;e3ed../dlpl 2,46b4T4; MI2 3 D E C 1996 i GENERATI ON OF XENOGENEI C ANTI BODI ES
CROSS- REFERENCE TO RELATED APPLI CATIONS This application is a 2 3 DEC 1?95
continuation-in-part of Application Serial No. 07/466,008 filed January 1
1990. | NTRODUCTI ON Technical Field The field of this invention is the
production of xenogeneic specific binding proteins in a viable

host. Background Monocl onal antibodies find use in both diagno mﬂlﬂ

t herapy. Because of their ability to bind to a specific epitope, th ﬁaw

be uni quely used to identify nolecules carrying that epitope or may
directed, by thenselves or in conjunction with another noiety, to a

specific site for di agnoSTENFRATHI QY XRBRGENBAGH ANRIBORHESs conpri se

heavy and |ight chains which join together to define_a_binding region for
the epitope. Each of tﬁégﬁﬁﬂéﬁf aﬁﬂ RELATE B_ﬂgﬁéiﬁﬂgﬁgﬁécwland a

constant region. The constmiils r&gp b DIcapion BEi 8 SEAUEAGA UiDrENaLi gdecfor a

particul ar isotype.,of .t.he anti we h o] roduces t he
ant i body. Becauég 8P g'ﬁ‘garté‘lod’t b%?%%?ﬁs%%t V\é,%zgﬁhesgg Eé‘r]rwg g‘]”f Y olést ant
region and the 3p860i.es fromwhich the antibody is produced t he

I ntroduction of a xenogeneic antibody into the vascul ar system of the host
can produce an inmune response. ~ Wiere the xenogeneic antibody nay be

i ntroduced repetitively, in the caseIMFRGPUGHICGNdi seases, it becones

i mpractical to adphi r nti body, since it will be rapidly
aPES1 996 Riihe" kA

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 bé rapidly
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destroyed and nmay have an adverse effect. There have been, therefore, many
efforts to provide a source of syngeneic or allogeneic antibodies9 PFEC 1996
t echni que has involved the use of reconbi nant DNA t echnol ogy where the
genes for the heavy and light chains fromthe hast were identified and the
regi ons encodi ng the constant region isd ated. These regi ons were then
joined to the variable region encoding portion of other imunoglobulin

genes from alestmyyaspeandsmdiyr deved ano agvaras fe tfeptt opFhewki lhaviehe
resulting chj i en i i i t ant.iLald re useful

t han using ?eﬁ{’l &@%\%Séﬁéi’cﬁ%ﬁ' i_ggfdf?}tﬂi%qg{ilﬁo\?\g%éaanﬁﬁggrdéo@

di sadvant ageyngrneicdenri tildageseic saltdhashiasd [Onai hgcHniane Vasi abl e
and const ant; [ 2o £REULEES oFURSIMY idaOTINA | e @HAbLLEY: whigeel O Ning of

a constant region fromone species to a variable region from anot her
speci es nay Witarggnehefepethpi deayYaddhiright wRainnefvam abee hos§i ons, so

as to |lose the-desid el pianenhideshel ddigony isdadirgi eRe Absgtahliere are
framewor k and hyperyvariabl e seguences sgemfl c for_a species ,n the

e
variabl e redi®HOMHe3R1pESAeworReETd | MERT CRRBuREBEIEP result in
undesi r abl e tHy vyt &bl espedies enicodinigd ghetrisfroref bethere desirable to

produce all ageneic ti godi es far aadm nistration to.a_ hqst by i.munizing
t he host vvitlﬁ“"ﬁ‘ﬂ“?%ﬁ@ﬁ‘d &R TSt ef?ré:’s Ql (}rh%prrisr% %%?spg%f:lecc:ulegr Y humans,
this approaa speaifipreptiitope. The human anti bodi es whi ch have been

produced have been’ basﬁﬂ.ﬁ%ag e adventd;t gﬁslﬁqli%glsf@pggg{:tl n avail abl e

spl een, froma host whi CH een previ I nmuni t he epitope of
i nterest. Widrodrmahcpantjbedyl isl sodatapsHeldesiemy veedupl spea for the

production qfgsmpoc! pRak anknie@iesc HigsedEye Notsbgen pastikcul arly.
successful in fusions ar)g have "usual |y | ed Jg%l]%/ 1o, IgM Moreover, it is
parti cul ar | YPWWHiB9F Rf t i saguRatadesa hihh Yok c#8i8Bnse against a
human pr ot eifsoBatlieshr 8ddt godeting of 2he drdriaHBOP6and GBAYthhAEr apeutic and
di agnostic a‘gljcati ons. .There s, t.hereforne, s bstgﬁté;__gl inttglrest in

|

,t.h :
finding al t FHEITVE FOARALES, SRS TRt (WSt af ¥ ol Ot i-B6di es for
humans. Rel ej@ntitgtefatucenEiamds magl@apborhiondespechés 5063a512, 1987.

Kol | er and 1.1 hi g pddF 89325893 1989,
descri be i n%%%ﬁf%ggéﬁgogy%g@o?%gﬁ% FRocus sbgfﬁ n%ﬁ%&ggs‘irhgconbi nation
in enbryoni speehftelty. aper pfif isvity of mNBO VRriAbYe7rggiongggsodescri be

the human | Gad/H-b0ryse BUek@eslirad propeiess @B6:n806a812b18987, descri be
yeast artificial chronpsone vectors. e al sok%réa&et al . ,S%I ence, 246,

641- 646, 198FILON- Br BhiSre/ThaHe AT ¥RBr735iabiggg.
Sakano, et adequelesesi bpea idiicerfin ya sqgeins afn ttiee | vanhapllebul i n heavy
chai n genes._S o et.al., I ﬁgﬁ? T r al., Proc.
Nat | . Acad. %%:‘?i.(g%SA, I‘”/lgs %Mlg%&ﬁ e%??%gg%%g %gggn?%i heavy
chai n gene seayenesulsl dmkemstesiirainie @ntvigieic Eespgnsesnunol ., 17,

1351-1357, 1987, descrihe Jha Jmusssaiiale eavYaehaiapiedien. See al so,
Joyner et al., Nature, 338, 153-155, 1989, Traver et al., Proc. Nat. Acad.

Sci. USA 86,PEadisceoatlogeseicyfntidedies dfon admmbstrpgionatgda Sci. USA
, 87, 5109- ﬁiéétdﬂﬁ9gm§¥l%ﬁ% QﬁeTHtasJﬁWaaéﬁ{ Q\Hxﬁrﬂ:ﬁ_ﬁﬂaglﬁﬁ aﬂgci fic binding
proteins are, produced in a non-prinate vi i an_host . hy

i muni zat i on“g'fe’f%%tnarrﬁ:ﬁ’lri é’rf‘i’l'gastte% t%%%%ﬁp%?’@apﬁm:’wd‘én . The host
i s charact eragproagyh (%) noti pyraatciazbl e e pratemi agtébdddesowhich

| munogl obul e (3de AN EXAARNGHS, VAN GHLLA &8CHRCCARREREIR] AL | east
one i mmunogl o UTin conStan region, or proteln thereof, 1 nmunoglobulin
sequences preweskngefof @ame avwig@EiEft Spfeame Leemadl bosggwbicaf had | east

one of 2 H&EL pP30idusly immunized to the epitope of interest.
While human peripheral blood lymphocytes may be
employed for the production of monoclonal antibodies,
these have not been particularly successful in fusions
and have usually led only to IgM. Moreover, it is
particularly difficult to generate a human antibody

response against a human protein, a desired ‘target in



- the light and heavy chains, and at |east one intron with appr opr2i %t%EC 1936
splicing sites for excision and assenbly of a functional imunogl obulin
subunit. Thus, the manmmalian host will conprise at | east one xenogeneic
constant region or protein thereof capablé of being spliced to a functional
J-regi on of an endogenous or exogenous i munogl obulin | ocus, may have an
éentire i munagavputhedagaeiistiof did dbsgneshdci tappdd dat sopor t i Dineos an
entire xenogenei ¢ ob (o] Y% eic
i rmunogl obul ih° foghggl%weﬁ eggllhpn 46‘.9%8% rlorlnx)lg%%rrg@o %Irhefsh ‘?‘ﬁgel | and an

i nactivat ed exlogenetis viermmuoyt bt i bheepiroducTiese ofard blsgahe ke nat i ves

w Il be achie a by enpl oyi ng honol ogous reconbi nati on
at the |m’runongg{3b§‘|t‘irjieI%o§°# ‘Bﬁte heavy and |ight chains. DESCRI PTI ON OF
SPECI FI C EMBODI MENTS Novel transgenic manmalian hosts, other than primates,
particul arly pipegahian, ue ke provided, where the host is capabl e of
nounting an iTmume Tesporse to an i nmunogen, where the response produces
anti bodi es havi ng pri natBhonag tﬁ%l%@P?CﬁbH‘mn,Eédnsédnt %ﬂtﬁﬁﬂf 2yariabl e

regi ons or Suma?t hekoqflfeezcta}rd pﬁﬁitﬁfeé‘?QPEB%esmftl' NGRS .sdhe hosts are
characteri zed K bei.ng ¢ abI e of f?rggum n xe 0genei ¢ or nodified

anti bodi es a r e8Art Bc?f 23‘1%’9157'( u r afi8PGEL ﬁaét"i%lr"(ﬂ’f”dtg tihe

endogenous | mtﬁlﬂgi:@?lﬂdlﬁt1S:Mbblmdu§nijthﬂoll@@busTli%dmdjifﬂmidrOnﬁtret ain
at least a portion o |y of

t whi ch
the variabl e YEF¥RPECnS gés‘tlgi]%bre Iﬁ%g?‘ tﬁ@céﬁromjo —.Ig’ss7e cti onal

pepti de. The 138¢t 1688l, phyddxlberayhé akemaany gf Nrf{rrriomus:.onfmrm,r ans and
may serve as en 0 f r in pr i em’qi cyt oki ne,
effector pr ot-%f-I éwérﬁgé%rrfgvﬁﬁt?éé,mé?é.q%ﬁg ar?téltsebéo |es may” be any

i sotype, e.g. artgﬁ\lcmalECYGQNOMm vebtopes wseli mlisive iGuotamet 2 3 QE

C 1996 s A numper 8t il 6945, "By1be460Ph 9%ed ta%da@yo%‘séét% dasired
transgenic hosTs. Vartous t h’Sgenl c hosfs m | oyed, partTTularly

murine, | agor®kphaScdenee  mhd n3e34%qb?ﬁé &éﬁﬁne %y, & dhe |i ke,
nornal Iy ot h&neébﬁmbﬁr IdT&h’.Gaef@Itj{r h@e@ﬁéhtpalft th@ Ci(ﬂmhtﬁ'}tﬁglltﬂﬂfltﬂﬁed for the
producti on of BI%y 8’ ytes for ali zat:r gi roduct i of

anti bodi es. SREEYnfFRER egee‘}fsﬁl t o ‘h ABPeE®c —éﬁ‘#diée Y

guantities, a51615ar @9ierlawn Twckew eetanakxy eRsoce Narine Aogubr tSu i e Usnpe Wil |
usual Iy be the I oi Th | 1 cussi on,

t he di scussi 011—(/\,1 ?F@r‘le%qﬁ?o fmf%% %égégg'gghlgﬁﬁdmgm& fgf}%t oodvfhat ot her
ani mal s, part¢kaiar gpnearARAEENGRy bBlankansyedmpanid Wmuvinkel By ce,

fol | owi ng therafﬁm%eqedurleﬁ i:ﬂspn@agfyr ahegy, dedddind A4 mheRs, the
human heavy a_a—l"‘ghlle| nogl obul in gene C rrpl exes are |ntroduced

into the nous®2fef aa‘ﬁﬂ G ’a“sﬁf)ﬁraf‘e stEf dhhouse
genes are remeteﬂehomiunclsmms Husan, heauyeanedd |aqh.t ahaddl. gees are

reconstructed I.h,an .appr e roE"r yot proorganrsntand
t' he resultlng—%gﬁréﬁégﬁggég %%9 ?%ggu ea%lﬁtg (ﬁﬁﬁé&ﬁ S&tfertilized
nouse oocytesabr,eﬁmpmmnNﬁtueﬂna@lISci | &t i,v&t7i,0r5 1dX9 151l nd@sEMous
nmouse i mmunogl obulin loci is achieved by targeted disruption of the
appropriate | oci by honol ogous reconblnatlon |n mouse enbryonic stemcells.
I n each case chineric ani mal &k d [N derived in part from

the nodified enmbryonic gisg éfcagseateleaeahhqn@f Protsingd tdg the
genetic rTDdIfIC%%IOI’]S through th rmllne The mating of nouse strains

