr il 26,
deyeiopment obihe theiApeptic kb The prgsentdavention js diedisg!to

solving 25 the problem of obtaining a pre-selected huran antibody

isotype oMY BBRSgenEmotiedin dtfttitidn'totR& dekiréq SpBeificper 3.
whichpis, conmpatible, witle ther thesaperdicegosads- for swhicho ie, antiogly ayitl 41,
be d..SUMMARY OFJHE INVENTION. 30The present invention
soﬁg&ﬁeslg%b?ﬁmg 'refE?re 03 %vé— be/cplrg\%ﬁ@,sinoc?néd g%ﬁg)ct%ﬁﬁe

25 inveptieh ytransgenicorsn-Rdmian andrhalsseapable dfeel21so European

Patent No. 0 546 073 Bl, International Patent
Application Nos. WO 92/03918, WO 92/22645, WO 92/22647,
WO 82/22670, WO 93/12227, WO 94/00569, WO 94/25585, WO
96/14436, WO 97/13852, and WO 98/24884, the disclosures
30 of which are hereby incorporated by reference in their
entirety. See further Taylor et al. “A transgenic

mouse that expresses a diversity of human sequence



producing high affinity, fully human antibodies of a desired isotype in
response to immunization with any virtually any desired antigen. The
aforementioned transgenic non-human animals have in their somatic and
germline cells an unrearranged human immunoglobulin heavy chain
transgene that encodes, on rearrangement, a fully human imunoglobulin
heavy chain of the desired isotype. The human immunoglobulin heavy
chain transgene in the 10 foregoing animals comprises a human constant
region gene segment comprising exons %n(':oding the desired heavy chain
isotype, operably linked to switch segments from a constant region of a
different heavy chain isotype, i.e., a non-cognate switch region. 15The

f%ﬁ%%g&ﬂ transgeni, nomhuman: animal alsg-hasin its-somatic and germ s

c uman immunoglobulin light chain transgene. In a preferred
embedinent tRE ehdBdefdieimmioglobGiittRedkly @nd:light chain loci
of\the Hansganic AoR-humar apigat Ase 20rragtivatedssa-that the-animaint
is incapable of produci endogeqtou heal or Iight %haclgs IB»alo us”
paHiGHafBletérted embodiheit-fie FGH-AuMaR transgenic&nintal s a

5 mause: Hmandther aspectythelingentionégrovides anlZB dnreaframgedon et
human inmynogiphuiihea . chan liansasne el easades Ot angenent s
rearrangement, for a human heavy chain of a desired isotype. The
transgenss oitheligvatonrcomsrise & DN $6duchcelilentat fo thé:

DNAsefuence ef;human chisroseme 44 stanting at least fromrthefirst3Q
D segment gene of the human immunoglcbulin heavy chain Iogusz ,
coRtifing rrotigh thE 1% egHEHE gBREY énd the- o RYlor gends 9ene
10 thlﬂt@@n@l@f thabloeds.in the yraasge_rae&dxffthe ila_i\lembnpthres _ome”
afgrementionad DI, -3, faqrasnt s gperably inkekip and isycapable
of isctype switching to an additional constant region segment. Said o
adftiohabconstancedibh segheht eBprises aswifchteBibRarPRtmant 9
copgtapt region 5 cedingsagmentouherein thesepnstant segiea coding

segment is operably Iink%d toa SWétCh re%ion that jt is not normally Lobulir

ass6Eiafeasiitie T.e L T rdn-coghate Fnitch région. fhFansgenes or e >0+

15 invention gthe deregoigroNAfeagrnemtantconstamte§ion Segrentds 1end
opgrahly linked.toat least ong human,y segment geRs Jones 1qgu.

embodiment of the invention, the transaene is a yeast artificial - .
chioHiGsoRid fPAEY. IR TREHARLGEResGrHE Tiiehtidn the nont toghafd® ¢
switch regien nay be aswitch-eegionsframia 15 tdiffetedUspecies tharytheents
constant region caoding segment. in one embodiment, the non-cognat
switch ‘?eéié?lr? ?sna%r?%l?é%asv%tc%hgé%n%orpaerr‘gglﬁrlll%1Eeén %glé%%;angagn 5

2 0 constantregionlcoding s8grhéhbencodiiiy a hamianfganmal dlpha érl -

epsilan eonstant region, In.a 20 preferred cmbodiment, the, switeh region a

is @ mouse gamma-1 switch region. In more preferred embodiments, the
SWHtEH PagiGrt i2d InduseYeirma i Switdifregicii and the-fumaf Tohstant

region, eeding segment engades @ gamma-drar agaunas4 cesstant which
region. In a 25 par_tlcularl%é)refeérgd embodiment, the tran%%}%{setggirety'

Y1997 3HAVEHRY artiticid RRFghiGsone (\Fﬁéfgre theX/H3C
25In another embodimentnbeth the non-cogndfCswitchoegivhtamd thecreen et

CO%%@“rﬁg@QﬁQQQQQSQPgnH:13_21 (1984) describes the
generation of YACs containing 245 kb and 180 kb-sized
germline configuration fragments of the human heavy
chain locus and kappa light chain locus, respectively,

30 which contained core variable and constant region
sequences. Id. The work of Green et al. was recently

extended to the introduction of greater than
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30 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
gamma-2 switch region and the constant region coding segment is an
isotype other than gamma-2. In a more preferred embodiment, a
transgene of the invention comprises a human gamma-2 switch region
and a human 5 gamma-1 or human gamma-4 constant region coding
segment. In particularly preferred embodiments, the transgene is the
yHG1 YAC or.the yHG4 YAC. In still another embodiment, a
transgene of the invention comprises a human non-cognate switch 10
regipn@ndhe: heman oopstant regioh eading segment ywhernsinr-the iswgtch
"egion and the memprane grons of ihe constantregipn coding segment
are front the same human constant rgglon isotype and the secreted
consthht Fagitr exonarefFaniicaiffersnt iSohfpe: Therl S gavsgeries of
the tvegation Rlsegnay cemprisg aiumar Non-cegpateswitchregion and
a human copstant region,coding segment wherein the switch region is
FROTT BHE ooty e SEcrefd Constsrt reGiBh kofi& a?elfroﬁlladg' ¥ééond
isDiype-dad thesmeardrane constany regioreaxons2) aeedsomwet & third
Seiype. ..+ i 2 prefepied embodiment, the swiich gegion and
meémbrane €xons are from a’human garhma-2 constant region: In
particularhtpreferfaerdmbotimerfts /thé Switeh redion andinemibraie 3,

exgng are- flamsa humam 22:gapma;2 copstantregion.and the-segreted: cq
constant region exons are from a human gamma-1 or a human gamma-4

COMstRRT FEGTOIT In prefefredBmBSHmEntsS tHe frasgent is the a6 1754
YRQ igntkaet\ﬂdodlﬁ_ YAC...Infarother empddiment,anyf the fordgeing 70
transgenesefthe iqvention somnrise;s plusality of different haman i o
genes. In a preferred embodiment, the transgene comprises at least 50%

oF tHeEREN Gerniité vECent's? 74 Ahothiet BRtbodfmart, #fe -1%°2/
tranggere 6@mpri§e@aﬁleaﬁn@0 dmfergmmmazfn\lldcge(megome,fer@bly,

the yausqane somprises,A least A6 difgrent umen Lagles. Mast 1003,
preferably, the transgene comprises the entire human Viiregion of a 5
htifvahHeald/ohafn bt s AT anothBr embBAimeiit/ thé trantenef 1 led
comprises axsufficiert nunuserad djfferent, human Viigenes soghat the

tr e is.capable of encoding.at least.1 X iffere nctional
h@?n%gn%%fm?gr%glgﬁ'ﬁ]ﬁlohgi/@ec%%in ggq%u%’ncgl%{)%m E}ilriagtlt'%%]’s,, fﬁ%ﬁtﬂo%ne
taking A8 ac€Suit fnctidhal divémsity dasematic hiR&tiorP8véris. IRl
aﬁ};@fﬂ&ﬁ emﬁsmi(rjgsentl %pu%%s;@ g]Z‘thl]ngn Vlﬁ jgﬁé@ls yﬁh}t@f t$an.|819@@§,is
sufficient to Produce at least 0 -ce ti a wild-type
r#ogtédeé?r% ’a8t éﬁs i]ﬁilce olgE e:DLSK‘%C’onttLa%\%g’; tf#eg?rgtés%gé%r%eg' %nge June
transgéed of the/inventiohFurtherl esmprises & Inutipe 3! eARdnéet, 752,
pesitioned 3:atibe constans eegion geps gortaining theman:gognate e r
switch region. In one embodiment the murine 3' enhancer is an 20
approximately 69%kidote rgiA%T té native éiffanter. 4R 2R Hitefnative
embodirgent; the(3'enhangetis@areappraximately didregionsof thep. Med.
murine enhancer that includes the core re ion. In still another 0
ehibodiment. the tfarisgene inclifed e’ motse 28 HhajbF &fiftander tocus?
et éﬁoméﬁ asnectgm&rimvgmmhimh\ﬁidegf mgﬁhdd?s, for pfﬁo&jucing the
Uapsasaic pop:uman, aaimals, gbiheJoyantiony dccordingde ibg mefhods.
an unrearranged human mmunoalobn in heavy chain transgene 30 is

ittt ed ftto the GeAnine of a ABA-hukiancaRimal & Frodugs ant
trapsgenie noprhumarn aninal havingdhe transgene.ivdtscsamatic-ard |

apyp cells. Breedina.f fbe human heavy ghalh transgenic animals with., .

disclosures of each of the above-cited patents,
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- 16 - transgenic non-human animals containing a human immunoglobulin
light chain transgene producestransgenic non-human animals containing
a human heavy chain transgene of the invention and a human light 5
chain transgene. Either of the aforementioned transgenic hon-human
animals can be bred with animals having inactivated heavy and/or light
chain loci to produce a transgenic non-human animal that produces a fully
human antibody and is incapable of producing an 10 endogenous
antibody. In one embodiment, a transgeneof the invention is introduced
into an embryonic stem (ES) cell which is then inserted into a blastocyst:
The blastocyst with the ES cell containing the transgene of 15 the
'”Xe“ti[%”cgéfﬂ%%&lﬂf%l%%l'yf_@%%%%@é%tmexléteﬂ@r%fﬁpe_meg%g@%ted by
anifmial to produce a chimeric non-human animal. The chimeric animal is
breeltebtaiR gEPMRRE tran8missiGit 8f-the transgene of the invention to
produce a transgenigs AgadrIRAN anitral 20dhavingrsamatic and germ
cells containing the transgene of the.invention. Accordin furth I b
adpidets o t%é iﬁ\?erntiib%ne%reoa% é%jé »c%kr%?)ar%inggﬁg fggf%)géé%egoﬁﬁe ©
invertivroarw: don-humaniasinfals BaviAg the faAsyenelinzdnie SR&IRBI
itsycelts; 258l anothermaspegt the invention providessa methed faye
producing high affinjty, fully human a}tntigodies of a desired isot;ﬁ%e thﬂtfﬁr%e
SPEEHfcYor n ARGGEH of IHEreRPinca fiansderi€ AGA-FuMaN animal
inventions Acodrdingto thearethodsa B0aransgenic HontbumananirAal ¢fnd
the.nyention, i, cantactedwith 2B anuder of ilsrestunder pndions tht
induce the production of an antibody by the 3-cells of the anlm%lsjol];ll h
affieRE FAN HURES S SRty S Efe difte Bnfibtdie S O thB UesitEd Q%ea(]:&ri
besgoliestedhftamrthe dipodsitean of the transgenic Serzhumaneanmiall
Alleraalively, aceaing e etlioda ol o the swvaptian. e ankbedyuar
prgéuqlng 3-cells can be harvested from the animal and immortalized by
angyThé 8RS &Y ilthefark JoPte Continkidds pfoducon oF Rttoddies. oS -
In pre£mbodiment, she B-cells are fusedswith aimense tyeloneal celblineant
to produce antibody- 10 secretin bridoma qﬁh bridcmas can he
screshed 1o sefect ro%slecélgc?gtir%gp%aﬁ%%ﬁni%?%#ly tgfjém'an, . o
antigen-specific Ahfibodies &lnte Rrtheh BPeE CtheSndeiftichifrevites L v
hybridomas detived fromsatibodyeproduging B-eells1t5 harvested from a
transgenic animal of the invention he antibodies of this inyention,
may'ARB hedy the’ Spression gfg}é-c%ﬁs kég-ér%sgiﬁa%sgglsﬁpeﬁofn%g%%{ _
by cheriedidrman immumogiobvliaRenes dby pliadtldisplaliéEby @A} ts 11
other method knowndn the 8@y of mouse Igr 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. 1In 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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- 18 - BRIEF DESCRIPTION OF THE DRtIWINGS Figure 1is a
schematic depiction of the yH1C and yH2Bm (or yH2Cm) yeast artificial
chromosomes (YACSs). Figure 2 is a schematic depiction of the yll1C and
yHG1 5 yeast artificial chromosomes (YACS). Figure 3 is a schematic
depiction of the yH1C and yHG1/2 yeast artificial chromosomes (YACS).
Figure 4 is a schematic depiction of the yH1C and yHG4/2 yeast artificial
chromosomes (YACs). 10 Figure 5is a 8hematic diagram of the targeting

vectors (TV1 and TVA4) for retrofitting yH1C to yHG1 and yHG4 YACs.
Figure 6 illustrates the construction of the targeting vectors for retrofitting
yH1C to yHG1/2 and yHG4/2 15 YACs. Figure 7 is a schematic diagram
of thertargeting veetoss (T D12 anth TV 0442) fasretofigingyHiCto

yHG1/2 and yHG4/2 YACs._ _Figure 8.s s Southern blot analyses of
e e Rtk SHIBVAC (Chnb 2 707 Ty 15 DETAILED
DESGRIPIGORICOFEHEP INVERTIGRC cDNATaR ifeamtiohtelatBS t&'CR) .

neyeliransgeees for {he praductorrethumnaa inmupaglobulinbgavye that
chains of a desjred isotype and to embryoni stem,E%)ﬁ%e%lls 5 and

traRSg&ME RGN AEmEH DR Haf cdritprising . TEE TR EHtbnO™
alsd relatesstotmethdds dodproducing sach transgettienontheimearanimals

apd far prodycing fully human gatibedies.of g, desited.isetype in fgspeNse.,
to an antigen of interest ina transgenic 10 animal of the invention.

TheArahégérds and- ftahsgerfie Ao RtmEnahimais of te HyeRfidf are
ugefghin tha@r@i@ijﬁ_ﬁ@fadlymm mtrb@ohxass;ﬁ v:aéoq;&mmg,s drinked
classes, For lierapeutis usesidfsugh aofibadies. die A5 Aferept effactor
functions of the individual antibody isotypes permits the use of a particular

iSBpRI6 WEhRVE Bdesiredaferapeatic effed it & desiti®le, #Rus, to

proguge stams of dransgeanrie nendrman asimads that peatluceantibodies

Ofﬂ s&ggleclrsl%gge 029 fgggwglg A moug?l{.zgtlon with an antigen of interest.
In“order that the invention herein described may he more fully understood,

the following detdilededaseripticis seefoittt Wethesdegevptiomahetably

followingrterms are gmployegh25Gene regiars theiDNAINvalved bription

e hcoPE ) ChAEH rEGORE BReLtnT & St here do ol B

upstrsiane and donkistreafiprécedingy and following eedihg regibas,sant

interyening 39 sequenses such-as-intrans hetween coding,segments e ce11

ef?ﬁ% that expresses sufficient levels of mAb for
further experiments and subsequent manufacturing. More
likely, methodologies such as DNA amplification must Dbe
employed to raised the copy number of the antibodies
expression constructs and conseqguently, the expression
level of the mPb.

Finally, the re-engineered m&b 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 function. 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 issued and



Gene segments - the coding segments in a multi-exon gene such as an
immunoglobulin heavy chain - 20 - constant region. For example, the
_gene for the secreted form of the human immunoglobulin heavy chain
gamma constant region contains 4 gene se.,ents: CH1, H, CH2, and CH3.
5Germline configuration - the arrangement and spacing of immunoglobulin
gene segments before any somatic gene rearrangement has occurred.
Klenow Fragment - A large fragment of the enzyme Polymerase |, usually
from E. coll. This 10 fragment does not contain any 5' to 3' exonuclease
activity and only has polymerase activity. It can be used for end-filling of
DNA molecules to create blunt ends. Library - A mixture of cloned DNA
fragAreGis: 5 LB tahl propagated hrBb NAYhasedectors ge yd Plasmidslin
bagteray lambdarhacieriqphagedn Ex ¢ 1R bactegephage ik nsoli, Thus,
bacterial artificial chromosomes in E. coli, yeast artificial chromosomes in

SabER&DMVEES TeRsliside HBmATaBn Hifficia 2ot orosBRESIA -
cultured cedls, mapwmalianechrembsemedragnients axsemaltic cekk hylbrds.

sLinke,:, Sypthefic DNA fagments that a@@%ﬂ%”%@o%‘i’%@fﬁ%ﬁi@'8 dy

sites and other properties which can be added to larger DNA molecules,
25%54., Rrfciitat tféning BAd/or bt Back pérfioAs of DNA fragments
encoding desired polypeptidess chnoloSeregning thedlbragy odfiee the

rocess of searching for a_specific s nce of cloned DNA in a library, .
20 terilé9 flrgﬁscgi 6ffltgéj ?%%etrné;%rigt\g p%(%ig d from't %?grfbcv%%%%h%tlt%te
be tanskeedinte Fequireblsuinaticegetiedserirenttearrafigerne Nt ordclass e e

10- 241 §w%t§aﬁ@cwalhm59@.én§tﬁﬁeﬂgr acn{@-EeﬁeJhpr@ng@gelgNEth@{a&ing
ma e, a ,germjineg m transcripts corresponding to.the
A B e RERTE s QST R 06 Rl e
prodififethe shalettoran@d DNAMeletuleaustdtorhnsport @ rsighce
DNARLO @ host and beingireplicated imthay hoshy to; ransfarma thatihost.y ang

available vectors include but are not limited to viruses prdokgrlygtes and 10

eulkdrofd8§ etterial PRSRAdS B arifiial EhonfosdmesS e &st

1 5artificat chramasameACS hclening webetesscanstruetedifrarmncy and
elemenis etyeast chirmasames which allgwethe vegtarda bereplicated

and maintained 15 glﬁgeast cells in vivo. Yeast elements include
cerRfomERI UnRRAGAoMBES EpTitatidPsequENCE B pair bF feldmefed, ecular
yeasi selegiakle nmarketso dnd esyaltyez bacterialsoriginyof. replicatidrnand

Se'%%t@?ge_e%@ er forrepligation and selection of the YAG Yectoramms in, _

20 bacteria. DNA inserts of up to at least 2000 kb can he cloned and "
2Omafntaméd iy YAESS XENGMB b SE DEVELGPMERG: XehMouse igoney
a mausenyhieh hasdnaciivatedin a decrease in the development

cost and an acceleration of the timeline for
development of the therapeutic mAb.
The present invention is directed to solving
25 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

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

invention, transgenic non-human animals capable of



15

20

25

30

mouse IgH and Igk loci and is transgenic for functional 25

megabase-sized human IgH and Igk transgenes. The generation and
characterization of XenoMouse has been described [See Mendez et al.,
General/cc. 26:294-307 (1995); Mendez et al., Nature Genetics, 15, pp.
146-156  (1997); Green et al., Nature Genetics 7:13-21 (1994); 30
International Patent application WO 94/02602, by Kucherlapati et al.,
published on February 3, 19941. - 22 - More particularly, there have been
deletions of key elements of the mouse IgH and Igk loci by homologous
recombination in mouse embryonic stem cells, followed by germline
transmission of the mutations and 5 subsequent breeding to produce mice
wirich Gne homazygobs &dritioth tnactivatetyotiiDd mice)t Such imice @fe a
Inganatle of making;mouse labtand lak ehaisand displaan ‘?Eﬁ‘?ﬁ‘ g,
cell development in the bone marrow at the proB/preB-I stage. [Green et
alVNfré 16 G éHetice eP iR d 38t {10%a): Graen ahtPIaksHovite NEEXp.
Med 52188834 1993)} nibeshumantgH anddgk loth clened-oayeasti c and
artificial.chromasomes, were introduced into ES cells via yeast .
SPNeTORIASLES Goll Tusion (JAkGRVIES SLaT, NAIUTE 362755 286 1963

1 AREYgEHTHIRE tTaRSATiSEOR ahll Sbbsaqictt Breating eato-tiedBent, a
bagkgrounguiferhumanm it aod dak YACEansgensesnydCand W2 i red
were able to functionally substitute for their murine counterparts and

su;bfo% B Cell development. In addition, these mice produced 20 fully
huihan lgMikandnigG2k antibodies, ard ultintatelynhybridomas secretinge
antigenzppesific high affinity fully human Jo&2K monoglonal antibodies.,
with therapeutic potential were generated. THE yH1C TRANSGEI
THERGMER TG1$ tranSGERE, YR i§ ¥6Mmposad of66 YU i e o red
elements, alt d alements yGe and@s; &l regdlatory @lementsiakin segments
germie copfigralion. Busing homologoussecambinalion.in ypat, the

3" end of yH1C was appended with a 22 kb fragment contairiing the
huht&rt Y2 §ene, ificludig e siiRArebglatshy &R318Rd a 4 kb
fragment contairng themouse 3y -A3nerhancer lement{See Mernder
etal.. Najure %‘%@eg%% 12:146:196 %ﬁ@gté*}%d igglpsure.ofwhich is
hereby incorporated by reference]. The left YAC arm carries expression
CaSSBHES fOF W yddst Settalid Aidtkérs ADE the mammahare ferred
sedeciabiermaarker ankthendght MAG arreaies;expessinncasseitesfor
the yeast seleciable marker.LY52 and a mammalian selectable markerl
Neo,gencoalng Fesistance 10 the 8rug, B418 “Tre Ialtter is Mon-funictionarin®* ©
ES eelis-ay a$ promctefr, MM (rAbdsa inetallothioninel lis pesbably
?%&wﬁetgqmaétirbﬁlécg@@aoms?th%l@ﬁl fgf@ﬁ%ﬂ%ﬁMMM:tlﬁapte.rle{i@SI
ranscription at only very low levels; if at all, under normal physiologica
COFEONE Bt S PR e 1S ™ for MGG G e
transeriptiom 16 Indeed; ES sells tramsfected with this construct never
became resistan fo gyeR I 1exef5.010418,B-GELL DEVELOPMENT o1

B cell development initiates in the bone marrow with a deletiona

rebSihBatiBR BEMNERHTZ D ARE2D IeH Stbsaqashllys BAt gefig ansgene
recombinesanitithe hhtormake andldnwhich i transcribes progdioing ahain
spli e%yé’é@f’rtéa&‘sfrs'ﬁ%tt;%? .”?fx%%”%&%ﬁ%%%@% then %}Q%:hf“%g’ntion
synthesized upon translation. Similarly, and generally after ViiDJ
reE6MBinaE6n angNA seguence identical to the DNA sequence
of human chromoscme 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



25 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 IgMk or
IgMX on the cell surface. In the mouse, 95% of the B cells 30 express
IgMn; in the human, approximately 60% of the B cells express IgMk. - 24
- These IgM producing B cells form the primary immune repertoire
and perform immune surveillance for recognition of foreign antigens. In
the mouse or in humans, these IgM ﬁro)d%cmg B cells can subseauently 5
undergo isotvpe class-switching from IgM to the IgG or IgA,,or IgE
isotypes. The frequency of class switching increases during an immune

- response Miceand aymans,each, have genes, for faur difierent isotypes of
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IgG. They are 1gGl, 19G2a, [gG2b, and Ig03 in the mouse, and 10 1gGl,
15258, @@zf;mha%u*hﬁhrﬁ%ﬁﬁgﬁg AV G RIASTsBR et eigkPand
lgfegmadone IgEiisotypelils someusedhereist on ayetages 650004200

and 1200 ug/m1 of lgGl, 1gG2a, and IgG2B respectively, and.?260 lig/m1
At R S S SR U
isdgGBEh a3 IS MGG A Hinghe idtal A indHuRTais; abeat 80948 43¢ARand
2Q% s dgA2 s EFRECTOR FUNGTHONS OFANTIBORIES gion that it
Different isotypes have different effector functions. Such differences in
FUNCON arcPFaBR o2 e e SN onr St cttda Tor e e 2
variousdmmergogiobul nlisotypes: fRidh edzart etals Anrval Revnimimiugol.
6:59p=R80: (19880 Fer-example, hehunpan {9G1 apd lgE3 ISQypes are s

involved in complement mediated-lysis or antibody-de%endent cellular 25

cyBfoxitRy YABEE Shd the 3§G 2 HhiitigBchAU&irite Or A6 KABIWh 9&ne-
effectonfeinetiangl {Srappes andife Di Finketmam, Furidamertalsgene is a
Irg;*gg!gglo% §gilfidci|gg. 8¢%7f§§n?§s§ﬁ"é3e_@ﬁ%r?f‘t effector functions are

associated with different IgG isotvpes, it is therefore desirable to he 30

able to select the'isétyBe BhERE Biting Spddificity B the niil td-prodied ™
optimaldberapeutic henefiii bar m2H texample,it amAlk isidesitethio a
neutralize a cytokine response or block the activity of a receptor,.then a
e e S S ey
dSSEHE U -the Bther arkiFARE Ry oftd GelNFia BidRg bEahAb%6
an-antigen ar the gellswiaceiis desired;ithan aguAbisuch asraretgGlowith
ts spedific effector functions, sither ADOC_ oL CML Is deshied, Thys, ...,
traﬁlsgenic”m‘oﬁse englnegredn for the ggneraﬁon of fuﬁy fuman
moavslonaldlianatiodiesPwodidbecadsiiabie torsahtoh the iSbtype of the
resulting menocional antibedies.dndhis.easeronegauld select apartieular
antibody isotype by immunizing a particular trans% nic mouserzn%tr in Whi%h
PIHUTRES dniy e GRsitEPhdian attibBay Boipe: SUER A5 T HICE WS
ersuze that anly resulting: antigen-specific GmAbSs woultd possess the and
desired, effector functions. This yyould preclude subsequentre-gnginegring

of the antibody gene to change the constant regjon including the isolation
(CFGHITRP Of the vari&A8FEgidn aR i€ 26 IG5 BF said VH region to the
desirediCH geney|noref embediment of theepresentiaventiorns ¢he solesCy he
g nt H1Ch | A [ la ther CHgane.
For e%mm g?élﬁéte%ggc?fa%eg%ib%%%%%gn%oég%yi?ﬁ%giﬁz (?ch)l]r% :))Cle;e{t% I?u man
CyZ:gene 25 other inserts carrying human CH genes could be cloned into
the targeting vecter gh Mendez ehab [See Mendez €t aln Naiure-Gepeatiase
15:14%—156 119971]]. The hl{rgan Cvl-A% %%rées ha\{.Le gee% ael%uensceednﬂaer}l1
can be fsolatéd fiom Sé}cc%eriop%a%%nlgm da libraties of RUMAr gengfﬁlc' 0
DR At subsegagntheedveredomBsoREagments of abbut 23-25kb
[See J.W. Ellison.etialrNucleisAids Rese A3:A071:407 % (1082} edrt

Ellison et al., Proc. . .
isotype than the constant region coding segment. In a

preferred embodiment, the switch region 1is & human
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- 26 - Natl. Acad. Sci. USA, 79:1984-1985 (1982); S. Huck et al., Nucleic
Acids Res., 14:1779-1789 (1986); J. Ellison et al., DNA, 1:11-18 '(1981)
the disclosures of which are hereby incorporated by reference]. 5
Similarly, the sequences for mouse Cyl, Cy2a, Cy2b, and Cy3 are all
known [See H. Hayashida et al., EMBO Journal, 3:2047-2053 (1984) the
disclosure of which is hereby incorporated by reference]. CLASS
SWITCHING 10Class switch recomtlinilté'ﬁon_(CSR) from IgM to IgG, IgA or
IgE is mediated through a deletional reCcombination event occurring
between tandem directly repetitive switch regions present 5' of all IgH
constant region genes except C5. Switch regions are 15 known to be
g%f&%ﬁtE% ofthedpro @f@éqr@ih%h?efh@nct@ésgt@imr%é sepeatsdanked
y inverted repeat sequences. ancers and cytokine respanse_ .
SEGEEITES até kABwh18 {ﬁg;ﬁ tk?(gIC peeg]ifongﬁggr tﬁé%%r%éter%t I2asi one
tramsdriptiondl entiancendodated impediaely29F of e dowasticam
inverted repeat. inthe mouse Gyl gene has-heanypathesized[JeurManis
et J. Exp. Med. 188:1421-1431 (1998)]. Also required is iEm, an enhancer
|ogatEEReweEN IHERd EM T FraisGiptiohfitiates Gt the Fﬁr‘g}ﬁ%ﬂer and
proggrds through theak-25 exan td theperef efrthe € gehedilis transcriptés
processed to yield n-cQdi rile tr ri i exon spliced to
th%réﬁse(%(%ﬂg r%r?%g%pti\%%ut??ﬁlfgi t égﬁéhgrﬁgg&i%]n%rdéquired for class
switch recombirfatiofit Thé MmedmaRd RIStRE SKRad ST régiphs 38 Have®
been.sequenced othesagpenses ohwhighzate puhlicly aaitable fromcthe
Cenbank datahase. In the mouse, different inati
Iy%%%%ﬁfﬁe?%%daaclﬁ%t%?s ﬁg\r/les%%%u r%ig ﬁﬁ%r&ﬁ%@ﬁ tigogr? %Igég ’
switchirg. fromHg Vetolindividiay Epngenss. For examplaitvifbdre of the
combination of RS Srand itere udnd daduces lassswitchingstord g Gluman
and IgE and suppresses, switching to Ié;Q%b and 1gG3. Othgr Ig(méoapr%ines
affething TER Tddde batCarefiot liffied 10 SILS: 94, Intetferon-y.
Theseilynplokines aressetreteddn eivbinrieeipericedls ¥beh asThe antigen
1Q.presenting T- grd felliculardendritic cells in the perpiinat ceatess Abiman

secondary lymphoid tissues. Thqse lymphokines modulate trans ri%tioniofj
thBiP PESEUNMECEIYErad pricF 10T SR Drob B ttoGgh abfivation ot
the satrespending h prometee.iForeanpie, tthe 7484E 5 réspohsem one

element in the maous moterhas heepsmapped. [Rathman et-al :
OEYLﬁqee] 2{%% 6%%%%@%9&9?%?{) switch re%r?ons of the mouse. is ngin :

yes asavail-cHeractefizéd ds HuwaRRAha Hifférentihan Sl 20 *Ons
regipns maynalse haye different respopses to different lymphokines and

activators. This may in part.be the source t_&pg diﬁerggtelegg)§@éﬁhq:% on
subclasses in human sé)rruem.eﬁ%) -C%Gﬁ%TE SnVVfTCHING 25In view o
the realrapiipossiblediffereritigd from @ 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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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
30 mice. For example, igyl is the most abundant class of fgG in the
mouse. It is known also that CSR can occur - 28 - from human Sp regions
to mouse Syl. [Taylor et al., Int. Immunol, 6, PP. 579-591 (1994).] Using
standard tools of molecular biology and the well-characterized and cloned
mouse Syl sequence [Mowatt and Dunnick, J. 5 lunuro., 136, pp;
2674-2683 A1986), Genbank accession N 1412339], it is possible to
engineer a DNA vector having the mouse Syl functionally linked to a
hiuman €rtoedingsegierce, &tg. Learnan €Y1 .dadlGdee downsteanVef
the dpiman Cﬁr%ﬁpé%ﬁﬁmier@ﬁé would, be &sequenge 10encompassing 66

the mouse 3' enhancer. The m3'E sequence could be a 4 kb Xbai

fragrh&RE 0B BRTSI  fragheRt, bl SEwhich BHcdRpass thE core
DMPHseddnywetsensitivesites dS# 2t [Rariavachret @l, Eag Jotmmurol.
2 . 1499-1504 (1991); Patterson l. nQhji .
2%8%?2@ (fbegamy Bé}haa%vrl?ngﬁgcgg 3 %ﬁkiﬁg %%1%#0983 !tt?)&)?l}l%%rgﬁd z;:# ©
appropriaie e lcetablé hidtRed sGeH 4 vedwr taR WeTBEombiredin&Add in
y%%ﬁg@i@ﬁ@eth%ugﬁmtfﬁﬁz gene on zyeﬂl§qd @&Aﬁsgmgip%emd iaihis
way would retain intact 20-the VH, H, Cp.and.C, o t
wéuld ?‘1%37@% c‘?h?mrséﬁg %eﬁ(e:ﬁgﬁe rg%t?s%ééye/lﬂe er%‘érﬁ%stvbga%ﬁcﬁt%#
swiitchingcfedmibwivian lpetothe deinsteameaiuptarr CRpépdiRgons .
seguences. In angther embodinentythe Rumar QYRLodNGRSsity or
sequences, including all of the excns for the s,ecEaeted agg . diment
MEMBENEChSHHAOHMR of YR CRI gent ard Tepraced By Aot ieF ARt
CHigeneutnithis wedy, thevhuniah 3y2rseguéncas:contichGIR from €, to
the downstream GH gepg |t isknown that thesp$02 sequencesare stable

in vH1C 30 while other human S sequences, some of which have longer
taldStH Bfrayeof Srepetitsifiay BE fedidtahe M it ifalkb KhORA that él €
in #Fansgema mice:with ther2@erfauman Cy2 gene is efficient and
generates high seryevels of hupas gG2 apdiesus ineflicient

production of fully human [gG2 mAbs. Thus, it may be preferable to retain
theAUMEASYR Wit tHeiPRvdrabfs sbbfifty aR@ ViV espohsetd the
antiger ehallengeqihile enrgireeringtGSR ta @ccuretoranotierdsetypeseigch
either Cyl or Cy4. To accomplish this..a yector with the following elements
would® Eié %Ons%{rtﬁlcté)&:%'%%ﬁoo(%gxrﬁ/e%%atxé% _ etv\%/eén human 5y2 and the -
huataProy2 16 tedinglexdnkk attiifiar €H-§8n& bther thaiPEyF tthe

m%&l@é&éebanfeﬁnayﬁa?n&eé&ﬁaﬁlemar&ﬁb%mgﬁémrg;tin@ hamology

in the YAC arm for example. Such a vector w e introduced. into :
yeSSB TRf§ing yHIE a%gggr%éﬁenéar%%eé:%bﬁngﬁ s would be (5353&%% and ¢
15escreenedr |tishabldibe Understovdahacin ¢heseodkampleSimariyt 11
varations canhe created e opg skiled instheart and thatdheseexamples
are not meant to indicate that these are the only means to achieve the end
of AFANEgSHIE PRSI HAM CSR driven by 20 heterologous S regions.
THE ROLE OF ENHANCERS aspectn atdditionny Sregionsy otherdss

fe%aé%%%'e@&?};@@d@&%w&?eort@gxQ&éﬁ%ir%m%%nTlagmals
requirement for IEm has been mentioned__
of the invention. According to the methods, an
unrearranged human immunoglobulin heavy chaln 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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25 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 CH1 exon. This enhancer could be conserved in other Ch genes in the
mouse and humans and this interval should be retained 30 in any vector
designed for CSR via heterologous switch sequences. [Elenich et al., J.
immunol. 157, pp. 176- - 30 - 182 (1996); Cunningham et al., mt.
Immunol., 10, pp. 1027-1037 (1998)J. Also important is a cluster of
enhancers 3' of the Ca gene in mouse humans. In the mouse the 40
kb region downstream of Ca contains 5 four enhancer elements,
hallmarks of which are Dnase | hypersensitive sites (HS). These
erfiancerearedn 10 81 ofder: 43638 Akh-dewnstream of CoiHS1.2
(known in the ge@turelan in thks apgjlicatjon as m315), 15 kb 3' of Ca;
H535 2B %D S 3F C° and H54, TA7 30 kb3 1007 ¢ S8 8834, and
H§3la eabancecexprassionimaetivated B cells aadplasma cellsiddSkésa vy
actiyeqyer the.course of B cell devglopmens butis apparently 11 gne
dispensable as the yH1C YAC lacks HS4 and yet supports efficient B cell
d &ritan PHEB STogethdr? Blesei 5B nfehtd €3 At §tgistically
totenhange transarpticnarcharetiypoikesized todorpadoeus BORMAMa 1 s

regian. (LOA). far lacus in mouse,and huc . It,has_been .
h?%%%es%gj %%Rtht%}e%g' ?sasglrre] er dulejl r?lc%?w%% o? %ﬂggoﬁ%? %ﬁeefﬁ%lcv%d l} Al
HBUFHECPhe 20 P& Cadiivity Dfiiescedlé e htstmay Hereduired 2

for CORyalthough t-481cand HS3aase separsdely dispensable CSRy an

[Séar?fﬂdp' I\Agnig %tnaé.isb xp. Med. 188:1421-1431 (1998)]. 1-131,2 (31E)
was egﬁrst allscovere enhancer 25 of this set. The 1431,2 sites and

sequences homblogous terbasemstisthinding dendns: foreransbrption

fagtose guchras AP-1.can bhedselatedan,a 300hp-Stshifagent, (xs)
[Dariinch et %7 Eur. J. Immunol., 21 Cﬁf) 1499-1504 (1991); Genbank
Sessioh ot

accession 761, The™3530 fif themold isoriehtad 85pGSite tothE
3'Blof shhe rat ssuggesting tratHike other entraneerns] ity furictionisnsgene of

orjgptation ipdependent. Howaver, the;3E1has been. - 311 shown tohave

- position dependent 'activity and enhance transcription more effectively

whHE positiGied itFtHe? FrofHe profdtér: GenePIS6 s sa98saeric
(1988): Htuim&nownithatla 4 kbhéballfragment emcampassiagiie Q005 hp

