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" Zpp2 CROSSMM lﬁ?@ﬂmmo RELATED APPLI CATI ONS This application isal JUL 1@02
Contlnuatlon I'n- Application Serial No. 07/466,008 filed January
1990. | NTRopuctf Technlcal Field The field of this invention is the

production of xenogeneic specific binding proteins in a viable nmar@@kdan
host. Background Monocl onal antibodies find use in both diagnosis and

t herapy. Because of their ability to bind to a specific epito u
be uniquely used to identify nolecules carrying that epitope ﬂm""'m Mummmf
directed, by thenselves or in conjunction with another noiety, to a

specific site for di agn&hsé@]ﬂ.rfé}@r@pyxml}@@@ﬁt@@ahw@hbchﬂjses conpri se

heavy and |i ght chai ns Join together to define a binding region for
the epitope. Each of idigdd\anEFERENCE "R | REHAPEDaA¥RL IR ONGI On and a
constant region. The C6ﬁ§raﬁr:;ggg?ﬁ‘ﬁﬁrﬁﬁTﬁﬁTa‘§_gUEﬁEE‘T§—§bec|f|c for a
particul ar isotype of the-Thg | CatlgR| +5a8 FRBUABYATWINCH SdUces t he
anti body. Becauge p¢lpltilttat b2t SNEHL ROt orLH6 6 hE0geduarce Jefnddis, amst ant
region and the gg%ﬁles fromwhich the antibody is produced, the

i ntroduction oft enogenei ¢ anti body into the vascul ar system of the host
can produce an inmune response. ' Were the xenogeneic antibody nay be

i ntroduced repetitively, in the Casggﬁﬁoﬁﬂéﬁ?bﬁ di seases, it becones

i mpractical to adm nister the ant will be rapidly v 211
JUL Zpp?2 Technical Field

The field of this invention is the

. production of xenogeneic specific binding proteins in
a viable mammalian host.

Background

Monoclonal antibodies find use in both
diagnosis and therapy. Because of their ability to
bind to a specific epitope, they can be uniquely used
to identify molecules carrying that epitope or may be
directed, by themselves or in conjunction with
another moiety, to a specific site for diagnosis or
therapy.

Monoclonal antibodies comprise heavy and
light chains which join together to define a binding

. region for the epitope. Each of the chains is
comprised of a variable region and a constant region.
The constant region amino acid sequence is specific
for a particular isotype of the antibody, as well as
the host which produces the antibody.

Because of the relationship between the
sequence of the constant region and the species from
which the antibody is produced, the introduction of a
xenogeneic antibody into the vascular system of the
host can produce an immune response. ' Where the
xenogeneic antibody may be introduced repetitively, in
the case of chronic diseases, it becomes impractical
to administer the antibody, since it will be rapidly




' destroyed and may have an adverse effect. There have been, therefore, Eany
“efforts to provide a source of syngeneic or allogeneic anti bodi ed. 1ol 2002
techni que has involved the use of reconbi nant DNA t echnol ogy where the
genes for the heavy and light chains fromthe host were identified and the
regions encodi ng the constant region igplated. These regions were then
joined to the variable region encoding ‘portion of other imunogl obulin
genes from peci i n ' ecific, epi e. ile the
resulting c .ﬁ%??gega%td§%¥§ké§§%§gg{§ﬁ?f d%% %%E%%BStakggﬁﬁl 3¥5re usef ul

t han usi ng Reenl | {hrerdgaitei cank ifdpLty ttatprévide a noobee off

di sadvant agegn g Ihe1 bdehl IRl il AdAIbaNd 9L NEDONRT e var i abl e
and constant” régions requires substantial work. In additiof, th j oi ni ng of
a const ant ¥RygPbrier &heoms e gdciras ambinanty K eteelynohogyowhamret her

speci es may:kbaggfebheosPadid iddwy aith af fdm tohSfnd Ne YA kﬁ&' fiokgd! Ons, so

as to lose the degired propertjes of the variabl e region. so, there are

f r amewor k a%?ﬁybé??&ﬁif&tﬂcgaé'@q FEHNT 4RceYing thecressitanthe

vari abl e regé@hon These aftiealveWwrHe sand-dvyipats/ ard el €hegyenaes rBy result in

undesirabletﬁgtb 95 responses. IkﬁﬁSU|d tﬁfreforg be nore desirable to

produce al | B3@nETE* SR COAGLLT SPATHTH RITHh @5 QER8Et by i rmuni zi ng

t he host wi ifmanoghobodden gehesntforeestandidreprsped bss Qarkteulakby humans,

thi s approagh.] o] i.cal . The human anti bodi es whi ch have been

pr oduced hggesgéggg gsggﬁgﬁﬁgﬂe adventitious presence of an avail able

spl een, from a host whhddehddheha@ms Wrtdviowiimemiminpaetlyo t he epitope of

glerest. VhihsobHERE Belipherals i daphoow) &8, PBY, g Plgued for the
duction of ndnoclonal antibodies, these have not Dbeeéen partlcuparly

successful FH-PAsPohdldNd ¥eAPIRQUS AP IRPHM Vit StHM Moseever, it is

particul arlyudbéfi ofl Hiledgemdiaties .2 MHEN @t DOLYa £ E§RONSE agai nst a

human proteigola desired t.ar.get i many t herapeutic

n 1 JUL ~ o3
and di agnostT2 appPlcafions? @%:5%%iﬂﬁﬁﬁqgié_§%%s?aﬁﬁFéPtinterest in
finding al teepéenverequiies st Gubse grtdauctvark of Bh | @geneiengnthbodi es for

humans. Rel i eratur i,.Cell, 51, 503-512,1987.

Kol I er and gér!nfl?l{qf‘gs&P?‘q%?%&%ﬁs&%@g@%ﬁ%@ﬁ“%@%@éﬁ?%%,a 1989,
descri be i n&@¥idalengeghienfirorogneidiam dpssie hymdpnohagges theconbi nati on
i nenbryoni csséenreelks aBer ioli @ of EYRO Loyl 988, descri be

t he human I%ﬁVH I cus? gu?kg%%ﬁﬁﬁgﬁ,o%mienaérﬁﬁﬁ%386%§gfﬁ%’lgg7, descri be

yeast artifiTF al®chPBRotbfe Aredisd proqexfiias <hrtheevariablei ence, 246,
641 - 646, 1988giand Brawest eheret Alre fSGinRRETk 24d A%ﬁér&éﬂabl%w Sakano,
et al.,descgi Lversi t.y..se nt. of the i munogl obul i nheavy chai n genes.
Sakano et a%é?giﬁf%%e?p§§d%lgbgggb§;gﬁﬁﬁﬁeﬁlh%égg%tV%F??QEFOC. Nat | . Acad.
Sci. USA ?8egéed. 7688ese0Brandesyk kad hypmneerighl beavyobacasgene
sequence. Bhapnkpastekn ;and Jgauw I : qygp 17, 13S1-1357, 1987,
descri be theéanusevariéglgﬂésgyfgﬁiﬁ ?ﬂkﬁ;?ﬁ% eéggfgﬁ?sJoyner et

,Nature, 338, 153-it5wondgh thpraforetbeamorerédesinablacad. Sci. USA 86,

5898- 5902, dO8&ucandlPapehies celdlt ibddids - i beidRA 7,

5109- 5113, %QQO.CSUMVARQK%O? THE. | NVENTI m%@ﬁ%‘?éﬁ%é%#ﬁct& 8 ng
proteins arPpt oVictBPRiZingnthe AesE Widh @meimarnagenost by

| Mmuni zat i cinoérése. maFoel paimaests Wipl tAk AR DPrh@h8nkTMeRggen . The host
i's character.i e (1 ei ng i.ncapabl e, of .produci ng, endogenous
innuno@«ﬂnﬁééﬁg%gg é% é?%ggﬁ%ﬁ§lf no&hﬁnﬁﬁWFWo%ﬁngBQﬁngVﬁgCQt | east
one i munogtatrell beeopsbdncedeiave, beenpbatsEd dinetleof adivenruaegbalkul i n
sequences pravighog £er ath n ford D i ab egion.of at |east
one of 4H% 1 JUL pQg ?he%fggﬁgﬁgﬁag é%ﬁvacﬁa¥%£,gah§sétghéggt%Sﬁe intron
with approft$eR ePEPYienAdYsimaanigedete diten emikepeentl| ynokrastunct i onal

i munog! obuth 1 & URMALA - pERYShekRE | ighdtsty vbd | ise at |east one
xenogenei ¢ congtaq% re Pon %r protg%ggﬁhéﬁg\f o %%%em%?ngéing spliced to a
functi onal SFREYPOH EPTahlEnBEGENGEL o8y Oéxéﬁémﬁiém%uﬂagllbﬁdllﬁﬁflocus, may
have an entﬁh&sérﬁ@m@ghebubbFnlpﬁﬁ%iﬁhlh@iﬂ“éﬂcé%%?fhlukﬁdfQEi%nBOfti0” or
an entire enei c i ogl.ohul i cus, .or may have a xenogeneic
innunoglobéﬁ?%gb%%%su?ﬂggiye&egnPBqX gﬁr%ﬁﬁ%o ‘%Fe?ﬁ%rhoéﬁ é&l1 and an

i nact i vat edparidogehmubyi dinfifidghdbultion geegirerte Ehasenyar haysbakiyer nati ves
will be achi t i | oyi ng, honol Qgous recqnbi nati on
at the innG#%éﬁgﬁﬂ i%é?gé%tfgrﬂghéhh a3$%§ﬁh f}gﬂfsbﬁﬁgng?rﬁﬁgcﬁPPTlCN OF
SPECI FI C EMBODI MENTS Novel transgenic manmal i an hosts, other than prinmates,
particularly other than human, are provi ded, where the host is capable of
nounting an inmune response to an i nmunogen, where the response produces
anti bodi es having primate, particularly human, constant and/or variable
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"~ or nodified antibodies as a result of substitution and/or inactjvation
" of the endogenous i munogl obul in subunit encoding |oci. The nodifi ah FJHI'%SZUUZ
‘"etain at |least a portion of the constant regi ons which provide for
assenbly of the variable region binding site bonded at the C-termnus to a
functional peptide. The functional peptide may take many forns or

conf or mati ons_and serve as_a rowth f.act ar b| n rotein,

| i gand, cyt dRFRE, tg‘% D5t S eclpngl c% ?aﬁgng BP(%tleclansldn dﬁlkﬂegregntl bodi es
may be any is9typbermfipre) gs&;bsj:arEt;lGlotmrf/B@B%ubmyﬁelsﬂmrtml n the isotype.
511 JU A tegi l0 1o t he
desired tranggenl (F:{%h@(}stes %%u‘ggt?}zﬁngéﬁpgcﬁgg’tslsgf e enp oé;ed

particul arl yanm.bmeilelsagﬁ:nmrmaan@w ne, porcine, equine, canine, feline, or
the like, normally other than primate. For the nost part, mce have been
used for the production of Blynphocytes for immortalization for the
producti on oRedpviamddileistersitieee ni ce are easy to handle, can be produced in

| arge quantities, and %&M@V\ﬁha%gﬁéecaa exkansi v | rHMLesrzapertOI re,
mce wll usually be the ani mal of oi ce, TNeTef of e, t he follow ng
Brog. mMatls Adas

di scussi on, 1RB7di s&isiem aRg|ISpEthiefe HELE- l4 BBk under st ood
that other ansmlszs,pagga,mﬁmy mml desaay bee impadidwatsibgtthet ed for
the m ce, fo roced reﬁm?:}one strate a€ i ndj vi dual
steps, the h# PTHEh CRRIRSPUSH HAGE A o Bes are

i ntroduced i embrylmmnmwtsexgecrerils ne Badgmam gtsegaratBMBO ep. the 727-
cor r espondi ng 18038 PNCTeALEL LENIRECHLAR: TunSh] A0l HUTBE Reavy, and
| i ght chain és "dare recons ructe in an appropriate eukaryotlt
karyotic gilero&iancsn ahdb i he0fe8alti A SINA dasmynidre syeasit be i ntroduced
into pronucl ng:‘lffﬂcceiréi | LR EGmODYRE PEELSS 0T ﬁ@rayl% C ééf’é‘éc%_eved by

| nactivation the end ogenous nouse | m"runo% linloci is ac

targeted di sRdpti &Cigneee Apbr optiabd bl odid MIWSF%éBHBEnatl on in
nmouse enbryogig stsam&eééﬁ 244\ eagbscaseslthlrmg C |Uw@hs, ase generated
which are defjved In par% é modi f i edf%m C ste{ﬂ 5.1_ and are
capabl e of tPRFSHIRS h%eﬁ'éh Yi 8CABES IHPRIELCREL B m 1 i ne.
The mating ohemq;se:ls&ixal genesth Bekano mturedgl oiNdtiurée pcR90p S6eains with
i nacti vat ed RRuse Sﬁ?i WI.![.| %é?l gta Ishy&os i b}ggé(dpr QH_‘CtbQH IS
purely human™TH t]he next “stra nents—m—-lwm—ﬁeavm i ght
chain i mmnog_|§oblﬂ58\4+7)&88ar é%éeddle@cd?ilrl@:tﬂ}ye ﬂ@ﬂ%elgheh@éWespondl ng

mouse | 0Ci bynaid defe lsdadehklt . Z0B% anitid OGO USnd ek LARE AREN OBLLN MDUSE
enbryoni c stem:el |s- This s followed by the gener ation of

chi meri ct r andgedimnune ket s1in $APAN 1G5 el bni tessBibPRethegBPLFEd cel | s
ﬁontrl but e t@dﬂ%lﬂ;ﬁ nhéate. dhasa %‘Tergfitdi’g.' eSS@éi eabespdiepnkheet al. |
nownor gani zation o noglobyl i in loci _in,anu 0 ni mal s,
si nce the or?@ﬁﬁ%ﬁ oé\——reﬁ'rg? gg%’(ﬁcg‘ﬁsgﬂ g]? TaXohs2Enddar gZ—ﬁét—&Eg&al
mai ns, andlrozatd Bcbf YPAI 86,s5888-HBDA v ah%:ﬁi; pandnahnehéseetts IS
erstood t varyI_l, degggesA a t@ec ;hu TS? glili|3l nl@@%vy chain
| ocus is | ocated ¢ 1 tll rection of't ranscri pti on,
the |l ocus conprises a |large cl uster of vari abI e region genes (VH), the
diversity (D) regiongenes, fghiowesd B tHies | PiPER9o/H) regi on genes andt he

constant (CH) gene cluster. The stze of, the jocusis estimted to be about
2,500 kil obases (kb). DYPPAREBNEEFI sPars:bimePinddngcBrPLRIGTs 3Féhe segnent s

fronthe ger mﬂﬂc{tmcjsq@dl‘l iﬁCHSn@iﬁeglrliﬁaa:@f aj&ﬁﬂatbl/e niaaliﬂﬁamﬁaapmﬁ'@tcaily
rearrangenent, of the er for unctiopa avy chain

ol ypept! de UdPt FrotteadoEn EDE MRttt oS ikt EBg fin Ao PARATRe Vi

D, andJH regiimmsurgénbe joined in a specific sequentl al fashl on; VH to DJH,
generating the function HRJ H. orrre specific
heavychai ns are pr oducegl‘?oﬁf’o\é Dq‘:' tcrh%rg%cf?%%/l zc')DL‘r;\do;“)@t heeﬁgl cl)aceulsn uti l'izing
as a tenpl at eirtd@a;lp)bm bnfchbIDﬂlleI@ngetnctm@mossngmamongl@rmmlm,rons. There
are two locif ! S mm ng 2and the
~ locus on h ((r?ran chr%%géeﬁga§ t‘ﬁl%s%ruﬁcl?ﬁ?éoggcﬁgm%ﬂn%m IS SI mlar to
that of the Ikfa3bcereexmapnoghabulin Fergtanti §eﬁepnpr @emIo®in owi ngl gH

rearr angenmentyhd &8 £ aNgRBRbgIbbal lrgme@@éhelagcggows_dwa |4 Yehe
acconpl i shed by VL and JL joiningof, the ~c or ~ cgal n. .The, SI zes of the ~

and rc | oci ar®RRMNABPr Bfl ﬁ‘ﬁ‘@el"?rf@dblekbreﬁkﬁf‘eg ARYRE | gH and
an lg~c o~c Ig~ light chainin a




