;e3ef 46Tfal TRANSGENI C ANI MALS FOR PRODUCTNG SPECI FI C | SOTYPES OF HUMAN
ANTI BODI ES VI A NON- COGNATE SW TCH REA ONS 3ACKGROUND OF THE | NVENTTON 5 A
gquarter century after the discovery c:f nonoclonal antibodies (mbs) [G
Kohler and L. MIstein, Nature 256:495-497 (1975)], their therapeutic
utility is finally being realized. Mpnoclonal antibodi es have now been

approved as therapies in 10 transplantation, cancer, |nfec

cardi ovascul ar di sease and inflammati on. Many nonocl onal mmmm ”ﬂmmg in
| ate stage clinical trials to treat a broad range of dlsease i nehgations.
As a result, mAbs represent one of the | argest classes of 15 drugs
currently in devel opment. The utility of mAbs stens fromth

recognition of a conplex target followed by high affinity bjm mmm’mmm
target. Because different C ; isotypes have different effector

it is 20 desirable to tailor the m\b isotype to the desired eff Q%
function. For, exanple, a mAb bearing a constant region with effector
functions, e.g., human 1g@, can be used to direct conpl enment dependent
cytotoxicity or antibody-dependent cytotoxicity toa - 2 target cell.
Alternatively, a mAb with a constant region essentially |acking effector
function, e.g., human Ig& or 1g&4, can be used to bl ock signal
transduction, either by binding to and neutralizing a 5 |igand, or by

bl ocking a receptor binding site. Many therapeutic applications for

nonocl onal antibodies require repeated admnistrations, especially for
chroni c di seases such as aut oi FRANSEENOE BHAMALS BOBause mce are
conveni ent for imunizati OPRAPECINGr SEBGAFZE ASSTYREFaR ant i gens as

forei gn, mAbs agaiHiANANRIRAPEES sVIAt NONhEOSHATE SWIGCENREMI Bave
typically been of nurine origin. However, nurine mAbs have i nherent

di sadvant ages as human therapeutlcs They reqU|re nore frequent dosing to
mai ntain a therapeutic: ROUNRALOR YENT IERorter circul ating
hal f-1ife in humans than hunan ant i bodi es. Nbre critically, repeated

adm ni stration of murine imunoglobulin creates the likelihood that the
human i mmune systemw || recogni ze the nouse protein as foreign, generating
20 a humansanti - mouse adt idhudytd HAMNtReEpafiser BhebddscoyemAMALr esponse
will result in cl ripe hked pen repeated
adnlnlstratlonC%th ég?h6§?%q£9 %?% eutlgvuéglegghl%grénF|Eely is that a
HANVA responsemaannﬁauseIaas@nerESQi4%5gﬂa7réé@ﬂ5¢d/ Thied roshegaPiebitiict y of

reduced effica d saf et l.ea elo g nunber of

t echnol ogi es ﬁ§¥Jﬁgahdﬁuj%héf§ %gﬁénf%??§q§ nuggﬁgkn%%a In order to
reduce the |mmﬁnxyﬁuxnﬁ3haﬁeemmwbbdeesagemewaﬁe65|mhmnm@leﬁaﬁmous attenpts
have 30 been de t ace nmurl n h human protein
sequences%% g? gggsﬁ% WA~ ggeg n%ﬁ?%g%ﬁ%#% ?ﬁ%é% %st hurmani zat i on
attenpts ut|I|d&nﬁﬂnn&£¢ubarbdn$egyetendnnq@é@m@@tdﬁﬁstr@@ﬁnkeconblnant -
3 antibodies. For exa the.c ani Iihg £80911ans; 1(COR)
from a nouse é‘fﬂvioocoltﬂ}agﬁg BETROES gquﬁ ?énl\/‘—\j;t?'ée%% ge{ne lontC{)a a human

ant i body frammmwﬁmeaﬁfaxbragparﬁﬁﬁ@reﬁld@@ﬁ@@@ IW@;Q?U#QH%Hnﬂ%bdy

retained the blndl specificit y e 4 ggﬁngyuﬁ$% s loxee P. T.
Jones et al. QP : %Zﬁggéé f§g8§¥ﬁ %hgh%éxt |I"evel of mani zat i on

i nvol ved Gﬁﬁmdmuqbznu&wémtbynnnséeVHlppgﬁ@m (Hanp) with a human const ant
regi on such as y-~. r |s t SChic . 81,
pp. 68516855 (1984) ] > soine bR FgR RREE s dil G edificne A Hhe oY e
greater than 3ﬂauxgmugﬁm@|cfsequempésx aaegﬁmnﬁghﬁﬁwaﬁﬂéyrhwqhnalIy | ess

Fp. 18 Ned. | AEFOT b, SpadSRaTE0° faso] e YEL o0 midducd WEIBAREICA T

isotypes have different effector functions, it is

20 desirable to tailor the mAb isotype to the desired
effector function. For, example, a mAb bearing a
constant region with effector functions, e.g., human
1gG,, can be used to direct complement dependent

cytotoxicity or antibody-dependent cytotoxicity to a



Subsequently, attenpts were carried out to introduce human i mmunogl obulin
genes into the nouse, thus creating transgenic m ce capable of responding
to antigens with antibodi es havi ng hunan sequences. [See 20 Bruggemann et
al. Proc. Nat'l. ~lcad. Sci. USA 86:67096713 (1989)]. These attenpts were
thought to be limted by the amount of DNA which could be stably maintained
by avail able cloning vehicles. As a result, many investigators concentrated
on producing mni-loci 25 containing limted nunbers of V region genes and
having altered spatial distances between genmes as conpared to the natural

or germine configuration. [See United States Patent 5,569,825 to Lonberg
et al., (1996)]. These studies indicated that produci ng hunman sequence 30
antibodies in mce is possible, but serious obstacles remained regarding
obt ai ni ng suf fdagiget akVkrsidytefndthdehy, speohbi githes ands&dhisct or
functions (is - 4. . r i Lpaks.to et the
growi ng denan %ngguﬁ? %%31%%292%25??%5.gfﬁgggégrépégg?§9rd8' ddi ti ona

di versity, worunzas Ie@n cocorddiigt edanobaduskdr geo ok se ghrdgnents 5 of the
human 1 g | ocus into,transgenjc | ... FQr._exanpl | QF I f _the
human V, D, a%ﬁ%?%%%ﬁé%ﬁ%én%%t%$¥a ﬁe lﬁﬁgﬂgtﬁg Sg%e32§§%§%5E¥8§n8 in the
unr earrangeéd dergdrnidie @f bhebhookingeaonecaptdorhkbihdimg €dtand Ca const ant
regi ons was introduced i to 'cerlo qg&ngaéegst grtifigi%lmgﬁgogogoqe (YAC
cloning vectors. [See P p%t %? %%%}lcgtl R W0 52702602t §°KAE SrFapati et
al.]. A 22 kb &dNAYocdiggenteqoipei Bépgatseduenneésiencadingsa kepacigaiya- 2
const ant regi anq%ﬁhe.up trean1segugﬁces required tgr clas%hsm@tch 15
reconbi nati on 5 ?%&Caéb%%%%ﬁst Urheffofe 8%%8“?? Xsﬁéng. Ffitaddi ti on,
a portion of @®duamae kappa hdpeusosovaniestnfovkimiknandtOsnr agdon genes,

gerni i ne O t R Genone. PUKER 26nF APFBILASd PRESERr cBARST AGVRES.  Gone.
targeti ng was Higeth titatgacsi vate therapeunec! gbt&nkappahbivght yehaknly

i mmunogl obul i ene loci_and such.knocgout strains.were_bred with the above
transgenic st?ﬁégﬁ’s? PehePat 8 adtfne oP"MEE nBVFAGSt He Rumdd®y, b, J, C,
C~ and CY2 25 innatant deghdnandagusl hsahuibe bhewap¥ktidls.andhely regi on
genes all on an |nact|va£ed nualng |§nunoglgbp£|nngagggrog%dr %E%%.ECT
R A - 2
al ., ur dlcsofl o u . sBOrYeastiactilkitdngl hahfeldsenes as
cloning vectors i.n_conbipation with ne targeti of endogenqus | oci and
br eedi ng of tr%ﬁuﬂﬁﬂﬁ%ssgﬁﬁpngumag %ggbg89?agd oﬁgrgoFﬁﬁ%&%dﬁgyfhe probl em
8‘1 an;i body dineqma'ntheyd %ﬁmﬁﬁﬁhtad\zaﬁhageSmwenﬁeo?h@hﬂeddlbyoguhh? Eplorgach.
of DNA | nto s St e Fhes el paed. thil s VAR BoA G Serpael ol love:

i nclusi on of swhst ardédcadnpoet thasmofistherentine abufan el gnhie aeyearad inigght
chain regiphs into a trapsgenic _ani t.hu roachi ng _the lLevel of

pot enti al vé?QVFya%v%?FébwguFﬁ ?ﬂg?hﬁ§ﬁniH%ﬁ§9héFsgaggﬁragé'o%ef i's
approach is 1 tHmMA thespange wibberestilV ganesrbpddbedrashowe od rtest ore

full B cell devel opnent in

in glce def|C|en% i,n aﬁt etln%unoglobug n.
producti on. THIE B FRETPRAY PRBReIFRESHSE FOFEG HtEE LAPE pr&vicddd ™\ t h
the requisite wead lthdoapsnUDti gedebBbusHMouMan kanty hedyhbT rmespomse to any
gi ven i munogen. [ See PCT patent apglicatio WD 94/ 02602 .t o Ku%herlapati
et-~al.; L. G e A C3BKEBBYFL &, SSVEERp S LNEG I T8 e85 1495 (1898) 1. A
further admntmgesilsilbay sequeacesdcanrheadgl ahed sarfeitysérasedeant act he YAC
by utilizing hi h(%req encg EO ?onnloggus r?cgnb'na i on inéﬁgast. Thi s
provi des for f&ty| e%%g?ﬂ@ PFngtof PRECYACOtr ﬁ§b@ﬁ §91KS medti oned above,
there are severedusin@t egeesmhiabgexist thooft herderemaldsan of nmammal s that

produce human anti bodies, In art%cular e i,s 25 the . "m.nil qcus”

th
approach that is typified™b9rREFk 8fr@gH5ﬁa$ e HBPRLOESHA LY B¢ and the

Medi cal Researgiy {Iosdite b, g¥AerhBtHOdHCH @B, O alrid@e amrd exiprsd antveaal |y
germine fragnents of the Ig loci that is t gifLed by work of .Abgenix,. Inc.

(formerly T IPehdR34s, tandeBO2F Rt FBELRE BROSL IS SERReHCSuBLtEht i al |y

entire loci thiguwah phetdss Beghiesekk fuSkoPrasesypinohedkriymvrsk of Kirin
Beer Kabushi ki. Kai sha. . , ) _ e
humanization. The first humanization attempts utilized

molecular biology technigques to construct recombinant



- 6 In the mnilocus approach, an exogenous Ig locus is m m cked through
the inclusion of pieces (individual genes) fromthe Ig | ocus. Thus, one or
nore VH genes, one or nore Dy genes, one or nore J;, genes, a mu 5 constant
region, and a second constant region (preferably a ganma constant region)
are fornmed into a construct for insertion into, an animal. This approach is
described or related to work in U S. Patent No. 5,545,807 to Surani et al.
and U S. Patent Nos. 10 5, 545, 806, 5, 625, 825, 5, 625, 126, 5, 633, 425,
5, 661, 016, 5, 770, 429, 5, 789, 650, anél 5, 814, 318 each. to Lonberg and
Kay, U.S. Patent No. 5,591,669 to Krinpenfort and Berns, U S . Patent Nos
.5, 612, 205, 5, 721, 367, 5, 789, 215 to Berns et al., and U. S. Patent

No. 5,643,763 to Choi 15 and Dunn, and GenPharm_| nternational U S. Patent
Appl i cation SartHpodbes . 07FGr4e7aBP ey | EBeAGGUSL-ePeNtEFdFY 07/ 575, 962,

filed August 2dp el 290y o074 %9n§75?CD§')| edoRecerbelsel &nti®PHy 07/ 853, 408,
filed March 1 1992, 0%/90 068, | ed June 23, 1992, 07/990,860, 20 filed
Decenber 16, S99ifbe/ 668, qsllapf:ﬁneuezxﬁr graféecdi 9930 G8AOE62, filed July
22, 1993, 08/ e ind983 K81a erdd | e@w@ecenber

B 1003, 08l T RRRY  F e g e o ae o 6,
1994, the Wi 9@¢‘®s@m‘ésb©ﬁym%ﬁl§ﬁé deh@ﬂ@@}ﬁgn@@eﬁdffatcéd:ybfqpéfeé&%ce See

al so European, P 3 nteratjQpal Hatent Appligcation
Nos. WO 92/ 09@12@%\&@‘% 5%%%90% 02155 4?813\0 92/ 22670 0 5515227, VO
94/ 00569, WO 321 255837 5W\D 98P 864136, Wbegﬂ£¥$852VQ%uPﬂNbQNﬁQ%%ﬁP@OQhe

entirery  Sec FUPLREr TRPORE AP SRR rrariian s That gt esses a

di versity of \humnashqmenceonstaﬁt rlegawyl @nzd:l'l |€gihtv~cha| n[S#mJnogI obulins."

Nucl ei ¢ Acj ds  Research 287-6295 no ul i n
gene reart@ndéERtSPH B! cé‘ I déFi%&" eﬁ\éla échfener a‘{ *d b et ed%el etion
of the Ja | ocesss5 (Lpsannati gnah loimealiegark Bkt 656, (mgas) stillllai | lon et
al .."Anal ysis of d| rect and _invert DJH rearran e n I g heavy
chal n transgefRPRLALRi PEEGEETS. Y"Iarﬂwga 3 * @%Tb%%’) Q%%gi et al..
"Transgeni ¢ nsEReCONESI BROY admgnmmﬂhyn@esﬂunmmumnuﬂmmﬁcﬂmnmntgbnblio
fragment cloned in a yeast aé)tl ficial hrom)sone Nat ur e Gen9t|1g§p4 117-123

(1993), Lonbef§8F°aF " AR{H é’r‘fhseﬁefm FEUY bodi &5 f rdm ™ te

conpri si ngqfOM[_:,ddl syhipct g,ethllg:g_rmcb—;flplaggg)n}s " Nature 368:856-859 .(1999),
Taylor et al. "Human |mTunogI obulin 15 transgenes undergo rearéaggenent,

somatic mutation and cl S39SERVEEHING 3L TATRES HART ¢ ackE Ehed RN | gM
I nt ernati onal lhmggb‘ég%u@a517%n§&7nc(dl%hﬁr Lt%éﬂaégnlletoathe '"Weakysi s of

direct and inverted DJ;. rearrangenents in a man | heavg Hal n
trar~sgenic nthiisocg§e tinm ¢ napRfRLC ]?‘5‘19%4‘5%9%1&]6% %395%?, ORGHE; ERwi 1 d et

al . "H gh-avi dhty Jawsen, ikgGCmnadonad ankikediesahr oeyaenowsl stsain of
mnilocus transgenic mce." Nature Biotech. 14:845-85] (1996% ‘5959‘
di scl osur 88 oBriisigenaame aterdeloy FRer Pt ai-bd A§2fef 8F2ncBSPnoPhE]

entirety. 25 0 N Wity oAG 8 td ik Ghe o8, tEpeenLtetoabe Nature
Genetics 7: 13%2%%( ng%g gescrl bes the %De!ﬁ&ejér’latl on of Y%Cs contg&nl ng 245 kb

and 190 kb- si 2éthigednibivhe heoriQjinate orP¥A dghidk scorlenkengh@RiKeavy chain
locus and kappa ;Litght i dREUSaH TESPESA I NG! Yen 301181 chagont 2kpadtgor e
vari abl e and constant regi'on sequences. Id. The work of Green et _al. was
recently ext end@d/ tigvietsd: i rittrotiu ce PR o gk @@t ep Pﬁaﬁucmggmlnapﬁp% mat el y
803 of the Q}!f}l % GERAL Qo1 ouBhy| PLEOEHC AR sOBnERGANasG

si zed, germ | ne con ation YAC fragnents of human heavy chal n | oci
and kappa | i gtaatltcﬁraam Slpﬁchlalr ethelanees yoetvesnpeenaase 2R FEMPGSEF-t0ni ce.
See Mendez et £56:,4898)h. @seenuandedakobovits
J. Exp. Med. fg’f égg&’{%a? %g%%ﬁﬁl%ﬁe 1&% gatent @Irscatl on §er| al No.
08/ 759 620, fuamdaedmmtaﬁ i@@6825h‘90dL@nb6§9r§§_@t1_ whi(@99%d -her eby

i ncor por at ed b rence. | su p. h ,SC d

del i neated ~i #%L?% e]h% A%pm?l %%%?@njé%%?l%}:gﬁgg Erl%7712[16 %Ogg%gln%rééd
January 130 1%9£tlm>7daﬁem ﬁiLSnld':elesl Poveibie , 8bULOBR T IOFS0 DOSIFEL e | ed
July 24, 1992, 07/922 649 Ied July 1 £l / : 15 filed
Mar ch 15, 1993 X 98 Es §4%q 1%y WS ‘?9‘2? Q%Eéuﬁg‘%gﬁv%%&gﬂl & Rpr i |
28, 1999, 08/ A RiADy éméceﬂfﬂcantlaey aﬁd &995pt08/ £30.ctd38s APrSAtyPRS)1995,
08/ 464,584, filed June 5, 1995, 08/464,582., filed June 5, 1995,

08/ 463,191, filed June 5, 1995, 08/462, 837, 20 filed June 5, 1995,

08/ 486,853, filed June 5, 1995, 08/486,857, filed June 5, 1995, 08/486, 859,
filed June 5, 1995, 08/462,513, filed June 5, 1995, 08/729, 752, filed

Oct ober 2, 1996, and 08/ 759,620, filed Decenber 3, 1996. See al so Mendez et
al . Nature CGenetics 25 15:146- 156 (1997) and Green and Jakobovits J. Exp.
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_ g _ applications, and references are hereby incorporated by reference in
their entirety. In connection with the mcrocell fusion approach, portions
or whol e human chronosones can be 5 introduced into mce as described in
Eur opean Patent Application No. EP 0 893 961 Al, the disclosure of which is
.hereby incorporated by reference. It wll be understood that m ce generated
using this approach and containing the human I g heavy chain | ocus wll 10
general ly possess nore than one, and potentially all, of the human const ant
regi on genes. Such mice will produce, thedefore, antibodies that bind to
particul ar antigens having a nunber of different constant regions. Thus,
there is no way to preselect the desired constant 15 region for particul ar
effector function. Also, the transchronosones are mtotically and

nei otica-ly ufisembtbesastaapsgenic endmerls He Higrlh GhyH gxovEndunman | gK or
bot h transchr r i 80y approaching 80% This
results in 20-a %@?gﬁ??ygﬁ%gﬁbﬁgtgggnggf ngﬁig | gA mAbs and hybri doma
instability. Technol ogylexpgderf ¢o proritde adbltylenainvidihengl oy,

ant i bodi es. i Les d fr 'Bstg? i i C r y 1gGl
i sotypes, frgxpétgog%gnggéﬁi E&%%%@&tt%h@agogr 0 ucr:he&nﬁ t?eepﬁtrgf]tf%% ?§%§r§%§§£ or
from phage5di spl elyet buhaol dgi decuwy imdve trien sipsniednammaben- sBecificity
and affinity, t haye. esi ef Iy, functi.on. -1 Ls instance,
the variabl e ?gégj]%{%ggbf Qt ﬁ‘gjﬁgg\}:& ?Hf;iet(rilll,e ar[&t%{{e) Y’eg@t ,érg@ndJBge%lrgéltﬁ i kely,
the entire |igbtesharnaohethe idam ithedys anstsirc chonbeindeihotef or cl oni ng
i ncl ude recover 1 fro | br r y TPNA a -
10 Ilibrary, ﬁ%%%%%%gggg@ggﬁ?#ﬁénﬁ&fﬁséﬂn% sp%%ﬁlf(?%r?%rﬁ% g%ﬁ%c?eot I éxéQH‘
prinmers, and €CRndiGg copedidritc wdgigomsichest idbrpdigedsinbnd pbNA as

tenpl ate -PCR).. Each,nethaqd,. espec] - b ne require that
5 the cl o%?bgsﬁégué’ﬁé‘éﬁ th\}%rlicf%qu ézll'fagrér&/u %%r?dﬁ(g)tib%ggﬁ?he ant i body
codi ng sequencestofben t[BeevadTalpes erdyiapplofcd beomddVyS¢hbRA0BUSD be
operably linked via DNA lLigation.to th ir constant. region.gene. Then,
t he engi neer eguWFEIllaBé‘ﬁé %&sia—%bé ‘opdt ?b??‘sk?i%dgﬁ@gql%ngxbaﬁgﬁl Ao
control l'i ng reghoBscedClonasd Yy eniiedan hpaees - andonas pahyadegybat kad site.
Such an expres;i on_construct mght also be n{?eged fg%Tthe I.gng ght chain of

the antibody. “FReVBRpr&SEI GF BEASH U ST TS TstabPy 38 tFdnsfected into
a sui t abl eshostcepblinben oty anscrigitean anseridadstattloa forpgoduge a

secreted form_ of the engineered, . Typicall at .the | east, extensive
screeni ng nusFrB’ésH§PForn§8‘ taépqﬁ%% c‘ipc}ﬁ r%%/é?hgfc%ﬁ’uﬁnflﬂek?ﬁgta expresses
sufficient |evekasotomplifsim@®,f ugt hendegperagiemt sgansls subsequent

manuf acturing. More likely, t hodal ogi es such_as DNA amplification nust be
enpl oyed to réi“s’@ﬁgteﬁew&(%'y sgﬁ?ﬁg:e@r“tojfagj[% BT | f)glaFegp%ﬁngsEPSHdcéﬁstructs
and consequenthy, uvhite a@tRiressl aredndvidle ob £ t tiee MAbima25g&hoakl, ywathe

re- engi neer.ed st be retested to con{i\%%thﬁt it,has retained the

ction; i &P

. MAb
desired qa8li tPEEOINGSRad e THeES 18 ¥k BdFRAHISHEREs ESt v,
affinity, andupeasenceneictdhsancectaf medfecé orgfiunckbppa Oihat taehmol ogi es
for isotype 3Q smﬁtcgi exist, but all such $$ogranﬁ tg rg-engineer t he
b | ot ype T CBIPPEAIERITESRT o BhcP B PP Tl s 8 PR ABF e T 51 866y and
ti ssue cul turgreaneiiahe drabebdvd ensaivegshbw, sexpénsi e, gandradeered by
i ssued and ro erby,

- 11 _pending intellectual requirin %ﬂgt'onal
li censing feesinff Oéfv@rlrcé’vg\alvalﬁf% & ‘iuﬁg st fg. 'TﬂUsg”’r ee-:fe%dﬂ ering of
mAb from ose icsakyRett @ cRidtherad afuliY ess exiper husen et ra, moret@gry
expendi ture and | . . :
region genes all on an inactivated murine
immunoglobulin background. ([See PCT patent application
WO 94/02602 to Kucherlapati et al.; see also Mendez gt
al., Nature Genetics 15:146-156 (1997)].
30 Yeast artificial chromosomes as cloning
vectors in combination with gene targeting of

endogenous loci and breeding of transgenic strains



5 sl ows down the devel opnent of the nonocl onal antibody for pre-clinical
and clinical trials. Having a technol ogy that would produce the mAb with
the desired Cy isotype a priori would obviate the need for anti body
re-engi neering. By having three 10 different XenoMuse strains, one each
.capabl e of making only CY2, Cy4 or Cyl, a transgenic nouse can be pulled
off the shelf, and then can be inmmuni zed to produce mAbs with the desired
affinity, antigen-specificity and the desired isotype and with the desired
effector 15 function a priori. This increases the efficiency and
user-friendliness for devel opnent of nonocl onal anti body based

t herapeutics. No expertise in nolecular biology or anti body engineering is
requi red. The antigen-specific mAb can be taken directly into pre 20
clinical studiesvidédothet felexioa espehai puodlen roheyntdmbday me, resul ting
in a decrease jn the devel opnent caqast and an_accel erat.ion, of the tineline
for developné%&v%ﬁs%E¥'thé?§%5ﬁﬁiégﬁﬁﬁéaﬁﬁé preése qﬁﬁﬂ%ﬂ:ﬁﬁ1qﬁgﬁﬁ rect ed
to solvi ng 25 gheo £E1QD] _eOh@fa@bhﬁ?tab@gw_&spitemlﬁcmeg:dwmLmetd u?ﬂy

i sotype froma transgeni c nouse, _in, ition t e desired specificity,
which is conpafdbiee 'Paniﬁ%gﬁh@Fa%égP é?&&alosfo f[%\t}*vﬁﬂec&at %nt‘i%}dy will
be used. %JM%Fé(réfoifé'E LAWENFI ONCc3Q15ha ryy easitc lidw editliows siolaless itdre
probl ens referred to above_by providin iin one aspect of #&1 i nyention,
transgeni ¢ nodf heRAtaRF il sPeapapre thﬁ:ﬁ?tﬁﬁ%gﬂﬁq Afinity,

fully human agtibodies ehaandesyneswhs Settme it despanse dindimutzat i on
with any virtually any desired antigen. The afore ntio.r%? tr%&saq)elnic
|aSV e

non- human ani PECRENENENCPRelRPVEIMRE POHFR B Hertt 15

unrearranged pyneRei ATKARY! ORHbItA e Ghaide td ansgeneaghedacmnciagdes, on
rearrangenent, a fully_human i nmunogl obul i n heaﬁ%‘fé@% n aof the desired
t

|1y
i sotype. The BagBnthamiAsgroBUMPSh&dvyY GRIGT e ?%P"t’ri'uetolo f or egoi ng
ani mal s conprisggcfend@n gopshantydraidihdenel s agi@atdepIPidsi nih exons
encodi ng the desired heavy chain isotype, operably |inked to switch
segnent s fronPAréBAsEBALNPEGPEN 9P PTHFIEIEM - helRyS cWW?%o%te i.e., a

non-cognate syhtch reghertitbtihe il isaissenictmorhduman ani mal
also has inits somatic and germcells a human i mmunogl obu. | Ilg%l{ﬁh?ht chain

transgene. |nTaApLEtEer 6 18fbEOMBIRUNGING ehdoRfedbish FRFRIndyt n heavy
and |ight,ghaipshggikeot ot Reyt ARSI NitnEGdWMaN[ g8k NeET apet &Pt | nact i vat ed
so that the aninal is incapable of producing endogenous heavy or_|ight
chains. In a papiiealaony Wer OG22 dfy %Flfﬁéthoﬁthﬁﬁan b r&heGRni ¢
animal is a mysen | B anoLar ASRECpl heybayenbh ole L oyb desosn 25 A
unrearranged human i nmunogl obul’i n heavy chain transgene that encodes, on
rear r angement fukthea lagivam thasyyi cHalat oleauefesefedansbeypelet®@ PFansgenes
of the inventi ri a Y?QH | gentigahitR EheqM-sequence of
human chronnsgﬁge%gggtéﬁﬁfhéggﬁ eagﬁpﬁﬁ%%1the ?iré%_BO 5qse n%nt gene of

t he human2Pmboogllolyaiisn tesmmp igkat ion obusyeedht i nlithg PRPBuUGRASt ety
segnent genes h t ' hrgughn,&u of that locus. In

t he transgeneggggl%hgn%ﬁegﬁgﬁgﬁ{qgagﬂgggggﬁe%t%oﬁganNA - 13 fragnent is
operably linked to and ifs cwpehianed &@QW?petbarﬁcHFﬁgsﬁﬁeéﬁladditiona
constant regi g seqnpil. (el addit i 0! ¢ 6ENSLABLESEHOBSRARRALsCOMDY | Ses
a switch regi on~and “human constant region codi ng segnent, wherein the
constant regi adhatoginegissyfaman sanpbeedi§sti nkadpestacshrtehtPegRoASt hat
it is not jpormally cl d iy € ngn rakg Vi Lebxregion. In
transgeneggoft %aiﬁ¥ﬁ3%9€¥§}t%éé%%ﬁ%%o?%a@D%% F?ggng%p agh constant region
segnent is 10 Gep@habiny Iritrekethttional) eBRe - oardhiikenMeddegheRESEREER I n one
enbodi ment of the i.nventjion, ene | veast sabkicbihgkah 1¢ghr onosone
(YAC). In the oruglr‘fslgrléngsﬂ‘(g?&rf%%@?%égﬁlgoﬁ? %Léggﬁoﬁgggr?ate sw tch rglegi on may
be a switch regirnl ifromizadiferti § fef ebhespeciLosit hhatt ke EoRILARE P¥gi on
codi ng segnent. I.n enho 'ngﬂ; th -.gogpat itCh rggiga i's a nouse
swi tch regionvgﬁgTéﬁ$§“?q égfto %'h&ﬁ%gﬁggﬁgtg%%qrggk%%yggdiﬁg segnent
encodi ng &cthunart gatoet i@l phi ent épsi bonsvbaseant aldgi entike 4020 preferred
enbodi ment, t switch.region is a e -1 .sw .reg| I p@re
preferred enb rr’?é}ﬁ}%fl‘:l’fﬁhgl%%vir’t‘%‘ﬁr?gglygnflggqgﬁn%ﬁs\g}}gpg%-%%b?&wfgh regi on
and t he hunman Kionist Bder Kplonslcbki njasehgaent encodes a gamma-1 or a gamma-4
constant region. In a 25 particularly preferred enbodi nent, the transgene
is the yH2Bm yeast artificial chronposone (YAC) or the yH2Cm YAC.




I n anot her enbodi nent, both the non-cognate switch region and the constant
regi on codi ng segnent 30 are human sequences, the non-cognate switch region
bei ng froma human constant region of a different isotype than the constant
regi on coding segnent. In a preferred enbodiment, the switch region is a
-human - 14 gamma-2 switch region and the constant regi on codi ng segnent
is an isotype other than gamma-2. In a nore preferred enbodi nent, a
transgene of the invention conprises a hunan gamma-2 switch region and a
human 5 gamma-1 or human ganma-4 constant éregi on codi ng segnent. In
particularly preferred enbodi nents, the transgene is the yHd YAC or.the
yH& YAC. In still another enbodi nent, a transgene of the invention
conprises a human non-cognate switch 10 region and a human constant region
codi ng segnentn Hher Bipltesusniarmy A8sdl oMK AFRN St anko@x®nss of t he
constant regi Qin¢eRbRY tASPRM Bl i amdihm s gi on

i sotype and themsecreted céhstant ﬁégionléxons re ronfggﬁ%?¥%¥%ﬁt

i sotype. The g8nepandgemedhef Tchddawsent iTdwsal soneregr coempe i Ge gentewman

non- cognat & SyhLCBT £@:QN rANgeAe BUTBALCRSHARE LE0hORoCOUL NGy SEOMENL
wherein the swtch region I's”from one isotype, tHe’Secréted constant region
exons are Proarastapsndeigsoryp@rehd t9Rcq et aohstegion egi on exons 20
are fromyet LBibdab30! W Sarkih LIHAIBI o LIBOM JED! o LIEq SWLE SN, Mgl on
and menbrane exons are from’a human ganma-2 constant” region. In

particul arly peaéérnet éeyodinemntsion hggwiarchanigybn aboli sreabpaoeckexons
are froma h“%”d%ée% %rc%sfaaégdlrtecg'»%li@”?n thes segrelgd gonstant

regi on exons are froma human gamma-1 or a human ganihma4 .constant region. In
preferred enbbdbAbnBd, thoe Suramsigeate dls. tared HGE / PaéehbrNode yHGA/ 2 YAC.

I n anot her nenQodi v a t f i Odr genes of e~l paventi on
conpri se %Oprgfg???§b§¥ ggf SRt ’hg%an bﬁgaghe%fé?%’g?ﬁ?e?é?égHOig’

enbodi nent. t he7VPad8end,@fprashs aatd |pdst4 5018 odathet hubmnbgeg rhnde VH
genes. In ano r odi the ¢ - n rises_at |east 40
di fferent hurrgg§VH%gr'T§ﬁes. trﬂe eﬁrl’ab|5y,59t1]§e6‘%t§r%@3@%@“@%@?@@“‘% | east 66
di f ferent hunBeri¥H,g&nés. Redsintpiefser dbl 61,2 t2@5 1 ransyen@6conpr 782521 he
entire human i.Qn Qf 5 a ' ocus n of he .

enbodi ment ¢ e PEaiSgsie Ropii i o urs Crento nusbed S of S3i T eriBt human
VH genes b6 t hat Dhantr amsiéienhls mapabt errof t ool igSatPaeast 1 X 105

di fferent fungfjenal | TN byl chaj e n
conbinations,ﬁ%sgagﬁﬁgggpgﬁilng ﬁﬁ%% g%égﬁﬂf??%%tt?%%%. %#ggggi %’or

somati c nut at L8A0evVOAYS7 3, 1P 61, |11 letbtAeyusnbddi ned®0, t 62/ sLdh2iVSpf human
VH genes in B¢ LLapagene s suf Hiadentod s psofuge alylgast, 300,gf the
B-cel | popul afion of a wld-tygde nous’e 1n a transgeni ¢ nouse 15 cbnt ai ni ng
t he transgenel982fr &dPdde (I8 t Hel laedhvbme o3 f uT$®2r CoNPPOs860a-nurine 3’
enhancer, ,positiqne L Qf c nt {-on ne aj ni e
non-cogna%g S\'J;\Ila?gﬁ gg&“‘é‘%’.“} nm%dnglrb?%odqgré‘%?ﬁ%%P’nuﬁfgg%&%&égga%gér is an
20 approxi mat éP§30. 98KI9 SorediidredfJuhe 2@t i v@d@nhadceds, BAlan .

al ternative epodimpRle bl Srg CANECTod 51 @ APBY OXL I8 Chyc4nkby T 801 0N Of
the nurine enhanceér that 1ncludes the core region. Tn sti anot her

enbodi nent, t h898; al$gdrtsd ,i 483 ,udEisl acheDamrrgee 251 Oaj bPO2nhadic209) déls. I n
anot her aspect., e,l_nventd o Vi 0, .20 e transgenic
non- human ani %r%llégoya{}ﬁ% igdvgnﬁlg’nai%c%f%%g%%g% h(gf n‘gﬂt‘fgé s?ggn

unr earrangéd haemeby mmswogicdatddd heawfahaaet r agsgeaes30Eusopstnoduced

into the gernline_ of ngn- jJjmal _to produce ransgeni ¢ non- hunman
ani nal ha\g/i ngl)f“ﬁgn?'r g%s‘g&n?%%i%mwtce%hﬁtJg‘é?‘?wfc%f‘?@?gBr eedi ng of the
hu_manI heavy chapithansgemNas .arWCnBFJZS/LV\IfSHB,l _W(r)11@2/226m5gew®c92¢22 bBaman

ani nmal s cont aj ni n I In_fran roquces
transgenic nohgh§%%2%I@%%g Vgo h%%ﬁﬁoﬁgg(/ywéhéflZggggﬁgggﬁe of

t he i nventi ongand4d3pynwo |9 Dhit3d T hadmd tw@ansgerness k| t bre @isthesures

af orenent | gned tr%ns eni ¢ non-human aninals ¢ n%be bred vvith.an%gﬂl.s havi ng
"nactivat 8l heAvYPARE GiT9 EHHCRN AT T4 6o BAUES AL ERGRS JanFRSRBN- human
ani mal that pepdugesa fudy hurmne antd Posty endais tACapakkgenlcproduci ng

an
mouse that expresses a diversity of human sequence



1C endogenous anti body. In one enbodi nent, a transgene of the invention is
introduced into an enbryonic stem (ES) cell which is then inserted into a
bl ast ocyst. The bl astocyst with the ES cell containing the transgene of 15
the invention is then surgically inserted into the uterus of the non-human
animal to produce a chinmeric non-human animal. The chineric animal is bred
to obtain germine transm ssion of the transgene of the invention to
produce a transgenic, non-hurman ani mal 20 having somatic and germcells
containing the transgene of the invention.7 Accordingly, a further aspects
of the invention are an ES cell conprising a transgene of the invention and
non- human ani mal s having the transgene in sone or all of its cells. 25 In
still another aspect, the invention provides a nethod for producing high
affinity, fulhyahymmmdﬂnﬂdhnﬁdnaﬂﬁ xmmunﬂgkmbmbrmyp@ NhadeaceAsp@eific for

an antigen of |nterest man ani of the invention.