Sty fragmept with HSLZ, positioned 3 of the human Cgz.gene, can .y

support CSR and high level expression of IgG2 in transgenic mice [See
MERYERELAR N&uRF @eHEfCsP15: 186-15671 997 Crie ingaRioprofs 1
strangi promotera(PRE kintd LR the mouse g 3tlCRican abregatesclassne
switching to.some lgG isotvpes (1gG2a,.1gG3, 1gG2h). and lower

exp‘ltrcehécs}%n ot gt%%%ﬁBGl%&)mghﬂf%gé . tvhae%(r%c*)lr#()) &F and fts %)t(Sreosgeé he
gent’&R6 t6Mmerdrtdetthé omifdl ‘of BRE"RCRE PG KL dAvETTexsressionh e

15 genrstiuchis down-regilatedl and-canhe ypregulateddnactivatedRne in
cells [J.P. Manislet %I., J. Exp. IYI d. 1.88:1421-1431 (1998)]. Thus, in
r a 0 t ga If

e QO TS S, . .
YRC transgenies c&rrying 2 6-gar Expression construct driven by the

strong constitutiVe peérhdfer 2PGM svithecorstriuct 3120 and adjatent to
the Mouse-3 ELofe cARSIUCE £909-Bp Stub.Jt mayibe.advaniageous 1o |,

screen for YACs that have integrated into the ES cell genome with .
cOnEbfiitantiosE of HPBM-8-§Hi EbRSTUCt S PHi¥RaNn Berdecdhfplidheg i fic
by BE€Rausiag primers fof 6iaaleoeby in a transgenic non-human

animal of the invention. According to the method, a
transgenic non-human animal of the invention is
contacted with an antigen of intexest under conditions
that induce the production of an antibody by the B-

cells of the animal. High affinity, fully human,
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15

25 Southern blots probed with the 6-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 30 splicing of IgH transcripts. Two
membrane exons lie 2 kb downstream of the CH3 exon of each human

IgG gene. Encoded by the membrane exons are a hydrophobic
transmembrane sequence and a short gpproximately 3 amino acid
cytoplasmic tail." Alternative splicing from 033 to the first membrane exon
results in membrane 5 bound 1gG. The membrane bound Ig interacts with
other proteins in the B cell, e.g., Iga, Ig and CD45, among others, to form

a eonpisxrcalied thid Baetirecoptdt (BCRY tHatds capabledf signalype can
transdugtion. Binding of antigen Py the Viegionofthe lgG displayed inithe
10 extracellular environment, e.g., soluble or on antigen presenting cells,
cdtPRal 18 &ynartdiisduction. This signal transduction by the BCR leads
to activation of the R cellscand Liimatelyefficient afinighmaturatioriand £
germinal center formatjgn in_th S _on? ry immune.response.
ATOoRAly By of Amigen By e of T BCR Ay T <25 be
infernalAatied, proeessing of BAd presErtatio erdmtiyeR $Faghems pyneans
MG meleculesfer presentaiondndhelpercells cGleapy effieient20 o ¢

assemhbly qf a functional BCR is.required for an efficient primary and
se%%?ﬁ%?ygl%nerﬁme ?e%p%ﬂge.emogil%ré unva |§JE;1C ﬁ?ekmsbr‘éﬁ% eXoRE?
may hot somplesavalligitiotise othet corponéatsrofthie PER IYesHIting in a
chimerie BGI) thapmaynatsignal asefficionty as 2a dhatof the mouse. G
Pluschke et al., J. Immun%!r%g. Methods, 215, pp..27-37 (1998). A human

IgEL EomsHatt Wit 8F of e AU eXxoAS eRcddiRg the sédtted Gngan:
membrarefosms of fgG1 avasiinseried into the mouse IgC2a locus such
that all of the mquse.Cy2g exans were 30 replaced and GSR 10 16,1 qes

human coding axons was under the control of the mouse Sy2a region.
ChiTtditaan LD RIbUSEVD I MU iy G Ras expressad at fevels

- 33 1R3¢ less thaswmoause g6 aazz_sa_nd_ antjg_ﬁa Bpecific Als:were. boh .
recovered. Thus,althgugh glass switshing driven by the mouse. 9y2a did 5,

occur, the normal Immune response was compromised. Alternatively,
exXdris oS foit Seéfite® huRiartiyET have beér tRed do fefacenly
the:exoRs encoding e seeretediform afrmouse kg&h1This ¢enstsyctby

produced a chimeric IgC1 heavy chain gene that.contained all of th .
et atiivi st e Sl

20 membrane axons
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10 intact. Class switching would have been driven by.the mouse Syl
regions. Membrane bound Ig would be mouse V- human yl
CH1-CH3-mouse Cyl(mem). In this transgenic mouse, the serum levels of
human IgG1 were equivalent to mouse IgG1 in normal nave mice. Thus,
the mouse 15 Syl can drive effiCient class switching and the mouse TgGl
membrane exons can function with at least the human yl C11-CH3 exons.
The authors did not test the mice for praduction of antigen-specific mAbs.
As in the previous construct, the resulting IgG1 mAbs would 20 have been
chimeric: mouse VDJ functionally linked to the secreted form of human
Cyl. Given these results, an intact set of human Cyl axons, coding
HE membane ok IOV HandoRimEfidiss Iy linked to a

both the secreted:ianhd

human dgH locys 254 hedi ikl €8y £6:anchSy, regigrs) may: fupclionuorn
sub-optimally because of inefficient assembly of the membrane-boun
hitkar TrGTmay RBEYie i fully FaAdtionat BEYE SHes, it ThdyPbe
preterakledo feplace thechisnan Gy iernbraneckonsavitithose fonyHG 1
aneotr%ecr %Origgtyggiknfwc to assemble .eﬁfﬂed]stg/ into a functional BCR.
Siich exons may include the mouse yl exons or ‘other murine C
rAémibranedeXonsa ARSHRITIVEIS titelRurmah Ty 0ofeiribrand ekors @ould
xpecteabiodfungtion » 34i-welkinthe BERLf theymouse because the
enoMouse 02 has high levels of secreted IgG2 and produces high
At antlt eh%p%cﬁﬁ%ﬁi%’stéfﬁc@ﬁﬂy}.cfﬁﬁ} " hian ey mehtbrane
exons coulghasfunetiondtydinkeddhtocthe dwmaan CYRCHL-CH3 exons.

e sequence for the membrane axans is known, (X52847 for. hyl;
Eé@dg%gé;orlﬁyf}. Y, I%Jfoﬁxéﬁ'%&%ﬁl\l f(r%(gneg%r eot égnt, a
targeting vedfdVis 20 gefdrhted ayintotived bhlkyithe CHICHD exdits intard
the w1 YAC. The sequence of all of the human 0111-0113 as well as
introns and flanking DNA is available [See J.W. Ellison et al., Nucleic =
ACIGERRs S 1314071 M4075PA 9825 FEMRon 6t at OProd Nt Acabigsting
USALty £9:18984 71385 (1982)nG. KHck etal., Nigleie Acids RES4 /2

4:1779-1789 (1986); J. Ellison et al,, DNA, 1:11-18 (1981) the

isclosures of which are hereby incorporated by reference], allowing all
reswietion ditdsstorhes papped Hedicricdl) ahll 4 hegéfigi26 Betor to
be-canstisictegy One suchvecter wayld coptain pchemelogy upstream-of: o

human Cy2 0111 ex%? an expression construct for a positive/negative

SEithAble PR e%sﬁ\tgﬁAS), a direct repeat of the 5' targeting
hongology,&eguence Eontalreng thel biman Oy 26 exofsd1¢101:23, and
3 targeting bamology. This vectorwould-he iansfected into yeasts
carrying yE1C 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 30 0111-0113 exons and the concomitant
gain of human Cyl 0111-0113. Once identified, the deletion of the URA3 -
35 - gene can be selected with 5'-florouracil. Such loss would be expected
to occur at high frequency (10-4-10-5)



because of efficient intra-chromosomal recombination between direct
repeat sequences in yeast. Deletion of 5 the URA3 gene restores a fully

. human IgH in a configuration functional for class switch recombination and

10

the expression of antibodies. It is obvious that there are other strategies

for accomplishing such engineering. Also, there may be motivation to
engineer 10 other human Cy genes, e.g., human Cy4, into the human Cy2
locus. CRE-LOX MEDIATED CLASS SW|TCHING The CRE-lox
system allows the targeted insertion of DNA into pre-defined sites.

Derived from 15 P1 bacterionhaqe, the CRE reccmloinase drives

intra-DNA or inter-DNA recombination between lox? sites [B. Sauer et al.,
New Biologist 2441-4401(1990); 51 Fukushige etraty, PnoveNatt.oAcad. Sci.
USA, 89:7905-7909 (1992); Y.-R.Zo ,current Biol,,-4:1099-

(1994)]. A 20 on% glssl(tel sé)(%ﬁé:ﬁcoerﬁx SAE% TEC TATAGE A&E%%%ﬁ
ACSAAG T TArPAYSEDPID ND:Myyiglintadiceddnehé DNAoREYyHhains
YAG. Theysequanceiis postiongd ' ebtherd) inyerted repeat ofthe cells
downstream S region, eg,_%%%, and 5' _oféalr'f splice acceptor sequence of
&S -E51T 58 of the HOHLliEAn CY B e Eht Thedok Bsite can
betinsertea:dieectly ifitoitheiYAENia homalogous eecamisinatiomintyesss, for
Orﬁ&%@womatedﬂem gertargeting vector . such.as the.enes, -

described earlier in this description. When jincorporating the 30 site into
SURR SO Htgetivg veCB e X2 SR8 ERADEiAtrBd 5F2 PERTYPE
primeruseddasamplifying thet i 36 tarfeting bamstogyneq.,t5 dargeting ¢
homo.lgrgyﬁ, of Eag}pf inserted as.an oliconucleotide ligated in vitro. As

hoarﬁlojlogous recombination between 2 loxP sites is orientation dependent,

it is important to Tidte HHe2S dfBRBTioA T WhichtAg $irst o> 8ifé ignan
insextedanto the YAC. inventn dhe sacondphase, d plasmidyectondarion
insertion of. the. alternative,Cy gene is generated, At the_care of this vector

o R oo e 1 D ot ron DSt ited Sad % She to
enablesthe introdUictioR IS Ea35eHE SERESWRIF a8 P SiltiATRE $&Me The

15 5F<3' prieptationasdn dhe Y AGfelowed; by, the-BNA; upstreagu el CHit i body

corresponding to the site of lox P insertion upstream of the Cg qn the

A P ES CHRHUNG i GriFe ohTBUERbn IToL6h s WiFens®
CHiaxbaspliee aceéptoriintactr tpsughidowdsieaim of the 1s desirable,
polyadenylation, site: 3-ef the secand memhrane gxan Forexamplenan
approximately 7 kb Hind 11l fragment will

| ture all of th ired DNA
(orHIF A hdmah Gy BEREL ANCTAAVEIY: by (e CHE CHEL Ao 2

2 0including appropiiate:8'sgmalksofor rahscriptioaranddranstationnterest.

(untranslated regign, pQlyadenylation;site) gould ngolﬁe}qetgeglqpea%tg&nbbed

the secreted form of the mAb. To abrogate paossible read through 1 ea
traR@SHgtidNT25 & ditahyoti fisischpiichal tifmin&tor S§qaehcadah te
appended dawbstream of thef CHrgene amthenveciers ¥ofadilitate the

selﬁ%gtﬁ% QJf. %ﬁnqggﬁ%ntgr%n gl)éBrle&:,igg Lcassette for a selectable marker

such as purlo ycin or hygromycin may be appended downstream of the

25CH gene. RnOn&ERGpAAES are génttatedrom Yve &fsgehi® rfetise 119

3 0enESdiNG T eSS mAD Spetiifity.

cagying dhe ytH Hansoeng-enginearedowith/thedxaRi site HGRE:loxncluding
mediate class switchliln can - 37a-nbe igggge%bxg co-fransfecfing %.gﬁabya
eIe%ﬁSB&%%Oﬁ'or%Bo ecﬁgn,sthe dirdularized insertion vectgr, an§ either
purifietsCREregombiraseorld ORE gxpression veddr davtostransiected
cells, CRE Will mediate 5 msertion of the ngvel LH gene intadhe lactisiening
where it would be transcribed an spliﬁggein cis to the uéﬁstream VHDJH

i Sratripiohal femmiraic? woutd

pregiugiesrun on transcription into the downstream CH gene. If the

Gene segments - the coding segments in a

multi-exon gene such as an immunoglobulin heavy chain



10 vector has a selectable marker, then transfected hybridomas can be
selected with the appropriate drug, and then pools or individual clones
screened by ELISA for blOos of the desired novel isotype. If the vector
lacks a selectable marker, then pools of transfected 15 hybridomas can be
screened by ELISA and hybridomas producing the desired isotype can be
subcioned from the pool. If the replacement CH gene encodes membrane
bound IgH also, then the hybridomas can be screened and sorted bY flow
cytometry. 20In some instances, it may e’ 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 hutwith-ideptical aptigen-binding 25 charagteristies such as

epitope specificity and affinity. This goal could be achieved b% molecularly

clotfitg fheSAriaBiregions tt theRadvy-BRAtR AAd FgHE hai %ﬁﬂ%héﬁialn
furctianallycknkingsthem-togtherappeopriaie constgatregienay éolloweddm) , H,
tra&gf(1 ctlg@lgo(ggg cells for production of the mAh. However, this process
can he'labor and time mtenswe Alternatlvely, using the CRE-lox process
Sdescribed - 36 -@bbRe ithe merdclshal ahiibady cdribe ffici@stiment and
class=sviitehed in ﬁlMﬁ&@l@Mlﬂ@ﬁ@eMl@@gﬁ@i@% before ERE
foIIowmgC mouse strains are descrlbedFS and/or utlllzed erein: Double
Inactivated". ([ﬂ?%ﬁamarran s%?gm ot AiEé aré mice that do not
produce functiondlenduyenpasmenisegh Intpreferred egmedimernts tthe
DI @NE%QS%J@}QMPQ%%V&FO' noyse i %95%9'%"' apd an inagtiyated
mouse CK region. The construction of thls strain is discussed extensively
10 | SERWHERE TFor SREMPIE thé tatrmigued itilized fo? genefatiim st 1Ré B
strainsiare describ@don detaikia l.ﬂle?:aéeiHsP@phcaimSgnal I\Ios can be
07/(4 le 2 0 e N er 8
19886 %?%819{1 2§ﬁ|§%ul%¥2&4 ?]5%%%’(]%/‘4 o % it dcl\ﬁa ‘?Lg&l,‘mt
08)‘111%5848 filed August 27, 1993, 08/234, 145 flled Aprll 28, 1994
08/724,752, filediQeteher,2 -1906« Seeatso EaropeanRatentiNe ;s £ nt s
=20 463 ]1511 21 lgrant ublished JlbnbrA 1996, International Patent
ublis

Apchatlon N(Sj 3;03 08 p heai—fe ruaryi3 J5@94 m?erhaﬁonaimms

Pa@htmﬁ@am/ é.?W@GV@@O@%FbGEPsT@@ Qétober 830119965 and

PGT.Application No: PGT/HS96/069728 filed 25:April 29; 1996 Ehe

dlsclbsures of each of the abo ve- -cited patent and % atent f\p% ications are

hefe xilolrﬁlgosr%ﬁ?edl ByTefe%nce in ¥T&iP enfirety” Dt Mide poss@a s 8RS 7
; entl Tha enicaalomsot producetmature BLcells,

2 Oonlé’rﬁrgﬁ% Lslls. 4@%%@@@5‘9&%@@@1@3 I EXR=Medn 188v-BRosome

403-495 (1998)]. .- 39 -
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 Library - The process of

searching fcr a specific sequence 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



XenoMouse | Strain The design, construction, and analysis of the

XenoMouse | strain was discussed in detail in Green et al., Nature

Genetics, 7:13-21 (1994). Such mice 5 produced human IgMx antibodies

against a DI background. The mice showed improved B-cell function when

compared to the DI strain of mice which have little to no B-cell

development. While XenoMouse | strains of mice mount a sizeable

immune response to antigenic challenge; their 10 production of B-cells ws

only 20-25% of wild-type mice and they possessed a limited response to

antigens. Both characteristics appear to be related to their limited V-gene

repertoire. L6 Strain The L6 strain is a mouse producing human

laMik antibodies against & Rirbackgroundotendogenoas pacuse Igelé

mi tai nsert chaj insert Make ©RNA

Tt i The L6 SlanS gonraiod (hraah, breecing of & motes

CoNtaRTHTG &IZ0Me &5 CHRTPRER M ahfst B Gotlle FItETatéd™ ©

bagkgreund £16H) antta mousevhanving askappadighhehair Idsertagainst. tch

a dtouble iémact__ir\éaé%d background (L6L). The heavy chain insert comprises

an itact’ apﬁjroximaffeely 970 kb human DNA insert from a YAC 25

containing appro¥isstely 66 KT RE8Hnkhts Staring T VH 81 Bhaeifind af

VHf%-J@é%@E}}d ﬁ}@iudiﬁﬁﬁlﬁamﬁi%(@ gene;shistey ) ﬁﬁap%rﬁéi)m@telyiwtﬂhﬂt

genes (6), the intronic enhancer (Em), Cp, and_thr. about 2 past

COMF erngﬁnetgoarﬁiﬁg?aﬁ%n%?ﬁg |f§f%? ghain%\@cﬁjf?ggr?}fl Zé,%%cr)ﬁ}:osrises

an intadtajpproximately BOO kbihuhtan DNA hisedstesm ePYAaEakhieRes and
1 oconiains -+ 4Q & appraxirately; 32 Vixgenesssiaring atVixs s3 and ending

at V3c_opla. The 800 kb insert contains a deletion of approximately 100

kb SRFHRPECREE4 1-, and ending at VK_Lpe5. However, the DNA is in

germline configunatiens feo Tz ) o klonast VORCS) and alsoning

congains he (g X L%SH%% A0e intronic-and 3i epbanrcers.fhg Lopstat fomosomes

gene, and Ede. [Mendez et al., Nature Genetics, 15/ PP, 146-156 19972]r.) 4

Furtherffore 1Le tide ExHisiE pridonfingFit E55HedSioh OF htRamKagpa® ~ ¢

1 gight ghaiga a1l 0dangespapulatiornoof mature B-eélispandnormal levelszof
IgM, human antibodies. a vits o J- E5p- Med, 188, PRy -
48 _igs_)(fgb,g)]e,x a%. g%rtec?ll?()%‘; I&%ié’a‘]c:@@ Q&Qﬂle pair

enoYouse ha Strain: The XenoMouse lla mice )
repfeseht 5eBGTIETS gEfidation XetoMeUerii & 4iRs Squitiied with 1 1Y &
gerpiine configuration megabasersizeskhumandg dochedgainstial Bl narker
background, such that the mice dg not produce functionalendagenous 1g. ;
Essé%ﬁaﬁﬁﬁﬁ?é (rjna}&gel are éiélucf\:/aﬁg%te i%tccgoor?étrﬂgtigrg %o the L6 strainkbut 20 .
2 Cadditioriadly includeOil HUMET Ty 23fer&witR it8 enlifd sWitdPaRg kP can be

regulatory segHences:andthednousa 3y YACs.

¥ENOMOUSE DEVELOPMENT

XenoMcuse is a mouse which has inactivated
mouse IgH and Igk loci and is transgenic for functional
25 megabase-sized human IgH and Igk transgenes. The
generation and characterization of XencMouse has been
described [See Mendez et al., Genomics 26:294-307
(1995); Mendez et al., Nature Genetics, 15, pp. 146-156
(1997); Green et al., Nature Genetics 7:13-21 (1994);
30 International Patent application WO 94/02602, by
Kucherlapati et al., published on February 3, 18%9417.



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 25 variable region genes, including heavy chain genes
(approximately 66 V) and kappa light chain genes (approximately 32 V,),
human heavy constant region genes (p, 5, and y) and kappa constant
region genes (C,), and all of the major identified regulatory elements.
These 30 mice have been shown to access the full spectrum of the
variable genes incorporated into their-getome. - 41 - Furthermore, they
exhibit efficient class switching and somatic hypermutation, predominant
expression of human kappa light chain, a large population of mature
B-cells, and norma| levels of IgM, and IgG, human 5 antibodiesSuch mice
=iHPA Vigdrdusiiiman %Hﬁb&d%%%p%ﬁgf@ PrtftipheihFhiRsgert ke
ineludmgrimmart|LE8 chumars € GR e captor (BB FR)cand humandumesu s
nectosimfaciarea CINE ) nylivatelyyielaing andgespeaiicfully buman,
mAbs with sub-nanomolar affinities. This 10 last result conclusively
détvorstrdtes REnSMBTSE T & exdellBREsHUHES Forapidiselation of

5 highiaHfinity efutly bumeditherapeutie stibsagaiast abroad spestrum of
anti ' V. ired.specificity. .Rs will be appreciated from the
o o, o eoNibGas 1 i Eofearoto ladrho Soc
mBFE BR&dl developrett ahll madlintgowerful adufithummeh-fiekinmhene s

respensesste esjigenicchalenges I he L& stiain &lso appear £0 uRdergo 1one
mature B-cell development. When XenoMouse || strains, a 20 markedl|
differeh? R-Gall devaldpniettirstie ts Sbéstved. [6\ﬁmﬁ%oetﬁis%%ffer€ﬁél,li€

10 appenesthas the/quantity afd zompleddty )of variakle region seguercescs, J.
introduced into th i a ntial to the induction of B-cell -
mé%?r)aiti?)gneg{rid dg\ﬁérgggnt{a?niggg e ggrkllé%ra lon %?ar%% uﬁ-lﬁén%a%}flike
imhfdHe responss! THusy readditior: toftheistraing utility soyeserate re
hurnan antikedies, dhe strains P1ovde avajuahle taglforstudying thes ce11
production and function of human antibodies in the normal immune
reSPSHSE! aSidiFAS 30 e &lnctnal rdHonEE characteistié of (1993) 1.

15 awdihrmune distase and atheridisordersa nrdd Zu¥arahle Regioneding
Quantjtative Diversity ... . is predict t pecificit e
ar%?%%gi;&s‘% %e.k,yf?hzrs gﬁiﬁtgf%ugﬁerﬁgéarﬁ%ﬂﬁes %ﬁa \%?é%cs%%ctré%’of
antiehs SR Grdeadtta Gt ¥ Spectifih®f Aitiepehberdtapitopegally
thergon) is depentlent uperi thewvariable tegion geres 0r theleavyghain =B
(V').and i in (Vg) g ne, The human heavy chain genome
inc?l%%és g%%%a%(ld%gﬁegﬁ@% Vﬁf)lg e%}egsq;tf*v(\?ﬁlléh AT GRE fir nlc%%nglrgoe%%cse@

20 whigh Ehcode varidsié 1 058 giohs of the hliaadeady chaid of Ltimately,
inmmeiogiekidia neeleeulesnln additions the purman light ehain gepeme: +
incI.Iug?s ag%(?xrilmﬁte 4}1{0 :\z{lé e@?g%‘fts prgx%r%na end of which 25 are
functional which encode variable regions St Ra ﬁ%ﬁ(a"ﬁpg ight chain
of iseinRENdgichintabletalesyWehava derabdrstiated that the
specificity of antibodies can be enhanced through the inclusion of a

lurality of genes encoding variable light and heavy chains.
P yorg THE leg TRANSGE%E y

25 The human IgH transgene, yHIC, 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

30 the human vy2 gene, including its switch regulatory

elements, and a 4 kb fragment containing the mouse 3!



10

15

20

25

Provided in accordance with the present 20 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. In
preferred embodiments, therefore, greater than 10% of the human VH and
V, genes are 25 utilized. More preferably, greater than about 20%, 30%,
40%, 50%, 60%, or even 70% or greater of V, and V, genes are utilized. In
a preferred embodiment, heavy and_[igtzwgcrlain constructs that include 32
genes from the proximal region of the hiiman VK light chain genome 30
and/or 66 genes from the V, portion of the human IgH locus, respectively,
are utilized. As will be appreciated, genes may be included either
seguentially/ e e ithe orderfoaddr theshuman geppmer o ouhef 1 43 -
sequence, i.e., in an order other than_ that foundgn the human genome, or
et BiRARaTNBrGST! Thae Sy kg b SRAMpIE: o biitfels SeQG&Tt
pontten-gfettiiee theohumanafd oc AlimanVyaregiohtof A€ lecus caarS hes
ullized. of varloys, ¥ genes n eifhercie gt ¥ GeDomE. A b, skipped

e maintaining an overall sequential arrangement, or V genes within

fthBr the Gt/ RfEHbRle 82n B8 YEGTHRFSE dndthié Tike 3Mh preterredht
embodiment: the-eatyediummarns lotbareckQ insetied if the mowse gepome

in_substantially germline copfiguration as f in. | se, it
s e Cea o
inchsien oba diversecafay of jendsiantthe\H Bhe \EgEhonse felds td he
enhaneed antibody-spegifieity, 15 andrultimately tosenkanced atibedyer,

affinitie?. S'#‘C Tic&preferab(l)}/ further inclgdgithe entire_human 1
Sﬁ{Feg SIYRRE eftiré uman J\J(Ij—flrle%‘la i and tHe fuman md' Gonstant ~+ "¢
régioh Sarckdadrsaddifionaliise eGaipped iithsothéhisudiHi constapter
regions. for the 20 coding and generation et additignalisatypes of r 4t
antibodies. Such isotypes can include genes encodjn%{%a, yZ,Fﬁ, ¥ a, G,
P06 AT r AEOHetaht Pag0 GHBEARE e BB withiAppToRiate Siteh =
andaegulatory sequences, ASavill be appietiated land as discussed pr25n .
marg detail below, 3 yariety of spdich and regylatery segugnees,ean Reve r

utilized in connection with any particular constant region selection. The
OGRS TABIR TR die Ries the dRATsit st arftibBdy cBmbitions that are
possible in humans, 30 based strictly on random V-D-J joining and
combination Wghggegagg%%mwthout consideration of N-addition,
deletions or somatic mutation events. Eased on these considerations,

there are great8r hahl7 XeHI5 PEETOIE aniibddy?ESRbiatioNE irPRtiRans,
ohanry particular isotype. JABIE 1 Regionblteayy Ehaire t kappad ightand

< aggne. 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 mouse, 95% of the B cells
express IgMk; in the human, approximately 60% of the B

cells express IgMk.
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Functional Variable "V" -41 25 Functional Diversity "D" 23 -- Joining
"J" 6 .. Combinations (VxDxJ) 5,658 125

These IgM producing B cells form the primary
immune repertoire and perform immune surveillance for
recognition of foreign antigéns. In the mouse or in
humans, these IgM producing B cells can subsequently
undergo isotype class-switching from IgM to the IgG or
Igh, or IgE isotypes. The freguency of class switching
increases during an immune response. Mice and humans
each have genes for four different isotypes of IgG.
They are IgGl, IgG2a, IgG2b, and IgG3 in the mouse, and
IgGl, IgG2, IgG3, IgG4 in the human. Humans have two
IghA isotypes, IgAl and IgA2, and one IgE isotype. In a
mouse, there is, on average, 6500, 4200 and 1200 ng/ml
of IgGl, IgG2a, and IgG2B respectively, and 260 ug/ml
IgA. In the human, of the total IgG, about 70% is
IgGl, 18% is IgG2, 8% is IgG3 and 3% 1s IgG4. In the
total IgA in humans, about 80% is TIgAl and 20% is IgAZ2.

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 isotype and the binding specificity

of the mAb to produce optimal therapeutic benefit. TFor
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Total Combinations (HO Combinations x LC Combinations) ;i 7.1x 105
In connection with a preferred embodiment of the invention, through the
inclusion of about 34 functional V, genes and 18 functional V, genes in a
mouse with a 20 full complement of DH, J,, and J, genes, the possible
diversity of antibody production is on the order of 4.2 X 105 different
antibodies. As before, such calculation does not take into account
N-addition or somatic mutation events. Therefore, it will be appreciated 25
that mice in accordance with the inveftiér, such as the L6 and the
XenoMouse IT _ strains, offer substantial antibody diversity. In preferred
embodiments, mice are designed to have the capability of producing

ngQE%FB'l%“, 2 %105 different heavy ehain;Dsd gembinations 4% o ande
kappa light chain V-J combinations, without accounting for N-additipns or

SOFREROMTLIBR eveRfsk VaTigbRRegidn Y GUalifativé Biversty 1h-S2 @
adgition o uiangtaiive diversity, Shquaniitativessetection of V-gerés (ie.an
aipempers ondlverse yigenes) gadioy guglialive pelagionof Yiaenes
(.€.; 2election of particular V-genes) appears to play a role in what we

refet 18 heeein s2qeaiativeldiversitgl Gl dfitativediVerdify, 28 b aFn of
hegip, refers to.civersity inV-0:-4 rearmngements wiereis junctionak n
diversity and/or somatic nutation events are intraduced. During -
ché%@eﬁr?%ﬁﬁém%ﬁ c%‘?t%ucnl(Jeg‘)rzleCymee@sE A@ﬁﬁﬁ%ﬁf%ﬁé 'poggig%(y% T ADEE
othersTHfe, responsiblerforthe GUtthsy of the PPDRAY@presRAtAG the

Cogggﬂﬁggggdﬁf@%aQFQPQﬁQﬁQ§§tI§Hn@§|@%@@@Uggﬁﬁﬁwnmnoclonal
transferase (Tdt) activity, which is responsible for N-l;éarm&na,lt additign,é of e of
nueRbineS bEfVEEtheE \RB %f)ﬁ%gﬁe &Xorsid uf)c-)regu%?e&.bﬁm\l{r%r -

enzymes andlothers (SGHD @ncr20Lothek DNAdrepair enzymes) arecase, one
respansible for the deletion(s) that.occursatihe junctigns,gtthese coding

segments, Junctional diversity refers to both N-addition events and  ch
formTation ot thE cBmpRrertanf determiining tegioR F ORI 248 Wil b&

appresiaieds 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 yH1C human IgH YAC, Cvyz, is
replaced by another CH gene. For example, instead of
the 22 kb fragment carrying the complete human Cy2 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 sequenced and can be isclated

from bacteriophage lambda libraries of human genomic

30 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 et al., Proc.
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25 CDR3 is located across the D region and includes the V-D and D-J
junctional events. Thus, N-additions and deletions during both D-J
rearrangement and V-I) rearrangement are responsible for CDR3
diversity. The junctional diversity created by 30 N-additions and CDR3
additions play a clear role developing antibody specificity. - 46 - In
accordance with the invention, rearranged V-D-J gene sequences show
N-addition lengths that are comparable 1@ expected adult-human
N-additionlengths. Further, amino acid sequences across the open
reading 5 frame (ORB) corresponding to CDR3 sequences show CDR3
lengths that are comparable to expected adult-human CDRS3 lengths.