.7 11 J ~ L 2002 particular B-cell allows for the generation of antibody
nmol ecul es. In order to isolate, clone and transfer the |Ighhu | odu$,JiL )Q(Bﬁt?t
artificial chronmosone may be enpl oyed. The entire IgHhu | ocus can be
.contained within one or a few yeast frti ficial chromosone (YAC) clones. The
sane is true for the Ig light chainloci. ' Subsequent introduction of the

appropriate heavy chain or light. chain YAC cl ones into.recipient yeast

al | ows f@?etﬂégpgcgﬂgtﬂfa Viyor?qx@f”lsn‘t a%l%d gae%?r]l The rglgel%)rcll B¢ honol ogous

r econbi nat tlonabptepenateesipdpeiimg reiiensfof dvwrid boy. anhd this nmanner, the

isolatio mg)l\!@\ a [ 1{??93 Shaip; ks obtained. In

or der toap%%%al n aggrggg%bggggﬁ%% on’qu“ﬁ‘?g%@a !n}frtgy antxlqiigdi es, it is not

necessarThuhat thaemppsiaddan hosdhtwilkl \compy bse afarleastvonegi on gene

famlies L AL SESRBNSRA W Wi S pEEOM Chivst8Es ERRRRIRY obtaining a

subset o’f@{lﬁ%%ﬁngm \Y reginon gedr}es of t%e human_heav andBI |bght chain Ig

loci (Gepfebeéngappliepdoty § MEmtiongbal 7Bgiont@krathan the entire

conpl emegf38§e Noh8Ib2Nexddtth JUANSRANM Sy OISt 1 TRY1 Heus MRz advand be

capabl e of nbunting a strgng inmmune respopse and grow de high affinity

anti bodi @8. ePR1FR IMARARSLOD It | LRFYS okl thexde t aghRAtd thtache

chronosopp aepobeienpbayed drdiaxatenegereiepifheto§YObkh i agnent of the

| gHu | ocys is shown_in Figure I b, This, Notl-Notl.restri cﬁi on fragment woul d

serve to-Provr d8Ta™Fdr |hé"t"% G RPIUGTURES WATRROH PPUHFByEE Ysncr eased

di versi t ynbgrtedoiiitoi @y ckitdnddwmey av f oulse hasid det kgandsaand under goi ng

somatic k n_or rQVv| p. i onf. _human

ant i bodi g}s{g?ﬁigggghogglﬁfgﬁ%erto&s ﬁﬁ‘ﬂ?%éﬁée%%i;g%régggg{ﬁt hgﬂﬁg%t be conpetent

‘o pr ovi Waripusnadsesaat isresy voisl ke oadleievedt ort lagskvéa with the
oduct i ga:-ef 89! EReditsndidi 1 Akl 00- commst ot sRdggeRgus genes for the

expressi on of heavy.and light subunits of immunoglobulins. Thus, those

enzymes ARBUBPHEPPULin lpcyfgrcile shedhchRd edigREnChaiMmSi ne

rearrangenent, splicing, somatic nutation, and the like, will befunctional

in the xenogenei c_hQsl. 2 i1 _.be Lng is.a fyngtional natural region

conpri sing thevar Paes e ASSOET A : ction of endogenous

i mmunogl obul i n subioivies. ThreademeEmi ONAammayl beni hdsodycedhiext alarepr onucl ei

of fertil.i.z cy r ni e | S, e Lntegrati; y be random

or honol Ekéﬁgaggénﬁ%& o?n %f%aéﬁ%gﬁgét?‘é‘{%gy %ggbgr?rr)ﬁﬁ%ydg’g. Thus, by

usi ng tr#@RSEEr e destusingappel¢tofemenapsng /R domBNgation with

br eedi ng-ekhans@eRicC AN TR eRe QREALNEHeWRLERoRER %@cﬁi&&soroduce

humanant i bodi es .in the substan i al absence of i ght orheavy host

i munogl GBEEPRILESURAE D PR F¢ at BRFRACHOGELY niRG&-0bul i n

| oci , honebogtus tr acpnataviaby begeopkogedsushebehB¥A | sintroduced at

t he i mmu I |in heavy chain and_ |ight in_Loci [ inhibits the

bt oduct | S1 6T Rabseas rraRSetarl Pf Sharee e ST N St wo

heavy chaichaglelcdlegs. zewl hywbe ight capabhel ofi proedokingt kenmgeneles, al t hough
: ‘e may %Q‘O%%ittaﬁcg%{@it%@&ié“s!gg' al PEEEIWM la% RAye 5 A i tipl e

ansformations whichresult Tn inactivation of each of the alleles.
(Byt r ansRadfer dmackivateirrd dnfhecenAPgaEORST LAMUSOELARPENA into a
vi abl e cellbuni4CRRSEPINYIRLE PN, ThaNRbak FRERRR onls! 3RS LGL | HP, transducti on,
n,biolistics, or t Honol pgous

el ectropqration, |ipofecti he |ike.

r ecombi ngﬁaér’l:mi’y H?é:p%’rﬁ)"l‘ o?lgdﬂf‘% ?HHEFPBﬁaFF?lpﬁécf“’l}\}é‘%}b REH ST thel oci, by
i nt'r oductfican agfs entel yhayd | Oige usa PNAbL Bt reglioyobinditresciatie s, fol | owed by

i ntroduct] t.h difi cells Lntg recipi.ent bl ast.ocysts.
Subsequerﬁ%@gg&:jiaﬁg%g oé/\E %gplﬁ‘égm!ttgi %e f?‘?‘é:%é%nsasl’l (?%Spotfl(%/%éi n%}&?i vat ed

| ocus. Ofeirgdricriedr gfepteiddonsy tekbr mediyetforvwygous of f spring and sel ect -
for honozygousaf fsiyd h eLQzygo ent gai n onemay use
the enbryonic stafe%rq:ﬂe{?a‘%%%(r%?gs%uég XS% %%f%a{ez’ooq}:é&g?}gconbi nation and

i nact i vatfiastast, tthendonpapadreinechdgande sumedring, teffReberation steps
may be reduned DY JHOVAEIRG BLot83Rk A cltadmaie %fnm?o@yg@nmhgwnogl obulin
subunit | ocus for honol ogols” reconbi nati on with the anal ogous endogenous

i mrunogl QSuIdNY, iSPRRE s t BeIhundBAl oBus Brs G st tUt tHPBYPRE | east a part
of the hasttHifmugl oty pel ocus, with resulting inactivation of the host

i mrunogl obul in subunit locus. O particular interest i,s the use of
transformation for a single inactivation, followed by




br eedi ng of the het er ozygous of fspring to produce a honpbzygous offsprlng
Where the human |ocus is enployed for substitution or insertion ifdtd JMEJW‘Z
"“hpst locus for inactivation, the nunber of transformations may be linmite

to three transformations and as al ready indicated, one may choose to ignore
the I ess used a locus and limt the traQ§fornations to two transformations.
Alternatively, one may choose to provide for inactivation as a separate
step for each locus, erpl OG- HIHIH G St ||§efé8§18&ﬁﬁp%'n9 whi ch
have previously had one or nore | oci 1nac |vate I'n th ent onl
transfornat|@@higvasé&eaﬂ§%MF9QHhﬁ%ﬂﬁQﬂﬂkF|¥P$¢ﬁegr3§§é0Pﬁto t he host

genone in rap Qﬂgtgaahbom\osacst ¥l B Sy éd;an;sépfnama@&yﬁawr%er equi red.
Fox inactivati on, an | esi on In t he target |OCUS resul ti n% in the
t

prevention oia@Q@PéS? Pon O Ngny Prﬁﬁﬁ'f-d‘gq'ob%ﬂ‘i‘W%ub‘EﬁPf-“Sfr RdtiNSgc &F may be
enpl oyed. Thige Yhgel eSidlﬂ\aflﬂ.\)y RecHax acrraaglpmx@@ﬂ@ru sFag the awancer,

e.g., 5 wupstream or, Iné'ﬂ in the V fr] glg and \é\ath t he heavy
chain, the oBPBFtuRHCE &avea e t"rftecb i tb}he BREERZ Pond 1 her eof .
Thus, the inpphphbtytest dod Smtn’(t&itd]gl.getrmlhlf\@rg'ehe peaduengererit i s

i nhi bi ted, or g b ctl onal_ messa e enc d| iy hg 1[é‘mu gl ob%l i n_subunit
cannot be prBBEEBRALEShe S HIRE T D AndeH g ok 2 &9 ure of
processi ng oprbHeceesdagdamge tqmaﬂtmesl and Jtk Rhbwa 10 Preefecraabl vy,
when one is r vat i LgRY iy syhwni t

| ocus, the I%g%rﬁlqu\ib q't)%{.m%dr}énp:ré uce ddnlaéﬁ’t gg%%ge‘jiggupg%aogy L

[ mrunogl obuI aniamadbofi ichadmes. Thereirre prbdutks ﬁoéé@s«’tlrﬂgct V\/m ch lacks a
functional Jgheglh %d e PIRSSi dNe, Se0ueaess ob Hhee) il o adj acent

and upstream an downstreamfromthe J region or conprises all or

part of the FBgudd \k;iet rgteistrad v PP heEr ansmalf /¢ Barricayiany The

insertion Mayak@al@ b¥nf B®O&a esehishitnseat ke kesUliicd n di sruption
of formation of a functional nmRNA %lrably, the J region in Whol e or

substantial PRAECWINRITRP AT REOSHNESTSS of the |ocus, preferably at

| east about 90% of the Imcurss strated @y pdas| indésided) tsrteaﬁse,sitme bet ween
the two flan S S fi h (o) ext end beyond
the J regi on%m%to %hégz%garl}cg%[ eé}kgg?%gnf%n%{lglgﬁggb%ﬁ'g cg;ns ant region.

Desi rabl y, acmalpﬂ-@txegiewe-‘ei singreruced ephte et hhemgusegicerm \ame usndrar ker s
Ty be enpl oygle R CHAI Yol NS L LD BOhAMNEORCRL tdéé?efeéz?é’“ on.
particular interest "I's the use o resft stanc resul t|ng rom

expr essi on of SPR@TFch A ITEHRBIRAH. phoBPRBEr BREVET 256l Wit catid Hhd/ or

downst ream f metsheaﬁearzgaeiom@@wtmcanrmps beparla@;rée M Lhy pF pvi des for
identification of e crossover ﬁgg curr.ed. For this
e

pur pose, the® ﬁelppf@g]as’fyr%trle’% %(fﬁ%ozf%?ﬂ‘f%ﬁ“nﬁnﬁl r&?ﬁlel b %l oyed,
since cells éEnagessity) ddmwe b@ymth:m@utkedasatgepeommllm. ko £ | ed by the use
of nucl eosi dgg %lﬁ%é% i{ggl &0 m%g.%g%lq_l eJVA N . % i‘r cytotoxic

effects on cells at contain a ncti ona gene. sence of
sitivity tlaadidsetien oti ke SRi0g8NPHE Favese tumtam%mleubint he

HSV-t hymi di na ddinase ganfeddd b{hespbeted wWharaiam] Qgoush& ecombi nation
has occurred, that a doubl e crossover_has al so occurr ed. 11 JUL 2002 m

Wiile the pr SRRTOP O G el A KR ﬁ%‘H%lPHOPﬁeﬁéﬁ@H‘é’qul‘?rr‘ld’r’éa‘f“éuﬁﬁat

integration kaoweHd esﬂterht&\ellsstl Ih éache@%%%ardhitnﬁéﬂﬁé EAALRAE) s
whet her honol o us |nte % O)Ej\ﬁﬁs 0occC rred Thi s ca achi eved in a nunber
qrRke

of ways. For naf§sP8Ta PR B& BAH TotREt abl i sh t he

| ocati on ofthr@dlrﬁ:egi a&mhmyoBycesrpemycaglpr almelsefm cidrpaabheeofand t hen
sequenci ng t LO Kk henp ence of the
target Iocusqg:xat%esn mg%é Egé ﬁén%#ggkfﬂﬁgﬂrfggao%ﬁ or# t er%o }§t rrdlj%t

ori dentifyi ngame Ipk fé%enc'@h%fmatéégePfoﬁOU\ﬂ%ﬁtsqﬁcml‘é%tbnhhmgnbeen

introduced, tihgn I@&:lﬂﬁe%éi' £28MBY rig nestallH shesk TheapeliyBLase chain
reaction (PCR may beused with advantage in detecting the presence

of honol ogous oribt bt Y bald prBbEa L FayNes eusaF i BhPECEBRELEReASary to a
sequence Wit Hidrd e e@hgh [ uctand conpl ementary to a sequence outside the
constructand at the target Jocus. In this way, one can onl yobtain DNA

chai ns having both the g? PSNBrEsEREARHe JFATEARAT aPY ERG Hamam

honol ogous r endy rexid ohbght ochdl hedmmBynodaBnst it logit Beepugeened of

t heprobes for,the pe size, se n t he occurrenceof..honol ogous
reconblnatumgﬁﬁ?%fi £%§Pa eg88n§ rﬁ%t waéiQEtWPuse Puéeggfepllcatlon
systemwhich is functional in themanmalian host cell. For the nost part,

t hesereplication systems will involve viral replicationsystens, such as
Siman virus 40, Epstein-Barr virus, polyonma virus, papillom virus, and the
I|ke Vhrloustranscrlptlonal initiation systens may be enployed elther from

= - o e 3 =~ IA .