According to FRESREH c? a&ﬁ ?&a’%’gggﬁ%oﬂon&h%%ta hal of the invention

is contacted V“Iiénﬁu%%%ﬂ% erld 1ty st anéiesn €ondi B+ @851 t hatf it peuee the

production of an antibody b e Bcells of the ani h affinjty, fully
i

| . Hi

human, - 17MigRt igGEVE: fmf: ERIPRA e brtigR ‘ggsﬁ* JBH®E can be
coll ected gro 1 B0 406 & T eBOeHE C (1993 NUnBda i BDbHBL £
AIternatlvély?hgggbrdgﬁgu?o t he netﬁ%gs of 5 the fnven?lon athe ant i body
produci ng B- cell.s “@ara lnes mrofestiate ¢t opnd henvder k¢ Bad ﬁ&ﬁﬁﬁatr‘eﬁqﬂfé&%y any
means known in_the valda t 0, i ILbgdies. In one
embodi ment, t A& B cé1 S aﬁé AE% éﬁéﬁHaE%%ﬁéggﬁ§% @2%9%8?FE |ﬁe to produce
ant i body 10 sewmﬂﬁkmgImﬂﬂ:&kﬂﬁﬁﬁ4&mch1%?br1d@has eanabe §Er@eagdnuo sel ect
t hose secreting hi ffJth fuII uman, antigen es. In
a further asp@gFF t D" %@ld%@vﬁyﬁpaﬁg m% r ve rbn?gﬂ i body
prOdUCinng-CQHdﬁmﬁhﬂﬁﬁlﬁﬁ§dHhﬁranwéattamngﬂLC1am|nhkombsbme”inventlon

The anti bodies_of this invention y e, ex n of B-cells
expressi ng a AEHUTR GHRTbbOS bypgT%ﬁéd?%gﬁﬁﬁ %ﬂBHS BOS IF ‘geneS, by

phage- di spl ay »n@yt i ﬁ”%bé%fEﬁcrﬁﬁﬁﬁﬂ Kﬂ@MBodmeEhEramtmlae compiBsiBRI EF
DESCRI PTI ON OF THE WNGS Figure 1 is a schematic depiction of the yH C

and yH2Bm (or fpECHiglebret FenetiF aroehf 6FnsdARS - (YNESYIeFigure 2 is a

schematic depild .ay @fgide wb@) anﬂa%t@f etygaast “aﬁtmlahl Qh@bnoglobulln
chronosomes~(YACs). Figure 3 is a schematic depiction, of theﬁngC a

yHGE / 2 yedst émﬁﬁﬁgﬁ%ﬁsC%@%%%%%nﬁ%a{?ﬂﬁﬁ?mePFgur@m&tﬂ§ QuiaheRat pB

depi ction of the ydH K eReh VA R Meast takti Lkekaknebyemesemegm( YACs) . 10
Figure 5 is a schematic diagramof the tar etln% vectors (TV1 and TV4) for
retrofitting yHt@IR:yHNaAndr prmaoYagy. 6Fpdare®s |ﬂ9§§twaﬁé§lﬂﬁén et
construction ofy thenlargelingsvagtoes Loy iavkokblt bog yébriguhiGlt2 and
yH®/ 2 15 YACs.  Fi gure I's a schematic diagram of the targetln vectors
(TV G1/2 and Ew @/m)mamlgehe@vwchagnyﬂtr@ntsaem@ rangeomsGar2 YACs.

FLgure 8 sliowsy oL 0PT m Bl ok 89k Y8ES (26957, CLARFE 2R Rd el YHEB YAC

“High-avidity human IgG monoclonal antibodies from a
novel strain of minilocus transgenic mice.” Nature
Biotech. 14:845-851 (1996), the disclosures of which
are hereby incorporated by reference in their entirety.
25 | In connection with YAC introduction, Green et
al. Nature Genetics 7:13-21 (1994) describes the
generation of YACs containing 245 kb and 190 kb-sized
germline configuration fragments of the human heavy
chain locus and kappa light chain locus, respectively,
30 which contained core variable and constant region
sequences. JId. The work of Green et al. was recently

extended to the introduction of greater than



- 19 DETAI LED DESCRI PTION OF THE I NVENTION This invention relates to novel
transgenes for the production of human i munogl obul in heavy chains of a
desired isotype and to enbryonic stem (ES) cells 5 and transgeni ¢ non- human
animal s conprising the transgenes. This invention also relates to nethods
for producing such transgenic ron-hunman aninmals and for producing fully
human anti bodies of a desired isotype in response to an antigen of interest
in a transgenic 10 animal of the invention. The transgenes and transgenic
non- human ani mals of the invention are TUs&fTl in the production of fully
human anti bodi es of various isotypes or classes. For therapeutic uses of
such anti bodies, the 15 different effector functions of the individual

anti body isotypes pernts the use of a particular isotype to achieve a

desired ther PEipitety. 89% 25 HRsi huBRB, aPRkdSOodo YHRSHIGI & rai ns of

transgeni ¢ nofmiwu@n antFedsctheh ProfldganaRll RAGiRS Qferdsidwl e isotype 20
follow ng i nmuni zation with an antigen of interest. In order that the

i nvention her@H HELERFhe PRy beaeBrBteuPly theddrsrsodeahe Fhaiow ng

detai |l ed descrodt i ondigasshs {o6h0. chBihheodasChieReti g, fald owing terns
are enpl oyed: 25 Cene regions o the DNA involved in produc¢ing or selecting
a particuldar Prdipedt¥eRO¥aRsa’” MhceudiSed pagdrzerel ahhaMteyse any switch
regi ons precedi t _ e | pstr wnstream

pr ecedi ng an?%fgzgtfgsmggg§bggigng§§e ?ggﬁ’aﬁg%ien é&l\ggﬁy@wg:esq ehces such
as i ntrons befxpenMeddi hgs s¢gBeadS QL 9CRONS anGele Ssedaydrs - the codi ng

segnents in ti-exon gene h a I ogl qQhul | n. hea chai n - 20
const ant reg?gﬁ?ﬁﬁﬁt%&% ?E}afﬁgogeﬁg?gébvgég'sgégéFg&ﬁﬁﬁﬁﬁ%ﬁ {the human
i mrunogl obul i T eaviyhehadi sc jasupe 00§t ahti chegiren heardal N b geHes is@gnent s:
CHL, H, , ,and %?B. 5 Cerniine configubatiog - the %éian enment %Pd
spaci ng i Iyt ObTH TR genaCR e GRRRPE “Bef-5r u&%?%ﬁ) 3 an
rearrangerentd@mﬁn@mt@drﬁﬂiUK?eanEEhagﬁppuicaAib&rgﬁnﬁkﬂgﬂaﬂz.Of th?
enzyne Pol yne : ua romE. col,i. i S es no
contain any 5(5??%6%’ Oéibnt#@ sedBLe Vi bg’ar]&g&m &’%Ijaéﬁggﬁmrﬁsjee%cti vity.
It can be usatbfatibendsfilbdog of/BNA, pehecyliasd o misatxe bligg2 ends.
Library - A m Tope ra n i.5 ysuyally opagat ed on
DNA- based vegﬁr%g,f’eg%?', g’rg*‘sm@{hgﬁgcﬁé%& Iliﬁédapgr?é)cﬁer Ybhage in E
coli, Pl imcteiiephagechnlf, 1808j,0bact el Balg,arftiilfdLiralgudy ampsonessj n E.
coli, yeast p 1 ci chro opes, in_Sac romyces .cerevisiae, manmalian
artificial Zggéc)fé%ﬁoﬁ%%s%?‘ﬂg%ﬁﬁ?édzgel ﬁg,%4ﬁam%7aﬁ1 257 'orf%sjo?% fragnents
in sonatic cefdniwbyizis, 1oakeros/&pof heBee BNAiflr @gnentem 3 hat are desi gned
to contain re I Chi site ngd ot her ertie i.ch can be added to
| ar ger DNAIH§%£A§%35§%5 t?@?? ?BH?agflgégge QQ£%Q%;5 o I ARA 1 Bk
E'Olrati ons ofl_h[B\JA Igg@neml?meapbel_lngf?mﬂr ednpo!slypamgaiems/&ﬁ?,emng fjheDNA _
i brary - e. process of _se in a.specifi.c sequence o one in
a |ibrary? 3&%[%%“?@%%115@5?5’( sgg/%gnéggi’pt%l&dgdﬂ% r olns?%‘/e g | oci
t hought not t@she8d r@ads) af eted Nfoné eqyi 16955 0MBY/i48 QB ,SeUiNMBFd June
rearrangements or) £LASS, o 4er 513, filed June 5, 1995, 08/724,752,
filed October 2, 1996, and 08/759,620, filed December
3, 1996. See also Mendez et al. Nature Genetics
25 15:146-156 (1997) and Green and Jakobovits J. Exp. Med.
188:483-495 (1998). See also European Patent No., EP O
463 151 Bl, grant published June 12, 1996,
International Patent Application No., WO 94/02602,
published February 3, 1994, International Patent
30 Application No., WO 96/34096, published October 31,
1996, and WO 98/24893, published June 11, 1998. The

disclosures of each of the above-cited patents,



- 21 switch reconbination. In a B cell or a pre-B cell producing IgMthere
may be, for exanple, germline nRNA transcripts correspondi ng tothe CH genes
whi ch potentially indicate which isotype the cell will switch 5 to and
produce. Vector - A DNA nol ecule used to transport a foreign DNA into a
hhost and being replicated in that host, to transformthat host. available
vectors include but are not limted to viruses (prokaryotes and 10
eukaryotes), bacterial plasmds or artificial chronpbsones. Yeast artificial
chronosones (YACS> - cloning vehicles con$tructed fromel enents of yeast
chronosones which allow the vector to be replicated and maintained 15 in
yeast cells in vivo. Yeast elenents include a centronere, an autononous
replication sequence, a pair of teloneres, yeast selectable markers, and
usual | y a bactppilakcaddiogisn efnd epficcmrians ank sedeehabl ecompheatédrby
replication an | ecti f t.he or arnms in 20 bacteria. DNA

i nsertS of up’rfq‘(gggt":l%l(c:gas(?L';ill %M&qkt?@agn%b ‘cl oned and mmai nt ai ned usi ng YACs.
XENOMOUSE DEVELOPMENT Xdmo Mousxedtsicn moiuse e ohi diascé hhcfusaded nouse | gH
and Igk loci apd._is transqgenic for f f 5 - Si ’\}ErranlgH
and 1gk transﬁé’ﬁ’gg.&l epé%ﬁ:éroasl S an Clc%%ﬂ%%:?%r?za‘%ﬁ%“@ril&g §>é%1g gse has
been descr bbedntSedudendentet rdlce Ge b asi2sd 209-BO7opd995Pateivbndez et

al., Nature neti.cs, 15, . - 7). &Gee ture Genetics
7:13-21 (| 99%pgéclaﬁl€%§%'o#§$ (%’gtf%:('nggg 6lep;H ’ca@?%ng%ﬁgjg%?‘dgjgog? by

Kucherl apati ehiagh ispiiddeshedrorofehrateed. By +tOBOtence: 22t Wbig be
particularly, there hav een _del etions of key elenents of the use IgH
DG 1 gk Toc | B ARGR B e Aot (ST SFF T3 HeTees ohibt s ofPRESFeh GBr o,
foll owed by geomitiaie: ittcardig I8intem dfg thvea vyt @tta omsl aads Swslbsequent

br eedi ng produce .m ce whi ch are honpbzygous for .both 1pactivat | oci (DI
Mooy Suth MeERSERI T R SHTm e nike Tob ket REt¥ RE and

di spl ay an ar i&stthien Hintel lcademedropnesdiom ddweeboneSoanrmicat wihe

proB/ preB-1 stage, [Geen et. al, ture. 10 netics, .7, pp.._13-2 1994);
G con’ and JakeROIUE . FhangFoRy S Heanse (Thok) FinantorBankrftetna 1 bi
| oci, clonEd emtyersis ardvifigialnaisenospnest feeerti obnetanedregtionkS cells

i heropl ast- ES cell_ fusjon | Jakoboyi . .; Na 362; 255- 258
(100351 15" APPSR gatifThed rheI Cerbrb Snce LtbEeRIBnPehH bt FAaeBttr oo

LEl backgneundedilke: MommpdgH @ntkt gkf Y& 6 r afisgenesn.yH C and yK2, were
able to functionally su for their_ murine counter s and support B

SJ;[ic;[ Uttet} transchr e ??r i
cell devel opnent. In ad I%n, “thesk chlé %?%88‘888 305t 1t §? hGfan Yl gWk and
| g&K ant i bodizes) nanichtiil dd et ebrys tdtybe i dcAmsa seeseltpgeahhegenhspeci fi c,

high affinity full I X o onal i bodi with_therapeutic
po'?ential vve?/ "‘é‘@r‘fgr%ﬂggq #gl{ﬁ‘—ﬁrt h%&ERéEéSQfﬁggﬁﬂﬁﬁﬁolsﬁﬂgtsr%%%gene,
yH C, is conpdsed ofithb a/Hredietde dppreaehisg a0%.J €hésemespl@s amd Cb,
all regul atory.elements, .all. ir~ germine configuration. By .using
honol ogou?or e CHRTnRR b oh rf]rgrile%%cf(?v?ﬂ% %? BRA°6f 93“ ER%ES aéf)jpended with a
22 kb fragnmenthyantdond nch Stk hei tyman Y2 gene, including its switch
regul atory elenents, and,a .4 k fragman%ﬁc nt ai. ni nggt he .mo §/e 3 23

r

enhancer el ement [See MefgP@tORY . €% CtehBt 'eS 1572862156 (1997) the
di scl osure of shitadhiirsg hef ehyt imcdt ot at radtbyodétker proehice@hérioaf t YAC arm

carries expression cassettes faor the ast selectahle.marker 5 2, the
mammal i an sel ectHbI E hEr %C%n@‘?5§¥¥§ﬂ?eﬁﬁh¥r h]gggr F8§Y£’>‘?§v£s?i%6“n

cassettes for thmnymasic selectabde prolece LXG2tapdea Inemisbitaypese| ext abl e
mar ker Neo, encodi %resiitanfe to the 418. . The Iggtet r

ru i.S
non- f unct i onal* " ES'AXTF 1S 3R ?¥st%?%ﬂ8?89?éfomwh€¥8u 5t &Shi oni ne)
i s probably nomtigwiianstifincESycehisaffnnother beel hotypese tthe MVT
pronoter drives tran c%]%]g?ti on a% onH very |Oﬁl l.evel Sy i f at ¢ 11, under
nor mal physi ol Ygi i< ¢ ¢ FohsT ARG FRFai r &8 KBy TRECAFSS e W€ od, for
hi gher |evel tyanssidtiofiodSof ndeedheESycehbintr ansiteet adasitt,h artd s

Construct:ﬂ§V%&xggqﬁL eff?lgggnén%?rgvfggkgwkkgggl%fokh%4%%tibody

must be cloned.
Methods for cloning include recovery of

genomic DNA from a library, recovery of cDNA from a



B- CELL DEVELOPMENT B cel |l devel opnent initiates in the bone marrow with a
del etional reconbinati on between a D and 20 J gene. Subsequently, a V gene
reconbines with the DI to nake a VDJ, which is transcribed, producing a
spliced VDIJCU transcript. If the transcript is infrane, then a ~ chain is
synt hesi zed upon translation. Simlarly, and generally after VNDJH

reconbi nation and 25 successful pairing of the a chain with surrogate |ight
chain, the Ig light chain loci rearrange their V and J gene segments.
Successful B cell devel opnent in the bonelfefrow results in B cells
expressing gk or IgMA on the cell surface. In the nouse, 95% of the B
cells 30 express IgWk; in the human, approximtely 60% of the B cElls
express | gWK. - 24 These IgM produ0| ng B.cells formt he primary i mune

repertoire amd-PeR¥%r nf ERAUREYsREY EPPCHHG G YRy ntReShi B¢ forei gn

antigens. In dNegdMUSEeOEiHE PUIRBEs,t Rese HeaM s Dicipa-Br£el |'s can
subsequently 5 undergo isotype class-switching froml M to the_e%gG or

| gA, , or | gE iSbtgpReclepbifpeRuéney sofnd 8% \ag cWW?‘h%ré%’% Rluri ng an
i mune resporﬁ@ah M&eensad eggaesa:ﬂ%gh ﬁt@%%agseélf%néﬂﬁoégurr hifd eat

i sotypes of They are &b, and in the nouse, and 10
lgd . 1 gG3 |*§*@ clegz Pa SREURDRAA. tmm@ﬁmvﬁaxwwmgm%@@om gAl and
| gA2, and one,# gEnd SQﬁfﬁ?Bodg{nc@d'ﬂ% S@edliBld S, MeRVEE08ar L2090 4200 and
1200 ug/m of 19d, ®Ra, and 1g&B respectlvely and 260 ug/m IgA In

t he human, frft%bortlo@ | thgGheaByuELPE% im1StE Hey@penaody sligked B8 i s | gG3
and 3% is '9%A|Pc§r§€159t gb kg8 48 shummPoAhoM + 8034 ién'%é‘le and 20~ is

| gA2. EFFECTOR FUNCTI ONS OF ANTI BODI ES Di fferent |sot ave different
effector funcihems. tisacangineeredc¥8-iGH faans irghs tarkee r@Wé@bbﬂ Dinked

di stinct g d'tE‘@”ékﬁ?P@és%BUEBHE‘%%lﬁ‘ihgt & g4gdr| Ousy LImanog 8§P&A1a>@ef-sotypes
[P. M Al zari et a Annual I mmunol .~ 6: 555-580 (198 For exanpl e,

t he human |g@nfaa\@cqzzg@nidsét 99é§adﬁ@541rﬂﬁdl%(ﬁlt?ﬁ conplerem® nedi ated-1ysis
or ant i body- dependent ofiebbHbRLuEE FnYLtq@ltO)QlCéot Yod AR @NELE hend of2 and 1G4
have little or nown effector functions. [ Snapper and F. D. Fi nkel man,
Fundanent al Ih#ﬂﬁhbl@h@fledOEdtheppnt8®DCB63] Since different effector
functions are associate f. nt t,LS fore
desirable to be 30 abl eg%}%‘ %gf)g%t% t(%gl |csdr%$§eu§pdyp |tn%lé|3 naﬁggie ificity
of the mAbot ot prefeetegt intb ehevdfenlic Nosief¢ell F‘é@r trapscrapbhpie, if
a mb is des' 1‘?&’ EP%A%E%EQ hZ‘Eo %h%‘eé“% rseescﬂoé‘é&dofoﬁ&%{‘ Eﬁ? activity of
a receptor, en a I ng ef ector functions, such as an [g& or an

| g& mi ght beeza@ssmqaeaedmAbhe SyRécaldng, atf e beastl i pgtensiveel | via

bi ndi ng of a é"&ﬁpeé{i)lﬁ@ A06L08R @8 rirbe kel 'to’s%ir@&ea'élcgﬁé'éﬁdthé h@é‘lf‘ m°~b
such as an 1gd@, wthits specific effector functions, either ADCC o

i s desired. ThiRe Bhatapspsasechossd fdigianderkevebs ehebenbest i on of fuI ly
human mongg! opal O aokbRedheRLUOULG Rendesiiabl eniueastapinghe jisplype of
t he resulting nonocl onal anti bodies thi's case, one could Select a
particul ar anlllb@)bly |1§©tppéowgmﬁumuﬁh1@5a Iﬁﬁ%tamlafl@aén@gemu@t MepdIse
strai n which &3 P8l ¥ theqdesir eq, rmﬂnggglggdyhésgﬁygg Sugh 15 mce
woul d ensure ﬁ g rgsu tlgng ant | ge#}gpemfl o G mAbs wou?%l possess the
desired eff ec@%prwmwoﬁ@nstﬁngtm@m m@tﬁameergtjbzeq‘gbﬁtemr@ﬁgimen ng
of the anti bog%\,gpngf ghgpage the constant region including the isolation
(cloning) of the varia Pe regl on and the 20 ligation of said VH region to
the desiré@d CH gene. |nFdnelénbodiheeme vmaiepredandbinyehtPonrethe sol e
CY gene on th@eé/&'ﬂ:% Pﬁ”@gnkgg‘rﬂ%ﬁatcﬂ Has rfé’éé‘ﬁ?@dbt/héngégﬂe&“ gene. For
exanpl e, instead o fragment carrying the conplete human Cy2 gene
25 ot her inseutalthteyi agdhbaantle gesds e duintbeorl ohedlidindt he targeting
vector of Men S ] I 15¢! 46- 156
(1997)]. The 'I%%&:fhc%t gﬁggﬂ% (ﬂ% %glecﬁ sréaqgtj%ﬁ\%léed an%ﬁ%gﬁé eél solated from
bact eri ophageef fabdar | fbnatnes of Otulnean trerio to@le HNBoantisstipsequent | y

ccover etaon FRpRlnl40UROLt oy abayl idD ol S8R U LELLLSORgE o
Nat|. Acad. Sche nJSA i70L¥p84r2g85releBerieiuzkien ahd, esipereiseAci ds

s, 140177917100 (A99): plon BT S0 St Al DN, 1o 11200 2LA90oEhe

di scl osures of are here ncorporated by reference
intensive, .slow, expensive, and covered by issued and



5 Simlarly, the sequences for nmouse CY1l, Cy2a, CY2b, and CY3 are all known
[ See H Hayashida et al., EMBO Journal, 3:2047-2053 (1984) the disclosure
of which is hereby incorporated by reference]. CLASS SW TCH NG 10 C ass
switch reconmbination (CSR) fromlIigMto I1gG I1gA or IgE is nediated through
.a del etional reconbination event occurring between tandemdirectly
repetitive switch regions present 5° of all |IgH constant regi on genes
except C~. Switch regions are 15 known to Ee conposed of the | pronoter,
the I exon and a set of direct repeats T1 ahked by inverted repeat
sequences. Enhancers and cytokine response sequences are known to lie in
the region near the |I pronoter. At |east one transcriptional enhancer,
| ocated i medi ately 20 3 qf t he downstreaminverted reg; tt.in ihe nouse
Oyl gene has BEBRIRFpITHELILSIY2L BEORENTY: efSQPLI1]Y g? g
188: 1421-14311( 1998k hg Alew®,r aquigwsh isvafabae eshabseenkoaqt edThesyeen JH
and Cm Transcriptigon initiates at the | pronpter and groceeds t hrough the
p

| 25 exon to ERECEBRATEEIIRY CLgdHY THPE ¢RansEPF¥Pei E°pPBREREEd to yield a

non- codi ng st @elgud rlefsaRsPe i 6t hextthea Iméevaspl expdntiottibe &ddexons.
Transcription through the switch region is_required for class, swtch

d
r econbi nat PonSIPHE ReHEn Lty GRHFCERLRh P Sy L RBgRBRS 38 RV B HERADY

sequenced, thegcsequeneas fcaminiy aseipubii ctyiavail abl e fromthe Genbank
dat abase. - 27 “'In the nouse, different conpinations of Iﬁﬂghggines and
activators have prof oundia/idig feeredfte? +@8Y stBAL QYL dsRFPERFRg T Fom I gM t o
i ndi vi dual  CHr@eNes t FFh X8 g i By Vi s6 @ypBeacpibrat vonlaf obPEakeand

i nterl eukin-4 induces class switching to 1gd and |IgE_and sugpresses

switching to tHe2messd GgCRniaR}Y | JapRokiResralfect PHgREERPPINELEEE but

are not iy ted dQrdrt Xentfouse | St LEIREPNoHe EheBE chyaBhekbiema&if g
secreted in vivo by hel per cells such as the antigen 10 presentlng T- and

fol l'icul ar desdlitt iQy2eld¥ iatf thel ge? nfhansgeRi &r BoYFes €60 85r PUH5hoi d

tissues. Thesgdymhokimess Mt atigehr aRECHEPLANNAL cihelor presperdi ng Chi
genes prior to CSR, probably thrqggh activation of the cornespondin% I
pronot er. For THREPiEh e |desined raEhoRiEYel BREALEN SPRS g Gdé Yorhd

promoter has kegnh J@mppedy {SEP@NagE @hth thk. dediuweel eZfeRfor621-627
(1990).1 The hépphoklne responsi veness of the human switch regions js not

yet as wells cHamatiam ZaPaeihat BriehenNFbEE S SHOMSY &L L HENGYs nt

human switch (Se20r FEH I dBY £650483%eoghbher ot mopeRaRses to different
| ynphoki nes and activators. This nmay in part be the soqurce of the different

| evel s of the angGhaske kased thehaRaRtiesum NRORXEeEiATE W TEHSNE 2 In
view of the real,ryl, Rossibl &sh§f engnhibak i hespensicepiiess: .of THuse and

human S regions, respectively, to |ynphokines and ot her activators, it is
desirabl e to e FRIEIRRGHbLE BHPt EADr BEi §AK oAty ‘B3R B Hunan

anti body produgi 119 4 ANsEEM &s 301 Fhett kEae exanpl exgedi ted e nastey
abundant class of 1gGin the nouse, It is known al sq th%{ C%R can .occur -
28 from humart™h bt onse sl kblidelBY2. dEFAFRGe & diRe d%elq ol , 6,

pp. 579-591 (1994 .dndsiNdastandasdibaobg ehemalieeuliate icd ogy and th
wel | -characterized and cl oned nmouse Syl sequence [Mowatt and Dunnick, J. 5

| muno., 136, G{velbemenpsat (1bgsihetaRBMRR Cadddssi on # ML2389], it is
possible to engineer a DMfe Viget 8&nhayhRenthe mausel Skl famcid el ing i nked

to a human CH codi ng sequence, e.g., human CYl. Incl uded downstream of the
human CH c®di ngh e eRfenkbes %u@latﬁénangeau%@é%@&%ﬂg&g%%gaft se 3'

enhancer. The 18, E,SeqENRCa COVAAsBBNA Imbisdhalidf ragmenionrta 19 by Stu |
fragnment, both of Vihich enconpass the core DNAse | hypersensitive sites,

HS1, 2. [Dari avdesieed aspecELiCily, | whifd 1sp compptiznegy Wiy (1991):
Petterson et | NEYE 0. £o198nikP t336-AAGUISPA}111 Bye hawedag 5
and 3 fIankiﬁ%hﬁgﬁé?%g§ytggigkcfg%d&gnggpgfopriatecigfectable mar ker, such
a vector can be reconbined in vivo in yeast to replace the human CY2 gene
on yH C. A YAC engineered in t;@%ﬁ%@y weulrgher ebaiei rgaact all of 20 the VH,
D;, J,;,, C, and C3 of yH C,"but wou ave a chineric CH gene: the nouse
S~. .~ elenddts woul d conthel PERBERE AFVIENGrhHUMEMN YYM Ee t FECRERSt r eam
human CH codi nge pEAHEACES. abByvRNBYNSRARAMIJIENN die hupBar G2 eding 29
sequences, including al o? the eXxons for the secreted and nenbrane-bound
fornms of the Cinyepbiare Erphagesiby n@Fothdiah A als gaRPleCthis way,

t he human SY2 sequences control CSR fromC' to the downstream C' gene. It
is known that the hSg2 sequences are stable in yH C 30 while other human S
sequences, sone of which have | onger tandem arrays of S repeats may be | ess
stable. It is also known that CSR in transgenic mce with the - 29. human
CY2 gene is efficient and generates high serumlevels of human |Ig& and

Y - e Al o



5 stability and in vivo response to antigen chall enge whil e engi neering CSR
to occur to another isotype, e.g., either Cyl or CY9. To acconplish this, a
vector with the follow ng el ements woul d be constructed: 5 honol ogy

| ocat ed between human SY2 and the human Cy2 10 coding exon 1, a human CH
gene other than CY2, the nouse 3' enhancer, a yeast sel ectable marker, and
3" targeting honology in the YAC arm for exanple. Such a vector would be
introduced into yeasts carrying yH C and hgrgeted reconbi nants woul d be

sel ected and 15 screened. It should be undérstood that in these exanples
many variations can be created be one skilled in the art and that these
exanpl es are not neant to indicate that these are the only neans to achi eve

the end of a transgenic .npuse Vi | CSs iven by 20 heterol ogous S
regi ons. THE ﬁéﬁ%ié%qg—bﬁéh«iégéq%l ck%%f%% ?%P%gr%@F{b%$3%§h Feis
regul atory el esBit@dariesding 110 hesedns@yt deikeani & 86 borwOSR adbe

requirenment for iEnH.as been, nenti pned. K 25. Al sg, an_enhancer required for
expressi on of VASFNEL e A% 4354 Rt 1M hypot hakprarerbioredet ween t he

3" inverted repaakgehidusen-Siinanthi iiga Bilh £¥onin Thhsi £nbengsel ccophd be
conserved %n ot her, .C, ~ es in the nouse and hunmans and this interval
186 i e];]rﬁ/

shoul d be Pet §eh%d FeHOreHISF Y FYraESHRRROHERE S Bgous

swi tch sequenbesvyl Bhenircht @infdene that NREShes 156n PRarddfgemens) 2182
al., Int. Imunol., 10, pp. 1027-1037 (19985]. Al so

(1996) : Cunni.ngham et _ ol .., p. . { :
inportant is &Y Ilé(g}ié’?“ad“f HHMEIREIRP R 1R iy cah gbheot ntivdudes shadhunans.
In the nouse tBetdBekb regi on downstream of Ca contains 5 four enhancer

el enents, hal |l marks of which are Dnase | hypersensitive sites (HS). These
enhancers arelff 5UMER 2Mugnpgloiyssin healy dohmst r beme 9o 1Msthe (known
in the |iteratdregantg s ARAMSAdON ashiBak) codPc&br 3re@fofa; HS3b 25
kb 3" of Ca; and HS4, ca; 30 kb 3" "10 of Ca: HS1, 2, HS3a, and” HS3b enhance
expr essi on i n9§EEi FEOSETE CEIMRY BRI DI RS canrfedingathe desivedover the

course of B chbbvievalzopeiot yill, iSpaRPRl ¢Nt | Yk &i SPENSAPLen ase thignyEl C YAC
| acks HS4 and ﬁet supports efficient B cell devel opnent in mce. Together,

t hese 15.elen§ PE aracitayneidfiian & 13 b beremecheranseraplion and are
hypot hesi zed t@okgp@,a il @CUS £aMd-UodRat ONs (1) £o45idkhe 1gH locus in
mouse and_bumans. It has been hypothesized that there is sone redundancy of
function P the indiyicuﬁhe}ﬁ?HRQQ%ﬂg'ﬂﬁ?@ﬁﬂ%ﬁﬂ@qﬁ@?EQP@&@i@@%Wabf t hese

el ements may besbeguisr adh fifs GIhal thauah FSln 2-ands HP3auRd,¢ separately

di spensable CSR [See J.P. Manis et al., J.” Exp. Med. 188:1421-1431 (1998)].
HS1,2 (3'E) wa¥THReIORL il stisher sthadharcansoenef thr < serefansedsl, 2
sites and seqeRBEASHRAMD! GO Se ldd FOISEN Stitmbh Sl g S8 &Sy § Oind
transcription_factors such as AP-1 can be isolated on a 900 by Stu-T

fragment. [DatitgPtcRhéimlociE@f the frapggeniomopphunamoenipal (ane1):
Genbank agoesshapt#¥82&6]so a3 the3Gid find hei fouseahso & i @at ed opposite to
the 3'E of the rat, suggesting that |ike other enhancers, its function is

ori entation i REBHERABA SHYRFRNQUS thRAYY Phaki Peenchaingy Emown to have
posi tion depepdent cagiiriy Yo b anRANGa3d BRSCE | PEhOMARI RIS ecti vel y when
positioned further fromthe pronoter. Gene, 136, pp. 349-353 (1993). It is
known that a ZTRBSZBARF-S iyt ehGomsasi$ng the 900 5 by Stul fragment

Wi th HS1,2, positioned 3y eindthehyEHeG02. @ede neant SPRSFdv LeRs apd hi gh
| evel expression of Ig& in transgenic mce [ See Mendez et al., Nature

Genetics 48: 14BF 8367 A19EA NumpTe IAREIQT AP WM ReFBACHA BIOERANEPERS i nto
10 tree nouseth@ll 3ncbERLanAlRaatm fdrdsst SWdLEhh NG £ S8Ry | 96,4 89t Ypes
(lg&Ra, 19gG3, 1g&b) and | ower expression of others (19gd, JgAX. Curiously,
the promoter 8Rd3i 8§SdEmcesstt igne din® WRRSIARRT ehethdntrvenbiobhe LCR
the PGK-drivepoRyphassizomgd @@d&@tideﬁl@pam regutiad eshRand Gadn be
up-regul ated in activated F, cells [J. P. Manis et al., J. Exp. Med.