Wi th human | MEAGHPERUIT 3 GORTRF SRREPNYIAPLR MATRANABDRRSY | oci wil |
yi el d ani mal simhose zaidiodyf ptlosusainaal i anphoelty witiran ldpphspieade
strategy, fra ments of the human heavy and |ight chain i mmunogl obulin | oci
are used to d rnepl ace the corresponding nouse loci by 2 3 (1 FC
1996 6 . honol ogous recdt® natsonis nchanaetemtirzyaolmbq/ St gm cabding This i s
foll owed by t nati [ anrmalsr whi ch the
enbryoni c st e%ﬁ%gﬁﬁge% voce)f(; [g ‘géle% ggggﬁtgg,gt ﬁ‘e gérorﬁ | nuglml’hese
strategi es aré2 basede@wqermo\lmomn@ngahpbaﬂ-rlm lgic ushe dmpririghoat i n chain
loci in a nu f i,zat i I i i on of
exons. encodi nee agt T Rua Borey R i FoHarent! sRyidt, By ificeny
transcripti on'éhGEP@#entlsnm‘%%OM‘F%%Boﬁeﬂﬁe\fil&ley‘ir rPgTOd@gjrléezs fom the hunman,

t he i mmnog| m?anaeew shaire | Persabsel 2edlieth OF GV amsPBHd.of N the 5
- 3" direction of transcription, the |ocus conprises a large cluster of
vari abl e region genes (VH), the diversity (D) region genes, followed by the
joining (JH) region genes and the constant (CH) gene cluster. The size of
the locus is estinmated to be about 2,500 kil obases (kb). During B-cell
devel opnment, discontinuous gene segnents fromthe germline IgH locus are
j uxt aposed by neans of a physical rearrangerrent of the DNA In order for a

N - =, =




2 3 nEC ~g9s 7 particular B-cell allows for the generation of anti bod\E/
‘mol ecules. In order to isolate, clone and transfer the IgHhu | ocu®3 BEC1896
artificial chronmosone may be enpl oyed. ,The entire IgHhu | ocus can be

contai ned within one or a f ew yeast artificial chronosome (YAC) clones. The

sanme is tr f ht chlnI00| sequent introduction of the
appropri at ﬁﬁ 2\7\? r]:n g‘? 8%& i 9&85 l?"o(ril(@a‘lesaSlr{:nt 0% et gféﬂt yeast

al | ows for wtited r&xxpxrmria:te oslpbicumgaﬁtlt@@r pileba reetdlgsummaw honol ogous
reconbi nat iy { ove e oﬁ;‘?ﬁ‘}' ghis manner, the
i sol ation O%@ﬁﬂ%l‘fﬁﬁ?}m&’mé&@%{g% Ha'i qhm%o% a| n | s obt ained. In
order to oBtaisn &hs @m@bmnumat wiidhA alfOMPmJ{SF @t ipasesonet is not

Vi
fam 11 as” et e oiSeAAr, POIER Vel PR AHANGE CAPRBTSR S i ng
subset of wtfe bedash SP]rJegEF@nt@eﬁe@BFttlﬁ@aHuﬁa#eﬂé&Jy &hd@might chain Ig
l'oci (Ber ”@i’\d%se@’lous %\iBQ-.:éo &4888) ﬁmuﬁ%&l%lﬂrﬁtl}&'ué harﬁ'a%hﬁagat' re

conpl enment of regions, th e transgeni ¢ host, may be i nmmuni ze
capabl e of 2To@NGIFE ATMYREGLPRMLAR AOSHSNOE &hE Mask RS ghtakednity

anti bodi eSb ra tdaszsclrm{lrwf ahebatiyel xeaweneamlhmmc&o@ilﬁhe
chr onosone be enp % far exa .are orte kb {_'ra ment of the
e

| gHu Iocus]1 USSHO\M'F B ‘Pbxe’f*ﬁ ?nﬁ&ﬂ ‘1 T or°fY¥agnment woul d

serve to prisseteen iaitety chrdmosgmenst whiec hosit! lcerlownte ancr eased

diversity h I n h i ons d under goi ng

somatic nut: é\“%‘% 4 %é‘% en& S l@’“bﬁgglgﬁgqprogu%% of - hUREN

ant i bodi es walrlameeraigmm@tMs Wll.ﬂ-ll benechdsaeyl,t lat lidmsthobt be conpet ent

to provide ngge e LS s ith the
PTC?P-% At bO oﬁ\{,\lﬁ? ”ﬁéﬁnaﬂggehg 'fcefc%%(}.n%t aV@dt

producti on rng conpetent en ogenous genes for the
expressi on WWWlesﬁﬁﬁan§ BﬁaWﬁ@glléMﬁ whaimsis, those
enzymes and ot her 2 3 DE C 1996 s factors associated with germline

rearrangenent, splicj ch oma i C rru g i n,I an tOh | i ke, will be functional
in the xenogeneic h i i onal natural region
conprising the vari ou&:mbnﬁraﬁsgenabedlanmaﬂmlmehprsmctdmmeftmﬂogenous

i mmunogl ob un rood d pronucl ei
of fertili ?Ilcfgnooc sﬁa(s)lFtJeJr?Tng‘QgE?c S ¥'l P‘ h tae i n(;‘:ee rﬂ]{]l%lné%gy be
random or hﬁmﬂeog-'dlﬁ htesplentl$ ngapnbﬂheoﬁamum‘-ll@g sy dmepne o be enpl oyed.
Thus, by USIGIAANEOTIR i ffun géag LRBeL thee releRnh Y ﬂfb&'g s nation

W th breediﬁ"d’& transgeni c_ani ma be obtai_ne Whl ch are e to produce
human anti ikodips H@%’d‘bﬁtﬁﬁﬁ“éf‘%b?@ﬁé’é%‘f a t“éi’}arh'eavy host

i nmunogl oblddn"stsaihurﬁﬁ&/oﬂ'ovaﬂﬂablléaﬁ:eghbash@&t shighlRaHebul in | oci,
roduced at the

munog) ob e R P el e ARACRERRE L R ANtaEeS T oI HT TS EhE

product i on dfarawtsysired bynbedgbobababkleulbdniproduiinge: xérergenesct wo heavy
chain allelgs MEM'A%EFSE%E RSCh: RGN ol sh\ﬁ%&éufé &l though one
may choose to |1 gnore the ~ ave to be

transf or naths,omwwe‘s@HonnOﬁnﬁbﬁ @a\@p@ﬁn@mea@ﬁ\wq%bxalm es. (By

transf or matdytn it |dHESILAg Yt eChh@Udoldars iicaltieAc i DN 4pto a viable
cell, such as conjugation, tran formation, transfection, transdactl on,

el ect ropor AT 3 iIFRHEEPRoRE bP8I FOMSEENT FSHONST M Y THRTPBHDE

reconbi nat i fox reys dmb Bypd HyeHet vakciadilieon@idiyn hdcidivaf eseweh of the |oci,
by introdu on of ho ous . DNA i r.yoni-c .stemecells.. foll owed
by int roduccEHno%cgf ‘%@%ﬁ%gg’al{i‘eﬁ s°| % g“?‘%%’, er%t pb%pgts cg% stquhe
Subsequent ﬂjnmmorgahlpapslﬁermggr trakien eamyarformssiogn of the i nacti vat ed

| ocus. %}%@{&ﬁg ngo,%?ﬁtegﬁ%egsh%%erqxz‘ﬁ%@ (ﬁtgml ng and sel ect

for hom)zygous rern rom et erozygous parerits” or again one may use
t he enbr yorhcfsqrémlzmqhmrpﬁ@#@ﬂ@godgganzirs DEECKigys ®FERGEBENati on and

I nactivati grdeide COEPAERRALCPBEEIns, etc. The antibodies may
be any isotype, e.g., IgA, D, E, G or M or subtypes

within the isotype.



The nunber of transformation steps may be reduced by providing at |east a
fragnment of the human i nmmunogl obulin subunit |ocus for honol ogous 23 DEC 1996
reconbi nati on with the anal ogous endogenous i munogl obulin, so that the
human | ocus is substituted for at |least a part of the host imunogl obulin

| ocus, with resulting inactivation of the5host imunoglobulin subunit

| ocus. O particular interest is the use of transformation for a single

i nactivation, followed Bynmndedi mf cftrdeheernaygbes epipfloyredigta o produce
a honobzygous n I JMW&Q; S mpl substitution
or insertion %\%%&‘%ﬁegng\s’\thglsg&%?f or |naécr?%l\:j/a}t‘dl)gtr:\§ hglé?&r%lg of

transf or mat i omamgebem heistted may the ap leved orPrﬁFFéﬁSlléiﬁd-YasmbHJrQ%dy

i ndi cated, ong, W°f€§93rans N YPdrd ke | asquised taaineanddiifd, tde

transformations’to rrratl ons. Alter natlvely, one may choose to

provide for iwketliker oﬁ%@@b@ﬁéﬂbﬁ’é hay PeHimaken | §0%s thenmast ng

enbryoni ¢ st f@' | 21 5ROl PUd 198U cfbflameeppeuage@mnh@f @e or nore
| oci inactiva In the event only transformation Ls used and the hurran

locus is int engTBP’e@ICYﬁﬁé 10 HEROI bt PR ah@Bnt PEs PEOYUCE 1qgt A1 of

ei ght tlransf Oéﬁai!l:@aieaay @E.ﬁc@ﬁtlirdiﬂ af@r?dtWCthﬁhhdﬂef ,Aman esd on i nbt Ihe
target locus resulting.in the preventjon of expression o i,munogl obul i n
subunit of thR&¥° ‘6‘568 g@ﬁ}ﬂ tiesy, And; fgS %ﬁ’yhﬁ‘e r?q'h

regi on corrprléxﬂgnklneeeﬂhmmﬂsr req:eg:t;oﬁte upsiceawidi umuladdy ibe tdree V, J or
C regions, and w e heav port uagt I n the D

regi on, or cogi %IP]%.?I é%s tg]"??er(“(xa{aof u%%%%?i%ﬁpogﬁgn O?gc?’é?‘dl s that 1g germ
line gene readisogeston,i shendiauwasion willncefenakonpgsage bavicddi ng t he
| mmunogl obul 'th? PHNBE %g%%s&%&fm%h@ftgﬁimgys 9l
transcription ure of processing of the message