Once a construct has been prepared and any undesirabl e sequences ﬂe‘]mjm_d,zﬂuz
» e.(g., procaryotic sequences, the construct nay now be introduced into the
" ~target cell. Any convenient technique for introducing the DNA into the
* farget cells may be enployed. Techni ques include spheroplast fusion,
‘ |lipofection, IO n S ek shum,p g@gI&ateﬁrgl;g,i atied JNA transfer or
direct m c&&m%lgﬁqﬁ%%%@?l?ranghorma'?ll on or transfection of the t ar get

cells, targalleel | STy be feldeved by tdgngesrrgddion wf afuingriregative

markers, as Jurdaisd Vah DA Cat e, wAgeRY @ine adirSlonice s, agycl ovir or
gancycl ovir_ resistance. Those cells which show the desired phenotype may

then be furdefdvethdt§Lhs BYNEBLPRES: iton TIIFI™Ss L 1% ct r ophor esi s, Sout hern
anal ysis, PCR or therhéke. sByakdgikisl Wrg Hasagneit :hdilgtowhow t he
presence of the | esions) gt éhe_targ@t | gcus,, one can identify cells in
whi ch homol YA 7lctbi Aht FBR AREY @dﬂ% 1o G i“Rfte W cdpy of the
target | ocufumbde eboyridessy i bedcer ates o rgh i thed orrerhfivet With a
heavy chain | ocus in an enbryoni cdstem.ce J _.and then maturati(ﬁn of the

cel s to prRAdle P nat uPEOREr ENFEHES: * Vrfd:%flbr Sf Y of2 R e

het er ozygousodwtsicn @f hopbiygoud tless tandayt den sahtig tnethal eldagns £ St em
cells may bg iso d,.tr tq jnactiyat eco gH | ocus,
and the pro%ses%n#%%)%g?gg Elrblt ?Ega’ﬁ\?giee eésél.é'?ed ﬁcﬁ%gﬁﬁa&i% UL 2 002
13 been i nabtiwzeeHobwl iar haavyelcpairhd aquhticHeqrteusnmy be the first.

At any st agenrdhesbeanyl ocinmeyebe [ nt rpduced - Aol geady indicated, the
target | ocus may be substituted with the anal ogous human |l ocus. In this

way, the hupedn§eeiRtiPny bBepl2cd§ SAFREMTHIT yLarge el waker refi on as the

’al ogous hgst;arasre§ohhabnary (vegul atieoni aasasi @ edb M £8g1Hg position
the I ocus wll Pe ubst apt i aél y the sane i”cz?r t he, human i rrrrunggl obulin

| ocus. For %%%%Ie,%iws& ¥i kS RE BT JETRE PHCIRNEF n@Mddi ng V, D,

and J sequetitesgonetaner {Can yeereaflustuk f | arte ngiideohuors Loeus with

sequences fromthe use,locus, . pref ences rated_by at | east
about 5 kbp’:siﬁsgh%gﬁ%ét *Po ﬁs?b%rugf g’g%(w %’teﬂf EhY Sa@%ﬁ?' 108I25bxpn t he
host | ocus, Betel hagevaiepmentie kiismoeritvimus jdene sédmsentgi bnomn a

reconbi nat i I n : bty [ t mﬁ@ﬁ%. ulikn_l ocus for

t he vari abl {‘é)ﬂge%?iéﬁ %?ﬁ%hégﬁogpcyrﬁmﬂ% I%L%tcjl i oac[]%}lqﬁ%éft?%i ékrrgnner, one
may di sruptPRYieledl| FeRrepngrREendsiot Fif dlite ol ePE88ENEAE Rnmunogl obul i n
subuni t, whihgcelbaul NBehoy Chaifr aPiwslPhepheddusdnbe "pYsagtelyl in | ocus
to be activg.ﬁed bg.the host enh%rg‘%gr and re ul ated blé tﬁe regul atory system
of the host " ERBeRECRUAENONS PR BEIAET nt 1oUDCEYi Wio Phe2R8st ~ genone,
ei t her by hdpotegbossrmosmbbeatjodmest irangospeant £ie ategunenandlhost ani mal s
have been p Wb heth d J I i i ..L.Aactivated by
appropri at eﬁgggggllqh%gf t#hgm\?/(gr %ﬁ%%%s%em% g‘?H%?%{‘gg ghllﬁal S, one can
produce a h¥EPIWAI cgnFﬁcﬁsVHW@méﬁS/éD%%fp)a%?W@?rt@P@@éﬁé@ehéﬁWgenous

i nunogl obubhR; A§bHPE! Brobivic RS dNEowARGCE £ins Or PPRUHACORURRR 1q
i nogl obulins with at | east a signifjcant portioh, of the hunman

rggrtoi re. L9RBS s UREELARANT RS RRTRIA B Fﬁ% ?Rﬁcénge¥HBfIH€éich of the
thr eed?ost hlgitoebmplmerifagt lé&fdmtahm@ﬂiﬁiaﬁéné bhe 'Iﬂ?é‘ﬁé bgH awd ub%ihurzrggzl g
rc and/ or ~_|l ocl u al Low for ,t.he production ure ~ 7 JUL 14
" human ant Fggdggﬁgfggﬁl & a\hntsﬁod"[h? h'g p‘r’%‘dﬁc?f‘oﬁug nhSé%%‘lpsl?&et /lihuman

chi meri c angnfotthesd %ochsaomodtunstn af mropgsomaudRzat Phe witkductpew fic

anti gens, I e n t:he rﬂ%fipgi e+ Bcelhs 1produci ng
specific hnengngg%t?ggd?gg?i \ﬂ?%i c%. -ce’flggcg&?gogg I’tﬁge gvl}a tlFIe\)C.er%dse myel oma
cel |'s or be®KAfBEt EhpEedhien DameokderifraRAEr PEBFeRke cHRLILOYEUE st abl e
production eguhuEBR-rERGRENIE AU+ PREseRenth8sHbheghtmadp! ogy and
strategies need not belimted to producjn con‘el et e i mmunogl obul i ns, but
provi des t hé°6Borfuiitfy Yo 43t &ﬁ%&“ﬁ’b*spﬁai BXs VLoPREd Yo I9PHMI on of the
constant regifomheexgor GHEhaGHR @Re 6fzEE4ofotheonbiamal ixorlddier eof .

Al ternati vel% one.,or _nmore .of the ef@ﬁé g;) thg CH and Cx or C~, regions nmay
be repl aced®5F FEFRedPREOX e otiPng &*&-FFEFENt Protein, such as
an enzyne, eegrrapgasinlntgendcin vBgororsiligar ddigthe dihemit ase,aetc.; toxin A
chain, e.g., ricin, abrin, diphtheria toxin, etc.; growmh factors;
cytotoxic agent, e.g., TNF, or the like. See, for exanple, WD 89/07142; WO
89/ 09344; and WD 88/ 03559. By inserting the protein of interest into a
constant region exon and providing for splicing of the variable region to
the nodified constant regi on exon, the resulting binding protein nmay have a
different C-termnal region fromthe inmunogl obulin. By providing for a
stop sequence with the inserted gene, the protein product will have the
inserted protein as the Cterminal region. If desired, the constant region

LT T .




protein. The antibodi es or antibody anal og producing B-cells from fht JUL 2002
transgeni ¢ host may be used for fusion to a nouse nyeloid cell to produce
hybridomas or immortalized by other conventional process, e.g.,
transfection with oncogenes. These imortalized cells 11 JuL ~flo~ 15
may then be grown in continuous culture or introducedinto the peritoneum of
a conpati bl esichdapr sdeetlilon ldbwas didres: lihegendy &ctonnwént i on provi des
for theproduct,an (gf 8I é(:lu(i%%l human anti-serum or hunmannonocl onal

anti bodi es &" ? %dgl al 0gs.” Where themanmal i an host has been i mmuni zed
wi t h an i nmunogen, t he Ieswoirdiery tiunse lattd botl @se nayd berasefeatred hier onot her
proteins by i Ng fini I 3 | Lhdin lLety, such as
protein A ofr{'ﬁ%m ??Egg' Eo&ggggd&g%ﬁgﬂ%ﬁﬁlﬁﬁ]{%%aﬁ rﬁg i_(&:jgstem:el | s,
after transfamphoyed. tRheceintd neay dbh, plla@iorean abeeedaraiaper in an
appropri at e nedi ) ofed ohelaals APV 15 YA £1ORAT edh PAVENS ofel (g aggnt ai ni ng
t heconstruct may be detected by énploying a selectjyenedi um and after
sufficient tGhenesr c@heniséda dsyrtdmtdivhite by beIpFckBdigndosdal yzed

for-the OCC%ﬁEQé%QREnItn%&&@dL@uQ{n kool g calsp F e ARt BahiaRy AR@dascri bed
previously, the PCR may he used, Wlths[l)rj nmers within or WIthOlé‘L:L t he
construct seRfieht@nthGadn &G SN JAEC THESLPLENEnY &8 Skhiddt O&iFow
honol ogousr eegpbt Rat rer oMt ifthAridie disethf &t egbrpol raai pgl abicﬁ.najf'v}d

bl ast ocyst injection. Bl astocyst -”33,}; bee%‘gbégi ggd}‘:igm fierral es .h | ushi ng
the uterus FEYL4PICHFt 5@5\%@&[’\% R R BT Y oRY EAEBRIEE FEIHETRS hen

bet r ypsi ni zedf andmbAegyndi firedthds Iarauzied tbeaidebptébaoptfaiDirng t he

blast ocyst. AL, LEARk RS AP Al il "PYT Lhedneylr yauig akem cel I's_my

i nj ect edi e Dbl ocoe l'astocyst. erinjection, at |east
one and no nore then aeutoxden dencibtain bd aBreagdsspeakauretfr ddght o each

uterine horngk¢pPaeudo-Rragiied eMal ess E@@h@éeé%%r}rh%ﬂa@ lswedto go to
termand the resulting litter screened fornutant cell's having the

const ruct . ThENFARAR $NfPTHE-Bhy FERIan, YaFtPesl ¥r FEIdeR @90t e manmmal ,
such as | aborah@nyer @, idadtdgddadd WwetRlh tabBovakegy cidMistsesUch 7
1J UL ppp2 éG as.mce, rats, g%l nlgt? %I gsfv\g c., donestic animals, pets,
etc. The folF Hf’ngbé’xéﬁﬁlae‘smé“r% FFEPRTE bY beo?’mioiwlrhélt rF&9*H and not by
way of |inmtagéehes. ofEXREHe Vil Hewmey i amdi bhght theimouse leeayvy chain J
genes Constr I of_,t in i i0 oy ,A-.§,4 E agnent ,

cont ai ni ng tk:ggkn%%ge@—thgg'v'y’ %dna% g %%ggginz'f I’Igr?ki']% )sg:%’l?éln%:%s, is cloned
from a Bal b/ thapusdeeentiorgerrmpenent ap§ Vsicpgioms pridises described in

Sakano et al crafalidil 240500 %e Lftanibled EHAOBRNCAIM. Ige | nsert ed
into EcoRI-digested puUCd 9 plasmd (pnDJ). A 2.9 Kb fragment, containing the
4 J genes, |BOHBLANEd D\F BERIIT SRR EREPBASEPADI eV iste Tt 1). An

1ﬁ50 by Xhol aBaltiHIitfyr %g{te:mh od Lo} aii&nﬂhasnmeﬁh@imrwl}séﬁmg%ﬂg iven by
t he Herpes sj X _Virus t i di ne ki nase gene V- t pronpter and a

pgl yoma enhahggr Efirgqnged}%ﬁ e‘#nfﬁ’ n PRETRRSC ?hB‘r‘?&s fnﬁ"gfalﬁj%%'i ,E‘Bél |, 51,
*- 512, 198&xampleyntehetamomidapt ®70 | kb afidedmentto afhithe r ntodws convert
the BanmH end_i - e ng th u'g_rr]%n%!'s of ned to the
Xhol - Scal pngﬁjgg‘gw?‘oﬁ%?t%é%%c |i/ate'|rf6%§vié1%tt§r Nf(’ﬁ"% i Lloj)(:t{‘l‘néﬁ/hi ch the 5
to 3' orient fragnesit Maukkogrre tddpravideaey vardatyprofdfers i s

identical. ThigiBhasmhhich lhiearpzedi by Nel-odis@estd i hefof ey ransfection
to ES cells. The sequences_ driving the honol ogous reconbi natl on event are 3

| . g € g
kb and 0.5 kESFPEGHEHMT Vbt the svaniaus Dy diche mSHRIS Hefe,

respectivel yundergoing somatic mutation.