188: 1421- 1431°% hoogn] chpappsang VAC staarsigenest che2 gt ngrem [Bhgafirst

expr essi 0oggCofis rigeR: t GoRstd LYE: Por r , With
construct 3 ZOES§§E2gjaqeanggt?ﬁE§%§E§gJB'E(%é%g%%ﬁgfgﬁ%%éf9%%£§§ Stul),
it may be advaAfH§eodsSTHd mEmcethOUIVAGE @ hhtsemvent igengataedi bhe the ES
cel | genome webRsEaREOMAMn IRy Lft hlfu 2 T-OR! ciponsigues . Thiscgan be

acconpl i shed by PCR using prirers for [i-gal, or by 25 Southern blots
probed with thEaPFYIGRE Sg&fe thavioNneatdBULl N INMENBRANENEXONS oD Br ns  of
each TgH i sotype and cl ass, secreted (s) and nenbrane (m, can be nmade by a
Bcell. Ig(s) and Ig(n) are synthesized through alternative 30 splicing of

| gH transcripts. Two nmenbrane exons lie 2 kb downstream of the CH3 exon of
each human 1gG gene.



- 32 Encoded by the nenbrane exons are a hydrophobi c transnmenbrane
sequence and a short approximately 3 amno acid cytoplasmc tail.
Alternative splicing fromCH3 to the first nenbrane exon results in
menbrane 5 bound 1gG The nenbrane bound Ig interacts with other proteins
in the Bcell, e.g., lga, Ig~i and CD45, anong others, to forma conpl ex
called the B cell receptor (BCR) that is capabl e~of signal transduction.

Bi ndi ng of antigen by the V region of the |gG displ ayed in the 10

extracel lul ar environnent, e.g., solublmelst -on antigen presenting cells,

can lead to signal transductl on. This signal transduction by the BCR Ieads
to activatior_ of the B cells and ultimately efficient affinity maturation
and germnal center formation in the 15 secondary inmune _response.

Addi tional | y,f4AgiEme b eperglehvbyinked tg endt Ré BeRakRdy dad to

i nternal i zat'l%tﬁ@cemagle& ead Ar eae@ft%'n%@ %neeta' genelfiagment s by MHC
nol ecul es for presentation to | per cel Clearly, efficient 20 assenbly
of a functi orfB9TBIR | s $@t@|@@dlte@nah épflﬁ@ﬁ@ﬁt rgaoiledr ¥ egn@ndecondar y

i Mune r espon§, I€e Hu PE NG LEX A0S aRBY- ARk A6 well with

t he ot her corrpor‘F nt seof e ‘ggli gg t?lr}g ?‘n g chlorreﬁtlac g@ﬁ%ﬁat may not
signal as %®f fcrq,dlermwe@zselzsl tﬁlaerefint heencgpetaGt Plegichkeostingl ., J.

| munol og. Mathads, + 249, 1531161298 ey ¢ oNsy. Cty Wi th
of the hunman exons encodcl) ?ﬁeysgééeggdkgné %errb;&anegfgolr%rrs%ofa% )i was
inserted intds heotmmemalgmaasecqsaiedhwaﬁm are.of a h@nnm@SJ@aQEZa exons
were 30 repl age( ot in S (YRS r control of
t he nouse Sy2a regl ongé%ulltlner?ﬁ EE%EgI%g%f %nfg)&g% J- &ggﬁl Itgtg

expressed at fewedsing-DB figgrehsssgnthapnstesd Ir@@@nammntgers speci fic
MDS wer g not, ;E@P%(f%eﬂln@&fstoaétch‘i%%tc ofheS h%‘ﬁ@atn“ﬂz' %% e'nﬁ% ik the mouse
Sy2a di d occur I'nmuner esponse was conp . %6t nat i vel Y,
exons codi ng51frorOI$@c<£leb@dlmarxanoInghIea\me@énomlseCtHeo m@rmlsmeom%/tdwe exons
encodi ng the e ~Thi onstruct produceda chineric

| gGL heavy C;ggiﬂg%ﬂ%%ﬁg{%géﬁggggghg%& nt eccihuman exons for secretedl gd
but with the downstreaninotse heabsgeaesxodstientiastentGoass tw tatri-ngwoul d
have been dri t egi.on Mould be nouse
v- human Y1 Cl—i}/@%f—%&/ Qﬁ{r&/ﬁ(rg‘%&l fa S’hlﬁg {g,re;r!r‘)?;s}gce%ﬁll cnﬁ}g)e gfthe serum

| evel sof mmf@e&emerepequesateant ¢heogse sitg@t ineigmmelatding: ni ce. Thus,
the nousel5Syl, rive e C 1, swickchi

menbr ane exongs ﬁnctlf%n&flle E%B(&Ilg%?'gc thglh%urlrlarg)(r%l %%é%&ﬁ{exons The
authors did rnoeffx@stmherm@eséoswprt@@umlgewmmﬂnagtém sgediefd comibs. As

inthe previo SLLLC e ti ag 'Q%q Y} een . chineric:
nouse VDJ fu#@ﬁ%ﬁaﬁgy fla{l]Eeﬁ gg%hg%glé}:} et e?%%ormg{‘ r}rrgjnea(,}t/ﬁ éFven
these resul t sgammai ntdpbaser epshdman cOvistaxdngeadsdi-ng oteh the secreted
and nenbrane nc n rg}m] QOH | ocus 25
(v, D, 2%1 g&é%i) %/O?ggfggs th %H})r?cét}.{ oryr% Sl,ldgfc))pfsl rr@al ecause of

i neffici ent asarndt ¥ @Wlthb negbrane- li@un@ﬂmmﬂ&;@]@dw\hmilmrémi afully
functional BGCR, e.;pref epl agg :

menbr ane exons V\n%wfﬁinose ¥8$n é%ot%hglr % |g¥sagltm3r/|5ea knom%&fo ssenb%/rled
efficiently ithe buhamctonabbknBCRegSveh coxddmsy megniend] wheades rfouse CY1
exons or othe i ne €4€ t tivel y,. the human Cy2

menbr ane exonéalm{lélg %lec %Egg{‘@gd tég %rtlg?ﬂto%re%-dré4 IV\l?el in the BCR of the
nmouse bec?eﬁus@azhelMeh@k/buserezehaedhlegwoldemre:,oftr@drmred;euge{ﬁan@e

&2 monbr ane Liont Loir A B O ae R Eanar e SS9 WS o G

exons. The seYence for the nmenbrane exons is known (X52897 for hyI

AB006775 for hy2). VECT 8‘?@@ 1, t
vector is 10 generated gcj rntro gg%&ngédy e%@% eé;onnqsralén e yHI C

YAC. The sequemtechbfradionf ahbe themmonGHbEnEH egsi ameldodsng rftergjm’and

f I anki ng i S allable See J. W El |ISO ds Res
1379071 4000 {hoabgnes SErpEEEsty the moprandia st el a

79: 1989- 1985 ¥4 DB82) fr&n iaduhia.mah a:bnstlﬁmﬂ:l e:lecgm dsf Re. c$1ffélr4er1t779 I 789
(1986); J. Elis net 1- dIS S ich are
her eby |ncorp%)sr'°€ 1(’qi‘lﬂa‘relftérento]nsjt ]% resrf |c‘%<%(§)n tgl t(ejie }[/\% be
mapped el ect r;mneﬁerrgdaemlbaduaegebl rt@eZ(éame‘cImrrdgmdzre tomsthwedred. One such
vector would contain 5 honol ogy upstream of human CY2 CH exon, an
expression construct for a positive/negative sel ectable marker in yeast
(URA3), a direct repeat of the 5 targeting honol ogy, sequence cont ai ni ng

t he human Cyl

al |



25 exons CH1-CH3, and 3' targeting honol ogy. This vector woul d be
transfected into yeasts carrying yH C and honol ogous reconbi nants
positively selected on plate | acking uracil and then screened by Southern
bl ot hybridization or PCRto test for the | oss of human Cy2 30 CH1-CH3
.exons and the concomtant gain of human CY1l CHl-CH3. Once identified, the
del etion of the URA3 - 35 gene can be selected with 5 -florouracil. Such
| oss woul d be expected to occur at high frequency (10" 4-10'S) because of
efficient intra-chronosomal reconbi natioid4between direct repeat sequences
in yeast. Deletion of 5 the URA3 gene restores a fully human IgHin a
configuration functional for class switch reconbinati on and the expression
of antibodies. Itlis obvious that there are other strategies for

acconpl i shi ngautr- 2ngvheehi nggishsandt hbeecony the thiEaisn awdinengi neer

10 ot her huna o] Shyman I . CRE- LOX
MEDI ATED CLA éﬁﬁﬁﬁiﬁ%ﬁ?ﬁhgs%ﬁgﬁgggtgggtghgglF%&gltﬁg té%%é%e i nsertion
of DNA into preeflefieddesbodsnederi aetranoged® Bflﬁhﬁ(ﬂﬂﬂﬁntxﬁn t he CRE

(5 “Sauer ot SrTNGF oF PR g obfhET2 R LER0TRaIE TS MR OO S e

Proc. Natl|5 Agaana-Stior USAmaBanﬁmE 7900n61882) regioR Zmﬂmg al . Cr ~r rent

Biol., 4:1099-1103 199 o T TAT AGC
ATA CAT TAT R%S TTA p?é&égilh)gﬁbg %%%Fg%%n Qrg’ﬁogelﬁhéi%%d the DNA of a
yH YAC. The s@qmem@ene51poth2|gﬁém 3AC0brthhe3>&KhNéﬂKhd repeat of the

the OHl exon 26 of the GBWACErbafl B gEneroetg et L IR e He can b
e exon 0 e am &né : e can be
inserted diretiéyinhnentibe &éﬁprnaeboanhu@ansnmaamdgnuﬁe(HWltheast, or it
can be incorporated into_a larger targetin vector t ones

descri be?il(garﬁf?%lro?naf1 i 8 88@88 SPPSEQ ;t &S csglgzci %m?ﬂg’ 30 site
into such Y%(hh@f@fmlﬁnevewﬂﬂth rbb&ohomﬁdsmh@4mnmﬁnaneﬂexmhmeﬁfomha PCR
primer used for f tar etin '
targeting honﬁ?%ﬁgg t) ¥882°8ecloﬁl%8fgt 8§9S™H a(fl i ornunbltce}g%/ %Iaem(lgl gar?ae%l in
vitro. As hon@b@gbuﬁtreegmbnnasbmgpbeawdemh%Isnd%em&dﬁnamsthEntation
dependent, it_is,inportan ote th rle the first
loxP site is fﬁ%b??eﬁ‘?ﬂfoafﬁe@§ﬂa.al l?ﬁ% secon qﬂﬁ%% a p asni d vect or
for |nserIBontﬁénﬁ@enabtefnahev&n@¥ng&ma|aiayamayn¢nmp#ﬁseh@ Ioamanof this
Site to enabl SONREOPREFBARELLER: TPAe e Aecer ANma NG Tae i Te i
the sane 5 3co@£n@nkagmeﬂtawhemehhetMAC5MMﬂdhmmnbinntiﬁefIMmUQBEream(ﬁ

CH1, correspond lox _P.insertion upstreamof th on the
YAC, and 15 cbﬁ??gﬂ?hQEFﬁ 88 ﬁg E6R F E&aﬁ%ﬁ%?qwexo > H1® %f?ﬁ he CH

exon splice ageephQr ikbotgptk, ahﬁrmhghm@mhnmmeﬁnnmﬁtamm pegyameaybasion site
3" of the,second ?enbrani ex%g For %§3 an approximately 7 kb Hind I
fragment 9011 2EaptaP8 T &f A& DNA for all 20 human Cg genes.

Al ternatively, only thei@Ha- ﬁﬁafexm@@ iemtlogdinegn appriopr sat ecB' séghahs for
transcription_and_ translation (untransl|ated,region vad jon site)
coul d be usedan B%ﬂgFﬁPg il Qgtﬁée Engéﬂqﬁﬁéncﬁaﬁﬁé %ﬁggx%ggggrogate
possi bl e readrthiengh uhapaatupmuamJyQ@n@ﬁﬂﬂﬁﬁdﬂnmhndxmﬂstsipthena

term nat or sequence can,be appended downstream of t g n the
vector. To fatlf FatEeQéPECFB PRTS Nt S € a r%&p?e cassette

for a selgst a@bﬁmgazkebnsuehtase@ummaeidﬂ tire hyegr oeyed ncamythmtappended
downstream of the CH

ce hybridomas are eneratﬁg fro %%g_
t ransgenic nnE?ngBngPHS Fﬁg HY &n & SRfieet edt wf t ATRE PROP site,
CRE- | ox nedianecehasantwmbqhbng cam pref¥krdie émshidtdehyscotheansfecting,
e.g., by electroporation or t he irc | ari eg j.nsertion vector,
and either pufff éﬂeéﬁElFeEBﬁb %&@é &g§ %rqggéég %éfor. I'n
c0-transfect ed cells, CRE Whltheedieat®Griaiger tawp of the fioveyofhiggene
into the locus, where it
30 transgenes of the invention comprise a plurality of
different human VH genes. In a preferred embodiment,
the transgene comprises at least 50% of the human

germline VH genes. In another embodiment, the



woul d be transcribed and spliced in cis to the upstream VHDIH encodi ng t he
desired mAb specificity. The transcriptional term nator would preclude run
on transcription into the downstream CH gene. |If the 10 vector has a

sel ect abl e marker, then transfected hybridomas can be selected with the
appropriate drug, and then pools or individual clones screened by ELISA for
mAbs of the desired novel isotype. If the vector |acks a sel ectable marker,
then pools of transfected 15 hybridomas_cay be screened by ELISA and

hybri domas producing the desired i sotype can be subcl oned fromthe pool. If
t he repl acenent CH gene encodes nenbrane bound IgH al so, then the

hybri domas can be screened and sorted by flow cytonetry. 20 In sone

| nstances, '%P@Ms??n@r%bi‘%%ﬁt QAPAISESS 40y T d ALEN LR 0L Wpes of a
singl e anti genspeclrfic , W th one 1sotype having one activity, such as
ADCC or CM., @emeshe Breéerabdtypdheadidansadiectampfises i on, ldagt vig h

i dentical antj i i sti ¢ i tope specificity
and affinity.agﬁﬁgpggglHggéﬁd%gegghegévedhﬁﬁ:ﬁ%f éf ? ﬁ%nrng t he

vari abl e regibnsna@enhechmavysebammamﬂhﬂmqﬁnhumﬁnrVHumbgimm dlirecti onal |y
linking th e optLate tant. re tr.ansfection
30 into ce I gmégppggggt?éﬁﬁéfl%%%% Iq*éﬁﬁﬁber % %Ed%ygs18§% be | abor
and tinme intehsamegenbteomaruwebya rsivsli frige dtdret CRERD @x ¢ﬁo@eﬁﬁeﬂasmrrbed -
38 above, o o] nti b c b fficiently class ched in
vivo in the hy% %I a%bugets tregl?ér‘fsq{ﬁn q-fre?rgéo% ng J‘rr%us Srf]r%u are
described 5 aﬂd¢odlnglatzédaberérm.JEBudhéfbma@trfame¢1©Dbﬂ Stumainn The D
strain of mc hat duce ctron endogenous nouse |g.
In preferred e gﬁﬁﬁﬁ ﬁ%BE gid ? %%Vnm9§%éﬁsse1%§1 |V%E% ouse J,, 10
regi on andOanw1hhoutvaakdngouaeoCmouﬂynm1juﬂmixmmmlrdeermutw dhis strain
i s discussed exte sivel sewhere. For exa t he techni s utilized
for generatioﬁo%? %ﬁem ¥ g&?&rﬁ eﬁgﬁsdesdrriggﬁi ?Qﬁr Wﬁbﬁ%ﬁ ®1Hat ent
Appl i cation Seheahuiber 0%/ HG6AQ0%H fgdrexk 1in Jdneat yar@qged®90s 07/ 610, 515,
filed Novenber 1990 7/ 919,297, fil.ed July. 29 1 92,.08/031,801, filed
Ve oh 16, 1909 PBAF 193 8, BFOPBTCARfuAe Y SHoPT GRS, S45L 11 1ed Apr i
28, 1994, 08/32dnI52iohi bé&daCetidbert e 1896e Sae al 'snarEsrgapeanndﬁaient No. ,
EP 0 20 9 1 u ed June 12, 1996, International Patent
Applrcatrgﬁ hé nE%QPSR%O%E%ZQrS 9% hed February 3, 1994, International

Pat ent Applrcatron No. , AV ra6sg40e6 o foulile shederiabefudiet 996, and PCT
Application .mPgTéUSQSIO%%28e frledr%§(ﬁ§grl 29 199g ;he fi cl osures of
each of the abdUBI¢rERdpAPERFCard ERC HopI R et THRREdr 2 he es@e

i ncor por at ed bynsebetemegion Qbaeromntaxn@ng[1henmmmfmm§msseaswemqh

i mature B-ce evelo ment roduce nat re B-cells, only
pro-B-cells. %%Qggﬂ 30 andnfaﬁggg?ﬁyeﬁ¥l qﬁ? 18%n %%ceﬁ8§3¢§%
(1998)]. 20- 3Pprxennbbede D. Stmw mdﬁﬁanhgnanoﬁohbermatlmﬂ and anal ysi s
of the Xenowbggginfggrardnu%% :a§%£dé]é§%6%# |n (}ﬁhg ot al ., Nature

Ceneti cs, 94) ~'Such mice produce e 1g ant i bodi es
agai nst a DI é&abhkgreunds iheappmexﬂmaﬂaﬂyrﬁnkWeﬁb@i@nlbffﬂhetmmmum@en

conpared to t Dl rain of whi,gh hav le to - C

devel opnent . %ﬁP?EC§% usénF %ﬁﬁﬁréé(ﬁégf%e d%ﬂ%? gﬁz%%bf% i mmune
response to aanbghakcembauhmnge ttines mruhqgemhuﬁmcﬂmdésE%helmsums only

20- 250 of mce and .t hey possessed a |linted response to antigens.
Bot h characterr%%rcg 835 ggc é ‘related to their limted V-gene
repertoire. L6 Strain 15nTbaot&enraﬁpedS,ajnmmmwembdunipgohudaﬂ | gk

anti bodi es agali back round dogenous. nous nmce. contain
an inserted hﬂﬁgﬁoﬁgagércﬁ5 Y51 ¢ a ge‘¥Eﬂg%%h%nn%%p%gm??gﬁ?l%%%fn The
L6 strain is génehat edvehtdovgh b#ﬁmmhndynﬁ oo nblus emedbhdads ni ag a 20 heavy

chain insert ag ainst a d R e inactivated bdgaground (Lgk% agd a_nopuse
havi ng a kappﬁ FPERE2BAG N PIRSEr TR GE ORI LA 82 Y Rate T Vat BERRASRYF ound
(L6L). ThBOheasylﬁhabdubeﬁeﬁhtOOMMHfﬁﬁrmﬂantaﬁta non-human animal

to produce a transgenic non-human animal having the
transgene in its somatic and germ cells. Breeding of

the human heavy chain transgenic animals with



approximately 970 kb human DNA insert froma YAC 25 contai ni ng

approxi mately 66 VH segnents, starting at VN 6-1 and ending at V~ 3-65, and
i ncluding the major D gene clusters (approximately 32), JH genes (6), the

i ntroni c enhancer (En), Cu, and through about 25 kb past Cb, in germine
.configuration. The light chain 30 insert, yK2, conprises an intact

approxi mately 800 kb human DNA insert froma YAC which contai ns - 40
approximately 32 VK genes starting at VK g3 and ending at VX-oPl, The 800
kb insert contains a deletion of approxinmefety 100 kb starting ~at VK LP-13
and endi ng at VK-Lp-5~ However, the DNA is in germine configuration 5 from
VX Lp Ilg to 100 kb past VK oP-1, and al so contains the JK genes, the
intronic and 3' enhancers, the constant C, gene, and Kde. [Mendez et al.,
Nat ure Genet ' ce@n9%enhp neRshunen aodmalls pemtedmigre 2 8mErce exhi bit'
predom nant ex@fessdP8bA1 iAUNREHkaRRE ik ¢ht cha ge popul ation of
mat ure B-cel | s, andgnpr mal Ievgl s of .'Il'gM< ,hu%ggra]éﬂz;én I Ocj)cgféeegs.r [Green and
Jakobovits, Jraxggentd. nonghumgp. angsadsgs cordgg)iingkendMouse Hdanst r ai n:
The XenoMouse-Hd#n M £8nE5§RLESERE o .gener.gtion XenoMause"' strains
equi pped with germine cgnfi gur ai_cfl%n?%ggeé%al%& gdlrf?ec? hrillt3’)“1%rnai_’lrg1 :\%qﬁ'gci , agai nst
a DI backgt offtBiBuehaRpgenehe Biltbetoodother edisoerfaritidranal  endogenous
it 20 addi {1 rel o TRAIRAEREYS Gare L T 4% S I (AT oh and
regul atory sapieitesinadtivetadubeasy enkgeeerl lightcichaithd adiceccontai n an
oet - uhi ch T tas the. e edRrEopep SRt st bl g SBficsT denes.

i ncl udi ng hedil ehdiemgenest {hpprorhdatel ynéapddleand kappadightarchai n
genes (apRy oddm &l Yo YK 4 an heavy constant region genes (u, b, and
y) and kappa cons an? regﬂﬁbggggs (C ;) , and all of the major identified
regul atory el ements. ThEseoB® anmbedhmestheen tshowyeane adcass the ful

spect rum of t; i abl j ted into thei.r nome, - 41
Fgrther nor e, lthﬁ’eé;%e%((ﬁr?blf% gﬁ??g{ig%g&g?égg %\?\n £ |rﬁ'§’n&ﬁ:d% tiES)

hyper nut at i orselpr edohemahs ekpnesssentetl huten akayipas toioghtt .chaie, a | arge
popul ati on of,nat I r | evel.s .of. | and | g& hu 5
anti bodi es. Such ﬂnqcﬁye&rrﬁﬁ%?h aégl?ggrgoggh%ugéﬁtgﬁtnil (983; e éﬁ‘%@eﬁ)@ %nti pl e
i munogeR®, ithd ddivepbiemni $ LtBenhawrg i EGE lve depteart edEGHRL, tavad human

tunor necrosig -a) i el ieldi antigen-specific fully
human mAbs vviLfth sui)ggnfaﬂ%}%:\}g?ga?%{%t:ggémaéfh%ég 0] Ol%gs?te rae%g‘llf“eg&ﬁcl usi vel y
denonst r at es IRATEMILER' animsl an Bieethéntriounaenidr isapiréd s@ ati on of

hi gh af finity,duldy, h LG agai nst _a broad spectrum of
antigens with ar?y d.egS| re s%eg%#g%{%%gl@b\%fl I%%ﬁe%écsarsgginzft &t 1“% t he
above 15 i nt Aedigattiiom theodedodbusetrbnsyeain, appeahsman andemgo mat ure
B-cel | deyel epRAE! %gpﬂgt I Lt-human- i ke i ne responses to
anti genic chall egl;ge._ The L6 %I?(?\Q%lkgl ggggﬁpggr%t?&nﬁﬁgeFb%taﬁ?rsé’e@-ecel I
devel opnent . Ofhdmexeiomnisieoon | Atcardsngay20anduketey disbeetent B+eel |

devel opnment prefd 18 d = OM Ng his difference, it appears that
the quantity and nco.rrp e%%%%?%/a%\% |55§85Fé§n§eau§ﬁgg§g.eﬁﬁ 8%u§§t§ into
the ani mal s angeadsant iand ton-heunaniugninal ef hBvdiekl thet trahisgenandn

devel opnment angd 2 ratio an adult-human-1ike i mrune response.
Thus, in addi t%gn%t%@?h%eifr%%seeﬁ?l ity to generate hunman anti bodi es, the
strai ns BPovi de a val uabl esttiobl dwotlséundyspgcthetpeoduothoioand function of
human anti bodj N e ] ne response, as .l .as 3 he abnor nal
response chagggﬁéﬁ%s% ihac r&(;l:‘iotr}g%% o#%%%?%gﬁgeﬁéﬁg Sﬁéplg%ogﬂg}é’. - 42
Vari abl e Reghuman @udrithdditdseoDi vedsstyedt isstppedihtedatrbakpthe fic
specificity ant. J s i L. abilit 0_generate ant|{bodies to a
wi de spectru%ggf %gln%?lgeeliergnodteiin#eegﬁe?g %tnmﬁ)‘(dtrg%ﬁggfFuﬁPBFhPﬁ‘GE‘pendent
epi t opes t heradmpli © fdapendententpom t heAvasiabhhe regthe gemBsdpnat he heavy

chain (VK) a dight chain (\V no The human heavy chai n genone
i ncl udesggpprleg?h%%t%gllyc gg?r\/ Lﬁ‘éa%sarﬁm%ﬁi%EEQEeaFEVFg%&PPOﬁSI genes whi ch
encode. vari abhéat@edegiidns af drhei demear heavy¥rebai onakri kBHAQEkBRAY! i N

nol ecul es. | di.tion, the human |ight chain geno i ncl udes approxi mately
40 VK genes glﬁgfqt 'sl%f)jr 58 e é?ﬁ]o%lfc%ﬁ%ho 523y gnftbgg?b’oﬁé{l thRi B encode

vari abl e regreiddsobft ihehumemKappaidighd £ £haiaypf £B1ignuagghebul in

nol ecul es. W& have denonstrated that the specificity of antibodies can be
enhanced t hrough the inclusion of a plurality of genes encoding vari abl e
| i ght and heavy chai ns.



Provided in accordance with the present 20 invention are transgenic mce
havi ng a substantial portion of the human I g | ocus, preferably including
both a human heavy chain | ocus and a human kappa |ight chain locus. In
preferred enbodi nents, therefore, greater than 100 of the human VH and VK
.genes are 25 utilized. More preferably, greater than about 200, 30~, 40 O,
50%, 60 O, or even 70 O or greater of V,, and Vt genes are utilized. In a
preferred enbodi nent, heavy and |ight chﬁkp constructs that include 32
genes fromthe proxi mal region of the humah Vx light chain genome 30 and/or
66 genes fromthe V' portion of the human IgH | ocus, respectively, are
utilized. As will be appreciated, genes may be included either
sequentially, i.e., in the order found in the hunman genone, or out of -
93 sequence, @RtdgentPgR1EAGAPSIREAILRaR Tt FRE FEFIT 5% 104 YFm&a? yenone,
or a conbi natjoncpheeeetd Fres thy wavoe sexarpl @f aheenidargigerseguenti al
portion of either the human VH or human VK region of the |locus can 5 be
utilized, or RaRTBUBAY.38A8&Li-n either the V~; or Vx genone can be ski pped

whi | e maintaining an ovglgkl-naegyent abcabranagment thel mé GRS o t hi n
either the V. or VK genone can be reordered, and the like. In a preferred

embodi ment 5t bee ebpveRthaman thecANELEORY PHOENCARY B 195 Lo rd@ Fénome in
substanti al | yh%ﬁzgktés ¢oRfi gUEALNIMAAS ahAURGNoR thumBRst Py A1y nkasss it is
expected and th.e results described herein denonstrate that the inclusion
of a diverse kneey on §BRe&Iftr ofPEhENYHCERG IVROYSN RO AUELILT @Tenhanced
anti body spechfiehbys13.andpubbimetelnibRnenhaneed aatiibody affigdd | es.
Such mce preferably further include the entire human D~, region, the
entire hunman ¥ithegi BAVSR YIS ORGNES LT Ld&es ttan P HOsHIEh A dridP QT
additionahhy Bscegui Rger WhlliofbRer RUEAN EeRSIRMad 0N I ddiR?O
codi ng and generation of "additional isotypés of antibodies. Such isotypes
can incl ude getnesednctdithgse-segretyny MNgh affinidyy Fund’ QWD const ant
regi on encodi S W QR i w tch and regul atory sequences. As
w il be appre%?ggggs a SEggqgféﬁﬁE¥£§?%ﬁ§ 25 nore detail below, a variety of
switch and regul atory sdguendes tdexr BSPRal i A& i YIHER iIRFP A4S any
particular co - [ td i el esdiadicates the

di versity of gﬁ%?g§8§§%o§%?§§%$§ﬁ?gﬁhéghgf%g%égﬁ?ﬁgé”i%PhunansJ 30 based
strictly 8@ rhndymsveD Syosi @t a@F@eddifhiateitieon aff tH & g5 - chai ns,

wi t hout consideration o fiT-addidARs @81 alraNS iiferSOMBH iwa Ui Béd Qb event s.
Based on these considerations, there are greater than 7 - 44 x 105

possi bl e ant i bydfheorbiorstsssed of Mnfedsts cPRARA PEId T T 1720t ype. TABLE
1 5 10 15 Reqi ; J NKaRRYY Iy I v onal géd25 Vagh abl e
"V".Functionakggg$§é¥02?§1?§'"DKﬂ?%ﬂ%ﬁ%Fﬂﬂhnoémgﬁd g , ¥

" J" 65Conbi nat PbAagS -6BSPAR(WVX ] Yo YT GHre wgﬁmd%qvﬁsd 1kgovp-Ln (e art.

Conbi nat i . 1 X LCConbi nations) 1In connection with a preferred enbodi nent
of the invention, through the inclusion ef about 34 functional VH genes and
18 functional VK genes in a nouse with a 20 full conplenent of D', J", and
JK genes, the possible diversity of antibody production is on the order of
4.2 X 105 different antibodies. As before, such calcul ation does not take
into account N-addition or somatic mutation events. Therefore, it wll be
appreciated 25 that mce in accordance wth the invention, such as the L6
and the XenoMouse Il strains, offer substantial antibody diversity. In
preferred enbodi nents, mice are designed to have the capability of
produci ng greater than 2 X 105 different heavy chain V-D-J conbinations



- 45 and kappa light chain V-J conbinations, w thout accounting for
N-additions or somatic nmutation events. Variable Region - Qualitative
Diversity In addition to quantitative diversity, 5 quantitative sel ection
of V-genes (i.e., large nunbers of diverse V-genes) and/or qualitative
.selection of V-genes (i.e., selection of particular V-genes) appears to
play a role in what we refer to herein as "qualitative diversity."
Qualitative diversity, as used 10 hereimgrefers to diversity in V-D-J
rearrangenents wherein functional diversity and/or somatic nutation ever_ts
are introduced. During heavy chain rearrang2nmsnt, certain enzynes (RAG 1,
RAG 2, and possibly others) are responsible for the cutting of she. 15 DNA

representing the coding ﬂ?ﬁ@[ﬁ%%Rf%ﬁl@@tép%E ISResTNEEr M nal
deoxynucl eoti dyl transf Tvity, rch is responsible for
N-term nal aBigurend é6 auskéemiadds ldepisddorhe fv-heandls ryendiRwns i s
up-regul ated. Sim,Lar.enz s .an t hers | 0 r DNA repair
enzymes) are‘?Esgghgpﬁlée%gr F%gq eFg%ﬂoﬁ%ggngﬁgﬁgﬁicG§gﬂ§%'the junctions
of these codFpgusegaeitsa suhemadial ddipiertdicry afeftéres il Goidd N#EELi ti on
events and formation, qf .the _conpl enentarit termning region 3 (CDR3) .
As Wi ll be aMBPEEiQF@&FlféaéDﬁ@ﬁQ?Q?%%ﬁ%dﬁgggass the D region and incl udes
the V-D and Bidubunst ienal sereiaticTienidtiaddidl anse aymiicdededi ons during
both D-J rearrangenent and ViDvrearrgﬂggnent are {es onsi bl e for CDR3
diversity. THEGE{OAcYESSH adifvidrisiidl GreamaPMES0' MG i ti ons and CDR3

addi tions playqarel qan o @l & GRYWRIGRI MMt ikadw spac fygid yand - 46 In
accordance mntﬁ the invention, rearranged V-D-J gene sequences show

N-addi tion | gHEEKE Wieas tarce tddnisdradh| RN WSGRET etF A RN t - hunman N-addi ti on

| engt hs. [Rur tk ag Ci13eaus ; hhg 5 frame

( ORF) co%Pesggﬁgfﬁgg;g%b%Rﬁgéequengggﬁgﬁ%ﬁﬁgéﬁéhﬁgﬁgﬁﬂgéfﬁg?@are conpar abl e
to expected adutbrbund@VICEBRS IBHYt Heor Sedrafbitt ing i Wil Cafe veHEhagnd
guantitative ﬁgﬁi@%lg.region diversity and/or qualitative variable region
di versity r e¥tPts *f7510 human-1ike functi onal di versity. Such juncti onal

di versity isregpeet &d itld Ustadchttas &hwreoratmstidokeo finthdodyrgpetngicity.

Vari abl e Rect i on- Affiniti ile e h t j vel trated
1 irect calSALoRon SR OF BN N T horbaait Var il H1F L2 on * o

i ncl usi onsangagsti body specificity, it appears, and it is expected that

t hrough providi ng such diversit the ability of .the . nount an

i mmune respoh§8u38 \ﬁ%ﬂ?zﬁéhﬁﬁ%ﬁl%uﬂ%%ﬂﬁ%?i%Pb%ggi%§%8§§ﬁﬁ§0 enhanced.
Addi tional | yyeStiehsm (@7 &apearafmrer ey ppefbt or e 1t thugmeyHeSpbases to a
wi de array of epitopes, upon j.ndividual antigens or inmunogens. From our
data it aIsoygﬁﬁé§r§WQVgﬁQﬂ&%t%ﬁﬁ%m produced in accordance with the

present invemizRReP®s WL HAGRG- A id tdesl y25s SHeEsat Bohss! udes
conpari sons between m ce in accordance with the invention and the XenoMuse

| strai n®0 afumed Widhe oREiRIerAl | Ent3te the’ bublithed results of GenPharm
International and the MRC. Tn connection with the XenoMouse x strains, as
menti oned 30 above, such m ce possessed sub-normal B-cell production and a
only imted response to antigens. Such result appeared related in part to
the limted V-gene - 47 repertoire. Simlarly, results reported by
GenPharm I nternational and the MRC indicate a |imted response to diverse
antigens. Wthout wishing to be bound to any particular 5 theory or node of
operation, of the invention, it would appear that enhanced affinities
appear to result fromthe provision of the | arge nunber and conplexity of V
regions. Fromour data, the provision of greater nunbers and/or selection
of qualities of V-gene 10 sequences, enhances functional diversity
(N-additions and formati on of conplenentarity determning region 3 ("CDR3")
diversity), which is typical of an adult-human-1ike inmune response, and
whi ch play a substantial role in affinity maturation of anti bodies.