Siiefs HataPisdAdicative-thEBquantitativetdariabte régiotrdiversity anaforet
qualitative variable regionedixersity reaults;imglO hgmanslike ynctippal

diversity. Such junctional diversity is expected to lead to a more

hEmahSRE dhtibBay Spg(wi\‘dityi\:/%tiéé;g R?ééij%ﬁ L A%?fﬁitig% WS Wes ©f
have nat conelusivehpdemonsirated at S dirgctreaiisat corriection

betyeen the é})?f%ﬁ%eds\é%f{?é%%@'%ﬁﬁ%ﬁ%a@fé«@ntleq%_?pw&%ty, I
appears, and it is expected that through providing such diversity, the

ability GFike PriolisE6Woult & iﬁlmg??ey Fedpbise $-adide of
antigensds possiblesand2G enharscet)) Additichaly,lsuchrmicefappgeach is
more gguip 1(,ald Ct)or moun ien&mg e:g%%oe@é%et? a wide array of epitopes
upon ndtvidia anﬁgens or immunogens. From our data it also appears
that antibodies produced in accordance with the present invention

possess enhaneed affingigs 125 Buch data includes comparisons between
mice in accordance with the inyention and.the Xeno strains, ell
as consideratioF? g?‘%se ﬁ%ﬁigﬁed ng%?{é}g ojfrégnlﬁ)ﬁlam%r?t%rng%gﬁnal a%ioc{i lco
thed@RCT 4@ conmectibn Withrthe i dusecbstraiRs, dislhbatdred 30

above,sHeh Aice possessed subwermalBreathpreduetionsand a omdEt 1y
limited response to antigens. Such result appearg(;l rglgtedlti)ﬂ_m p rhto the
y

linhtEF YV gent® - 37+ TePersife: Similkry Te8lits repdrted &fiPharm
Internaticirat and¢heMRE@ irdicats adimit€d responsecd diverseantigers.
W;UH%BW'&,S@%FO&&E%WO@@M@@Ulg&éral&%%ry,orm%dezofexon and

operation.of the invention, it would appear that enhanced affinities aggear

toeSEIE frof e 6vistbRRS #ie latgé RiRther Ant toMpiEXity
regmjf@e_ﬁm our Hatas theeprovisiah c&gmmgwmn[smrw@/m@mms
otdilienhVigene. 0 sefluenges SaNces A0 ARy or . ac
(I\F-a ditions and formation of complementarity determining region 3
("CORET) aRersHyRIHcH Ritypiealof HH 480t humanaikeSmmdme dtately
response, ans which ptayea sulisiantiat ¢oleraaéfinity maturatiomofuse Cyl
antibodies. 15 1t may also he that suc tibodigs are mare effective a
efﬁgiréﬁt%lﬁas%rr?aetﬁ:nmﬁ%%g%%é%ﬁtﬁ a?lgeé% 'to%%ﬁ gﬁq%a%ﬁtfesﬁza% P
ofijadctioh@p divémsity ehd sofdtitthhditatiof eveniscaieldiscussed ifm, an
additional detail helow 20With sespestita.atiindies, antibodycaffinity: mates
and constants derived through utiliz%ation ofé)lural VH a&Pd \t/ﬁrqene%.et, the
u§€%ﬁ§f§§ﬁefﬁnthe I Promoter and proceeds oug he 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.



the proximal region of the V, light chain aenome and 66 genes on the VH
portion of the genome) results in 25 association rates (ka in M" 5") of
greater than about 0.50 X 10-6, preferably greater than 2.00 X 10, and
more preferably greater than about 4.00 X 10-6; dissociation rates (kd in
S") of greater than about 1.00 X 10, preferably greater than about 2.00 X
10-', 30 and more preferably greater than about 4.00 X 10"; and
dissociation constant (in M) of greater t an about 1.00 X 10', preferably
greater than about 2.00 X 10-'3, and more preferably greater than about
400x10n -48- Preferably, such mice additionally do not
produce functional endogenous immunoglobulins. This is accomplished in
a preferred emhndimant thoowgh theiihaetivation {omknocking oat)of
endegsnops neavi.aad 2Jigf sbaiiopt For gxamplgnin g Pﬁm@m

|ment the mouse heavy chain LI-region and mouse kappa li h

cm‘irﬁ QQEQlo?ITar@l@%Sre@WrFﬁﬁellﬁﬁctf\?%ﬁéd fifdugr ulifisbiondor

glogous reconhination yegtars,thak replace eodeletesthecto mg.ms
V RIABLE REGION - B- CEL(léx DEVEL PMENTE% Ildevelop %isa

5 redisivedihace Eymphotites (RL Préss1890)) ahd Chapters .
HQ@JD etadl, hoponeglehalis Genes (AgademitdReiss andl 1818an Diego LT
ﬁ%%%&ﬁ%@e@%éem@n@@ qﬁ%@g@j&d%@ow@nammg@d

cell lymphocytes, originate from a common plu 0ﬂ)otent stem ceII
Tﬁé%yni[dho%ytegG 2h! evaive Fomt Fcommon Rmhdie progéritsi e
FqllowiRg an eary gestationah2Q perod,dB-tell initiationsshifte frmmn

liver to the hone arroww ere.it remains thro litthgél{%gf&f}? th
10 mgrrh?r?aei.ntmg Intﬁe(lifel%cyfeeo}la%ce%l t#e9 (rest enerally N

recegnizalsld cek & pFo-pfe-BeCEIPARIH 2545 intthethe- maFroRe ©
Sychaselk has Begwah@a\aéclﬂ@@n\é&ﬂgewangemenmutﬂ@gfsammg
yet make protein. The cell t en evolves Iﬁ%‘)ﬁfh lcahg} dIy |¥,!7da|@9m of
prgfé gaMFRhichiSA %/?op Srhicafly 'call this pre-E ceII then stops
dividingrshrirksy 80 @hd wndepgoewlight chalfo-02 raawangerhbat L4
15 bef@%%%é&feﬁeﬁem which gxpresses surfacerightouieh leauss -149en

the marrow as immature 3-cells. Most of the emerglng mmature I?lceélg7

CORBREE b deVEISHRAG t6 préduce sUtface 1§15 ufﬁ%hzca iveldf the

commeatmn of differentigtiomaind development as éulysmature Bhe human

|mmunoc mpetent periphe S, whi Si imarily,in.thg spleen,

[Hardly an oﬁﬁk Iﬁ%n%l\l\?é?aggsuc \%6% o %%ggg]%gg)pécﬁmk and =t

M@ehéﬁ%elmuﬁél Lef o83V B 1§'7“16T3(fp TnltloWéWéP |15|‘§lpt0csl§|bfeg
20 to eligninate t%@el@ws{aa@e@mm@m stilk: ebtairs smunodompetent t

cells. B-cell differentiation and dev, opm ai'lnb manitgged
anﬁ%ﬁ%%ﬁeﬁ?hrougﬁ{the%se o?sur ace rﬁ% er%s1rgi or exzpmple the BZ%O

antigem isexptessed ifl rélativerabuhtiEAés or mathfe BaelistRclasses in
compasison £ 13 pre-B-cells I or Il. Thus, -cells that are 3220 and surface
IgM' (If) can be utilized to determine the presence of mature B-cells.
Additionally, cells can be screened for surface IgD expression (5.

Another antigen Nigat G : Shekiife

25 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
30 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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20 pre-3-cells | and later developmental stages. TABLE) 2 Bone Marrow
Spleen Marker pro-pre- B-cell pre-B- cell | ore-B-cell Il immature B-cell
mature B-cell emerging B- cell 3220 + HSA

from human Su regions to mouse Syl. [Taylor et al.,

Int. Immunol, 6, pp. 579-581 (19%4).] Using standard
tools of molecular biology and the well-characterized
and cloned mouse Syl sequence [Mowatt and Dunnick, J.
Immuno., 136, pp; 2674-2683 -(1986), Genbank accession #
M12389], it is possible to engineer a DNA vector having
the mouse Syl functionally'linked to a human CH coding
sequence, €.9., human Cvl. Included downstream of the
human CH coding segquences would be a sequence
encompassing the mouse 3' enhancer. The m3'E sequence
could be a 4 kb Xbal fragment or a 900 bp Stu I
fragment, both of which encompass the core DNAse I
hypersensitive sites, HS1,2. [Dariavach et al., Fur. J.
Immunol. 21, pp. 1499—1504 (1991); Petterson et al.,
Immunobiol., 198, pp. 236-248 (1997)]. By having 5' and
3' flanking homology to yH1IC and an appropriate
selectable marker, such a vector can be recombined in
vivo in yeast to replace the human Cv2 gene on yHIC. A
YAC engineered in this way would retain intact all of
the VH, Dy, Jy C,, and C; of yHIC, but would have a
chimeric CH gene: the mouse Syl elements would control
switching from human IgM to the downstream human CH
coding seqguences.

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 Sy?2
sequences control CSR from C, to the downstream Cy 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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-+hilOP.---,+4-5* Assuming the presence of a
functional copy of the CO gene on the transgene. - 50 - Through use of
B-cell markers, such as those mentioned above, development and
differentiation of ll-cells can be monitored and -assessed. We have
previously demonstrated that DI mice 5 (mice that do not undergo heavy
chain V-D-J rearrangement or light chain V-J rearrangement) dc not
produce mature B-cells. In fact, such mice arrest at the production of
pro-pre-B-cells and B-cells never méve ftoim the bone marrow to
peripheral tissues, 10 including the spleen. Thus, both II-cell development
and antibody production are completely arrested. The same result is seen

i(;:l;fp?&%%t_'a'@f% only heavy £hajns ipactivated +-B-cell development andn
ifferentiation arrests in the bone marrow. 150ur XenoMouse | strain
phﬁﬂﬁ%ﬂiﬂﬁcﬁﬂﬁ&n IgG2 and results in efficient

production of fully human IgGZ mAbs. Thus, it may be
preferable to retain the human Sy2 with their favorable
stability and in vivo response to antigen challenge
while engineering CSR to occur to another isotype,
e.g., either Cyl or Cy4. To accompiish this, a vector
with the following elements would be constructed: 5'
homology located between human Sy2 and the human Cy2
coding exon 1, a human CH gene other than Cy2, the
mouse 3' enhancer, a yeast selectable marker, and 3'
targeting homology in the YAC arm for example. Such a
vector would be introduced into yeasts carrying yHIC
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 Lo
indicate that these are the only means to achieve the
end of a transgenic mouse having CSR driven by

heterclogous S regions.

THE ROLE OF ENHANCERS

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 reguired for expression of normal
levels of IgG has been hypothesized to be between the
3' inverted repeat of mouse Syl and the C,1 exon. This
enhancer could be conserved in other C, genes 1in 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~



10

15

20

somewhat mature B-cells. However, the numbers of B-cells, in both the
bone marrow and peripheral tissues, were significantly reduced relative to
wild type mice. 20In contrast, our XenoMouse |l 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 25 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 30
compared to wild type controls. Thus, in preferred embodiments of the
imnvention geapulationsraf maibe thavingansertethttumamvariabile regionspp -
p 5 ter . 2L 7 than,ahout 50% B- ecqQnstituti n

cg rél?)eésrselgj g)é}po(pl u?%# o) nﬁs 'o?k\?/i dé:ygéq }r% gg%%%T%%S%VI?%QF%\N‘X%‘%B? :
XENGHCUSE 3As Brdisiiissed if eefilferBpias seaihertgens . In
ﬁ@ﬂﬁlviﬁw@él RICe undemg %ﬁi@hﬁtﬁ_tﬁ aad»a{fgﬁhﬁ\é%iﬁo@fpwimma dﬁmm
the human transgene enco mu.isatype to.the transgene enco
ggﬁ]%a-ﬁqg@t{}ﬁegrAs? r%%%ﬁgeﬁg’d a 89%,%%%%% 3(%2(‘)’? af?ge Mith the =€
inventions eas atdditionallyckes eqtipped Withesthee b huARINSCoNSEARD '
regions fog the generatign of adgjtionalisetyRes, SUehdsotynes ¢an (known
include genes encoding Yiy"y3,y." a, ef'’5, and other constant re3gjr%n 15
eRtodinG genés™ Ttlé%%ti%l%/oﬁé htreyi FBe ifudsd Sivthe *
saineiransgene,;i.gisdawizsiréam fronvthedoumamMWids constanB0 kb 3'
region, or, aliernatively, such ofher Genstant feaigns can bedacluded op

another chromosome. It will be appreciated that where such other

CONEIANErEBROMR 7€ IHfudBtFom tS8méE Thidosdiné asghgctive over
chremasemesiachidirg the hunan MAdcesstant ragion enegdiag 20t 1y
transgene, cissswitching t jsot i e

e BN e er Tl Werel SoitE e er NS Rupporte

inelfified iornd difefértl clioHRSeRTEERdmthethfmosdiRe bhtafing #5e ©
MEIGanstant regian £0eoding dransgene; dnans-switching: io-25 the other

isotype or i310t pes can he accomplished. Such arrangement all
OERGES BN e SEo T B Con b i o B ror s
generation of antivodlies eFa widerarFeof aftigeps it Wil bB @ppfeciatéd

that,censtant regians30aave knawin switGh and fegilatorksequencesme
that they are associated with. All of hE murine and gurél n%nstan%: gegiot}he
9. '

pEES RGP BEn Séqudel sHd plbliShgd L 59 VB T ee Honjo et
alutGanstanteRegion Geres of the mmenedlobetirt Heawy Chairr and e d
Molecu chani f Glass Switchingtin Impauncglabulin Genes

(H?o%co ggﬂ%&@%ﬁem%ﬁess (1989))?, the 5 disclosure of v?kr:ich is
heteBy ftorporatéd By retéfende Fror Bxahipietindd- . Paterit Epplicfion
Sergd Noy m¢a744314a,199 glisclosure of which is hereby incprporated by
reference, the daning.of (he;yman gamma 1, OnSAN(BYR AT nr ance:

predicted based on 10 known'sequence information from the prior art. It

25 was sétforhIBat-in tAE anfEakrafged tats\iitthed Yenel fieSe MBSWAERY S

30

regionwas clidedin asseayensa beginining-less thasts kbfrosmthgactors
5'end of the first y1 constant exon. Therefore the switch region was also
15 RciidRd ifthe 553 l%%iﬁaﬁllf?a{;gerﬁer?tnthgt v%glé dgs%g’sge \i,\r?Ellison
et atNueleic Acids Resvi@:4021-4079 (1982). SimilaflynTakdhash? ét abp -
CldZRGLL 079 {3982 alco.aported hatdbe fipgment diselosed ne 3's
Ellison contained the switch sequence, ang

in the mouse is oriented opposite to the 3'E of the

rat, suggesting that like other enhancers, 1its function

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



20 this fragment together with the 7.7 kb Hindlii to BamHI fragment must
include all of the sequences necessary for the heavy chain isotype
switching transgene construction. Thus, it will he appreciated that any
human 25 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 sequences
(i.e., ahumanyl, 2, 3,, 4 constant region.with a human yat 2, 3, or 30
switch, respectively) or can be associated with other switch sequences
(i.e., a human y, constant region with a human y2 switch). Various 3'
enhancer sequences can - 53 - also be utilized, such as Mouse, human,
ormbmanamewafew Simiardy athes regidatory sequences dealémb@nce
chud od lA%a]ﬁ&tgr %’Sct?z% (é'/or |rhadd|t|on tQ: |sot¥%e further

swﬂcﬁlng in ells can e screened for secretion of "chimeric'
anﬁb@d}e;thl%om@mﬁlérthe LBamice, I3 &dditipn t6 prodieing(full§ humant t

IgM anghgdiesproduce anfibodigs hayingfully, humanfigavy Ghain t\éé% 00

5T regions coupled to mouse constant 10 regions, such as a variet

S gdnad ik, Thedgeel 2 8, A}I’Ss&r{dzmeﬂ%léh‘aﬁ%ﬁtlaodl%g ar %Wan
usefgﬂi wg@ueamovwangfﬂuﬁpnekamsle homaniconsiantag@gions canieon of
t st vitro o] ching tech es
Wt e 18 St Rl Shd I A e Ragmehes &
F(&s)randiF@bt)2 fafmetts) ofSfch antibodies can be prepared which

contain little or ngpouseseqnstant r@@'%‘%&?&@“{%%ﬁt@@@ﬁ fih@f%?‘)%tnto
crltlcal factor 20 to antlbodé/ roduction is specmcm( to a desired antigen

0 or EPRoB¥ B Gnaftigén s thé& BRASEdY: ther @5ﬁers”t53e58mé§g to
imporﬁ&nth@oﬁoﬁn@@m thépautic heed, INfgthebwords] wilhtlee:
therapeuticindex gk-an aptibady, 9%@{1“&@5@9 by Zéwﬂr%'ﬁlw pafficular

isotype or class? Consideration of that question raises issues of
coRTfEREmTix@tion ahd tREHKE, TEh 4eHT RSt S itHeat thee
padigutar €lassforiscetype vt antibedyr Gammawcanstant regionsassist in

15 2finity matyration of 30 antibodles, Howeyer, he.nslusign of ahwmen .,
gamma constant region on a transgene is not requwe to ‘achieve such
matGiatiBa LRatHer fié prodesstappeard S 59~ dolprocded aéRveltd -
conmectionavith nuse gama constant regionsy whichraredeanssswitched
onto the mu enc ged tran ne EXAMPLE 1 YAC V CTORS. FOR
Mﬁﬁﬁﬁ%’yfllglu‘—ﬁ/l N?/i [rJEHﬁ yl- I—ﬁ?l\?li I%cemen?%ect%rs
forthrgatiag the pardht Yine sz[@rt@tr@placBCiﬁe hum'ath FRBWiERCt 37

20 elementand-human CH y2 expas with ihe =ripey lsyitoh-element @odbgg)
either the human Cg $xons or the human C 4 axons Wer§ repared
to

(F@EF& 1). The Vttors W%?e %esfgiﬁgt%d as SMﬁ%ﬁﬁFan UShuz that
(Figare=b)i Thegeetorsi weré cohsteudtéd using @ towoepy hbimber cloning

vector KRawn asiPAGEC1EE This veeter pACHCLELisavaillable this can

be accomplished by PCR using primers for B-gzl, or by
25 Southern blots probed with the f(~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
30 splicing of IgH transcripts. Two membrane exons lie 2

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



15 from New England Biolabs, Inc., Beverly, MA and the sequence can be
found in Genhank sequence database under the sequence accession
number Gehebank #X 06402. A low copy number origin of replication is
useful to prevent unwanted rearrangements or deletions of the 20 plasmid
DNA when propagated in F coil, 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:
Nhel-Sall-Smal- 25 Noti-EcoRI-Xbal-Sacl-SamHI. The nucleotide
sequence of the linker SEQ ID NO: 2) shown below: 5' - cta gtc gac
aaa tat tcc ccg ggc ggc cgc tta cgt atg aat tea gcg cgc ttc tag sac tcg agt
gad@iB30ctte T he nutlestide segaerceabthe complimentamncsitasisliaf the
linker (S5 N 3) s shawn belgwy; 5 - gat.cga %%%%%@%aﬂgéi‘#i f%?fn

ago gcg ctg aat tca tac gta ago ggc cgc cog ggg eat att tgt cga Restt
EnZymes BfleSs bitciviesRated @i restrictibh @Rzghes sverd bl rdrsefirom
fromHNewdEngland Bictabsukaeb (Beverlyx MA) rEurthersare, alkrestriction

di ion 1 nditi were standardized according,to the followin

cogr]? |§gﬁs_:91gcné’:fcro§r%§n of mﬁaﬁgs%%%%?e in l}IeoIfatﬁéC ?;Ipﬁrlotp)%ria?ethe3r
restiction el An8liBify 5 ahks of restrictiotrenzyafe ford HEMS, among

Restriction puffersrarenspecifiedhycthe spanufacturer far pariculal ceptor

enz - and the compositions are provided in the product catalog from
Nexglggglaﬁg Blolabs fngcf) ?ég\{/aerfilfel\f,&)g%]int\:&ﬂﬂ:%dt‘ﬁ%qihi%@r, BAding
pACY Gi7iwas: digestetewith restrictioroénzymeesiNheilBam e secordimgt he

10to thedpanufagiurens instuctions. The lipker as 20, shown abovgWas « 1 gen
ligated with a 2208 bp fragment of pACYC177 isolated on an agarose gel
ané pofified LEifig S ediPRit (BiE40L7 (FiSEEA) FFRR PTG SO -
renmidvied erilymh-e_tssentialluegtbm drﬁjzhe;kzectspmcllmﬁamgsNhel aativation
Dapylagstistion sites. aafhenexh stewas fainidiice eryeast YRAS
gene, with its promoter and codln? sequences as a marker for selection of
yedd Celig toRBifng tIREYRERAIDRAMEH B FAGHEAE of the WIRA3

1 5gene containing thenpromatesarch eeding secuence was obtained from
pYAC4, 30 which, | il f the American Type, Culture, Collectio
(ATCC) catalog ?l\gdg%%%%eﬂlaig]’;sggr\?&%gné} %e%letqlu%%%e%gn ekée D‘(g ot
obtaiifedEfrBmGenesaik dsing Heesssion not 2301088 ThesyrRa30f and

fragmest alsetprovides sutficient 3' Farmelegy der targeting. 1he plasmid for

83}

PYAC4 was digested with the restriction enzymes, Sall. and_Mscl,
ac orrﬁlsn%r’t%o Eé Phanitac S?Le%i fns?r%]gggris. 5 LiE@vI\‘ﬁ/i?s%f theef\%c?&r?ﬁhﬁ(er

20combiritiohy ©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
IgGZa locus such that all of the mouse CyZa exons were
30 replaced and CSR to the human coding exons was under
the control of the mouse Sy2a region. Chimeric human

IgGl (mouse VDJ-human IgGl) was expressed at levels



10

15

20

25

30

pACYC177/1inker, was digested with Sail and Smai according to the
manufacturers instructions. Subsequently, the two restrictionnucleotide
digested DNAs pACYC177 and URA3 were ligated together to produce 10
int 2. The next step was to introduce the betagalactosidase gene
(beta Gal) by first digesting Int 2 with Xbal and Sad | according to the
manufacturers instructions. The beta Gal gene was cloned from the 15
vector IDGEK beta Gal which can be_og@in_ed from Cell Genesys, Inc.
(Foster City, CA). The DNA pGK beta Gal was digested with the restriction
enzymes, Xbai and Sad. Linearized Int 2 and the 2553 kb fragment from
pGK beta Gal were ligated together to produce the next 90 intermediate
calletkini 8ss thanTheabeve péteGahexpressigatonstudtisc mAbs

'%8?‘@'%8J'%%88%%9%@Ort'ofh‘&féoetéﬁ;a!d%g tainedy digesting Al
pGN beta Gal plasmid with restriction enzyme Sad | and Ncol. The 1165

k@ﬁh‘dﬁfén?% By Hep6 KSpeta g‘é’r%\lg‘é%ﬂ%}ﬁ wa@“i%ol%?éﬂ“ﬁ;} a@%é‘ée
g@leadgmrﬁmreas whereiidthestsdgment wasexcised from éb&)ﬁ‘&hldjuﬁhng
mlde stained 1ge and uri eGdJ[hI?i gleschelE:)ed abov sm enec eanrhy
ar

ﬁflo 501) (Vista, |m| 3 was digeste Wlt?'l o ©
re%m’ctréﬁ@ﬁyﬁfécséd Tbﬁzcﬁhﬁng ¢S ﬂﬁatﬁ%nﬁ%tu refs I‘iﬁé%ﬁﬁ:tlbﬁ@.lThe

Iimgeedﬁ%&W@éﬁS%@@i@@@g@rowg@ég&émp@@neaiﬁe JW Jamﬁ Bp
fra %ug% pGK beta g%_r he I| arlzed Int 3 were I|g red
to ?n% the enzyrrlne £ gase puu“hasedxfoom Sw Esng“féfned ©
BFOMS, Intt ThetDNAfraghremstas esisolatetcantbthendreated with

Klencw fragraentde bluntithe ends, the inearzed2NA was gisculgriseda
using the enzyme Ncol WhICh blunt II%%teS to Sad I blunt ends, to produce

it AFTRODUCHOR OF 5% GYuRd TqHdqRgion st souse V-
homokogyor @igeted 3ecambinaligh Wweasrisolatethfroimithe seduegea bt

Az&ﬁ]g 40 10, YAG hy.rescye of the-3 end.ang pad eepdreviouslys en

cloned into plasmid ppKM1c [See Mendez et al.,"Nature Genetics

15:24BA5BH 19671 ThelKIBRE1BNAE v%lscgolatéf&lﬁﬁ scieehif BRA
penls froantherWashimgtorcleiversityausmam YA librarg fWashiagianus e

Usiyeisity, 15 S1.1.0ujs, MO) usina BGR rimeraof the huan VHG,gene.

Iso fion an aracterization of the A287-C10 YAC was described in

détaita ntérmatidn&liFateftasplicatir VWO Gwos6 b hyicheritpati ke
aln published pr &Hebatarny:3, d994nandsthat disclasttre isshereby 205 in

incorporated b referenc t 4 was digested with the strlctlo
er%z%% < Kt ana $haB n%l tlt*nénjireateci3 w%gtdaﬂgln\? spf%e ospha ;is%
adfollewse mmictogramict DNAM 20 niierblifers ot restriétion digesed to

reagtion,-URits:25 of calf testing-phasphatase (New England Biolabs.,
Beverly, MA). The enzyrrxg3 and DNA were incubated foE[SO mlnutteshat

CC, then heate& 1688 ¢ 157 Shotifer ™30 MinditBs 16 d8ature the
olinsphatases Theadttoy ppKiMilcivas shgestéd withrthemesthictkore forms

enzyme,PcoR|jand, 30 thep, treated with Klenow Eragment te sieatea, s

blunt end, to remove the EcoRI site. The, Ilnearlzed ppKMlc was
(Vi Il“ Jur Cur G and Sy reglons 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 ancther
isotype known to assemble efficiently into a functional
BCR. Such exons may include the mouse Cyl exons or
other murine C membrane exons. Alternatively, the

human Cy2 membrane exons would be expected to function
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- 58 - isolated and digested with the restriction enzyme Nati, according to
the manufacturers instructions. A fragment of approximately 1 kb 5
homology was isolated. Next, the 1 kb fragment was ligated together -5
with the Notl and SnaBI digested Int 4. This DNA preparation was named
Int S. The yi and y4 CHI, Hinge, CH2, and CH3 coding exons,
transmembrane exons and approximately 3 kb of downstream sequence
(-7kb each) were introduced into 10 the eqolqcement vectors through two
intermediate DNAs derived from pER322. First, pPBR322 was
digested with Hind 1ll, treated with Calf Intestine Phosphatase (GIP) and
floated with the approximately 7kb Hind Ill fragment 15 containing the yi
segpencasfromePiRcane #1734 (0d)ukR: phage clonetas purchased dram
Genome Systems, Ing. (St Loui Thisresulted in.in iate
plgléans”’li 6§§1§.Q§1ee9§e§%%dglr%t§¥n¥elp i%e?égg c%é&rﬁﬁ%ﬁ?%% %\lﬁg gting

pBREZ2WitH the FéstAaoTPaZyAles, Hirell fd BakRAL The 39864 the
fragment wag treatedwith-calkipiestine phasphatase and digatedwith nked
approximately 7kb HindIll/Bam agment contajning the human y4

o ehbes TP AR ot e ST O BeRchmsed Hond G 2Eor the
Systams 2. €8houiss MY This (Htermédiafeoplasmid weastddiiéds> for
p(}p@@, In order to complete construction of targeting vectors, a new linker
was cloned into the Xbal restriction site of In: 5. The linker had the 30
following restriction sites: Xbalokill ,
-Mfel-SsplHindiNESraBY -ECi XiaMitl<Nbaokill. Int 5 with the linker

cloned into it wap,called i bag fiaket sequens (DL NG, Alisshawn o

below: - 59 - 5' eta ggc aat tga taa tat taa get tta Cgt atc tga tca tee tc

g
ageeRI Gty CorhplehiEay sHantsbyuéhce (SEQID NS &Ys 1nta the
coftaacctadta, taaTtie-g0aa: gigetat @ga Cta: gta 2gfacgel ciguega acg ateTheas
Linker was oriented in Int 6 as.such; A289 - . .

B o) oo BSaH Il XEal g M g B Exs bR E 165 he
GalThesrestriciion site XbadskiLinditakedth&er0 thel partieulbr }ba? site

wil] be fiminatedrippndigatian ingg the lagger DA The Jipker issci . usa,
conveniently designed so that it can ligate into an Xbal site but the site

dok? ot SARAvE the Iigatioh. The paliciiat kpatsite WHIchTont&ifdd the
linkerawas 15 detemined dy firsteoningithedinkes and ¢her: digesting.the

DNA with.the ing.pairs of restriction enzymes, separately: Notl and
Findih: XBal ARG Sh, o0 11 and SR o o of e Inker
elinivates ohebashl Bite FEHe pEsiHeN of thelowing all restriction

sites to be mapped electronically and a targeting

vector to be constructed. One such vector would
contain 5' homology upstream of human CyZ2 CH1 exon, an
expression construct for a positive/negative selectable
marker in yeast (URA3), a direct repeat of the 5'
targeting homology, segquence containing the human Cyl
exons CH1-CH3, and 3' targeting homology. This vector
would be transfected into veasts carrying yHIC 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 CyZ2
CH1-CH3 exons and the concomitant gain of human Cyl

CH1-CH3. Once identified, the deletion of the URA3
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20 linker in Int 6 was determined by the distance between the newly
introduced Hind 11l site and the Noti site which was present in Int 5.
CLONING OF MOUSE yi SWITCH REGION: The plasmid EH10 was
obtained from the 25 University of Michigan and is a pELR3222 based
plasmid containing a murine yl switch region on a Hindiil/EcoRi fragment
[M.A. Mowatt et al., J. Immunol. 136:2649-2683 (1983)]. The blasmid was
digested with the restriction enzymes EcoRI and Hindlii and the 10kb
fragment - 60 - containing the mous& yf switch was isolated and purified
as above. CONSTRUCTION OF bMSL4 Construction of pMSL1 involved
a three way 5 ligation. The first element was the 10kb frag.ent containing

th Jnguse Y1, switch was dsplatedfram Ef?&@agmdm diggsted,EH10

described above. The second element was % R322 digested with

Bﬁﬂm%rﬂ%m??ﬁéﬁng%@ﬁ%ﬂf Was the pRREDOBeeblddiid; 16
p@@é@u@@nt@miwlﬂmmry@ dmamapprm@matﬂbyumb HindtHane:Bamtdi

ent. All hree ere liga her to create pMBLA4..
f
% Cﬁ ?\ﬁ% ée%%tructlon §fn SET also %%ﬁ/géon ©
three 15%%/ lEfationT ¢ﬁ§@|¥§1 eleménthdas m@@@kblﬁﬁgm@n@contalmng

thegneuse ykswitah was iselated frompEceRkanrd HindiHwigestegEHhkd: i on

as described above. The secgnd element was pBR 22 d| ?)ted Wlthth N
EBORI &hF DANIC Tha HhaPalefient Was PER322 baséd BrR%H1H 20

pEG4 2containingapproximately Yab ffagmentcoiiuiman yhwhichakas
m&ﬁ&l@ﬁé&f@}{gduct@pﬁ Hing dI} kills, Elamkdl linker, inte HindHlsiteron Beer

end of the 7 kb ment Thusl modified plasmid after double digest with
B&InH and AT }éle%%%@%'kbeHﬁwwn/%aﬁfﬁi B\ ragmBifwhith i§uran
subsequenthys used in three piece ligation. MOUSE 3' ENHANCER We
isolated the 0.9 kb core part of the enhancer by Stui restriction digestion
from the 4kb - 61 |V||UI frag ment of the IBgammaZ tam%\(?tlng vector
containing the rdfire-3teAka! : e

The CRE-lox system allows the targeted

insertion of DNA into pre-defined sites. Derived from
Pl bactericphage, the CRE recombinase drives intra-DNA
or inter-DNA recombination between loxP sites [B. Sauer
et al., New Biologist 2:441-449 (1890); S. Fukushige et
al., Proc. Natl. Acad. Sci. USA, 89:7905-79038 (1992);
Y.-R.Zou et al., Current Biol., 4:1099-1103 (18%4})]. 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., S5g2,
and 5' of the splice acceptor seqguence 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 vyeast, 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 YARC targeting vectors, the loxP site can

be introduced on a PCR primer used for amplifying the



5

10

15

20

25

30

piB [M.J. Mendez et al., Nature Genetics, 15:146-156 (1997)1. 5We
digested Int 6' with the restriction enzyme Xhol, followed by treatment with
the Klenow fragment to create blunt ends. We ligated the resulting
linearized Int 6 with the 0.9 kb- Stui fragment of murine 3' enhancer to
create Int 7. We verified the cloning 10 reaction by performing restriction
digestion on sample clones with using EcoRl. In addition, we confirmed
the desired orientation of the fragment by digests with Ncol; Ncol and
HindIll; and HindIll and Pvull and the knéWnrestriction map of the 0.9 bp
Stu | fragment. 15We introduced another linker into plasmid Int 7. We
digested Int 7 with Mfel and SnaBI (double digest), followed by treatment

with_calf intestin hatase.Next, we introduced the following linker by
pe%f%rrr%ierl“g;%gl g;?}[%?'lgr%% 6[\l{én %ﬁge E:fe\z;\gting;]g 50 %%e%rfnné%iétgnf\ﬁ,\#g. e OF "CF
restectioresitdssifiséded by e ivkerddtodhé Fearé jagafoidwgn vitro. As