1996 to Pref emarbmylsmmmb@ |@%ﬁﬂ%ﬁ|$ﬁ%’?’é’5¥‘éﬁe¢nfpﬁaébﬁvamcﬁg t he

i mmunogl obul i §0§gg¢mhlb @ Santd St Arad | I be '"introduced into the J
regi on of the i munoglobulin subunlt | ocus. éj)rgégne pr oduces construct

which | acks a functi onalt ™) 9N&yiHF HrRE¥myP T ohi PAL SEGRSacddSf the J
regi on adj aceptméan B.edvlyp%trfd%Mgaftd/c]iaﬂcm\&mmglébﬂnmhhqdmer egi on or
conprises all or part of the reqi t ct vatln ertion jn the J
region. The |ﬂ%@?¥?5ﬁsm§febel Ci)m:é%rr‘{t}?e vvher%ésu iﬁ "‘V’ectul ts in
di sruption of ificanaepemradfe @ﬁamdthwrmrmn@)esgrabhye tgleeleds @eTE on in
whol e or-subsiaphbabaPaoh- M onat . | aasha@PRYLv455naf 1 %‘Héﬁ
preferably at %gas? gbgﬁ%n 90~ of %e 1 ocus, al ) dev%t 88 Tt’l desire t he

| esi on bet weeBehRE BRE M%ﬂﬂﬁfgf%cé%ﬁfenh‘esaﬂe'??ﬂ?‘ﬁ@r%ﬁéehﬁﬁﬂﬂa&g’mq egi on

may extend beyengrbRerdotad Mci‘dﬁﬁgérﬁ\:ﬁsﬂ(aémdibtﬁer egequtamld;’ ®nA Nto the
const ant regi ?E Desi r abl a narker l?%‘i,nff IS, used epl a;e the J region.

Vari ous mar keF52ARGES &5 Rfed g a’r“§/°t1ﬂ’688“ F¢h©dl | ow for
positive sel eferbmllaiadpmdusmIcmfcym:er@stemlsrybmusetefn G&13 sr.esi st ance,
(pSulLing oThEXREGaTLAn e Ut ARIfdSKoREIYELE PRASARANCANS! S ase.
Upstream and/ or downstreamtromthe t ene construct ub gene
whi ch provi deso¢ér ipdashifsvad ik féﬁrgm*eftqi\ lﬁrﬂéﬁbpe @rfoé'él@\/er has

occurred. ForabBisp B‘i%\l%%quéﬁ%i‘%&ﬁ‘élé?&% ei‘e&bﬁxﬁ%nh@i@nd'f?xe ndlase gene
may be enpl oyed, since cells expressin di ne ki nase gene may be

killed by theeﬂéél’ef‘lﬁ’u@lt@d‘él Ihal ob% ech %.gsﬁC?BPE‘\?IrI’lCOIaW| ovi r,
by their cytohesi gepkbiredieil a/h et | $ré hdér Doadlain pakuncdoanalhdiSV-tk gene.
The absence of ensi ti vi to .thesteenr\luc(::tla S|gre anal ogs |r]1D cat s the
absence of th&° Fﬁjyrﬁ Kthase gene Pd ?h%’f%f P& mFere honol ogous
reconbi nat i onthaasmm:m:m;j thmagewedmlbh@dcfusebwensh&shmhsﬁ\ doeur r ed. 2
3 D E C 1996 gLWii hgqhe Y?é%%l&% 6%‘%3@&5%&3@?& L st aengre will

i ndi cate that 7i nt egratl on as occur £ Be necessary to

det er ni ne whefRBuNRGHOLIGGiIs lmegmwbﬁahag wathr rteactwa§et,chnnctmse

achi eved in a;gugbgs 1af &0imd 1§ WRSEePaAtib x:%]

enpl oyed to establish the location of the integrati By enp oy| ng probes
for the inser PUgRdYt he¥padequencing the 5 and 3' reg| ons f 1 anki ng the

insert for the presence g tHe ﬁ@igeétfaeégyewea@maat@ewckﬁéﬁ%drh&mkl ng
regi on of the construct or .identi fx){lﬂlgm Eresince of a deletion, Wnen
WReP+8RY;

such del eti onPRE¥Yhae iRyt hfe P&t &FW%

establ i shed. dheeptllymardmeachat e reacteopoh8CRYy ndyislke Lestid by t h advant age
in detecting the presence of honol ogous reconbi nati on. Probes may be used
whi ch are conplenentary to a sequence within the construct and
conplementary to a sequence outside the construct and at the target |ocus.
In this way, one can only obtain DNA chains having both the priners present
|n t he corrpl ementary cha| ns i f horml ogous reconbl nat| on has occurred By

e o Y b1 I r T | o - -
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The construct may further include a replication systen1whichi:3f%:c@rﬁgﬂhs
in the mammal i an host cell. For the nost part, these replication 9 e

wi'll involve viral replication systens, guch as Sim an virus 40,
Epstein-Barr virus, polyoma virus, papilloma virus, and the like. Various

franscr'pt'Cﬁﬁﬁolégébéikeeoﬁbﬁhﬁmﬁcﬁﬁyuban@@ﬁéOﬁﬂﬂryéhibeétEh0”1V'rUSES or
from manmmal i an enes such azpi%@ eqallathloneln and Il genes, p-actin

gene, adenoi$YES ear FHEands| PO HIGTSERF AP Rﬁnﬁgém&éﬁé RNA
polhynreri se Iﬁreg,e@@enlpe bgemhllllcse in mmotchhttm éxﬁbpyomtes_semwc%dlﬁype y

en ancers e _enplo to fu n e_expression of the marker
gene. %éifﬁ@% ﬁﬁxﬁﬁ 88&&5#?%% E%?ﬁgﬁ%u%?ﬁ%tfggﬁStructs for
honologous reconblnatlmhesa seplaiteatiem aysteaseédropr bhar kabes,

particularly E. _col may cl, a t ¢onstruct, cl oni ng
after each ﬁﬁﬁg$%+3?Fbﬁn ggafb%:§ﬁﬁﬁh: %épgggﬁr%hgggnhﬁﬁpp ing %or
sequenci ng, mexpaesi of andmaisbaﬁnnc&ﬁth¢mpzegnledtsequeneéatmhere t he
construct is gepe b | 1 xceedi ng 100
kbp, and usu%+$£gﬁ%? ﬁgréa% 5 %%boutl%go %P&lggagag ﬁgf|éP§| chr onosone
(YAC) may belm@umnroél epulngeoﬁltﬂ@s cr‘mféttn@mscmpélaneénstlamenthas been
prepared and; any, 4odesbhabks %%q%n@&aéfmgd £n9thePhARERY Othe

sequences, te construct na& now™b |ntroduced into the target cell. Any
conveni ent th%%%?ﬁ@éOPBﬂan FEFYciGP thel BRBS | 1 ol PRRLEEr 8Bt cell's may be

enpl oyed. TeghpbAveémenthyde Ismpitereom ast 3USdiQﬁect1@ﬂf6§tl on,
el ectroporatjon, calcium pho t enedi at ed 0 direct
ﬁleOlnjeCtI%ﬁaniﬁféptfPQHSF§FW§HQﬂ?(ﬁOTPEhi?%C?Igﬁrg FEBSFSFQBF cell's,

target cellsvanyabkesebgibedgenemaypf posidiverantyo(Dpegayiva narkers,

as previously indic neopycin I esis e, an clovir or cyclovir
resi st ance. 4%%%%'cg%?gbﬁﬁ?c s#&ﬁt %é@ ggthen %yBegﬁﬁﬁ t%&ﬁ

further anal?hedCQyStestrKéﬂhomaﬁﬁﬂqknsteeledTh@pthesbﬁ tBeuﬁbena
analysis, POR, obeifigtbliko BX WiRRH 1] 960 Tk o0OBRL S5 Wikl f shawr Lhg
presence of esl ons the target” ocus, one can | s in
whi ch honol oB0ESL # cBBHBIL ARMESY rh AL SRR HRIOE S gmfétf:@qm@nascépymof t he

target Iocusméfhgeaiaomnée&w heduy aaes sy m&alb@s@@ri) raednki bgt aWi th a
heavy chain | ocus |ﬂaan enbryoni c ste ﬁ%%e%ﬁg f tur tion of the
cell's to proRT¥RIG2 haf GRETASSEMEN &t . ¢ RBedt ﬁro Ofnhé
heterozygousfhmstSonalhhnapYQGMaﬂnxmgrpqdipepbi@ened be prbdyosd¢ stem
cells may be, a f ti ecopnd H | ocus,
and the proceéégée%gg QQLEB%Q% %%ﬂf éﬁ%ﬁ?ﬁ %%ﬁ %ﬁ§e§ ’283 Egﬁ C 1996
13 been i nacfiveeglona| tnesmahevélqinqmemugmpeﬁafncl@eqsenayabe the first.

At any stagefamfonunv keC DY g@,éfﬁm@gceﬁe fén@u@ﬁgy LAgdicated, the
target lo e’ substituted with the an? Eﬁ unan ocus. In thls
Ant? ?5

cus__ny
oy 2t e Py s ORER! oo PR ke ;| RPEROLIGnBeREHi on as t he
anal ogous hoehaiﬂsuaresprbhabamnfdkiprmgonraﬁsoziptfdnmofhthbe1905|t|on

of the Iocus e.s bsLantiaII nan i gl obulin
| ocus. For exé%p?é uBigfgéﬂ%jﬁw %Rflre %ﬁ? %%ecf ¢ls Bﬁgﬁgdlng V, D,
and J sequenersy, compposuhgnemneﬁeaﬂuianmtt¢aﬂk|n@hehe huﬁanwbo¢991mjth
sequences frP&tfﬁeﬂﬁgﬁ% LRSYSs prﬁ{ér:@ dené S”ﬁ&ﬁaﬁeEﬁEéh‘égo% at |east

about 5 kbp, Int | ocus, erably at [ east kKbp in the
host |ocus, ®hé a9 Andecust pa mmw\fcrs hxPRasonat 82t hi Theegtancitnre

reconbi nat i opal tﬁéembtslociub.%t it i Nge t 6 BHABNOE nﬁuaogbabmbbnsl ocus for
the variable [ egi g ﬁ 5% i mmunogl obu] i n_l ocu ﬁ g EEIS .manner, one
may di srupt THESRbi FPEY &0 qﬁ%ﬂOQO PriahcB &R BRidogBRAS A AFunogl obul i n
subuni t, mhiIgHatéanraggbmenmheqnarmnmmeménthefhanmmghnnnhaghobul|n | ocus
to be actlva y.Lh uLgt e I tory system
of the host. iggup % Sﬁ&%é%righ g%%g?n% g ioagﬁﬂ %gst genone,
ei t her” by ho@él bheus pecéMmh@ﬂn(N\Therandea1oﬁtegeatl@nd andolkedst ani mal s
have been pr QHC QcW‘ "ap 05 1RO %Obnﬁﬂnogt%%b?lbﬂ%f‘ nactivated by
appropriate ree Ing O the varlo transgenic o ated ani mal s, one can
produce a hOEFERHﬁBEeﬂaé@#tdﬂﬁrﬁnlﬁ%ﬂcgpabghlﬂyGhé Qhédncene@dogenous

i mmunogl obul i n subunits, but has the capacity to produce -human

i mmunogl obulins with at | east 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 I gH and the human Ig
rc and/or ~ loci would allow for the production of purely