15 It may al so be that such antibodies are nore effective and efficient in
somatic nutation events that | ead to enhanced affinities. Each of
functional -diversity and somatic nutation events are di scussed in
additional detail below. 20 Wth respect to affinities, antibody affinity
fates and constants derived through utilization of plural VY and V;~ genes
(i.e., the use of 32 genes on 'the proximal region of the VK light chain
genonme and 66 genes on the V,; portlon of . fhe genone) results in 25
association rates (ka in M1 S ) of great r than about 0.50 X 10-~
preferably greater than 2.00 X 10-6, and nore preferably greater than about
4.00 X 10-E; dissociation rates (kd in S-') of ~greater than about 1.00 X
10-4, preferably greater_t 1 ) nsr- preferably
greater than about 4. 0024 : : n M of
greater than about 1. OOTlilbOin,vemte_foetr adtlga@@att@rnétlﬂ@:n abansgendd X 10-1,
and nore preferab%gpgreater t.han erably,

t
such mice addfPFoRBF PreEuest By &ﬁ%&%ﬁ&%@%&%ﬁ%avy EhELAS

i mmunogl obul i B$. aThiS iiredadedmipeshed it amsefeii €dseahodisentel bsough the
i nactivati on (or. knocki ng ,out) of endogenous hea% and, 5 Ilght chain
enbodi ment 2 k&pPa LEAGRE S &c FIAPIT IR e COHR R | COMRT  24ROntRRoci . For

exanple, in atppekgened .t hentruseReaorthal b Jr & 28t 88 e80nEBHEESChBEN
J-region and. CK-region a.re through utilization of honpl ogous ~n vectors

that repl ace BECHECINS SHENVARITADIST MG PN~ BHEER | 2DEVEL SPRERTI BT cel |

devel opnment '%rb@\é'c&\‘\f%d ful 1 MR laHPISYIEes dF R RE888061980) ypand
Chapters 1-3 of T. Honjo et "al. Irurunogl ohul in Genes (Academ .c  Press

Ltd. i5 San DiBg&eSPATEEOS®) BN @Heaa O | M hRRRaF sinbfobdapeppnic

devel opnenRt, bRGkWdI G Bhaandivkrfieldn | ynphocytes, originate froma conmon
pluripotent stemcell. The |ynphocytes, then, evoI ve froma comon | ynphoi d

progenitor cell. Foll owiTh§ & EaaRefesind | BhARSoeR ber NeR NBIEB) |

initiation shightigahs fof dHomthantdh drl Vé?i"e t@st hgbong FREr gvowhiereoht
remai ns throughout the life of the mamma 1. In the |[ife cycle of a B-cell,

the first genfalfy lyeddginz Miteikasiies so% YR bipre- BSeEVPeRhPEN 25 is found

in the bone ManLQWesSUChE Q%éri}?&%t@.@%‘s@@aﬂf §hahna}«(tt>oéd&@@rrmoenent
but does not yet make protein. The cel] then evolves into a_lar rapi dly

di vi di ng, 1§r edchf-@mertt wifartar aftwtfom%%n%atw eefivigHpd AR lbvéém |

then stops di \i's@'t%esﬂifér@rﬁsos hankdinsergossreh bghbhrchaby¥el to
rearrangenment becom ng a pre-B-cell TI whjich expresses surface I%M whi ch

| eave - 49 achdevg @O\ﬁ%lq%?}tﬁ‘r@@‘é\eﬁ'SEfﬁlﬁgF - of 1£hé SeREFSFRY Li€mmat ur e

B-cel I's conti pyg 0 eyl and ¢ HHaueer suhEgesi EgRoni-ndineat i ve of their
conpl etion of differentiati on and devel opnent as fully nature 5

i mmunoconpet e igedispridradl BEQBITS ardhikecesi aé Br?ﬂrﬁﬂll?y isREYRE spl een.

[ Har dy ang oRoldg1k.ovAMY ﬂﬁﬁdﬁiﬁhtfﬁﬂ wit®4an PEnt182R8906199%eireBal.i nk and
Mel chers, | munol. Lett 54, pp: 157-161 (1996)]. However, it is possible

_to elinminate the delta cl'(ihsct%ﬁfrfégﬁbnt%?td“l'@e§ﬁpp BBESER CRFGRdEShet ent

celI's. B-cell gif s eqdatd onm anchdlevet opaEnt heanohe oWBRigt Akeed iardl or
tracked throughthe use of surface markers: For exanple, the B220 anti gen

i s expressed PSR GIRD dburtiih B mat IR etBe- BBFFE 1Pk 108mpdfitson to 15
pre-B-cells | @ ildwintUsa66d | $rd hep Bs g B220° and

25 Gene regions - the DNA involved in producing

or selecting a particular polypeptide chain; including
promoters, éhhancers, any switch regions preceding a
constant gene as well as upstream and downstream
preceding and following coding regions, and intervening

30 sequences such as introns between coding segments or
exons.

Gene segments - the coding segments in a

multi-exon gene such as an immunoglobulin heavy chain



surface IgM ()Z') can be utilized to determ ne the presence of mature
B-cells. Additionally, cells can be screened for surface I gD expression (b;
). Anot her antigen, heat stable antigen, is expressed by 20 pre-B-cells |
and | ater devel opnental stages. TABLE '2 25 Bone

.Mar r owSpl eenMar ker pro-pre-pre-B-pre-B-cell [1inmmuaturematureB-cellcell
| emerging B- cell B-cel |l B-cel | B220++++++HSA- ++hitop . - - +++~* + * Assum ng
the presence of a functional copy of the Cb gene on the transgene. - 50

Thr ough use of B-cell markers, such as th@&e -nentioned above, devel opnent
and differentiation of B-cells can be nonitored and assessed. W have
previously denonstrated that DI mce 5 (mce that do not undergo heavy
chain V-D-J rearrangenent or |ight chain V-J rearrangenent) do not produce
mat ur e B- cel | sonlsitafrdctyegih. m Eer aexesplat the peoducbromhef

_pre-B-cel | - f : i pher al
Pl osnee. D101 Mecanted hott P8 Fhe TR, SiRbIEIBRE TR hathao s e @

ant i body produetnmen cores tampl eé¢@lynacorsbtds Thgesansegmeunlts ;i SHIgem,i n
m ce that are |y hec?Vé/Hg,hai n inactivated -- B-cell devel opment and
differentiati ot <drfésts ih the bone marrow 15 Qur XenoMbuse | strain
produced functional, sonesimalinatooefBaoebtsonHeweher artrhe gamaber snef

B-cells, in both t.he bone, d i pheral ti , i.gnifi I
" educed r ol atRVETS it G-DpRoR ER0158' PRAGoRermeRt Sobe B homuge 11

strains and LGoutatdicnsgendmexpect edynpasskas akrnstregonpl ete B-cel |
reconstitution. Therefor 1 in cordan e_\/\%th t he i.nventi on, have
denonstrat ed t hat througﬁ—?—%%@%%@?%gi ve'ti hergsi gﬁagf“e&%aﬂft e

i nclusion of 2hvaid ad Byriegaoe UenesuBicel kraidf fer esliiat i gmiand

devel opnent_can be %g\%l% reconstituted. Reconstitution of B-cell

di fferentidfli dfFaemf PEPpeAt FeRFRAYRCEARYvVR off O AnuRgCsySiERse
reconstituti onctifriG8nesad, ol gehks Lg@@?ﬁbi:hgbi QRtigidQ conpares e W ld
type controls. Thus, in preferred enmbodi nents of .the invention, popul ations
of mice havi ng'S&Ssdrtedhimbhl VAR aBF e PNBGTBAE HESSesS Gr&atdr PIunts1 ¢ han
about 50% B- celfag.econstituti on when conpared to popul ations of wild type
m ce. | SOTYPE SW TCH NG BY XENOMOUSE As is discussed in detail herein, as 5
expect ed, XenoMbuse || nkERI&R¥eT b BEEFEFEnPLand Corfe Py & Haghane

swi t chi ng f3 omdua NUwrobsaase8NeneNRAdBEsBY heelyRe,t @ .Ihe tiansdene
encoded gama- 2 isot)épe, As_nmenti oned above, nmice in accordance with the

i nvention can &ddas t3y bamBda| Bﬁ@ﬂeﬁﬂ?ﬁhéﬂﬁeﬂnlé—ah&%'cgﬁst ant regions

for the gener aldcarofopidshéi onak ., | 881 Ypebactueh ailSaryRes cGan i ncl ude genes
encoding Y1, Y2~ Ys~ Yap a, c. 5. and other constant region encodi ng genes.
Alternative cEHFCHRASIREF ot EanCB8bli n¥PEEEd 2SN {EHE L8NS NECHRSSRRS 4T e. |

downst r eam f r graddie: FuHipde flicdbe ¢OBShaNt mERABROAanOkrralftiriRat i vel y, such
ot her constant regions can be iIncluded on_anot her ﬁhrormsoms. It will be

appr eci at edf t HY* A& ch? of HeFUEBASERAL Sy e §RETE 14RE ICRAITRSPh t he sane

chronbsone as fihemdHI©sosRNMEBohAEL BdEag 1t ROLRUARN MU constant region
encodi ng 20 transgene, cis-switching to the_other isotype or isotypes can

be acconplished. On the BiBERIhandYhREFeCsONR SEREMCOSTs AT B on i s

included on a diidifpientteheonpaoRerbEemi theothsaRSOBR L Ftrini ng the nu
constant regi on encodjng transgene, trans-switching to_25 the other isotype
PR O RS /

or isotypes catfREHCRDIPIPSABICEBURR &FF8RgERe R TERFONE™

flexibilitysin the dasigacandtaeastidatihgnagl/Breeufiad thewenaratdon of
antibodies to a wide array of antigens. It will be appreciated that
const ant regi dHs D3P niXRoReBHA SRFPEANEnEergRCaPLYPERTIcIfSes that t hey

are associated with. AllgefethenguehBerdandabyman gRN$hIdedL@PON genes had
been sequenced and publi'shed
searching fcr a specific sequence of cloned DNA in a

library.

30 Sterile transcripts - Transcripts produced

from the Ig loci thought not to be translated into

required somatic gene segment rearrangement or class



- 52 Dby 1989. See Honjo et al. "Constant Regi on Genes of the
I mmunogl obul i n Heavy Chain and the Mol ecul ar Mechani sm of C ass Sw tching
i n I munogl obulin Genes (Honjo et al. eds., Academic Press (1989)), the 5
di scl osure of which is hereby incorporated by reference. For exanple, in U
S. Patent Application Serial No. C7/574,748, the disclosure of which is
her eby incorporated by reference, the cloning of the human gamma- 1
constant region was predicted based on 10 gngmm sequence i nformation from
the prior art. It was set forth that in tﬁ unr earranged, unsw tched gene,
the entire switch region was included in a sequence beginning |l ess than 5
kb fromthe 5 end of the first Yi constant exon. Therefore the switch
region was also 15 included in the 5 _5.3 kb Hndlll_fragmen at was
di scl osed in ENHESh RRCUDLAGET oh ¢ ALR d %e%a{fo%oail?g%gg %i@gz).
Simlarly, TakahReliirei BdM €ebte 2026 e f780f 1882)phe sogeepbinhednkKat the
fragnment disclosed in Ellison containhed %he ﬁmﬁ h seguenﬁechand 20 this
fragment togettH@SAHPTHeCIr FeRBORINYY | 1O 1 BPBari IFPagnEit Rust i ncl ude
all of the seqanGRS dECESEAdYchbe Whecheawytgbai thésotypewsit skihgh
transgene construction. Thus, it will be appreciated that any human 25
constant reyi P FERIXEIEAN be readily incorporated into mce in
accordance with the invepidesr Wt hophaungduecexpensaantat toansfueh aonst ant
regi ons can be associated wth their native switch egu%n es (L.e,, a human
VI, 2) 3, o FeEnsihitNA ehRbA % DRSS RAifeReyny Seplicaredoinrbek
respectively) pdsicande-assoebakhednutt Rosther asuiilebleegquences (i.e., a
human Y~ constant_region with a hupgan, Y smﬁtph%. Various, 3' en ancer .
sequences can inclugle bypkoape [Pf| FIBYTRAER HiTHSGSe (PRAKRRYCSFS 8PC to
name a fewq SidlikaFdtOtNeroeeaukaner ylsequesces aanidisaabe included. As
an alternative to, and/or in addition to, 5 isotype switching in vivo,
B-cel | s can be&eomesBefor secretion of "c:hineric" antibodies. For
exanpl e, the L6 nice, inyadditihenitrocpaodebiBiokuhkey hymas)! gMcashiibadi es,
produce anti bodi es having fTullTy human heayy chain ¥, D, i rﬁgions coupl ed
to nouse consteeltiabes egPBAREIUEHER 4508 GAPMERYSoPIg¥RAES EPIEMOSRBESe
1g@, 2, 3, 4),anch thelbikeneSyekrant kBodesepne chirell yndsebuhtiaintdei r own
right. For exanple, human_constant regions can_be inclyded on the
anti bodi esl® hriougyeash GPLES LBoMyFe -swCERtnG -EBERNSqdESREE Sknown in the
15 art. Alternathvedierandbar alk oddtolisOfeplliagenhs skiquencel( @abpadnd
F(ab') ~ fragnentsé of such anti bodi es can_he g&ﬁ ared which cggﬁgin little
or no mouse coMbt EREORBERSNS YeAS tdSSLESLAL 18n8E KoM HBSt VSN dal® f act or
?_0 to antibody,pfedugli gr:igsnspecirkipliilkttiona atels iska@ cantilgemaarkeapi t ope
on an antigen. Cass of the antibody, thereafter, b S inportant .
according to tFertRephpeationngad Selegthon Qdr dde %ﬁ&f%FﬁggghéVgﬁbdffc
i ndex of apganbibedyibe ephanceddiyts2oMuevitdi ng d dpartt 2X00CAKH sy e or
cl ass? Consideration of that question raises |issues of conplenent fixation
and the like, @hpefdtaBf BeipésiPRE $818G iYéFSof the particul ar class or
i sotype of antibody. Gamra constant regions assist in affinity maturation
of 30 anti bodi es. However, the inclusion of a human gamma constant region
on a transgene i s not reg } 5 mat urati on. Rather, the
process appears i 5;1 kenpiearRd ias a\rl:@{guédlm?mﬁds)mmaaﬂlm gama
constant regions ich are trans-swtched onto the mu encoded transgene.
N PR

EXAMPLE 1 5 YACOVEETERE POR Mg NECY ANGUNEN SEATGR MK

Repl aceﬁenésveﬁ595§a§etsti%regieuimrt heyHPareNtl YAG nel Gdreg eplEee the human
y2 swtch el enment and human CH Y2 exons with the nmurine Y1 mﬁtqg el enent
%ﬁeriéaspr

and 10 either ©RBERaKARNORNeXHAE A5Gt Hdmgh &y 4 Pt ed
(Figures 1). TRe ¥e¢HaKS [\g%reepgﬁgiegzn?ette%la% REsAShed Bat pMiSiu4 (Figure
cte

5) . The vectors were constru using a | ow copy nunber cloning vector
known as pACYC1I%95Thi Bleweetzore tpAQY.C1 Nt srenv@ahebi @151 3r GR ErgP &nd

Bi ol abs, Inc., ly.. MA and the s e i Cﬁﬂﬁg@ ;
sequence databé?ggﬁideprﬁﬁ@ de%§%%§%%f%%ﬂﬁgﬁﬁéﬁpgg%éggn #X %6402. A
| ow copy ngoberneergiliohaledtoatt applsi amsefet U® HFEV2HR2 unwant ed

t del et f the 20.pl.asm in E
Cori | Tho 111 SKUEPER aRe o Sintoru S TR T D EilafY CPAGREE, L0




pPACYC 77 in order to accommpdate the el ements needed for the targeting
vector. The linker contained the following restriction sites:

Nhel - Sal | - Smal 25 Not | - ECORI - Xbal - Sacl - BanmHI . The nucl eoti de sequence of
the linker (SEQ ID NO: 2) is shown below. 5" - cta gtc gac aaa tat tcc ccg
.ggc ggc cgc tta cgt atg aat tca gcg cgc ttc tag aac tcg agt gag 30 ctc -
55 The nucl eoti de sequence of the conplinentary strand of the |inker (SEQ
ID NO: 3) is showmn below. 5 - gat cga get cac tcg agt tct aga agc gcg ctg
aat tca tac gta agc ggc cgc ccg ggg aat-aj4 tgt 5 cga Restriction Enzynes
Unl ess otherwi se stated all restriction enzynes were purchased from New
Engl and Biolabs Ir:c. (Beverly, MA). Furthernore, all restriction:

di gestion 10 conditions were standardi zed according to the foll ow ng

condi tions: M&érﬁﬂfﬁﬁrbﬁﬁa%@ \N%%e@eg%%%dﬂéér?%éﬂetqéné of &@ppropriate
restriction buffer and usin units of .restriction enzyrrefor hour .
Restriction b&eBeRTEr @fs’p'éél RPE§eby th@nsadshadamiedy drnpkedoes| ar
enzynes 15 an ) tign I ct g from
New Engl and B of 2] ﬁﬁ%gsaée?m@s% e e S he 1P Rie Rl er Ty
was di gest ed Wt He¥FBLLPRCLI8RSEASPAOR Nﬁetﬁlﬁamtaetcwfdlaffgdto t he
manuf act ur er i T iAN Y s ligated with
a 22C by f?agﬁ%ﬂr)lgé%lflé‘%%c%%%%i ?goltgt ?yog%%ﬁ%égg%el%g&%% purified using
Genecl ean ki thempaygous forsbathCApactiivatecodess réveikcenl y Such
non-essenti al [ Ct.Qr ) af%;ﬂ: ction
sites. 25 Them%ggt92§egh\?\ggg%)ggl E])?r(r)d lr}gelédh%y%ggftg}ﬁw &8 i{ﬁé
pronoter and @odi dgsBéqiientesrassa riar Becefldr C@Jeélc:tpmnbfllye‘am b,telhdas
containing t 1 fr ft e |n| ng the
pr onot er andmgo]dyfﬁé é‘quE@ﬁC§Z$B9¥g€th%2§§ta %‘om @ﬁ%ﬁé tg ‘%ﬁl | s Qvai | abl e
fromthe AﬁerGeaatil’gzpe Qul ppr. e 1Gel2llectliood ) (ATEG@erc atrad 0 ksbo6¥8I9 J.

(Manassas, and t obt ned from ebank usi ng - 56
accessi on no ﬁ%oﬂ%% ﬁg‘g %%\g f(?l%gq%gr]t al &?3} Lﬁ‘?‘?&‘é}ﬁt 3
horol ogy for latgﬁttmgneiﬁhﬁnplyé&@td A csrs dirmﬁrtcesiaméh »tz@ﬂerestri ction

enzynes, Sall . a ,, accor t he manuf acturers instructions,
Li kewi se, thel EE?%/‘SC?fin&EFO g %ﬁ;& rYlapX@FéﬁﬁH}}erﬁ{é‘?la%sE%h@%Hed with

Sal | and Smal ragcen di pexbBot/ie sNerUfAC UNRIS; AdSTductd Dnss g Supseguent |y,
the two~~restrictiorl nucleotide di gested DNAs pACYCl77 and URA3 were

li gated t bgethEEe¥ oIBFBddEe Toapsnizsiomanse,qubiagpients koeediRdduce t he

bet agal act osi gage @geeDfbshaxGrbundy ftiHeSthudHesrgt nthd gk wiEh Xbal and
Sacl accordi ng@to ~t he manuf acturers instructions.” The beta Gal gene was

cloned from t REAN$IENQEet YHIFGR M VA 2Galvakfi G it bl bt tai preail 1Y om Cel |
Genesys, Inc.s(Fosientl Fpr EAkirTherNA @:@ﬁrheilapaﬁaisvmdds@;@%éﬁg with the

restriction enz Xbal and Sacl. Linearized Int 2 and the 53 kb
f ragmar ~t froﬁ?%b@%‘é?éo@}ﬁn\ﬁere Inj gacdd icagetiisse o deeedd®ednext 20

i nternedi ase ealledhlinbhn31glike aaBoMdred anElh RN LSH M €PAShitely] 1S
i nconpl ete. The mssing portion of beta Gal is obtained by digesting the

pCK beta Gal PYRshiem@ast AeFEStEPet Poyr i@y ssddiiand Mol 2 T Fhei 4965 kb

fragment 25 feggm \A%hﬁ‘uﬂ% b@bexga\bn@cgwloramsod&casﬂtveﬂuby agar ose gel
el etrophoresi s, erein the fragment was excised fromthe ethidi umbrom de

stai ned gel aRRehIPFYFéE PPEkENddsdr Mse® ASORFalsihyg a Geneclean kit (Bio
- 101) (Vista, CAj. Simlarly, Int 3 was digested with Lhe 30 restriction
enzynme Sacl, according to the manufacturers instructions. The |inearized
Int 3 was isolated by agBEo¥8lielRANSGEMEhor esis. The 1165 by fragnent from

p&K beta ggl and the |ingarhagdn! TlymB RS ddBat 8fitc, is composed of
66 VH, all the D elements, all J elements, Cp and C3,
all regulatory elements, all in germline configuration.
By using homologous recombination in yeast, the 3' end
of yH1C was appended with a 22 kb fragment containing

30 the human y2 gene, including its switch regulatory

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



- 57 together using the enzyme T4 DNA |igase, purchased from New Engl and
Bi ol abs, Inc. The DNA fragnent was reisolated and then treated with Kl enow
fragnent to blunt the ends. The |inearized DNA was circularised using the
enzynme Ncol which. blunt ligates to Sacl blunt ends to produce Int 9.
I NTRODUCTI ON OF 5° HOMOLOGY The region of 5 honology fo= targeted
reconbi nation was isolated fromthe sequence ef A-26710 CLO YAC by rescue
of the 3' end and had been previously cloned into plasmd ppKMc [ See
Mendez et al., Nature Genetics 1.5:1467158 (1997)), The A287-Cl0 YAC was
i sol ated by screening DNA pools fromtl:e Washington University human YAC
l'ibrary (Washington University 15 St. Louis, M) using PCR priners for the
human VH6 gene. isol ation and characterization of the A287-Cl0 YAC was
descri bed i nedbeackri ¢ lemeatndiSasnafermiaerat ol i it Fohe VESDBALD2602, by
Kucherl apati jet (@l i d 9 closure is
her eby 20 |n%§rpgr6at e%ugy 9?Ig1serenc t%%%uﬁm?as&%%gels?g %Mhﬁ%] glhz
restriction enzymgrl‘actteld doyd rerfasieneari t hefhe rkefedrAf t 4T AT T he8st i ne
Phosphat ase 0 fer estriction
g§ﬁ§e s LW a0 A AL 20 1 cLoib L e rﬁa?fcgf

di gest reacti o ne phosp af ase ngl and
Bi ol abs. , 5Be®®ERy, thik) maml@uyrﬁ@mw vmlek&!mcu@mle’dh$ orlsbtm nut es at

30 C, then hﬁkegrho a‘r}rc.f for J]%ges % oHepat u gak

phosphat ase. e Vector the restricti on enzyne,
EcoRl, and SGeﬂlae:rtaforl@am@d.hﬂrt Hﬂdﬁéerﬂ}\vdFafagammllmweh%@tabbEunt end to

renmove the. EcoR ee:l %Jolc{l %‘? fo ,g\@s |ng ?§gt|(§@i§t ed Qd

di gest ed wi t REFEETr 85T FNGSS e accor he manuf acturers
instructi onslaAtferrangmtornffLHmdrmnathBhyEﬂ &blbs henbteagyrometesel at ed.

Next, th f ragnent ted {ogether h BI
di gest edellont @{T % praelplara |og}1 %)s’ nama}g %%%QJ:‘& %Nobinég O§§§CI—|1,
Hi nge, CH2, atrndEGI—IS:eddda .ng exarthert ramsheppprase ekendMandrapptexi mately 3

kb of dovvnstr am_sequence kb e ) re Lr C 0 e

repl acenent \ggétvt?Fs Harnosucg% r‘fé&é)on |aan cakah a%PyDﬁgg gg\rf%g%d %?o%nlepBRBzz
First, pBR322lias vohdpes tredme it tpdjrsmb1d>¢1cal eatediiohs Cahfl Fatestrene
Phosphat ase (CP I| ated wit j 7 Lpd. r agment
15 cont ai ni nél tﬁ’é’ (%seqsgencgr]s f ré(;dn’\ g§ %@ﬁl%%&%%%&??ah‘ﬁg hggg%cl one
was pur chssed ndeed Gém)rmelsﬁttem;mﬁmtet@Stlltbutls,iSI\@)mstrhilstr esukered in

i nternedi ate,pl asm d d t i constructed by 20
di gesting pBIQ%ffmvﬁ 17 1 tzarnes?éracl’ e\?;%ﬂ leél‘gy%gggﬁgnﬁh ?wg%d BanHl . The 3986

kb fragnent was treat ed with calf intestine phosphatase and ligated with
approximately 'l kb Hi n%_l Ba P@ﬁqﬁ@ cont ai ni ng the human Y4 sequences
from BAC cl one #176E7. G, dF‘lL“ rﬂﬂvé TO‘m—%enorre 25 Systens,' Inc. (St.

Louis, MD. This interr&diealt]e g eshopinent taltedtpeGA8. tha beder to
corrplete constructlon f eli N C s schoned into
the Xbal restriction q} (ﬁegjl % ané/fr EQ{E?IPbETegg%’aé Bé%ggﬁfol :DO\%I%I’IQ
restrictizn sitgesie Xbauiddquavftely Sspl Vi aeie| rSnaBbiBes| wXitibl titeuPIXbaki | | .

ot 5 wih the Linker, oonedul e 14 esncakigdal nhoatbenl ker sequence

spliced VDJCu transcript. If the transcript is in-
frame, then a p chain is synthesized upon translation.
Similarly, and generally after V,DJy, recombination and
25 successful pairing of the p chain with surrogate light
chain, the Ig light chain loci rearrange their V and J
gene segments. Successful B cell development in the
bone marrow results in B cells expressing IgMxk or IgMA
on the cell surface. In the mouse, 95% of the B cells
30 express IgMk; in the human, approximately 60% of the B

cells express IgMK.



- 59 5 cta ggc aat tga taa tat taa get tta cgt atc tga tca tcc tcg aga
cgc gtg Conplenentary strand sequence (SEQ ID NO: 5): 5" cgt taa cta tta
taa ttc gaa atg cat aga cta gta 5 gga get ctg egc acg ate The Linker was
oriented in Int 6 as such: A287 -

.SnaBl (ex) - ECORi - BssHI | - Xbal (ex)-Mel H nglll-Bcll-Xhol-Mul-pG<-beta Gal The
restriction site Xbalkill indicates that 10 the particular Xbal site wll
be elimnated upon ligation into the larger DNA. The linker is conveniently
designed so that it can ligate into an Xu&4 site but the site does nofi
survive the ligation. The particul ar Xbal site which contained the |inker
was 15 determined by first cloning the linker and then digesting the DNA
with the fol.iowing pairs of restriction enzynmes separately: Notl and

Hindl I T, Xbal and Sphl; : Thamsle ML g pnddSphhg Bntaeddwctﬁoaun ct1het e dimiaker

elimnates o aI Tne_p t t%g S
det er m ned b?‘%f“k‘ﬁ ls éieﬁ%%ogg w%é!% %gfg’féﬁr} In ro uce &rhtel q:O\gj‘te and
the Notl si ta-emjgﬂnt/\asn psEséateignl aht3ge@sONl NG (ﬂﬁelVlﬂdSEeYbrS\AhTCHREG ON:

The plasm d 10 was btaln fromthe 25 Un| rsity of .M chi and is a
pBR3222 base 7T af BT SR P e By IS &7 Sse i Y
Hindl 1/ ECS)RIurfdagthrr[scﬁtM/p& c]h/bwat—'sw&ltc&lln,g Erdmmiutblto 3fe Zarr-c2683

(1983)]. The plasmd sted w restri ct n enzynes. .EcoRl and
Hindl 11 and t17%*1 &b ﬁg %Eypes trkP‘(‘?o%trfiqlﬁ rﬁ)l&ss %t 2 was
i sol ated and ipirddd sk &SuﬁbﬁgeanCﬂi\IfﬁﬁRldC'Ele@ﬁo(ﬂ%epNBMcﬁamsid ummams of pMsL1
i nvol ved a thre 5 1ligatign. The fir, s the . fragnment
cont ai ni ng tﬁ@%ﬁ@% §i9% ﬁ P§ofié'§ ’:ferr{){:r?n Pen@HiTH#I11 di gest ed
EHLC as descritsgd ﬁb@VBgGl ThEgGEQQndgG|2®UEI’a&1dAﬂEgC{H3332?cHH gesiad virdd BanHi
and EcoRI,_The fin wa 2 based pI sm d,
cont ai ni N htﬁ%ﬁ%'y?ll%%aﬁgéaroighgt éF’yR%?D RULEIEE r@am—‘(é?'%fe‘l%gnent
Al three werkd igedegbéogelbrl hadcriegare rRMSlche m\lswqgiem Qm ~d vI SLI
Construction of p al so,involved a three wa, at Tree first
ol enent was CHRHTRAECH R rafic . GBnEdEaAE + 1 Trudz A A AP Qb o ed
from EcoRl Srtdf I—jq’déi,l II@I@g§$t addEg-Ié_I;Qzas I@@m’h dtﬁaxb]qb,ovemd theo segaid el ement
was pBR322 digeste coRl and _B T Was pBR322
based pl asni CTél‘ZtlE% AP ng© 5@%&?&@3@ 'klt'ﬁ'l Or”(ra%%%‘t of human Y1
whi gh WaSlEEYDdIc_fGlEd mzlﬂfr@ﬁqgt;i er &k Higes lddd kid |1Harm(;l(_ﬂ%4 I nked g o f
Hndlll site on 3' e of the ra t no after
doubl e di gesttWdh %%;r\d—?r aﬁHmFIPﬁdl £Pe P%In?ahs"esl%uffﬂ%l-hm 4 a’ﬁfl—ialsg%éj
fragnent which is subsequently used in three piece ligation. MOUSE 3
ENHANCER W isolated the 0.9 kb core part of the enhancer by Stul
restriction digestion fromthe 4kb

EFFECTOR FUNCTIONS OF ANTIBODIES

Different isotypes have different effector

functions. Such differences in function are reflected

20 in distinct 3-dimensional structures for the various
immunoglobulin isotypes [P.M. Alzari et _al., Annual
Rev. Immunol. 6:555-580 (1988)]. TFor example, the
human IgGl and IgG3 isotypes are involved in complement
mediated-lysis or antibody-dependent cellular

25 cytotoxicity (ADCC) and the IgG2 and IgG4 have little
or no known effector functions. [Snapper and F.D.

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

Since different effector functions are associated with
different IgG isotypes, it is therefore desirable to be
30 able to select the isotype and the binding specificity
of the mAb to produce optimal therapeutic benefit. For



- 61 Mul fragnent of the pl Bganma2 targeting vector containing the nurine
3" enhances (HSIg2) cloned into pIB[MJ. Mendez et al., Nature GCenetics,
15:146-156 (1997) ] . 5 W digested Int b~with the restriction enzyne Xhol,
followed by treatnent with the Klenow fragnent to create blunt ends. W
ligated the resulting linearized Int 6 with the 0.9 kb~ Stul fragnment of
murine 3' enhances to create Int 7 W verified the cloning 10 reaction by

performng restriction digestion on sanple clones with using EcoF,1. In
addition, we confirnmed the desired orientdabif6ll O the fragnment by digests
with Ncol; Ncol and Hindlll; and H ndlll and Pvull and the known

restriction map of the 0.9 by Stu | fragment. 15 W :introduced anot her
linker into plasmid Int 7. W digested Int 7 with Mel and SnaBl (double
di gest), f:~lkegamgley tifeat mdit iwi descatdd itn eseneaphosphacrtekinext, we

i ntroduced the follow i 1.0 [ ] ucty nd
creating 20 i hE&PhE Fa?g #J%{&l%g{ %e%%t]’;ﬁﬁc}f ?%% ‘Jzéi ?géégggéft{é}égﬁygt he

i nker intc |napb7lacéiay fedfleavizir Muwldkiddnd rsddth | aSnaBl I86E| eBghhl - Bam

H -Bgl TI - Nhel ki Ll.. Agai.n, Melkili.indic t el .Si was

el i m nat ed upgﬁ‘E [ &ét ?‘5nb|entcgestl%hreeq'ar ;Ber% aﬁ.é‘g@gﬁ'h}ggﬁ&l égt!—' g sequence of
the |inker 5( SEQLLDnNOo 6 c®llaatia daimgding oo £ aggnblictogant eataganten gga
tcc aga tct The nucl.eotide. _seguence of e I nERfa trand (SEQ I D NG
7): - 62 5't%§g§et1§'t Sélé%atccecuiasgaqeetsc r%%}a &g%?gga cgt Eégg égt g? TARGETI NG
VECTORS The cagpliet erittéy getd repeceichtiar se flbe et &r chasttiohed bytdegedDrLfig I nt 8

with the restriction enzypes Scel apnd Hnrll1ll, followed treatment with
cal f intesti né)rphgg“phahsasdge.%lﬁeede‘pl ?S}Hf%’s pWSEﬁa%ﬁ%eB%ELEQ%ree partially

di gest ed Wit hehlye neesterd didrorttenzyaresr Scednan Fibalyl humAnlfokbclpagirent
was 10 isql ated hy pal yacrylam.de gel. el.ectrophoresis urified 17 kb
fragment wes Ia‘ingtj:ﬁ’é’(ﬁl ﬁwc%/%dné)‘gt ocgeﬁleﬁ‘?%f? hggf FRRFEPAr gggi %ﬁo\bgkgoé as
shown in Fi gur@eb.reE¥AMRIE 2ndbo NARGET | MNet Obodl e OR vAnCENSERUEFS, OhineH C
YAC The TV1 or_ TV4, vectors (5 ug | were lineariz igestion with the
restriction e *Trigdt %%Ié Wléﬁgypﬁflggiygé gy phenol
extraction folimawed Ziyphend ¢ cihdwraf ot naexgeadti mous20siertin WwhécbNA was
precipitated with ethanol

ont i gt he PR PACTSY i 115 67 apOPaPraL L AR CAroLSPIPETT Seguch
Schi estl, 1R Hmiele aloulCumsufengiat 16n339e846t (0§88t igEnaspkaifant s were
P 0 onto SRR e LS Rl LRSERE AL PR,
for growth of ygastwoMlicbtecksderaahseandnt heeetayd neelrécigs offorthpeast
Conent €2 o SRS (Rt e (oS Sl P RAE,
the isolation (cloning) of the variable region and the
20 ligation of said VH region to the desired CH gene.
In one embodiment of the present invention,
the sole Cy gene on the yHIC human IgH YAC, Cy2, is
replaced by another CH gene. For example, instead of
the 22 kb fragment carrying the complete human Cy2 gene
25 other inserts carrying human CH genes could be cloned
into the targeting vector of Mendez et al. [See Mendez
et al., Nature Genetics 15:146-156 (1997)]. The human
Cyl-4 genes have been sequenced and can be isolated
from bacteriophage lambda libraries of human genomic
30 DNA and subsequently recovered on EcoRI fragments of
about 20-25 kb [See J.W. Ellison et al., Nucleic Acids
Res., 13:4071-4079 (1982); J. Ellison et al., Proc.