Mfglskily Hingll lSnaBlRelkBatl:Bamdd-Bal-Nbelkil, Again [Mfelskil
indicates that the Mfel site was eliminated upon ligation into the larger
DNA 155 FAR& hoBIedtHE S8 Glence &f the [HREPESERS IBNSS B g}éﬁt
teagaktgt atg tac tga ted bge tbhgga toosaga tot Theinucleatidenserted
seqyence.qf the,complementary strand (SEC) ID NO: 7): - 62 - 5" age tot
gga tcc age tct tga Lca gta cgt aca agt TARGETING VECTORS The
complete targetigﬁ VELfors fePe8 dondfificted BY digedtthg’mtd WithRre

restrigion-enzynes Seei and-Hinddlt fokowesd by ireatreglewith cafq. At
intestine phosphatase. The plasmdds pMSL1 and pMSL4 were partiall
dig%e%f)ed: V%Vﬁﬁ tf?egr%z%ﬁ cstio%e%r% zcillrfn 6s Sce Icaansdsﬁ?%%ﬁ W ﬁ)f(bnf%ag{ng] é%tc g

waseIGisbfatéd b?rﬁ)’éﬁ@‘éﬂﬂ%io@@el %Ié@?b%h@?é@sm puatdd 1T kb
fragment wasdigatad with int & tosgreatethedinat targeling ¥ectors as s te
CONSTRUCTS ONTYHIG YACSTHE TV or TV eckbfe (B DR Woerec
lineariZeteh\Piigestiont withrthe festrdtiorcenzyase Not (Figure SyhEhesite
DNA was.pusified by phenol upstream of the Cg on the YAC, and
continuing in germline configuration through CH1l, with
the CH1 exon splice acceptor intact, through downstream
of the polyadenylatiocn site 3' of the second membrane
exon. For example, an approximately 7 kb Hind III
fragment will capture all of the required 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
nAb. 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 expression
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 vH transgene engineered

with the 1xoP site, CRE-lox mediate class switching can
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extraction followed by phenol/chloroform extraction. 20 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)1. Transformants

were plated onto SC-URA agar media plates 25 and incubated at 22 C

until colonies appeared or approximately 5-6 days. SC-URA plates contain
a media for growth of yeast which Iagk%gra_(_:il and therefore selects for
yeast colonies that can produce their own uracil. Similarly, SC-LYS plates
contain a media for 30 growth of yeast which lacks lysine and selects for -
63 - yeast colonies that can produce their own lysine. The resulting
celeniesaveredepicked onta: SEFURAI plgtessang.on S¢-kY Sqiatesorfer ion
genetgc. tes&'n - 1o Ir(?Oktfg;r thg.l(l;scsu?gtpe L\(ES masrléerrt Ponrlly %Ieon S Whi%fIlld
gPe‘?N A ESURR &nd did not grow on'SCLYS were grown in BDA
metidfor 4800uFs ad 22KE VAC DA wasssolatet] 4Fdasalyzed byon
polymerase chain Feaction (PR 0. evaluate wherfrer.the degired dsctype
replacements occurred as expected. In this case, human yl or y4 CH ,
eXSRELOAE 18 havR FefRREN HuhafyE CH ESHING Bxdrs H%/gu?’@qf)‘? e it
The yedstunediaausedrhére dvasprepaied-tram supplements ditainpd t ream
fr 101 (Vi F 2rimer ed for this. are ollows:
S et ace o e Sod & (SO 1B NOTE) TELT08 & ottt tog

gdc ape gt e {SE@ D Rerm)nator yae PER FEliBAToRsRtEd of 35
cyales. atthefellewing»n94C for1%secondsdatiowed by 6OC for 45the

secondsraqgatgen 72C. for 90 secorr{llg%ger cchl%él;p%?prm; was

pgs(?ﬁgr?ed atnudled %leefglagﬁ Consensus’20 hidmar y’?, fZC,LC?y4
aligrimrerstarmispriraar O3 syalsagdsitibriettdt rvefectidpOmarGiahR drug,
alignmentFhese primers willaroplify DNA from: Yk &y2-a0d GYA ELISA

isotypes. Due ta restriction site polymorphism in the 25 h Cy genes,
theHarliétisr Rbtyb eof?%ﬁ'-f' terfipla OBRFIEA d6tid BB Hete m?nagr}?% veCER:
restriction aligestien of the: POR: productsteryield ahiguet séts of PiNa ted

fragments. £t example. the-testrictiomenzymedRvulhrestrists the, RER
product into two fragments of 621 bp and 196 bp 30 when Cy2 DNA is the

teRipIateFor the PERTTBUGES, BECdoEN G Tat tHe FrodaetR ey of B4 the
isghe templafe. thé4 :Similadyrihetrestictiem enzyme Eco 47 Hinkestricts

th&%%% Product intg two,fragments,of 438 bp and 379 bpwhen Cylisy ang

obtained. Finally, the restriction enzyme .Bglll restricts the FOR product

inficffamertstf 5886 RB ENd-125 bp when Cy4 is obtained. In this

way 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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all three isotypes of IgG could be distinguished. In the next level of
characterization, all yeast clones which exhibited correct genetics as well
as the desired IgG isotype were further screened by 10 Southern blot
assay [J. Sambrook et al. Molecular Cloning: A Laboratory Manual,
Chapter 9, pages 31-45, Cold Spring Harbor Laboratory Press (1989)]. A
5 microgram sample of DNA for each clone was digested overnight with
the restriction enzymes Hind 1ll, EcoRl 13 and Barn 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% agarbse gel,
stained with ethidium bromide and photographed and then transferred
oatoawdgn membrane ¢ Gene Screen 20 dybddizatien dMehbrasre; NEN
e sciences). Nexd (g YAS sandidales weys chagied on Souther blots
using hybridization prolbes from the following g genes: D, mu, J, delta,
muxine 3' enhalees €4 A6 [See M.J. Mendez et al., Genomics 26,
294-307 (1995)7M:J Mandez:25etaly Nature.genetics vel 15,:146:556
(1997),.(V3 rog?g The following probes were used for Southern blotting:
HEY R REL 60 EFEACA TGG C (SEQ ID NO: 8) HG3: CLA CTC
TAG GGC ACC TOT CC (SEQ ID NO: 9) 30 These primers will amplify

-820 bp fragmept,for gamma 442 3nd 44 Eithey oae can be used as a
probe as they are hls?f}é homologous. - 65 - To amulify VHS following

primers were usetf A5 BFE BASEECTERCHEEE GeFTGHT TPE
TET(SECR 1DF QY 110 NAHS5 B (3EErCA8 TGASEIC AAA TR ToR@T&FEOd

T%%ésﬁ%%%s’)'oé 1 For HPRT following primers were used. . RER3: 8. 5,
CTG GAG TCC=TGA CAT CGC C(SEQ ID NO: 12) REP4: 5" GOT TCT
TTELOD ETE AGARCOYSERS AFNPUSS Crard dinally, todiiplify
Céddfeollewingqtimersuvere 1O-useth; QealdS QG T GACACEREGTLOT
CAC TOQO (SEQ ID NO: 14) 0m4: 5 CCC GAG TTG CCC AC QG
BN 1) P S e Sl oM B e et e
theerRCs bising CHEF el pllseifiedd §el B3 eledgsphiciesis (CHER DR, in

Big Rad kife Sgiencgsihierculasn CAYrial noWe designated the YAC ed

eneoding GY,as YHEBR, and e YAG sncoging iy Sxdas %258y,
07/819,297, filed July 24, 19%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, 1986,
International Patent Application No., WO 94/02602,
published February 3, 1994, 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)].



10

15

20

30

EXAMPLE 3 20CONSTRUCTION OF VECTORS FOR RETROFITTING
y141C YAC TO yI (TV GI) AND v4 (TV 04) Vector construction for
preparing the targeting vectors to retrofit the yH1C YAC to yHG1 and 25
yHG4 is schematically shown in Figure 6. The targeting vectors were built
on a backbone of pACYC177 (Genebank #X06402) available from New
England Dielabs Inc. (Beverly, MA). We introduced a linker into
pPACYC177 to facilitate cloning of a murifae 3' enhancer. - 66 - We called
the PACYC177 vector containing the linker Int 9. The arrangement of
restriction enzyme cloning sites in the linker was as
follows:'HindllI-Sali-Mlul- PacIFseI Hindlll. The linker nucleotide sequence
(SEQ ID 5 NO:X18)¢Ieksien | -&LHce ttg tog ace cac gtt tea tta agg

cog goo a The '@H@Ie@@q%qum@éﬁiﬁ%@@@mler@@aa@hatxme%@ IPhe
NO: 17): 5' ago_tt C Ctt eat taa co c gac a 1QWe claoned the
nﬁﬁfﬁ%}?‘éﬁ# %%F&g%hg ?ﬁléltlasré:é"t#\sge%%egjtor gs gn gpprox%]a?eeiy
4kb Mlulz\fwgmenté*hem.lktsenﬁaric%firhgmﬂé?@ wias clénedhintd ttre Mlul
site mo W inker.sho ve and t
cglfegcfi tha %qéggsgr 1 %%er#gﬁtgrig éfa m%rlne %ﬁ%gn%er%ﬁa}s}%(?tg{r%ﬁ%%d
by Ry EBIRG pFospERBvE BRORGE SHthENE PéstriEidiT EAAmES Rig oA K €
Eggl. Amplification gf a Soliomotegy.reaien ReAcegionof &' hemotogy-cell
as obtained by P plifi atlo f the reley nt ortion Bgamma2
tarSetln]ég \F/)ec?org (M. Iipmf\ifnc}}wat 3]1 SImrﬁunc\)a'l 36! 562? 2%%%18%‘%?1: .
Theé m@t@bade@@qtp@ne’ee@mhé PR rﬁé?s BEA T Erdifying e BIomblyyr
regionige Wese(See alse Genbank A&ﬁ§§fSin® nosi 1838% 196 yPsimarce
2:5'co cat C aac {tc gta tea cta tac tt att gt cag
GOty 8&\9 c %@Ebeé) Oil o)) gﬁ r%sc?ont ac?l agngég gﬁ sites
aswetl as?raaloacﬁtp eiaﬂemsTh@ﬁéh@mbmglyaeglehWPC@ ﬁﬁﬁ@hﬁed

using 1he follo éf&gc& canditions.. 20 cycles of 94C for 3 seconds,
followed by 55C for 30 seconds, and then

16 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 chain 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), Jy genes (6), the
intronic enhancer (Em), Cp, and through about 25 kb
past C&, in germline configuration. The light chain
insert, yK2, comprises anvintact approximately 800 kb

human DNA insert from a YAC which contains
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72C for 60 seconds. The region was then sequenced after cloning it into
TA-TODD vector. TA-TOPO is 10 available from Invitrogen, Inc.

(Carlsbad, CA). The primers for 5' homology sequencing are shown

below: seql:gtc tgg ccc ctc tgc tge (SEQ ID NO: 20) seg2:cac cca tea '‘aag
got gga (SEQ ID NO: 21) rev. seqgl:cog got cat gcc cat tgg (SEQ ID NO:

22) 15 rev. seq2:tag tga gtg ggc ctg act (SEQ ID NO: 23) We
compared the resulting sequence to-thgchuman switch y2 sequence
(Genebank #N39934) and determined that it is identical. Cloning of y4
coding and 3' homolocy regions 20We obtained human y4 coding axons
and a region of 3 homology by performing partial enzymatic digestion of
REPFSABIPEGA3 d€inythe Pestictivif elyiie Shcii\e Bitfestst 2t
plasmid pGH48 withotherresiriction enzymeiBamkH |l aad yieielaned a

purified 25 approxi y .1 kb fragment into the TA vector,containing 5;
ﬁ&rﬁ(ﬁgaﬁ.ﬁecaﬁg?éﬁs llirk\)tersrr%eagi%] enlgec%%nblﬁa‘r‘it1If)l\ia,&1 o 5§flél €Fntflérm_
Itk 04 wasTdigested withhBaRif, tkéated Wit edlfintesting bhosphataee
anebihen the veater were k168 dselaled using-agarasegeleontains the
electro horesi%. The.isglated vector was Iiga%ed as descriped before with
5 BBEHI FAGmERC M I3 Yathma2 “BNERGRGH of tESinS8RWAS t C=
determined dydeble (digesteNoté/Hird. 5 |l Mag: Hirwl | i site tvass, 15, pp.
dejemyiagd 10 b3 4 e Senol b Bamill fragmentgs determined by
the sizes of fragments after digests: Next we needed to determine
GeptRibhTGthe FfiRTSH PACY CL7 HERARNCEHPREs g o ThisWad Boné
1%:ky preparing apanel of daukle ti-gestiens ef, PAGY CAd 2 ddnker aniti s
Smal a ith one of each of.the following second en es,.Sall., Mlul
el o o G ek A by S U sty =P
fréephents SE6 T heppositiohsiGfrestrizgfién bites in

XenoMouse IIa Strain:

The XenoMouse IIla nice 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 chaln genes
(approximately 66 V,) and kappa light chain genes
{approximately 32 V,), human heavy constant region genes
(n, &, and v) and kappa constant region genes (C,), and
all of the major identified regulatory elements. These
mice have been shown to access the full spectrum of the

variable genes incorporated into their genome.
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pPACYC177/enhancer plasmic' is as follows: Clal/Smal
(PACYC177)-HindllI-Fsel-Paci-M1ul-
((enhancer:PstlPvull-EcoRI-Ncol-Nhel-Apal)) -Mlul-Sall)- Efmli
(PACYCL177). 20 The next step was to clone UFA 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 te clone URA3 gene, Int 2 25
(constructed for original TV1 and 4, described in Example 1) was digested
using Each/Sail. Similarly, the pACYC172/enhancer plasmid was digested

with Sacll/Sall. 3.8 kb fragment from Int 2 digestion and a 5kb fragment
fréIPACYO2FFenhafceravéreiddiatetidr 36 agafdsegels/1 tehing and

elgetrapharesispadiigated g ether e The tesiltingpiasaid CoAtadS human

er]ihancer C%nd I%JtK%% rgenegln géCYCl?OOZ accklpgneb'ghe ”Qétr step was
to TRt Auce W more inker§ iritd TR 52 With-cloned 34 kb 3am- BI - 69 -

fragrhént. Thedesultimy htdrenedistecdad eklled st 264 Thetginkers

were.as follows: NotdkjllsFsak-Notikiland linkerseayescesn antibody
GGCCATGGCCGGCCAT (SEQ ID NO: 24) TACC GI%_CGGTACCGGL“ .
(SEXSPSNRS: 75 Fheldedond |M@Pﬁﬁﬁ?ﬁésfon6%fﬁd‘ Tt C I

Bamik:K phé EcoRYeMielFseTcSiiiEamptikilhuman tumor necrosis

G‘%lg&c?:@@%@;ﬁMTCQMHa% BEGEELAECARTBIAGREE ric

(SEO ID 10 NO: 26 , L .
GECHNG SETAT AGE I ANCECBECEESEeEBTATATEEGCACTAR
(SEQ D N\ 2IA) Therptirpeser efl intreduoingtdinkert wasioMprovie® s an
Fsei site for the final claning st S | as.eliminating one I
sites. Fn‘jaﬁa’{de di tcho ns, this '#a% av@e%‘fh%p?r%ﬁigé%nag?\}egc{% rg Wit?w%gl? ni dg u% el%?l%%i ey
st it Was Dséd Ry iz & GhEdarg efifig VBEtbr Beforgad spectrum

transfarmatigan The seeonchlinkes wassusedta-clone the/last fragment
needed to restore the 20, complete downstream region.of yH1C YAC, a
1.5 kb BamHT/ c%lifjfﬁg%gn%eent.app l1_€T’r?kleartt2e\?/ivaglr ?r%trrno t?é%da\]ﬁg \63rtial
digestwithBarhcRl. Iith@4 Xieitetioned 314 kb BziHI frageRhd Wwas

pagtially.digested with Eamdilangethe pastial25 digestwas isghaied on.1
agarose gel as a 13kh fragment. The 13 kb fra n]cent was. treated with calf
inteStind phoSE5hataseta &d Wt?ﬁ?nrk%?grheopggl i017 Of the linker
andhitsl driengation (Wietheér isweat inte t6weerBarnKi Site angearapofd.gure

Eamb] fragment) was.3Q deterginad By digesting clones with MieT and
Noti (double di ). The Mfel site is introduced with a - 70 - linker and

th&NofresiteYs %?r%%ﬁ?ﬁ i thefvectdr: Rt Hentdiods p&rmit

allewedigentification. abthedpaosition and crertati®n of theipkerrFheéhat

plasmids retrofified withlinker are pow Ing 3 G1 Andh5 10t 3.G4 o1,
sequences introduced into the animals are essential to
the induction of B-cell maturation and development and
the generation of an adult-human-like ilmmune 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 autoimmune

disease and other disorders.



10

15

20

25

30

The next step was to clone into Int 3 G4 plash-id, a 1.5 kb fragment
obtained by BamMI/EcoRI double digest of pIBgamma2 plasmid. The 1.5
kb fragment was cloned into SamNI partial digest/Mfel 10 digest of Int 3
G4. Since it was directional cloning, no orientation determination was
needed in this step. The resulting plasmid was called hit 4 G4. The
next step was. to introduce the linker with the restriction sites
Notikill-Fsei-Notikill. Int 15 4 G4 wasdigested with Notl, treated with calf
intestine phosphatase, isolated on agarose gel and ligated with the linker.
The resulting plasmid was called lit 5 04. Again, there was no need to

determine linkey, orientation rétky%gtep. sa resgldt,t?#gl%uie %O g\l_{a | site
was eliminated ‘ ; ; ing
the Feel site was-tol&llcw eldamgest atftagmehtesparmiid frorty of

hamelagygegion to the 1.5 kb fragment (o PACYCIS7enhanceili9A3. s o
plasm,i%. 25The f'%lnal clonéfg stefg: was aé)artiaj digest of Int 5 04 with Feel,

fétiotWed by Rofatioh of & 45P2nE B abBtesYeiAnd 1igaf6n into
trepgniuerselfsite.0bpRCYE1T7 anhanperd URAS.€the orentatiprofient

this, insertinas, detegmined by a douple restriction 30 digest with, Notl/Fsei,
The final targeting vectors were calléd TV G4. To construct the

TR, tPgRgVettdr ladrbiit el yI9EE Y¥IC withfurRaR &y BEdiMy
exonsiand anamegion of 38kemalogy owentsedhe peocedure sleseriked

a or the stryction .of TV, 04, \We ohtain the Cyl cading exons and
3%{(\){%50&% rgggi%n ?ﬁ%ﬁ? % aosrrlnafé p%%ff Eg%&l\ﬁ L f@gf\lsgﬁfﬁéi%N
OFEPARGE AINGIVECTORS TVee T2 ANDLTY 98/2 FORTARGETEING

QloyH G YAC FOR NON-GQENATE. SWILEAHHING: MNextwne constaucied
aivggao&, ,'Iév %1/21‘6\’@%951@5’13 ct%ge\%ag co@nﬁtruct of h:L man ¥1 CHc ding 4
exons attached downstreéam ot 5 kb of hufiah switch y ?eéi‘or? 1O0BNAC
(Figurr3)cn addisiars, thisnaetorrcohtalhd homanaigansmembiane

axens locates3' of thekGH cedingzaxonsr{(Figures 3).Jkhe vector is
based on ECIQC%Y 177 ve%or, which is available from New England Bielabs

(BEVENS BoRStrueted he vectdr, WRih WERRR TV o2 udiRg -
thefollowimgigrocedurer £. EirstibagicfplBgaminaewas digestethwithigh

the,restriction enzymes. Hinghl and Bamidl agd,a.6.5kh-fragment was .y o

isolated on an agarose gel. The vector, pIBgamma2, contains 22 kb of
hum&h geHomit 2BPNA Rith 32 flanked by two EcoRi restriction enzyme
sites and was reviotslydiséd ta generde yH1Q1 Thet6.5 kbrfeagment

m@ﬁJQ%QE@Negggotransgenic 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. In 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



the pCRm2.1 vector from invitrogen, Inc. (Carlsbad, CA). pCR2.1
was prepared by digesting 251 pg of plasmid with BamHI/Hindlll and
treating with calf intestine phosphatase and then isolated on an agarose
gel. 2. The resulting plasmid (6.5 kb fragment nCRm2.1 vector) was
subjected to partial digestion with - 72 - restriction enzyme Xmnl followed
by digestion with the restriction enzyme Hindlll. The digestion with Xmnl
occurs 75 bp upstream of the y2 stop caden. Therefore, the 4th exon of
the yl/y2 5chimeric gene initially contains 75 hp of y2 in addition to the two
3'y2 membrane exons. The coding region fo yl and y2 are identical
throughout this 75 bp region and there is no effect. 10 3.Next, 5 ug of
pCEI2sHeSdigbsed witR e reshif@on M smestidmdiiPatd Xeitanda

1.9 fragmeniowasiso)ated by agatbse gelielactropharesis. Theyectopy
p%(étlzb\%/hich i%d scribaed ig Exanglee 1sé:ogteé}§r%% gepro(%(irrp%%erly 7kb 150f
hdman yl. I ThE 17 kb ﬁin(ﬂﬁf){tmni%ragrﬁent corﬁpriﬁng Most of the
cotling s&q liéricesWwitai oBtaindd Heri pCG 12 9dsdigaddd e tHeocus can

5 Hipgliiptmnl padially digestad vector (&:h &b fragraent, pER 42 Tweeton)y,
20described in sg?g 2.5, Thedres Iti¥g plasmig contains chimeric
SEHTREEs Of Bodifig TEGIBRS AtACHEH 13 H dOWRSr &AM TEGiOR of y2

ofo/ at
thatcortainsatiarsmembranenéxonsy We geriffed thetdompesitidreof thee V.

plasmid by Znsesiriction digestion withECcoA7lk 6. JhengRTh2 4 vector
having cloned 5' homology, described in Example 3, was digested with
ST BAMISTEREWISE we Hfg%sféd%ﬁeplgégﬂﬁrde%%ﬁbe&ﬁ?step 5

10 witm3scltand Dant ki (doulde 3@digest) and clobed antappraximatety bkhe
fr t - 73,41 e pl {d into 2.1vec ith the 5 ., .
h%%%?.u '%r%éc nl\?(\%gn d%es?tég%ge %g%su}lgtlzi}t r%g\%%tor %ﬁh%%%"l %n%géaﬁi 'tanldlt3

cIGHERERES thig Bite FRAGNTEHS bEbRINSFREMRE VeRIGH deLABSd SinstEs

5)cWéerdetesminedithe i@rientatien of ther Sack insert by Sphidigestsomhene
DA A o SR Lo
15in@@éﬂMjl@Wﬁﬁﬁlydéﬁvéﬁﬁéﬁ?@@RQQE%@@ﬁmzﬁifAQ%ﬁﬂﬁ@vedon
and contain chimgHg Y{y2ZERexonsrably further include the
entire human D, region, the entire human J; region and
the human mu constant region, and can additionally be
equipped with other human constant regions for the
20 coding and generation of additional isotypes of
antibodies. Such isotypes can include genes encoding
Yi, VY2, Yas Ve, o, €, and © and other,constant region
encoding genes with appropriate switch and regulatory
sequences. As will be appreciated, and as discussed in
25 more detail below, a variety of switch and regulatory
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,
30 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



7.We retrofitted the bCR2.1 vector with cloned 5' homology
described in step 6 with the yeast 15selectable 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 Klenow 20fragment to create blunt ends. These
products are consecutively digested with Sad’. b. The pCR742.1 vector
produced in step 6 was digested with-BamHi, then blunted with Klenow
25fragment and further digested with Sac'. c. The URA3 gene obtained in
7(a) was ligated into the pCRnm2.1 vector prepared as in 7(h). The
resulting vector, contains a 5' homology region with a downstream URA3
géne, Hamkstt 1 74% BNt Sites @%@ﬁﬁd}ﬁ?ﬁ@memh H2aRa arfothémy
opginaty-piesent kop@R2.1.). 8. We excised the Notl fragment from the
plasmid produced in step 7 and 'cloned it into the Notl site of Int 1 (also
used for TV1 and 4 cloning). We determined the correct orientation of the
N&hEidgndent by using an EcoRl digest. The resulting plasmid, which we
dEsighated It ., Nas a o NoMmoiogy TegioiT Withh a URRS gele downstrearm
i the 1010% &R origin backgroﬁ%&Y&Aé?éﬁ?). 9.[To fikighRBntrdéion
of the final targeting vector|for the 01/2 chimeric YAC| @Wezpartially
ﬂPeswanevecggﬂawnifneCmned§4qmﬂomgyl5anuu¢u:u¥1enu

G con“s‘tlélncttréﬁlon in the pCR2.1 background (produced in step 6) with
EcoRItestrighidie eN¥Yme aind subsequently recut with Sad | restriction

e 1zymeFlyxgé?%%tgg an 8Kb fragment2 taining the| 5" homology and the
Z‘EChim_erlc 0.1/219G constant region and cloned it info EcoRI and Sad |
es BEREBSWhIEh rBsulted in the TV 01/2 targeting Vector. There was no

I

Si

red tqjgggggl%pe\w inse(t orientationgsince we introduced the fragment
nin Vi

n
b directional-cln o ltornat £+ cton. Z.a amaovae-theo B!

nalhv—_aftar ALK
CHECtrorar-Crorty: nerraavery;ancr-stc —vvCTCmove-titc-o

molegylaktaBigase from the plashi@ described in step 7 by digesting
th Xbal. yIignywe clone the 5' homology and URAB gene into the Xbai

site-of-the Hjabllldd described-in-step-6-to-produce-the-Fv-61/2-36-vector
shown in Figufé¥. - 75 - We contruct the TV 04/2 targeting vector, which
h m%ﬁ?ﬂ%%r%‘?ﬁ%ct with human y4 coding &xans:atta¢hed

d rea g%lo?xhﬁman switch y2 region DNA and human y2 CH

) . % e . .
cgding exons *'985%?1) utilizing 5 the above-described procedures with

el it J"L' T e e e D o
SUTIICIIIUUIIIDQLIUIIO. M PIaAsSTmO PoTroud Tt O T StIC o TS SUuje it ulo

partial digestion with restriction enzyme Nmnl followed by digestion with
the restritfion @nzgmeindiiiThe a8 preferred embodiment of the

invention, through the inclusion ¢f about 34 functional

Vy genes and 18 functional V, genes in a mouse with a
full complement of Dy, Ju and J, genes, the possible
diversity of antibody production is on the order of 4.2
X 10° different antibodies. As before, such calculation
does not take into account N-addition or somatic
mutation events. Therefore, i1t 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



digestion with Xmnl occurs 75 bp upstream of the y2 10 stop cocion.
Therefore, the 4th axon of the y4/y2 chimeric gene initially contains 75 bp
of y2 in addition to the two 3' y2 membrane exons.There is a single base
pair difference between y4 and y2 in this region, which results in a single
amino acid change. 15 To correct this, we perform site directed
mutagenesis to a C to T at the human gamma 2 gene using a Directed
Mutagenesis Kit from Clontech La oratofiés tnc. (Palo Alto, CA). The we
perform the repair using two synthetic 22 oligonuOleotides: one to replace
the nucleotide necessary to switch sequence from y2 to y4 and an
auxiliary oligonucleotide to eliminate a Notl site in the pCP2,1 vector with
th%ncﬁ%ryl%%pgrﬁmﬂejﬁ %ﬁ/f%%ﬁa%%senfaﬁgﬁgrar%b?&?ﬁg llecntm'i'%,we use
thedolowingoligdouciéotigéditions or somatic mutation events.
CCTCTCCCTGTCTCTGGGTAKT, TGAGTGCC The T residue in bold is
replacing C in original 30 plasmid. The second oligonucleotide (to
eliminate Not! stE FAPCEATERCRCTCEBEAEESESCEAE
oligo contains alNotalgitet(shawndn ol ini$ awhickeadd has been replace

5 with an A to.distupt the site: e sgquence part of the.plasmid to.confiral. .
that the correct nucleotide was replaced. EXAMPLE 5 TARGETING
SPRATEC STOWe HRE&T e PRE AbbvE Hestibed Vectdrs asA L vy4ofv
Gl T¥e@dsTVE. 12 ande ¥ Odiband Bsed e tQ ransfogaryeast eelbears
cultyres, with YHIG (AG.by, i acefate fransformation, We
su“bseaueﬁ/tly used the'linearized vectors to repPace the %arge%ed genes on
15 gRFC 48 dedEib et pEsw L favprodise e AéW YA CS VRIRPRE YYH2EM sed

10 YHGEMHGA ¥EGCLE ard whiG44L respectively (Figures:1-4) nWe-rlated

yeaﬁg cells on SC-URA mfdi(%j]\e;}‘ter tr, nsformc?}igg to select for the

inf“ég?artf%)lnnof*j URAS Hafker  We ¢theckéd %rﬁy resulﬁﬁ@%Foln%s %Fi&jﬂi‘c
integeintigsing pulsetfictdigekalectréphorasis hincarditidrs we analyzed
clones by, Seuthesn blat 4e-validate the steuctyreand idenfity. n the,gase
of yHG1/2, the URABS%ene in resulting YA.Cs was flanked by 5'

hdFicIY SEaBEReEsZS WA ReHovet s Toows® <U© g phded™®

15 yeastcultyres gontaimigg yeCLLR2INAC oregdarplates witlte5&HQ@Abody
(nggative selection for URA), We,chacked the resylting s EGAeresigiant

clones for integrity by pulse field gel and Southern blots as. o
activity, which 1s responsible for N-terminal additions

PN A A)S b b Gt

of nucleotides between the V-D and D-J gene exons 1is
up¥regulated. Similar enzymes and others (SCID and
20 other DNA repalr 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 formaticn c¢f the complementarity
determining region 3 (CDR3) . As will be appreciated,
25 CDR3 is located across the D region and includés the
Vv-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 Jjunctional diversity created by
30 N-additions and CDR3 additions play a clear role

developing antibody specificity.
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30 outlined above. - 77 - We use the TVGL1 vector and the TV
G4/2 vector to produce the yHG1 and yHG4/2 YACSs, respectively,
following the above-described 'strategies. EKAINIPT,71 6
INTRODUCTION OF THE yH2BM YAS INTO ES CELLS We
introduced the YAC, vH2EM, into mouse embryonic stem (ES) cells
through yeast spheroplast fusion as described in detail below.[See E.
Dirren et al., Genome Analysis: A Labaratoery Manual, Volume 3, 10
Cloning Systems, "Chapter 5: Introduction of YASs into mammalian cells
by spheroplast fusion”, pages 548-550, Cold Spring Harbor Laboratory
Press, Plainview, NY]. yH2BM containin%eas,t cells were spheroplasted

using zymolasé 20F O £5 Rigimi THe yHSBNISPHerd5Rsts B we s 98¢
fysed-with HIRREelefieieotE 1shtG3B1Mause ES cedls gitlich had beene
cultured as described helo e aat Genaomijes 1413-49

(@ﬁﬁﬂfi HA seelcet(%o%x%a%g\?n%t%at% %% o%ﬁg gaﬁeﬁf?%i%%fﬁ%éT%%si i\%1 °
EScalhelones Were safebtb P& 20 FreyuBREP 5F1 ERmePRD0X 38911

fused gellsoRwenty-ene Hadhtesistantcataies werm expandechfor CDR3
genome analysis and were analyzed for YAC integrity.by Southern a
CHEE bivt aﬁéﬁ/gegrl?l Contror g)%egrfimécr?ts%ﬁgﬁgg l%dcél?suglén%%gg
yeast323 sprerbplastsSalohe dad: solbriesweresdet@cte8 Nife detailed
procedure isas, follgws: PROPUCING Y EAST SPHERQRLRSTS Excess

yeast cells were prepared because up to,50% will be lost df[jng the
sPhéropidsting 2095beédure. ?‘8?&1%1%@% Y07'ES ctfi§ Hpproximately 5
xrh@Payeast eellsianeaicentes) -J7S-eWelihpculatadodeldativetmhediimwith
U@‘f%%&%% Igve A aE0g igculum ot approximately Sred 0 cells/ml.
e determiried the cell density in the culture by use of a hemocytometer.
W5 geew YhS BEIfs-&23¢ With shaking at 250 rpm overnight. Incubation
can also be at 14C or 18C to increase YAC stability. Culturing at 30C may

result in deletio. Aoglsg eel ge eO%eg_m%rgH'pﬁhLeigéC. In the morning,

the culture denafy’wa‘sg%%' X “cells/mi. IO We stepped down to 1 x 10
cells/m1 with YPDALGiCHE nigafigmi&rd Fh%ﬂﬁé’téﬂ%?g% AGHeEbkaresd 2
density-at this step shorld not execesk2 iy eells/mbhecaused variable

eﬁpon‘entially rowing yeasts are ngeded for efficient and co ple§ 3
spirettpRstmt .Jl%wg%o%ed ﬁ]rétdleebscljr%é amount of %%I%r’e go Erc?i/‘li)c?e 5%

169.cells) irto stetile SO filbes, through providing suc
diversity, the ability of the mouse 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 producedvin 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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centrifuged at 1000-1200g (2300-2500 rpm in a Jouan GR4-22 centrifuge)
at room temperature for 5-10 minutes, and discarded the supernatant.
Alternatively, 20 large volumes of cells can be pelleted in large conical
centrifuge tubes. We added 20 ml of sterile 1-120 to each tube of yeast
cells, resuspended the cells by Vortexing (or with a pipette), centrifuged
as above, and discarded 25 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 in sodium 30
phosphate, 10 mm EDT,A% containing a J&:goo dilution of freshly added

D RRrBbtoLtTNol AT el e ot 578 k158 cofiapilr hee
Windambiaedd0p] ofthk plrevidliiEcellstispafision wWithQQ phiof % Henv)e
Sbs %%@Q%Qe%m_@%é)&he cell suspension with 90 pl of 1 m sorbitol.

We determined the cell concentration of each mixture with 5 a ,

hemocytometer WatRthe et 88l §Gspensii g the pReigas tLeular

pamnageph ©:306 dworeachdemd of yeass ﬁelt]sgsnenséaort, jaﬂqi,l.Stplmald

190 ol stock of gynalyase 20T, ({GN). We noubated stelionary at on
o6& the cell

30CAt5 minute intervals, combine 10 pi o 10 suspension with
90 pEofB% (WA BDS Bndltrtemiife the BEIfcoriehtrafiBr vathiay ©f V
herageyiareterpWarmenitoresithe deceeasedn the pumber of eelisthat
rema}é%in the presence ofl%tc),'g,j}r%atm. nt (Jcpﬂpcalrgd V\gtp e initial cell
coht&ntration I c(—%rprg:g?ence of sorbi ol)c.1 “ Whén 959761 the cells
becometsed in SDS: irafediatelytdepmifiged Wrsarhple @t-2obi300gns
(1999-1200.1pe% 5,2 iosap SHR4-22ceniifuge) alroem:tempeyatueg ford 3
minutes and poured off the supergnaﬂggnt, carefull¥ éthe pellet should be very
lodsé-DB-ant SOMTERoRS of belld WiFdectf). THE 166 tife o
sphendplastinge(stepskafterzymotasesisratued) isatypgicaliy 5:2minutes.