In order to provide for the production of
human.antibodies in a xenogeneic host, it is necessary
that the host be competent to provide the necessary
enzymes and other factors involved with the production
of antibodies, while lacking competent endogenous
genes for the expression of heavy and light subunits

of immunoglobulins. Thus, those enzymes and other




91J¢tl | ~0i7 Chart 1 Mouse Heavy Chain J Genes |nactivation Veclt szuoz

Targeted nouse heavy chain J genes E~ ~ a. r aa E~ .tea llL
Ac?>~'L."Cr z7('~w1DJ~J21J3 1 kbp 0 2800 by ~~, ~ 2900 by ~ 1
(B) I nactivation vector nDd. T.Neo r o nso trp Hp . _ ~ ~, .~ s~
18 The ES cell line E14TG2a (Hooper et gal., Nature, 326 292 295, 1987) is

cultured on mtonycintreated primary enbryonic fibrobl ast-feeder-1|ayers

essential |y, c tg e@ﬁlql Fe HEHUMRme X Mor phol .
H7: 27- 45, 1%5!% £lé3£)ér;;gr ig\@%l@c i?g?%b ast sme?r e e%ir %élr edm? r o?n enbryos from
Feffu

C57BL/ 6 ferffllekcim@e 8pma ationy7 afg Wih! P%al e homozygous

for a neomuid:.{{gRAECRR (Fes%kabgehnello ,hd?ai‘%s 88i 4065 PD6Pe 1986). These
cells are capable of growth in nedia cont n|n (418. Electrop gbation

condi ti ons K HeSctFbBdIBYPCEROggs SRt YIPT¥ )9 148%088- 994,
1986) . ES Q&Aiﬁo@éeekbﬁasa@sbedatreesu&pﬂﬂdﬂcé ipradudutennedi a at a
concentration of 4x107/m andle roporateqiln t he presence of the
targetlngIﬁ@g%@eﬁpBBn&@WPP89|8 r1f% Te first experinment and 5nM

DNA in the second. A vhakt agmanf DRR0 mdynlich m@aqahme@mmtoftHLSOZSO ~CF is
found optimal wt n r h f 100 mP
cross-sect i B %cﬁiﬁg O?e%%trtgﬂngtd %clgfésés 5? e% Sk Ds el

ctroporated ce are onto n1tonyC|n treated
fibrobl ast scéhl400 Whedishegrat iome MaYedehdea Omlbe‘é@lboéoﬁﬁﬁﬁf ied Eagle's

medi a (DVE e 18l 2 Mﬁ@@%%(& Rplogad 0.1 M
2mer capt oet %&ﬁ&k@ﬁ‘?[}h gl’h\ae!I }p}sél-}% | aced S24 hr ter elec roggr ation with
medi a conthhVﬁg nguse@gﬂtnggﬁ§ormatlon, using repetltlve steps

or in combination with breeding, transgenic animals

' may be obtained which are able to produce human
antibodies in the substantial absence of light or
heavy host immunoglobulin subunits.

To inactivate the host immunoglobulin loci,
homologous recombination may be employed, where DNA is
introduced at the immunoglobulin heavy chain and light
chain loci which inhibits the production of endogenous
immunoglobulin subunits. Since there are two heavy
chain alleles and two light chain loci, each with two
alleles, although one may choose to ignore the X\ loci,
there will have to be multiple transformations which
result in inactivation of each of the alleles. (By

. . transformation is intended any technique for
introducing DNA into a viable cell, such as
conjugation, transformation, transfection,
transduction, electroporation, lipofection,
biolistics, or the like.) Homologous recombination
may be employed to functionally inactivate each of the
loci, by introduction of the homologous DNA into
embryonic stem cells, followed by introduction of the
modified cells into recipient blastocysts. Subsequent
breeding allows for germ line transmission of the
inactivated locus. One can therefore choose to breed
heterozygous offspring and select for homozygous
offspring from the heterozygous parents or again one

may use the embryonic stem cell for homologous




ES colonies resulting 10-14 days after el ectroporation are picked Wlth%

“ drawn out capillary pipettes for analysis using PCR Half of each1pﬂoi 2002
-golony is saved in 24-well plates already seeded with mtonycin-treated

feeder cells. The other halves, conbined in pools of 3-4, are transferred

t o Eppendorf tubes containing approxi mat gl y 0.5 m of PBS and anal yzed for

Ronol ogous reconbi nation by PCR Conditidns for PCR reactions are

essentially as described (Kimand Sm.thies, Nucleic Acids_ Res.
16:8887—8893,ref§’§§3l.n H’%ﬁg BB PR }VFﬁé°Es°£|"1€"‘se é:roeml?%lé‘—t’jm%%eended in5 ~ul

of PBS and anedussed by the a 19 1 1 JUL 2'pp2 addition of 55 ul of H20

to each tube. DNAses arg, Ln | yat i ‘Ha? for 10
mn. After treatnent mﬁfﬁépro e¥%a§g £¥39%g%f£?%$§§g5%1 ,Sg%aﬁig%f each
| ysate is tramsheraddyoprovidéngoataleasy 20 firemfent rehctheonhwhanur e

i ncl udi ng PCR_huf ' i H9sQ@buf2en 1BELREFo 3 dMo 1L PS! yerase, 10%
DVBO, and d S,fﬁﬁ%ﬂ°%?§bﬂzsn§F The PCR exS%nsioéDenploys 55 cycl es using

a thernocycl erecgnhimst serovdishnghe anpadegonsd endageRM&nneal i ng and

extension ti pUl€nt WBoPEhAL NG he! heRidraleald dBs SiBstituted
TGGCGGACCGCT GGAC and TA GGGTCCCTCCTTAC, whj ch correspond
respecti vel y fiaF 2% ebfaht650PBEEcSL3thgf hosE MNP biNnt A8SHEonyCi N

gene and sequgnaesréoHsat edgi Anhbeivagsenhedy tHdhaidsgentmudd@obases 3' of
the insertion site, 2)? ul of BEE regctiqn m.x .i s el ectrophoresed gn agarose
3 R ;

gel s and trarf8fttel t8H§ron FEASE L EF AP WARAT 7 1 YRPsU&F e pr obed
with a 32P-| ahelrlefbimagient for theidglebyindudlivataigment follokedIb regi on.

63 N >~<x~lr:n~{/\r/’1§eoé>2‘?' f‘é%;ﬁ%ﬁ%&gg%@%@%%ﬁiﬂg chgi Prdagepegs - ~ - — P
homozygous offspring. Where the human locus is
employed for substitution or insertion into the host
locus for inactivation, the number of transformations
may be limited to three transformations and as already
indicated, one may choose to ignore the less used XA
locus and limit the transformations to two
transformations. Alternatively, one may choose to
provide for inactivation as a separate step for each
locus, employing embryonic stem cells from offspring
which have previously had one or more loci
inactivated. 1In the event only transformation is used
and the human locus is integrated into the host genome

. in random fashion, a total of eight transformations
may be required.

For inactivation, any lesion in the target
locus resulting in the prevention of expression of an
immunoglobulin subunit of that locus may be employed.
Thus, the lesion may be in a region comprising the
enhancer, e.g., 5’ upstream or intron, in the V, J or
C regions, and with the heavy chain, the opportunity
exists in the D region, or combinations thereof.

Thus, the important factor is that Ig germ line gene
rearrangement is inhibited, or a functional message
encoding the immunoglobulin subunit cannot be
produced, either due to failure of transcription,

failure of processing of the message, or the like.
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Preferably, when one is only interested in
inactivating the immunoglobulin subunit locus, the
lesion will be introduced into the J region of the
immunoglobulin subunit locus. Thus, one produces a
construct which lacks a functional J region and may
comprise the sequences of the J region adjacent to and
upstream and/or downstream from the J region or
comprises all or part of the region with an
inactivating insertion in the J region. The insertion
may be 50 bp or more, where such insertion results in
disruption of formation of a functional mRNA.
Desirably, the J region in whole or substantial part,
usually at least about 75% of the locus, preferably at
least about 90% of the locus, is deleted. If desired,
the lesion between the two flanking sequences
defining the homologous region may extend beyond the
J region, into the variable region and/or into the
constant region.

Desirably, a marker gene is used to replace
the J region. Various markers may be employed,
particularly those which allow for positive selection.
Of particular interest is the use of G418 resistance,
resulting from expression of the gene for neomycin
phosphotransferase.

Upstream and/or downstream from the target
gene construct may be a gene which provides for
identification of whether a double crossover has
occurred. For this purpose, the Herpes simplex virus
thymidine kinase gene may be employed, since cells
expressing the thymidine kinase gene may be killed by
the use of nucleoside analogs such as acyclovir or
gancyclovir, by their cytotoxic effects on cells that
contain a functional HSV-tk gene. The absence of
sensitivity to these nucleoside analogs indicates the
absence of the HSV-thymidine kinase gene and,
therefore, where homologous recombination has

occurred, that a double crossover has also occurred.




1 1 JUL 200Z - Inactivation of the nouse I q heavy chain J genes in ES

" cells. Construction of the inactivation vector A 6.1-Kb EcoRl fradnéndUL 2002
cont ai ni ng the nouse i mmunogl obulin heavy chain J region genes and fl anking
sequences, cloned froma Bal b/c nouse enbryo genomc library and inserted
into puC B (pJH), was digested with Xhol and Nael to delete an about 2.3
kbp fragment containing the four J genekl(see Chart 2A). An about 1.1 kbp
Xhol - BanHlI fragment, blunted at the BanHl site, containing a neonmycin

resi stance gene drivenWhilehehermeasengpl ek vheusarkes geme Kdimdde gene
(HSV-tk) progphemeald 10! R Ahaneet YRSeg2at 2bRANBEOBTIRMINRD, ({khones
and Capecchi [ Cell, 51, 503-512, 1987). This fragnent was inserted into the
Xhol - Nael devédddSEittlt P JI9ATAThat? i VREPENLIDECYBRLOSHBI, see Chart

2B), in whi chokBe olgiords G tdd el oRrheat akbaprell. t henngomusi heand the heavy
chain genes 1s the sane. This plasnid was |inearized by Ndel digestion

bef ore transPERERYRY dTES L'E'l-“lltge.r nt g%ﬁﬁencggrdﬁ‘ﬁ ARG Stth & atdmol us
reconbi nat i 0RnAY MRl sARE IADWBE chBldppdand ebeablish ke froagrerys.of ocat ed
5' and 3' to the.neaonycin gene,_ respectively. | turing, .El ectroporation,
and Sel ecti of"6f *BSE "‘}t'slcgh‘e B ¢ ’FPE?YﬁEgEgﬁ%ﬁ ERS1 158Y° 2P t hi es,
1989, PNAS, HGHA tden &R37:e383H)g walse chif t andd3énregtiomscifil adk irent ek
enbryoni c fibrghl as s.de i ol er 1thies, 1989,
PrAS U 8678855 dent it ple 8o £ RhE EabEI RS MTIANES, o
buffer (pH 7beFont3the NAGENK B/ X&f iornWE CaE2consTaMAaZHP04, 2| mM HEPES
pH7. 1) at a 9@;}%&%{3{%&@%@ dhdL 88dacligtbrIBer alibd Nfdie Presence of

~Cg/ m of e linearized inactivation vector. El ectroporation was
a ried out Wedletdom drerd eer Mrsefuasingtheodesicre daid sopratEon
capaci tance. mayl®e pdyopaged cells were plated onto mtonycin
C-treated fibroblasts in 100 di shes ip the presence V2211JU-~-
2002 of Dul becco's mdi?q?%@%%rgsﬁeaﬂal(‘m&ﬁft&@&pl@rﬁﬁﬂt RN R 15%
fetal bovi neusedumiaitd ddvamddgeeticagboetihangl théhgrmdircavast repl aced 24
hr after electroporation w t | a_containi 200, wg/ m 18..
18- resi st ant” ?ﬁﬂ%ﬁn%ﬁ??é%ﬁ%?#hﬁﬁiz-%igég%sm% t%%(&%éﬁﬂéﬁkﬁ%lion wer e
pi cked with drawcomplawmtday ytpi peseguence aidlhisi Shesicqonsgteupol yner ase
chain reacti oo aRp) Sl ofy ca6NaPLeladacel ik as thabstandedute an

of & | Fread Wi t

i ndi vi dual we 24-we ate, already_ seeded mtonycin C-treated
feeder cel | s2NFh@bhtthe RIS, 1eeWbi nedn khdSoMaYof Furcamed@lyYransferred

to Eppendorf duthas oK adih Ngs OhdvithgobokRS tard pitlde d &/ Seit €Se MET €n Pr epar ed
for PCR anal yﬁ%\lﬂ?‘i as descri bed la(h\]oxner.fe al .(Nature 3385153- 155, 1989).
The PCR reactd6h SHE RB 5255 SP3F P he fc HOMALPAoRS AATYRPERRRFLORI ner |

1. 5u of Tagq pasyreraseredd 2BP~OhhohsdNERINgThePER eamhacéd i cfittha enpl oyed
45 cycl es usi y r ki n-El us) i ] melt at
0402 mn. SARLES EoLTtnEYEkERqtER bttt end debdnfbieg

%m’ ng ol i g&rfudiasinieeeusr e AOESTAZELCOGE FCEUEPP LR «

CACTGTAAAGACT TCGGGTArn dhé 6Rs ££LERSRARD fBSRRAL | el Yud@ about 120 bases
5' of the BanH site of the neomycin _gene, and to the sequences |located in

the .. nouse IRRAAFTHEPR FERECMaHBLEN 46 HadKdiPnak imethfsertion site.

Successf ul hawain@goLisn re69TDEBRLI ONFYirv &he infis i pat AbeHésd. 4 kbp
fragnment. 20CL f.the.reactign nixtire.is ;Lectro reseg.on t.o_agarose
gel s, stai ned Wi Y HPRi oH7 bEBRi HéLdnd TG Sty t beRYEGAHBROr anes
(CGene Screen)sydtidney ssueheapr Shmdan vims32[0 | dips tetnEBaR- RPitthisgbout 1. 4
kbp fragment i e vy, .chai n, . 3: t pnsegti ite
(see Chart Z)é%’ﬁjy\r’{jﬁgg’a a#ég%gﬁ‘%gé’nl?n@c’ Iﬁ@mgéepgg}ﬁgfedb%fg%u S
cell's, digestetrniehipesonpdt ioatdabless s tevomeyided bypilbhyed,

manuf act ur erse-@(%irffflg,qeoh? WBEE oSERH A &fhria 1104 R0 gels: was
transferred tsO\l/4n3/ on menbr anlels E(-C;gne Screen anléla];il g\%ﬁég' Suen @A

metallathionein-I and II genes, f-actin gene,

adenovirus early and late genes, phosphoglycerate
kinase gene, RNA polymerase II gene, or the like. 1In
addition to promoters, wild-type enhancers may be
employed to further enhance the expression of the
marker gene.