- 63 yeast colonies that can produce their own |ysine. The resulting

col onies were repicked onto SC-URA plates and on SC-LYS plates - for
genetic testing - to look for the loss of the LYS marker. Only cl ones which
grew on 5 SC-URA and did not grow on SC-LYS were grown in YPDA nedia for 98
hours at 22 C. YAC DNA was isol ated and anal yzed by pol yneri se chain
reaction (PCR) to eval uate whether the desired isotype replacenents
occurred as expected. Ir. this case, humyy Yl or y4 CH exons should 10 have
repl aced human Y2 CH codi ng exons (Figure.l). The yeast nedia used here was
prepared from suppl ements obtained fromBIO 101 (Vista, CA). PCR Priners
used for this assay are as follows: HGL: 5 cac acc gcg gtc aca tgg ¢ (SEQ
I D NO: 8) 15 . 5 a c 1881006 9a g ( D NO: 48i-xThe PCR
reaction coné\ré(s:%ed%?g%B %%/gl'egg‘gg't ﬁg ?387403«9%8’: (gggz\bor ggSHgke:é{o%%s

fol l owed by FIC foNudbesecdaddsaRésthedd:12Ta1/890 ($886mds Iper cycle. HA

i it d_at I i de .18l_.qn. 1 2, 4
B Gnment and I 0 $esaas BOeT 1 ronad at AoRTdor de 95s BFFREsOf TS
al i gnnent. Thasieclpranersenwebly anpbirpprBMadf bgmr€fere@yge) .and Cy4 i sot ypes.
Due t icti it | hi [ h h Y th
par t1 oul ar” | SOV BHY £ nEOT SHBRAPECBRASSUNS RS eter VAR By 2Peser ot i on
di gestion of gy POR pibdkodent §Speeld lnriygsdiset etoblDNAEMB&Ments. For
exarml o, L 1e ASSLLEL! SDRRTXARSEVYL LG UhLC(S 16,008 Broduct o (o

fragments of is the tenpl a r the PCR
products, buthelossy nbhcoupotbeepr bgucte fiefre@¢tlor CY9 is the tenpl ate. -
64 Simlarly, the restriction enzyme Eco47l11 restricts the PCR product

into two fragments of 438 by and 379 by when Cyl is obtained. Finally, the
restriction enzyne ~Bgl CLABESEWNICCHING PCR product into two fragnents of 5
686 by and 125 by when 4 is obtained. ln.this way, e .l es of

| gG coul dgge di sti ngui sﬁéa.ssl ﬁwﬁﬁigﬁ"néﬁcq@\}&at&fonc g%églt teflr}{ognatllgzﬁ?%gi I

yeast cl ones wgchigxhobi fed der medh agenettihcovash weldelat itdmaldesired | gG

i sotype were further screened by 10 Squt.her | ot _a J. .. rrQok et al.
Mol ecul ar O onff A hnﬁgbBPaFXF%}%NEﬁEé’ﬁr laga%tele%rw g %glgpése[r%fli%@%&&o d Spring
Har bor Labor atostytPress £1988h] refibny gnegrearn sdnplfe adfl DA f or each cl one
was digested overpnight with the restrjction.enz i nd J.1 R 15 and
Bam HI, yHI CW&?%N%Q bREER™. §&MTEd e§<§et3$e%c?r’i g%é@&cgarr% o t%rCIr%

repl acenenb viesdwn Styabeusetipasedontfr dhe Theraingastred tHNASI eeoen seEar at ed
on 0. 8% agar ose

I t.ai i th_ethidi by oni hed and

then transfer? eﬁggn{)gsﬂg%gﬁgn\gﬁg@gﬁg z%l#ggeé{c%geg%r}%y%%ﬁ z;%looﬁ o
Mermbr ane, NENsédhenSesencEahaniexts, are WAGC kdaredirdatres: seerse qlwsiesd on

Sout h bl ot j h i di.zat.i bes. f t he . f ol i . D,
w3 del 8, Fbr FRGVE CBndRcar W A WL Redte I MRSt A
Genomi cs 26, P284s803né1995hsciipthienddzr fheaetcel,. ,lodmtted igeretiads wol 15,
J. 46- 156 99 3 . The f.ol ] ow b th

bi ot 11 ng: ZPG1S | CACEABCORIBSEFE oA T HES 4 S NG B R A TTC TAG
G3C ACC TGT CGiefSEREEDbMEN A)pd@hBadsedr(ider.s Manils @iplalfy, 8R0 Hxp fragment
for gamm 1, ZMqu f'88:§ILIEQQEL4%qe ﬁ%’bstﬁ .usgﬂs%s r%qrﬁrﬂbe% s ti@é’, af hi ghly

honol ogous.

enhancer located between JH and Cm. Transcription

initiates at the I promoter and proceeds through the I
25 exon to the end of the C gene. This transcript is

processed to yield a non-coding sterile transcript with

the I exon spliced to the CH exons. Transcription

through the switch region is required for class switch

recombination. Thé human and mouse Sp and Sy regions
30 have been sequenced,_the sequences of which are

publicly available from the Genbank database.



- 65 To anplify VHS followi ng priners were used: VHSA: 5 GIC GAC GGG CTC
GGG GCT GGT TTC TCT (SEQ ID NO 10) VHSB 5° GGG CCC TGA TTC AAA TTT TGI GIC
TCC (SEQ ID 5 NO: 11) For HPRT following prinmers were used . REPS: 5 CTG
GAG TCC~-TAT TGA CAT CCGC C (SEQ ID NO: 1c) REPS; 5' GGI TCT TTC CGC CTC AGA
AGG (SEQ ID NO: 13) And,, finally, to anplify Cru following prinmers were 10
used . Jm: 5 GCT GAC ACG TGI CCT CAC TGC (SEQ ID NO: 14) Jnm¥: 5' CCC CAG
TTG CCC AGA CAA CGG (SEQ T _L~ NO: 15) Finally, we confirned the general
structural int~g.r.ity of the YACs using EF gel pulse-field gel 15
el ectrophoresis (CHEF DR-11, Bio Rad Life Sciences, ~:ercul.es, CA . W
desi gnat ed the YAC encoding CY1l as yH2Bm and tree Y. AC encodi ng hunman CY4
as yH2Cm EXAMPLE 3 20 CONSTRUCTI ON CF¥ECTCR FOR, '.RETROEI TTI.NG vH C YAC
TO VL (TV GL) AND VO ( TYRGOPSVEOUSE c SdERiEh o f F O SR% 1§ t he
taLgeti ng ?’F%g‘ﬁéhbﬁih@g efnid afgfta_}nﬁl'dbGsYA@v_teo gﬂd(ﬁoua:rdiyZEi)flﬂb&r_eﬁ
schematically shown in Figure 6. The targeting vectors were i on a
backbone of pﬁ@‘?@?ﬁ?%@éﬂ-@%l@@%@@&@@) EPF | % Hmlmuéﬁgf:gnd Bi ol abs
Inc. (Beverly, (MALs V' gt rRdingad ,a i Rkeird mire pAfmahation bacipist at e
cloning of a farine 3 enhancer. - 66 W called the pACYCL/77 vector
cont ai ni ng5t hentli Ak&erleulg.n~thd ucefyEaRs T iteim% ficod 9832 #RE ¢l oni ng
sites in the Lipk el WrdPagid=sel odhedd 1 1. The
b8 ggudv"%%'@g:ézégejso}’%%ﬂél\%?lgllécosaﬂdGm fag

| i nker nucl eo e seque SEQ ) i s _shown bel ow 5 agc ttg

tcg aca cgc giymphekinesadd i@ e BRIHE R edty de e qiidndd Tt &he
conpl enent ar yﬁét,rﬁrﬂ.d-S SF{%EU%,NQntJé@fe'?Eorﬂgﬁ t teh OCC BEHHIKi Rt @ acg cgt

(
gtc gac a 10 cl'onéd the murine 3' enhancer fromthe yH C targeting
vector as an appretiedatigl Wwidkh W dle¥pegmsitls THEY 36 tErthaideid S agnent

was cloned.nto th Ml Si V4 :E%% J i ldker shown
above andqtohepﬁﬁie%st czﬁulTed a\trﬁc% cgf&FiAi&Ilgg)aerrj ogrjitglﬁct \z,il‘gt%itl(r)ln&t g‘% rrﬂuri ne 3'
enhancer was deterimaieddnt el gest isrroraspectynehaldidssiiash t Hhese

restriction anzvoes ,NgoM an | . Acggl i caf i f - hamlovn g ecrion
20 Aregion o y@%&‘%eosgyn%v\ﬁ%ﬁg%t afi ne Ab{/l@%ﬁsrg%) i?l?ec%tj on “of theé
rel evant porticoh cehhes Bgamm2td &Sfet ipnphadetprefinugh apviatatian of .| J.

| mmunol . 136: 2647- 2683 . T mbq! £ot i € £ Of rgderyprd mers used

for anplifyi né?‘teheccg%%sgﬁr%%?%%%g rleg?elon 25 wer € %Ize ai slko Genbank Accessi on

no. ML2389]5 Prdspemsk &5 enayut tigy Doy emsadgytal pEenat¢SER T PP 18)
mapped. [Rothman et al., Int. Tmmunol 2, pp. 621-627

(1990).] The lymphokine responsiveness of the human
switch regions is not yet as well-characterizzd as that
of the mouse. However, the different human switch (S)
20 regions may also have different responses to different
lymphokines and activators. This may in part be the

source of the different levels of the IgG subclasses in

human serum.

NON-COGNATE SWITCHING

25 In view of the real and possible differential

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

IgG in the mouse. It is known also that CSR can occur



- 67 Primer 2 :5 ccg cgg gca tgc aac ttc gta taa tgt atg cta tac gaa gtt
att gtg gga cag agc tgg gcc cag g (SEQ ID NO: 19) Priner 2 contains Sacll
and~Sphl sites as well as a lox 5 p elenent. The 5 honol ogy regi on was PCR
anplified using the follow ng PCR conditions: 2U cycles of 94C. for 3
seconds, followed by 55C for 30 seconds, arid then ?2C for 60 seconds. The
regi on was then sequenced after cloning it into TA-TOPO vector. '!'A-TOPO
is 10 available fromlInvitrogen, Inc. (Caglsbad, CA). The priners for &
honol ogy sequencing are shown bel ow. se~.~|:gtctggcccctctgetge; 3E~,~ ID

NO: 20) seq2: cacccat aa~aagact gga( SEQ | D NO 21) rev.

seql : acgget catgcccattgg(SE~,~ ID NO 22)i5 .rev. seq2:tagtgagtgggcctgact (SEQ

ID NO " ?23) W ]%(?d'@ﬁ‘in?adnt FEPBAd D SeAUENCR, 10 [the benap gwitch y2
sequence (GeV\ﬁfe ank #U39939) f?ﬁld det erm ned tcﬁ;lt i% ?%li dentical. d onina of

y4 codi ng andir®. Howmpleal: réecrionsd POVl obt 39 hked] Hésdmg Yateesdardg exons
d i f .3 ; ! i al,.. enz k ti f
and a regl Onpt%&% Jp%%l@r %J%&%&l%@%ﬁé e P?g@@{%ﬁg%gégga lon o

the plasm d usi ng restricti enzyme Sac I gest ed
plasm d pGS9&nal tdildriesd mesigd 3y brs eanrgmee BRhd#aahdane Rhonedka gurified 2S

approximately 7 kb fr nt_int 1€ % contai ning 5 hopol ogy. W
ool led this T st é%?dnb%p‘?m%@%'ﬁgﬁém e SER VRIS A

di gested wit hviBesgd),, tirtlﬁaaiseqadﬁstibmlﬁoiéﬁ@sﬂe%@:el@hmmhﬁéaseranév%hqn t he
vector were - 68 isolated usin arose gel el ectrophoresis. ,The

i sol ated vectdr® WSS gsa\fajedtd%c%cgrﬁamdfb@?% et Qi ?hh‘é‘gﬁnk BSAPHDEr agnent
from pl B gamgudddentatd on mimdhecynserinyvsddet @swh sedeby deubhe di gest

Notl!'H nd 5 111. The. Hndlll site was detefm.ned to be at the 5 end of 3.4
kb BarHl fradtBiA" 48 GAGHIE RRAHAGoR HPUEL BF #rogHeRRSealter di gests:

Next we negdedhddie SimE Nthomemnatl onegihatder | i nkee 1B ' pACKghéRenhancer
pl asm d. This was done 1U @?qdprefar%ﬁr%a ganel of doubl e di gestions of
PACYCL77/ | i nk&aAd 838 e Re+ nt &ot e%\Ehao?O@hlépféFPo i ng second
enzynes, Sal lg5rddmént Pasdtrngk kel ch Lémkenp 06 eohat £6he WBRAES! €r mi ned by

sizes of resulting fragnents. 15 The positions of restriction sites in
PACYCL77/ enhdHRET SARENE Vs Shlse§ ol Hdhs? - I 23 ¥ Sappch et al., Eur. J.

(PACYCL77) - H adhldsFsedT Pagl -Mado-1504 (1991); Petterson et al.,
((enhancer: Pstl Pvul | - EcORI'™-Ncol - Nhel -Apal)) --r~lul-Sall)- Pfm | (pACYCL177)

. 20 The hextImuepwasl 10 LIonePRRAR 3ogehe (hP87pACYRY 7RAEARanGer apHasni d.
yoast marker - st 't B ool NPt L ELT B XPEE B S e nati on. i
order to clonsldAllgenenatidr 2 25l comsecuct edafiobeor egonalingdl iand 4,
coscr Do~ EETH o, )oos, T asel e UeLIRLSRET L Sbln S LATKY, e
fromint 2 digestdrmyiredsked Skb fhipgmeay fioend pASYEid7ianhancean 1werte
asul ti ngpl 491 d ol de nHarell nd TUMIAS/gliie. I PACTELR A backbone.
The next stephatedic icH rgshiee tile meesei Bkerslementsnivbu@a wohh relloned
3,4 Kb Bam H_ i@ TEAT i T "ol 028! EADSaL DN SE PEGh kGRS gl ed It 2
coding sequences.
In another embodiment, the human Cy2 coding
25 sequences, including all of the exons for the secreted
and membrane-bound forms of the C, gene are replaced by
another human C; gene. In this way, the human Sy2
sequences control CSR from C, to the downstream Cy gene.
It is known that the hSg2 sequences are stable in yHIC
30 while other human S sequences, some of which have
longer tandem arrays of S repeats may be less stable.

It is also known that CSR in transgenic mice with the



The Linkers were as follows: Notlkill-Fsel-Notlkill and Linker sequences: 5
GGCCATGGECCGGCCAT (SEQ I D NO 24) TACCGGCCGGTACCGG (SEQ i D NO: 25) The
second linker had the following restriction sites:

BanHl - Kpnl - ECORV-M el - Fsel - Sfil-BanmHi kil | :
.GATCCGGTACCGATATCCAATTGGEGCCGECCGGECCATATAGGCCT (SEQ ID 10 NO  26)
GCCATGGCTATAGGT TAACCCGECCGGCCGGTATATCCGGACTAG (SEQ I D NO 27 ) The purpose
of introducing linker i was to provide an Fsel site for the final cloning
step, as 15 well as elininating one of "Néfl~sites. In addition, this |eaves
the final targeting vector with a unique Notl site, which was used to

| i nearize the targeting vector before transformation. The second |inker was
used to clone the | ast fragnent needed to restore the 20 conplete

downst r eam r B§FGR &2y eneYAS of LG BRHIRDEB LT yhEhtSe T hker 2 was

i ntroduced vihawRald icH ringestgdd hrBampddulddtin @rfmtidnel oned 3.4 kb
BanH fragnent) was partially digested with Bam~il and the partial 25

di gest was | Psosusdion Sfarfosd werunan I 9Bk Ak agmehus Thkt 182 %P4 r agment
was treated ?ﬁﬁtgfflei‘i%lkbflei e stdiis PPhasPafiatas s@ndyd t19atiedh W flvdiotkes . The

position of inker and its orientation (whether it went into correct
BanH sité& atst@bidridyofargl 4 Bard¥o freapmrid Ymsa B0l ger ezl hban®y di gesti ng

clones with I, a t : i T ite.ishotroduced with
a - 70 i %grlea%&%é%ﬁ%ugﬁ%%e%r%%%n&iAr\lﬁ.t %é%/e%%?yb%el ative
fragnment sizes gper mittheld dhveld a4 i cln i arcofpiheh pokisi on werltor
orientation of..the.li M. < I S r iitte i L hker are now | nt
3 GL and 5 1 (r%{lt%l %&é .r%?hleo";rll-lre}% pés% ep r€\§ass Vﬁ)ﬁg o%ée ?%%{\%E:ﬂﬁ{:tg&@ SlI asmd, a
1.5 kb fragmimodistgni dextafye dBdreiv & Riurtou b2 d&@@stthh@mBga‘i‘MEZ pl asm d.

~rhe 1.5 f t cl I a%g—# P i al - dige M 1G di gest of
Int 3 G4.1l%gi r?g?gg‘lr@]v%\gqgil.’r?;c %%?CIEI nl%g?{l?]%ﬁoF?%%t%%bnﬁg%term nation
was needed i mduses It emhalieeresul yéant pabedthvbe mBarked, Tard43™4. The

t st ._to.nt 1] ‘ i C1 ‘
ot T | 1 - Fedieniic TOHAOGE 34 R MG M APLOFRHERRRAET 3088 2y wi e
cal f i ntesti v2qiftosplratlas &ye i sl odecenh fyae ogeages aadryinatedl@ith the
linker. The resultingpla cgox%ﬁ?fnﬁﬁé %41;% g%@eléﬁ@é?iaﬁgere was no need

to deternine 31nkér Orientation 1h this s aresult, a unique 20 Not
| site wds eldarewatestl anlk sgleoFst|bsitedewst eddetnaThenpthpdse of

i ntroducing t e It { n fy.ag t hng from

5" homl ogy 1< 1% S 1E 1B TraErem P "Gy eld: e RansErT ths

pl asmi d. 25 The tienadriclamd Mthat ephens expapieal adegest Beanhtts &4 with

Fsel, follo y.d.s0l.8t ] r agar ; l'i gation

into the un;lvgigléﬂl—ﬁsaetlse sﬁéeggsﬁ%%%é%%énh%ggﬁe%&i&géTﬁgﬁég?én?gtgi on of

this insert wasl det er mirmusdynic doobse raging cEPBndB8dvengeyt with

Not I / Fsel, , The .final [ vV, ors were called TV 4. To construct the
ﬁfteriiﬂééﬂéﬁg f%h%fﬁ%

TVGL tar gZeC%i vec o0 retr he yH C YAC with human CYl codi ng exons
and a 71 _ a region of 3" honology, we use the procedure described
above for the constructlikpé"l A7V T in the Cyl coding exons and 3'
honol ogy region from pl ' : 4 CONSTRUCTI ON OF TARGETI NG

VECTORS TV 5 ° Gl/2 ANDM\addi 2i GFORTARGEIg NG OF 9Eher YAESFOR NON- COGNATE
SW TCH: LNG Next constyuc c T. 2 Lchy.ha chi ric
construct ofﬁﬁﬁﬁﬁ%ﬁﬂr¥j$fe(§§%gaa¥g £ Q8un ﬁég% or“ﬁbg BB ?eguﬁgbﬂe

codi'ng” exons attac ownstream of of hunman
switch Y2 redgican AR DNA'Y & geael 3emehn Bodi Emnhashbseveneotienadai ns ruman

e vectbr A tadtt BHUATCEATOLEr o "ot ER Es e Loa PP P new
Engl and Bi ol absvd Bevwef | G N s Héexohgpotoesidzebetvebeobet¥Benhtbh we cal |
v @z, USiqg‘t{g%gfﬁééW%£|e Eog dﬂggée Syl and the Cyl exon. This
enhancer could be conserved in other Cy genes in the
mouse and humans and this interval should be retained
30 in any vector designed for CSR via heterologous switch

sequences. [Elenich et al., J. Immunol. 157, pp. 176-



1. First, 5 ug oaf plBgamm2 was digested with the restriction enzynes,
Hndlll and BanH, and a 6.5 kb fragnent was isol ated on an agarose gel.
The vector, plBganma2, contains 22 kb of human genomic 20 DNA with Y2

fl anked by two EcoRl restriction enzyne sites and was previously used to
.generate yH C. The 6.5 kb fragnent was then ligated into the pCRz"2.1
vector fromlnvitrogen, Inc. (Carlsbad, CA). pCR2.1 was prepared by
digesting 25 1 ug of plasmd with BanH /Hindlll and treating with calf

i ntestine phosphatase and them i sol at ed 9 an agarose gel. 2. The resulting
plasmd (6.5 kb fragnent + pCR "~2.1 vector) was subjected to parti al

digestion with - 72 restriction enzynme Xml followed by digestion with
the restriction enzyne Hondll]. The di ges tio Xmml . occups 75 by
upstream of ¢fé Y2 %Y &}Hﬁ‘rfngl*i‘f"é?eﬁ)r% '2 t\df\.nth BIBRODS / tﬂé "Yi¥y2' 5

chineric geng gai-tjigad y(1093.rma] nSAl7§o bi/mpcﬁrt/@nt ni addi tigstee blfie two 3' Y2
menbrane exons. The coding region fo Y1 and y2 are | ent| cal throughout

this 7 5 by ea§iedeedfd Ihétle tae o 90111 1BOBSeNaRE NEMARSHi HBAE 2 was

di gested wi t hyheRs! MK |00 BHZyEBSoll A6khbt 288 XEE! candoatdirskb
fragment was |solated by agarose gel electrophoresis. The vector EG 2,
g uman Y1.

which is deseﬁqtﬁe@ﬁhﬁ%rpﬂjeer&en%%nt%?%%méﬁ FoRfndRir) 2k5 PBase

9. The 1.7 ki As/(ﬁm féﬁ@é@nm@pmrrﬁe@g aﬁﬁaneérghar@odhng'sequences
of yl obtained from ated nto the Hncllll/Xml partially

di gest ed vectter X'6. CBTCiéb-"f rlﬁg?’ﬁsnt +kpcounstroant of) Cop Hederi B&BOWH step 2.

5. The resul t'rp%g asid - cont @i Qﬁdcbw@mg §§9y§ese§09f a&ogisng)r egirer . : ~ of
Y1l attached to a ownstream regl on of th cont al ns transrre ane exons.

Ve verified thed 'conpdstt |%$13}éf2@h1ébp3asﬁ1fdcﬁy and; B8€ri €8 or Cdi*gest i on

with Eco4/d || The; pCR 2H§~3é(ecéﬁa hggbng ahapedeRprBemmbegyn described
in Exanpﬁled30fvxgsa'd| gfaste Sacl rr%H |l(<ae\1?\,1 se, we digested the

pl asm d descracbeldfa’frﬁcét%;ﬁ%lhﬁtﬁn@,aﬁlﬁsﬁﬁchéﬂrﬁHl H84ubSe 286 101€g&Y€F and
cl oned an appr ﬁ%@vé%beééﬂﬂEHEvelopﬁéntfrBﬂEtﬁ% BbaaWethtiiRt 0 the

pCR2. 1 vect or W|t honol og Then we digested the resulting vector
with Sacl| artisgemngakiel @$obled YALE YACslarke HS4great ¥YesbtSHPROd U om t he

vector descr i Dgfh & diy 54 6P P) a1 BEhERHI RAUriEEe Orogaldleon hfeddhe Sac |

i nsert by Sph gests resulting plasmd contained chinmeric ~~1/y2 C-
exons dowhst relandriom ek egtbnspReBYREHBLEdY Vi §0a SHORPCE vector. We cal | ed

this vector 14 QU2 ;)oflcabhi0ald hiBbchbsiscdertyedohy amp@ |, known as

TA cIonlng vecC dcontalnc imeric C~, exons. 7. Ve retrofitted
the pCR ~' 2. 1c<v@1c1t@1r yegien c(bRRY §Orhi§ﬁﬁl égﬁ AOSHS BEI TN &% with the

yeast 15 sel ggf { mef Kef, » s URAdn ﬂ?B@tﬁ%s:LQleldO%ata £ % obtai ek t he URA3
gene by di gestl ng Int 2 (described iiz Exanple 1) with Sall. The products

of the Sall diegsndarcarefstibnetien 0§ ahcaddcivdshielr &8 tivrESr t K98 enow
20 fragmepg %ﬁ%&@'%h%% oFNese s d\Gles taf %agp%%ecxtgqu&aiéa di gest ed
with Sacl” b

vect or produced in step 6 was digested with
BanHl, then beﬂﬂt@%:IRv@lthQhoWS%zf pagnESCaand of waferrtdigest ed with Sacl .

dispensable CSR [See J.P. Manis et al., J. Exp. Med.
188:1421-1431 (1998)].
HS1,2 (3'E) was the first discovered enhancer

25 of this set. The HS1,2 sites and sequences homologous

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

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



c. The URA3 gene obtained in 7(a) was ligated into the pCR~' 2.1 vector
prepared as in 7(b). The resulting vector contains a 5 honol ogy region

wi th ~ downstream URA3 gene, fl anked - 74 by Notl sites (one fromthe
linker in Tnt2 and another originally present in pCR2.1). 8. W excised the
Notl fragnment fromthe plasm d produced in step 7 and cloned it into the
Notl 5 ,site of Int 1 (also used for TV1 and 4 cloning). W determ ned the
correct orientation of the Notl fragnent bX usi ng~an EcoRl digest. The
resul ting plasnid, which we designated Tn'3: has a 5 honology region with
a URA3 gene downstreamin the 10 | ow copy origin background (pACYC177). 9.
To finish contruction of the final targeting vector for the Gl!2 chineric
YAC, we partially digested 'the vector having the cloned 5 iionolccy 15
and !;1/2 chi FBPME TGGhAOIB R Y sierendet Rl vl bacaat RMPRGR oduced
in step 6) wi E%ﬁ%@%@tﬁ%ﬁhﬁdw%mw Wi gsent o decrlir thdh ~acl
restriction enzyne. i sol ated an 8Kb fr%%nent contalnln%_the 5" honol ogy

and the 20 chifmem ¢hel/Px Iy onst@aner elgton Rind T4 InEB i t19%lo ECORI and
Sacl sites of ;kng 3, Wi resplhededdy the erﬁlléé&}@?ﬁéﬂ% Vtﬂ%.t oo There
we | ntroduced the

was no need to determne the insert orientation, sinc
fragment by dbpeéttudndiragmgiithgiiEs Il et naresit joned 12 of dphe hienaenove

the 5 honolo a t i i i 7.0y

i oeotin i ¢ Pozogerd SAEMIAR (R B MR DU S5 oY (e
Xbal site of fh&2pliasnimhrdasridatidn iep Mende pradueck.  gaditresl/ 2 30
vector shown i

Figure .7.. ., 744 - ruct the TV (4/2 targeting vector,
whi ch has a chieM&5 sc&hsst%%%tliﬁt&%m' Y4 codi ng exons attached
downstream of 5 kb of huren isvddrti o2 degh ot FaMNAY ascbriten YGKIH 0ogh ng
exons (Figure 4) utilizi 5 the above-described procedures with some
modi 11 cat s CndGRses A o3 bdibd AT ATEPats o Lt et iR b al
di gestion wi t Bomestrgati syt wiwy nelgtad, fodddwerhd3bdigestiomem th the
restriction enzyne Hi.ndll'.. The digestjc ith Xoml, occurs 75 by upstream
of the v2 10" SiB5 SSGUSR Fhettane, (LAl atFiekon OFF 19165 Wiy yBiTht mert o gene
initially conpaiof®tér Bndfity? éxprskidd ofed® 4o tadnd urYRe MEHE ane exons.
There is a single base pair difference en y4 and y2 jn this region
Which 1 esul £ s CPREEC: e &R e e e R RO RRtOR thi 3, ' v
per f or m siltte dbhedirent titagenastsedol Bt &2l tand @dn tihe InpHEdg geated 2igene
using a Direcited ta esis Kit_fromdontech | aboratories Tnc. (Palo
A'to, CA) . Tﬁ&iw’%@f?%]rﬁﬁﬁesrt%aﬁgr rpﬂas%@ -%o@isym ot AP gted-

ol i gonucl eot i des:: 1arpa 1101 3epl BeEB t he Moheot ideymecessesyeti®s switch

sequence fromY2 tao y4 and an auxiliary oligonucleotide to elimnate a Notl
site in the pEREIY Nleiob Wih THE ST CHR Tt REE O SVORPY rHhent . 25
For repl aci ngs€rwinigh cbnshel sl ddepf arhd oot NOPEK | gontle| ests theact 3!