We gently resuspepded the spherpplasts in-20,mL of §TChUfer (998 Mes .
sorhitol, 10mM Tris, 10mM 25 CaC12) by inversion or careful pipetting, .

cehtrifligeld e SampletP002860y FrYbORLI00 PNt ifa HBG&n BRASS Ve

centiifuge)rdtarbem:tempesatuse far Sumiruttesrandvearefullyipouréc off the

supernatant e is pracedure-one. time; eskispende \
CRCIOEICE af 36 D8 X 108 calE/ ol m SC ond Kol hom 2 oo =2

tefperdtife [OF bRtEE U B8&d i SRpdis 6T S RUSIORARTH ES 1
CRLkS i1 peldWe transferred 1 ml containing 2.5 x 106 spheroplasts of

the spheroolast suspension to a 15-ml tube and.centrif a PR
200-300g (1000@2%& ﬁ?nsﬁueg%a ouan éggﬁéglcee%’tri%%%eggﬁ? e
tempertuffdr SaninLESs: YWe eshBeed alt bPte supetrdtant by slont

aspirgtion with a-grawn-outalass pipette. Withrthe tgke kra semirorizontal

position, we gently added 1 ml of ES cells (at 5,x 106 cells/m1) without
diﬁﬁﬁ)iﬁéﬂﬁgﬁf@.Yspﬂ%golﬁgstopgellgpel'ﬁé‘sptﬁélr%la% :Eéncﬁler%ﬁg%aﬁnd 06
vagye from 25:11b 650k, portiafe pfegdred dwnESedells 15 adianderas

fo'ézg%% we started ES cultures in plates coated with mouse-PHmaR about
feeders, with a starting density of .
0.50 X 10°%, preferably greater than 2.00 X 107°, and

more preferably greater than about 4.00 X 107¢;
dissociation rates (kd in S7') 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
¥ 107, preferably greater than ebout 2.00 X 107%, and

more preferably greater than about 4.00 X 107°.
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15 6 x 106 ES cells per 100-mm plate and standard ES medium (DMEM
high glucose, 100 units/ml of penicillin, 100 pg/ml of streptomycin, 2 mm
i7glutamine, 100 pm 2-mercaptoethanol, 1000 units/ml of murine
Leukemia inhibitory Factor [ESGROmM], and 15% heat-inactivated 20 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 107 ES cells per100-mm plate. We allowed
growth to continue for 16-24 hours. Four hours before 25 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 ESThédigieatrbontiefipetatfe itdiresassendedin not
ssryp-ftee ESmedidmeat =xd08 celis/anii 3gVecenyfugedthe This is
combined spheraplast/ES cell sample at 300g (1200, rpm in a jQu
@ﬁf—%pz%ﬁfr%ﬁgef& r%oﬁwrtee%ﬁel%%rg orO% r%flneul%gs gﬁé o_ué -agrg?efully
aspratethoftalbmedium Withcx dresvreoiit glads pipésteenous pgagentyd

tappad-thetube, tq lgosen the cell paliet and useda B1AQQ tipdg slowly
add 0.5 ml of 50% 5 (w/v) PEG 1500 (pH, 8.0; e.?: Boeringer M@nnhelm
0

78RBS &ining 0 Rt T A Prewained to 37E) WihilgthisSoiditfon
wascheing added oe gently mixedtheaceilsyith thegpipette tip. Once all of
he, seiution was added,,we slowly pipatiedthe cell 10-suspepsion up and

t

down one time. We incubated the cell suspension at room temperature for
00ERBRAS Al Bl Fekfed 5P bf S&Rinffrée BS MdRing by Hipetting
itfeain e, bottom of the tube. We incubated cells at room temperature for
30 minutes and, after 30 minutes, 15 centrifuged the cell suspension at
300g (1200 rpm in a Jouan GR4-22 centrifuge) at room temperature for 3
minutes and caféffi9-RspirEfed SHaIrmBaieh witha B 50t

pipette. We resgispendecithe-qelisqir 40 miof.stan
plated the entire sam Ieé— 5 x 106 ES cells) on a 100-mm mouse
p%i?ﬁW—?é@ﬂ%?—%oé@%“pl &8 SfinitiaP aterhpYes Tt iPthe Generatich of -
teapny £olanies, thenameosit otthe Sangele plated. oadachd(:-ges Ltd.
plate may need to, be adj d downward, 25- We.inct e plat
u?é&rnggﬁgé’rd céﬁ%ggﬁh'co\r%]ﬁ%%‘éaog\/%yﬁ igﬁtnarEl%1 dl%k ﬁ%ﬁ% '{r%blaifle%%ﬁe
niedidmagtreffesnEStmedingt. uding Fllomdy 48 R6urs of GiRbARy tes .

(fter the spheroplast fusionlnwie hepanigrewthunderdhe 391appropriate
selectiye conditions %e., dicta:%idv%y tpgg%p%cificcorrpagnnmﬁlian éelggtable
mafker Tred&ftan e ACT We TEpIated the madiim evéry 2 days. We
pickeden8Z o and pldte ES colbnieson mouse primatiefeederedated
plates fox expansion pex, standasd procedures. We,typically pbseedEShe

colonies 10-15 days following spheroplast fusion. )
bone marrow where it remains throughout the life of the

SN H A AS BILaEeda - 0OF HHA A

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, rapidly‘
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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5Here, seven ES cell clones (referred to as 1 through V in Table 3)
derived from ES cell fusion with yH2Bm-containing yeast were found to

. contain all expected EcoRI and Hamill. yH2 fragments detected by probes

spanning the entire insert. As shown in Table 10 3, the following human
genes were detected 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 V91, VH2, ¥#13; V91, V15, and V96; human
DH, and Jr ; human C, and C5 15 constant regions; mouse switch yl
(mSyl) and human Cyl CH exons. - 83 - TABLE 3 h or 'rn genes ES Sell

Clone 234s6 VH1+++ .
the marrow as 1lmmature B-cells. Most of the emerging

immature B-cells continue to develop and to produce
surface IgD, indicative of their completion of
differentiation and development as fully mature
immunocompetent peripheral B-cells, which reside
primarily in the spleen. [Hardy and Rolink, Ann. NY
Acad. Sci., 764, pp. 19-24 (1995;; Rolink and Melchers,
Immunol. Lett., 54, pp. 157—161 (1996)]. However, it
is possible to eliminate the delta constant region and
still obtain immunocompetent cells.

B-cell differentiation 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
pre-B-cells I or II. Thus, cells that are B220" and
surface IgM" (p’) can be utilized to determine the
presence of mature B-cells. Additionally, cells can be
screened for surface IgD expression (d"). Another
antigen, heat stable antigen, is expressed by

pre-B-cells I and later developmental stages.

TABLE 2
Bone Marrow Spleen

Marker | pro-pre- pre-B- pre~chell 11 | immature mature

B-cell cell T izﬁiglng B- B-cell B-cell
B220 + + + + ++
HSA - + + hi lo
no - - + + +
o* - - - - +
* Assuming the presence of a functional copy of the

C& gene on the transgene.
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+ VH2. + + + V,3 + VH4 -F VHS

Through use of B-cell markers, such as those
mentioned above, development and differentiation of
B-cells can be monitored and -assessed.

We have previously demonstrated that DI mice
(mice that do not undergo heavy chain V-D-J
rearrangement or light chain V-J rearrangement) do not
produce mature B-cells. 1In fact, such mice arrest at
the production of pro-pre-B-cells and B-cells never
move from the bone marrow to peripheral tiésues,
including the spleen. Thus, both B-cell development
and antibody production 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 peripheral
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. 1In 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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than about 50% B-cell reconstitution when compared to

populations of wild type mice.

ISOTYPE SWITCHING BY XENOMOUSE

BAs is discussed in detail herein, as
expected, XenoMouse II mice undergo efficient and
effective isotype switching from the human transgene
encoded mu isotype to the trénsgene encoded gamma-2
isotype. As mentioned above, mice in accoidance with
the invention can additionally be equipped with other
human constant regions for the generation of additional
isotypes. Such isotypes can include genes encoding vy,
Y2, Ysr Yer o, €, O, and other constant region encoding
genes. Alternative constant 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 assoclated with. All of the murine and human

constant region genes had been sequenced and published
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by 1988. See Honjo et al. “Constant Region Genes of
the Immunoglcbulin Heavy Chain and the Molecular
Mechanism of Class Switching” in Immunoglobulin Genes
(Honjo et al. eds., Academic Press (1989)), the
disclosure of which is hereby incorporated by
reference. For example, in U.S. Patent Application
Serial No. 07/574,748, the disclosure of which is
hereby incorporated by referénce, the cloning of the
human gamma~ 1 constant region was predicted based on
known sequence information from the prior art. It was
set forth that in the unrearranged, unswitched gene,
the entire switch region was included in a seguence
beginning less than 5 kb from the 5’end of the first y-
1 constant exon. Therefore the switch region was also
included in the 57 5.3 kb HindIII fragment that was
disclosed in Ellison et al. Nucleic Acids Res.
10:4071-4079 (1982). Similarly, Takahashi et al. Cell
29:671-672 (1982) also reported that the fragment
disclosed in Ellison contained the switch seguence, and
this fragment together with the 7.7 kb HindIII to BamiI
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 sequences (i.e., a
human v, ;, 3, . « cOnstant region with a human vi, 7, 1, or ¢
switch, respectively) or can be associated with other
switch sequences (i.e., a human v, constant region with

a human y. switch). Various 3’ enhancer seguences can
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++ + denotes mouse genes (mSy3 ) EXAMPLE 7 INTRODUCTION OF
ES CELLS CONTAINING THE yH2BM YAC INTO MICE 20In order to
generate chimeric mice from ES cells containing the YAC yH2BM DNA,
we microinjected of blastocysts, followed by breeding. We isolated ES
cells containing the YAC yH2BM DNA as described in Example 5, and
expanded for the generation of chimeric 25 mice. Next, we microinjected
yH2BM-bearing ES cell clones into mogse C57B1/6 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" - 84 - pages 188-196, (1986) (Cold Spring Harbor
lelbecatory Rress) Cott Sprid: HasbarpN¥g]. Chimeric offsprairaggwete name

identified bysGoaf £olor, Takls & Clong# emhryos Inieetrd #divean 2150
be included. ’ :

As an alternative to, and/or in addition to,
isotype switching in vivo, B-cells can be screened for
secretion of “chimeric” antibodies. For example, the
L6 mice, in addition to producing fully human IgM
antibodies, produce antibodies having fully human heavy
chain V, D, J regions coupled to mouse conétant
regions, such as a variety of gammas (i.e., mouse IyGl,
2, 3, 4) and the like. Such antibodies are highly
useful in their own right. For example, human constant
regions can be included on .the antibodies through in
vitro isotype switching techniques well known in the
art. Alternatively, and/or in addition, fragments
{(i.e., Flab) and F{ab'), fragments) of such antibodies
can be prepared which contain little or no mouse
constant regions.

As discussed above, the most critical factor
to antibody production is specificity to a desired
antigen cr epltope on an antigen. Class of the
antibody, thereafter, becomes important according to
the therapeutic need. 1In 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 isotype of antibody. Gamma
constant regions assist in affinity maturation of
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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born pups # of chimeras # chimera breedings it germline 2BM-1- 162 16
1584 2BM-2 14455 3 2 2BM-3 335 20 15 6 0 2BM-4 261 6

- 54 -

to proceed as well in connection with mouse gamma
constant regions which are trans-switched onto the mu

encoded transgene.

EXAMPLE 1

YAC VECTORS FOR MURINE vy1-HUMAN v4
OR_MURINE v1-HUMAN vl

Replacement'vectoré for targeting the parent
YAC yHLC to replace the human v2 switch elément and
human CH vZ exons with the murine vl switch element and
either the human Cyl exons or the human Cv4 exons were
prepared (Figures 1). The vectors were designated as
pMuShul and pMuShu4 (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
sequence can be found in Genbank seqguence database
under tThe sequence accession number Genzsbank #X 06402,
A low copy number origin of replication 1is useful to
prevent unwanted rearrangements or deletions of the
plasmid DNA when propagated in E coli.
The first step was to introduce a linker into

PACYC177 in order to accommodate the elements needed
for the targeting wvector. The linker contained the
following restriction sites: NheI-Sall—-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 ggec ggc cgc tta

cgt atg aat tca gcg cgce tte tag aac tcecg agt gag

ctc
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43028M-5344 15157 1 2BM-6 382 27 278 c 32BM-7 201292775
Table 4 summarizes the data for generating transgenic mice using seven
different yii2BM containing 15 ES cell lines. Five out of seven clones were
transmitted through the mouse germline. EXAMPLE 8 BREEDING MICE
CONTAINING yH2BM

- 85 -

The nucleotide sequence of the complimentary strand of
the linker (SEQ ID NO: 3) 1s shown below:
5'" - gat cga gct cac tcg agt tet aga agce geg ctg
aat tca tac gta agc ggc cgc ccg ggg aat att tgt

cga

Restriction Enzvmes

Unless otherwise stated all restriction
enzymes were purchased from New England Biélabs Inc.
(Beverly, MA). Furthermore, all restriction digestion
conditions were standardized according to the following
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 fcr particular enzymes
and the compositions are provided in the product
catalog from New England Biolabs Inc. (Beverly, MA).

To introduce the linker, pACYCl77 was
digested with restriction enzymes Nhel/BamHI according
to the manufacturer's instructions. The linker as
shown above was ligated with a 2208 bp fragment of
pACYC177 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 from pYAC4,
which is available from the American Type Culture
Collection (ATCC) catalog nco. 67379 (Manassas, VA) and

the sequence can be obtained from Genebank using
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YAC DNA WITH yX2:DI MICE 20In 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 25 chain loci and, thus, lack in antibody production
[see Jakobovits et al., Nature 362:255-258 (1993); Green et al., Nature
Genetics 7:13-21 (1994)]. We bred ane; gf the yK2-transgenic mouse
strains, j23.1, with DI mice to generate mice hemizvgous or homozygous
for yK2 YACs 30 on a homozygous inactivated mouse heavy and kappa
chain - 85 - background (yK2;DlI). The breeding scheme for generating a
revcXendMouse, WHItK i9Bémizygbeas ThiRe §1428%kh Y AC oshpwryides
below.; Subseguent Breedingof XenoMousesmales to xgnoMouse-females

yields XenoMouse 5 proaeny who are either hemizygcus or homozygous
B AB NP dfordfics: Fothithisé pfodety: breetititofihans%hd 52!
famaless bath ofavhichl areyhamozygousafon bathtyH2BM andsyi2i ¢ twibh s .

jel true b ingJi f lQuUSE X M H2BM
A pins e e e Enl (9otioue

imera or Transgenic bred to Y.K2:DI)

VPRI YK 2/ MINKRIMCREX GHEBM-9K 27 :Eenération 2ndxeRshet x

EA%QBWM%BMFVK%mm@xﬁ&wtﬁ%%-:g&@m&&lﬂw-/- 125
eneration 3 (AlImost Xenomoause x yK2:DI) or Xenomouse x yK2;DI

RO FETR 3 et I X GHOBR K MOk K VeSS BN s s o

MANAS MIGEE K YH2 By K2R mjeCK' Xeno Motise Op2BNY, R2DIiduCe

MGx-/-20We confirmed the integrity. of the human heavy and kappa

chain YACs in XenoMouse H2BM strains by Southern blot analysis. In all

XenoMouse HZBN Siiis M?ze%??H%%MR&E%%‘ﬁgﬁﬂt@ uR&itdted

thyeligh taudtiple gengrmationswithen&appatent deletidnsiog2scing Int 2

"CATAGANIANIS 885 FXANBLER BLOW CHTOMETENANALYIS

To further characterize Xenomouse H2BM transgenic mlce,j)e,rlpheral

bRRﬁﬁ%ﬂFﬁﬂ@&?' The beta Gal gene was clonec

vector pGK beta Gal which can be obtained from Cell
Genesys, Inc. (Foster City, CA). The DNA pGK beta Gal

from the

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 Sacl and NcoI. The 1165 kb fragment
from the pGK beta gal digestion was isolated 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 gal and the linearized Int 3 were ligated
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5 lymphocytes were isolated from 8-10 week old mice and controls. The
cells were purified on Lympholyte M (Accurate) (San Diege, CA) and
treated with purified anti-mouse CD32/CD16 Pc receptor (Pharmingen,
01241D) (San Diego, CA) to block non-specific binding to Fe 10 receptors.
Next, the cells were stained with various antibodies and analyzed on a
FACStar" (Becton Dickinson, CELLQuest software). The panel of
antibodies used tc stain XenoMouse B28M cells included: Cychrome
(Cyc) anti-B220 (Pharmingen, 01128A); 15 fluoroscein isothiocyanate
(F1TC) anti-human IgH (Pharmingen, 34154X); FITC anti-mouse IgM
(Pharmingen, 02204D). Lymphocytes from four animals from three

differeftD@hoMouse HPsVSaRwdre ébdludiéd ane 2esmparegdof rom
wilel by enB6/428 mice Lsing flaw eytcmeiry, asishewndmdable,3 below.
Strains >3M£23é\/|'1 XMC-gllMEZ ang Xcli\/I-ZBJé\/IHG thowed out a 60-80%
rSCORERLBGT ih FHEB-caf Rohiparthient Compared OWild-jisa hite O
(Fable 6). 25T rangdenic riice Navirggthe 3812BMY AG DNA showarised
sigpificgnt-human aptibodiand immune;system developmept, <8721 p1unt
Table 5 sttain Ib of B220t Terle AVG.'6 -B CELLs XM-2BM-1 41 34 24
XRESBMED B 24 UG- 2BM-1%3 19 XM-22M-1 04

INTRODUCTION OF 5"HOMOLOGY

The region of 5' homclogy for tatgeted
recombination was isolated from the sequence cf A-267-
Cl0 YAC by rescue of the 3' end and had been previously
cloned into plasmid ppKMlc [See Mendez et al., Nature
Genetics 15:146-156 (1987)1. The A287-C10 YAC was
isolated by screening DNA pools from the Washington
University human YAC library {(Washington University,
St. Louils, 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 94/02602, by Kucherlapati et al., published on
February 3, 1994, and that disclosure is hereby
incorporated by reference,

Int 4 was digested with the restriction
erizymes Notl and SnaBI and then treated with Calf
Intestine Phosphatase as follows: 1 microgram 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

fLo remove the EcoRI site. The linearized ppKMlc wasg
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04 27 XM-2BM-6 01 27 25 XM-2BM-6 #2 28 XM-2BM-6 #3

isolated and digested with the restriction enzyme NotT,
according to the manufacturers instructions. A
fragment of approximately 1 Kb 5° homology was
isolated. Next, the 1 kb fragment was ligated together
with the NotI and SnaBl digested Int 4. This DNA
preparation was named Int 5.

The v1 and v4 CHi, Hinge, CHZ, and CH3 coding
exons, transmembrane exons and approximately 3 kb of
downstream sequence (~7kb each) were introduced into
the replacement vectcocrs thrcugh two intermediate DNAs
derived from pBR322.

First, pBR322 was digested with Hind III,
treated with Calf Intestine Phosphatase (CIP) and
ligated with the approximately 7kb Hind III fragment
containing the vyl sequences from Pl clone #1737 (Gl).
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
Tkb HindIII/BamHI fragment containing the human vé
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, a new linker was cloned into the
Xbal restriction site of Int 5. The linker had the
following restriction sites: Xbalekill -MfelI~-Sspl-
HindIII-SnaRI~BclI-XholI-Mlul-Xbaeckill. Int 5 with the
linker cloned into it was called Int6. The linker

sequence ID NO: 4)is shown below:
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22 XM-2814-6 #4 23 WT B6X129 441 40 39 .1T B6X129 42 38 WT
B6X129 #3 35 WT 86X129 #4 43 EXAMPLE 10 20SERUM LEVELS
OF.RUMAN 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 25
immunoassays see E. Harlow et al., Antibodies: A Laboratory Manual,
Chapter 14, "Immunoassay"”, pages 553614, Cold Spring Harbor ‘
Laboratory Press, Cold Spring Harbor, New York (1988). The
concentration of human immunoglobulins were determined using the

5' cta ggc aat tga taa tat taa gct tta cgt atc tga
tca tcc tcg aga cgc gtg

Complementary strand sequence (SEQ ID NO: 5):
5' cgt taa cta tta taa ttc gaa atg cat aga cta gta
gga gct ctg cgc acg atc

The Linker was oriented in Int 6 as such:
A287 — SnaBI (ex)~EcoRI-BssHII-Xbal (ex)-Mfel-
HingIII-BclI-XhoI-Mlul-pGK-teta Gal

The restriction site XbalIekill indicates that
the particular ¥Xbal site will be 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 Sphl; 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 MQOUSE vyl SWITCH REGION:

The plasmid EH10 was obtained from the
University of Michigan and is a pBR3222 based plasmid
containing a murine yl switch region on a HindIII/EcoRI
fragment [(M.R. Mowatt et al., J. Immunol. 136:2647-2683
(1983)). The plasmid was digested with the restriction
enzymes EccoRI and HindIII and the 10kb fragment
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30 following capture antibodies: mouse anti-human IgM (CGI/ATCC,
HB-57)(Manassas, VA). The detection antibodies used in ELISA
experiments were mouse anti-human IgGI-HR9 (Southern Biotechnology,
9050-05) (Birmingham, Al), mouse anti-human IGM-HRD (Southern - 88 -
Biotechnology, 9020-05) (Birmingham, Al). Standards used for
guantitation of human Ig were: human IgMx (Cappel, 13000) (Costa Mesa,
CA) and human IgG1 (Calbiochem 400%26)-(San Diego, CA). 5As shown
in Table .6, XenoMouse H2BN mice produced significant baseline levels
of both human IgM and human IgG in the absence of immunization. Table
6 Quantitation of higyl and higM in XenoMouse H2BM Igyl IgN pg/ml
pg/om CXVRIBIG- L e 780125208 146Wi1@50wEly2isolated and

purified as above.

CONSTRUCTION OF pMSL4

Construction of pMSL]l involved a three way
ligation. The first element was the 10kb fragment
containing the mouse vl sw1t¢h was isolated from EcoRI
and HindIII digested EH1C0 as described abo&e. The
second element was pBR322 digested with BamHEI and
EcoRI. The final element was the pRR322 based plasmid,
pCG43, containing human v4 on an approximately 7kb
HindIII and BamHI fragment. All three were ligated

together to create pMSL4.

CONSTRUCTION OF pMSL1

Construction of pMSL1 also involved a three
way ligation. The first element was the 10kb fragment
containing the mouse yl switch was isolated from EcoRI
and HindIII digested EH10 as described above. The
second element was pBR322 digested with EcoRI and
BamHI. The final element was pBR322 based plasmid
pCGl2 containing approximately 7 kb fragment of human
vl which was modifled by introduction cf 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 i1s subsequently used in three pilece

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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H-850-T250 101 110 XM-2BM-1 11-908-1 1.3 70 11-908-5 0.35 51
H-953-8 3.7 81 XM-2BM-2 11-873-2 0.8 38 11-873-31.5

Mlul fragment of the pIBgammaZ targeting vector
containing the murine 3' enhancer (HSIg2) cloned into
pIB [M.J. Mendez et _al., Nature Genetics, 15:146-156
(1997) 7.

We digested Int 6-with the restriction enzyme
Xhol, followed by treatment with the Klenow fragment to
create blunt ends. We ligated the resulting linearized
Int 6 with the 0.9 kb Stul fragment of murine 3'
enhancer to create Int 7. We verified the.cloning
reacticon by performing restriction digestion on sample
clones with using EcoRI. 1In addition, we confirmed the
desired orientation of the fragment by digests with
NcoI; Ncel and HindIII; and HindIII and PvuIl 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), folliowed by treatment with calf intestine
phosphatase. Next, we introduced the follecwing linker
by performing a ligatidn reaction and creating
intermediate Int 8. The restriction sites inserted by
the linker intc Int 7 are as follows: Mfelskill-HindIIl-
SnaBIl-BclI-BglII-Bam HI-BgllI-Nhelekill. Again,
Mfelekill indicates that the Mfel site was eliminated

upon ligation into the larger DNA.

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

The nucleotide segquence of the complementary strand
(SEQ ID NO: 7):



52 11-873-41.7 90 XM-213M-6 11-910-4 1 68 11-911-3 0.8 47
11-912-4 0.3 44 15 EXAMPLE 11 IMMUNIZATION AND HYBRIDOMA
GENERATION Groups of six 8 to 10 weeks old XenoMice
112811 were immunized subcutaneously at the base of the tail (or other
route of administration (IP, footpad, etc.) 20 with 10 pg of either
recombinant human IL-8, 5 pg INF-a or GEM cells (for CD147). The
antigen is emulsified in complete Freundé® adjuvant for the primary
immunization and in incomplete Freund's adjuvant for the additional - 89 -
immunization,. For More detailed information and procedures on animal
immunizations see E. Harlow et al., Antibodies: A Laboratory Manual,
Chapter 5 "IifiniZafioAgpdges 59838 CColdBpringaH&abor s9t aca agt
Laboratory Press, Cold Spring Harbor, New York (1988). Immunizations
are carried out at 3-4 week intervals for at least 3 booster immunizations

(boosts).
TARGETING VECTORS

The complete targeting vectors were
constructed by digesting Int8 with the restriction
enzymes Scel and HindIII, foliowed by treatment with
calf intestine phosphatase. The plasmids pMSL1 and
pMSL4 were partially digested with the restriction
enzymes Scel and HindIII. A 17 kb fragment was
isclated by polyacrylamide gel electrophoresis. The
purified 17 kb fragment was ligated with Int 8 to
create the final targeting vectors as shown in Figure
5.

EXAaMPLE 2
TARGETING OF v1 OR v4 CONSTRUCTS ON yHiIC 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 thelr own
uracil. Similarly, SC-1YS plates contain a media for

growth of yeast which lacks lysine and selects for
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When making monoclonal antibodies, the mice receive a final injection of
antigen or cells in PBS 10 four days before the fusion. 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, 15

Cold Spring Harbor, New York (1988). Lymph node lymphocytes from
immunized mice are fused with the nonggecretory myeloma NSO cell line
[S. Ray, et al., Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the
P3-X617*Ag8.653 myeloma and are subjected to NAT 20 selection as
previously described [G. Oalfre, et al., Methods Enzymol. 73:3-46 (1981)].
THbRST SROWS THdt Srafsgénie Fhick Protireddeediding o Exampres 6-8he
abeue, jandHnaunized withyregembinanthwman hs=8, BPIUENEKYQles and
CEM cells ({or CD147) yielded human ’@%3 onoclonal_gngbog:gs.k -
EXAMPLETS DLENER UATION BF RNTBOBYSPECIEITY ANBE oF
ISOTYPE&ESWegderfdmmel dh EeISfefor theddetermihation offwvhetheyrew on
trapsgenic mice were praduging 30 antigencspecificantibodies (Fablerph
We determined the antigen sEecmmgy and isotype of antibodies - 90 -

iSBRted froAT motisE S AhdFromthybridéina Aipetiitants akated and
describedd€atigam el glr, dnait 2. 1¢ HEnzy me=Hnketbimm@agsorhenteva luate

azsays, 40 Gurrent Protocgls,in lmmunology, (1 23d).l, Using Lecombinant 5

human IL-8, 0D147 and INF-a.to capture the antigen-specific antibodies.
Weesgeerhed the cbRééntfatidfr of HimGrogl6blihstistiFtherould
fallewing-eapture-antibedies: vabhitantbiuman égG{Southeture 1) . The
Biotechnalogy, 6145-01), The detection antibodies.used 10 in ELISA .
e%penrﬁerrﬁs were mouse aﬁtﬁhuman?g&ﬁﬁﬁ% (Cfaﬁtag, Mo
(Burfingarae, CAPIInGUse aftithuMaRtieM-ARB- (Southern Biotechnology,
9020-05), and goat anti-human kappa-biotin (Vector, BA-3060). Standards
used for quantitation oIlh man %n.dbmousei are: human lI Gl
(CAiBiobhaMC A00125 haan TGVIK (Cabpal, 130007 hifh 662K
(CalbiocHér; 460122 cmouse JgGKYCappelb5939),anouse IR NO: 8)
(Sigma, M:379%); apd mause 1gG4XJHgmadv@piolaied fagheo: o)

shows that transgenic mice 20 produced according to Examples 6-8
above, and immunized with recombinant human IL-8, 5 pg TNF-a or CEM

cells (for 0)147)1yielded humsarligGinmonoc drdlamtibddies thatovere o

antigen:specific.and. ofghe predictedeisQtypgnas fo11owed by 60°C for
45 seconds and then 72°C for 90 seconds per cycle. HG1
primer was positioned at nucleotide 181 on consensus
human Cvyl, Cv2, Cy4 alignment and primer HG3 was
positioned at nucleotide 994 of this alignment. These
primers will amplify DNA from Cvl, Cy2, and Cv4
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 126 bp

when Cy2 DNA is the template for the PCR products, but
does not cut the product if Cyl or Cvy4 is the template.



- 91 - Table 7 EXAMPLE 13 INTRODUCTION OF THE yH2CM YAC
INTO ES CELLS We introduced the YAC, yH2CM, into mouse
embryonic stem (ES) cells by yeast spheroplast fusion 15 as described in
detail 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 548-550, Cold Spring
Harbor Laboratory Press, Plainview, NY}.4,20 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
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ES cells which had been cultured as described [see Jakobovits et al.,
N&furé 862:265- 288225 ¢1008}:aGieeh drnd yNateGendticses3-picts

(1@1%) foReohestsen in Teratocarsinemagard Embryonie Stem Gellsz 79 vp
es 71-112, IRL, Oxford (1987)] HAT. electl n - 92 - was Initiated 48
g]r@réft%wusﬁ c?-)ﬁ:;l'—%‘%IE)%gltlve ?8&1 donéS fueté Skt ety enzyme

fr@«y.l@%yzoé 4 totorel $5-20% mcmspdmustHthsmtﬁnmesn\mr@f
expandsg forgenome B?ab@ér? eranglyzed forS YAG ”‘r,tﬁ%tyv?é/y

Southern and CHEF blot analyses. In control experiments with mock

fudiohs gt ESCcelRHntRfeasP §pﬂ@r§p%%\%l HoXIGHIES Were! dsferted.
Ten ES cell clones (teferredte as&Slenes - 10 i fahle:8) detived frogr 1

ES cell fu5| n with 1@ CM- confaining st contalne l.e ected
Eggﬁl andC amiﬁ Jfégrﬁé(ntg%lé{:e%teg %ar pro tes splgr?tnmg the entlré} !
insért tAs sk msniatéﬂ@% hecdetectedane fémﬁ@huﬁ@ﬁeg@m iRYhe

ES cell wepameiascpart ekeharacterzationefithe £S cell RNA-priar-te

trarégqgnlc 15 g]/%%g%?—%%ratlonl\{[all the dlf{}%?é]t VH fa ilies couldl_?f 45,

deteSRaRAHL : NHa, VB and Urian DI—P VN

hynan G5 and Qo Eenstant régions arhouse Switels yI((W¥SY) and htindan

Cyd £HLex0ns. 331 Eable Sphorraroenes ESiCelbClone &:gested
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,V1i-6. [See M.J.
Mendez et al., Genomics 26, 284-307 (1985); M.J Mende:z
et al., Nature genetics vol 15, 146-156 (1887) (V3
probe) ]
The following probes were used for Southern blotting:
HG1 : CAC ACC GCG GTC ACA TGG C (SEQ ID NO: B8)
HG3: CTA CTC TAG GGC ACC TGT CC (SEQ ID NO: 8)
These primers will amplify ~820 bp fragment for gamma
1,2 and 4 . Either one can be used as a probe as they

are highly homologous.
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To amplify VH5 following primers were used:

VHbA: 5' GTC GAC GGG CTC GGG GCT GGT TTC TCT (SEQ ID
NGC: 10) '

VH5B 5' GGG CCC TGA TTC AARA TTT TGT GIC TCC (SEQ ID
NO: "11)

For HPRT following primers were used
REP3: 5' CTG GAG TCC TAT TGA CAT CGC C (SEQ ID NO: 1%2)
REP4: 5' GGT TCT TTC CGC CTC AGA AGG (SEQ ID NO: 13)

And, finally, to amplify Cmu following primers were
used

Jmi: 5' GCT GAC ACG TGT CCT CAC TGC (SEQ ID NO: 14)
Jmé: 5' CCC CAG TTG CCC AGA CAA CGG (SEQ ID NO: 195)

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 Cvyl as yHZBm

and the YAC encoding human Cy4 as yH2ZCm.

EXAMPLE 3

CONSTRUCTION OF VECTORS FOR RETROFITTING
vH1C YAC TO w1 (TV G1l) AND v4 {(TV G4)

Vector construction for preparing the
targeting vectors to retrofit the yHI1C YAC to yHG1 and
vHG4 is schematically shown in Figure 6. The targeting
vectors were built on a backbone of pACYC177 (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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We called the pACYC177 vector containing the linker Int
9. The arrangement of restriction enzyme cloning sites
in the linker was as follows: HindIII-SalI-Mlul-PacI-
FseI-HindIII. The linker nucleotide sequence (SEQ ID

NO: 16) is shown below:
5' agc ttg tcg aca cgc gtt taa tta agg ccg gcc a

The nucleotide sequence of the complementary strand

{SEG ID NO: 17):
5' agc ttg gcc ggce 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 Mlul site of pACYC177 modified with the linker
shown above and the DNA is called Int 10. Proper
orientation of murine 3' enhancer was determined by
digesting prospective clones with the restriction

enzymes NgoMI and EaglI.

Amplification of a 5' homology region

A region of 5' homology was obtained by PCR
amplification of the relevant portion of pIBgammaZ
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

werel[See also Genbank Accession no. M1238%8];:

Primer 1 :5' tgg tgg ccg aga agg cag gcc a (SEQ ID NO:
18)
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Primer 2 :5' ccg cgg gca tgc aac ttc gta taa tgt atg
cta tac gaa gtt att gtg gga cag agc tgg gcc
cag g (SEQ ID NO: 19)

Primer 2 contains SacII and Sphl sites as well as a lox
p element. The 5' homology region was PCR amplified
using the following PCR conditions: 20 cycles of 94°C
for 3 seconds, followed by 55°C for 30 seconds, and then
72°C for 60 seconds. The region was then éequenced
after cloning it into TA-TOPO vector. TA-TOPO is

available from Invitrogen, Inc. (Carlsbad, CR).

The primers for 5' homoloygy sequencing are shown bhelow:

seqgl: gtc tgg ccc ctce tge tge (3EQ ID NO: 20)
seqg?: cac cca taa aag gct gga (SEQ ID NO: 21}
rev. seql: acg gct cat gcc cat tgg (SEQ ID NO: 22)
rev. segl: tag tga gtg ggc ctg act (SEQ ID NO: 23)

1

We compared the resulting sequence to the
human switch yv2 sequence (Genebank #U39934) and

determined that it is identical.