‘probed with the 32P-1abelled fragnment as described above. 1 1 ~ ~ ~1 3008
Anal ysis of (418-resistant ES coloniesln the first experinment, PCR ana ym%ﬂaﬂI
of thepool ed col oni es detected one positive PCR signal of.the expected size
{about |.4kbp) out of 34 pool srepr esepying 136 GA18-resistant col onies. The
fourindividual colonies that had contributed to thispositive pool were

anal yzed i ndi vi dual | ¢ nby- PER - RNK APOShé | ¥6€b § &P kS83e L sWaDd denti fi ed.
Simlar anal ysis of 540 (418-resistant col ogl es obtai ned i nthe second

exper i mentNYNe{ggaus FGHAMGTEA L IRISi 13 VEEPLRERt @49 YEEeBSEPT1, ESES- 1,
ES110-1). Iﬁr@é&ﬁ&otesverpafﬁtltdlﬂdlargemlngcdlsru;payonef laaeu@@w, of the J
oo 11 ve. CrBRCBREPBXTisard I YoHh ¢S BRALTBC® HFBbaPBaT & gest caw th
positive c ba |geste wi t
{—Iihnd:zl I R?r%a\?%bu&%lio%}d aafwjllwmi bgu&muahereaﬂﬁiysuenama@@ﬁ?rg ttefl ;J?]I ng
e EcoRl-Ps robe. The replacene ., _genpes, hy ertjono e
neonyci n geR8YBY AR o sk r}e%rbérbll%%’}lgg éGeﬁ? %Qg Fte§ n H ndll|
fragnment, segeehakl.e W}telfnéﬁetratoﬂbn:f’srucprmbelamgechgeaea:tadilw 1.9 kbp
| ongert e A2, AGHGY SRRl 'APINL, LBuLIEy DBLUBALREUIpQCERD iRy | 00 O
Sout her nanaSysléyoﬂOé‘acltDItﬁ tthan alpewtt LQ80kbpnes ygaklitndl || di gestl on gave
a pattern LRdicat ]ﬁcg CQRLA{S &MgayYo£hain J
genes had elégl ilgr@'ugte ree aﬁiﬁszhﬁa ggﬁentgs wéf?fé SreiteA(}ted %ﬁe
f ragnment (‘éb@uf-‘o’ﬂé@}rbﬂé—) -identical in size to thatpresent in untreated

cells at the same | Nt ty , c NS F@gteRhs ( BBeH! p2epklRY I8RNtd3al 1 n size
to thatpres a garlﬁ]eat ed cells, butﬁaf decreased intensityin the~PCR
(6] 851§ﬁ

!SI tive ¢ SRANTIRI TPPAYRENt Sb8ur BEICRBYOHe si ze predicted
r an honekqgeusges,a tHe Jccmstruaﬂ&ﬂa%nbecbebuﬂatrbdlmcez\cerﬂntqor esent only
in the PCR- EOSI t| v% clcoe Iarlgéan hgtr %gl cenent f the J genes by

t he neonyci'h gene by om)l PECBADI Tat TGH &Nt gsul ts in a loss of
one Sacl snnerad@qm@ aﬁmam(:mb@ ther Sgmget, ceétlecmlyl dean th the

EcoRI - Pst 1 B?ned""h' o é@h@p Wdé #Dlhgé Eliggtt he, qm val ent

f ragnent |n e nat i ve ocus - see 2 ott hern “anal'ysis of the

cl ones by $a@PfGF§éé3cmor?Jg%ﬁﬁerQP@r@T(b@6beéaéétltlélr Phesrdraderat i ve and one

targeted alkgli@tcPHA 4 thkdfef regMBALteckdRBtreadh jidt tSiAL, t mtdat,
detected in untreated cells, but of degreased |ntensity in the 5 positive

clones, andTaRsigamatort 9% afg’fﬁe‘h? teFtapBuL I3 LhSK FR I Ite § IS predicted for
a target edth&@f@ltog:@l]ﬂd @agéDacewdnby peaseni foposiititde identified

cl ones he, Sout hern bI wi.t h.a arohe for the neonycin
gene showsg%/‘ﬁét aﬁl&% ’gaelf) Pgﬁd% RIRE l%fl &é’nﬁ‘r‘ﬁ Cartkescgj‘l ting fromthe
Hi ndl I | an@ephWCSablrQﬁJgﬁammm am@speypﬂ@ellyc ommrmypdda\mrt he probe as

pr edi ct ed Q)éstl@eawegetIﬂgo@é!e@éngn@ﬁ&aﬁafsm% themaé%%éﬁmnql obulin heavy
chain J genes in mce Injection of targeted el ls into nouse bl astocysts

and gener alPP@ﬁ%‘}ﬁ’P@m“F?e}f|“ch%‘1*f%%rﬁH§§hﬁFcé’\Réﬂ’ée}5’urth&éee°otﬂ%ﬁ%9%ckson
oratori esal lsldarélmcti\@ho{@gse ageud haddnf adm}falds Co@h/ 6opl ast ocyst s

re obtai n d m 4 Wee ol d_super qvul at ed fe descri bed by
Kol | er et f@‘g@ ‘li(e’E’SlE?éf- g hERETENRS Eﬁa’fg'ti ah/% hel¥® once with
fresh DIVEMpm|eancambﬁ|ttm elles Doabsy ta.‘l:XEl:Gh@a/ rﬂange'dVIZLcrmnba obdotan5Cl of

cells were; / e di f oil,
cont ai ni ng 'Eﬁ%q&g'lfé’gt%ec%%? ir]rfg‘[lﬂ?h %:oﬁ{oel%og:s] Ir?cm%%q?antpg%?e égnto t he
bl ast ocoel ofFvwEEss Blasivrgtivatexat 6opyn® IESheeliangrtt ai%‘—%g bl ast ocyst's

were returned to eachrpd exhoHee NQEBCLh bER/ Bl es PBAFIbe pekfbrimea JUL 25
pseudopregnant fenmales mated 2.5 days previously w t'hvasectom zed nal es.

Pups deriv rfsrtoﬁ’i’t% 3 nh%%‘ﬂéd"bhééf‘oéﬁ’é’t“é vidY @TH SRR Py Gof hels- 18 days
later. Thee@lil idnd itHeR maberkbieal b¥ thd e lofd syy i pgovwagiudged visual ly

by exam nat i nof e at, col or the PURS. Teblatoc sts were obtai ned
from C57BL {/ﬁ’ﬁtc’nf rROSHE d Pé‘cl? R’ cellline E14T®a,

t he parent aietlemfzyfgmns V\lhloshst hat hbg@&@@cﬁﬂﬂ Ihdsmeﬁay/eme dbchyiaed was

i sol at ed fr ‘?}f L M CE I-‘l;hl S use s al I’lsl ce[(eam in col or,the conbi ned
ef fect of tan ee color gentég ‘Eﬁé dofit a? at” ?he agoutl | ocus, the
recessi ve mnﬂnse@manmlmematemaae ttﬂne? padm Iagidi tbeusecessi veCch
allele the f j ln i;gh fihe t a in the
formation otslét e an?%al fﬁg%ggg?suxggntqal rﬁqngtﬁ%gdv\%?léﬁ%éc%gg?n hglqre The ES
cellline ES41-1 carrying inactivated nouse inmunogl obul i nheavy chain, was
injected into C57BL/ 6 nousebl ast ocysts as descri bed above. Six out of t he
18survi vi ng pups had a high degree of coat col orchinerism (70-90%). PCR
anal ysis of DNA isolated from chinmeric newborn pups froma fermal e inpl anted
wi t hbl ast ocysts injected wwth the inactivated ES cells,




Sindicated that the nutated i mmunogl obulin heavy chainlocus is prezegh in a
vari ety of organs such asspleen, thynus, kidney, liver, brain and dki L 2002
1nactivation of the nouse I q kappa chain J genes in ES cells A 5.6 Kb
Hindl I 1-BanH fragnment, containing the nouse inmunogl obulin kappa chain J
regi on genes and 3' flanking sequences, cloned froma Bal b/c nouse enbryo
genonic library and inserted into pBluestriptSK vector to yield the plasnid
(pKJ). pKJ was digested with Hndlll and Pstl to delete an about 1.7 Kb
fragment corresMi F2Ekdvetedgendd eI IChER Y 8)they Krghby chiadit Hindi | |
fragment, sppiibidombhebe t3e EHafslt .3 Kaoaenghet dgé pachevatimam eedior ¢ a ¢
rr~t-~2-9-~4-~st ~~-- al7 kb~ 3.8 kb 570 by PCR |iagnment 570bp

| .1kb 3.8 kbnay @gpintxgdpced._ | 2002

As already indicated, the target locus may
be substituted with the analogous human locus. 1In
this way, the human locus will be placed substantially
in the same region as the analogous host locus, so
that any regulation associated with the position of
the locus will be substantially the same for the human
immunpglobulin locus. For example, by isolating the
entire VH gene locus (including V, D, and J

" sequences), or portion thereof, and flanking the human
locus with sequences from the mouse locus, preferably
sequences separated by at least about 5 kbp, in the
host locus, preferably at least about 10 kbp in the
host locus, one may insert the human fragment into
this region in a recombinational event(s),
substituting the human immunoglobulin locus for the
variable region of the host immunoglobulin locus. 1In
this manner, one may disrupt the ability of the host
to produce an endogenous immunoglobulin subunit, while
allowing for the promoter of the human immunoglobulin
locus to be activated by the host enhancer and
regqulated by the regulatory system of the host.

‘. Once the human loci have been introduced
into the host genome, either by homologous
recombination or random integration, and host animals
have been produced with the endogenous immunoglobulin
loci inactivated by appropriate breeding of the
various transgenic or mutated animals, one can produce
a host which lacks the native capability to produce
endogenous immunoglobulin subunits, but has the
capacity to produce human immunoglobulins with at
least a significant portion of the human repertoire.

The functional inactivation of the two
copies of each of the three host Ig loci, where the
host contains the human IgH and the human Ig «

and/or A loci would allow for the production of purely




‘pPH uescri pt ., 11 JIJL 27 region 5 to the Hndlll site adj aceny Bg“ﬂﬁ]
kappa J region, was cloned from nouse genoni c DNA by pol ynerase chai'n 2
Teaction (PCR). This fragnent was inserted into Hndlll-Snmal digested plc
cloning vector (Marsh et al., 1984, Gene, 32:481-485) and was exci sed by

di gestion with Kpnl-Xhol. An about 1.1 Kb Xhol-BanmH fragnment, blunted at
the BanH lsurt&n anmntidioriyngholles vlesmpdl thowsi stangeodeneidni ¥€n by t he

Her pes si viru ym. di.ne Ki. - p ter pol yoma
enhancer \%acgg(ﬁls%%a?g%?(mﬂég}\é{ﬁeo :.I%gén}g%ig%/%%ﬁfoec% ?R %9gg,ggsupr a). The
neonyci n f$egabnt Was limmuyitzad jion ¢itle speri fic mBtigens: edopkd, which was

blunted at thssRat bySithey prod dikth kiPRaosesuenses: s TheokgsYhi ng pl asm d
was digested Wth Kpnl and Xhol and the 570 by Kpnl - Xhol kappa™fragnment was

inserted i AP®cLRécK ANtAROAIES vt bFD BCeblEheCReBnPBi n gene, to

generat e tpgsbhaglikraddiise effdlonfddEls Sée sbaihmdrtalfgetr @ascri pti onal
orientation of the neonycin and the kap€+ s is the sane in pnkKBJ.

a chain ge )
The pl asni @¥aStPrReENEF hPAJdS %P??%ngg%ngoHrPﬂPStEanelIs. The
| i neari zedo g eHURRGE nMdFoARHHE]1 Jrt bdaiwls 570 by of honol ogy to the cellul ar
sequences, located ' 3 and b to the nepnycin_gen espectively. Analysis
of (#418-resistant Esiaﬂ(ﬁﬁ qﬁeﬁﬁ#hﬂébé?%%nag Fﬁgaﬁﬁﬁbﬁsiﬁggpivation
vect or i nt aoESbeelllisniared sty qeridur froy dompl egeusmmevogbbbatlios ,event s was
carried ou S ri r | nacty vad i F sthe i | Qbul i n heavy
chain. &18% egggﬁgrﬁ%%%%loc#réﬁé wer eyaﬁétl 9‘2885?5? %mng}égg%&;%
reconbi nat jeAnedr ¢t inPdyt AR Ak e t9RNHERRENYEEEPGongedeot Cdgs
CGGTTGCTGTEGTATECATARLT G and LATCANFAKESRAERSEESE,. Whi ch correspond

pectivel ¥2{o #H3 séqudktls Tocated in the nouse kappa chain gene, about
by 5 oflteEnatdsralvn ane or dirrandhit theoeryng oéf thee Cxhéndkite of the
neonycin gepeorAcy kdyidhs wapi&2eepabeklicdrBoohase @l gonucl eot i de,
whi ch starts about 10€£ 5" of éh i nsertion_ site, waz used as a probe to
det ect theSEIGECA %563%%@ 1L GHREeREf BE OREMEI 0§85 A€c&fbi nati on gi ves

ri se to aneakgitie ,1@30y by plagntmbgeCGroahabhysrs ehpexdxG4ES-r esi st ant

col oni es det.ect 3 positive_colonje 56-1. ESG9- ESQ147-1). Sout hern
anal ysi s o%lt H‘élgzédasceoﬂ oé?ﬁée's’ c%% Jfr?n%délfl%gﬁ’ nFe'ar'ét ?.%r?%?)lf’ t%r%feh‘lnrfacti vation
vect or int digphdheiticdl ecotinheekappagrawthofrelygirisn Icodiotceddi ng to a

del etion of & J d &9i onpnPr odeictj,on ok chumageal gicd L 1, j c wp ce Exanple:
productionag%mhdnan%%ehv% chain i%Qt%anggeniceﬁice DNA Vgctdrﬁﬁ% Spel
fragment, $SFAIIAR x HO n8$h9 bt yarAall 986 OB55IcSChYs insRninBer nan et

al ., EMBO &hel H%Veim dE7idB8reSEeifbart ébnistanioh@igerd raamma hunan
library cloned into, a yeast artjficial chronosone (YAC) vector, (Burke, et
al ., Scien&&d:fﬁ§v¥é%g§1§?ru§PLbctﬂﬁ 8%05@? H@&ﬁ%ﬁiﬁjQﬁgﬁﬁﬂ et al
(EMBO J. ( k3%8)notlifRiled 38pnstant ctegionseabingi née: westtliingesti mated to be
oo aonondNE SELALEH A ELORc. B ehRbat e ARl Sedcdhe) o 00
8- 13S1) ,fnesi the adimbadel dbdl pnobeBYf provid imgrdietheagtaghai n (Ber man et
ar>, supra)sequence with the inserted gene, the protein product
will have the inserted protein as the C-terminal
region. If desired, the constant region may be
entirely substituted by the other protein, by
providing for a construct with the appropriate splice
sites for joining the variable region to the other
protein.
The antibodies or antibody analog producing
B-cells from the transgenic host may be used for
fusion to a mouse myeloid cell to produce hybridomas
or immortalized by other conventional process, e.qg.,

transfection with oncogenes. These immortalized cells




I ntroduction of YAC clones into enbryos Hi gh nol ecul ar wei ght DNA i,s

prepared in agarose plugs fromyeast cells containing the YAC of iﬂt&r%@k 2002
(i.e., a YAC containing the aforenentioned Spel fragnent fromthe IgH

l ocus). The DNA is sizefractionated on a CHEF gel apparatus and the YAC
hand is cut out of the low nelting poi A agarose gel. The gel fragment is
equilibrated with polyam nes and then nelted and treated with agarase to

di gest the agar dden be grownyip 9gpt2QUPKHE SN AT obt BECPREERs t hen

i nj ect ed inti%twecﬂ@lj@eﬂ@aﬂéhﬁuzsfo& tenpaltiizad muse esbryos which are
surgically introduced into .the uterus of a psueudopregnant fenmal e as

descri bed aBFREuCHPR (QhsfRRTESRat ure of the newborns is analyzed by a

sl ot-bl ot of DNA isol ated §ubfetai Lavend idre pyodiddd ofoof theman heavy
chain is anah%%Fd b% obtgini?ﬁ ? S"?'% aggyghngﬂdignyn1and 5$sting it for
the presenc®TSAUGFLPRi A RPERCFEBBTt PAME™ Kl i hodt e2VAR an

al ternati ve micnod Josma hj act ibad i ¥ACoDPNAnits hodgn sfrexraegs | ntWheuei hheES cel | s
by ES cell: yeast t S usi : r d 89 Pr tl. Acad.
St Usa, S6namuereOBRspohan Bhap SERHIRSE ien 457 Enbb80eshS) Tt
t he neonyci theesiaswhténgeheménoanpibiod@samiya heeasio batedt Abdbw mar ker are
inserted int k (o] S i asyn d; - Ihi

construct iégﬁggﬁﬁégggégﬁéfg?ﬁPégg ast. ?ﬁ%gﬁﬁﬂégﬁ?gﬁﬁphb ?%gl?gkﬁéAC, and
pMCl Neo i s iEift eyl BRig | Hedet¥et SHCRedSe MIET N the THHYACL bifehonpl ogous

reconbi nation. The nodipéi-edr¥Akchfgt R rd1aNSE i shbPyonad ESefel | by
protoplast fusion"(Traver et al. ; Pachnis et al., 1990), and