CCTCTCCCT CTCTgSSgﬁA.AT%?%%SQ&)The Tre que in bold is reﬁgﬁﬁggg Cin
ori gi nal pPRENAEI 2R S fdnd DITYbHuct dot T (I eH M ha site -
76 Stul), it may be advantageous to screen for YACs that

have integrated into the ES cell genome with

concomitant loss of the PGK-f-gal construct. This can

be accomplished by PCR using primers for p-gal, or by

25 Southern blots probed with the B-gal gene.

IMMUNOGLOBULIN MEMBRANE EXONS

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

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



i s: TATCCATCACACTGGECGACCGCTCGAGCAT This oligo contains a Not | site (shown
in bold) in 5 which a G has been replace with an Ato disrupt the site. W
sequence part of the plasmd to confirr that the correct nucl eotide was
repl aced. EXP, MPLE 5 TARGETI NG STRATEGY 10 We linearized the above
descri bed vectors TVi, Tv4, TV Gl, TV 4, TVG 1/2 and TV 4/ 2 ar~d used
themto transformyeast cell cultures with yH C 'fAC. by lithium acetate
transformation. We subsequently used the gzne_ari zed vectors to replace the
targeted genes on 7.5 yH C as descri bed below, to produce the new YACs
yH28m yH2.e:m yHGE, yH&A, yHE /2 and yH&/ 2 respectively (Figures J.-4 j
We plated yeast cells on SC-URA nedia of+.:er transformation to sel ect

f or the integratio f.the UR A3 marker., We checke n esul ting clones
for 20 vAC | nBTESS RY nEPBUEBo FREF GEBRIS ofEE: Fophar BRNEDIFn addi tion. ve
anal yzed cl onesraysiSabhene béghehoevahddat ehbhe appuckimetang sdentity. In
the case of yH@/2, the U ne .in_resultj YACs . was fl anked hy 5'

honol ogy sequeltes ﬁh%i‘?ﬁoﬁga?l&h‘av%algs f%FgSV\B? wepﬁahéalyaaéfom

cul tures cont aCHE ngp YK/ 21 YAC membagae pkeahesewil bs5ifiGhefBegaki ve

sel ection for URA checked the resujting 5 FOA-resi stant clones for
integrity b§ pRﬁ’%%dfﬁ%Fd g Iedﬂﬁ%ﬁﬁ?ﬁe?ﬂuﬁ‘goi[g 48t8p2GhE| PAkH abbes.
~;GZ/ \Z/\éYstSe therd'ﬂ&:ln_ye;lcmotr;@lr? &bm;l’vﬁﬁg/.ﬁ y@@&omggpﬁﬁgodgqg,tag\oylael and
y , respectively, follow ng. the above-described_ strategies.
EXAMPLE 6 5 II\?f%%IﬁUTIt—(?\I R HE 9@@%&?%@%% ERecELES e rPREPSGECEd t he

YAC, yH2BM i n{ECRIDUSEa €MD yombab e est (ESynsel t sahbredghoneasti sphayop! ast
fusion as descrj in detail below [See B. Birren et al., Genone

e ! .
Anal ysis: A . [Hbdut'?§, MehuEre Vof §eORB, 010t e ohPRgdsyRtaNsd tendbeer 5:
| ntroductinh ofx tffdse Il ul or nevBEbafene] | 6. HY, Sphenppbast bHShARY gepages
548- 550, Cold Spri nq},l—lar bor taborat OL% Press, . Plainview, i-~Y]. yHgBM
cont ai ni ng yedst® DGerel EHnef ol a8Redte. $ipRgl 2 {ranadechdenar 0. 15
ng/ m . The yH2BM $phiafopl astsndduveise bysede bt HERIsdehi ghentakibh TG3AL
nouse ES cells which had been cultured as_described bel ow [ See 'tsuda et

al ., Genomi cs %42: YB3 B9 thyoyd uHaTmake byt eEALGASNF nRELARAGY48 hours

after fusion. RRRE-HOSIA | e Bfeerlhatl @886 WeEEraELE6hednatha 20 frequency
of 1 clone/15-20x 10~ fused cells. Twenty-one HAT resistant col onies were

expanded flo? gREfHEANAl YRR ke SRPRSanal yzed for YAC integrity by

Sout hern and CHEF bl ot @K@dﬁﬁ&naiﬂyﬁ%ixﬁ@in?xéﬁriaﬂ'@ﬂéénf B?i RgeESColtl s
al one and yeast, 25 %gheroplas s. al one, no_colonies were defected. The

det ai | ed procedtf €55 BRY f6FI0uE® PREDUCH NEF ¥EART, SPHEREPEARYSOEX @86s yeast

cells were preapasathtecosso Upahoi $80 Mhdnberbosy, duting1th8les for
spheropl asting 30 procedure. For_fusin X 10~ ES cells, approximately 5 x

5
10~ yeast cel IRF &L tidelfdy. to h‘?/%p?ﬁo‘é%]ré‘csed SepRELYveRHEdFURPESC ) with

freezer stagk dsxqinie o startimg:icesyl BORof s appraxLsat eby anx 106
cells/m. W determined the cell density in the culture by use of a
henocyt omet er .8 §g B GreptHra 06| 3R a3 23T 4F ¥ i MEHAR| FESARPNSSO r pm

overni ght. Incubation camealmmde BecLAkeMbrd8E LQohHCHhEISRoYACRLARK ity.
Culturing at 30C may result in deletion of sone Ig gene segnents in the
&

YAC. Tn the notslilng’ithetRaiher deompeyenas ®& bhe BER; EepRdfAng in

a chimeric BCR ‘that may not signal as efficiently as

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

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

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



10 W& stepped down to 1 x 10" cells/m wth YPDA (rich) nedium and

i ncubated for 2-3 hours. Culture density at this step should not exceed 2 X
10~ cell s/ M because exponentially growi ng yeasts are needed for efficient
and conpl ete spheroplasting. 15 W poured the desired anmount of culture (to
provide 5 x 109 cells) into sterile 50m tubes, centrifuged at 1000-1200g
(23J0-2500 rpmin a Jouan GR4-22. centrifuge) at roomtenperature for 5-10
m nutes, and discarded the supernatant. Alternatively, 20 |arge vol unes of
cells can be pelleted in |arge conical centrlfuge tubes. W added 20 m of
sterile H-0 to each tube of yeast cells, resuspended the cells by vortexing
(or with a pipette), centrifuged as above and di scarded 25 the

e L T A R I

as above, anddeirescrmide!ded:cbfee:se:qber nalvasi . al/‘éhcblecslms@balﬁ@dswhect;ehgs in SPE
buffer ( 1 Msor SO p gantai ning
a 1:500 mllﬂ$%%J£¢(%¥e ?y a dedgﬁyﬁesg%p gg?ﬁ ®to gm%lnaﬁQl %

concentrailcquﬁpdhse]Wﬁsce¢mgrmmlsed ZBlteV@atbwﬁlMedeaonalcedlnge

e ool T o pitir SRs O bl T Or e R aBr b iy o R B0 e BPEREE ey, ©

concentrati ontlod exmﬁsrmmmmmengntheSSachehedyf@nmtef.mM&5ﬂ1Egélyeast cell
suspension fram the previous paragraph . . F ach yeast cel
suspensi on, ihﬂ % t5¥c%.a d ?%1as%geég%#cZgé%$y§§%%§g#h%$

i ncubat ed ste@em&mﬂ@aﬁlcémmhlwedSahinufethathumahsexcnsbfne $QCfe1edf t he
cell 10 susp t h, 90 of, 5 v) >DS and determ pe the cel
concentratlonﬂﬁékﬂgg£H%h%%y?%%e?%wnséﬁeﬁ%n??o?%dm?ﬂ% Gecr 8888%i n t he nunber
of cells iLbatintesmt n Chatdespiesknoe eéuEﬁEhaveabaentdtmuapabedthbth t he
initial cell concentration.ire t nc b Ny95 % of
the cells bedBME T y¥td TRISHE i ﬁb§$§ ygggﬁ ugégiéhgésgﬁﬁgg at

200- 30c?y (1QQﬂmﬁ20®1r©H1+®Hafmouae Gﬁm{ﬁémtentinfuge$ dranegantienper at ure
for 5 mnutes and poured tiff upernat an f ul t shoul d
be very Ioose@%ﬁﬁ%mdu%%n%e¥%%s 8Yeigl?5 ﬁu B E ér(‘?)‘l'd #%eg%ﬂﬁggﬁk#ﬁe for
spher opl ast i nigp (156 eps B@GErimynokmse naladdmd¢eLs Thpscakhy Bol6em nut es.
W gently_res pend t he sphero n_20 1\ ff [ 98 M
sorbitol; 1ECh%X§T?% gEﬁsz%PE%Ef §i?ﬁ§eF¥f5§h68g § gfuﬁ % %glng,
centrlfuged th@ssaWQMQraheZQQeBQOQaﬁlﬁﬁﬁetzaﬁ wmnhlataléaeantﬁﬁ4 22
centrifuge) t oomte re. for 5 ninute and carefull d off the
super nat ant . ?%pe;tggf ﬁ%g ﬁ§888durgh8n8u§P gégrggﬁsﬁéﬁgeg%%he
spheropl ast s mﬁcéOFar5pXOdﬂct¢ehlefnhntmgSEESaadlﬁéptmﬂben1aﬂsreom
tenperature (or on ice) until sed in Le F ES CELLS
Ve transferredd BFEEd Faiﬁ?ﬂ Eugtk Eg é%Bngs? G%fgéﬁgng g?oplast
suspensioaotohavéSb@éntuhEmandccenmouéag@ﬂJlfahcau026013009n$£60®01200 rpm

in 5 a Jouan 4- 22 ce trl% é rogn&t?nperature for 5 mnutes. W
removed all of% H2SGlp ?ﬂa % 8§ P aspiration with a drawn-out gl ass

pi pette. Wth the tube Gohvansehther rzenilak, pesi tnoactwsegenttl hWuadded 1 m

of ES cells x_ 10 t hout _di sturbln t her opl ast
pellet. The s%ﬁt ohPast : %@ﬁ%@gl gg% ﬁkéaﬁe€5ﬁ fr ghe nggngofég
prepared the &5 ©gl) sahad adnabtenasdliollioked we ataumed Eg§Hculottwises i n

pl ates coated wi th nouyse f.eeders rtin e ty of 15 o X
10~ ES ce%&s b fbo-ﬁﬁﬂplatggaﬁad ganaspdoﬁévngayu uﬁﬁﬁ% h%%% gl ucose,

100 units/m @;Btmm;ylbeoauseootﬁgﬁnbfﬁﬁcﬁtehepaewmbny ? friviha- gl ut am ne,
100 um 2- ner capt oet hanol, i.000 un i €1 muri ne h%ukeglg i.nhi bitory
Factor [ ESGROMIDIZRG B89 AR PRadEPYalEY 28%t L&A £ un) . Fol | owi ng

48 hours of stanedeisngronth. condikl ONs, mas bé)/p&lelilezed»ltehaocuietdlraesa and
used the resulting cells to start cul tures %batln coated plates at 10

ES cel |'s per 109-hwianatel W@mﬁFPBﬁeHXSPSWﬁHtPO 8REi FGEY GR°HES4 hours.

Four hour gobef g5 eyge méwﬁntoweseeﬁbaeedftfhew@a@wmmmot he o qliatres Wit h
fresh medium | medi ately before fusion, we psi ni zed t he ceIIs washed
three ti mes WPER. Such éxons may include the ouse Cyl exons

other murine C membrane exons. Alternatively, the

human Cy2 membrane exons would be expected to function



serumfree ES nediumat roomtenperature, and resuspended in serumfree ES
mediumat 5 x 10 cells/m. 30 W centrifuged the conbi ned spheropl ast/ES
cell sanmple at 300g (1200 rpmin a Jouan GR4-22 centrifuge) at room
tenperature for 3 mnutes and - 81 carefully aspirated off all nedi um
W th a drawn-out glass pipette. W gently tapped the tube to | oosen the
cell pellet and used a P1000 tip to slowy add 0.5 m of 50%5 (wv) PEG
1500 (pH 8.U; e.g:, Boeringer Mannheim 783641) containing 10 mrt Cad;,
(prewarned to 37C) . Wiile this solution aés‘being added, we gently m xed
the cells with the pipette tip. Once all of the solution was added, we
slowy pipetted the. cell 10 suspension up and down one tinme. W incubated
the cell suspension at roomtenperature for 90 seconds. W slowy added 5

y
m of serum LY8ElESPMERPURFBY OFi F&t& MRP IR ISR T Mot TRHITHhEL ube. e
i ncubat ed cel hgsahigho®avkeRPeralsdcd dtdd IGam i@ Spdhicad tergr30 ni nutes,
15 centrifuged the cell suspension at 300g. (1200 rpmin a Jouan GM4-22
centrifuge) aBfféBitteApEraetiréPrs i3 ittt B eitek i | yTHsDi ridt®d of f
all nmedi um W finandegdenmerbranas eximetddul V& esuspensied the getds in 10
m of standard 20 ES nedium and plated the entire sanple (- 5 x 10E ES
celI's) on & 1tP- FhenBUBeNpLYAa Yl édtferexUtt ed PratTAYenNGHiERIThR t enpt s
result in thepggperati @Rofk 180 iR CQlE £5, rdhen@moutio®f71hersanpl e
pl ated on each 100-mm pl ate may need to be adjusted downward. 25 W
i ncubat ed t hehgEates under standard ES cell growth conditions overnight and
then replaced the nediumw th fresh ES nedium Foll ow ng 48 hours of
culturing (after the spheropl ast fusion, we began growth under the 30
appropriate sel ective cYREIORQRONSTRUCTIONt ated by the specific manmal i an
sel ectabl e marker presef}, @Rt RerimeMe rept 288k 1he vRdiym gyery 2 days.

W pi cked - 82 and plate ES col onies on nouse prinary-feeder-coated

pl ates folOexpansrafiegetosiatdacwqs curkuridse VLG cereys ok vieke ES

col oni es 10- 1gydaygatol | @wen@eagﬁw'@@tafy859nthé klhgn SRvemuES gell
clones (referred to as 1 through 7 in Tﬁblﬁ@%é derived fromES cell fusion
wi th yH2Bm conealneagipsaonswaing fidpking ot ali p aveibapbet B¥eECHRI - and
BanH yH2 fragments detegted rohes nj thesepgv{esphsert. As shown
in Table 10 BET?E%gPogiﬁ%%ﬁé ﬁ%ﬁ%% geﬁ%éﬂagr%ggéfeg%eg 7% the ES cel

genone as part18B2¢hadacEdfiizamn @t @&l t hePIRS ceNetDNIACPH | oFcio ¥PAnsgeni c

nouse generatign: .al,l i fenents V, 11l ; C .gcted V~, 1
V~2, VH3,?9"979Vﬁ§§4a%§%$Hg}9ﬁ%&dnEb~}h§%g gthngﬁégﬁpghgg%ggls const ant
regi ons; noLi gesswi 1¢h1719nBBYg @raB duman. Qyll Chbexensal., PNB3 TABLE 3 5

10 15 h or'nEiigigigﬁgigggiz %%534567VH1++++++1V ~+++++++VHI+++++++V,

Q+++++++VHS++ $¥$¥¥gﬁsqres of which are hereby

incorporated by reference], allowing all restriction

sites to be mapped electronically and a targeting

20 vector to be constructed. One such vector would
contain 5' homology upstream of human Cy2 CH1l exon, an
expression construct for a positive/negative selectable
marker in yeast (URA3), a direct repeat of the 5'
targeting homology, sequence containing the human Cyl

25 exons CH1-CH3, and 3' targeting homology. This vector
would be transfected into yeasts carrying yH1C and
homologous recombinants positively selected on plate
lacking uracil and then screened by Southern blot
hybridization or PCR to test for the loss of human Cy2

30 CH1-CH3 exons and the concomitant gain of human Cyl
CH1-CH3. Once identified, the deletion of the URA3



+ + + + -~ +CUH+Ht ++++C~~ | +++++++nBy L+++++++Cy 1+~+++++ 'm - denot es nouse
genes (nByl) EXAMPLE 7 | NTRODUCTI ON OF ES CELLS CONTAI NTNG THE yH2BM YAC

| NTO MTCE 20 In order to generate chineric mce fromES cells containing

t he YAC yH2BM DNA, we microinjected of blastocysts, followed by breeding.
W isolated ES cells containing the YAC yH2BM DNA as descri bed in Exanpl e
5, and expanded for the generation of chineric 25 mce. Next, we

m croi nj ected yH2BM bearing ES cell clones into nouse C57B1/6 bl astocysts

[See B. Hogan et al., "Manipulating the Miuse Enbryo: A Laboratory Manual",
Section D, Introduction of NEM/GEnetic Informatjion, "Injection of Cells
into the Bl astocyst"” pages 188-196, (1986)(Cold Spring Harbor

Laboratory Press, Cold Sprlng Harbor, NY.)]. Chinmeric offspring were
identified bygen&ﬂcamﬂbm shbteed Bild Bl ofidsrenbrgds . | nfached#ski ve born

D55 333520 FECDTENT A2 IRAS 0O 3441 15 T BRERa RS8P I Ha BN 1201903775

gaPLe 4 sunumﬁdamﬁetmﬁ edffacient generatthgompansgénirecombivetdsing seven

i fferent yY P~ containi,.n e clones

were tr. ~ns %ﬁF?rﬁ %ﬁt ﬁ%p g ég?hFlneﬁﬁE%ibéﬁE b%&“&%ﬁﬁ 8
CIA%AINIEEByHﬂ&MIMﬁCZDN@n&VﬁéBV&Qe@IaNEGElQOhumanrdgH tin generate nlce t hat
produce human i bo s in.the absenc f endag ant.i I br ed

Dk - LT ansgerF ert S0 B ERD dBUBT B PRAG POt S350 B P uaLe  ePPabAERe M )

EDUSE FtrﬁlnsamdEtwmwmxy99951énrogeaﬂtnbbgebed iﬂacﬁbvabedousu$eaheavy and
appa |light 25 chain_|ocj, and in_antihb d od on [see
Jakobovits ettRfre %E?u?th§ﬁ2$55%%§gée g§§)?C&P@§ épe g%hgture Genetics
r;lﬁ-%ﬁ (199434 giNéebird. onrlsb, thheyKZmbyab&gmbthHmusa $brangsneé23.1,

W t eto erate hem zygous ho go fo ACs 30 on a
honnzygoglgln%i?gﬁ %ﬁaﬂnggegﬁgﬁéy éna ka§8§d8ﬂgﬁﬁ' 1hebOt " et

Cy2 locus.

CRE-LOX MEDIATED CLASS SWITCHING
The CRE-lox system allows the targeted

insertion of DNA into pre-defined sites. Derived from
15 Pl bacteriophage, the CRE recombinase drives intra-DNA
or inter-DNA recombination between loxP sites [B. Sauer
et al., New Biologist 2:441-449 (1990); S. Fukushige et
al., Proc. Natl. Acad. Sci. USA, 89:7905-7908 (1992);
Y.-R.Zou et _al., Current Biol., 4:1099-1103 (1994)]. A
20 lox P site (sequence:TA ACT TCG TAT AGC ATA CAT TAT ACG
AAG TTA TA (SEQ ID NO: 1)) is introduced into the DNA
of a yH YAC. The sequence is positioned 3' of the 3'
inverted repeat of the downstream S region, e.g., Sg2,
and 5' of the splice acceptor sequence of the CHl exon
25 of the downstream Cg gene, e.g., Cgl. The lox P site
can be inserted directly into the YAC via homologous
recombination in yeast, or it can be incorporated into
a larger targeting vector, such as the ones described
earlier in this description. When incorporating the
30 site into such YAC targeting vectors, the loxP site can

be introduced on a PCR primer used for amplifying the



- 85 Dbackground (yK2;Dl). The breeding schenme for generating a new
XenoMouse, which is hem zygous for the yH2BM YAC i s shown bel ow. Subsequent
breedi ng of XenoMouse nal es to XenoMouse femal es yi el ds XenoMouse 5 progeny
who are either hem zygous or honobzygous for yH2BM and/ or yK2. Fromthese
.progeny, breeding of nmales and fenal es, both of which are honpbzygous for'
both yH2BM and yK2,, will yield a true breeding |Iine of XenoMouse yH2BM 10
XenoMouse H2BM Breedi ng schenme Generation 1 - (Chinmera or Transgenic bred
to Yk2: D) yH2BM ; yK2 ; mJH+ i:nmCx+' " X-. 3pH2BM; yK2'; -milY-'.:;

nCx-' Generation 2 (Xenohet x YK2: D) y~i~BM; yK2'; mJ;;+"'; nmXx+' ' X

yH2BM-; yK2 ; mIH'''; mCx-'' 15 Generation 3 (Al npbst Xenonouse x yK2:Dl)
or Xenonouse x yK2;Dl) yHZBI\/Hr yK2' mH "' -; nCx' ~' X yH2BM ; yK2'; mJH '"';
Xy H2BM¥;  yKZ gr i ‘nomdlegy, X yHEBM | tyKgetify homoloddx' 5rX§EH'VbU59
. yH2BM+; yK2+; g@c g X' 20 e conflrrrei;(;t"ﬁeﬁ?ntegrlty of the human

heavy and kap[?@ clﬁveﬁerrbmt:saﬁ @W@W@M%@rmmtw HoUtheFa- bl B
anal ysi s. S e ansmtted
&%}] W%d@wrﬁﬁﬁéﬂ b@E@éé@ 8l, lé!:l{?@/i%\@f 1&

unal tered thr |l e generations wth ar ent etions or 25
r ear r angenent sarlentaezstorEmmrEi@HoN ere. N\E\L'MSIISDU'% thet her

characteri ze Xenoipuse d8M thansgonie #lce pokbphetal; bl godoppgdaspl een S

| ynphocytes were i1 solated from 8-10 week mce and cer~tro The cells
were purified igta yiigholAd e M(Accurate) (San Diego, CA) and treated with

purified anti-nouse CD32/ CO46, kG, dafgglp:)‘g}qé%é Phé‘r;glg&ﬁfd 01241DP) ¢Lpan D ego,

CA) to block non-specific binding to receptors. Next, the cells were
stained with marsanmcantqﬁ)dmaegalatmirlamaivqe@vo@eae FiAESy@m@ltarte@Bechbn

Di cki I d
er ~oNbuse FRERISEES B BT veG RS o Ot BBt DO LR RS L0 08 o,
01128A); 1% f Igﬁireosmmbe |mmdm§/eﬂ1aared(£lll'®)@amte htlcmaelnéhng(Phar m ngen,

34159X); FITCant gﬂﬁg ) y y om f our
animals fromt ree rent eno us%gﬁg%l\ﬂgg%gglpngla}gr%pggg %ua ed and 20
conpared to wiind thepes B8 1291 cr gt ioewasyionthe yYAGs Ehdbhawed Table 5
bel ow. Straing, I\@]%E 12 BM: 2 bout 6 ~
reconstitution 3|?<n e%%!‘ clféé}\% i confrpﬁ?cn@/{ ‘éB%/fng%%‘gM?gn% ?ﬁ-%ﬁ%egzﬁlﬁge (Tabl e
5). 25 Trangenifc lmixce hiavdent idre yBM ARG DNthghOg s gbi ¢ i €AG: Aodan

ant i body qﬁgidHHHﬁ%ﬁ@ﬁ%‘?Hcgagﬂf§HE”Eonfigu§gtio§ &Qrough CH1, with

the CH1l exon splice acceptor intact, through downstream
of the polyadenylation site 3' of the second membrane
exon. For example, an approximately 7 kb Hind III
fragment will capture all of the required DNA for all

20 human Cg genes. Alternatively, only the CH1-CH3 exons
including appropriate 3'signals for transcription and
translation (untranslated region, polyadenylation site)
could be used to generate only the secreted form of the
mAb. To abrogate possible read through transcription,

25 a eucaryotic transcriptional terminator sequence can be
appended downstream of the CH gene on the vector. To
facilitate selection of transformants, an expression
cassette for a selectable marker such as puromycin or
hygromycin may be appended downstream of the CH gene.

30 Once hybridomas are generated from the
transgenic mouse carrying the yH transgene engineered

with the lxoP site, CRE-lox mediate class switching can



15 Table 5 strain $ of B220* | MAVG ~ ~ B CELLSXM 2BM 1 #13424XM=2BM 1
#224XM 2BM 1 #319XM 2BM 1 #417XM 2BM 2 #12828XM 2BM 2 #227XM 2BM 2

#329XM 2BM 2 #427XM 2BM 6 #127- 25XM 2BM 6 #228XM 2BM 6 #322XM 2BM 6 #423WI
B6X129 #140- 39WI B6X129 #238 WI B6X129 #335[ WI' B6X129 #443 EXAVMPLE 10 20
SERUM LEVELS OF. HUMAN ANTI BODI ES I N UNI MMUNI ZED M CE An ELI SA for

determ nation of human anti bodies in uni nmuni zed nouse serumwas carried
out. For nore detailed informati on and procedures on 25 i mmunoassays see E.
Harl ow et al., Antibodies: A Laboratory Mengal, Chapter 14, "I mmunoassay",
pages 553-614, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York (1988). The concentration of human i nmunogl obul i ns were determ ned
using the 30 followi ng capture antibodies: nouse anti-human | gM (CA /ATCC,
HB- 57) ( Manasses, ingycediey ded cexappi et i Bodi @sTusellYi lEctopPexpeiPRent s
wer e nouse antj - Yo = H Lohe ~05)

(Bi rm ngham Atf?’nnuéggga?ﬁ- u%ggy%gggﬁﬁgk%%ogﬁﬁgkﬁggn_%gggogfo?gghnology,
9020- 05) ( Bi revi thgramunhiiedt G ar ecomsenaserogquanEREaekpressionmn | g

were: human | .E)ggrkb&@?&ﬁﬁ%@éégﬁﬁgh%h%mu a:4ed

(Cal bi ochem 40 ego, _ own in Table .6, XenoMuse
H2BM mi ce Pr ochest 5oynd f i caetnouskl Chiegereeistof thet hoAumanwhgheahtl human

'hlggMi n ! ang*;ygﬁghgoeﬁg%h}}f%?ggégfﬁ%%ngﬂag%ﬁéedl%?dé@gi tgtige gbshIgyh and
m XM 2BM 7H 781D P2 981k 1850t 14 784 01 ¥ 850AR 2504 L O XAME2BA 1HTBO8- 11. 370H- 908-

50. 3551H 953-83. 781 XM 2BM 2 13- 20, 838H 873-31 73:-41, 90XM 2BM 6H 910
- 4168H 911- 30?%%?—%&%’4%?%5?3@%&\%&;’%&? f %%?%qucﬁluéNBgHYBRl DOVA
GENERATI ON G torgass of 115t X018 intd OtheedswoktrXemolHcgeh@BM WéEr Ehenmuni zed
subcut anepusl t the base of the tail r_other route_of i nistration
(1t oot plia, Yedtos 5ok tREhetHEPbE BrEREF” s SEGROTRBRE TRGCEN Lo, 5 ug
TNF-a or CEM k@bt sddfas £i145¢ . sdhechadi génhi shenappirbpedain doopgl et e
Freund's adjuvant, for the primtry.i nization and in_inconpl reund' s
adj uvant for the B tYYRAF ©OF léglggaﬁﬁéangPFSn?FrESPeﬁbgg géﬁggled

i nformati on afilr pizieeduf eshendasimall hovahi zabkgps .se&fEthHavkeowoet al .,

Ant i bodi es: Labor at or ual , _Chapter "l ni zat | " 53- 138,
Col d Spring @‘?%6? % i%%%‘g/g%%?‘ﬁ BREE ,r’CBBEnSBPPnS Bar orDSREG es, (1988).
| nruni zat i Bnshgbeidatss edaoube ascBednedekyi BLEBRabadf bybatidbmast 3 boost er

i muni zati ons_(boosts) ., Wien nmaking.nonocl onal anti bodi t 1 receive
a final injeé?f%ép%ﬁn%nY?%eaeB?rgglfEO?XpEBgaTOgFoﬁnggégege?gPQP%ﬁg

fusion. For npsel detaf | €dei népt saetnentadd peoneeduresesnmermbiragenonoc! onal
anti bodi es sege

6, "Monocl ona O&a?i %l?%%gg'35882A€55?5§§$§€8ﬁ8%233%§%%L§F%%EH%§58ra gﬁ;r
Press, sorted by flow cytometry.

20 In some instances, it may be preferable to
possess two different isotypes of a single antigen-
specific mAb, with one isotype having one activity,
such as ADCC or CML, and the other isotype lacking
effector function, but with identical antigen-binding

25 characteristics such as epitope specificity and
affinity. This goal could be achieved by molecularly
cloning the variable regions of the heavy chain and
light chain and then functionally linking them to the
appropriate constant regions, followed by transfection

30 into cells for production of the mAb. However, this
process can be labor and time intensive.

Alternatively, using the CRE-lox process described



15 Col d Spring Harbor, New York (1988). Lynph node |ynphocytes from
i muni zed mce are fused with the non-secretory nmyeloma NSO cell line [S.
Ray, et al., Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)) or the
P3- X63- Ag8. 653 nyel ona and are subjected to H ~1T 20 sel ection as
.previously described [G Galfre, et al., Methods Enzynol. 73:3-46 (198l)].
Table 7 shows that transgenic m ce produced according to Exanples 6-8
above, and inmunized with reconbi nant hug%n IL-8, 5 ug TNF-a or CEMcel ls
(for 25 CD147) yielded human |1 g@ nonocl orval™ anti bodi es. EXAVPLE 12
EVALUATI ON OF ANTI BODY SPECI FI TY AND | SOTYPE We performed an ELI SA for the
determ nati on of whether transgenic mce were producing 30 antigen-specific
anti bodies (Table 7). W determ ned the antigen g eci ficit nd i sotype of
ot bodi 65 | ABAXE. 18 REPTIDH o bL B nEaREEr G BER o
super nat ant s @as, desgfitatked Cohigitoeinathe Wpbtidoka." Enzyme- | i nked
I mrunosor bent assays,"” in Current Protocols in Imunology (1994).], using
reconmbi nant 5 hunan IysﬁgﬂiinﬂgﬁéhﬂéTNF-a'to capture the antigenspecific
anti bodi es. Ve determ nggl tHe GOPLEYt HhEENsPLaAHERA rmaKBRgh gRY! i ns usi ng
the follow ng capture antibodies: rabbit anti-human 1gG (Southern
Blotephnofbgyul IHBJﬂﬂall??ﬂnFﬁﬁ%%?igg'ag;i?gg:es used 10 ;? EL:SA
experinments were nouse anti-hunman | gGl- tag, MH1015) (Burli ngane,
CA), nouse anti-human | G\ HRP ( Sout hern Bi ot echnol ogy, 9020-05), and goat

: man. J 9y ) g
gPtLLREEHQ gappa-blfterQUhiil Qa@%?ﬁﬁ%gﬂizig%gpﬂﬁﬁéiﬂuZag%;%i qgantit?tk&n

nd nouse | g afes rgg% 5 - c : man | g

(Cappfl, 13000), hungFangzkiéga %é%c%en$ 4 01%%),ggguse IgGﬁ ?ngpel
55939), nousedgMCe Siygmet lmay o dogatdonbuBeurg§Gly. ( SngraeiRrgedo)
Table 7 furt Quis, £ hat j ] 0 ; di (o]
Exanpl es 6-8Q%g5%gj aH%gi&ﬁ&%ﬁgggﬁgfghﬂkgggﬁgi%gngﬂﬁgﬁéﬁgﬁ%?SbegsggJTNF-cx
or CEM cel( s (darorCning)atyi ealeti vaked mgusenSroskegian antfbbodi es that were
alnt LgeguSpeC'{dnCsﬁqgc’P:{Qﬁ k@f pEI?P%]CEEgaﬂﬁog%paiscu'ss%%i _e]&@n%izle;lf'w ! 9 W
'C..,...v. .celsewhere,: For example, the technigues utilized for:. :, .

Y[t [ generation of the ST sirains ar déscribed in uetail in
U.S. Patent Application Serial Nos. 07/466,008, filed

15 January 12, 1990, 07/610,515, filed November 8, 1930,
07/919,297, filed July 24, 1992, 08/031,801, filed
March 15, 1993, 08/112,848, filed August 27, 1893,
08/234,145, filed April 28, 1994, 08/724,752, filed
October 2, 1996. See also European Patent No., EP O

20 463 151 Bl, grant published June 12, 1996,
International Patent Application No., WO 94/02602,
published February 3, 1994, International Patent
Application No., WO 96/34096, published October 31,
1996, and PCT Application No. PCT/US96/05928, filed

25 BApril 29, 1996. The disclosures of each of the
above-cited patent and patent applications are hereby
incorporated by reference in their entirety. DI mice
possess a very immature B-cell development. The mice
do not produce mature B-cells, only pro-B-cells. [Green

30 and Jakobovits, J. Exp. Med., 188, pp. 483-495 (1998)].



XenoMouse I Strain
The design, construction, and analysis of the
XenoMouse I strain was discussed in detail in Green et
al., Nature Genetics, 7:13-21 (1994). Such mice
5 produced human IgMk antibodies against a DI background.
The mice showed improved B-cell function when compared
to the DI strain of mice which have little to no B-cell
development. While XénoMousé I strains of mice mount a
sizeable immune response to antigenic challenge, their
10 production of B-cells ws only 20-25% of wild-type mice
and they possessed a limited response to antigens.
Both characteristics appear to be related to their

limited V-gene repertoire.

L6 Strain

15 The L6 strain is a mouse producing human IgMx
antibodies against a DI background of endogenous mouse
Ig. L6 mice contain an inserted human heavy chain and
an inserted human kappa light chain. The L6 strain is
generated through breeding of a mouse containing a

20 heavy chain insert against a double inactivated
background (L6H) and a mouse having a kappa light chain
insert against a double inactivated background (L6L).
The heavy chain insert comprises an intact
approximately 970 kb human DNA insert from a YAC .

25 containing approximately 66 V4 segments, starting at Vy
6-1 and ending at V, 3-65, and including the major D
gene clusters (approximately 32), Jy genes (6), the
intronic enhancer (Em), Cp, and through about 25 kb
past C8, in germline configuration. The light chain

30 insert, yK2, comprises an intact approximately 800 kb

human DNA insert from a YAC which contains



""""" approximately 32 Vk genes starting at V,s; and ending at
Vg-op11- The 800 kb insert contains a deletion of
approximately 100 kb starting -at V,,,,; and ending at
Vi-1p-5. However, the DNA is in germline configuration

5 from Vyyp13 to 100 kb past Vi, and also contains the
JK genes, the intronic and 3’ enhancers, thg constant C,
gene, and Kde. [Mendez et al., Nature Genetics, 15, pp.
146-156 (1997)1]. Furthermore; L6 mice exhibit
predominant expression of human kappa light chain, a

10 large population of mature B-cells, and normal levels
of IgM, human antibodies. [Green and Jakobovits, J. Exp.
Med., 188, pp. 483-495 (1998)].

XenoMouse ITIa Strain:

The XenoMouse IIa mice represent second

15 generation XenoMouse™ strains equipped with germline
configuration megabase~sized human Ig loci, against a
DI background, such that the mice do not produce
functional endogenous Ig. Essentially, the mice are
equivalent 'in construction to the L6 strain, but

20 additionally include the human Cy2 gene with its entire
switch and regulatory sequences and the mouse 3’
enhancer in cis. The mice contain an approximately
1020 kb heavy and an approximately 800 kb kappa light
chain loci, which include the majority of the human

25 wvariable region genes, including heavy chain genes
(approximately 66 V,) and kappa light chain genes
(approximately 32 V,), human heavy constant region genes
(n, &, and vy) and kappa constant region genes (C.), and
all of the major identified regulatory elements. These

30 mice have been shown to access the full spectrum of the

variable genes incorporated into their genome.



Furthermore, they exhibit efficient class switching and
somatic hypermutation, predominant expression of human
kappa light chain, a large population of mature B-
cells, and normal levels of IgM, and IgG, human

5 antibodies. Such mice mount a vigorous human antibody
response to multiple immunogens, including human IL-8,
human EGF receptor (EGFR), and human tumor necrosis
factor-a (TNF-o), ultimately'yielding antigen-specific
fully human mAbs with sub-nanomolar affinifies. This

10 1last result conclusively demonstrates XenoMouse™ as an
excellent source for rapid isolation of high affinity,-
fully human therapeutic mAbs against a broad spectrum
of antigens with any desired specificity.

As will be appreciated from the above

15 introduction, the XenoMouse II strain appears to
undergo mature B-cell development and mount powerful
adult-human-like immune responses to antigenic
challenge. The L6 strain also appear to undergo mature
B-cell development. When XenoMouse II strains, a

20 markedly different B-cell development profile is
observed. Owing to this difference, it appears that
the quantity and complexity of variable region
sequences introduced into the animals are essential to
the induction of B-cell maturation and development and

25 the generation of an adult-human-like immune response.
Thus, in addition to the strains’ utility to generate
human antibodies, the strains provide a valuable tool
for studying the production and function of human
antibodies in the normal immune response, as well as

30 the abnormal response characteristic of autoimmune

disease and other disorders.
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It is predicted that the specificity of
antibodies (i.e., the ability. to generate antibodies to
a wide spectrum of antigens and indeed to a wide
5 spectrum of independent epitopes thereon) is dependent
upon the variable region genes on the heavy chain (V)
and kappa light chain (V,) genome. The human heavy
chain genome includes. approximately 95 VH genes of
which 41 are functional genes which encode.variable
10 regions of the human heavy chain of immunoglobulin
molecules. In addition, the human light chain genome
includes approximately 40 Vk genes on its proximal end
of which 25 are functional which encode variable
regions of the human kappa light chain of
15 immunoglobulin molecules. We have demonstrated that
the specificity of antibodies can be enhanced through
the inclusion of a plurality of genes encoding variable
light and heavy chains.
Provided in accordance with the present
20 invention are transgenic mice having a substantial
portion of the human Ig locus, preferably including _
both a human heavy chain locus and a human kappa light
chain locus. 1In preferred embodiments, therefore,
greater than 10% of the human V, and V, genes are
25 utilized. More preferably, greater than about 20%,
30%, 40%, 50%, 60%, or even 70% or greater of V, and V,
genes are utilized. 1In a preferred embodiment, heavy
and light chain constructs that include 32 genes from
the proximal region of the human V, light chain genome
30 and/or 66 genes from the V, portion of the human IgH
locus, respectively, are utilized. As will be
appreciated, genes may be included either sequentiélly,

i.e., in the order found in the human genome, or out of
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............. the Ruman’genome, or’ &’ coibinatidh thereof. | This, by
way of example, an entirely sequential portion of
either the human Vy or human V, region of the locus can

5 be utilized, or various V genes in either the V, or V,
genome can be skipped while maintaining an overall
sequential arrangement, or V genes within either the V.
or V, genome can be reordered, and the like. 1In a
preferred embodiment, the entire human loci are

10 inserted in the mouse genome in substantially germline
configuration as found in humans. In any case, it is
expected and the results described herein demonstrate
that the inclusion of a diverse array of genes from the
Vy, and V, genome leads to enhanced antibody specificity
15 and ultimately to enhanced antibody affinities.