Cloning of v4 coding and 3' homology regions
W

D

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

IntI G4 was digested with BamHI, treated with

calf intestine phosphatase and then the vector were
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isolated using agarose gel electrophoresis. The
isolated vector was ligated as described before with
3.4 kb BRamHI fragment from pIB gammaZ2. Orientation of
the insert was determined by double digest NotI/Hind
III. The HindIII site was determined to be at the 5’
end qf 3.4 kb BamHI fragment as determined by the sizes
of fragments after digests.

Next we needed to determine orientation of
the linker in pACYCl77/enhancer plasmid. This was done
by preparing a panel of double digestions of
pACYC177/linker with Smal and with one of each of the
following second enzymes, Sall, Mlul, Pacl and Fsel.
Linker orientation was determined by sizes of resulting
fragments.

The positions of restriction sites in

pACYC177/enhancer plasmid is as follows: Clal/Smal

(DACYC177)-HindIII-Fsel-PacI-MlulI- ({enhancer:Pstl-
Pvull-EcoRI-Ncol-Nhel-Apal}) -~MluI-Sall)- Pfmll
(pACYCLT7) .

The next step was to clone URA 3 gene into
pACYC177/enhancer plasmid. The purpose of this 1is to
retrofit the targeting vector with a selectable yeast
marker, as well as 3' homology to drive homologous
recombination. In corder to clone URA3 gene, Int 2
(constructed for original TVl and 4, described in
Example 1) was digested using SacII/Sall. Similarly,
the pACYC177/enhancer plasmid was digested with
SacII/Sall. 3.8 kb fragment from Int 2 digestion and a
5kb fragment from pACYC177/enhancer were isolated on
agarose gel electrophoresis and ligated together. The
resulting plasmid contains enhancer and URA3 gene in
pACYC177 backbone. The next step was to inﬁroduce two

more linkers into Intl G4 with cloned 3.4 kb Bam HI
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fragment. The resulting intermediate was called Int 2
G4.

The Linkers were as follows: NotIkill-FseI-NotIkill and
Linker sequences:
GGCCATGGCCGGCCAT (SEQ ID NC: 24)

TACCGGCCGGTACCGG (SEQ 1D NO: 25)

The second linker had the following restriétion sites:
BamHI-KpnI-EcoRV-Mfel-Fsel-Sfil-BamHIkill:
GATCCGGTACCGATATCCAATTGGGCCGGCCECECCATATAGGCCT (SEQ ID
NO: 26)

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 NotI sites. In addition,
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 yHIC 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 linker. 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 introduced with a
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++++ rn - denotes mouse genes (rnSyl ) EXAMPLE 14
INTRODUCTION OF ES CELLS CONTAINING THE vH2CM YAC INTO
MICE 20In 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 25 of chimeric
mice. Next, yH2CM-bearing ES cell glog S were microinjected into mouse
C57131/6 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 30 Dlastocyst" pages 188-196,
(1086} £Coldrspring=Haraor lsaberatosy Presss:Cold Spring Harbak A\Y))].

Cﬁirﬁ%rtiﬁ%f?pﬂ}(‘i% ﬁ{‘éﬁeﬂdg’ﬂ@féesd %}é%&%&c"é‘iﬁ l@%‘q& aSPeA cation

embryos Injecte #live born pups # of chimeras # c imera bree Ings

gerinlifes2@misi tion and orientation of the linker. The
plasmids retrofitted with linker are now Int 3 Gl and
Int 3 G4.

The next step was to clone into Int 3 G4
plasmid, a 1.5 kb fragment obtained by BamHI/EcoRI
double digest of pIBgamma?2 piasmid. The 1.5 kb
fragment was cloned into BamHEI partial digést/MfeI
digest of Int 3 G4. Since it was directional cloning,
no orientation determination was needed in this step.
The resulting plasmid was called Int 4 G4.

The next step was. to lntroduce the linker
with the restriction sites Notlkilli-Fsel-Notikill. Int
4 G4 was digested with NotI, treated with calf
intestinz phosphatase, isolated on agarose gel and
ligated with the linker. The resﬁlting plasmid was
called Int 5 G4. Again, there was no need to determine
linker orientation in this step. As a result, a unique
Not I site was eliminated and one Fsel site was added.
The purpose of introducing the Fsel site was to allow
cloning of a fragment spanning from 5' homology region
to the 1.5 kb fragment to pACYC1l77/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 pACYC177/enhancer/ URA3. The orientation
of this insert was determined by a double restriction
digest with NotI/FselI. The final targeting vectors
were called TV G4. ,

To construct the TVGl targeting vector toi

retrofit the yH1IC YAC with human Cyl coding exons and a
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a region of 3' homology, we use the procedure described
above for the construction of TV G4. We obtain the Cyl

coding exons and 3' homclogy region from plasmid pCGl2.

EXAMPLE 4 CONSTRUCTION OF TARGETING VECTORS TV
G1/2 AND TV G4/2 FOR TARGETING OF yHIC
YAC FOR NON-COGNATE SWITCHING

Next, we constructed a vector, TV G1/2, which
has a chimeric construct of human vyl CH coding exons
attached downstream of 5 kb of human switch v2 region
DNA (Figure 3). 1In addition, this vector contains
human y2 transmembrane exons located 3' of the yl CH
coding excns {(Figures 3). The vector is based on
pACYC177 vector, which 1is available from New England
Riclabs (Beverly, MA). We constructed the vector,

which we call TV G1/2, using the following procedure:

1. First, 5 ug of plBgamma? 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™2Z.1

vector) was subjected to partial digestion with
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restriction enzyme Xmnl followed by digestion with

the restriction enzyme HindIII. The digestion
with XmnI occurs 75 bp upstream of the v2 stop
codon. Therefore, the 4th exon of the vy1/v2

chimeric gene initially contains 75 bp of v2 in

addition tc the two 3' yv2 membrane exons. The

coding region fo vyl and vyv2 are identical
throughout this 75 bp région and there 1is no
effect. | |

Next, 5 ug of pCGl2 was digested with the
restriction enzymes HindIII and Xmnl and a 1.7 kb
fragment was isolated by agarose gel
electrophcresis. The vector pCGl2, which is
described in Example 1, contains approximately 7kb

of human vl.

The 1.7 kb HindIII/Xmnl fragment comprising most
of the coding sequences of vl obtained from pCGlz
was ligated into the HindIII/XmnI partially
digested vector (6.5 kb fragment + pCR™2.1 vector)

described in step 2.

The resulting plasmid ccntains chimeric sequences
of coding regions of yl attached to a downstream
region of yv2 thal contalns transmembrane exons.
We verified the composition of the plasmid by

restriction digestion with Ecod7III.

The pCR™2.1 vector having cloned 5’ homology,
described in Example 3, was digested with Sacll
and BamHI. Likewlse, we digested the plasmid
described in step 5 with SaéII and Bam HI (double

digest) and cloned an approximately 5kb fragment
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Table 9 summarized the data for generating 15 transgenic mice using nine
different yE2CM containing ES cell lines. Two out of nine clones were
transmitted through the mouse germline. EXAMPLE 15

BREEDING MICE CONTAINING yH2CM YAC 20DNA 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. yge DI mouse 25 strains were
-homozygous for gene targeted*inac ivated mouse heavy and kappa chain
loci and thus were deficient in antibody production [see Jakobovits et al.,
Nature 362:255-258 (1993); Green at al., Mature Genetics 7:13-21
(1994)]. OHneroftthe yKPatsarisfeinc:30 nictise&Ralts, ¥23.49o was bred with
e 1o ahelate.pice hemiaoads o1 foTezyaus oLy JiGs.on 2

- 95 - homozygous indctivated mouse heavy and kappa chain background
(yK2;DI)VFRE DFedtiltd seREHhE foF§eeratidg & Mew XensiAodse avHigH s
is hemizygeus for dheyH2EM XA iseshomndael e e Sukseguienybreeding o
of 5 XenpMouse males to XengMouse'females.yields XenoMouse .
progenylwrhosgreepei%%‘r he%r;eizygg%u%r&lhnoerr%oz%}ggug%reyﬁfctl\}l %Iﬁd?ofr the
yK2. Fropatheseipregenty, reéding of htsted-and féthales gsoth of which

are homgzygausforbath-yH2EMandai2 will yield adrue braeding line of
10 XenoMouse H2CM. XenoMouse 112CM Breeding scheme Generation
1 : (ChifeH 6 FRfBgeARbrad 16 YK DA YH2 ?W 2H3WIRA PCR2.1
MCK4skXeyH2@EM-;yK2'; €&enezatidm2 s(Xemohetrx YK2MD1Y 15 yHRCM2 ting
y1:2' 21043 imCICIX YH2CMyE 2L MGck Seneration 3 (Almost,
Xenomouse x yK2:Dl) or Xenomouse x yK2;DI) yH2CM-F;yK2-mJil',
MCK-1-Y6 YA EME VIS HR - - FREK IO JHOEMi SREBGH 5ig v 1/v2 ¢,
mCml/-y&tR€1y S;yK2';mJIC/-;mCKI/- 20 XenoMouse: yH2CW; yK2';; mCK
The integrity of the human heavy and kappa chain YACs in XenoMouse
H2CM strains was confirmed by Southern blot analysis. In all XenoMouse

172CM dimireaaaied, STHIEM wairansmitted thaltereathfotRes S’
multiple generatigns withno: apparent daletions arrearrangementst

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 SacI.

C. The URA3 gene obtained 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



- 96 - EXAMPLE 16 FLOW CYTOMETRY ANALYSIS To further
characterize Xenomouse H2CM transgenic mice, peripheral bloodand
spleen 5 lymphocytes were isolated from 8-10 week old mice and
controls. The cells were purified on Lympholyte M (Accurate) (San Diego,
CA) and treated with purified anti-mouse CD32/CD16 Fc receptor
(Pharmingen, 0124ID) (San Diego, CA) to block non-specific binding to Fc
10 receptors. Next, the cells were stained with various antibodies and
analyzed on a FACStar's (Becton Dickiféor; CELLQuest software). The

. panel of antibodies used to stain XenoMouse H2CM cells included:
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Cyehrome (Cyc) anti-B220 (Pharmingen, 01128A); 15 fluoroscein
isothiocyanate (F T @ntihuman IgM (Pharmingen, 3AlodX) EH G o

anti-mouse IgM (Pharmingen, 02204D). Lymphocytes from two animals

from two differéRtX ety E KZCHI Wi batey &rddo 1) -

compared to wild type B6/129 mice using flow cytometry as shown in

Table 10 below. . traig XM2Cm-2 homo showed about.a 80-100%
rgdonst%uetio%ﬁﬁ %ﬁeeg-c%%éognopél\ﬁrtr%éfna%ﬂgt% 1 50 rgtn%g%n%:lr%lsc%lg
having the YH2CM YT BNEPshoviRE sighfificadit hiimeamtantibeoey el
immunessysters deyelopment Gontrok 429136, Bf1XgReMOUSE 2Ring) .

R s s e

22.2 1296361248 by using an EcoRI digest. The resulting
plasmid, which we designated Int 3, has a 5
homology region with a URA3 gene downstream in the

low copy origin background (pACYC177).

9. To finish contruction of the final targeting
vector for the G1/2 chimeric YAC, we partially
digested the vector having the cleoned 5' homclogy
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 IgG constant region and cloned it
into EcoRI and Sacl sites of Int 3, which resulted
in the TV G1/2 targeting vector. There was no
need to determine the insert orientation, since we

intrcduced 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 Xbal. 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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129xB6 24.5 HI 0.6 XM2A-5 het 29.2 XM2A-5 het 23.7 XM2A-5 homo
23.4 XM2A-5 homo- 25.5 XM2Cm-2 het 19.3 XM2Cm-2 het 19.2
XM2Cm-2 homo 29.8

- 75 -

We contruct the TV G4/2 targeting vector, which
has a chimeric construct with human v4 coding exons
attached downstream of 5 kb of human switch v2 region
DNA and human y2 CH coding exons (Figure 4) utilizing

the above-described procedures with some modifications.

Thevplasmid produced in step 1 is subjected to
partial digestion with restriction enzyme XmnlI followed
by digestion with the restriction enzyme HindIIZ. The
digesticn with XmnI occurs 75 bp upstream of the y2
stop codon. Therefore, the 4th exon of the v4/y2
chimeric gene initially contains 75 bp of v2 in
addition to the two 3' y2 membrane exXons. There 1is a
single base pair difference between v4 and y2 in this
region, 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 Directed
Mutagenesis Kit from Clontech lLaboratories Inc. (Palo
Alto, CA).

The we perform the repair using two synthetic
oligonucleotides: one to replace the nucleotide
necessary to switch sequence from v2Z to vy4 and an
auxiliary oligonucleotide to eliminate a Notl site in
the pCR2.1 vector with the cloned chimeric G4/2 7kb
fragment.

For replacing C with T, we use the following
oligonucleotide:

CCTCTCCCTGTCICTCGGTRAATGAGTGCC

The T residue in bold is replacing C in original
plasmid.

The second oligonucleotide (to eliminate Notl site
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XM2Cm-2 homo 23.6 Avg.129x136 23.8 1.4 DI 0.6 Avg. XM2A-5 het
26.5 +3.9 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

- 76 -

TATCCATCACACTGGCGACCGCTCGAGCAT

This oligo contains a Not I site (shown in bold) in
which a G has been replace with an A to disrupt the
site. We sequence part of the plasmid to confirm that

the correct nucleotide was replaced.

EXAMPLE 5
TARGETING STRATEGY

We linearized the above described wvectors,
™I, TV4, TV Gl, TV G4, TVG 1/2 and TV G4/2 and used
them to transform yeast cell cultures with yHIC YAC by
lithium acetate transformation. We subsequently used
the linearized vectors to replace the targeted genes on
VH1C as described below, to produce the new YACs yHZBm,
yH2Cm, yHG1l, yHG4, yHG1/2 and yHG4/2 respectively
(Figures 1-4). We plated yeast cells on SC-URA medla
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 yHG1l/2, the URA3 gene 1n
resulting YACs was flanked by 5’ homology sequences
which we removed as follows.

We plated yeast cultures containing yHG1/2
YAC on agar plates with 5 FOA (negative selection for
URA). We checked the resulting 5 FOA-resistant clones
for integrity by pulse field gel and Southern blots as

outlined above.
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25 antibodies in unimmunized mouse serum was carried out. For more
detailed information and procedures on immundassays see E. Harlow et
al., Antibodies: A Laboratory Manual, Chapter 14, "Immunoassay", pages
- 96 - 553-614, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York (19E8). The concentration of human immunoglobulins were
determined using the following capture antibodies: mouse anti-human IgM
5 (CGI/ATCC, HB-57)(Manassas; VA). The-detection antibodies used in
ELISA experiments were mouse anti-human IgG4-HRP (Southern
Biotechnology, 9050-05) (Birmingham, AL), mouse anti-human IGM-HRP
(Southern Biotechnology, 9020- OSL(Blrmlngham AL). Standards 10 used
for guantltatlon"%ﬁ heRfan-lEwerss hufran g fappaf, 13000) (CodaC toT
ap EAYand htimean/ g1 (Galbigcherr400126) (Sams Diego, CA)Y
A§ own. in T Ie 11 OWS Qh %%Q{ngle%%ygg%groduced
sighi |cant15‘§s |ne Ieve S of both human 15 IgM and laG4 in the absence
of immunization. - 99 - Table n Mouse ID 111(pg/m1) lagG ( g/ml) higC4

(RYMIEIZ9x 86 2129 x 86

INTRODUCTION OF THE vH2BM YAC INTO ES CELLS

We introduced the YAC, VHZBM, into mouse
embryonic stem (ES) cells thfouqh veast spheroplast
fusion as described in detail below. [See.B. Birren et
al., Genome Analysis: A Laboratory Manual, Volume 3,
Cloning Systems, "Chapter 5: Introduction of YACs into
mammalian cells by spheroplast fusiocn”, pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, 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)]. 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. 1In 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 107 veast cells are needed.
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We inoculated selective medium (SC-) with
freezer stock to give a starting inoculum of
approximately 5 x 10% cells/ml. We determined the cell
density in the culture by use of a hemocytometer. We
grew the cells at 23°C with shaking at 250 rpm
overnight. Incubation can also be at 14°C or 18°C to
increase YAC stability. Culturing at 30°C may result in
deletion of some Ig géhe segments in the YAC. 1In the
morning, the culture density was be 2 x 107 cells/ml.
We stepped down to 1 x 107 cells/ml with YPDA (rich)
mnedium, and incubated for 2-3 hours. Culture density
at this step should not exceed 2 x 107 cells/ml because
exponentially growing yeasts are nzeded for efficient
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 a 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,0 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 sorbiteol, 10 mM 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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We combined 10 pl of the previous cell
suspension with 90 pl of 5% (w/v) SDS and another 10 nl
of the cell suspension with 90 pl of 1 M sorbitol. We
determined the cell concentration of each mixture with
a hemocytometer. Warm the yeast cell suspension from
the previous paragraph to 30°C. For each 1 ml of yeast
cell suspension, add 1.5 pl of a 100 myg/ml stock of
Zymolyase-20T (ICN). We incubated stationary at 30°C.

At 5 minute intervals, combine 10 nl of the cell

suspension with 90 pl of 5% (w/v) SDS and determine the
cell concentration with a hemocytometer. We monitored
the decrease in the number of cells that remain in the
presence of SDS treatment (compared with the initial
cell concentration in the presence of sorbitol).

When 95% of the cells beccme lysed in SDS,
immediately centrifuged the sample at 200-300qg
(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.



10

20

25

30

9 XM2A-5 98.0 409.7 10 XM2A-5 85.1 18.2 11 XM2A-5 72.0 425
12 XM2A-5

FUSION WITH ES CELLS

We transferred 1 ml containing 2.5 x 10°
spheroplasts of the spheroplast suspension to a 15-ml
tube and centrifuged 1 ml at 200-300g (1000-1200 rpm in
a Jouan GR4-22 centrifuge) at room temperature for 5
minu?es. We removed all of the supernatant by slow
aspiration with a drawn-out glass pipette. With the
tube in a semihorizontal posifion, we gently added 1 ml
of ES cells (at & x 10° cells/ml} without disturbing the
Spheroplast pellet. The spheroplast:ES cell ratio can
varylfrom 25:1 to 50:1.

We prepared the ES cells in advance as
follows: we started ES cultures in plates coated with
nouse 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/ml of penicillin, 100
ng/ml of streptomycin, 2 mM n-glutamine, 100 num
Z-mercaptoethanol, 1000 units/ml of murine Leukemia
inhibitory Factor [ESGRO"], and 15% hea ~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/nml.

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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carefully aspirated off all medium with a drawn-out
glass pipette.

We gently tapped the tube to loosen the cell
pellet and used a P1000 tip to slowly add 0.5 ml of 50%
(w/v) PEG 1500 (pH 8.0; e.g., Boeringer Mannhein
783641) containing 10 mM CaCl, (prewarmed to 37°C).
While this solution was being added, we gently mixed
the cells with the pipette tip. Once all of the
solution was added, we slowly pipetted the'cell
suspension up and down one time. We incubated the cell
suspension at room temperature for 90 seconds. We
slowly added 5 ml of serum-iree ES medium by pipetting
it from the becttom of the tube. 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 all 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 tc be adiusted downward.

We incubated the plates under standard ES
cell growth conditions overnight and then replaced the
medium withAfresh ES medium.

Following 48 hours of calturing {(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
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and plate ES colonies on mouse primary-feeder-coated
plates for expansion per standard procedures. We
typically bbserved ES colonies 10-15 days following
spheroplast fusion.

Here, seven ES cell clones (referred to as 1
through 7 in Table 3] derived from ES cell fusion with
YHZ2Bm-containing yeast were found to contain all
expected EcoRI and BamHI yH2 fragments detected by
probes spanning the entire insert. As'shoWn in Table
3, the following human genes were detected 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 V41, V.2, V.3,
Vg4, Vy5, and V,6; human Dy, and Jy ; human C, and C;
constant regions; mouse switch vi (mSyl) and human Cyl

Cy exons.
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TABLE 3
hor'm ES Cell Clone
genes 1 2 3 4 5 6 7
Vil + + + 0 + + + +
Vg2 + + + + + + +
Vi3 + + B o+ + + +
Vié + + + + + + +
V5 + + + + + + +
Vy6 + + + + + + +
Dy, + 4 + + + + +
Ty + + + + + F +
oN F + + + + + +
Cs + + + + + + +
mSyl + + + + + + +
Cvl + + + + + + +

M ~ denotes mouse genes (mSyl)

EXAMPLE 7

INTRODUCTION CF ES CELLS CONTAINING
THE vH2ZBM YAC INTO MICE

In order to generate chimeric mice from ES
cells containing the YAC yH2BM DNA, we microinjected of
blastocysts, followed by breeding. We isolated ES
cells containing the YAC vH2BM DNA as described in
Example 5, and expanded for the generation of chimeric
mice. Next, we microinjected yH2BM-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 into the Blastocyst"
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pages 188-196, (1986) (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY}]. Chimeric offspring

were identified by coat color.

Table 4
Clone # embryos # live # of # chimera #
Injected | born pups | chimeras breedings germline
2BM-1 162 16 15 8 4
2BM-2 144 5 5 3 - 2
2BM-3 335 20 15 6 0
2BM-4 | 261 5 1 3 0
2BM~5 344 15 15 7 1
2BM~-6 382 277 277 8 5
2BM-77 201 29 27 '/ S

Table 4 summarizes the data for generating
transgenic mice using seven different YHZBM containing
ES cell lines. Five out of seven clones were

transmitted through the mouse germline.

EXAMPLE 8

BREEDING MICE CONTAINING yH2BM
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 et al., Nature 362:255-258 (1993): Green et
al., Nature Genetics 7:13-21 (1994)3). We bred one of
the yK2-transgenic mouse strains, J23.1, with DI mice
Lo generate mice hemizygous or homozygous for yK2 YACs

on a homozygous inactivated mouse heavy and kappa chain
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background (YK2;DI). The breeding scheme for
generating a new XenoMouse, which is hemizygous for the
yHZ2BM YAC is shown below. Subsequent breeding of
XenoMouse males to XenoMouse females yields XenoMouse
progeny who are either hemizygous or homozygous for
yH2BM and/or yK2. From these progeny, breeding of
males and females, both of which are homozygous for
both yH2BM and yK2, will vield a true breeding line of
XenoMouse yHZBM. ' ‘

XenoMouse H2BEM Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)
yHZBM; yK27; mJ,* ; mCx*~ 3' yH2BM™; yK2*; mJ, " ; mCx™’"
Generation 2 : (Xénohet X YK2:DI)
yHQBM‘;yK2*nmﬂﬁ“;méK”’ X  yH2BM ; yK2";mJy, " ;mCk™/"

Generation 3 (Almost Xenomouse x yK2:DI)

- or Xenomouse x yK2;DI)

YHZBM+; yK27;mJy™/";mCR™™ X yH2BM ; yK2*;mJy’" ;mCr™""

YH2BM+; yK2';mJy™"";mCk™" X yHZBM :yK2*;mJ,’ ;mCx" ‘"

XenoMouse: yH2BM'; yK2*; mJ,”’"; mCx ™/~

We confirmed the intégrity,bf the human heavy
and kappa chain YACs in XenoMouse H2BM strains by
Southetn blot analysis. 1In all XenoMouse H2BM strains
analyzed, yH2BM was transmitted unaltered through
multiple generations with no apparent deletions or

rearrangements.



28 X12Cm-2 28.1 14,8229 XM2Cm-2 27.3 30.1 30 XM2Crn2 32.6
69.3 292116 M.D.

10

20

25

EXAMPLE 89
FLOW CYTOMETRY ANALYSIS

To further characterize Xenomouse H2BM
transgenic mice, peripheral blood and spleen
lymphocytes were isolated from 8-10 week old mice and
centrols. The cells were purified on Lympholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-mouse CD32/CD16 Fc receptor (Pharmingén, 01241D)
(San Diego, CA) to block non-specific binding to Fc
receptors. Next, the cells were stained with various
antibodies and analyzed on a FACStar®™ (Becton
Dickinson, CELLQuest software). The panel of
antibodies used tec stain XenoMouse H28M cells included:
Cychrome (Cyc) anti-B220 {Pharmingen, 011283a);
fluoroscein isothiocyanate (FI1TC) anti-human Ig
(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-§
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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Table b
AVG., %
strain % of B220* IgM' - B CELLs
AM-2BM-1 #1 34 24
AM-2BM~1 #2 24
AM-2BM-1 #3 19
XM-2BM~1 #4 17
XHM-2BM-2 ¥1 58 78
XM-2BM-2 #2 27 :
AM-2BM-2 #3 29
XM-2BM-2 #4 27
XM~-2BM~-6 #1 277 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 BoX129 #3 35
WT B6X129 #4 43
EXAMPLE 10

SERUM LEVELS OF 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
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 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, 9050-05)

(Birmingham, AL), mouse anti-human IGM-HRP (Southern
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IMMUNIZATION AND HYBRIDOMA GENERATION Groups of

six 8 to .10 weeks old XenoMice H2CM were immunized subcutaneously

at the base of the tail 5 with 10 pg of either recombinant human IL-6 or

IL-8. 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 detaifed-information and procedures

on animal 10 immunizations see E. Harlow at al., Antibodies: A Laboratory
Manual, Chapter 5, "Immunizations” pages 53- 138, Cold Spring Harbor
Laberatory 2% old 5pHRg Hiarb K %%98%1 Immuynization

are Ca@%& d ou?zig -4 ,we%%?lteb;\%ls%%m%gs%%a Godter ISnEqCan&ar S
iﬁfr%ﬁéizgﬁgnﬁfbﬁlagﬁs?%ﬁ@ﬁ rRakiRgATEhoEBnePastibduies thd gMee
receinera finalligjeotion qmﬁmmﬁjlsmPB%Quhq%bg@@q the
fusion, detailed information and procedures on making
m@%%%ﬁg@%gnt?@ |egsé2ee(lgéﬁa%|%ﬁpé§t)’al .C,:ﬁhtibodies: ‘A Laboratory
Manual, Chaptéts, SReribclbhalAhtisodies K page 139 244 BEotdiSpring
HarbenlaboraloprRress.Geld:SRing Harbar,New York(1988), Lymph .
ngg% 'X{ﬂ hocy&esigr.oirp) [ Flr%unl ed mice fused with the 25 non-secretory
myeloma CAIPline[S: Kay &t &l CBrdvt NI ABdd: a6 cu S A,
91:5548-5551 (1894% abP3-X63-Ag8.653 myelo
HAT selection asprevigustydescripedfc—Galite
Enzymol. 73:3-4 '

ma cells and subjected to

produced accor with
Tgvl TgM
ng/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-908-5 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 47
H-912~4 0.3 44

EXAMPLE 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 ng of either recombinant human IL-8, 5 ng TNF-a
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



- 101 - recombinant human IL-6 or IL-8, yielded human IgG4 monoclonal
antibodies. EXAMPLE 19 EVALUATION OF M\ITIBODY SPECIFITY AND
ISOTYPE 5We performed an ELISA to determine whether transgenic
mice were 'producing antigen-specific antibodies (Table 12). We also
determined the human antibody isotype produced (Table 12). Antigen
specificity and isotype determinations were performed 10 on antibodies
isolated from mouse serum and from-hypsidoma supernatants as

~ described [Coligan et al., Unit 2.1, "Enzyme-linked immunosorbent
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assays," in Current protocols in immunology (1994).] using recombinant
human IL-6 or |L-8, to capture the antigen-specific antibodies. The

conCBHItATSH SPRuman B MBESe Mhahd§RbEROWEE Hetermided

usingpthefottewingcapturesantihadies: rabbitanti-buman 19G-(Soumtherp

Bigtechnglogy, 6145-01). T etectjon antjbodies used in ELISA

ex%gfifne%?sg\%{v%g%&fs’e éoigﬁ .%ﬁ#f%éﬁ%ﬁﬁ%mﬁ%@?ﬁ%ﬁo&a

(Budinganiez CAY nidusesantshibah IGM-EHRR (Sauthem Bisteghnology,

90200 86e oat a0l humarkapnacigtin (YBelor, A 3460), Standards
mo g

used for quantitation of human an use Ig were: human

(CHIBIBEHE A8 A Rumah 25 MiH tCappel: 43066) himzarig@m for
(Catbiderem, 200122+ mousadgG i Gappet 55839)s mouse IgMm

(Sigma, 11-379 ise 1gG4A (Sigma, M-9019). . . Table 12
further shows tk@% to‘farrgﬁlins{gegr% %%n?&g%orégtﬁg(’:neasia&%% iné% Exantplés 149%
apdveS ail 30 imrddizéd Wathtréesmbihaat hugen 106 oe L8 yieldews

1aubumandg64menocieral antibedies thatwersantigen.specific and of
th«iarp]gedicteéiisotygfe. Table 12 EXAMPLE 20 10INTRODUCTION OF
THE VHETAYACIRT P ESCELE W thifstlined tREVAE- 3G 1/2, into

mabs&e kathrgenie ster (EB} célis'by yeast spheraplastdusien as
descrbed in Example, 61Seg B, Birren et al,, Genome Analysis: A .
Laborator{)MEl}?]ual, Volume %é%%%ggﬁ 89436%3%%, %%%ier%zflbom esy
i

"IRFSRTCbA BTAC s §itd Fharpmlisn Bend by shhéropidst fusiBm'e pages
548-580 sGelchgprirg blarjontaboraiery Riesss Plainview,N Yl Generally,

yl—llgg1 on inin ast cells were spheroplasted using zymolase 20T at
0.1 r%ﬁmlﬁ}%wg g%¥y G1/%" gﬁhﬁ%géaﬁéﬁe%ﬁﬁsgﬁﬁ%ﬂ MERF-deRient
ENATESBIShEUe Foecalisaviicioweed tultured asSdestaibed dseanl .,
Jakebovitgrgt al., Mature 362255258 (1993} Greencel, al  Nayye - ., o
G_S%gg%s 2:13-216 {51994); E. Robertson in Teratocarcinomas and
En1ry0%c%ﬂ§m 3 myeloma and are subjected to 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 pg 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



25 Cells, pages 71-112, LEI, Oxford (1987)] HAT selection - 103 - was
initiated 48 hours after fusion. HPRT-positive ES cell clones were
selected. HAT resistant colonies are expanded for genome analysis and
were analyzed for YAC integrity by Southern and CHEF blot analyses.
Control 5 experiments were "mock” fusions of ES cells alone and yeast
spheroplasts alone. We examined four ES cell clones derived
from ES cell fusion with yHG1/2-containing yeast using Southern blot with
probes spanning the entire insert to 10 determine whether the clones

~ contain all expected EcoRI/ Hindlll and BamHI y142 fragments. We found

5

10

15

20

that all_four ES cell clones contained intact YACs. We detected the

folloWing hEifah g8helaH The B EEH GeHbe a5 phier tRarterization

of thepESrcetl DNA 1osprins de itansgeric saugergeneration; allihe 2.1,

e U A g,

an8iripearpCyl. ¢ naxons(seérigurel®and Tabledk3)ng 104ccHABLE LS

ES.GhONE 94 , %gﬁeja%z%ﬂ]%yav t\./ovcapture the antigen-
specific antibodies. We determined the concentration
of human immunoglobulins using the following capture
antibodies: rabbit anti-human IgG (Southern
Biotechnology, 6145-01). The detection anﬁibodies used
in ELISA experiments were mouse anti-human IgGl~-HRP
(Caltag, MH1015) (Burlingame, CA), mouse 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 are: human
IgG, (Calbiochem, 400122), human IgMx (Cappel, 13000),
human IgG,x (Calbiochem, 400122), mouse IgGk (Cappel
55939), mouse IgMx (Sigma, M~3795), 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 ug TNF-o 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

(CEM21)CD147 10 Gi-1 1 1
(CEM22)CD147 14 - G1-1 198 15
IL8-16 10 G1-5 - 243 : 20 5
IL8-17 12 G1-6 : 268 31 5
IL8-18 10 G1-1 213 10
IL8-19 10 G1-2 136 4
TNF-38 10 G1-1/2 179 ing. 1 3
’ 116 popl. , 6
TNF-38 10 G1-6 180 4 6
EXAMPLE 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 Manual, Volume 3,
Cloning Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NY].
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 (1994);
E. Robertson in Teratocarcinomas and Embryonic Stem

Cells, pages 71-112, IRL, Oxford (1987)] HAT selection
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was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected at a frequency of 1
clone/15-20x 10° fused cells. HAT resistant colonies
were expanded for genome analysis and were analyzed for
5 YAC integrity by Southern and CHEF blot analyses. 1In
cont;ol experiments with mock fusions of ES cells and
yeast spheroplasts, no colonies were detected.
Ten ES cell clones (referred to as Clones 1-
10 in Table 8) derived from ES cell fusion with
10 yH2CM-containing yeast contained all expected EcoRI and
BamHI yH2 fragments detected by probes spanning the
entire insert. As shown in Table 8, we detected the
following human genes in the ES cell genome as part of
characterization of the ES cell DNA prior to transgenic
15 mouse generation: all the different Vy families could be
detected Vyl, V,2, V.3, Vw4, Vy5, and V,6; human D,, and Jy
; human C, and C; constant regions; mouse switch vl

(mSyl) and human Cy4 C, exons.
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EXAMPLE 21 INTRODUCTION OF ES CELLS CONTAINING
THEVI1G1/2 YAC INTO MICE 5To generate chimeric mice from ES cells
containing YAC yHG1/2 DNA. we used blastocyst microinjection followed
by breeding. We isolated ES cells containing the YAC yHG1/2 DNA as
described in Example 6, and expanded for the generation of chimeric 10
mice. Next, we microinjected yHG1/2-bggring ES cell clones into mouse

- C5781/6 blastocysts [See B. Hogan et al., Manipulating the Mouse

10

20

25

30

Embryo: A Laboratory Manual, Section D, Introduction of New Genetic
Information, "Injection of Cells into the Elastocyst” 15 pages 188-196,
(15@@%?@&d Spring Harbor Laboratory Press, Cold Spring Harbor, NY)].