, 19B9

resul ting GFELYesiRELRF EZAREEPIGHION ¢ dit&i TR He 1Y abe RbARRTI gH

uences argnhttsedl f@e@eﬁena?eﬁchlhrraﬁi @pﬁn@rﬁwu?édimmpfehgrmn Icrhby

imeric mc truction o uman _heayv in.r acenent _vector. The
repl aci ng htfﬁ%tr?aogzlﬁ%%ﬁegssleﬁgfnuﬁglﬁtaﬁé:e%pé}&tl}gt)k%gfﬁ r%%ﬂgﬁ%“bf‘gggﬁSm c DNA
whi ch enconpassesredt hayabeVHeLBcreC- G- dwplgy thai @ sefeonivsol ated from
a_human- YACAdP{ahvaAg deserl Bae el g fiankiog Apuse Begyp.chain
sequences, ich drive the honologous reconbi nation replacenent evént,
contai n a 1C-%bpnBagHayr BgnPicker @nel msky7d Eoheblly erabmTangea 5'

J558 fragnents conpehehRohherShohdiogdud heedomSihs898RNt @k the nmouse
heavy chain vari ab 11,.~~1L %%ﬁhBo region, at the 3  and 5 ends of

bl € -
the human sedREFELRed; BEFYLLLFENY RCBMayne suiBdseWdbfuences are

i sol ated fropxam@DESRiehhy o rgei@Nout itharyonstfget heeguehbes deseri bed in
Tucker et al, E%MS USAét7§: 7684- 7688, 1981, and Bl ankenstein and

kr awi nkel (1987 P8 upREFEYr 4858t i vel y. The 1150 by Xhol to BanH fragnent,
cont ai ni ng a neomyci n- fagisst @vdenjerre whickenshywt hembkpgesssi npl ex virus

t hym di ne ki cHSV- LK) R r 0 e R S J.sol at ed
[ rom ph Nec (TP Epastasra) MYt o el BED e PR aRIEa i3 i) o
added onto t&Pd PLaghesysto iodeFdrion hd daptoenats niayabBagMtadmedand t he

resul ting fragsmntens e 'b%dftl(hshﬁ@x@ai% WeHses Ce=6adhl sa afitaghi d. From
YAC cl one Cfgtalnln t he human heavy chai p_| ocus, sequences from

each end of PYRiRRigPr Zhe FIOFVAHSF & tHRrCBYLFnPeYsENBERDESI | ver man et
al ., PNAS, 86ryg85ni489, at¥8%he afodWf dd@stellseaaded roFa eldpldiBurke et
(see Chari GOReAEn Byl PR TIMRET Sturkt TP8RTLRBSS=08 &0 581 {he VAC i s
ligated to tteinbysmodi33esequbnyenit aspeémasaelilandali bewiisgeddwr human
sequence derjNed the blastocoel of the blastocyst. After

injection, at least one and no more then about fifteen

of the blastocysts are returned to each uterine horn

of pseudo-pregnant females. Females are then allowed

to go to term and the resulting litter screened for

mutant cells having the construct.

The mammals may be any non-human,
particularly non-primate mammal, such as laboratory

animals, particularly small laboratory animals, such




fromthe 3'C8 end of the YACis ligated to the Neo gene in the plhynitL 2002
- containing Neo and nouse Ce-Ca described above. The human V6-nouse J558

" segnment is now subcloned into a hal f-YAC cl oning vector that includes a
yeast sel ectable marker (H S3) not presgg in the original IgH YAC, a

- centronmere (CEN) and a single telonere (TEL). The human C8 - Neo - nouse Ce
- Cais likew cl i t | f- OhniWatila a

di fferent ye\égsfe’gg?gét g%ﬁ%'ﬂ%ﬁf?&%ﬁ genét}ﬂa' sd?éﬁ‘g%éelefr%L.én%wglEél f- YAC
vector cont aiP@hys t BEChuman V6 DNA is |linearized and used to transforma

yeast strain that is dehgleedtdiQlouility EHapIsTed rdll SBf @pddLEY2 wlagCio fand

which carries the IgH YAC. Se]ectiqn for histjdine-prototrophy gives rise
to i,' '! ,illussragien agd Aoty r’f’aﬁéé?f; H{%Wfbﬁﬁs i nt er sper sed
menbers of V1.V2.V3.V4,V5 J,~vVv,.s 00'Ss=~ aDs ' s" ' ' t0Okb
~---1700kb 2000kb Cr 1f~ ca a. Yr X-Ei }gi ﬂihwkb Sl kb Notl | 670kb V1 V2
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Noc Spe Spc Noc | ~---85-100fcb ----1 | 670fch

Inactivation of the mouse heavy chain J genes

Construction of the inactivation vector

A 6.4 Kb EcoRI fragment, containing the
mouse’ heavy chain J genes and flanking sequences, is
cloned from a Balb/c mouse embryo genomic library

. using the probes described in Sakano et al., Nature
290:562-565, 1981. This fragment (mDJ) is inserted
into EcoRI-digested pUCl9 plasmid (pmDJ). A 2.9 Kb
fragment, containing the 4 J genes, is deleted by
XhoI-Scal digestion (pmD&éJNeo, see Chart 1). An 1150
bp Xhol-BamHI fragment, containing a neomycin-
resistance gene driven by the Herpes simplex virus
thymidine kinase gene (HSV-tk) promoter and a polyoma
enhancer is isolated from pMClNeo (Thomas and
Capecchi, Cell, 51, 503-512, 1987). A synthetic
adaptor is added onto this fragment to convert the
BamHI end into a ScaI end and the resulting fragment
is joined to the XhoI-Scal '

‘. pmDS6J to form the inactivation vector (pmD&J.Neo) in
which the 5’ to 3’ orientation of the neomycin and the
heavy chain promoters is identical. This plasmid is
linearized by NdelI digestion before transfection to ES
cells. The sequences driving the homologous
recombination event are 3 kb and 0.5 kb fragments,

located 5’ and 3‘ to the neomycin gene, respectively.




(B) Mouse heav~chain | ocus J558. V31, VGAMB 8 J606 ~5107. X24. V3660. VGAM3 8

Vo""",", V,. gene PC7183.t752 J,., CF-C a DFne Dos: ~ C Ti _J558 4 4, JuLs209?
br r r.~n~c 5 unknown distance --i-~ ~ . ~ ~ ~ , , BBO

100 . 200 ' 300 B=BanmH (C) Human heavy chain replacenent YAC vector 5 3
TEL H S3 CEN V6 V >7y, 1H Cu CS LEU2 ~ pel Spel (- 85-10O0rb | nouse J558

Nco nouse Ce C a 3 11 JUL ~p~ 32 ye ehst colonles t hat have undegone

honol oous reconbi nati on between the human V6 DNA sequences and contain a
reconbi nant ¥ELEThe hal f- YAC vector containing the human C8 DNA is then

|l ineari zed and used to transformthe yeast strain generated in the previous
step. Selection for |eucine-prototrophy results in a yeast strain
containing the conplete IgH replacenent YAC (see Chart 4). This YAC is

i solated and introduced into ES cells by mcroinjection as descri bed
previously for enbryos. . In ac rda e t above procedures, an
antigenic or chimeric non-¥ouse gﬁ‘a'%@rc{]el"é’ﬁ RaqtlyaoR{estorhost . may be
produced which can be i mmuni zed to produce human anti bodi es or anal ogs
specific for an i mmunogen. In this manner, the problens associated with

obt ai ni ng hunan nDnocIonaI antlbodles are avoi ded, since mce can be

i mmuni zedAwlatgels DS atth) genelsd not be used with a hunan host.

Furt hernore, one can prOV|de fox booster injgctions and adiuvants which

woul d not b permi tt@d Wi tﬁﬁ human hosEt— Thg resukti n@ B- el | s;may -t hep b@
used for |anrtaI|zax|on f 8 t he cont|§u0us ¢roduc£|on£bf the d£5|réb 3 &
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(B) Inactivation vector mDAJ.Neo
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" by in-vitro nutagenesis or other nutagenizing technique to nodify, th

properties of the antibodi es. These nmutageni zed genes may then be ﬂbﬂuﬁubdmaz
fo the inmmortalized cells for honol ogous reconbination to provide for a
continuous manmmal i an cel lul ar source of the desired anti bodi es. The subject
i nvention provides for a convenient source of human anti bodi es, where the
human anti bodi es are produced i n anal ogous manner to the production of
antibodies in a human host. The nousé&ells conveniently provide for the
activation and rearrangenent of human DNA in nouse cells for production of
human anti bodi es. 33'I 1 J UL ~,pi All publications and patent

applications cited imhehies eRaql Niigad iF MIE het@ipet Neer gor.at ed by
reference as if ea ngivi al g%alicatioqboreﬁgtent'aggrrcation wer e
speci fi cal¥3EWEQ | AdRV 35I2I;$'iﬁi At &F (B HHTHE FpIPAt RBY By et er ence.
Al t hough tteed ve@gprigairyyenhrgonias fiderohliesctr+ hesién Sagerdet ail by way
of illustration_ and,exanple faor.,purpgse rity.pf understanding, it
will be re%%???téﬁg Yefit tdgestcﬁ& éad{)f‘%?%eé%sﬁéa}}@é’g@|a—€h'the art in light of
t he teachihgsEmbrybils ExpentMogphiiat &krdat 46 chbhgfels. an@heodi fi cati ons may

b de th L Lh i I £ h ded
oraims. | GngrRoll bl eiRUS A hed WRLPESP £hdn XmBEQBE okl e armal
conpri si ngCa7BbAef femadesorthathams matd hodid i tatdays ceapdliises a | esion

inthe J r i I égm%% i ogl obulin |ight
chain |OCﬁ@gﬁﬁe?g?%§§a9§“ﬁégﬁﬁﬁ“fg§ﬂ ?gq?n t %fgn%%??%ggH%f said copy of
the | ocus f@oﬁééﬁraﬁéeédrrt@N&ﬁxﬁ&ﬁ§Q§3iﬁQ§9onhﬁgﬁtssaééeéﬁtoding an

i mmunogl obgéips| hgbt ceRRin S WHIRdowth ihend@idredoRfachahe Lawerein sand
‘jl ficati or further cqnprises, a lesion in, at Iea%% one co%y of an

i Tmunogl obBif FAEREROY S QORI 1T ATR AT ERYR t PHg (BRIGSe Sthabi ity of
sai d | ocusalo,rEarr aigemaiioll.0 (NOdUlo¥d 8 §8+%34 pnud 8 frpssags erqaqad ng said
heavy chain_supunit. 3. The mamal_o laim 1, or_2 wherein, said

modi i cati Bh®c %PFslé‘s%ﬁee‘Qi &hessuusrPeé‘%eo‘?pile% %‘fl‘%‘h’éei’Pr%‘SthP&b&i in heavy
chai n | ocusocandhbratdésinoms i4x1D Topi esndfe bed dropomavgtobnl ithd i ght chain
jocus. 4. $PEsHRAERL Ol 1A% lod i PIIAGRU N0, CLAOBURGETHR 2 ¢
modi fi catibn further conpri ses 1 nclusion in said genone of an

i mrunogl ob&PPH LBctiSeeddalith@xpordmryenaard | Syt DBhain tHe heavy chain or
bot h. second. A voltage of 300 V with a capacitance of 150-

250 pF is found optimal with an electroporation cell
of 5 mm length and 100 mm2 cross-section. 5x106
electroporated cells are plated onto mitomycin-treated
fibroblasts in 100 mm dishes in the presence of
Dulbecco’s modified Eagle’s media (DMEM) supplemented
‘. with 15% fetal bovine serum (FBS) and 0.1 mM 2-
mercaptoethanol. The media is replaced 24 hr after
electroporation with media containing 200 pg/ml G418.
ES colonies resulting 10-14 days after
electroporation are picked with drawn out capillary
pipettes for analysis using PCR. Half of each picked
colony is saved in 24-well plates already seeded with
mitomycin-treated feeder cells. The other halves,
combined in pools of 3-4, are transferred to Eppendorf
tubes containing approximately 0.5 ml of PBS and
analyzed for homologous recombination by PCR.
Conditions for PCR reactions are essentially as
described (Kim and Smithies, Nucleic Acids Res.
16:8887-8893, 1988). After pelleting, the ES cells
are resuspended in 5 ul of PBS and are lysed by the




5. A transgenic non-primte manmal conprising a nodified genone reijuL 2
said nodification conprises lesions in 2 copies of the inmunogl obulin heaaw
. chain loci and lesions in 2 copies of inmnoglobulin kappa chain loci, said
| esions resulting in the inability of & d loci to rearrange to produce
functi onal nessages encoding said chains. 6. The mammal of claim5 wherein
sai d nodi fi caldionidmréehes5cpipefsBa0i #o ©Hcdn Hubssai PNFRIEABE an

i munogl obul.in | cpgdi : L€ 0 i€ $d9hiochahn and at

| east one xéﬂgﬁaﬁgyétﬁgag @ﬁg?%?b %%kﬁx??ﬂ%ﬁﬁgggggk? -35 7. A transgeneic
non- pri mat e Aferemal tesathantedith BEPtELNARE ff edihd ctaf mOwRéPei n sai d
non-pri mat e JRNRl o FSe UL 1§saBe Ast RANSEAMEKraONEPra Maiee mammal as cl ai med
in any of clal 4 or 6-7 erein the xenogenegeic innunoglabuligﬁhs human.