Z ~ oEC 19~ 14 hurman anti body nol ecul es wi thout the production of rr:?at E.r
host/ human chineric anti bodi es. Such a host strain, by imunizatio D C 199
specific antigens, would respond by the production of nouse Hcells

produci ng specific human anti bodies, which B-cells could be fused with

mouse nyel oma l, r._be i taljzed i.n_any other manner for the

cont i nuous st%%?lél%}lgé‘lfc%l ché”g 'ﬁjujrr% Sn‘BﬂEcltﬁﬁalgeé‘rﬁliadb'cﬁ’és‘?fThe subj ect
met hodol ogy asmtibedyegicdseqekals not be linmted to produci ng conpl ete

i mrunogl obul i ns, but prqy p [ty to praovide for regions
joinedto a portion of tﬁ\é{ ﬁ%‘%gﬁ?grg&g%ﬁ?éé. S}Pn&fn%@ar@_ff)&goﬁ:hw, or
combi nati on theHegf Loslser matyeasty, avhif beiadr e haondsenexonsy de t he CH and
C~ or C- regi 188¥qke mepl agad; t Oy ned uence encodi ng a

di fferent pr o%g?n{g?such ggm'an enzlsénei,&ehg.}ggllgsr%n%%‘og)e%nc &%W%‘?

super oxi de dishbRaBeongt ©r a davh yeashi artéfciadi chromwdme @ixdhf heri a
toxin, etc.; QIOMES, T aGhQ Sanfy 1 OxhCe 2BEPAL thE: Yy t Yhdine |l ke. See,
for exanpl e, WO 89/07142; WO 89/09344; and V\Oh§8?83%§§5t8%}}ah)‘sf}ar1ﬁcﬁg'the
protein of i M¥FPERIULALo Intandicion @f ckhexarpaaprpace dieayyf arhasit i ci ng
of the variatde Ieghoncha ihaAmd fdmsh coes apbeiB9bAR §XaLe Lhadifsul ting
bi ndi ng pr ot e'(pr have a different Ctermnal region fromthe

i munogl obul i T @xﬁrﬁﬁ:&rﬁ?&’ftd’rt’é’%t% Letdehceedt A inge lignd@ciedyyene,
the prot e; ndmmm_ <Sjrngw‘ﬂsl rlegnomt e ti e r ek ge nt ebapaanhelgtC)ﬁe@r_ irgmoﬁl v th
region. | r constant, .regiqon may be enticely substituted by the
ot her protei ;‘éf blg p?%g i'ng%#'o&halscgnnas Tt %‘?hlf’ﬂiaﬁéﬁl"‘oﬁﬁi A& splice
sites for joifagrentsyancading dyicorhuman heg otheinph.et ebkaifled.ant i bodi es
or antibody anal og prodygi om t transgeni ¢ _host y. be used
for fusion to a nouse nyel.g)lg .crgﬂd.?)gj%ar%u%gb ?/%ai gBﬁﬁgrBF‘ [t & i zed by
ot her conventdihitihy ogBsdbodigs, titadst gt omeok s haopcopanesneThese

i mortalized iofilede €hé BnEiel WEeadY tHeP; H§s oyopa,in continuous
culture or introduced into t he per| té(')glr_?eurr_\ of a J(':(?(;‘rgr“'f’)a?i %’Pglﬁgsﬁep&
production of 123 areTRateRspEIs ghethion phevVdesaion thespeaduction

of pol ycl onalThusiarbpnbbtadhifqola lswbae HTe ¥ Gl 1 ak n Gk | VOQE§§oHr ant i body
anal ogs. Wer i host has been . nized with an | nmunogen, the
resul ting hur?:erﬁ%ﬁt?ﬁggﬁ%sg%?nb R é"tnég lf’{g}l#’i ot M2#Npfst &PAE by using an
affinity col URGXTHHVI @Y ah-FeEMBOdiIng (MSisd)y,7 surhy ap39) okgtRef, O the

| i ke. For prqdug LRk s f LY.QNi mcells, after
transformation, t%%g%ﬁgkﬁgyeggbglgg\% gﬁft 3} }?%%%7’ ng}%r in an

appropri ate FEdnREeRly. hpetamayopiendngwmimesheant doe DMphb el bg cont ai ni ng

the construcmoRit ity det £€186gPY mAlRLOHRS 38! £4 it%gmr,r;%uma d after
sufficient ti :I?.f ar_ col oni es row, col onies may pl cked a8 anal yzed

to g ,
for the occufréddd-tf FNELBPALRSn of PhéRdiSogRnac orel atat vehy gmalldscri bed
previously, ONd FGRgmsnte asedhewchiopbisdics My Hid é}ﬁp%}@@v\%tfﬁpe
construct se e D apget . locus. Those col oni €s i ch show
honol ogous r%%%ﬂ%ﬁr?a’t%nﬁéngép?ﬁénggg 555% rF@F“eé‘erﬂ/% théi PRiat 1eruand
bl ast ocyst i AFe&tiosm Bl sBigeyst bmayThésobbdilnab T ared ered €80y f | ushi ng

the uterus 3frbadavhafdSi1QVyLatLop ryonic stemcells may then be
trypsinized and.the nodified cel {es gdgggvﬁg%a%drvc?ﬁ’ﬁt}&o al ni ng the

bl ast ocyst. APILORSy oHELGmdWibltBrevifey insaerisat ehiremmity shem cel | s nmay

be injected ratomblimifipsiperethef vhbeolibapt aaystly Ad&nd Niggtion, at
| east one ang 4R, or.e t hen apbput fjfteen of the bl astocysts are returned to

each uterine Rorf oot bt @gRUhet£8Rul es. Femal es are then allowed to
go to termand the resulniogdértterpsoreased ook Waliaq kel isn hewi ng the

construct. ThHEm S WY y_non- hunan, particularly non-primte
mamal , such as ggzlrta%t or yl%%%qalgs,xgré?g?eﬁﬁgr SSralit EhdiedoTsaEni nal s,

such 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



2 3 DEC 1996 16 as mice, rats, guinea pigs, etc., donestic animals, pets,
etc. The follow ng exanples are offered by way of Il lustration ag 11996
way of limtation. EXPERI MENTAL | nactivation of the nouse heavy ChainJ
genes Construction of the inactivation vector A 6.4 Rb EcoRl fragnent,
cont ai ni ng the nouse' heavy chain J geneB8 and fl anki ng sequences, is cloned
froma Bal b/c nouse enbryo genomc |ibrary using the probes described in
Sakano et al fackiansr @28 H0Rd66ithogermThisef regmeangam@tis i nserted

into EcoRl-df g§§% %Q{Ug&gﬁoféghgﬁétpm) aﬁ*d2t9ethfk agmqtl Isont ai ni ng the

4 J genes, iS estion gy 0, see Chart 1). An
1150 by XhoIfBa@HuOmﬁdgﬁﬁhtth%oﬁﬁ%ﬁﬁﬁﬂﬁlﬁ hes C|HPé§|§Fdﬂcé“§ene driven by

the Herpes shgphgng V'lréisa tﬂyméiéwaiﬁlﬂaﬁere@nee(glﬂsw Hohgriamigrcgad a
pol yoma enhancer |s isolated fromp nd Capedhg Cell, 51,

503-512, 198YRriRUS, QXIS @%"d%&ﬁ%?é\gwéﬁﬁeHRSnPEO HeE idMadHent to convert

the BanHl endyaige bt almAtbglsbi hen' sabliieg.fragent i joined to the
Xhol - Scal pnDBJ to formthe inactivation %ector éﬁ l%ﬂ#ﬁ mhlch the 5'
to 3' orientation of tHhHHHRR PERERePRe AN EORLCRD e

identical. T r&dmdxamCbﬁsférﬁmfmzd@dobyyhﬂelodlgmb&ymmﬂmﬁsu&mtransfectlon

to ES cells. T q ces drivin the Io Q reco tion event are 3
kb and 0.5 kb® Hﬁégnerlﬁbe Jr’b%%?’é?lt‘go %YSHB ﬁe neorryrg%mrqlbald&

respect i vel ydepeadirgE©n 9dte npﬁmttulak/bawahleawy t6h&ien enpdaresd .

| nactivationpyget oy ;M)sbﬁgg g@:g%ﬁ@ﬁﬁgtESﬂVYugﬁﬂ'gnrép%‘%rl%V% sikps4 C -

bwn ~x xkmn z-~
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



I 1 kbp o x N.i 2so0 by ~.T- Z900 ~ - | (B) Inactivation vector %T.Neo
r-a nso by ZBOOby -_--_~~~ __ .. _ _.0. 1,1 . 23DEC1996 1 haEESBQB
cell line El4TQa (Hooper et al., Nature, 326:292-295, 1987) is cultured on
m tonmycintreated primary enbryonic fibrobl ast-feeder-|ayers essentially as
descri bed (Doetschman et al., J. Enbryol. gkxp. Morphol. 87:27-45, 1985).

The enbryonic fibroblasts are prepared fromenbryos from C57BL/ 6 fenal es

that are mat ededdmbankt iy Sacdr lh&et Wkl ianmalfe dramazggeasabpe a neonycin
transgene (Cossler et al., PNAS 83:9065-9069, 1986). These cells are

capabl e of gré@EHSi'n medi a contai ning (418. El ectroporation conditions are
descri bed by (Boggs et athe mmbéienafotraahfpridd: 8- s 108p)be ES cel | s

are trypsini zed,, resuspended in,culture ned a a_concentratian of

4x107/ M and EFQBF??pﬁyat%’EPYhd’fﬂ% 3Ee§$ﬁgg &f %Ert‘naeg"{ea{} ge?%l @‘%ﬁl@’&?“a
concent r at i onigpfuh2gWobulire subshitxpecusedorambredMdavs in the second. A
vol tage of 300 _V wit. capaci o] ~ ' optimal with an
eIectroporatiEﬁcggpﬁaé%%?rnﬁ*%ﬁggﬁeaéaéigéggﬁﬂggéggéééggnon. 5x106

el ect r opor at edmmehbglabe it eso obhat nthemhumant destusd 9 rwbs tbtstéd 100
nm di shes in e o] eg g oy ' i%ngﬁgj ' ,[’gg;a M

suppl enent ed \E;\Ag?hg&i%%g{talé b%%%ﬁe?ge'?ﬁ%n?gg%) gan Ogelio'rsﬁ\/l rrerlcccgi%%—fat hanol .
The nmedi a i s wéphares 4 ing aineetiyatipppefathen haisth imssinodbekal ng 200

~Cg/m  G418. ES/nagheniged£sul df NFatfidd1days ndh@seliactinippaiad iop are
pi cked with drawn eut capillary pipettes for analysus usi hg PCR. Half of