EXAMPLE[ZZ BREEDING MICETON :/é\II\IIlI;\Ileor}/HL:J./A YAC DNAWHTH

L

Clone .
vIC:DI MICE—-20Qin-order-to-generate mice-thar AtBduce human antihodies
inl #78°bseince ¢f ndogendustarftibbdids, §/Kp-transgenie mide aee 10

p'gylgusly pred wifh ;io%ble—lngct vated (DD) Mouse st ain_g. e D mouse
raifis are lhomazygaus forlgene!targeted-indctivated| 25 mouse Aeavy *

S
antrKappa (chain lecijand thus+are deficiem infantibody preduction [seg  +
J

P-W-V~\

a@ogovns etar, Na ure F’ZSE”ZSS (1998); GreenetalNature
enstics 7113- 21719941, |0de of the WKZ-transdenid mduse|strdins,|  *

JR&, L is bred with:D| mice {o generate mige hemizygpus,30 ar +
hprmozygous forryK2P YACsomahhomozygots inactivatet-motise-heayy
ahd*appalcHain Backgfound tyKR:D1). Thé bfeeding schéme|for * +
geneeatingja-neyv Xepomoyse, which is|hemizygqus fpr the yHG1/2 YAC
igshown-betow—166—Supsegdent-breeding-of-xenpMousemales-ip.
XeHoMouske fenjales|yields|XeénoMatisg progeny wholareteither + +

hemizygous @r homazygous for yHG1/2 and/or yK2. From thgse progeny
b eeﬁdings mates-and-females; Eotc.% ofl5-whith are hﬁmr\%yg WHQanr dlal‘.h_._—br
yHG1/2 and yK2, Wil| yi¢ld a true breedilng-Hin b ofXenoMeuse HGI/2.|  +

Xe@doMouse ¥HGJ+/2 Brged ng, scheme

+ + + + +
mSy1l + + + + + + + o+ + +
Cv4 + ]+ + + + + + + + +

'm ~ denotes mouse genes (mSvy1l)

EXAMPLE 14

INTRODUCTION OF ES CELLS CONTAINING
THE yHZ2CM _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 C57B1/6 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 188-196, (1986) (Cold Spring Harbor
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Generation 1 : (Chimera or Transgenic bred to YK2:DI) yHG1/2";yK2-;
mJH";mClei+X yHG1/2-;yK2'; 10 Generation 2 :(Xenohet x YK2:DlI)
yHG1/2",yK2s;mt. TH';mCx+/-X vVHG1/2-;yK24;mJ?,-/-,mCK-/- Generation 3
(Almost Xenomouse x yK2:DI.) or Xenomouse X yK2;DI) yHG1/2+;yK2+;
m3-Hti-;mCn-/-X yHG1/2-;yK24;111,7,i 15 yHG1/2+;y1K2-;m011-/-;
mMCK-/-X yHG1/2-;yK2";mly/-;mCK-/- XenoMouse: yHG1/24; yK2*; mt.7-/
The integrity of the human heavy and-k&gpa-chain YACs in'XenoMouse
112CM strains is confirmed by Southern blot analysis. In all XenoMouse
HGI/2M 20 strains analyzed, yHG1/2 is transmitted unaltered through

myltiple g tigns with no apparent deletions or rearrangements. .
EXAMPLS%?’?FI%W&YT%@]@T ARATSTS SaTo fukber Chimersc
clr6RFZE X eriB R ULEIG I iteahdeenicomicecpéripheral blood and
spleen _lymphocytes are isolated from 8-10 week old mice and - 107 -

cantrols. The cells are purified on Lympholyte M (Accurate) (San Diego,
C%%%%Téated with purified anti-mouse CD32/CD16 Fc receptor

(Phafiftrgen, H12dEDy{SanDiege; CA) (0FDIOCK NPR-SPRGHEDINT

Fq 5 receptofs:iipxdrdae cellsarg.sfaiped with yarioysaptipodies and, .

anapyzed-on ja FA{ESar (Bectopi DIckison G ECCQUestgoftwane): T:'zl“

" " - 1 1 PV NAeoviaon N1 DM caolle inf‘llldﬂ'

paﬁ?mﬁ@[l Uu|% cuU UDLG?B/\CIIO*I%IIUU CrouLtriLnvir-Get ot

CyohraIeSGyc)antiB22p-{Phasmingen-01128A) 10-fiuoroscain >

is“t.giewgﬁa e (F' @ art-human !gl\'ll (Dh inge‘\, '2415;4X)' FleC 0
L inoen mgnAn ymphécytes from fOlur

arn ;

ari@&“ fror-diffgrent Xe qnl\/lrllap H2 ’;1/2&A5strairs are valuated artt
campared-1ol 15 Witd ype Rﬁ/'l%a mice USiWH%'OW cvtomgtry. 0
Triafigahic mice Haling che yIid2/2 YAC DNA will $how Significant huehan
antiboth and imnidhe svdtem dewvelopmentl Sontrol 1299136, O, 0
x«:&@ﬁﬂc@p 2a hkefefozydous and ho 0zygdus ar¢ compared o micé 20

heterozygous and homozygous for the yHG1/2 YAC. EXAMPLE 24
SERUM LEVELS IR HUMANANTIBODIES: qata 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 vK2:DI MICE

In order to generate mice that produced human
antibodies in the absence of endogenous antibodies,
yK2~transgenic mice were previously bred Qith
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 (1294)]1. One of the vyKZ2~transgenic
mouse strains, J23.1, was bredrwith DI mice to generate

mice hemizygous or homozygous for yK2 YACs on a



10

15

20

25

IN UNIMMUNIZED MICE An MLISA for determination of human 25
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, "1-Imunoassav", pages
552-614, Cold Spring Harbor Laboratory Press, Cold 30 Spring Harbor,
New York (1988). The concentration of human immunoglobulins are
determined using the - 108 - followigeapture antibodies: mouse
anti-human IgM (CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse anti-human 1gG1-11RP
(Southern Biotechnology, 9050-05) 5 (BirminghamlIAL), mouse '
AT YE M= (SGURENTISIBRRhABRGY, §050-B5PRsinfilgham,
AljcBtandands UsEd farguantitationief datianggsare ehiegman AgMx

( [, 13000) ( aMesa, CA) and human lgG1 (Galbiochem
4%%’?%%? S§§r18 D%eglc%%CA %@Eﬁé’?ﬁpﬁ%ﬁm l\'h%l\%éﬂjrfdﬁ%\%for the
HYBRIDBMA BENERAFIONIOV.  Broapsersik Prerolivesks bld
Xenedtice yHQE2ae tomunizadosubsutanepusly af the base of dhe tadle
(orr othéarrl ro tﬁoof aldénigilsgﬁ\teion IF, footpad, 15 etc.) with 10 Lg\gdof fntigen
choice” The an%gen is &mulsi |eedh|%1Z ?ﬁ[ﬁgteolfreuﬁﬁ'%z tht T/ the
PYIaR impsUsiZatidfland ifrincoraplete Freurgks adjuamsteor the of
agditionak mmepizations. Frmordetailed,information anchprosedures
%? %@Em%zgﬁmmu izations see_E. Harlow at al., Antibodies: A Laborator
Sl CRaptet 5 iirhanidatidns’ bages 331538, EoRESHrity Hahsoro
LabordtonsPréssiold Spring Harbor, New York (1988). Immunizations
are carried out at 3-4 week intervals for at least 3 booster 25
immunizations (boosts). When making monoclonal antibodies, the
mice receive a finat# G- artgdn S 2R HEPBSOBBRdays before
the fusiantifcor more detailed infommationansprocedureson-making: p1)
m onal, 30 antibpdies see E. IBarlow et al., Antibodies: A - 109 -
L%%%%J‘[draiﬁzahﬂrgﬁ Chgr?tIér/G, "MEnodiorat Antibsdies™ §é5‘§§d-244,
Ced|mingoHathor LabdratotysRress, y8aldr8pring Harbor, New York
( Lymph . node/lymphogcytes from | niz ice are fused with the .
ﬁ?ﬁge'ﬁ%ry%r%eldﬁg%SO ce Iing%?gayfggf.fn%?oc.’ R]%% Acad.
&g sAteI5548-535 1190 4 st ahe PSeX 63-A§8:653 myeloma cells
and are subjected to KA T geleglinnsas preyigustyrdescribed [G. Galfre, et
al., Methods Enzymol. 73:3-46 (1981)). 10 EXAMPLE 26 EVALUATION
OF ANTIBODY SPECIFITY AND ISOTYPE To determine of
whEthEr tral8genit, Miceare producingyaitigen-specifie antiedies; we

ARRERER A EbISA Wi alsn detgpming e puman antipody fsoyne

XenoMouse: yH2CM'; yK27; 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

rearrangements.
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15 produced. We perform antigen specificity and isotype determinations
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 - 20 antigen to capture the antigen-specific antibodies. The
concentration of human and mouse immunoalobulins are determined
using the following capture antibodies: wabbit anti-human IgG (Southern

~ Biotechnology, 6145-01). The detection antibodies used in ELISA 25

experiments are: mouse anti-human IgGI-HRP (Caltag, NB1015)
(Burlingame, CA), mouse anti-human IGM-HRP (Southern Biotechnology,
9029-05), and goat anti-human kappa-biotin (Vector, BA-3060). Standards
usedirrquangtation of human and mouse Ig are: human IgGi 30
(Calbiochem, 4;19%%2)' 2;@2%%% gCapgel, 12000), human - 110 -
IgG2K (Galbio ; , ppel 55939), mouse IgMK
(Sigma, M-3795); ahd hdise IgGh2a ¢Sigmia, M-9018)udiransgerts mice
Praducedaceerding:to, 5 Fxamples-29-22,ahayeand-immunized with an

antigen yield human IgG, monoclonal antibodies that are antigen specific

and BT RS Bretifctd @ ity pe EXMP TESY RTRbBeerTioN OrimgEand
yHGAYACINTOIES GELLS 10We iptiodudasihe Y AGmynGa, intoy

mayse gmhryoni m-(E ell yeast sphergplast fusion as . _ .
de%cgsribed %ég(a?n%zl 6I.£§S§e%e88. %éigrxr/enagta a%l,orcfgr?(operﬁe h%%’ys?sg% fied
L AB6ATB WS NPSIGRESS, KIoRREESYSIEMS$ PERAPTER Ge nintrdddétidn
OC1’< Mgszﬁmtﬁg& g@{)mbﬁuﬁrbwgm@%ﬁ%@@@ﬁfﬁéi%‘fn@@ | %Eéio’

ing Har oratory Pr ainview, NY). Generally, yHC
cgo%%a?ﬁgl) éé) %/é_lést é%(]ar gaf\:/\/e r?@% & r%p?aéstg& USing {_z%fbefgsé’ 56T afdigous
négy il PsEL P Garspheroplasts dvere faseth@il HPRT-defisientE 20

14:1G3BL souserfi3 callsswhich mere culturedhas dgseribed [see
Jakgb%vitg et al. Nf%gr 362:255-258 (1993); Green et al., Nature
et ot ¢ 4%?E.S§868rt§cﬁ?ﬂ4‘?é‘r3fbc%?&%ﬁ%1sJa?]dlnClUded?

EnisiyonaiesStéRyCellspaged 7201 100 HR LnOxfpech (1987) PHAT; selection
2b\was-iniliated, 48 hoursiafterfysiop. 'ﬂﬁﬁ%gogigva E&%%kC'%%% were

\?ﬁgé:ted. HAT resistant colonies were expanded for genome analysis and
;

HAK2E8 %0r YAC Mtedrityfty Softhern BRE EHERBIot RpaRREgen,

Guortfol Bxperiments included "mock" fusions of ES cells alone 30 and

yeast spheropla &yt £ Wet%amirﬁ‘?d ei ht ES cell clones
derived from ES%ﬁe | fusion Svsith fl—?G4-cont§1|ninIgn?/eggstrE§§)|ﬁg Southern

ot Ve frobed Epaitg théléhthesinsar s derrmirywhaties thend
clangsacontain allexpectegeEeaRiand Bas | ykiZfiagments: We feund,
%t tglg c}’Jq'}aG‘}LXA?a\H"i‘Sé inf%ct in flll eight clones. We detected the

Towi

t
following human genes in the 5 é)éfl'genome as part of characterization
of the ES cell BNAG¥or 10 #&Rsgenionousegendration: all #hé diffedent

Vi famiies fMidlon in the B-cell compartment (Table 10).
Trangenic mice having the yH2CM YAC DNA show
significant human antibody and immune system
development. Control 129xB6, DI, Xenomouse 2a
heterozygous and homozygous were compared to mice

heterozygous and homozygous for the yH2CM YAC.



10

15

20

25

10 V,2, V113, VH4, VH5, and VH6); human DH, and Ju ; human C, and
Co constant regions; human switch y2 (hSy2) and human Cy4 CH exons.
EXAMPLE 28 INTRODUCTION OF ES CELLS CONTAINING 15THE
VHG4 VAC INTO MICE. To generate chimeric mice from the
YAC yHG4 DMA containing ES cells, we used microinjection of
blastocysts followed by breeding. We isolated ES cells containing the YAC
yEG4 DNA as described in Example-6920 and expanded for the

_ generation of chimeric mice. Next we microinjected yHG4-bearing ES cell

clones into mouse C57BI/6 blastocysts (See B. Hogan et al., Manipulating

tge gouslg Embryo: A Laboratory Manual, Section D, Introduction of New
able ) S . " .
rmation, 25 "Injection of Cells into the Blastocyst" pages

96, (1986) (C

obtained. We id

transnii’géiéﬁ-ﬁvas

Spring Harbpr Labo%%t?

entified 30 yHG4 transge

)6E;ness, Co

ld Spring
Germline
nic mice by

EDING- CHIMERIC OR TRAN

using, primers specific for human V6. - TI2 - EXAMP

SGENIC MICE CORTAI

E 29
NING VHG4

YAC|DNMANBHH yK2:DI MICE To

generate mice thagzp_rg(ﬂ

uce human 5

antibodies in the abSence of endog

were

enous antibodies;yK27

are hawmzygbus & gene targeted

rinactivated mousgdea

transgenic mice

nreviously bred with double-inactivated (D) mouse%trains, which

y/y and kappa

foci and;thus, aredeficient

et al| Nafdre36%355-258 (1993):

chain

10 HBlaacdhsnmeaciiots
- Lo-antooay-ProtHeHo

Green et al., Natuwté Ge

(19931 Dnesoftbe yK2-transgeni

> mouse strains, J§§:]4

[see jakobovits
hetics 7:13- 21
vas bred with
K2 YACsona

DI micetogenerate-mice-hemizyg

homp 2y eoiis 1 FiARetivated mouse

NLIQ.. AL FaVaaVaWwiV/ialalllad f
YU UT rMmMoTMmouzyguto .CF \

heavy and kappa &éhdir

(yKZ;Q]Z)Za}hezbrggqmg scheme us

whic for-the-yHG4

ok amiazvaaice fo
TS ITCTMZyguousS—Tor-tric—y

breepifg¢itemiRfgous XenoMou

5e males to hemizygoRis

femalesyyields,2Q XgnoMouse progeny that are homé)gyg

yk2—From-these-progeny, &

and/pryik2- g
whichaté $fronvoZyguas for both yH

reeding of males and 1g

G4 and yK2, will gigldsa

line )E%g%qol\ﬂglé&eé%. XenoMous

b G4 Bree} Ina Scheme

1 : (ChimeraorTransgenic bred t

yHGURYK?2-; Generation 2 :(Xenoh

YRCRYEZ IR RMX T

background
enomouse,

sed to generate a g,
YAC-is-shown-b ~Subsequent

XenoMouse

ous for yliG4

males, both of
true breeding
25 Generation

YK2:DI) YEIGA 32 J11"+;mCx"4X
et x YX2:DI) yHG4gyK2-;mJIH'i-mCKk"-X

26.5 + 3.9

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.

Laboratory Manual,

Chapter 14,

, Antibodi

"Immunoassay",

es: A

pages
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Generation 3 (Almost Xenomouse x vX2:DI) 30or Xenomouse x yK2;DI) -
113 - yHGA4+;yK2';mV/-;mCx--X yHG4-;yK2+;m6V/-;mCK-1- yH.G44,yK2*;
m641-/-;mCK7.-X yHG4-y1<2.;mJEr/-;mCK-1- XenoMouse: yHG4";mJ;
mCXx" The integrity of the human heavy and kappa 5 chain YACs in
XenoMouse G4 strains was confirmed by Southern blot analysis. In all
XenoMouse G4 strains analyzed, vHG4 wass transmitted unaltered
through multiple generations with no_apparent deletions or
rearrangements. 10 EXAMPLE 30 FLOW CYTOMETRY ANALYSTS
To further characterize Xenomouse 04 transgenic mice, peripheral blood
and spleen lymphocytes are isolated from 8-10 week old mice and 15
cohftolel The CellslafrpurifieHomr Bymphoiyte M (Accurate} (Sa Biego,
randstregted with pifi I- CD3 16 Fc receptar .
Eﬁﬁar% en, 01241D). Sz%%?ig@?gig) )to blcz){:%%o%?@p'ceec%?c%% fﬁa t8f
c%%@pt%@‘ﬁé%,ltﬂ% B3r& SEinstPivRR VaRGSs 26 BRtbédies and
afalyzed ionoa EACSIars (Bectbo Miekinsen ¢t LQuest sofiware) glihe
p foodies_| inXeno se 04 cells jnclude: Cychrome
(g?g%gnht?{rg?éo i(%éh;;‘tg‘rsrf;‘m),?l rggeaz{,go%%%j@)%&o'rosé%neis%lﬁw%l& %ﬁq%rt\(e (FITC)
SHEHRRET fgv B8P hhPmirlgEh? 321581 FETG antieweuseolghe
(Phatmingear022045HRp  (SobymphacHes frophioyr apimals diom thyee
dg%erentl )éep]oal}/lnou? 4 strains are evaluated and compared to wild type
367129 mice asing Tiow cytometry 22 h1zhvuman IEHHIRRIC (RRethsmiy
thé GETACDRAWl shodlsighificarit huniaryartibodyiand insaunelards
system develgnment.«Gente| 120xB6LD) @g‘%%?? %%Q\ete“izgéggus
moz

and homozygous are compared to mice 5 heferozygous and ho ygous.
f rﬁPepéiv%éjgé)ﬁMﬁ%%f SEFIM I BVEES O HAANG G
ANTIBODIES:IN UNIMNUNIZED MICEgAN R BA for determination of
human 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.



10 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 15 Spring Harbor,
New York (1988). The concentration of human immunoglobulins are
determined using the following capture antibodies: mouse anti-human IgM

(CGI/ATCC, HB-57)(Manassas, VA). Thé 8etection antibodi

es used in

ELISA experiments are mouse 20 anti-human IgGI-HRF (Southern
Biotechnology, 9050-05) (Birmingham, AL), mouse anti-human IGM-HRP
(Southern Biotechnology, 9020-05) (Birmingham, AL). Standards used for

quantjtation of human Ig are: human IgMK (Cappel, 13000)
C%n Ig51 25 (Calbiochem 400126) (San Diego,

(Costa Mesa,
CA). - 115 -

EXAMB R S21MMUNR A1 1GB/AND HYBREZDNA RENERATHIN: (15 /m1)

Grpups bfigix 8 ¥ 10 weeks old XenoMice yHG4 are immunized

subcutahdaddsty &t the base of the tail or 5 other route of administration

5(IP foothad etcBwith 10 pg of antigen.. The antigen is emy

[sified In

complete Ereithd’s adjuvant for the priary immunization and in

ns. For more

in nmnlnfn Eraulidis adjuvant for the additional immunizati

de ilod infa rmgP.nn anri 10 procedures on animal immunizations see E.

10 H IhJWICLélxﬁéii%U Cﬁes:#\Labcﬁéﬂi“ hﬁaﬁkkﬂfi;hapggr%,
"Inhlllunm@uv,m&_ ges-53-138; ’\;%I%M pring-Harber %@.53'075 tory-Press,
Cqla SpriRg:HapT, New-York r\.b%op . mn..unimliangéar; earred-out-at
3-4 weekiinenmls for IS5 at feastsbpyster ||||n|un14cgtigu9 boosts):

When makirgzmoenpclonal antibodies, fhe mice receives asfi

ratinjection-of

15antigen decetisrin PBS four days fetoife the Tusion. Fak more detaited

informatioh BFd procedures on ki monoclonal 2G &t

odies see E.

Harlow et Afitibodies: A Laboratory Manual, Chapter 6,

"Monoclonal

Antibadies", pAtiélsi139-244, Cold Spring Harbor Laboratoty Press, Cold

50S ring.%E%WL\lYﬂrk (1988} %yfnph node lymphocytes from _ 33.2

mm&m%gdgn%lce’élérv fused with té 25 non-secretory mycigma NSQ line 187- 1

S Rajlgl)fglbt?)'u‘:' Natl-Acad- &Z: USA,915548-5551 (1994)] or the P@65-§
XA3-ACR6 Ibma-ane-are-subied md to-HAT Snlor\tlnr._a': nrn\nmmlv

descr.géj’; ﬁiﬁiﬁé’.,e etat et Wf Azymok—73:3-46-(1984)}. - 116 177

; S \ /1 36.9

25 EXAMPLEGZRVALCUATION OF N TIBODY-SPECHHTY ANDASOTYPE—

An ELISA fortheidetermination of gvgiether trarsgenic miceare pluduCi"‘lg38:6

antigenz2gpecific-2 antibodies is pestarmed. Tt iS further desjred toconfim >335

the human=detibady isotype prodercad] Antigen SpecifiCity and iSOYpe 53-8

- ddtermittafigicaré performed on antibodies isolated from nmiouse Serum 2.5

30 and froff hyBffdoia supernatants®a8 described [Coligan ef al., Unit 2.1, 20.6

10 EnA/nid4fikéd immunosorhedit &gsays,” in Current 23.0

28 XM2Cn-2 28.1 14.8

29 XM2Cm-2 27.3 30.1

30 XM2Cm-2 32.6 69.3

35 129xB6 N.D. N.D. N.D.

DI N.D. N.D. N.D.

XKM2A-S 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. 36.8 1 26,7




protocols in immunology (1994).] using recombinant antigen to capture the
antigen-specific antibodies. The concentration of human and mouse
immunoglobulins are determined using the following capture antibodies:
15 rabbit anti-human 1gG (Southern Biotechnology, 6145-01). The
detection antibodies used in ELISA experiments is mouse anti-human
IgGI-HRP (Caltag, MH1015) (Burlingame, CA), mouse anti-human
IGM-HRP (Southern Biotechnology, 90204053, and goat anti-numan 20
kappa-biotin (Vector, BA-3060). Standards used for quantitation of human
and mouselg are: human IgGl (Calbiochem, 400122), human IgMx
(CEQREI% 99 human IgG2x (Calbiochem, 400122), mouse IgGx

appe %) mouse IgMx (Sigma, M-3795), and mouse IgGiX (Sigma,
25 M-9019). IMMUNAARFENY nii® protED@CEoring rorExayNples
2729 above, anggipunized with antigsnyeld Dumand9dd Mangelonel s cy

antibodies that are antlgen specific and of the predlcte Isotype.

BiYBGfat PREHASD S‘:\J‘Pl%%%iﬁlﬁ@Solldlo@%aftrﬂété?@i%ear@%@dv@séoﬁl1
5 andidiscusseddn cﬁn@acttmwlﬂétt‘tﬁrmim@lixammgﬁ and-age gxemplary

of materjals that can_be z nd.5 repared m ccardance with.th

prﬂentgfr%véelrﬁ%% alj;c;spT 51?.2 f tgrgétlngpvec orQ{p@l& rg%tlﬁ1 Juvant

veEfor) AL (RISGMNEY| pléiswiid Der\m%c@mrwrgemgzym@tte rMakend’ s

F&Qm%éﬂﬁ%@&@ﬂ&%@@ﬁ%@PN%M%%%@E irgeting yi1CHg ¢
mjd DNA vector for targeting yH1C to

Hé )m Orl hC. m|

FJAGT \Vaes %h%'ﬁ FASMRFBNAIECTT 16 ta?getig YAIC 15t0

10 makelylj@za tyl@@ms(aﬁ@l -hCuAYAQ) id_e@o_ﬁlted Adththe ATEA oA
a”ﬁa@%@%@%ﬂ L0y z@#mb%%a ¥H§B§n (m§ I Y C) ggg;?;:%egefs 53-

with the ATC aving a cessmn num

YAGY: &4 (aisy ieterrBaxeas yL%@)I(thzm@me\mc) (@eboshed ing
with: theoAT CEeonanskhavingaegessionpnberytH3B, (lse referred 1 as, +

HRURSA2AC 22IGERTMYAC) (Geposiied wih the ATCC onand

15 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

20 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

25 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) ]

30 Table 12 shows that transgenic mice produced

according to Examples 14-16 above, and immunized with
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antibody isotype produced (Table 12). Antigen
specificity and isotype determinations were perfcrmed
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
recombinant human IL-6 or IL-8, to capture the antigen-
specific antibodies. The concentration of human and
mouse immunoglobulins were determined using the
following 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),
mecuse 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
ITgMx (Cappel, 13000), human IgG,x (Calbiochem, 400122),
mouse IgGx (Cappel 55939), mouse IgMk (Sigma, M-3795),
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 vielded
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S.Pettersson et al.,"A Second B cell-specific Enhancer 3'of The
Immunoglobulin Heavy-chain Locus," Nature,344:165-168(1990) - 120 -
P.Dariavach et al,"The Mouse IgH 3'-Enhancer," Eur.
J.Immunol.,21:1499-1504(1991) G.P.Cook et al.,"Regulated Activity of the
IgH Intron Enhancer(E12)in the T Lymphoceyte Lineage," International
Immunology;1:89-95(1995) K.D. Meyer et al.,"The Igic 3'-Enhancer
Triggers Gene Expression in Early D Lyfphecytes but Its Activity is
Enhanced on 13 cell Activation,” International
Immunology,8:1561-1568(1996) M.S. Neuberger et al.,"Recombinant

ANt ies. Possessing Novel Effector Functions," Nature,312:604-
B B oo Ol S A PO EEnaTIAe Kobped biarh
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Clg,"J.Exp.Med.,168:127-142 (1988) S.Huck et al..,"Sequence of a
Hugxanelmmunoglobulin Gamma 3 Heavy Chain Constant Reguion Gene:
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EXAMPLE 20

INTRODUCTION OF THE yHG1/2 YAC INTO ES CELLS

We introduced the YAC, yHG1/2,

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 548-550,

Cold Spring Harbor Laboratory Press, Plainview, NY]J.

Generally, yHG1/2 containing yeast cells were

spheroplasted using zymolase 20T at 0.15 mg/ml. The

yHG1/2 spheroplasts were fused with HPRT-deficient F

14.7G3B1 mouse ES cells which were cultured as

described

(1993) ;

Green et _al.,

[see Jakobovits et al.,

Nature 362:255-258

Nature Genetics 7:13-21 (1994);

E. Robertson in Teratocarcinomas and Embryonic Stem

Cells,

pages 71-112,

IRL, Oxford (1987)]

HAT selection




Immunogiobulin Gamma Chain Genes," The EMBO Journal,
3:2047-2053(1984) - 121 - A.Jakobovits et al.,"Analysis of Homozygous
Mutant Chimeric Mice:Deletion of the Immunoglohulin Heavy- chain
Joining Region Blocks B-cell Development and Antibody
Production,"Genetics,90:2551-2555(1993) A.Jakobovits,"The
Long-Awaited Magic Bullets: Therapeutic Human Monoclonal Antibodies
From Transgenic Mice,"Exp.Opin.InvestoDrugs,7:607-614 (1999)
P.T.Jones et al.,"Replacing The Complementarity- determining Regions in
a Human Antibody with Those From a Mouse," Nature,321:522-525(1986)
M.S.Neuberger et al.,"|sqtype Exclusion and ransgene Down-regulation in
IO ORI TS BRI Mice K536 850. 383 iBHy L L1 ve ES
NeBruggermann etiet (A Repertdiegiof MBhGclonaliAsntihodieswith Humam e
H ns enic Mice, !l ol 6.6709-6713(1989),
O o i Mecs 1or T Anl Bo AP H4lbbali Kane/
Hyp&fmATtafien DAppirakiBs 16 TRasdeiidard cenarrayeted Nicegntrol
NegleicrAcids Researeh, 2bok3¥3-1919 (1Q97) £.3doly et al,'"Thene and

Tgregéagi@g %}?g%@%gﬁ%ga u(;gteion,"lmmunology,8:159-168(1996)

S’Pettersson et.al.," ' election Leads to Age-Dependent and
Reversible Dowtkredjtagtidresf Transgésic famurobiosindéghitv@lainrom

Gepesé Intemetiopallmmunalaay, 1:509:516(198 94 B. Meyer &1 gk, The
Igg%%'ﬁ%réhr%n%eiggigggr Gene Ex%)ression in Eary B Lymphocytes but its

Aty 1§ enhanced ofi B Cell Kefivatioh » htdhaliBfacntire” insert to

10 |fmunoibyys: 15611569996y L.otgds- 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
prior to transgenic mouse generation: all the different
Vy families (Vyl, V42, Vi3, V44, V45, and V,6); human Dy,
and Jy ; human C, and C, constant regions; human switch

vZ2 (hSy2) and human Cyl C, excns (see Figure 8 and Table
12).



C.P.Cook et al.,"Regulated Acticity of the igm intron Enhancer(Eli)in the T
Lymphocyte Lineage," -Internationallmmunology,7:89-95(1995) C.J.Jolly
et al.,"The Targeting of Somatic
Hypermutation,"Immunology:,8:159-168(1996) S.Pettersson et.
al.,"Cellular Selection Leads to Age-dependent and Reversible
Down-regulation of Transgenic immunoglobulin Light Chain Genes,"
Internationallmmunology,1:509-516(1989) £ .E. Reid et al.,"A Single DNA
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Biochemistry,86:840-844(1989) Cl.Stavnezer et al.,"Immunoglobulin
He%fgaiPBSwitching May be Directed by Prior Induction of Transcripts
fromrConstant-region genes," Immunology, 85:7704-7708(1988) F.C. Mills
- et al.,"Sequences of Human immunoglobulin Switch Regions:Implications
for Recombination and Transcription," Nucleic Acids
Research,18:7305-7316 (1990) P.Rothman et al.,(Structure and
Expression of Germline immunoglobulin y3 Heavy Chain Gene
Transcripts:implications for Mitogen and Lymphokine Directed
cIELss-switchinggﬁlsternatic nal Immunplogy, 2:621-627¥1990) P.ﬁidfms ey |
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Enhancers,"J.EExp. Med.,180:1421-1431(1998) - 123 -

H
272-7-1++++++++++++

#32
Z72~8.1++++++++++++
a4
Z70-17-1++++++++++++

YAC Southern blot analysis of ES clones after fusion with yH3B



5

10

15

20

25

30

J.Durdik et al.,"Isotvpe Switching by a Microinjected p Immunoglobulin
Heavy Chain Gene in Transgenic Mice,"Immunology,86:2346-2350(1929)
N.Takahashi et al.,"Structure of Human Immunoglobulin Gamma
Genes:Implications for Evolution of a GeneFamily,"Cell,29:671-679(1982)
J.Mang et al.,"A Selective Defect in IgG2b Switching as a Result of
Targeted Mutation of the ly2b Promoter and Exon,"The EMBO
Journal,12:3529-3537: (1993) S.Jung et @k,"Shutdown of Class Switch
Recombination by Deletion of a Switch Region Control Element,"Science;
259:984-987(1993) L. Xu et al.,"Replacement of Germ-line ¢ promoter by
G%r%sﬁ'[@ tigg Alters Control of immunoglobulinHeavy Chain Class
Switching,” Immunology,90:3705-3709 (1993) A. Bottaro et_al, ,"S
Region Transcripti@h pereg FedmoteBasdl 1gE ClaBsTANGNG
Recombination BHEAdHEAAA] ﬁfi}@nr%m&‘ldlm%hp Efficiency of the
Process,” The EMBO Journal, 13:665-674 (1994) P.C. Mills et al:,"Human
IgSy Regions and THER PR tGpatibiiRSequBhtsl SWtthifg teRIESSThe
Joumnelafilmmgnaolagy, $851302 1E8086(2995) &1Cli € ab ik xpression of
Ip-Cy. ' ine ri bsequent to Immuynoglobnlin H
e e Sttt Ao A 6 408 Ao~ 1055 0 Phr
et GF ¥ Ehafadténzdatibnof Htmah ¥4 Sirtch?REYIBN Polyissphispest in
Sugwﬁﬁflael\ﬂsLOti%ﬂng@Emﬂfwifﬁﬂﬁ §§gt @é&h@}:@@ﬂgﬁ] oJf chilme%ric
Logus:Influence of S Region Length o ct.on,"The Journa
Imlgﬁfneo]ogé?ﬁ%&fi%%%-%fé(%%)e9?3%-y}f’é?g%*b%rmg Bs"eels
clcnes into mouse C57Bl/6 blastocysts [See B. Hogan et

2l., Manipulating the Mouse Embryo: A Laboratory
Manual, Section D, Introduction of New Genetic
Information, "Injection of Cells intc the Blastocyst"
pages 188-189¢, (1986) (Cold Spring Harbor Laboratory
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,
yKZ-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 al., 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 yHG1/2 YAC is shown below.
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Immunological Methods,215:27-37(1998)M-BrUggemann et al.,"The
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yHG1/2%; yK2';mJy*";mCk*~ X yHG1/27;yK2';mJ.”’ ;mCx~’/"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x YK2;DI)

yHGL/2+; yK2*;mJy/";mCx™/" X yHGL/27;yK2';mJ.”/";mCk~’
yHGl/2+;yK2*nnq;“;mCK”' - X yHG1/27;yK2';mJ.”’" ;mCx™’"

XenoMouse: yHG1/2*; yK2*; mJ,’"; mCx™/~

The integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains is confirmed by
Southern blot analysis. 1In all XenoMouse HG1/2M
strains analyzed, yHG1/2 is transmitted unaltered

through multiple generations with no apparent deletions

Or rearrangements.

EXAMPLE 23
FLOW CYTOMETRY ANALYSIS

To- further characterize Xenomouse HG1/2

transgenic mice, peripheral blood and spleen

- lymphocytes are isolated from 8-10 week old mice ana
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Dependent,"Gene,136:349-353(1993) P.Dariavach et al.;"The Mouse IgH
3'-Enhancer,” Fur.J.Immunol.,21:1499-1504(1991) J.S.Michaelson et
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Regulated at Multiple Stages of B Cell Differentiation,” Nucleic Acids
Research,23:975-981(1995) S. Pettersson et al.,"A Second B Cell-specific
Enhancer 3'of the Immunoglobulin Heawy+chain Locus,"
Nature,344:165-168(1990) V. Arulampalam et al.,"Elevated Expression
Levels of an Ig Transgene in Mice Links the IgH 3' Enhancer to the
Regulation of IgH Expression,” International
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fluoroscein isothiocyanate (FITC) anti-human IgM
(Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphocytes from four animals from different
XenoMouse H2G1l/2M strains are evaluated and compared to
wild type B6/129 mice using flow 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, "Immunoassav", 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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Binding Proteins,” The Journal of Immunology, 156:2828-2839(1996)
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(Calbiochem 400126) (San Diego, CA).