9. The transyeraindAgpePnttteOfafn&east T HLE nE"atRAdR 88 hRer ei n t he
xenogenei ¢ g, £00PLI $€8 @gvalki abk® pregian, 30 nefl Dyq appephedeskond to a
peptide other than solely"the Ig con taqé % ian. 1?. AQ gnbryonic stem
(ES) cell of1%$n%H59viﬁﬁgedHEﬁﬁale@ﬁﬁbﬁ? i ggd%ﬁbdi B2d"GBnone wherein said
nodi fi cati orbfﬁérﬁgggﬁseﬁplle@isorssi & yaild easd ingea copyrobecyhded amidhor C
regi on of the 1 munogl obulin |Light chain |ogcus er el (.d Lesjion results
in the inabi??t§ecPn éiEe&5p§t0%Bfﬁg IH%J% f@ ?£gr%§%§%§gbgt8%§roduce a
functi onal negsageiencadiveg aan 6iSPEunodgilodutwe pighinghai n subunit~ which

e bl SLL R AR PR R ACCEEThREBE CORBGRRPRRN an

i mrunogl obul YhRE&VY “chai ocus said Tesion resulting in the inability of
said . | ocusTABCEEEECARGETECTIACHr otticeh .CPURLEPONEI TRESSEFE V&Idodithg sai d

heavy chain %UPQQ&EE I Yadds INCIsiORei Sthbe gensnEcef tyi d ES cel | s of
i mmunogl obul'i'n | ocus encodi ng a xenogepei c_|i ght cgaln or heavy chain or
oth. 11. AnneaBrgém geftteANESCTNICRT LCRBRSPr fhafaSndmyES Stﬁ%‘ﬂ' sing a
modi fi ed gengheiwheesid) Saioch Muldd catiof thepinsestann mmueagl gwlin | ocus
encodi ng a xenogenei c |ight phain,or_heayg ghaig.
pl of the ré%ctlon mix is eléctrophoresed on agarose

gels and transferred to nylon membranes (Zeta Bind).

Filters are probed with a 32P-labelled fragment of the

991 bp Xbal fragment of the J-C region.




*12. An enbryonic stem (ES) cell of a non-prinmate nmammal conpr|5|qg1aJUquuz
that includes an i mmunogl obulin | ocus encodi ng a xenogeneic |ight chain or
‘a xenogenei ¢ .heavy chain. 11 JuL 2p02 " ° -- -36 ., 13. The use of the
‘ES cells of any of claims 10-12 for the production of a transgenic
non-primte mammal . 14. A nethod for produci ng xenogenei ¢ anti bodies to an
- ‘antigen which nethod conprises inmuni zi ng20he transgeni ¢ non-pri mate manmal
of any of clains 4 and 6-8 with an antigen so as to effect secretion of

anti bodies by at |east sone of the B cells of the manmal into the

bl oodst r eam a@ﬂﬁﬂﬁ;é&ecoverlng the anti bodies fromthe bl oodstream of the

ani mal {AYTarfdid noamex gind gRiepCess whi ch conprises: recovering B cells
fromthe animal; |nnDrtaI|2|ng the B cells;_screening the inmmortalized B
cells forZthose Ennnrtgglzed B cejts t?at s@ rege Ehe gnti godi es;z and
recoveri g the a‘thOd F¥s; or (c) per f ) oo~h rocess éa) and process

(b). 15. ant i bodi es
to an antigen mhlch met hod conprlsesolnnud|2|ﬁg dstrahsgenlc non- pri mat e
mammal with an antigen so as to effect secretion of ant ivvedtRs—by at | east
sone of t@e B cells of the manmal into the bl oodstream wherein gaid nmammal
conpri sesga nDdlfled genone mherel said nDdlflcatlon Qonprlses | east

one |nnun Ieast one
i mrunogl o uI|n Iocus encoding a |ight chaln recoverln B ceIIs fromthe

ani mal ; i mmor aI|Z|ng the B cells; andiscre ning the inmmortglized B cells
for those i mibrtatized ceIIs that sebtretBf%he xgnogenic_affti bodies to
sai d antlgen| 6. The ne claim 14 S5 whdr el n t he enogeni c

(B) Inactivation vector pmH8]
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anti bodi es are human. 1 JuG~p0 rr - -37 .. 17. Imortalized B

" cells that secrete antibodi es which are i nmunoreactive with a spediﬂié L 2002
antigen wherein the immortalized B cell®1are derived froma transgenic
non-primate manmal as clainmed in any of clains 9 and 6-8 which has been
adm ni st er edysacdigattigen.ofl8thé mousat igedeBvyebhs inhhadt geaoretien aigi bodi es
whi ch are inmmunoreactive with a specifiggantigen prepared by the nmethod of
claim15 or 16. 19. A nethod to produce anti bodi es i mmunoreactive with a
desired antigen wiigls matdfotbropbrikesirnactivaigonhyechastali zed B cell s
of claim 17 or 18 under ngli 44l ef el kd ' l 4 secreted;
and recovering the ant ipbgé;i gslhi) ?%%%efgﬁg?éﬁg.' gghﬂ%ﬁgﬁﬁa f}%}ge of claim 19
wher ei n sai dmansebddiramnepipry kin sheayy aphelpedi 889i6MaenRs @@pépti de bond
to a peptide I; t opshAN O sd Nén od of
claim14 or Eggaﬁéﬁ§ﬁ§§§¥§§$%?bgﬁ%%gegrE§h§n§n?%g?? AS%%BodiesE§$§duced by
t he nethod ogespPRil@ Axbpary @Pﬂe%%%ﬂrF%S LRECPPHEISE: i (BWTDK» &3F ansgeni ¢
non-prinmate JegEBkcPRPItSi Xigod aRdi Raeld gendeRetai dnmeibwd: cONPrkspng
creating a lesion in the J and/or C region.of at |east e copy, of the

i munogl obul £R2PMGHT GRAHRHBELE W%rggﬂrsgi deres; gﬁeree%?gt i %A he
inability of Apamthoinpyl of kbpe XboslsBanmHIedregngatqr Hlmmirediuge ®héuncti ona
nmessage encogi ng .an . n kp I Lg Is ' 4. t hod
accordi ng togewgﬁnm qazé$%+ﬁg§g%§gn%tEéaﬁpu%?h%?%ﬁ%ﬁﬁqéésgévggting a

| esion in atdréasin de ctheyHefpas simplex virus thymidine kinase

gene (HSV-tk) promoter and polyoma enhancer was

" isolated from pMClNeo (Thomas and Capecchi, Cell, 51,
503-~512, 1987). This fragment was inserted into the
XhoI-Nael deleted pJH to form the inactivation vector

(pmH&6J, see Chart 2B), in which the transcriptional
orientation of the neomycin and the heavy chain genes
is the same. This plasmid was linearized by Ndel
digestion before transfection to ES cells. The
sequences driving the homologous recombination event
are about 2.8 kbp and about 1.1 kbp fragments, located

5 and 3’ to the neomycin gene, respectively.

Culturing, Electroporation, and Selection of ES cells
The ES cell line E14TG2a (Koller and
" Smithies, 1989, PNAS, USA, 86, 8932-8935) was cultured
on mitomycin C-treated embryonic fibroblast feeder

layers as described (Koller and Smithies, 1989, PNAS
USA, 86, 8932-8935). ES cells were trypsinized,
resuspended in HBS buffer (pH 7.05; 137mM NaCl, 5mM
KCl, 2mM CaClz, 0.7mM NaHPO4, 21lmM HEPES pH7.1l) at a
concentration of 2x107/ml and electroporated in the
presence of 50 ug/ml of the linearized inactivation
vector. Electroporation was carried out with a BioRad
Gene Pulser using 240 volts and 500uF capacitance.
5x106 electroporated cells were plated onto mitomycin

C-treated fibroblasts in 100mm dishes in thé presence




Y 1 1 JUL ~p2 - -38 i munogl obulin heavy chain | ocus said |esion TeFQﬂﬂj%%Z
in the inability of said |locus to rearrange or to produce a functi onal
message encodi ng said heavy chain subunit. 25. A method according to claim
23 or 24 wherein said nethod conprises creating a lesion in 2 copies of the
I mmunogl obul i n heavy chain | ocus and/or lesions in 2 copies of said

i mmunogl obulin light chain |ocus. 26. AZnethod according to any of clains
23 to 25 wherein said nethod caonprises _including in said genone an

h ole]y )
i munogl obul9% PwER8CceRsdrAgiaiRENEGEAE 'S Meghta cRMEMbr heavy chain or
both. 27. A J@ippéméAtetih@iphodyst iferadfl by imaNSganie Hed- Q1 L nakez mamal

compr 15109 & 0L LLed, REIOE =5hd MELIou Somlslg. ¢r#pijng, Lestone in 2
i munogl obul i¢n &eppapekaiiohowlthwheddian ceaitth Ireii@ra00eganl Gai1ghe _
nabi 110 Ofc PPLSLOSLobe,T BRI L0 L9 MatlGe [Nl el pesspges encodng
further conpsleesropokuding aprenpicdgdobultn dimus emcodapfl dbrieast one
xenogenei o 1 gft. £081 Boandnglyh88oha30G XYt NEAYcRRELN 10 said
reaction (PCR). Half of each picked colony was
transferred to an individual well of a 24-well plate,
already seeded with mitomycin C-treated feeder cells.
The other halves, combined in pools of four, were
" transferred to Eppendorf tubes containing 0.3 ml of
PBS and cell lysates were prepared for PCR analysis as
described by Joyner et al (Nature, 338:153-155, 1989).

The PCR reaction included 5-20p41 of the cell lyste,

luM of each primer, l1l.5u of Tag polymerase and 200uM
of dNTPs. The PCR amplification employed 45 cycles
using a thermal cycler (Perkin-Elmer Cetus), with 1
min. melt at 94°C, 2 min. annealing at 55°C, and 3
min. extension at 72°C. The two priming
oligonucleotides are ACGGTATCGCCGCTCCCGAT and
AGTCACTGTAAAGACTTCGGGTA, which correspond respectively
to about 120 bases 5’ of the BamHI site of the
neomycin gene, and to the sequences located in thé

. mouse heavy chain gene, about 160 bases 3’ of the
insertion site. Successful homologous recombination
gives rise to an about 1.4 kbp fragment. 20gl of the
reaction mixture is electrophoresed on 1% agarose
gels, stained with ethidium bromide and transferred to
nylon membranes (Gene Screen). Filters were probed
with a 32P—labelled EcoRI-PstI about 1.4 kbp fragment
located in the mouse heavy chain, 3’ of the insertion
site (see Chart 2). For further analysis, genomic DNA
was prepared from ES cells, digested with restriction
enzymes as recommended by the manufacturers, and
fragments were separated on 1% agarose gels. DNA was

transferred to nylon membranes (Gene Screen) and




29. A met hod according to any one of clains 23 to 28 wherein said
non-primate mammal is nurine. 30. A nethod according to any one of! l|%#kém02

26, and 28-29 wherein the xenogenei c i munogl obulin is human. r ~ ~ JuUL
Zpp; . .r -39,. 31. A nethod accordingV%$ any one of clains 26 and 28-30
wherein the xenogeneic Ig conprises a I abl e region joined by a peptide

bond to a peptide,oth han Iy t g stant _regign...32., A net hod
for the prodgE??%ﬂ HfggnE@ﬁbry ﬁﬁ%ﬁ% {;%%Eﬁiégéé?go?sa ﬁgﬁfﬁgéﬁate manmal
conprising aawdefi ed genone, said nethod conprising creating a lesion in
at | east one copy of the J and/or C region of the imunoglobulin |ight
chain |l ocus wherein said lesion results in the inability of said copy of
the | ocus toamahysasgefoG4ld presfiatant {ESceebpaiegessage encodi ng an

| mrunogl obulin 11 ght chai Rysubunidy &pge Wihehe OPpERNBHLY yEUNt RET GRpri ses
a) creating a lesion in at | east one copy of an.innunoglgbulin heavy chain
| ocus sai d |eepbadr esdbriies detartedadne | PYs bF1¥qi BCRo&d9ed far range or
to produce afangkhepakd eSS0 Anedi DgaRBHS beavyrchai poikuni t; and/ or
b) including 1n the genone of said ES cells an |nmmnogl o %Iln | ocus
encodi ng a x%%Bﬁ%ﬁ@Png%yﬁ3Qﬂﬁﬁ#ﬁtﬁe%%%ﬁ?“Eh%?#OBFeﬁoth? e four

individual colconies that had contributed to this

positive pool were analyzed individually by PCR, and a
positive clone, ES33D5, was identified. Similar
analysis of 540 G41l8-resistant colonies obtained in

. the second experiment yielded 4 additional positive
clones (ES41-1, ES61-1, ES65-1, ES110-1).

In order to verify the targeting disruption
of one copy of the J genes, (the gene is autosomal and
thus present in two copies), the PCR positive clones
were expanded and genomic DNA was prepared, digested
with HindIII or with SacI and analyzed by Southern
analysis as described using the EcoRI-PstI probe.

The replacement of the J genes by insertion
of the neomycin gene by an homologous recombination
event results in an HindIII fragment, detectable with
the EcoRI-PstI probe, which is about 1.9 kbp longer
than the equivalent fragment in the native locus, due

. to the loss of two HindIII sites located in the
deleted J gene region (see Chart 2C). Southern
analysis of each of the 5 positive clones by HindIII
digestion gave a pattern which indicated that one of
the two copies of the heavy chain J genes had been
disrupted. Three labelled fragments were detected:
one fragment (about 760 bp), identical in size to that
present in untreated cells at the same intensity, one
fragment (about 2.3kbp) identical in size to that
present in untreated cells, but of decreased intensity
in the  PCR positive clone, and an additional fragment

about 4.2 kbp, the size predicted for an homologous
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33. A nethod for the production of immortalized B cells that sec ﬁ'e? 202
anti bodi es which are i mmunoreactive with a specific antigen said H&d
conprising deriving the inmortalized B cells froma transgenic non-primate
mammal as clained in claim4 and 6-9 or249roduci bl e according to any one of
clainms 26 and 28-31 which has been adm nistered said antigen.
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respectively, hybridized to the probe as predicted by
the targeting event.