{
each pi cked cSF8RyIPImakiRn | 94§m%+PgEFaﬁ8§c§Pré&ﬂﬁ”@e Weh by
m tonyci n-tr epreddiierdesf cehé shetléLo oy oushalffeprisyriicaskddug®ad s of 3-4,
are transferred to E endc%)fsgﬁtubes co?;‘ai ni ngﬁg%proxi tel% 0.5 m of PBS
0 | : S

and anal yzed F8PCAEFSIHY RotWdt nal I'SRSby UMBhdiY9'6hs ¥ or  PCR
reacti ons areempdentidalfigr asulesttubidn( Krmiase rSaiarhiigs;o Nt erestAci ds

R e Dt e
may be limited to three transformations and as already
indicated, one may choose to ignore the less used X\
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.



addition of 55 ~1 of H20 to each tube. DNAses are inactivated by @9@'6?&
each tube at 95C for 10 mn. After treatnent wth protei nase K az 95
30 min, 30 ~| of each lysate is transferred to a tube containing 20 ~tl of
a reaction mxture including PCR buffer: 1.5 beg of each primer, 3U of Tagq
pol ynerase, 10$ DMSO and dNTPs, each at 0.2 mM The PCR expansi on enpl oys
55 cycles using a thernocycler with 65 seconds nelt at 92C and a 10 mn
anneal ing and extension tinme at 65C. The 10w primng oligoriucleotides are
TGGCGGACCGCTATCCCCCAGGAC and TAGCCTGGGTCCCTCCTTAC, which correspond
respectively to a regi on B dyasleky 3' windn t bee si ar ontygddntefretsheddanyci n
gene and seque l, i h& RS chay n 00 ses 3' of
the insertion gﬁ?é?%ﬁ?gﬁﬁﬁ(ﬁh%hb reac§+€§8¥¥§ ?gbgpggtgggé%ﬂegggaon
agarose gel s ahdstpansfidrk dee tingodecednbre@ethezdt aeBilnd) ofFittheers are

probed with a A I _;ﬁpl_‘ f @f@ﬂﬁj f 99 Xbgh ef fythe J-C
regi on. 2 3 Eu&%gg‘d 0 d{grt 2 a‘?Plré(}Fn‘t?? nol?_%gshe%b?_ i.%g?%tefofdl GS an
~fs ~ . ~. ~ ~ eomnstrnct grhirk-lacks a functionpl J ¢egipnt and mayr .. D

Jt J2 J3 J4 a J:EREEi%J%%'ﬁéﬁcé‘s' E800nbY51120:8% adhficent ¥ B by
($) | nacuvation vector om- ~ oR t-~" ]
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.



(Ocnttlhrrn a_rtaivsit of o~ Wla~ ES cell Qn nL~>;, ~r~ ~S col onipfg DIEE 1995
= [N\ |

~ ~ EeoRi Fnl probe 1100 by ~ .~ x .~ HO J1 J2 J3 J4, ~---~bp~760b

di gestion Sacl digestion-,~ ~--990 bP-- tQl~reete~ F Scell ~, -no a. ~ ~N
~N 0. PCR pnmal1180 bQ~ 1 ~ -760 bp-~Hu~dill dsaeai 0047p by~ L~~~ ~~ S. cl

di 8eai on
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While the presence of the marker gene in the
genome will indicate that integration has occurred, it
will still be necessary to determine whether
homologous integration has occurred. This can be

*  achieved in a number of ways. For the most part, DNA
analysis will be employed to establish the location of
the integration. By employing probes for the insert
and then sequencing the 5’ and 3’ regions flanking the
insert for the presence of the target locus extending
beyond the flanking region of the construct or
identifying the presence of a deletion, when such
deletion has been introduced, the desired integration
may be established.

The polymerase chain reaction (PCR) may be
used with advantage in detecting the presence of
homologous recombination. Probes may be used which
are complementary to a sequence within the construct
and complementary to a sequence outside the construct
and at the target locus. In this way, one can only
obtain DNA chains having both the primers present in
the complementary chains if homologous recombination
has occurred. By demonstrating the presence of the
probes for the expected size sequence, the occurrence
of homologous recombination is supported. |

The construct may further include a
replication system which is functional in the
mammalian host cell. For the most part, these
replication systems will involve viral replication
systems, such as Simian virus 40, Epstein-Barr virus,
polyoma virus, papilloma virus, and the like. Various
transcriptional initiation systems may be employed,
either from viruses or from mammalian genes, such as
SV40, 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.



21 2 3 oEC ~sss Inactivation of the nouse I g heavy chain J genes %ﬁ?c 1995
cells. Construction of the inactivation vector A 6.1-Kb EcoRl frag
cont ai ni ng the nouse i munogl obul i n heavy chain J regi on genes and fl anki ng
sequences, cloned froma Bal b/c nouse enmbryo genomic |ibrary and
inserted.into pud 8 (pJH), was digested with Xhol and Nael to delete an
about 2.3 kbp fragnent Inorbaistimg ttileg ftthe gulhiees ¢spetthats ZAr. An about
1.1 kbp XhoI g t.ed at_t t t ng a
neonyci n reS| SLANCE ‘Bﬁgngg trolm\lljtein%brE %qh Ei—lelt%%s Si rrp?h g&??%@ ?Egjm di ne

ki nase gene ;(ndsmrj«)tpsonptaertlamqu}ycﬁm @@hﬂcemawabeu g§prandedy,r om

pMCl Neo (Th 5 1 fragnment was

i nserted |n&@1tshép%ﬁg??'ﬁl§ Ihgel ete rﬁ'fllcl—tl:tgg, orm h%ﬁ}?%lgctg?\l?gtl on vector
(pnHBJ, see M@rakpuldiionn madwsme t&%cﬁ pEe Rl CBiPBNNAPPARJOPTT he

neonycin an%é#\%ﬁ@i\ﬂ CB& RnS8RRS drid {10 BaFFon THE StRbagBkd rwas | inearized
by Ndel di gest bef nsfectl on to ES cel]ls. The sequences dri ving

t he honol ogARIYRRGAbi ngPé‘ﬁ &henconsE it 19 hakEP: SHANERBALYL. 1 kbp

fragnents, |oeadediRg aBéud 500 KU}E, REAMTIY @edeediegPeobi ¥Bby. agdl turing,
El ectroporation nd Sel ecti on. .of ES cel sz%%@% ES cell |jne E14T®Ra (Kol I er

and Smi t hi eHSY3 PRESMOEathan @baiys P ¥aPtbred on mitonycin
C-treated er&rwpﬂiclénbeh&bmtsoﬁr@ectaAdpmﬁ bes wesdridedc(Kalihgr ognd
Smi t hi es, 9é PNAS, USA, 86, 8932-8935). ES cells were trypsinized,
resuspended"r FESBEFPEF(pH 7. 05; 137nM Nad, 5mM KC1l, 2mM Cad 2, 0. 7nM
Na2HP04, 2| nM HEPES pHOnte at cencdnuertt rlds oreef prdpdret and any

el ectropor at r fs o) he i nactivation
vector. El eclﬁg%%%%%%lﬁéﬁ f:églrc% e%%nfjc%;évéi 3 é %g@@%%é@gul ser using 240
volts and SCBIULRPASt thee CORSLOMC é%ﬁt}fdmal?%dl%‘émféu%ﬁelptat ed onto

m tomycin Cﬁﬂ@aﬂéﬁﬂgéth@lﬂl&Stiﬂyﬂ c@@f&ﬂﬂéx&@e@eé}ﬂhi@@epf6§ence 2 3 DEC
1996 22 of Dul bec¢go™s nodified Eagle’ ';g Ierrent ed with 15~

fetal bovi netBler %hagot?enﬁl“@néﬁ’é:é’pt*t}é‘? h %YV\B§ repl aced 24
gllgf ter el @ﬁgsnppéatl onmhlnmg&@sa mwmumée&pf I:gétﬂl £6418n,

resi st oni es.re n s.after elec roporat|on wer e
pi cked wit h?%’r%%vﬁ %gf’ogapl IlF§ O}?oﬁ%tt’e%n‘f or? ‘fn‘aW e’% i@’i"‘ﬁ the pol yneri se
chai n react m&d:(?t:@)l DNal trehsdach qx cdmcmlrmxwrwm:)ecnaneﬁer rafitea an
i ndi vi dual \@% géi I Im_.pttqj:a«;z]E g@eﬂgglot}/\é%gg oy Egﬂgl n Ctreated

feeder cells al ves, |ne I n poo were‘transferred
t o Eppendor ftaxgRs @éﬂiﬂﬁl Aigig be, 356&9%‘:9438&’ di*f%?%%lcPfll?%%%‘éﬁvﬁere pr epar ed

for PCR analassd sfoASnégaehivBeshaikel@yNals er@h&&@iyrﬁndﬁ@gté& 155, 1989).
The PCR reaction ipncluded i 20CL of, the clell | yst each pri mer,

1.5u of Taq 'PotPHetfsE€4na 266/ SO %%JFY‘M'%}ﬁFon enpl oyed 45
cycl es usi ngresisieanae . cythes e leeklisn-wH i Qm»ust)hewﬂédmﬂem n. nmelt at

ol 1 gonutl eots 110 588 Bre B Tl b SR B eaci ritRdra,
whi ch cor r espombly $ &8 peeipeérpphoratsoi, Sthees Sakysine BARHI oxite of
the neonyci njgeng; xand 339 &ﬁ%nst gﬁr}c%esff&@ﬁéﬁés I idg émav%ethéavy chain

gene, about 160 bases of the ion Site Success ul honol ogous

r econbi nat i FFYFIREEr P§etth8 3@sA1 s )1.af KEhe rraxgRhtLo2wd oPREhE2Peact | on
B‘I xt u(rje i sdelcﬁmtt?ﬁiﬂocgieé Qlinl %manbmmma;s Sf@&ditelﬁllmhtho?t Riadi um

rom de an nsferr to on .nenbr anes creen). Filters were
probed with %&% FdbEP) 4823 Eg:dﬁf‘tlgsﬁ a°r3‘%9(1t‘gfle.etlznllh aW%‘)ng{éﬂ?uP('Jcat ed in the
mouse heavy chain, 3' @het labovesetesanilsed ep:(@re@smay B¢ . pEofotmether

anal ysis, gepppig %@ngih%h%g,arc% 1 o & Cﬁ'x'%'.f ragﬁi&?gcwstca restriction

enzynes as reconme e ‘manuf act’urer s sCwere separ at ed
on 1$ agar osee k| and Dkhenasatuaadfiom eaf t@@ﬁ%hlmmrﬁnggl(i@ene Scr een)

and 2 3 Difad@96 2rRiqketiodtl.h Wiy |vheddesyfsA0pRAt as described

above.
heterozygous hosts, a homozygous host may be obtained

or embryonic stem cells may be isolated and
transformed to inactivate the second IgH locus, and
the process repeated until all the desired Yoci have



Anal ysis of (418-resistant ES colonies In the first experinent,

anal ysis of the pool ed col oni es detected one positive PCR si gnal Qf3 DEE 1996
expected size (about |.4kbp) out of 34 pools representing 136