EXAMPLE 25
IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenoMice

YHG1/2 are immunized subcutaneously at the base of the

tail (or other route of administration (1P, footpad,
etc.) with 10 png 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, "Immunizations" 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 injectidn 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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Transgenes to Reproduce AD Pathology in a Rodent," Neurobiology of
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Nature Biotechnology,15:294(1997) .T.F. Huang,"Gene Targeting
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Laboratory Animal Science,43:156-159(1993) J.1.
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EXAMPLE 26
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 as described [Coligan
et al., Unit 2.1, “Enzyme-linked immunosorbent assays,”
in Current Protocols in Immunoiogy (1994).], using
antigen to capture the antigen-specific antibodies.

The concentration of human and mcuse immunoglobulins
are determined using the fellowing capture antibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA
experiments are: mouse anti-human IgG1-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-~human IGM-HRP
(Southern Biotechnology, $020-05), 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
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(19§§)A.MPLE

INTRODUCTION OF THE vHG4 YAC INTO ES CELLS
10 We introduced the YAC, yHG4, 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
o> mammalian cells by sphercplast fusion", pages 545—550,
Cold sSpring Harbor Laboratory Press, Plainview, NY].
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.TG3B1l 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
25 was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected. HAT resistant colonies were
expanded 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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M. R.Ehrenstein et al.,"Targeted Gene Disruption Reveals a Role for
Natural Secretory IgM in the Maturation of the Primary Immune
Response," Immunology,95:10089-10093(1998) C. Milstein et al.,"Both
DNA Strands of Antibody Genes are Hypermutation
Targets,"1Mmunology,95:87917 6794(1998) J.E.Sale et
al.,"TdT-Accessible Breaks Are Scattered over the Immunoglobulin V
Domain in a Constitutively Hypermutatihg B €ell
Line,"Immunity,9:859-869(1998) M.S. Neuberger,"Antigen Receptor
Signaling Gives Lymphocytesa Long Life,"Cell,90:971:973(1997)
B.Goyenechea ¢t al.,"Cells Strongly Expressing.Igk Transgenes Show
Clonal Recruitmgétﬁt gﬁ-alf/nﬁe%ndgtg%lgng% E{%Iec%% %o RIKR afi@thged from
Eflfancets)” Thie EMBO Jbhrndld6:398v:3994(1099 7). Theistgl.,"The

Imnuneglobuliniae andslap %%@@%még;%ﬁ‘ﬁ%s Argsindgpendently. o -

Sufficient to Signal B Cell Maturation and Activation in Transgenic

VIR, S EXpRIOH L S8 P 1 7580 9877 ) YelSi6s Bt Thrgétg 6t o
N&oitk $equehdesnitl Pladé2offthe diSegment Wy Somatic Hypernitation!s 4
N 3 £6:2 95) ~130.- Wa tal.,;Co bias Targets
Vo Nt 376 750(1005) W Kl @2l MUItIS SeoteheEs oy
DORNStFEEHR Bf tHERTIGRBR Eah CombineStodeectuit Sepmaicas part of
hypesmutation e atHetaraldgalss Upstieam Motatiofrior to transgenic
D in," lmnmunol.,28:317-326(1996) M. Neuhergegr et al.,"Mic
Pgl?o%%aﬁéufrgﬁg%%gogrtoi?;%%?egéé: %J-Tféﬁ;g??) fﬁﬁ‘. &\ﬁgsé Wl
alV¥Fargétéd Attetatiohs’in FedstVAftificidl @rromBsonsesifod InterkspetiesC,
Genel Taansgfen dHugleic AcidsoReseanch20:2603-2698(19925Me ) ana
Dry 5m@\;14etgal.,;§<trz‘gltggies for Expressing Human Antibody

Repertoires in Transgenic Mice,Immunology

EXAMPLE 28

INTRODUCTION OF ES CELLS CONTAINING
YhE yHG4 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 188-196,
(1986) (Cold Spring Harbor Laboratory Press, Cold Spring
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.



Today,17:391-397(1996) X.Zou et al..,"Dominant Expression of a 1.3 Mb
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journal,10:1227-1232(1996) I.K.Jarmer et al.,"Chimaeric Monoclonal
Antibodies Encoded by the Human VH26 Gene From Naive Transgenic
Mice Display a Wide Range of Antigen-binding
Specificities,"Immunology,88:174-182(1996) X.Zou et al.,"Subtle
Differences in Antibody Responses and Hypermutation of X Light Chains
in Mice with a Disrupted x Constant Region," Eur.J.Immunol.,
25:2154-2162(1995) A.V.Popov et al.,"Yeast Colony Size Reflects YAC
Copy, Nuwnber, Nucleic Acids Rsearch,"25:2039-2040 (1997) N.P.Davies
et al.,"Extension of Yeast Artificial Chromosomes by Cosmid Multimers,"
Nucleic Acids ResRaEH MG 76 HI2G8RIGODR- TRENEGBNIderatcal.,"Rapid
Induction of B-céidNPAgRDHSS I/ BarpNg FHM0mMayK2: DI MICE
IgH/c-MYCYAC," Oligocene,14:1383-1388(1997) A.V.Popov et
al.,"Assembly antE4ERSBA 0t YRASEAHHRIal BR6HE80RIEEaS Build Up
Sa Large bodus;s Gne 1Yy 195201 996) ehilajdmans eintibodies,
al..Menocl tihodi r immunosuppression,”. Monoclonal Antibody
Thﬂ%yggr%g% Ie%é%%qé%%é%%(\fg%S?ﬁjgg&?aléseg}]anbnrg@ al‘.”,]”ﬁ igner
MiEEFHE ProdaGioh’sF1emAR LAn iSOt ER et tdires inviransgenie
D ey L R
m a , L233= ) etz et al.,"Discriminating Intrinsic an
An%é?én-%%%eté:oidc I%/I%%g}[io%%fﬁot%ﬁgts tltﬁ MRmuRd§loBft ¢ient in
10 Gemel Mamunployy oy 4:46540d M Brggemann etl ., Nature

al,"Gonsiruction Funedeyand s oo ot al., Nature Genetics 7:13-

21 (19%94)1. One of the yKZ2-transgenic mouse strains,

J23.1, was bred with DI mice to generate mice
hemizygous or homozygous for YKZ YACs on a homozygous
15 inactivated mouse heavy and kappa chain background
(YK2;DI). The breeding scheme used to generate a néw
Xenomouse, which is hemizvgous for the yHG4 YAC is
shown below. Subsequent breeding of hemizygous
XencMouse males to hemizygous XenoMouse females yields
20 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

VK2, will vield a true breeding line of XencMouseG4.

XenoMouse G4 Breeding Scheme

25 Generation 1 : (Chimera or Transgenic bred to YK2:DI)
YHGA™; yK27;mJy'";mCx'* X yHGA™; yK2'; mJ,’" ;mCr™/"
Generation 2 : (Xenohet x YK2:DI)

YHGA™; yK27;mJy"";mCk™™ X yHG4™; yK2° ;mJy";mCK "

Generation 3 (Almost Xenomouse X yK2:DI)

30 or Xenomouse x yK2;DI)
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EXAMPLE 30
FLOW CYTOMETRY ANALYSIS

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
(Accurate) (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 software). 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 evaluated and

compared to wild type B6/129 mice using flow cytometry.
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EXAMPLE 31

SERUM LEVELS OF HUMAN ANTIBODIEé
IN UNIMMUNIZED MICE

An ELISA for determination of human
antibodies in unimmunized mouse serum is carriesd out.
For more detailed information and procedures on
immunoassays‘see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
553-€14, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immunoglobulins are determined using the
following capture antibodies: mouse anti-human IgM
tCGI/ATCC, HB-~57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse
anti-human IgGl-HRP (Southern Biotechnology, 9030-05)
(Birmingham, AL), mouse anti-human IGM~-HRP {Southern
Biotechnology, 9020-05) (Birmingham, AL). Standards
used for guantitation of human Ig are: human IgMk
(Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CAj).
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<110> <120> SEQUENCE LISTING ABGENIX,INC. TRANSGENIC
ANIMALS FOR PRODUCING SPECIFIC ISOTYPES OF HUMAN
ANTIBODIES VIA NON-COGNATE SWITCH REGIONS <130> CELL
421 CIP PCT <140> <141> <150>09/329,582 <151>

1999-06-10
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EXAMPLE 32
IMMUNIZATION AND HYBRIDOMA GENERATION
Groups of six 8 to 10 weeks old XenoMice vHG4

are immunized subcutaneously at the base of the tail or
other route of administration (IP, footpad, etc.) with
10 ﬁg of antigen. 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,
"Immunizations" pages 53-138, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York 11988).
Immunizations are carried out at 3-4 week intervals for
at least 2 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 detailied
information and procedures on making monoclonal
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.
Natl. 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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EXAMPLE 33
EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE
An ELISA for the determination of whether

transgenic mice are producing antigen-specific
antibodies is performed. It is further desired to
confirm the human antibody isotype produced. Antigen
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 recombinant
antigen to capture the antigen-specific antibodies.
The concentration of human and mouse immuncglobulins
are determined using the following capture anﬁibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA
experiments is mouse anti-human IgGl-HRP (Caltag,
MHE1015) (Burlingame, CA), mouse anti-human IGM—HRP
(Southern Biotechnology, 8020-05), and goat anti-numan
kappa-biotin (Vector, BA-3060). Standards used for
quantitation of human and mouse. Ig are: human IgG.
(Calbiochem, 400122), human IgMxk (Cappel, 13000), human
IgG,x (Calbiochem, 400122}, mouse IgGx (Cappel 55939),
mouse IgMx (Sigma, M-3795), and mouse IgG,A (Sigma,
M-8019).

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.
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<213> Unknown Organism <220> <223> Description of Unknown
Organism: Lox P site <400> 1 acttcgtata gcatacatta tacgaagtta ta32
<210>2 <211>
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Biological Materials:

The following biological materials are disclosed
and discussed in connection with the above Examples and
are exemplary of materials that can be utilized and
prepared in accordance with the present invention:

ppKM1C (yHIC targeting vector) (

PlB (targeting vector)

TV1(mSgl-hCgl plasmid DNA vector for targeting

YH1C to make yH2Bm)
Tv4 (mSgl-hCg4 plasmid DNA vector for targeting
YH1IC to make yH2Cm)

TV Gl (hCgl plasmid DNA vector for targeting yHIC

to make yHGI1)

TV G4 (hCgl plasmid DNA vector for targeting yHIC

to make yHG4)

yHZ2Cm (mSgl-hCg4 YAC) (deposited with the ATCC on

and having accession number )

YHZBm (mSgl-hCgl YAC) (deposited with the ATCC on

and having accession number )

YHG1 (hSg2-hCgl YAC)

yHG4 (also referred to as yH3C) (hSg2-hCg4

YAC) (deposited with the ATCC on _ and having
accession number )

YH3B (also referred to as yHGLl/2) (hSg2-hCgl-

hCg2 (TM) YAC) (deposited with the ATCC on and

having accession number )
ES-yHZ2Cm clone 1
ES-yH2Cm clone 2
ES-yH2Bm clone 1
ES-yH2Bm clone 2
ES-yH2Bm clone 3
ES-yH2Bm clone 4



72 <212>DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Linker <400> 2 ctagtcgaca aatattcccc gggcggecgce
tcgagtgagc to <210> 3 ttacgtatga attcagcgcg cttctagaac

- 118 -

ES-yHZBm clone
ES-yHZBm clone
ES-yH2Bm clone
ES-yHZBm clone
ES-yH2Bm clone 9

0 ~ o n
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60 72 <211>72 <212>DNA <213> Artificial Sequence <220>
<223> Description of Artificial strand Sequence: Complimentary <400> 3
gatcgagctc actogagtto tagaaccgcg ctgaattcat acgtaagcgg ccgeccgggg 60
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INCORPORATION BY REFERENCE

All references cited herin, including
patents, patent applications, papers, text books and
the like, and the references cited therein, to the
extent that they are not already, are hereby
incorporated by reference in their entirety. In
addition, the following fererences are also
incorporated hy reference hefein in their entirety,

including references cited in such references.
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139 - <210> 23 <211> 18 <212>DNA

<110>

<i20>

<130>

<140>
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<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>
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ABGENIX, INC.
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HUMAN ANTIBODIES VIA NON-COGNATE SWITCH REGIONS

CELL 4.21 CIP PCT

09/329,582
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31
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1

32

DNA

Unknown Organism

Description of Unknown Organism:

1

acttcgtata gcatacatta tacgaagtta ta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

72

DNA

Artificial Seguence

Lox P site

32

Description of Artificial Sequence: Linker

2

ctagtcgaca aatattccce gggeggecege ttacgtatga attcagcgeg cttctagaac 60
tcgagtgagce tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

72

DNA

Artificial Sequence

72

Description of Artificial Sequence: Complimentary

strand

3

gatcgagctc actcgagttc tagaagcgeg ctgaattcat acgtaagcgg ccgeccgggy 60
aatatttgte ga

72



<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Primer <400> 23 tagtgagtgg gcctgactl8 <210> 24 <211>

16 :
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<210> 4
<211> 54
<212> DNA
«213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Linker

<400> 4 .
ctaggcaatt gataatatta agetttacgt atctgatcat cctcgagacg cgtg

<210> 5

<211l> 54

<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: Complementary

strand

<400> 5
cgttaactat tataattcga aatgcataga ctagtaggag ctctgcgcac gatc

<210> 6

<211l> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 6
aattaagctt gtacgtactg atcaagatct ggatccagat ct

<210> 7

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Complementary
strand

<400> 7 ]
agatctggat ccagatcttg atcagtacgt acaagtt

<210> 8

<211> 19

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

54

54

42

37



<212>DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Linker <400> 24 ggccatggcc ggccatle <210>
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<400> B
cacaccgcegyg tcacatggce

<210> 9

<211> 20

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence:

<400> 9
ctactctagg gcacctgtec

<210> 10

<21l> 27

<212> DNA

<213> Artificial Seqguence

<220>

<223> Description of Artificial Sequence:

<400> 10
gtcgacggge teggggctgg tttctet

<210> 11

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

«223> Description of Artificial Sequence:

<400> 11
gggccctgat tcaaattttg tgtctcce

<210> 12

<211l> 22

<212> DNA

<213> Artificial Sequence

<220

<223> Description of Artificial Sequence:

<400> 12
ctggagtcct attgacatcg cc

<210> 13

<211ls> 21

<212> DNA

<213> Artificial Sequence

<220>

19
Primer
20
Primer
27
Primer
27
Primer
22




25

<211>16 <212>DNA <213> Artificial Sequence

Description of Artificial Sequence: Linker <400> 25

<223>

<400>
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Description of Artificial Seqguence: Primer

13

ggttctttcc gectcagaag g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

21

DNA

Artificial Sequence

Description of Artificial Sequence: Primer

14

gctgacacgt gtcctcactg c©

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

21

DNA :
artificial Sequence

Description of Artificial Sequence: Primer

15

ccccagttge ccagacaacyg g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

34

DNA

Artificial Sequence

Description of Artificial Sequence: Linker

1le

agcttgtcga cacgcegttta attaaggccg gcca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

34

DNA-

Artificial Sequence

<220>

Description of Artificial Sequence: Complementary

strand

17

agcttggcecg gecttaatta aacgegtgte gaca

<210>
<211>
<212>

18
22
DNA

<223>

21

21

21

34

34



ggccatggcec ggecatle <210> 26 <211>45 <212>DNA <213>

Artificial Sequence <220> <223>
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<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence: Primer

<400> 18
tggtggccga gaaggcagge ca

<210> 19

<21l> 67

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence: Primer

<400> 18

ccgegggcat gcaacttcgt ataatgtatg ctatacgaag ttattgtggg acagagcetgg 60

gceccagg

<210> 20

<211> 18

<212> DNA

<213> Artificial Segquence

<220>

<223> Description of Artificial Sequence:

<400> 20
gtctggcecce tectgctge

<210> 21

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 21
cacccataaa aggctgga

<210> 22

<211> 18

<212> DNA

<213> Artificial Seqguence

<220>

<223> Description of Artificial Sequence:

<400> 22
acggctcatg cccattgg

Primer

Primer

Primer

22

67

18

18

18




Description of Artificial Sequence: Linker <400> 26 gatcocctac
cgatatccaa ttgggccggce cggccatata ggcctds <210> 27 <211> 45 <212>
DNA <213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence: Linker - 140 - <210> 28 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic
oligonucleotide <400> 28 cototccctg tetatgggta aataagtgcc30 <210> 29
21921313 30 <212> DNA <213> Artificial Sequence <220> <223> Description
<210f-Artificial Sequence: Synthetic oligonucleotide <400> 29 tatccatcac

<21getdgEgacc gctc%agcatBO <210> 30 <211> 24 <212> DNA <213> Atrtificial
<2133 fidride &0 duenee

<220> )
<223> Description of Artificial Seguence: Primer

<400> 23

tagtgagtgg gcctgact 18

<21 0> 24

<211> 16 )

<212> DNA :
<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: Linker

<400> 24

ggccatggcc ggccat 16

<210> 25

<211l> 16

<212> DNA )

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 25
ggccatggee ggecat 16

<210> 26

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 26
gatcecggtac cgatatccaa ttgggccggc cggecatata ggcect 45

<210> 27

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker

<400> 27
gatcaggcct atatggccgg ccggcccaat tggatategg taccg : 45




<223> Description of Artificial Sequence: Primer <400> 30 gcagagcctg
ctgaattctg gctg24 <210> 31 <211>22 <212>DNA <213> Artificial
Sequence <220>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

- 140

28

30

DNA

Artificial Seguence

Description of Artificial Sequence
oligonucleotide

28

cctetcococtyg tctetgggta aatgagtgcec

<210>
<21l>
<212>
<213>

<220>
<223>

<400>

28

30

DNA

Artificial Sequence

Description of Artificial Sequence:

oligonuclectide

29

tatccatcac actggcgacc gctcgagceat

<210>
<211l>
<212>
<213>

<220>
«223>

<400>

30

24

DNA .

Artificial Sequence

Description of Artificial Sequence:

30

gcagagcctg ctgaattctg gotg

<210>
<211l>
<212>
<213>

<220>
<223 >

<400>

31

22

DNA

Artificial Sequence

Description of Artificial Sequence:

31

gtaatacaca gcegtgtect cg

: Synthetic
30
Synthetic
30
Primer
24
Primer
22



<223> Description of Artificial Sequence: Primer <400> 31 gtaatacaca
gccgtgtect cg22 -141- CLAIMS 1. A transgene comprising a DNA _
fragment comprising a DNA sequence identical to the DNA sequence #fCSLLP
human chromosome 14 from the D ?gment genes of the human Ig heavy
chain locus, continuing through th'elg segment genes and the constant
region genes through 41 of that locus, wherein said DNA fragment is
CLAIY erably linked to at least one human V segment gene, and wherein said
DNA fragment further is operaply linked to an additional constant region,
i addiGrH CERBAE FABIGn COMprBing) 1) & RAMER SwithErebion 427
DNA 8dggionceonrsing bumancCHAe Chiiges &z and CH3 Bxens; and (3)
n human meérlnt:ﬁ%ne exons, wherein said human S\git%qjan%said re]g_giorlqeav
< ror&Sﬁ%ﬁ%in]g hurman , &iﬁsg,m&ﬁﬁ and CH3%exors aré fom the'same . ©
cha iisotype; andsaid humanomenbsang extias areskgmemntifipeertdsetype the
than said human switch region and said human CH1, Clime, CH2 and |
CONSERF eFGELON ISTRFranSheHE brGhimEriE Adh-HUFTAT antfa it 214
DNA Pegemyreompyising theotrgnsgene-ef caimit. 1eask: AeRimefigan v
non-human animal and its progeny, wherein at least one somatic cell
seIMGRY o7 OB geth cdifSorfipfiséfa DNAFragh At eBmprising & DNA
operseqyencentfeai centiguousdegionoidhe domnagtobudin heayy eaaih locus
.on human chromosome 14, from the D segment g?nes,é:ontinuin%, h
2ddiff anen 1T L6gMent GIRSS aRGThE CoRtEnt regiorr gBME 2l GRS
regitecus,(wheeeinsgitlidNAdragmentig dperably (iHked  atleastiiheand CH3
buman,V segment gene, and whereln said DA fragment further s
exongperaé%(liy Iinke %%nnag{cﬁﬁongl Constant région gene, sdid additiona
switchnstadt regich geng compdsipgishmmanswtchegionChugan CEBR 1and
CH3 S}%é%es:’ %lj_:% aflgo%Hgﬁé( Ogg_ andihsuor%an én e”é%@”gaej?‘& nﬁuwggr%Lgﬁ?g%tdane
Rtiman switch region and §&id human rfembrane exons are from the
exonsamedsdlype anddhé feitfean CHDGOH 2 EmhCH3lskonseas from ach
regi$feLE Nge: SRS NaRsaid man apitehiggion.and.sgid human
membrane exons. 4. A transgenic or chimeric non-human animal and
its, progeny. camprsing @ wansgenshaving a,DNAfagMentcomprsing as
DNA sequence identical to the DNA sequence of human chromosome 14
Progpsm tHEPSégiedt §8fes sPiRedRitiar fy Rédv cHain locus, continuing
through the J segment genes and the canstant region genes through CM
ofthat Io%ug?\kﬁéﬁé}ﬁs&ﬁrbﬂﬂﬁf%rﬁ@ﬁf‘@]opﬁ%%lﬁ fifikétr fo?&18ast one
wherRUmanyy segeentgene anghwherein saig{ANAfragmenridurtheris]
operably linked to an additional constant region, said additional constant
COMPEeH5iT cBmPHSinGg - AT B SRSt R TBFion: ) RgiiTBGMpRsing
conthuian £tk Ghinge fCHRanMhGHdaxansy and (Bebumanaemblanais on
exons, wherein said hurpan switch, said region_comprising human CH1
g FREORRES R CHB X6, BHA SAic RINaR mémbrare SXoHS & rém
£ hriferantdSofyRaSsme n®- JAELNimEHC No-RuNaR AR akithits gEagenyy
according to claim 3, wherein said human switch region and said human
of tRRMbIARE BxoMSEREREMER FarhA- L s8GsTtests 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, C CH2 and CH3 exons and

hinge’
human membrane exons, wherein said human switch region and

said human membrane exons are from the same isotype and the




6. The transgenic or chimeric non-human animal and its progeny

according to any of claims 2-4, wherein said human CH1, Ch,,ge, CH2

and CH3 exons encode a human constant region selected from the groWpg| | p

consisting of: a human gamma-1 constant region, a human gamma-3

constant region, a human gamma=4“onstant region, a human alpha-1

constant region, a human alpha-2 constant region and a human epsilon
humagoRétant f@gign. 1$43- and 7, THe teirRgEnRIGH dhifBrie ndhHisrant
, animal and its progeny according to claim 6, wherein the human CH1
500 B0 T Ao THEbdR A Riihan SHtheEt CoRt fEgian, Tetgrane
exondghe transgenic or chimeric non-human animal and its progeny according

to claim 6, wherein the human CH1, Chirge, CH2 and CH3 exons encode

ahumarhgamare4 cohstart regioner 1 conThe ransgerio orehimadc 1ts

non-hu [ nd i c ing.to_a n ims 2-4,
Pxos o e DN Hagmont B Shes ol Inkes 16 & Berany of hian VP
compgémasig a IOV hecwpissyehic oeshiierit rioh-khmabithimabasaas of
humal'O9EPY%ASEAHANG fo ¢laim 9, mherein said PNA fragwegtisoperabiyan g

linked to at least 50% of the human germline VH genes. 11. The
heavifarsgeric dPeNitherikoldn-RUARES drimarahd sprdgémpacesrdmgies and

claim 9, wherein said DNA fragment is operably li t least .
the GiRaFthu mraerg\wpg&ee%?s %[kgli?\f%ské @ns%%n%f%gcr%r%%%g’noﬁ- Suman
saidaniNfal Bndgtssprogery apearaingtolclaiked, wheedin SamsDNArfeadgmeaty V

is_qperably linked to a sufficient nu of dif. u enes so
ST Igﬁtr?eeﬁéﬁsgae%% %%%%%t% e rc%‘agn(ﬁcno%?{% a%é%rftgé t%O%(}lf?‘%]etr\{ell_ﬁltgfug%tional
operhiphgn imnkewatchuin eddy chairmdequarcesthrommivd))said
aqas EESIbInAliGN, wdtheutiaking,nie agsaunt ictional divatsiy,erspmatic

mutation events. 13. The transgenic or chimeric non-human animal
regigmd itd progerycatcordif g Elairhr® whttam thelnuriberef htrawed CH3
exonBENes suificientig produgs atjeast. X0y of iae Bacell papuatiop.gt.a

wild-type mouse in a transgenic mouse containing the transgene. -144-
switeh THEEFanSRHEBr ERMEFESisEhtivaR arfithal afditsprégényand CH3
exon@CCOLdIRg {0 ClaIMSsd, WhRESIR the taprsgene LINthercoRpPrses a1pouse
. 3 enhancer. 15. The transgenic or chimeric non-human animal and its
1sotypegeny according to claim 14, wherein said mouse 3' enhancer is an

approximately 0.9 kb core fragment of a mouse germline 2' enhancer.

16 The tFRTsEMCGE it HBHtRtman difimafaitd its prégasf™y
acccaeeording 4o elpdmmld wheteihesaid saouseninhagegrtisianregion and

. .approximately 4 kb fragment of a mouse germline 3' enhancer. 17.

saldriRans e bRBRinTeIRE ot hGmAn SR at 4Ha ite progesy a&&ording

to slaim 1, wherein said mouse 3 enhancer is g locus contiol rogjon, o ¢

186. The transgenic SPERImMeric non-RUMan animal and its progeny
progaacprding dordnyoneofaofaims2-¢ 7 afumthek eompriseiges hupmaind  human

immunoglohulin light in transgene. 19. The tran ic or chi IC
CHl ’r?;ér;nﬁm?ﬁar@g#in?aﬁgan%s Sﬁ)%%%y%%%gg mga to]:l gﬁé %nggo%@c%a?rég 2%%%0“
seleakE: ddrthergomprising Mastivated endogeness immunegiobdinnheavy and

light chain loci. 20. The transgenic or chimeric non-human animal and
consisiProgéfiy Atbordid T Emy SAEGRCIAIMS 2EEP hera i thie arffmar e
gamn@oUse;ons t&dhtA methos forpradueing Altransgenioasekimericegion, a

nonhuman animal and its pro en%kacco dinqqto claims 2-,41c:omgrising: @
hungny SaidiAg said Wi cyehelifto an efbrySnic Sl SPsiion tonsta

region.




MCSUP -14%- (b) producing from the embryonic stem cell the
chimeric non-human animal. 22. The method according to claim 21,
wherein the nonhuman animal is a mouse. 23. A method for
producing a high-affinity, fully humzilgqantibody of a desired isotype,
wherein said antibody is specific for an antigen of interest, comprising the
steps of contacting a transgenic or chimeric non-human animal a cord@g,
td any ohe%of ctAMER Wit e%h%%%ﬁloﬁ‘ irﬂ%?és%é\fgl fHouce At oﬁﬁ} tte
prog@rductionnd arlk3-cell ofisaid agimatyand mlleumgqsaidmn@mdy.chmge ,
24. An antibody producing B-cell harvested from a transgenic or chimeric
CH2 affin&lfeccdrfing tGRAY OReDf IR ZATAunis&IRitAEN &t of
interest. 25. The B-cell according to ¢laim 24 which has been ,
ifimortafi2&d. =X 288 SFHE mBth St altord g8 LTSS, \iRerB tHand 1ts
progafbedyisienliagteddramdhe boodisitaam of saidl transgeniz, climeric
non-human animal. 27. The method according to claim 23, wherein
CH2 gdakiibodsisesllesie@dront ahimiortaRed BtcePaecsHaing o TIa
25. 28. The method according to claim 23, wherein said antibody is
cSllected Font A MR PEAIL Fadfe CatifitH NI oHBF Frorfta"Bcetnd 1ts

progageordinatecclaign 24. any29-A nen-humamembryonigistemES}gel pra
comprising a transgene havin%a DNA fragment.comprising a DNA

£ IEE R rerich (HBRHEH 18 tHe. BREX séquéhdeloffitmian chfonidstifie 14 =S -
the D segment genes of the hum§n Ig heaV}/1 chg’gl locus, contingin "
th]r8ugﬁ e J% hent-genss and the constant” reglilcr)nnaaer?élsl% S TeS

progedp- dhrovgh iCicofithatdbeus veherehesaid:DMA fragbient isaperabty is
linked to.at least one_human V. segment.gene, and wherein said DN

D o it 1O oBaby ked 16 A adito s Eaeint LagioR, S

geneadditional constant region comprising: (1) a human switch region; (2) a
region comprising human CH1, Chinge, CH2 and CH3 exons; and (3)
hdmanThembraneaxons; witereinisesd hanerswitsheandsaidaegiond 1ts

progEQPPUSINg,Hean Chil. Chinge, Chig apd GH3 exansgie fpmyhesame

isotype, and said human membrane exons are from a different’isotype
opertiahysald Rliffantswitcth regittand sdidfimign CHICHINGE, CRRS%hd

CH3 exons. 30. A non-human embryonic stem (ES) cell comprising a

transgeMeh &iRG A THUA Fragfn &t EbripisiRg & TINAZ qRBARE JdéHtidal t°

progierthe2NA:ceauenee ot humanchromeseme kb framthe D segment is
genes of the human Ig heavy chain locus, continuing through the CT

oprerghyentderisd &R theStHnstat TBGioR e thfo 6fthatoegs VE
geneWherein said BNA fragmentds opermbly iakadtaat leasteniebusanidast 1
segment gene, and wherein said DNA fragment further is operably linked
x 10to g4 aEiditional constanitregion) sBRMaddioiE Coablaht Fegia vy chain
sequiQiRRuSiRg (J) ahuman switch 5egiona(2) AT egipn eomPrising fiyman « o
CH1, Chinge, 2 and CH3 exons; and (3) human membrane axons,
accopRéreinBaidIRIRan SWHER, SHid rédiof €8ripHSiNgarhanTll ehifge,
CH2 and CHS3 exons, and said human membrane exons are from different
isotypedn® CERRPRERHDrYINIC RIS ES) Comt abESiihF R Caim 28%r - &2
progdywvhiekis-ameuseES tellm o, 32nthe transgene ageerdingrtorslaiam 1vH
wherein a loxP site is inserted 3' of the switch region and 5’ ?f the CH1
geneg g sufficient to produce at least™50% of the B-cell
population of a wild-type mouse in a transgenic mouse

containing the transgene.

MCSLLP
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14. The transgenic or chimeric non-human animal and its
progeny according to claims 2-4, wherein the transgene

further comprises a mouse 3' enhancer.

15. The transgenic or chimeric non-human animal and its
progeny according to claim 14, wherein said mouse 3' enhancer
is an approximately 0.9 kb core fragment of a mouse germline

3' enhancer.

16. The transgenic or chimeric non-human animal and its
progeny according to claim 14, wherein said mouse 3' enhancer
is an approximately 4 kb fragment of a mouse germline 3'

enhancer.

17. The transgenic or chimeric non-human animal and its
progeny according to claim 14, wherein said mouse 3' enhancer

is a locus control region.

18. The transgenic or chimeric non-human animal and its
progeny according to any one of claims 2-17, further

comprising a human immunoglobulin light chain transgene.

19. The transgenic or chimeric non-human animal and its
progeny according to any one of claims 2,3 or 18, further
comprising inactivated endogenous immunoglobulin heavy and

light chain loci.

20. The transgenic or chimeric non-human animal and its
progeny according to any one of claims 2-17, wherein the

animal is a mouse.

21. A method for producing a transgenic or chimeric non-
human animal and its progeny according to claims 2-4

comprising:

(a) introducing said transgene into an embryonic stem

cell;
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(b) producing from the embryonic stem cell the chimeric

non-human animal.

22. The method according to claim 21, wherein the non-

human animal is a mouse.

23. 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 the steps of
contacting a transgenic or chimeric non-human animal
according to any one of claims 2-4 with the antigen of
interest to induce antibody production in a B-cell of said

animal, and collecting said antibody.

24 . An antibody producing B-cell harvested from a
transgenic or chimeric animal according to any one of claims

2-4 immunized with an antigen of interest.

25. The B-cell according to claim 24 which has been

immortalized.

26 . The method according to claim 23, wherein the
antibody is collected from the blood stream of said

transgenic or chimeric non-human animal.

27. The method according to claim 23, wherein the

antibody is collected from an immortalized B-cell according

to claim 25.

28. The method according to claim 23, wherein said
antibody is collected from a host cell transfected with DNA

isolated from a B-cell according to claim 24.

29. A non-human embryonic stem (ES) cell comprising a
transgene having a DN& fragment comprising a DNA sequence
identical to the DNA sequence of human chromosome 14 from the
D segment genes of the human Ig heavy chain locus, continuing

through the J segment genes and the constant region genes
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through 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, said additional constant region
comprising: (1) a human switch region; (2) a region
comprising human CHLl, Chinge, CH2 and CH3 exons; and (3) human
membrane exons, wherein said human switch and said region
compriging human CH1, Chringe, CH2 and CH3 exons are from the
same isotype, and said human membrane exons are from a
different isotype than said human switch region and said

human CHL, Chinge, CH2 and CH3 exons.

30. A non-human embryonic stem (ES) cell comprising a
transgene having a DNA fragment comprising a DNA sequence
identical to the DNA sequence of human chromosome 14 from the
D segment genes of the human Ig 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, Chinge, CH2 and CH3 exonsg; and (3) human
membrane exons, wherein said human switch, said region
comprising human CH1, Chinge, CH2 and CH3 exons, and sald human

membrane exons are from different isotypes.

31. The embryonic stem (ES) cell according to claim 29

or 30, which i1s a mouse ES cell.

32. The transgene according to claim 1, wherein a 1loxP
site i1s inserted 3’ of the switch region and 5’ of the CH1

exorn.