Such mice preferably further include the
entire human D, region, the entire human J: region and
the human mu constant region, and can additionally be
equipped with other human constant regions for the

20 coding and generation of additional isotypes of
antibodies. Such isotypes can include genes encoding
Yir Y2r Yar Ye 9, €, and d and other,constant region
encoding genes with appropriate switch and regulatory
sequences. As will be appreciated, and as discussed in

25 more detail below, a variety of switch and regulatcry
sequences can be utilized in connection with any
particular constant region selection.

The following Table indicates the diversity of

antibody combinations that are possible in humans,

30 based strictly on random V-D-J joining and combination
with kappa light chains, without consideration of
N-addition, deletions or somatic mutaticn events.

Based on these considerations, there are greater than 7



10

15,

20

25

X 10% possible antibody combinations in humans, of any

particular isotype.

TABLE 1

Region Heavy Chain Kappa Light

Chain

Functional ~41 25
Variable “v” '

Functional 223 -

Diversity “D”

Jeining “J” 6 5
Combinations 5,658 125
(VxDxJ)

Total
Combinations .
(HC Combinations 7.1 x 10
x LC
Combinations)

In connection with a preferred embodiment of the
invention, through the inclusion c¢f about 34 functional
V, genes and 18 functional V, genes in a mouse with a
full complement of Dy, J,, and J, genes, the pocssible
diversity of antibody production is on the order of 4.2
X 10° different antibodies. As before, such calculation
does not take into account N-addition or somatic
mutation events. Therefore, it will be appreciated
that mice in accordance with the invention, such as the
Lé and the XenoMouse II strains, offer substantial
antibody diversity. In preferred embodiments, mice are,
designed to have the capability of producing greater
than 2 X 10° different heavy chain V-D-J combinations
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15

20

25

30

and kappa light chain V-J combinations, without

accounting for N-additions or somatic mutation events.

Variable Region - Qualitative Diversity

In addition to quantitative diversity,
quantitative selection of V-~genes (i.e., large numbers
of diverse V-genes) and/or qualitative selection of
V-genes (i.e., selection of particular V-genes) appears
to play a role in what we refer to herein as
“qualitative diversity.” Qualitative diversity, as used
herein, refers to diversity in V-D-J rearrangements
wherein junctional diversity and/or somatic nutation
events are introduced. During heavy chain
rearrangement, certain enzymes (RAG-1, RAG-2, and
possibly others) are responsible for the cutting of the.
DNA representing the coding regions of the antibody
genes. Terminal deoxynucleotidyl transferase (Tdt)
activity, which 1s responsible for N-terminal additions
of nucleotides between the V-D and D-J gene exons is
up4regulated. Similar enzymes and others (SCID and
other DNA repair enzymes) are responsible for the
deletion{s) that occurs at the junctions of these
coding segments. Junctional diversity refers to both
N-addition events and formation cf the complementarity
determining region 3 (CDR3) . As will be appreciated,
CDR3 is located across the D region and includes the
V-D and D-J junctional events. Thus, N-additions and
deletions during both D-J rearrangement and V-D
rearrangement are responsible for CDR3 diversity.

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

developing antibody specificity.
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In accordance with the invention, rearranged
V-D-J gene seguences show N-addition lengths that are
comparable to expected adult-human N-addition lengths.
Further, amino acid sequences across the open reading
frame (ORF) corresponding to CDR3 sequences show CDR3
lengths that are comparable to expected adult-human
CDR3 lengths. Such data is indicative that
quantitative variable .region diversity and/or
qualitative variable region diversity resuits in
human~like junctional diversity. Such junctional
diversity is expected to lead to a more human-like

antibody specificity.

Variable Reqion - Affinities

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

appeared related in part to the limited V-gene
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repertoire. Similarly, results reported by GenPharm
International and the MRC indicate a limifed response
to diverse antigens.
Without wishing to be bound to any particular
5 theory or mode of operation of the invention, it would
appear that enhanced affinities appear to result from
the provision of the large number and complexity of V
regions. From our data, the provision of greater
numbers and/or selection of qualities of V-gene

10 sequences, enhances junctional diversity (N-additions
and formation of complementarity determining region 3
(“CDR3”) diversity), which is typical of an
adult-human~-like immune response, and which play a
substantial role in affinity maturation of antibodies.

15 It may also be that such antibodies are more effective
and efficient in somatic mutation events that lead to
enhanced affinities. Each of junctional diversity and
somatic mutation events are discussed in additional
detail below.

20 With respect to affinities, antibody affinity
rates and constants derived through utilization of
plural V, and V, genes (i.e., the use of 32 genes on
the proximal region of the V, light chain genome and 66
genes on the V, portion of the genome) results in

25 association rates (ka in M™! S!') of greater than about
0.50 X 107¢, preferably greater than 2.00 X 107%, and
more preferably greater than about 4.00 X 107¢;
dissociation rates (kd in S™') of greater than about
1.00 X 107, preferably greater than about 2.00 X 107,

30 and more preferably greater than about 4.00 X 107%; and
dissociation constant (in M) of greater than about 1.00
X 1071, preferably greater than ebout 2.00 X 107, and

more preferably greater than about 4.00 X 107%°,



10

1
n

2C

25

30

Preferably, such mice additionally do not
produce functional endogenous immunoglobulins. This is
accomplished in a preferred embodiment through the
inactivation (or knocking out) of endogenous heavy and
light chain loci. For example, in a preferred
embodiment, the mouse heavy chain J-region and mouse
kappa light chain J-region and C,- region are
inactivated through utilization of homologous
recombination vectors that replace or delete the

region.

VARIABLE REGION - B-~CELL DEVELOPMENT

B-cell development is reviewed in Klaus B
Lymphocytes (IRL Press (19S80)) and Chapters 1-3 of T.
Honjo et al., Immunoglobulin Genes (Academic Press Ltd.
San Diego, CA (1989)). Generally, in mammals, blocd
cell development, including B- and T-cell lymphocytes,
originate from a common pluripotent stem cell. The
lymphocytes, then, evolve from a common lymphoid
progenitor cell. Following an early gestational
period, B-cell initiation shifts from the liver to tﬁe
bone marrow where it remains throughout the life of the
mammal .

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

pre-B-cell II which expresses surface IgM, which leave



the marrow as immature B-cells. Most of the emerging

immature B-cells continue to develop and to produce

surface IgD, indicative of their completion of
differentiation and development as fully mature

5 immunocompetent peripheral B-cells, which reside
primarily in the spleen. [Hardy and Rolink, Ann. NY
Acad. Sci., 764, pp. 19-24 (1995;); Rolink and Melchers,
Tmmunol. Lett., 54, pp. 157-161 (1996)]. However, it

is possible to eliminate the delta constant region and

10 still obtain immunocompetent cells.

B-cell differentiation and development can be
monitored and/or tracked through the use of surface
markers. For example, the B220 antigen is expressed in
relative abundance on mature B-cells in comparison to

15 pre-B-cells I or II. Thus, 'cells that are B220" and
(")
presence of mature B-cells.

can be utilized to determine the
Additionally,
(&%) .

is expressed by

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

20 pre-B-cells I and later developmental stages.

TABLE 2
Bone Marrow Spleen
Marker | pro-pre- pre-B- pre—BTcell II | immature mature
B-cell " cell T irgiiglng B- B-cell B-cell
B220 + + + + ++
HsA - + + hi lo
25 [n - - + + +
o* - - - - +
* Assuming the presence of a functional copy of the

Cd gene on the transgene.



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

We have previously demonstrated that DI nice

5 (mice that do not undergo heavy chain V-D-J
rearrangement or light chain V-J rearrangement) do not
produce mature B-cells. 1In fact, such mice arrest at
the production of pro-pre-B-cells and B-cells never
move from the bone marrow to peripheral tiésues,

10 including the spleen. Thus, both B-cell development
and antibody production are completely arrested. The
same result is seen in mice that are only heavy chain
inactivated -- B-cell development and differentiation
arrests in the bone marrow.

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

20 In contrast, our XenoMouse II strains and L6
strains, unexpectedly possess almost complete B-cell
reconstitution. Therefore, in accordance with the
invention, we have demonstrated that through the
quantitative inclusion or qualitative inclusion of

25 variable region genes B-cell differentiation and
development can be greatly reconstituted.
Reconstitution of B-cell differentiation and
development is indicative of immune system
reconstitution. 1In general, B-cell reconstitution is

30 compared to wild type controls. Thus, in preferred
embodiments of the invention, populations of mice

having inserted human variable regions possess greater



populations of wild type mice.

ISOTYPE SWITCHING BY XENOMOUSE

As is discussed in detail herein, as

5 expected, XenoMouse II mice undergo efficient and
effective isotype switching from the human transgene
encoded mu isotype to the trénsgene encoded gamma-2
isotype. As mentioned above, mice in accofdance with
the invention can additionally be equipped with other

10 human constant regions for the generation of additional
isotypes. ©Such isotypes can include genes encoding v,
Y2, Yir Y4 & €, O, and other constant region encoding
genes. Alternative constant regions can be included on
the same transgene, i1.e., downstream from the human mu

15 constant region, or, alternatively, such other constant
regions can be included on another chromosome. It will
be appreciated that where such other constant regions
are included on the same chromosome as the chromosome
including the human mu constant region encoding

20 transgene, cis-switching to the other isotype or
isotypes can be accomplished. On the other hand, where
such other constant region is included on a different
chromosome from the chromosome containing the mu
constant region encoding transgene, trans-switching to

25 the other isotype or isotypes can be accomplished.
Such arrangement allows tremendous flexibility in the
design and construction of mice for the generation of
antibodies to a wide array of antigens.

It will be appreciated that constant regions

30 have known switch and regulatory sequences that they

are associated with. All of the murine and human

constant region genes had been sequenced and published
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the Immunoglobulin Heavy Chain and the Molecular
Mechanism of Class Switching” in Immunoglobulin Genes
(Honjo et al. eds., Academic Press (1989)), the
disclosure of which is hereby incorporated by
reference. For example, in U.S. Patent Application
Serial No. 07/574,748, the disclosure of which is
hereby incorporated by referénce, the cloning of the
human gamma- 1 constant region was predicted based on
known sequence information from the prior art. It was
set forth that in the unrearranged, unswitched gene,
the entire switch region was included in a sequence
beginning less than 5 kb from the 5’end of the first vy-
1 constant exon. Therefore the switch region was also
included in the 5’ 5.3 kb HindIII fragment that was
disclosed in Ellison et al. Nucleic Acids Res.
10:4071-4079 (1982). Similarly, Takahashi et al. Cell
29:671-678 (1982) also reported that the fragment
disclosed in Ellison contained the switch sequence, and
this fragment together with the 7.7 kb HindIII to BamHI
fragment must include all of the sequences necessary
for the heavy chain isotype switching transgene
construction.

Thus, it will be appreciated that any human
constant region of choice can be readily incorporated
into mice in accordance with the invention without
undue experimentation. Such constant regions can be
associated with their native switch sequences (i.e., a
human vy, 5, 3, - «+ constant region with a human v, j, 3, or ¢
switch, respectively) or can be associated with other
switch sequences (i.e., a human vy, constant region with

a human vy, switch). Various 3’enhancer seguences can



also be utilized, such as mouse, human, or rat, to name
a few. Similarly other regulatory sequences can also
be included. ’
As an alternative to, and/or in addition to,

5 isotype switching in vivo, B-cells can be screened for
secretion of “chimeric” antibodies. For example, the
L6 mice, in addition to producing fully human IgM
antibodies, produce antibodies having fully human heavy
chain V, D, J regions coupled to mouse conétant

10 regions, such as a variety of gammas (i.e., mouse IyGl,
2, 3, 4) and the like. Such antibodies are highly
useful in their own right. For example, human constant
regions can be included on .the antibodies through in
vitrc isotype switching techniques well known in the

15 art. Alternatively, and/or in addition, fragments
(i.e., F(ab) and F(ab’), fragments) of such antibodies
can be prepared which contain little or no mouse
constant regions.

As discussed above, the most critical facter

20 to antibody production is specificity to a desired
antigen cr epitope on an antigen. Class of the
antibody, thereafter, becomes important according to
the therapeutic need. 1In other words, will the
therapeutic index of an antibody be enhanced by

25 providing a particular isotype or class? Consideration
of that question raises issues of complement fixation
and the like, which then drives the selection of the
particular class or isotype of antibody. Gamma
constant regions assist in affinity maturation of

30 antibodies. However, the inclusion of a human gamma
constant region on a transgene is not required to

achieve such maturation. Rather, the process appears



EXAMPLE 1

5 YAC VECTORS FOR MURINE y1-HUMAN vy4
OR_MURINE v1-HUMAN v1

Replacement~vectoré for targeting the parent
YAC yH1C to replace the human v2 switch elément and
human CH y2 exons with the murine vyl switch element and
10 either the human Cyl exons or the human Cy4 exons were
prepared (Figures 1). The vectors were designated as
pMuShul and pMuShu4d (Figure 5). The vectors were
constructed using a low copy number cloning vector
known as pACYC177. This vector pACYC177 is available
15 from New England Biolabs, Inc., Beverly, MA and the
seguence can be found in Genbank sequence database
under the sequence accession number Gensbank #X 06402.
A low copy number origin of replication 1s useful to
prevent unwanted rearrangements or deletions of the
20 plasmid DNA when propagated in E coli.
| The first step was to introduce a linker into
PACYC177 in order to accommodate the elements needed
for the targeting vector. The linker contained the
, following restriction sites: NheI-Sall—-Smal-
25 NotI-EcoRI-Xbal—~SacI-BamHI.

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



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

Restricticn Enzvmes

Unless otherwise stated all restriction
enzymes were purchased from New England Biblabs Inc.
(Beverly, MA). Furthermore, all restriction digestion

10 conditions were standardized according to the following
conditions: 1 microgram of DNA was digested in 20 pl of
the appropriate restriction buffer and using 5 units of
restriction enzyme for 1 hour. Restriction buffers are
specified by the manufacturer fcr particular enzymes

15 and the éompositions are provided in the product
catalog from New England Biolabs Inc. (Beverly, MA).

To introduce the linker, pACYCl77 was
digested with restriction enzymes Nhel/BamHI according
to the manufacturer's instructions. The linker as

20 shown above was ligated with a 2208 bp fragment of

| PACYC177 isolated on an agarose gel and purified using
Geneclean kit (Bio 101) (Vista, CA). This process
removed only non-essential regions of the vector
including Nhel and BamHI restriction sites.

25 The next step was to introduce the yeast URA3
gene, with its promoter and coding sequences as a
marker for selection of yeast cells containing the YAC.
A DNA 1971 bp fragment of the URA3 gene containing the
promoter and coding sequence was obtained from pYACY,

30 which is available from the American Type Culture
Collection (ATCC) catalog no. 67379 (Manassas, VA) and

the sequence can be obtained from Genebank using



sufficient 3' homology for targeting. The plasmid
pYAC4 was digested with the restriction enzymes, Sall
and MscI, according to the manufacturers instructions.

5 Likewise, the vector-linker -combination,

‘ PACYC177/1linker, was digested with Sall and Smal
according to the manufacturers instructions.
Subsequently, the two restriction nucleotide digested
DNAs pACYC177 and URA3 were ligated togethér to produce

10 Int 2.

'The next step was to introduce the beta-
galactosidase gene (beta Gal) by first digesting Int 2
with Xbal and Sacl according to 'the manufacturers
instructions. The beta Gal gene was cloned from the

1% wvector pGK beta Gal which can be obtained from Cell
Genesys, Inc. (Foster City, CA). The DNA pGK beta Gal
was digested with the restriction enzymes, Xbal and
SacI. Linearized Int 2 and the 2553 kb fragment from
pGK beta Gal were ligated together to produce the next

20 intermediate called Int 3.

The above beta Gal expression construct is
incomplete. The missing portion of beta Gal is
obtained by digesting the pGK beta Gal plasmid with
restriction enzyme SacI and NcolI. The 1165 kb fragment

25 from the pGK beta gal digestion was iscolated by agarose
gel eletrophoresis, wherein the fragment was excised
from the ethidium bromide stained gel and purified like
described above using a Geneclean kit (Bio 101) (Vista,
CA). Similarly, Int 3 was digested with the

30 restriction enzyme Sacl, according to the manufacturers
instructions. The linearized Int 3 was isolated by
agarose gel eletrophoresis. The 1165 bp fragment from

pPGK beta gal and the linearized Int 3 were ligated



together using the enzyme T4 DNA ligase, purchased from
New England Biolabs, Inc. The DNA fragment was
reisolated and then treated with Klenow fragment to
blunt the ends. The linearized DNA was circularised

5 using the enzyme Ncol which.blunt ligates to SacI blunt

ends‘to produce Int 4.

INTRODUCTION OF 5' HOMGLOGY

The region of 5' homclogy for targeted
recombination was isolated from the sequence cf A-287-

10 Cl10 YAC by rescue of the 3' end and had been previously
cloned into plasmid ppKMlc [See Mendez et al., Nature
Genetics 15:146-156 (1997)}. The A287-C10 YAC was
isolated by screening DNA pools from the Washington
University human YAC library {(Washington University,

15 St. Louis, MO) using PCR primers for the human Vu6 gene.
Isolation and characterization of the A287-Cl0 YAC was
described in detail in International Patent application
WC 94/02602, by Kucherlapati et _al., published on
February 3, 1994, and that disclosure is hereby

20 1incorporated by reference.

Int 4 was digested with the restriction
enzymes NotI and SnaBI and then treated with Calf
Intestine Phosphatase as fcllows: 1 microgram of DNA in
20 microliters of restriction digest reaction, 5 units

25 of calf intestine phosphatase (New England Biolabs.,
Beverly, MA). The enzyme and DNA were incubated for 30
minutes at 30 °C, then heated to 65 °C for another 30
minutes to denature the phosphatase. The vector ppKMlc
was digested with the restriction enzyme, EcoRI, and

30 then treated with Klenow Fragment to create a blunt end

to remove the EcoRI site. The linearized ppKMlc was
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éEcé%dfng't0'the'manufactureré instructions. A
fragment of approximately 1 kb 5'" homology was
isolated. Next, the 1 kb fragment was ligated together
with the NotI and SnaBI digested Int 4. This DNA
preparation was named Int 5.

The vyl and y4 CHl, Hinge, CHZ, and CH3 coding
exons, transmembrane exons and approximately 3 kb of
downstream sequence (~7kb each) were introduced into
the replacement vectors thrcugh two intermediate DNAs
derived from pBR322.

First, pBR322 was digested with Hind III,
treated with Calf Intestine Phosphatase (CIP) and
ligated with the approximately 7kb Hind III fragment
containing the vyl sequences from Pl <lone #1737 (Gl).
Pl phage clone was purchased from Genome Systems, Inc.
(St Louis, MO). This resulted in intermediate plasmid
pCGl2.

The second intermediate was constructed by
digesting pBR322 with the restriction enzymes, HindIII
and BamHI. The 3986 kb fragment was treated with calf
intestine phosphatase and ligated with approximately
7kb HindIII/BamHI fragment containing the human v4
sequences from BAC clone #176Ei0, purchased from Genome
Systems, Inc. (St. Louis, MO). This intermediate
plasmid was called pCG43.

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

sequence ID NO: 4)is shown below:
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The Linker was oriented in Int 6 as such:
A287 — SnaBI (ex)~EcoRI-BssHII-Xbal (ex)-Mfel-
HingIII-BclI-XhoI-MluI-pGK~-teta Gal

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

~

which was present in Int 5.

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

25 University of Michigan and is a pBR3222 based plasmid
containing a murine yl switch region on a HindIII/EcoRI
fragment (M.R. Mowatt et al., J. Immunol. 136:2647-2683
(1983)]. The plasmid was digested with the restriction
enzymes EccRI and HindIII and the 10kb fragment



.~riiiirr TNRF-3810GL- 112179 ing. 13116_ pgpl .. 2610TNF- 39106& 618046 EXAMPLE
13 | NTRODUCTI ON OF THE VH2CM YAC | NTO ES CELLS Wé i ntroduced t he YAC,
yH2CM into nouse enbryonic stem (ES) cells by yeast spheroplast fusion 15
as described in detail in Exanple 6. [See B. Birren et al., Genone
Anal ysis: A Labo a Syst pter 5:
"I ntroduction orf{%&x?wg%ng“r%rg’l% ypcgllllt‘s yasrl’gheéflozl e&s(% %&gl on", pages
548- 550, Col doBpifihgdHasbabolwvaboratory Press, Plainview, NY]. 20 GEneraIIy,
yH2CM cont ai ni ng yeast cells were spheroplasted using zynol ase 20T at 1.5
ng/ M. The yH2CM spheropl asts were fused with HPRT-deficient E 14. TG3B1
nouse ES cells which had been cultured as described [see Jakobovits et al.,

Nat ure 362: 255-258 25 ( % ; al, - 4Nature Genetics 7:13-21 (1994);
E. Robertson in Teratoc f ic Stem Cells, pages 71-112,

| RL, Q<ford (1987)] HATCsealséctican on -0 ODMMAS iinmvdiat@ch %fmrmﬁfter

f usi on. OSI tive ES eII .cl gnes vver sel ect.ed y of 1

cl onel | 5- 2 62 FHeBd cg?‘:1 ﬁﬁ% nt Vel eﬁé% % ed f or

genone anal y%@nmﬂnmgetmalnmzmb f\ar sw1YAG |wusegr$cbyarbeyd ShrheRdornNd CHEF

bl ot anal yses Xper.i mnth nock fusions of ES cells and
yeast spheropﬁ‘%@ H&)Egofj&ﬁ’l S CEP TR ES G- cl Bifes (referred
to as O ones é.é@om dabhend) v@@‘lp}:&(ﬁjz @’Dg@%tﬁé&ilwimlmmt&hd

EcoRI. The final element was the pBR322 based plasmid,
10 pCG43, containing human y4 on an approximately 7kb
HindIII and BamHI fragment. All three were ligated

together to create pMSL4.

CONSTRUCTION QF pMSI]

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

ligation.

MOUSE_3' ENHANCER
We isolated the 0.9 kb core part of the

enhancer by Stul restriction digestion from the 4kb



10 yH2CM cont ai ni ng yeast contained all expected EcoRl and BanmH yH2
fragments detected by probes spanning the entire insert. As shown in Table
8, we detected the foll owi ng human genes in the ES cell genone as part of
characterization of the ES cell DNA prior to transgenic 15 nouse
.generation: all the different V;; famlies could be detected VHL, V'2, VN3,
VH4, VH5, and VH6; human D', and JH hunman C~ and Ca constant regions; nouse
switch Y1 (nBYl ) and human C~r4 CH exons... _ _ 93 Table 8 h or'nES Cel

Cl onegenes12345678910VHL ++++++++++5VH2 +++F++++++V" 3++++++++++V" 4++++~++++++
VHS++++++++

~++V~, 6++++++++++10DH++++++++++++++++++++CNF+H++H++++++Ce+++H+++H+++ 0By | ~+++++
+++++15Cy4++ ++++++++ 'm - denat es use nes | ) EXAMPLE 14

| NTRODUCTT ONM o TR i At N%?%E“"\T?%gcﬁf‘?ﬁgéry‘ﬂzﬁo"ﬁ/f%@rzo In order to
gener at e chi ryrtca it ey f tioe hbeiYAC y HRRVeDNArc gHBAigAN) Ng 1LBRedeihgp

m croinjection of blastocysts was conducted, followed by _breeding. ES cells
cont ai ni ng t REEAR o dff zw%?e@isolHFEHrésG&€§€FFﬁedXPnlgféﬁg%e 6, and
expanded for timopeneration 25 of chineric mce. Next, yH2CM bearing ES

cell clones were mcroinjected jnto_npuse C57B1l/6 bl astocysts [ See B. Hogan
et al., "Manipulating t%% &b%%%t%ﬂbFQB:bAWEEBOF o ¢ SBAGALON 88&YGn D,

| ntroducti on xfoNewe&enenéd bif er8BthOAt whRheg¢hieOR1@hokelflrsgdhe the 30
Bl ast ocyst"” pages 188-196, (1986)(Col d Sprlnggkbrbor 94 Lahorat ory

Press, Cold Sprédbe HalWwor, enis]. ERi rdPRECH! TS FRGUWMELBY déRERF*@E%y coat

color. Table 1 40, QneHceobsyRS oL eCkedénkhteosr RRFAnRUPS# of chi mexas#
chi mera breedi ngs# germn i ne2Cv 13812624842 239926 :

~141052CM 32 213G AW 4219214 480D 52761 Y536 2€0 6296 €3 PPADEM 7269221660

20M 8133124 290234 47 79310 Tabl 41 9 SuBURE s 2Rd obhali dAkd shar chenaklieng 19

transgenic mce using nine different yH2CM contai ni'ng E i hes. Two

out of nine FkAResviétEhtvanaai E€eBlt hr digRddhé ippus@egeomilng@edEXRGPLE 15
desired orientation of the fragment by digests with
NcoI; Ncel and HindIII; and HindIII and Pvull and the
known restriction map of the 0.9 bp Stu I fragment.

15 We introduced another linker into plasmid Int
7. We digested Int 7 with Mfel and SnaBI (double
digest), followed by treatment with calf intestine
phosphatase. Next, we introduced the folleowing linker
by performing a ligatibn reaction and creating

20 intermediate Int 8. The restriction sites inserted by
the linker intc Int 7 are as follows: Mfelskill-HindIII-
SnaBI~BclI-BglII-Bam HI~-BgllII-NhelIekill. Again,
Mfelskill indicates that the Mfel site was eliminated

upon ligation into the larger DNA.

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

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



BREEDI NG M CE CONTAI NI NG yH2CM YAC 20 DNA WTH yK2: DI M CE In order to
generate mce that produced human antibodies in the absence of endogenous
anti bodi es, yK2-transgenic nmce were previously bred with

doubl e-i nactivated (DI) nouse strains, The D nouse 25 strains

.wer e- honozygous for gene targeteds=i nacti vat ed nouse heavy and kappa chain

| oci and thus were deficient in antibody production [see Jakobovits et al.,
Nat ure 362: 255-258 (1993); Geen et al.., fature Cenetics 7:13-21 (1994)].
One of the yK2-transgenic 30 nouse strains, J23.1, was bred with DI mce to
generate m ce hem zygous or honobzygous for yK2 YACs on a - 95 honpbzygous
i nactivat ed nouse heavy and kappa chai n background (yK2;Dl). The breeding
scheme for generat 5ng,gaNeWrXgRAMUSEe adthitdt ity e Y Scd®raddeayH2CM
YAC i s shown bel ow. Subsequent “breedi ng of 5 XenohMbuse nmal es to XenoMbuse
femal es yi el ds XenBMouse progeny who are either hem zygous or honmpzygous
for yH2CM and/ or yK2. From t hese, progeny, breeding of males and fenal es,
bot h of which are honbzygous for both yH2CM and yK2, will yield a true
breeding line of 10 XendRBGEd INSCMECIORS\Vbuse H2CM Br eedi ng schene
Generation 1 (Chinmera o r Doy M, yK2' mIH " "
nCKi ' ' X yH2CM ; yK2*; m[ﬁz %%%%ﬁgt%%ggﬁtﬂo%%@no{{et x YK2: DI) 15
yH2CMF; yK2*: coggeructalx Py dXoeerdme A wimh ; the regxrictameration 3
(Al nost Xeno y I - S I yﬁgég\@ H+'
ATl szgFQf§§mé§ Qm? )a_n%l rﬁn&rﬂu efc?ﬁ.t.%v?ecﬁ(ﬁzxé meﬁfgzwltﬂﬂ
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The integrity h #‘easoc%‘ﬁ \{@é:s ng(_@ Use H2CM
strains was cgﬁ%}’?rg &i%‘gi b anaauy_/tsgl%oﬁn arléf.L : eno %se H2CM
strai ns anal yzadymylslzemeﬂ/agi anaydiiled un ragmoeiyh ®&snul tiple
generatio p eal T ANge 9 EXAVPLE
16 FLOW cﬁc&%&gﬁﬁ% b g%%aféﬁr‘;i L ad T e Pt

transgeni c i peripeéedpRdr mmmm v deilgat e mphoityint Gete isol ated

f 8-10 K I T fied hol yt e -
Mr ??ccur at \év)eefgga mt%% aclo nec'g%e%&surl%l erg albu %Sn%ggui%&pz?c%lg

Fc receptor (Bharm ngen 01241D) (San D ego, CA) to bl ock non-specific
binding to Fc 10 receptors. Next, the cells were stained with various
anti bodi es and anal yzed on a FACStarp' ~='S (Becton D cki nson, CELLQuest
software). ThEXpH®&E @ anti bodies used to stain XenoMbuse H2CM cel | s

1| uded: Jrchr ome (O/C) el S22k Rl ek o GRS 08 [Lger oggeln
| gM ( Phar mi ngen, 02204Dhe ITiphocylws fecmtswo( anbgabSATrearewo di fferent
i e Using {1 GWPETEATEE e o h “Tapt & 10 ber i eepli REZKBEm 2 homm
showed about #080- J(Qagm@orfs)tl turtheorDNm wae Bacefiedonpapheent (Table 10).
e £ o DR S AEAIAG DO PLATLL £00L DR ant i bocy
het er ozygaus Nedthomygmmswm@mmxmtéd) witle ethanol and then

used to a transform a yeast clone containing the yHIc

YAC using a LiAc transformation protocol. [See

Schiestl, R.H. et _al., Curr. Genet. 16,339-346 (1989)].

Transformants were plated onto SC-URA agar media plates

25 and incubated at 22 °C until colonies appeared or

approximately 5-6 days. SC-URA plates contain a media

for growth of yeast which lacks uracil and therefore

selects for yeast colonies that can produce their own

uracil. Similarly, SC-LYS plates contain a media for

30 growth of yeast which lacks lysine and selects for



het er ozygous and honozygous for the yH2CM YAC. - 97 Table 10 5 10 15 20
| DB220+u+129xB622. 2129xB629. 8129xB624. 5DI 0. 6 XM2A-5 het ~29. 2XMRA-5

het 23. 7XM2A-5 honp23. 4XM2A-5 honp25. 5XM2Cm 2 het 19. 3XM2Cmt 2 het 19. 2XM2Cm 2
honmo ~29. 8XM2Cm 2 honp23. 6Avg. 129xB623. 8+ 1.4DI 0. 6Avg. XM2A-5 het 26. 5+
.3.9Avg. XMRA-5 honp24. 5+ 1.5Avg. XM2Cm 2 het 19. 3+ 0. 1Avg. XM2Cm 2 honp26. 7+
4.4 EXAMPLE 17 SERUM LEVELS OF HUVAN ANTI BODI ES I N UNI MMUNI ZED M CE An

ELI SA for determ nation of human 25 anti kadies in uni mmuni zed nouse serum
was carried out. For nore detailed information and procedures on

i mmunoassays see E. Harlow et al., Antibodies: A Laboratory Mnual, Chapter
14, "Il nmmunoassay", pages - 98 _ 553-614, Cold Spring Harbor Laboratory

Press, Cold SRty dddidles Nave Y0k dn (3 988hce ThRGRNEGAL NALI QR ,Of Thdman
i mrunogl obul i'ns were determ ned using the follow ng capture anti bodies:

nouse anti - hiie@t UtdMS qEQI T e MHB- 5P { fliAdseaso YA URPh® lddesc @inghn

anti bodi es usgdd Lxperd S ;. i =h | 9Gx
(Southern.Big?%é%ﬁ&ﬁ%g?é'9050-Ogﬁp%EggﬁéﬁaﬁgE?gxﬁ$% noﬁggqéhtlfﬁﬁﬁgn

| GV HRP ( Souttheér A oBisotlc HH? de¥S mapkens) CBL¥ncAghas wWAllch Sirgmdands 10

used for anriA_tadnl fqd I re: I ( i %%gg) (Costa
Mesa, CA)qgn hzﬁgkqﬁﬁgf“?%a o) %ﬁ1§%0?gg?qfsg%¥8iggggﬁ%&f} shown in
Tabl e 11, rowsdis I®r ¥chdmuse #+H2CR2 produc¥lCsPYAi WesadsscBasel nadl evel s

gfl ggt g5hgga%€%§gzg%4 P A3 Ghd P LDe RRSENGE AL s bEMYBIEAL 10 va1u22 Table

whether the desired isotype feplacements occurred as
expected. In this case, human vl or v4 CH'exons should

10 have replaced human y2 CH coding exons (Figure.l). The
yeast media used here was prepared from supplements
obtained from BIO 101 (Vista, CA).