(418-resistant colonies. The four individual colonies that had contri buted
fo this positive pool were analyzed ind| \él dually by 1~CR, and a positj.ve

cl one, ES33D5, was identified. Simlar analysis of 540 (418-resi st ant

col oni es obt |n nd £ positive
cl ones (ES41% éé%cl@l‘fi‘%gég Eé%%h%%’lehi dr&'g% a1\9/@ #:Rgfa" e targeting
di sruption oflocne oy ke the ﬂlgeﬁes Attt payyatadss, a*tﬂt@sbnmlanarl@ctlhus
present in twg. c eLsat EGR positive clones were expanded and genonic

DNA was prep re’d di geslfé‘g@vmth Hndlll or with Sacl and anal yzed by
Sout hern anal ysis as dekerabrdadyi ipdiratrcoRtimsttargebel OTHE MY acenent

of the J gengy Ruddisdldion glchnenBeamKachciNhiiiadM bors! 00gus

reconbi nation event results in an_H ndl Il fragment, detectable with the
EcORI - Pst | ptdds, Wiy chthe hpoan loguk’bb’-‘tldné@r riagrd neubgtrrsieddy

fragment in tihe ¢l idifné OPE§ioHUES! ehtehedaqs:s;difs thwstHI v8tlk ,sisbes | ocated
in the deleted J gene regi oh (see Chart, ag% Lih n anal sls of each of
the 5 positi \Fé‘a(ﬂ GTEE FRIULARLPT AF§eSEASA G A tﬁh?t%?ﬁl P8hSfndi cat ed
tEat olnebO}c | ttch;ef tlvtsms:@|0ni:g151ofaeéI bebbeam;lm}? theg&r‘eeSe( hgdrbeae tiusvaupt ed.
Three | abell g r S, wer et ect aQne t (a 760

i dentical in W%]%ﬁt tlﬁrgg‘éﬂf‘ in oﬁt RS % Ja?ogﬁglggnec?‘i ntensity,
one fragnent e(rahmﬁ Yy 3gbpe Ldensi ¢ancilmdsinge Vt,o D,haetnqbrésent in untreated
cells, but of J& inte n e

addi ti onal fra @é%gmgﬁ QSIEEXOHt t‘t:tg%g.lezpeq?p%qg% cﬁ %g%ﬁaaﬁhﬁ u?Bgous 2
3 DEC 1996 24quexanmmtsequeneﬁs fpoas dite gmyse nladies PCRrpéeireibly cl ones.
Simlarly, t%%iﬁé%l@&é’”@@ aettéaeb} geNa% At teﬁf‘oﬂ?oﬂW}%%agﬁﬂetl?ﬁé an

honol ogous reco nation event results in a | oss of one site and the

appear ance ofhos% rkefeht  paeferaRble afi tifaste aRVH - FotkPBr dBethfhich is
about 570 by}fd@d'l&fc&@?”ohaemﬁguhh@e&fﬁ tfHe'ig'f{Br(Hnlfké efnat ined ocus . (see
Chart 2C). Sauythern apal ysis of the,clones Sacl estl on gave the
expect ed patt FHEDHR™ n4bi Qerﬁﬁﬂmt?ﬁé’atq:drodﬁﬁe(fvaﬁ’}tJ% *about 4.0 kbp
fragment, identhsaitubvingzeheohtihah, igdetwrtgibbul imtYeatedfoel the but of
decreased in n SktLVv [ | fragment of
about 3.4 kbwg}f%%agls%zleé §°§ ?lc‘is’1 o?loag r e\th?d(}ﬂh fggo%égpgconbl%natl
event, presemhlcﬂﬁlrgammerheonaem@hf‘f de@r@lmnéigi e Rdnylbktyii et tbe bbstthe

Sout her n_bl otg, Vﬁfcﬂi@c@rQQeehQBFEB%u@eqmdbc_ﬂ%ﬁJPﬂ?"@uﬁbﬁ&tonWutllée 4.2
kbp and 3.4 kbp fragnments, resulting fromthe Hndlll and the

di gestion, r&PRAIRG| Forhbbei BFPRG e i ruman piearePgdoby Life
targeting evardcud nta@twahcemveteaoubge thenhug wheihandeavgnahain J genes in
m ce Injectiaqn of, tar

d I bl d [
of ehimer ¢ LT W cEP o ETRIPIITe AT 1 S KEER PaBGrat of oo (Bar

Har bor , Three end @nhel thdahuolas T /v dstayshsradueedbt ai ned
from 4- 5 Wee I engl; gKoller et al. 1989
(supra). ES ELe f%@??%gp %ﬁ?rzn%dn%waﬁh né{eaw reésh DVEM redia and

diluted to abRaombda:fOn| ﬁrwammlmﬁamnofamlhesﬁeﬁ@lmdéd to a

150al dropl ethffe e dRdpRoduBdar wRdhaithd) dtidogiifli fRdnbbe ophastocysts.
Ten to flfte§n§ cel]s were |njﬂegt ed into the bl ast oel of egch bl ast ocyst .

Si X to~ni ne ‘i’el*“%%ht-&f‘ﬁ? Bl 2PPFARNIa YR reed iRGedtt 5N8ach uterine
hor n of 057Bhfzﬁ:i@\[BAtfansgenicSoEﬁul:%ﬁcQ&mmmbpr@geaahnf eraldxarat ed
2.5 days preV| usl i th. v to l.es. |vdfromthe|njected
bl ast ocyst s wec}b° %n‘\g’éﬂ‘ %ﬁ ?@ g‘a s c flj'h gﬂt Plrﬁﬁltul Sh of the
ES cells to tmuicoxje’usqauSngmmsogad@edlm sajaitiryltbey, ebaatri hasi aheof the coat
color of the idvecsl (Y LBL46 Ju ce, which
are solid blac gl 8? ﬁ%hﬂﬁé% iMe %%GP%gp?rtent al line from
whi ch the tarb%f!%%l eplgnifdsandr @Od?é?rllq}ede vidte | Rwnan egepeaholia® .0la m ce.

This nouse strain is cregl fine@li®hall &b Netbefbectnef Wy ee col or
genes, the dom nant Aw allele at the agouti |ocus, the recessive

pi nkeyed- di | R¥PEEF PE gRChhHET) tIh@mH1 Rost k@ ekQfie CRRLS It the C

| ocus. O f spridgt i donbhghst t&aeEsuﬁelnl sxgaaratmlﬂaéeldumantm formation of the
ani mal had coat con aini ng br cr ai r. The ceII | ine ES41-1
carrying i nact?949%Ed nh)ﬁgé | Wﬁmaﬁﬁm fﬁo é.‘1}‘?/?/ %’ﬁ%?hcgt}tﬁ o) SR nt o
C57BL/ 6 nouse bl astocysts as descri bed above. Six out of the 18 suzviving
pups had a hi gh degree of coat color chinerism (70-90%). PCR anal ysis of

DNA i sol ated from chineric newborn pups froma female inplanted with
bl astocysts |nj ected W|th the |nact|vated ES cells, |nd| cated that the

T 1 ,____,_‘.' B Y o



I nactivation of the nmouse I Q kappa chain J genes in ES cells A 23%E5§
H ndl I | -BanH fragnent, containing the nouse i mmunogl obulin kap £n“ﬁ~

‘regi on genes and 3' fl anki ng sequences, cloned froma Bal b/ c nouse enbryo
genom c library and inserted into pBIuéécriptSK vector to yield the plasmd
(pKJ). pKJ s digested with HndlLll and,Pstl to delete an aboyt 1.7 Kb

f r agment coﬁﬁQQﬂrﬁP?h%ogme85ﬁ8§58§e¥4§ﬁﬂqﬁ:ﬁbe/P REYLBRURE Hindl 1
fragnent, spayt rue tihest/Bumad EhCmE296 26, tGHardids Karsmckhai hossact i va~on
veG ot a a.

recto 2.5 gl e o ta oot e seherid dnkbgend, o a® K0 3
respond by the production of mouse B-cells producing
specific human antibodies, which B-cells could be
fused with mouse myeloma cells or be immortalized in
any other manner for the continuous stable production
of human monoclonal antibodies.

The subject methodology and strategies need
not be limited to producing complete immunoglobulins,
but provides the opportunity to provide for regions
joined -to a portion of the constant region, e.g., C

Ch2+ Cus-
Alternatively, one or more of the exons of the Cy and

Hl'
or CH4’ or combination thereof.

Cx or C) regions may be replaced or joined to a
sequence encoding a different protein, such as an
enzyme, e.g., plasminogen activator, superoxide
dismutase, etc.; toxin A chain, e.g., ricin, abrin,
diphtheria toxin, etc.; growth factors; cytotoxic
agent, e.g., TNF, or the like. See, for example, WO
89/07142; WO 89/09344; and WO 88/03559. By inserting
the protein of interest into a constant region exon
and providing for splicing of the variable region to
the modified constant region exon, the resulting
binding protein may have a different C-terminal region
from the immunoglobulin. By providing for a stop
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.q.,
transfection with oncogenes. These immortalized cells



pB | ueseri pt 2 3 DEC 1996 27 region 5 to the Hndlll site adjacent to

t he kappa J region, was cloned from nouse genom ¢ DNA by polyneragfgaﬂg;qggs
reaction (PCR). This fragnment was inserted into Hindlll-Smal dige c

cloning vector (Marsh et al., 1984, Genﬁi)5 32: 481- 485) and was exci sed by
di gestion with Kpnl-Xhol. An about 1.1 Xhol - BanHI fragnment, blunted at

the BanHl site fjm;rfh ngrbif ﬁo%ﬂt'lr(\ﬁﬁhé f@ﬁfugsnsrd&h\e%g%efdhe

Her pes S|n1e%qyr S I'ne kinase gene ( pronot er and pol yona
enhancer was iirgai dthe P?DMQWNe@f(?th@p@@%ﬁl foxog87, supra). The

neomycin fra r o the Hndlll-Pstl deleted pKJ, which was
%?qgﬁqgféhrﬁf kg€ 1kREQ

blunted at t fo the kappa sequences. The resulting plasmd
was digested with Kpnl Bhe subleafd ifyenSAi®mPIQnids®ofOkabpg fragment was

| nserted int 16, dPdn %58 Sh?@‘léﬂa\le%t\ﬁrfan Sant D-$bLuRegry RLRagene, to
generate the chart_3). The transcriptional

I'nacti vati on vect or ee

orientation 6pﬂﬂﬁJQﬁ§%y%PﬁlHﬁ€l?ﬁe°Eéﬁ&$£§ﬂﬂ¥li&ﬁ%@ $s tHBe§§n§%?n prrK~J.
|T‘he pl asmdd Wt d N R ﬁ@ﬁtbbiaéxpBlaPl%nbafntglfrug%zfegcns.fvl;:tcr:;1 i &A iﬂﬁ\QnE§eﬁ¢| I sI | Tlhe

i neari zed sequence s, abo n [o]50) t he cellul ar
sequences, | hf%hHQSH“‘F‘B"t ﬁé’%ﬁ%&%fteisn "b%ﬁgb r’e%?nl%?fgge% MAnal ysi s
of (418-resi sitaidr Ii&-@t)ébnsebthecmgomr aﬁﬁmrnnttytd:mldnappahananm aat i on
vector into ejkf @@ c&g nlgg %p rq&gn@hgai R events was

i dm‘? C on o F Eu

carried out I’le Fractis v I nmunoglobul i n heavy
chain. 418- re5| st ant EBOcopunstlwgr @m&ﬁ%&eﬂrqﬁrmremoogcuétem

recombi nati o rget y pr 0
O oI A By PR USLHA i Pl i b gy checbidese
respectivel y aneq e EegdencdayPscinedn RRAFORPDHIAES kKapphuBhaPndgene, about