Inactivation of mouse immunglobulin heavy chain J

genes in mice

Injection of targeted ES cells into mouse blastocysts

and generation of chimeric offsprings

" Mice were purchased from Jackson
Laboratories (Bar Harbor, ME). Three and a half day
old C57BL/6 blastocysts were obtained from 4-5 week
old superovulated females as described by Koller
et al. 1989 (supra). ES cells were trypsinized,
washed once with fresh DMEM media and diluted to abéut
1x106/ml in M2 media. About 5ul of cells were added
to a 150ul droplet of M2 media, under paraffin oil,
containing the blastocysts. Ten to fifteen cells were
injected into the blastocoel of each blastocyst. Six
to nine ES cell-containing blastocysts were returned
to each uterine horn of C57BL/6 x DBA F1l
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region 5’ to the HindIII site adjacent to the kappa J
region, was cloned from mouse genomic DNA by
polymerase chain reaction (PCR). This fragment was
inserted into HindIII-Smal digested pIc cloning
vector (Marsh et al., 1984, Gene, 32:481-485) and was
excised by digestion with KpnI-Xhol. An about 1.1 Kb
XhoI-BamHI fragment, blunted at the BamHI site,
containing the neomycin resistance gene driven by the
Herpes simlex virus thymidine kinase gene (HSV-tk)

promoter and polyoma enhancer was isolated from

pMC1Neo (Thomas and Capecchi, 1987, supra). The
. neomycin fragment was inserted into the HindIII-PstI

deleted pKJ, which was blunted at the PstI site, 5’ to
the kappa sequences. The resulting plasmid was
digested with KpnI and XhoI and the 570 bp KpnI-Xhol
kappa fragment was inserted into the KpnI-XhoI cleaved
vector, 5’ to the neomycin gene, to generate the
inactivation vector (pmK&J, see chart 3). The
transcriptional orientation of the neomycin and the
kappa chain genes is the same in pmK6J. The plasmid
was lineraized by ApaLI before transfection into ES
cells. The linearized sequence has about 3.8 Kb and
570 bp of homology to the cellular sequences, located
. ’ 3 and 5’ to the neomycin gene, respectively.

Analysis of G41l8-resistant ES colonies

Electroporation of the kappa inactivation
vector into ES cells and screening for homologous
recombination events was carried out as described for
the inactivation of the immunoglobulin heavy chain.
G418-resistant ES colonies were analysed for
homologous recombination targeting by PCR using two
priming oligonucleotides CGGTTGCTGTTGTATCCATAACTC and
CATCAGAGCAGCCGATTGTCTG, which correspond respectively
to the sequences located in the mouse kappa chain
gene, about 67 bp 5’ of the insertion site, and about

370 bp 3’ of the Xhol site of the neomycin dene. A
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32P—labelled B0 base oligonucleotide, which starts

about 10 bp 5’ of the insertion site, was used as a
probe to detect the targeted PCR product. Successful
homologous recombination gives rise to an about 1030
bp fragment. PCR analysis of 650 G41l8-resistant
colonies detected 3 positive colonies (ES56-1, ES69-4,
ES147-1). Southern analysis of these colonies
confirmed the integration of the inactivation vector
into one allele of the kappa immunoglobulin loci

leading to a deletion of the J region.

" Production of human Ig in transgenic mice

Example: production of human heavy chain in transgenic

mice DNA vector

An Spel fragment, spanning the human heavy
chain VH6-D-J-Cu-Cé region (Berman et al., EMBO J.
(1988) 7: 727-738; see Chart 4) is isolated from a
human library cloned into a yeast artificial
chromosome (YAC) vector (Burke, et al., Science, 236:
806-812) using DNA probes described by Berman et al.
(EMBO J. (1988) 7:727-738). One clone is obtained
which is estimated to be about 100 Kb. The isolated

YAC clone is characterized by pulsed-field gel

. electrophoresis (Burke et al., supra; Brownstein
et al., Science, 244: 1348-1351), using radiolabelled
probes for the human heavy chain (Berman et al.,

supra).

Introduction of YAC clones into embryos

High molecular weight DNA is prepared in
agarose plugs from yeast cells containing the YAC of
interest (i.e., a YAC containing the aforementioned
SpeI fragment from the IgH locus). The DNA is size-
fractionated on a CHEF gel apparatus and the YAC band
is cut out of the low melting point agarose gel. The
gel fragment is equilibrated with polyamines and then

melted and treated with agarase to digest the agarose.
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F\6@a096&f§)brobes described in Tucker et al., PNAS USA, 78:
7684-7688, 1981, and Blankenstein and Krawinkel
(1987, supra), respectively. The 1150 bp XhoI to
BamHI fragment, containing a neomycin-resistance gene
driven by the Herpes simplex virus thymidine kinase
gene (HSV-tk) promoter and a polyoma enhancer is
isolated from pMClNeo (Koller and Smithies, 1989,
supra). A synthetic adaptor is added onto this

. fragment to convert the XhoI end into a BamHT end and
the resulting fragment is Joined to the BamHI mouse
Ce~-Ca in a plasmid.

From the YAC clone containing the human
heavy chain locus, DNA sequences from each end of the
insert are recovered either by inverse PCR (Silverman
et al., PNAS, 86:7485-7489, 1989), or by plasmid
rescue in E. coli, (Burke et al., 1987; Garza et al.
Science, 246:641-646, 1989; Traver et al., 1989) (see
Chart 4). The isolated human sequence from the 5'vg
end of the YAC is ligated to the mouse J558 sequence

in a plasmid and likewise, the human sequence derived
from the 3'C5 end of the YAC is ligated to the Neo

" gene in the plasmid containing Neo and mouse Ce-Ca
described above. The human Vé-mouse J558 segment is
now subcloned into a half-YAC cloning vector that
includes a yeast selectable marker (HIS3) not present
in the original IgH YAC, a centromere (CEN) and a
single telomere (TEL). The human C6 - Neo - mouse Ce
- Ca is likewise subcloned into a separate half~YAC
vector with a different yeast selectable marker (LEU2)
and a single TEL. The half-YAC vector containing the
human V6 DNA is linearized and used to transform a
yeast strain that is deleted for the chromosomal HIS3
and LEU2 loci and which carries the IgH YAC.

Selection for histidine—prototrophy gives rise to
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yeast colonies that have undegone homoloous
recombination between the human V6 DNA sequences and
contain a recombinant YAC. The half-YAC vector
containing the human C6 DNA is then linearized and
used to transform the yeast strain generated in the
previous step. Selection for leucine-prototrophy
results in a yeast strain containing the complete IgH
replacement YAC (see Chart 4). This YAC is isolated
and introduced into ES cells by microinjection as
described previously for embryos.
In accordance with the above procedures, an
antigenic or chimeric non-primate host, particularly
‘ a mouse host, may be produced which can be immunized
to produce human antibodies or analogs specific for
an immunogen. In this manner, the problems
associated with obtaining human monoclonal antibodies
are avoided, since mice can be immunized with
immunogens which could not be used with a human host.
Furthermore, one can provide for booster injections
and adjuvants which would not be permitted with a
human host. The resulting B-cells may then be used
for immortalization for the continuous production of
the desired antibody. The immortalized cells may be
used for isolation of the genes encoding the '
‘ immunoglobulin or analog and be subjected to mutation
by in-vitro mutagenesis or other mutagenizing
technique to modify the properties of the antibodies.
These mutagenized genes may then be returned to the
immortalized cells for homologous recombination to
provide for a continuous mammalian cellular source of
the desired antibodies. The subject invention
provides for a convenient source of human antibodies,
where the human antibodies are produced in analogous
manner to the production of antibodies in a human
host. The mouse cells conveniently provide for the
activation and rearrangement of human DNA in mouse

cells for production of human antibodies.
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All publications and patent applications
cited in this specification are herein incorporated by
reference as if each individual publication or patent
application were specifically and individually
indicated to be incorporated by reference.
Although the foregoing invention has been
described in some detail by way of illustration and
example for purposes of clarity of understanding, it
will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention
that certain changes and modifications may be made
thereto without departing from the spirit or scope of
. the appended claims.
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10@@9@%dﬂprlses a lesion in at least one copy of an immunoglobulin
. heavy chain locus, said lesion resulting in the inability of
said locus to rearrange or to produce a functional message

encoding said heavy chain subunit.

3. The mammal of claim 1 or 2 wherein said modification
comprises lesions in 2 copies of the immunoglobulin heavy chain
locus and/or lesions in 2 copies of said immunoglobulin light

chain locus.

4, The mammal of any of the preceding claims wherein said

modification further comprises inclusion in said genome of an

immunoglobulin locus encoding a xenogeneic light chain or heavy
. chain or both.

5. A transgenic non-primate mammal comprising a modified

genome wherein said modification comprises lesions in 2 copies
of the immunoglobulin heavy chain loci and lesions in 2 copies
of immunoglobulin kappa chain loci, said lesions resulting in
the inability of said loci to rearrange to produce functional

messages encoding said chains.

6. The mammal of claim 5 wherein said modification further
comprises inclusion in said genome of an immunoglobulin locus
encoding at least one xenogeneic light chain and at least one

xenogeneic heavy chain.
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9. The transgenic non-primate mammal of any of claims 4 and 6~

8 wherein the xenogeneic Ig comprises a variable region joined
by a peptide bond to a peptide other than solely the Ig constant

region.

. 10. An embryonic stem (ES) cell of a non-primate mammal
comprising a modified genome wherein said modification comprises
a lesion in at least one copy of the J and/or C region of the
immunoglobulin light chain locus wherein said lesion results in
the inability of said copy of the locus to rearrange or to
produce a functional message encoding an immunoglobulin light
chain subunit;
which optionally further contains
a) a lesion in at least one copy of an immunoglobulin heavy
chain locus said lesion resulting in the inability of said
locus to rearrange or to produce a functional message encoding
said heavy chain subunit; and/or '
. b) inclusion in the genome of said ES cells of an
immunoglobulin locus encoding a xenogeneic light chain or

heavy chain or both.

11. An embryonic stem (ES) cell of a non-primate mammal
comprising a modified genome wherein said modification comprises
an immunoglobulin locus encoding a xenogeneic light chain or

heavy chain.

12. BAn embryonic stem (ES) cell of a non-primate mammal
comprising a YAC that includes an immunoglobulin locus encoding

a xenogeneic light chain or a xenogeneic heavy chain.
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animal; or

(b) conducting a process which comprises:
recovering B cells from the animal;
. immortalizing the B cells;
screening the immortalized B cells for those
immortalized B cells that secrete the antibodies; and
recovering the antibodies; or

(c) performing both process (a) and process (b).

15, A method for producing B-cells that secrete xenogeneic
antibodies to an antigen which method comprises immunizing a
transgenic non-primate mammal with an antigen so as to effect
secretion of antibodies by at least some of the B cells of the
mammal into the bloodstream,
wherein said mammal comprises a modified genome wherein
‘ said modification comprises at least one immunoglobulin locus
encoding a xenogeneic heavy chain and at least one
immunoglobulin locus encoding a light chain:
recovering B cells from the animal;
immortalizing the B cells; and
screening the immortalized B cells for those
immortalized B cells that secrete the xenogenic antibodies to

said antigen.

16. The method of claim 14 or 15 wherein the xenogenic

antibodies are human.
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recovering the antibodies from the culture.

20. The method of claim 19 wherein said antibodies comprise a
variable region joined by a peptide bond to a peptide other than

solely the Ig constant region.

21. The method of claim 14 or 19 wherein the antibodies are

human.
22. Antibodies produced by the method of claim 21.

23.. A method for the production of a transgenic non-primate
mammal comprising a modified genome said method comprising
creating a lesion in the J and/or C region of at least one
copy of the immunoglobulin light chain locus wherein said
lesion results in the inability of said copy of the locus
to rearrange or to produce a functional message encoding an

immunoglobulin light chain subunit.

24. A method according to claim 23 wherein said method further

comprises creating a lesion in at least one copy of an
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.. immunoglobulin heavy chain locus said lesion resulting in

the inability of said locus to rearrange or to produce a

functional message encoding said heavy chain subunit.

25. A method according to claim 23 or 24 wherein said method
comprises creating a lesion in 2 copies of the
immunoglobulin heavy chain locus and/or lesions in 2 copies

of said immunoglobulin light chain locus.

26. A method according to any of claims 23 to 25 wherein said
method comprises including in said genome an immunoglobulin
‘ locus encoding a xenogeneic light chain or heavy chain or

both.

57. A method for the production of a transgenic non-primate
mammal comprising a modified genome said method comprising‘
creating lesions in 2 copies of immunoglobulin heavy chain
loci and lesions in 2 copies of imunoglobulin kappa chain
loci, wherein said lesions result in the inability of said
loci to rearrange to produce functional messages encoding

gsaid chains.

28. A method according to claim 27 wherein said method further
comprises including an immunoglobulin locus encoding at
least one xenogeneic light chain and at least one

xenogeneic heavy chain in said genome.

29. A method according to any one of claims 23 to 28 wherein

said non-primate mammal is murine.

30. A method according to any one of claims 26, and 28-29

wherein the xenogeneic immunoglobulin is human.




31.

32.

33.
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A method according to any one of claims 26 and 28-30

wherein the xenogeneic Ig comprises a variable region

joined by a peptide bond to a peptide other than solely the

Ig constant region.

A method for the production of an embryonic stem (ES) cell
of a non-primate mammal comprising a modified genome, said
method comprising creating a lesion in at least one copy of
the J and/or C region of the immunoglobulin light chain
locus wherein said lesion results in the inability of said
copy of the locus to rearrange or to produce a functional

message encoding an immunoglobulin light chain subunit; and
which optionally further comprises

a) creating a lesion in at least one copy of an
immunoglobulin heavy chain locus said lesion resulting in
the inability of said locus to rearrange or to produce a
functional message encoding said heavy chain subunit;

and/oxr

b) including in the genome of said ES cells an
immunoglobulin locus encoding a xenogeneic light chain or

heavy chain or both.

A method for the production of immortalized B cells that
secrete antibodies which are immunoreactive with a specific
antigen said method comprising deriving the immortalized B
cells from a transgenic non-primate mammal as claimed in
claim 4 and 6-9 or producible according to any one of
claims 26 and 28-31 which has been administered said

antigen.