67 by 5 of tha dnsssiing shiam antadked sMbycailof cbhtaXhehgsikhe of the
neonyci n gene. A  230EC1996 Za§32pt6%P§4Ied 80 base ollg nucl eoti de, which

starts about SRRHEUCE gayhBe; AeLec % EMREQY RS2 a8 4SFFIBE to det ect
the targeted nFéiaxnﬂoaJudtafSuecessffchﬂmrmlmgwsfmecmbonaésonoglgres; riseto

bout 1030 . | t
ggt Zc?gd 3 pos?b%/? %X| 8? Pé%%%d{%lnés%d‘ 2539@%430’5?&%0%?%8%% aﬂlﬁs. S
of these colonﬁesnt©@ratmed Dhehbmniyqnuanreﬁombmnaha@nLvaﬁson vector into
one, al el e ofaddic:lBbRapkaviRaahonuld 1RG) hepdbathele udeheti on, of the )

regi on. Product]on 't ransgeni c production of
human heavy d@RiITEXH V#&hé@eﬁFbwﬁﬁéé thﬁQﬂ5V¥P§$e$eﬁP8§ﬁémtbu§pann|ng
the human heawy gh@i fa¥HetD1dchs.CS region (Bernan et al., EMBO J. (1988)
7: 727-738; see Chart 4) is isolated fr |brfoggcl oned into a

yeast artificial chronoSBRES(PREPNES of %éhw% OWe?O%? Bfence, 236
806- 812) usi ngeddibpnabesndeagr ithet e Besehnfetr ambri&Mi&ndpula®88h

7:727-738). j t h 0 Kb.
The 1 sol af ed WAL REaREbRyBY IMERsteity niaseie Bt find] B BBRL R0 O esi s
(Burke et al .fraupfemaBeswhyt dilmsting tthﬁt#xMﬁ 243: dazasaigsr) usi ng

r adi ol abel | ey A5 PRESH O ThRe SRR 1RA\SE G 81 { SeR RN Rhnabe, SUPT ).

trypsinized and the modified cells added to a droplet
containing the blastocyst. At least one and up to
thirty modified embryonic stem cells may be injected
into 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



I ntroduction of YAC clones into enbrvos Hi gh nol ecul ar wei ght DN 3 PFC 1996
prepared in agarose plugs fromyeast cells containing the YAC of interest
(i.e., a YAC containing the aforenenti oned Spel fragnment fromthe | gH

| ocus). The DNA is sizefractionated on a CHEF gel apparatus and the YAC
band is cut out of the |low nelting point agarose gel. The gel fragnment is
equi | i brat ed washmpoleyamatss, aginéanpiebt edtand dragisdd aviamimabs ase to
di gest the agapgﬁg. ety 3 DEC 1996 29 The pol yam ne-coated DNA is then
injected into € rfal’e pronucleus of fertilized nouse enbryos which are
surgi cal Iy introduced i nt®he htohleviBgdoexampiaeudssr Odfaied il wansof
descri bed aboveyq ¥ ; i Uupe RhvtBe newhenrs drs. anal yzed by a

sl ot - bl ot of 1;1%355[%&&??%&%@?& gnd %Ihe production of human heavy
chain is analyzed by obtaining a small anount of serumand testing it for
the presence of Ig chains with rabbgkpartMeReaen anti bodies. As an
alternative to mcroinjection, YACDNATS transferred into nurine ES cells
by ES cell: yeast protoplast fusion (Traver et al., 1989 Proc. Natl. Acad.

Sci., USA, 86:53398+594& i Slachhi 6hetmahse R8Oy thadn8d Jeh{ids 5113). First,

t he neonyci n-r€si st ance gene Lro MO Neo _and a yveast selectable narker are
i nserte(rtlryi nto HORSLINGLIRN E 5@%?5?&&&3&%@&&1@9@ asm d. This
construct is used to tramsf®dr4in RbyBasRIsfragmeotnt epmitiag ridreg | ghe YAC, and

pMCl Neo is int ed | .S C o] LgH noj ogous
reconbi nati on. %gkgtem(ﬁq‘%dyﬁgig ?ﬁgﬁgt rggﬁsgéﬁgéhig’nt&?’o n%sé%’eljfgby

prot opl ast fuscdenet fixgm ea Balb/goBouspaemnhrycegealrmic) dodraznd

resul ting GA18yLe5istall FroK8tL! Ge¥bleBeaonhabaxhA® Bt a0t huiddutgH
sequences are used to generate chineric mce. Producfion of homanm tg by
chineric nmice 238$50%:t3%h o9 BlmanThésvreERPRr éPPdderentiRaR% I The

repl acing hum&n%%qlﬁmﬁ-d%éﬂﬂédtﬁBCSBebléQﬁilﬂbQ mpagnenta of . gexiem ¢ DNA
whi ch enconpas%es t he hunman H6-DJ-C§C—(‘,E8 heavg chain ion isolated from
a human- YAC | i BF2GPeE qeSntBERLBEr 5P8. THe IRMERKi A L&Y chain
sequences, whi Xhodr-Sta1 hitidesbiogoypmbédtirbi, natieoCheep aceremn eVehd ,

contain a 10 k I e Ne:B h in and a 5'
J558 fragment ?:’ np%—n%&ﬁ%geg’ga%]ebleéf g’?ﬂggjggggfraagx%e%f%%the nouse
heavy chai n varesils¢ance 3genpefFdriyen By itdgi Harras sHamtexndgisas ends of
the human sequengesidiwsPREhh¥E! YehEhbvitk) ThesmoPIS A REMPSBFoRE S

i solated froma nouse enbryo ggnom c l'ibrary._usi ng( he probes described in
Tucker et al., SPRADAA 1F8is9gakedsggom gyt 1NgRy (f) A% n and

Kraw nkel (198Careddtii),ceékipesti,vebp-~5Ike 1980 )by Xhdyrhdandd fragment,

contai ning a neo I n-resi stange e.dr.iv he ,Her pes sinplex virus

t hym di ne ki nase gene- (%\fég?ap(r)g%t (ta:glgngggg%lg f/_‘or%) écg IRRCeF \ll'}gei sol at ed
from pMCl Neo (EeinitEl emd HntohaeScalognd andr Fhe Aesyitthieng cfralgment is
added onto thisd ragmog {9 Eggvga&,ﬂgga)fhol end into a BanH end and the
resulting fragnent” i1s joined to the BanH nouse Ce-Ca in a plasmd. From

the YAC clone @&FR&] irPglerd BhRaANRERLY atiann IEGheE, (NP EqieAtesnf r om
each end of thegHiaerE¢har§ r eeoser egieinthe/ioby ofMde erd¥d, ¢ Shl ¥RENMBRe CL
al ., PNAS, 86:7485-7489, 1989), or by .plagsm q_‘.re cue in E coli, (Burke et
al ., 1987 Gar R3Y ffhakp BREROLSXS: 4411688 1Fgdo: e PLEsnid 159g9)
(see Chart 4). lieedsbtesiedyhNdel sdgestden befiddes to'afts Padtbbnt he BAC i s

ligated to the J S iN AR 4 _a i L.se, the human
sequence deri veé(?‘lfqlrssg'm ts'ggeﬁggggﬁl €5t d?ﬁ?@?&]tﬂlg P‘%érleac%lg?dd@%% he Neo gene in
the plasni d comesanininakdonnevends&rée-3Ckbdess ildd kibokleagmapt Auman

V6- mouse J558 s di 5/ NQWaSYPClNed MRy didl fgeth Ci'é’é‘%@@ti@&i [ that
i ncl udes a yeast selectable marker (H S3) not present in the original IgH
YAC, a centronere (CEN) and a single telonere (TEL). The human Cb - Neo -
nmouse Ce - Ca is |ikew se subcloned into a separate hal f- YAC vector. with a
different yeast selectable marker (LEU2) and a single TEL. The hal f-YAC
vector containing the human V6 DNA is linearized and used to transforma
yeast strain that is deleted for the chronosomal HI S3 and LEU2 | oci and
which carries the IgH YAC. Selection for histidine-prototrophy gives rise
to
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The ES cell line E14TG2a (Hooper et al.,
Nature, 326:292-295, 1987) is cultured on mitomycin-

treated primary embryonic fibroblast-feeder layers
essentially as described (Doetschman et al.,

J. Embryol. Exp. Morphol. 87:27-45, 1985). The
embryonic fibroblasts are prepared from embryos from
C57BL/6 females that are mated 14 to 17 days earlier

with a male homozygous for a neomycin transgene
(Gossler et al., PNAS B83:9065-9069, 1986). These
cells are capable of growth in media containing G418.
Electroporation conditions are described by (Boggs et
al., Ex. Hematol. (NY) 149:988-994, 1986). ES cells

are trypsinized, resuspended in culture media at a

concentration of 4x107/ml and electroporated in the
presence of the targeting DNA at a concentration of
12nM in the first experiment and 5nM DNA in the
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 ug/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



yeast colonies that have undegone honol oous reconbi nati on between t:_;uhgwman
V6 DNA sequences and contain a reconbi nant YAC. The hal f- YAC vect ér C 1996
containing the human C8 DNA is then |ineggized and used to transformthe
yeast strain generated in the previous step. Selection for

|.euci ne- proto esyl i r ah AnC i ni t | ete I gH
repl acenent Y&%Sggggﬁcﬁgrk%4fa %H?ggig(?%sé?gglg?gg'an fﬁ%%% uced into ES
cel I's by nicrbna¢eévirspdadyddsatigey erehi bubeyatof S8Fbrhpss. 10 mikcor dance

Wi th the abovgspLpcedubemend! vARH G5 Ce Phas8 RERLC 5BOL- Fd B E NOS! |
particularly a nouse host, may be produced which can be imunized to

produce human3@néibedi eacsr 1¥eateysl $petrRFEeFBRAako Amid&Fen. In this
manner, the proRL&TRiAGSQO ahedMid hrobieishngihvore IReadlding =mewi bodi es
are avoi ded, since mce _can be i nized with bnngnogens ich could not be
used with a hewhReRost . SFé#S Idr } BIEeLn pPoftddedop 5% nj ecti ons
and adj uvant sy g4i phsoQulashdneinTres pasadht£d 04 2hma.hurhe o . The resul ting
B-cells may then be used f riégggtaliiation.for th% conti nuous py.qoduction
of the desire%xEﬂPFBB&ygmﬁi?X (Y GLRY BELAY Ry BEMOTYST S Edl ati on
of the genes encededgdshamelmmatod 2wl andoa afahdg andeld isupjantied to
mutation ' by ip-vitro nutagenesi r her t ageni.zi.ng techni que to

nodi fy the pr%ﬁg?PFé?noFtheéghﬁi égieg$h$h%§§ ﬁ%ﬁaééﬁized genes may then
be returned toligerurheotiiglas, ek e TGCEGEARGCRETAFEGECCAGEMS eatd on to
provide for ﬁ@&&g&&%‘ﬁd@fé@h‘@, Goh 1 &hago$PEEEE A rte_*%?e%%i"\{ t
antibodi es. The subject Invention provides for a conveni ént source 6? human
anti bodi es, wheFegIiRa KGPakamfs bbdiek the pEsdticeadrr &faltdous manner to
the producti ofeghyaihi RHLarnd sefibmbeH0sbcatBE FRAUERC/lJuS L HRBA} ently
provi de for the activation and rearrgygen;g% of ,human DNA in nouse cells
for producti oRP®EPhERES randi®bdiases 3% I pERe1886°35 1R SIiR 4 c49 ons and

patent applicali efsttiet @@addtiidi sispers f eLattodphbeebedeion iayfquy at ed by

reference as if.,each i ndividual blication or patent plication were
specifically 8R45] ﬁBldvitd:l?éﬁde;?’T’ﬁ%lcta? eW%%nb@ef"ﬁESPﬁBr 2%@5’%%%’@]% ence.

Al t hough t he Fbdlegaisngrenyperbesh vniatsh beaen” Hedabebéddi frsgmerdetcf [thy way
of illustrati a I r of_gl apjty_of understanding, it
will be readi?3lagga?g%§pﬁ%%iﬂ%£?o igﬁ?ngrg SEPFFnFn the art in light of
the teachings of this invention that certain changes and nodifications may
be made thereto without departing fromthe spirit or scope of the appended
cl ai ns. 23 pE~~g6 -34 Cdains: 1. A transgenic non-primte mamal
conprising a nodified genonme wherein said nodification conprises a |esion
in the J and/or C region of at |east one copy of the immunoglobulin Iight
chain |l ocus wherein said lesion results in the inability of said copy of
the locus to rearrange or to produce a functional nessage encodi ng an

i mmunogl obulin light chain subunit. 2. The mammal of claim 1 wherein said
nodi fication further conprises a lesion in at | east one copy of an

i mmunogl obul i n heavy chain | ocus, said lesion resulting in the inability of
said locus to rearrange or to produce a functional nessage encodi ng said
heavy chain subunit.



3. The mammal of claim 1l or 2 wherein said nodification conpriseﬁgbeatgq%
i-n 2 copies of the immnogl obulin heavy chain | ocus and/or |esio i 96
copi es of sai d inmunogl obulin light chain | ocus. 4. The manmal of any of
the preceding clainms wherein said nodification further conprises inclusion
in said genone of an i mmunogl obulin |ocus gﬂfoding a xenogeneic light chain
“or heavy chain or both. 5. A transgenic ndh~primate mamral conprising a
nodi fied genone wherein said nodification conprises lesions in 2 copies of

t he i mmunogl obuldy, heayy chain loci and lesions in 2 copies of

a_chain loci, said lesions resulting in the inability of

i mmunogl obul i n
sai d Ioéﬁ)gémﬁgg@ frd) functional nessages encodi ng said chains.

6. The nm | of & aim% wherein said nadifiegatian faurther conprises
inclusion gn said igenorré f©of an i m‘mgogl Gbul i & | ochs %ncodl ng,; at | east one
xenogenei c{light &hain and_at Ieasflonelxenaoen ficy feavyT chaf n 3 DEC
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RO 3m5dcst 1 28 - ThlS fragment was lnserted into the

XhoI-Nael deleted pJH to form the inactivation vector
(pmH8J, 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 CaCl2, 0.7mM NagHPO4, 21mM HEPES pH7.l) at a
concentration of 2x107/ml and electroporated in the

presence of 50 pg/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

f the



wherein said manmal conprises a nodi fied genonme wherein said nodification
conpri ses at | east one i mmunogl obulin | ocus encoding a xenogeneic2ﬁ§4MM:1ggs
chain and at |east one i mMmunogl obulin | ocus encoding a |ight chain:
recovering B cells fromthe animal imortalizing the B cells; and screening
the i mortalized B cells for those innDrEQIized B cells that secrete the
xenogeni ¢ anti bodies to said antigen. 167 "The nethod of claim 14 or 15

wherei n the xeno Mo t) | es " 0 ~SSs - -38

I mmunogl obul i ﬁi%h%gl\r/lfec ai nsbﬁrgéc(ﬁlsf%c?dﬁggggoﬁ {f‘%é‘ﬁlﬂ i(n%é&lmn) the inability of
sai d | ocus tosnpplemegead wictlprbkicketal uhoviioeals emss aged ehcbdihg2-sai d
heavy chain s i th 4 L NG ako i 4-g{¥§ in said
met hod conprigggggﬁgg%éﬁb ﬁﬂfesﬁgﬁgﬁﬁgz cop?esfb%ﬁfﬁﬁﬁf&ﬁigéalo u fn heavy
chain | ocus ardestiopNHsion withpnediaf ceatdindmghddbinkh ¢4kht chain

locus. 26. A pRhlged-AGCH MHNES CWn Es Chabil t3fqt A 229 mherel e s@ld met hod

conprises including in said genone ap | negl obuli n | ocus encaodi ng a
xenogenei c Ii@H?QMQQH?Rﬁt#ﬂﬁﬂHPEﬁmﬁ+F%$HUWl%k drawn out capillary

pipettes for analysis using the polymerase chain
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 5-20u1 of the cell lyste,

1uM of each primer, 1.5u of Taqg 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. 20pl 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



both. 27. A nethod for the production of a transgenic non-primte mamal
conprising a nodified genone said nmethod conprising creating lesigns in 2
copi es of imunogl obulin heavy chain loci and lesions in 2 copi es? & DEC 1996
i munogl obul i n kappa chain loci, wherein sfaid |lesions result in the
inability of said loci to rearrange to produce functional nessages encoding
sai d phaln;wﬁyﬁ¥é%r@&@gdtﬂgcéﬂ@Jnhgélfgéufggghg@@rggndggbqjmﬁghod further
conpri ses including an | munogl obul in | ocus encodi ng at | east one
xenogenei ¢ | ia®tv&hai n and at | east one xenogeneic heavy chain in said
genone. 29. A nethod according to any one of clains 23 to 28 wherein said
non-primate mammal is nurine. 30. A method according to any one of clains
26, and 28- 2@nghd ’ %S9 YR i s human. 2 3 DEC

1396 -3931. A nmethod acgfr dh@gﬂi(i:saﬂgl)émmem&ﬁi mZZEnamysa&-ag \Mlﬁérb gi n
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analysis of 540 G418-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



whi ch optionally further conprises a) creating a lesion in at
. copy of an immnogl obulin heavy chain | ocus said | esion resultlﬁgs foﬁ@gs

‘inability of said |locus to rearrange or to, produce a functional nessage
encodi ng said heavy chain subunit; and/ orz‘b) including in the genome of
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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 1504l 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 Fl
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line E14TG2a, the parental line from which the

targeted cell lines were derived, was isolated from

129/01a mice. This mouse strain is cream in color,

the combined effect of three color genes, the dominant

AW allele at the agouti locus, the recessive pink-

eyed-dilute allele at the p locus and the recessive

CCh allele the C locus. Offspring in which the ES
cells participated in the formation of the animal had
coats containing brown and cream hair. The ES cell
line ES41-1 carrying inactivated mouse immunoglobulin
heavy chain, was injected into C57BL/6 mouse
blastocysts as described above. 8ix out of the 18
surviving pups had a high degree of coat color
chimerism (70-90%). PCR analysis of DNA isolated from
chimeric newborn pups from a female implanted with
blastocysts injected with the inactivated ES cells,
indicated that the mutated immunoglobulin heavy Ehain
locus is present in a variety of organs such as

spleen, thymus, kidney, liver, brain and skin.

Inactivation of the mouse Ig kappa chain J

genes in ES cells
A 5.6 Kb HindIII-BamHI fragment, containing

the mouse immunoglobulin kappa chain J region genes

and 3’ flanking sequences, cloned from a Balb/c mouse
embryo genomic library and inserted into pBluescriptSK
vector to yield the plasmid (pKJ). pKJ was digested

' with HindIII and PstI to delete an about 1.7 Kb
fragment containing the 5 J genes (see Chart 3). A
570 bp blunt HindIII fragment, spanning the
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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 plIc 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
pMClNeo (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-XhoI
kappa fragment was inserted into the KpnI-XhoI cleaved
vector, 5’ to the neomycin gene, to generate the
inactivation vector (pmKdJ, see chart 3). The
transcriptional orientation of the neomycin and the
kappa chain genes is the same in pmK§6J. 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 G4l18-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 XhoIl site of the neomycin gene. A
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P-labelled 80 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 G418-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
Spel 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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male pronucleus of fertilized mouse embryos which are
surgically introduced into the uterus of a
psueudopregnant female as described above. The
transgenic nature of the newborns is analyzed by a
slot-blot of DNA isolated from tails and the
production of human heavy chain is analyzed by
obtaining a small amount of serum and testing it for
the presence of Ig chains with rabbit anti-human
antibodies.

As an alternative to microinjection, YAC DNA
is transferred into murine ES cells by ES cell: yeast
protoplast fusion (Traver et al., 1989 Proc. Natl.
Acad. Sci., USA, 86:5898-5902; Pachnis et al., 1990,

ibid 87: 5109-5113). First, the neomycin-resistance

gene from pMClNeo and a yeast selectable marker are
inserted into nonessential YAC vector sequences in a
plasmid. This construct is used to transform a yeast
strain containing the IgH YAC, and pMClNeo is
integrated into vector sequences of the IgH YAC by
homologous recombination. The modified YAC is then
transferred into an ES cell by protoplast fusion
(Traver et al., 1989; Pachnis et al., 1990), and
resulting G418-resistant ES cells which contain the
intact human IgH sequences are used to generate
chimeric mice.

Production of human Ig by chimeric mice

Construction of human heavy chain replacement vector.

The replacing human sequences include the
Spel 100 kbp fragment of genomic DNA which encompasses
the human VH6-D-J-Cu-Cé heavy chain region isolated
from a human-YAC library as described before. The
flanking mouse heavy chain sequences, which drive the
homologous recombination replacement event, contain a
10 kbp BamHI fragment of the mouse Ce-Ca heavy chain
and a 5’ J558 fragment comprising the 5’ half of the
J558 fragment of the mouse heavy chain variable
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region, at the 3’ and 5’ ends of the human sequences,
respectively (Chart 4). These mouse sequences are
isolated from a mouse embryo genomic library using the
probes 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 Xhol end into a BamHI 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
insért are recovered either by inverse PCR (Silverman
et al., PNAS, 86:7485-7489, 1989), oxr 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’V6

end of the YAC is ligated to the mouse J558 sequence
in a plasmid and likewise, the human sequence derived
from the 3’C6 end of the YAC is ligated to the Neo
gene in the plasmid containing Neo and mouse Ce-Ca
described above. The human V6-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 Cé - 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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contain a recombinant YAC. The half-YAC vector
containing the human C6é 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 analogoué
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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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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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.

2. The mammal of claim 1 wherein said modification further
comprises 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 nonrprimate 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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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. An embryonic stem (ES) cell of a non-primate mammal
comprising a YAC that includes an immunoglobulin locus encoding

a xXenogeneic light chain or a Xenogeneic heavy chain.
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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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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.

27. 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

said 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

Xxenogeneic 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/or

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.