PCR Primers used for this assay are as follows:
HGl: 2' cac acc gcg gtc aca tgg ¢ {(SEQ ID NO: 8)
15 HG3: 5' cta ctc tag ggc acc tgt cc (SEQ ID NO: 9)

The PCR reaction consisted of 35 cycles of
the following: 94°C for 15 seconds followed by 60°C for
45 seconds and then 72°C for 90 seconds per cycle. HG1
primer was positioned at nucleotide 181 on consensus
20 human Cyl, Cvy2, Cy4 alignment and primer HG3 was
positioned at nucleotide 994 of this alignment. These
primers will amplify DNA from Cyl, Cy2, and Cvyd4
isotypes.
Due to restriction site polymorphism in the
25 human Cy genes, the particular isotype of the template
DNA could be determined by restriction digestion of the
PCR products to yield unique sets of DNA fragments.
For example, the restriction enzyme Pvull restricts the -
PCR product into two fragments of 621 bp and 196 bp
30 when Cvy2 DNA is the template for the PCR products, but
does not cut the product if Cyl or Cy4 is the template.
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carried out aalB-#hweekipatgpesl off digGatcdudalstbe3 digdsieru ilhddmuni zat i ons

(boosts) . Wien naking apnoglo antj hadies, .the ni receive a final
injection of antigen or T}ge?ﬁg B%klngef‘%&r .Q%Zacys?r%lgfrgc?%gZt%el?nUSiao*nl._ For nore
det ai | ed i nf ayeas t onlandspwbdeburessd idm tresk icog memrtogJeores 1 @0 s vié bodi es see

E. Harl ow et : k ies A rat or nual ., Chapter 6, "Monocl onal
Ant i bodi es", %éagte%e ﬁgsgﬁgg ?:%Fd lélgisﬁ)ge &Yﬁ%o%fﬁ&%t%@%%%ﬁs‘?y Col d
Spring Hat®orSoweme ¥orkl$t988kaylydph Samibe dokmaitoayit .e didIrepn lizgruni zed m ce
fused with t . non- secret or eloma NSO cell line [S. Ray,. et al.,
Proc. Natl _k@cﬁ%n@ui ﬁ@éﬂfaéf% 55“%&%‘-5@!555 pf§9‘4r%' ][paoqeqaslg(ggi,Agg_ 653
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Galfre, et al_., Mithods Enzynol . - 3-46 (1981)),. 30 Table 12 shpows that
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the anti gt ISylspedizationaMembadnes. NENe Lddrc srtiraaides) of Nusmn @l nouse
i nununoc~l obtylins_~,aere determ ned usi the foll ow capture

~anti bodi es: r%}% i £33 %ﬁﬁﬁa‘ﬁ'eFSGc%é%eﬁg%ﬁ. gﬁﬁu&?leecrﬁhaqg)g%ﬁ W5 01). The
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were: hu | gG, _ { Cal hi pche 400122 uman J (Cappsl 000), human
'5Cox (CotBi Beit - AORASSTE HEHEE Fotr o chuper 145058) (Tad0e (G (& g,
M 3795), and pmsise) ] gGQA (Sigma, M 9019) . Table 12 further shows that

transgeni c mge produced according to Exanples 14-16 above, and 30
i muni zed wi tf‘per e%%ﬂg?‘ﬁéﬂg REARASI FeF oM SEL. & O eslodg&‘ern %]d)zttlrﬂﬁfan ele!

monocl onal arHGbodi @scthet sececauat kgen Teeed fisgcand ofot he predict ed
| sotype. HG3: CTA CTC TAG GGC ACC TGT CC (SEQ ID NO: 9)
30 These primers will amplify ~820 bp fragment for gamma

1,2 and 4 . Either one can be used as a probe as they

are highly homologous.
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T ol amplify VHS, TOITquing priners wereé useq: T Tt ol
............. VHSA:. . 5. GTC GAC GGG .CTC .GGG GCT .GGT .TTC .TCT . (SEQ ID........
N .. NO: 10) .

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

For HPRT following primers were used
REP3: 5' CTG GAG TCC TAT TGA CAT CGC C (SEQ ID NO: 12)
REP4: 5' GGT TCT TTC CGC CTC AGA AGG (SEC ID NO: 13j)

And, finally, to amplify Cmu following primers were
10 used

Jmi: 5% GCT GAC ACG TGT CCT CAC TGC (SEQ ID NO: 14)

Jmné: 5' CCC CAG TTG CCC AGA CAA CGG (SEQ II* NDO: 15)

Finally, we confirmed the general structural
integrity of the YACs using CHEF gel pulse-field gel
15 electrophoresis (CHEF DR-II, Bio Rad Life Sciences,
Hercules, CA).
We designated the YAC encoding Cyl as yH2Bm
and the YAC encoding human Cy4 as yH2Cm.

EXAMPLE 3

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

Vector construction for preparing the
targeting vectors to retrofit the yH1C YAC to yHGl and
25 yHG4 is schematically shown in Figure 6. The targeting
vectors were built on a backbone of pACYC1l77 (Genebank
#X06402) available from New England Biolabs
Inc. (Beverly, MA). We introduced a linker into

PACYC177 to facilitate cloning of a murine 3' enhancer.



P - We' called ‘the pACYC177 ‘vdctor containing’ the: linker: Int: -
9. The arrangement of restriction enzyme cloning sites
in the linker was as follows: HindIII-SallI-MluIl-PacI-
FseI-HindIII. The linker nucleotide sequence (SEQ ID

5 NO: 16) is shown below:

5" agc ttg tcg aca cgc gtt taa tta agg ccg gecec a

The nucleotide sequence of the complementary strand
(SEQG ID NO: 17):

5' agc ttg gcce ggce ctt aat taa acg cgt gtc gac a

10 We cloned the murine 3' enhancer from the
vH1C targeting vector as an approximately 4kb Mlul
fragment. The 4 kb enhancer fragment was cloned into
the Mlul site of pACYC1l77 modified with the linker

shown above and the DNA is called Int 10. Proper

b
n

orientation of murine 3' enhancer was determined by
digesting prospective clones with the restriction

enzymes NgoMI and EagI.

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

25 were[See also Genbank Accession no. M12389]:

Primer 1 :5' tgg tgg ccg aga agg cag gcc a (SEQ ID NO:
18)
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cag g (SEQ ID NO: 19)

Primer 2 contains SacII and -Sphl sites as well as a lox

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

10 available from Invitrogen, Inc. (Carlsbad, CA).

The primers for 5' homoloygy sequencing are shown below:

seqgl: gtc tgg ccc ctc tgce tge (SEQ ID NO: 20)
seq2: cac cca taa aag gct gga (SEQ ID NO: 21)
rev. seql: acg gct cat gcc cat tgg (SE¢ ID NO: 22)
15 rev. seq2: tag tga gtg ggc ctg act (SEQ ID NO: 23)
We compared the resulting sequence to the
human switch y2 sequence (Genebank #U39934) and
determined that it is identical.
Cloning of v4 coding and 3' homology regicns
20 We obtained human y4 ccding exons and a

region of 3' homology by performing partial enzymatic
digestion of the plasmid pCG43 using the restriction
enzyme SacII. We then digested plasmid pGS43 with the
restriction enzyme BamHI and we cloned a purified

25 approximately 7 kb fragment into the TA vector
containing 5' homology. We called this intermediate
recombinant DNA molecule Intl G4.

IntI G4 was digested with BamHI, treated with

calf intestine phosphatase and then the vector were
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end.of. 3,4, kb. BapHI fragment7:as .determined by .tlse .sizes
OE. fragments1 aft-er- -d:i-geus:tusl ..- ----------------------

by preparing a panel of double digestions of
PACYC177/1linker with Smal and with one of each of the
following second enzymes, Sall, Mlul, Pacl and Fsel.
Linker orientation was determined by sizes of resulting
fragments.

The positions of restriction sites in
pPACYCl77/enhancer plasmid is as follows: Clal/Smal
(pACYC177) ~HindIII-FseI-PacIl-Mlul- ({enhancer:PstI-
PvulI-EcoRI-NcoI~NhelI-Apal;) -Mlul-Sall)- PfmlI
(PACYC177) .

The next step was to clone URA 3 gene into
PACYCl77/enhancer plasmid. The purpose of this is to
retrofit the targeting vector with a selectable yeast
marker, as well as 3' homology to drive homologous
recombination. In order to clone URA3 gene, Int 2
(constructed for original TVl and 4, described in
Example 1) was digested using SacIli/Sall. Similarly,
the pACYCl77/enhancer plasmid was digested with
SacIl/Sall. 3.8 kb fragment from Int 2 digesticn and a
5kb fragment from pACYCi77/enhancer were isolated on
agarose gel electrophoresis and ligated together. The
resulting plasmid contains enhancer and URA3 gene in
PpACYC177 backbone. The next stép was to introduce two
more linkers into Intl G4 with cloned 3.4 kb Bam HI



fragment. The resulting intermediate was called Int 2
GA4.

The Linkers were as follows: NotIkill-FseI-NotIkill and
Linker sequences:
5 GGCCATGGCCGGCCAT (SEQ ID NC: 24)
TACCGGCCGGTACCGG (SEQ 1D NO: 25)

The second linker had the following restriétion sites:
BamHI-KpnI-EcoRV-Mfel~-Fsel-SfiIl-BamHIikill:
GATCCGGTACCGATATCCARATTGGGCCGGCCECECCATATAGGCCT (SEQ ID
10 NO: 26)
GCCATGGCTATAGGTTAACCCGGCCGGCCGGTATATCCGGACTAG (SEQ
ID NO: 27)
The purpose of introducing linker 1 was to
provide an Fsel site for the final cloning step, as
15 well as eliminating one of NotI sites. In addition,
this leaves the final targeting vector with a unique
NotI site, which was used to linearize the targeting
vector before transformation. The second linker was
~ used to clone the last fragment needed to restore the
20 complete downstream region of yHIC YAC, a 1.5 kb
BamHI/EcoRI fragment.
Linker 2 was introduced via partial digest with
Bam HI.  Intl G4 (with cloned 3.4 kb BamHI fragment)
was partially digested with BamdHI and the partial
25 digest was iéolated on agarose gel as a 13kb fragment.
The 13 kb fragment was treated with calf intestine
phospohatase and ligated with linker. The position of
the linker and its orientation (whether it went into
correct BamHI site at 3' end of 3.4 BamHI fragment) was
30'.détermined by digesting clones with Mfel and Notl
(double digest). The Mfel site is introduced with a



10

15

20

25

30

linker and the NotlI éite is present in the vector.
Relative fragment sizes permit allowed identification
of the position and orientation of the linker. The
plasmids retrofitted with linker are now Int 3 Gl and
Int 3 G4.

The next step was toc clone into Int 3 G4
plasmid, a 1.5 kb fragment obtained by BamHI/EcoRI
double digest of pIBgammaZ2 piasmid. The 1.5 kb
fragment was cloned into BamHI partial digést/MfeI
digest of Int 3 G4. Since it was directional cloning,
no orientation determination was needed in this step.
The resulting plasmid was called Int 4 G4.

The next step was. to introduce the linker
with the restriction sites Notlkill-Fsel-Notikill. Int
4 G4 was digested with NotI, treated with calf
intestine phosphatase, isolated on agarose gel and
ligated with the linker. The resulting plasmid was
called Int 5 G4. Again, there was no need to determine
linker orientation in this step. As a result, a unicue
Not I site was eliminated and one Fsel site was added.
The purpose of introducing the Fsel site was to allow
cloning of a fragment spanning from 5' homology region
to the 1.5 kb fragment to pACYC1l77/enhancer/URA3
plasmid. _

The final cloning step was a partial digest
of Int 5 G4 with FseIl, followed by isolation of a 13 kb
fragment on agarose gel and ligation into the unique
Fsel site of pACYCl77/enhancer/ URA3. The orientation
of this insert was determined by a double restriction
digest with NotI/Fsel. The final targeting vectors
were called TV G4. _

To construct the TVGl targeting vector to.
retrofit the yHIC YAC with human Cyl coding exons and a
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a region of 3' homology, we use the procedure described
above for the construction of TV G4. We obtain the Cyl

coding exons and 3' homclogy region from plasmid pCGl2.

EXAMPLE 4 CONSTRUCTION OF TARGETING VECTORS TV
Gl/2 AND TV G4/2 FOR TARGETING OF yHI1C
YAC FOR NON-COGNATE SWITCHING

Next, we constructed a vector, TV Gl1/2, which

has a chimeric construct of human yl CH coding exons
attached downstream of 5 kb of human switch y2 region
DNA (Figure 3). 1In addition, this vector contains
human y2 transmembrane exons located 3' of the yl CH
coding exens (Figures 3). The vector is based on
PACYC177 vector, which is available from New England
Biolabs (Beverly, MA). We ccnstructed the vector,

which we call TV Gl1/2, using the following procedure:

1. First, 5 ug of pIRgamma2 was digested with the
restriction enzymes, HindIII and BamHI, and a 6.5
kb fragment was isolated on an agarose gel. The
vector, pIBgamma2, contains 22 kb of human genomic
DNA with y2 flanked by two EcoRI restriction
enzyme sites and was previously used to generate
yH1C. The 6.5 kb fragment was then ligated into
the pCR™2.1 vector from Invitrogen, Inc.
(Carlsbad, CA). pCR2.1 was prepared by digesting
1 ng of plasmid with BamHI/HindIII and treating
with calf intestine phosphatase and then isolated

on an agarose gel.

2. The resulting plasmid (6.5 kb fragment + pCR™2.1

vector) was subjected to partial digestion with
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with XmnI occurs 75 bp upstream of the y2 stop
codon. Therefore, the 4th exon of the v1/y2
5 chimeric gene initially contains 75 bp of y2 in

\addition tc the two 3' v2 membrane exons. The
coding region fo yl and v2 are identical
throughout this 75 bp région and there is no
effect. | |

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

15 of human vl.

4, The 1.7 kb HindIII/Xmnl fragment comprising most
of the coding sequences of vl obtained from pCGlZ
was ligated into the HindlIl/Xmnl partialiy
digested vector (6.5 kb fragment + pCR™2.1 vector)

20 descrikbed in step 2.

5. The resulting plasmid contains chimeric sequences
of coding regions cf yl attached to a downstream
region of y2 that contailns transmembrane exons.
We verified the composition of the plasmid by

25 restriction digestion with Ecod47III.

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

30 digest) and cloned an approximately 5kb fragment
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plasmid contained chimeric v1/y2 C. exons
downstream from a regioﬁ of 5"homology in a pCR2.1
vector. We called this vector TA Gl/é, indicating
10 that it is derived from pCR2.1, known as TA
clorning vector, and contain chimeric vi/vy2 C,

exons.

7. We retrofitted the pCR™2.1 vector with cloned 5’
homology described in step 6 with the yeast
15 selectable marker, URA3, gene as follows:

a. We obtained the URA3 gene by digesting Int 2
{described in Example 1) with Sall. The
products of the Sall digestion are subjected
to an additional reaction with Klenow

20 fragment to create blunt ends. These
products are consecutively digested with

SacT.

b. The pCR™2.1 vector produced in step 6 was
digested with BamHI, then blunted with Klenow
25 fragment and further digested with SacI.

C. The URA3 gene obtained in 7(a) was ligated
into the pCR™2.1 vector prepared as in 7(b).
The resulting vector contains a 5’ homology

region with @& downstream URA3 gene, flanked
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produced in step 7 and cloned it into the NotlI

5 Site of Int 1 (also used for TVl and 4 cloning).
We determined the correct orientation of the NotI
fragment by using'an EcoRI digest. The resulting
plasmid, which we designated Int 3, hés a 5'
homology region with a URA3 gene downstream in the

10 low copy origin background (pACYC177).

9. To finish contruction of the final targeting
vecteor for the G1/2 chimeric YAC, we partially
digested the vector having the clcned 5' homology

15 and G1/2 chimeric IgG constant region in the
PCR2.1 background (produced in step 6) with EcoRI
restriction enzyme and subsequently recut with
Sacl restriction enzyme. We isclated an 8Kb
fragment containing the 5' homology and the

20 chimeric G1/2 IgG constant region and cloned it
into EcoRI and SacI sites of Int 3, which resulted
in the TV G1/2 targeting vector. There was no
need to determine the insert orientation, since we

introduced the fragment by directional cloning.

25 Alternatively, after step 7 we remove the 57
homology and URA3 gene from the plasmid described in
step 7 by digesting with XbalI. Then we clone the 5’
homology and URA3 gene into the Xbal site of the
plasmid described in step 6 to produce the TV G1/2

30 vector shown in Figuce 7.



DNA and human y2 CH coding exons (Figure 4) utilizing

5 the above-described procedures with some modifications.

\The'plasmid produced in step 1 is subjected to
partial digestion with restriction enzyme XmnlI followed
by digestion with the restriction enzyme HindIII. The
digesticn with XmnI occurs 75 bp upstream of the y2

10 stop codon. Therefore, the 4th exon of the v4/y2
chimeric gene initially contains 75 bp of y2 in
addition to the two 3' yv2 membrane exons. There is a
single base pair difference between v4 and y2 in this
region, which results in a single amino acid change.

15 To correct this, we perform site directed mutagenesis
to a C to T at the human gamma 2 gene using a Directed
Mutagenesis Kit from Clontech laboratories Inc. (Palo
Alto, Ca).

The we perform the repair using two synthetic

20 oligenucleotides: one to replace the nucleotide
necessary to switch sequence from y2 to v4 and an
auxiliary oligonucleotide to eliminate a NotI site in
the pCR2.1 vector with the cloned chimeric G4/2 7kb
fragment.

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

CCTCTCCCTGTCTICTGGGTARATGAGTGCC

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

The second oligonucleotide (to eliminate Notl site
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EXAl vI PLE 2 0 10 | NTRODUCTI ON OF THE yHA /2 YAC I NTO ES CELLS W i ntroduced
the YAC, yHA /2, into nouse enbryonic stem (ES) cells by yeast spheropl ast
fusion as descrided in Exanple 6. (See B. Birren et al., Genone .Analysis:
A Laboratory Manual, Volume 3, Cloning 15 Systens, Chapter 5: "Introductlon
of YACs into manmalian ceIW@T§9A§Sﬁgﬁ&&G§§GHQQﬁQﬂﬂGAq%ﬁﬁs 548- S50, Col d
Spring Harbor Laboratory Press, Plainview,.NY]. Generally, yHd /2
cont ai ni ng yeast cells were spheroplasted usi ng zynol ase 20T at 0.15 ng/m.
The 20 yHGA / Ilsigherloiaston werres faskot wi t hi EHPRTstlefvncienboEd]14ifiG3B1 nouse

ES cells [ ; I e ee_Jakobovits e , Nature
362: 255- 2?}3 %@i%ge@#g‘? & ’gee‘%g%?e‘gt[éﬁ Pod 3518855 E%ggg
Robertson||1S&neu(xWﬂ(BequnnreupEEMbmyonhe Piesm28 EBItSnFmageahEl-llz
IRL, Oxford (498 s ijnitiated 48 hours after
f usi on. HPRT}%bsf%%Jgﬁﬁé one§”%%re Tﬁ%%ﬂed HAT resi stant col onies
are expanded for genone anaIyS|s and were analyzed for 1'AC integrity by
Sout hern andEﬁﬁgf g; anal yses. Control 5 experinments were "nock" fusions
of ES cells ne an yeast spheropl asts al one.

TARGETING STRATEGY

10 We linearized the above described vectors,
T™Vi, TvV4, TV Gl, TV G4, TVG 1/2 and TV G4/2 and used
them to transform yeast cell cultures with yH1C YAC by
lithium acetate transformation. We subsequently used
the linearized vectors to replace the targeted genes on

15 yHIC as described below, to produce the new YACs yH2Bm,
yH2Cm, yHG1, yHG4, yHGl/2 and yHG4/2 respectively
(Figures 1-4). We plated yeast cells on SC-URA med:ia
after transformation to select for the integration of
the URA3 marker. We checked any resulting clones for

20 YAC integrity using pulse field gel electrophoresis.

In addition, we analyzed clones by Southern blot to
validate the structure and identity.

In the case of yHG1/2, the URA3 gene in
resulting YACs was flanked by 5’ homology sequences

25 which we removed as follows.

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

30 outlined above.



We exam ned four ES cell clones derived fromES cell fusion with
yHGL/ 2- cont ai ni ng yeast using Southern blot with probes spanning the entire
insert to 10 determ ne whet her the clones contain all expected EcoRT, ~

H ndl Il and BanH yH2 fragnents. We found shat all four ES cell clones
contai ned intact YACs. W detected the follow ng human genes in the ES cel
genone a.s part of characterization of the ES cell DNA 15 prior to
transgeni c nouse generation: all tt-~e aiﬁheLent VH fam | ~. es (VHL, VH2,

VH3, VH4, VHS, and VH6) ; human DH, and ~H ; human Cu and C~ constant
regions; human switch Y2 (hSY2) and human CY1 C,; sxons (see Figure 8 and
Table 13) . - 104 TABLE 13

ESD-CYCdSg3' €J23456CLOVEs '1?57@ ]%?e 1'I‘VGT+¢é'éﬁoi"+a‘Zc32tKe1Tv+Gt72+¢éttc§Z
72.8. 1- ~- +++++++++++a t ~ .-~ + + + + + + + + + + + Southern bl ot

anal ysi s of E@(ﬂnﬂﬂﬁﬁ%ﬁﬁﬁﬁ Y@@1oﬁp%nY%G9F%BﬁWQ€/ respestiERANPLE 21
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EXAMPLE 6
5 ) INTRODUCTION OF THE yHZBM YAC INTO ES CELLS
We introduced the YAC, vH2BM, into mouse
embryonic stem (ES) cells thfouqh yeast spheroplast

fusion as described in detail below. [See B, Birren et
al., Genome Analysis: A Laboratory Manual, Volume 3,

10 Cloning Systems, "Chapter 5: Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NY].
yH2BM containing yeast cells were spheroplasted using
zymolase 20T at 0.15 mg/ml. The yH2BM spheroplasts

15 were fused with HPRT-deficient E 14.TG3Bl mouse ES
cells which had been cultured as described below [See
Tsuda et al., Genomics 42:413-421 (1997)]. HAT

selection was initiated 48 hours after fusion.
HPRT-positive ES cell clones were selected at a

20 frequency of 1 clone/15-20x 10¢ fused cells. Twenty-one
HAT resistant colonies were expanded for genome
analysis and were analyzed for YAC integrity by
Southern and CHEF blot analyses. In control
experiments fusing ES cells alone and yeast

25 spheroplasts alone, no colonies were detected.

_ The detailed procedure is as follows:
PRODUCING YEAST SPHERQPLASTS

Excess yeast cells were prepared because up
to 50% will be lost during the spheroplasting
30 procedure. For fusing 5 x 10" ES cells, approximately 5

x 10° yeast cells are needed.




5 To generate chineric mce fromES cells containing YAC yHd /2 DNA we used
bl ast ocyst m croinjection foll owed by breeding. G/e isolated ES cells
containing the YAC yHGL/ 2 DNA as described in Exanple 6, and expanded for

t he generation of chineric 10 mce. Next, we mcroinjected yHGL/ 2_-bearing
.ES cell clcnes into nouse C57B1/6 bl astocysts [See B. Hogan et al.,

Mani pul ati ng the Mouse Enbryo: A Laboratory Manual, Section D, Introduction
or New Genetic Information, "Injection of Cells into the Bl astocyst” 15
pages 188-196, (1986)(Cold Spring Har bor 7Babor at ory Press, Cold Spring

Har bor, NY)]. EXAbt PLE 22 BREEDI NG M CE CONTAI NING yHd /2 ' SAC DNA (~I1 TH
VK2 : DI MCE 20 In order to generate mce that produce human antibodies in

t he absence of endogenous anti bodi es, yK2-transgenic mce are gprew ously
bred with doubl e-i nact P¢at@B@BIAt e sl aGt By fistedhan D Seolsei &R ai ns are

honozygous feregeae kabakt @& igiasd ia/ aftap: 2o frousscheayYoand kappa chain
|l oci and thus are deficient in antibody production [see Jakobovits et ai.

Nat ure 362: 23BPPSEIPRGedY; SGrediP ecedils/Miat ulte Gisfeatvianed t3mL q¢1b4) ] .

One of the yg@n&ﬁ@ﬂﬁ@%mt‘hemé‘rhsl%lﬁté wmé?@f hémbég@' I\%EQ DI gice to
generate mce hem zygous 30 or honpzygous for y on a ormzygous

i nacti vat &d #b8Yetheafpldisd afaFsa Chdith dekghomnt (342, . The breeding

scheme for ggperatizAg.a Ag Y99 the yHA /2
YAC i s shown bel owb - Wu%esétr}%rsgggz%rﬂ Vgl;irézeée]dﬁ)ﬁgggmie@;o uisée}rrra es to

XenoMouse fehﬁFé§a§?eﬁf&§ XERSNGUSE pr d"gbwwrmaa‘é 20 thenrahem syljousn or
honpbzygous f@él%’i‘%hzo%n@oﬁlre K?z gdHPud ﬁﬂeﬁfée ‘gﬁéed' f‘ﬁ%zf?}fl mel es and
noz y

femal es, both of 5 which are gous and Wil yield
a true br eedPPgniNge shexendmmuse gixy )Qé&ﬁ)l\l’b@lsé yHR) & lewdding schene

Generat i gp 1WéCEt€EEngHoWna%%gqn'>P ﬂreg q sKAL %ug%;;éﬁn;% Yligy IR+

nCx+~+ X yHQ / neratlo X YK2 D)
yHG / 2+; yKZHPfe@dJumr' anrgxlncu)zéay:]q@ Ifor, 3@ihodrs: @@ktureC@msatyon 3

(A ost Xenogpupsis & KKEuDohoRh XaAMMIAS: &g w2 DL b yiid 2, WG ls .~
Tt egr y“g*gﬁge;““ﬁ%gwﬁg ﬁ;@j‘éﬁaﬁ“’v}&“ﬂf%mhﬁzw e
.int egrl ty Ol n o e

the

strains is confi rrre alysis. In all XenoMuse HGL/ 2M 20
strains &Ral yzed, yHGlWE Poureshdimie tdak ured tamednt h@nugthurel pte

generations wi-tHiAQ appanent -deheti qns JOr J8ary MPLE 2,3 FLOW
CYTOMETRY ANALYSIS 25 To furt%er ():har agt esrtleze ]Xenom)use 12 transgeni c

m ce, peripheeatrbfogddand 49I08erl A00mMh3AEs220@ sl bed Fowan8- 10 week
old m ce and 10 . re rified o nphol yte M
(Accurate) (%Pén Zen‘ﬁ%ﬁ%hg ta;gggﬂoeo?wef epruagf)lll'J F%d?%ﬂtl - é{use CD32/ CD16
Fc receptor I(IRh‘atmsngend dlng@)de(csatrhdjsegm Gy atd. bl Atke noat spetific

bi ndi ng F the cel,ls are stained with various

ant i bodi %g a% ?éggg‘ on°a I‘—:,ECEI glg’e( é)ecfjbpéfficjr(? njé\%ﬁ‘ﬁeciﬂl%ﬁ@%t
softwa.r.e). cqih‘erpﬁngb ttibast.i bodi es used to stain XenoMouse HGL/ 2M cel | s

i ncl ude: Cychrone (Q/c%eaggld %2%% (m S en, 01!:11.2C§A%qs 10 f u‘%osclfiel M use

i sot hi ocyanate (FI'TC) "an FUmdn g harm n n
| gM ( Phar m ngeast02204B) resyuspmrd,acbs:lfer mnlfbmjrbanwmtsxim@mdrf ferent

XenoMbuse *Q$¥éﬁN£Sb£8 @%e?red%ﬁﬁffyﬁaé&”“%(§¥%%%?d tg discarded

25 the supernatant. Next, we added 20 ml of 1 M sorbitol
to each tube of yeast cells, resuspended the cells by
vortexing (or with a pipette), centrifuged as above,
and discarded the supernatant. We resuspended the
cells in SPE buffer (1 M sorbitol, 10 mM sodium

30 phosphate, 10 mM EDTA) containing a 1:500 dilution of
freshly added 2-mercaptoethanocl to a final cell

concentration of 5 x 10° cells/ml.



1.5 wld type B6/129 mce using flow cytonmetry. Trangenic m ce having the
yHE@ /2 YAC DNA wi || show significant human anti body and i nmune system
devel opnment. Control 129xB6, DI, Xenonouse 2a heterozygous and honbzygous
are conpared to mce 20 heterozygous and honozygous for the yHE /2 YAC.
-EXAMPLE 29 SERUM LEVELS GF HUMVAN ANTI BODIES I N UNI MMUNI ZED rI | CE An ELI SA
for determ nation of human 25 antibodies in uni muni zed nouse serumis
carried out. For nore detailed infornmatiphn -and procedures on i Mmunoassays
see E. Harlow et al., Antibodies: A Laboratory Manual, Chapter 14,

"I mmr oassay", pages 553-619, Cold Spring Harbor Laboratory Press, Cold 30
Spring Harbor, New York (1988). The concentration of human i munogl obul i ns
are determined using the combif8a fol hqwnorfgtﬁ@pb%m@msl kedies: nouse
anti-human 1gM (Cd /ATCC, HB-57) gl\/anassas The detection anti bodies
used in ELI SASPERFIORISTAr 80 nBlsanti (HdﬁﬁnspéeanﬁRﬁneé’&@trhéPnu

Bi ot echnol ogy, +9R5QOF) &uéBLhgkBEhamtrALY, pMDYFe 120t orBuRBN . | Gk HRP

( Sout her n Bi ot echnol ogy,. 9020-05) (Birm ?i ﬁam RL) . St andar ds used for
quantitatiof rﬁ‘i}rﬁﬁ‘f? ’@hﬁrﬁelﬂiuﬁﬁﬁcﬁ@ma(cwﬂp@lf 9113??@00‘)”(‘3@69 ¥iwdsa, CA)
and huner, | GGGl o Ogbest 400420% (81 1R:840 ) sushlrBXAMPLE J25

I MMUNI ZATI ON AND RI DUVA GENERATI ON G qups of si x to 10 weeks o.ld
XenoM ce yHtHhe2 rireviomainP2eddsapbutanddisty Hert ﬁécbaéeméf ofh¥epail (or
ot her rOUtec%fllacgﬂé;beﬂé%ho' hali B, sf qoto&a 159 & wa,nttof&kl% g of
antigen of choice he antigen 1s emnul S|f|e in complete Freun ' s adj uvant
for the prifamplivaserZ@ti éhcl’ihd i Wei Aosmplased Eft@ﬁn@'ns?lra/dja&vé#@t Ct.or the
addi ti onal 'AW'xﬁiarﬁﬁ@é'slnEQEvH@%e @%tﬂ@meed 1igh qr Q,%t i+@f2 and jprocedures on
ani mal 20 i muni zati ons see E. | ow e bodies: A Labor atory
Manual , JCQIa;ﬁl@IPES'lSWIMMht}Za?poH% Opage: ‘55’1738 D@ola@dsmt@gm%ebdme
Labor atory Rigass, c&?&%@PétBSn"'@EQW a ovégrt%m@%%@) W TN iAons ar e
carried out at 3-4 intervals for at 3 boost er 25 1 nmuni zat i ons
(boosts). Widie madreg sendel shal nambierodifese lilise thiade rﬁéf@euména thienal

| nj ecti on of,antd.gen o Qﬁé'Er%ﬁtﬁ%ﬁtfQQ%.%%X%dDQLQ%P jiiglion, For more
detailed infornmation and procedures on n’B.[ERI ng nonoc ona ant1 bodi es see
E. Har | ow etcedll copeé¢bbdadsonAin ih@@r%@@mmrwqmiah) -Chapt er 6,

"Monocl opal Anti bod| e ages 9+.244, |.d A atiprat ory
Press, Cold Spring Harsvl%k’cl)(rEH Elgw %J(g E% %1 I?\Slgrr{)r[{\%?lo nhocyt es from
i muni zed micmextimafebedcanthifhges rt@m:—mrpé-mmy: riy)eﬂ-cﬁrﬁaf‘g\lso cell line [S.

RaY (C 2 ey 000 o ead - Soiy SR O353R 8T8l 1994). orpr the

P3- X63- Ag8. 6 orra cel'l 5 and are s | ecte sel ecti'on as
previously mqmuu{'e fGal freingttes andvipohods! Bffyridle 73: 3-46 (1981)].

10 BXAVPLE 20, SVALLT) %gemgnghgpggflemwa JSTLRETp gi&r m ne of

whet her transdeni'c mceé are proddcing antigen- speC| Ic anti
per f or medl0 arargl |Be ko absofdeedimi rwélltlh@dwmﬁn anti body isotype 15

o oees UL SIS SCHR S ot g, e

r oM HoUSe Serum At doma supernatants as
descri bed [Gd iapkdedl &s. typlrh'c'alzy15 2@rlzr5L|ml-t:Ie|snked i mrunosor bent assays,

in Current Protocols |‘g gg]élg og¥h %%@de]d{ g‘tsé,; Or)a\g)hgerq_,(ﬂﬁtésg:en toqupture

t he antigen-specific an oncen man and nouse
i munogl| obuImhsafar%T@ebefn?’enedOu§|8ng1 tstoer Kfidid lowi et dpt e e 1M bodi es:

rabbit apsi-du RS B oLgehRgh oY pefL4Ry P Lentbe clgkaCt i ON

ant i bodi es use LI1§
the sample at 200-300g (1000-1200 rpm in a Jouan GR4-22

centrifuge) at room temperature for 5 minutes, and

carefully poured off the supernatant. We repeated this

procedure one time. We resuspended the spheroplasts at
30 2.5 x 10% cells/ml in STC and kept them at room

temperature (or on ice) until used in step 14.



25 experinents are: nouse anti-human 1gd -HRP (Caltag, MH1015) (Burlingane,
CA), nouse anti-human | G HRP ( Sout hern Bi ot echnol ogy, 9020-05), and goat
anti - human kappa-biotin (Vector, BA-3060). Standards used for quantitation
of human and nouse I g are: human 1gG 30 (Cal biochem 400122), hunman | gW
(Cappel, 13000)) human - 110 1g&x (Cal bi ochem 900122), nouse | g&x
(Cappel 55939), nouse IgMW (Sigma, M3795) , and nouse | g&Al~ (Sigma,

M 9019) . Transgenic m ce produced aCCQrgiong to 5 Exanpl es 20-22 above, and
i mmuni zed with an antigen yield human Ig nonocl onal anti bodi es that are
antigen specific and of the predicted isotype. EXAMPLE 27 | NTRODUCTI ON OF
THE VHG4 YAC I NTO ES CELLS 10 W introduced the YAC, yH&, into nouse
enbryoni c stem (ES celdss s ¥east hefopd ast fusion as described i.r.
Exanple 6. (See B. Birren et ar. alysis: ~A Laboratory I\/anual

Vol une 3, O oning Syst diss, t@faqﬁ@rrﬁsi 1'I1m1 roeiuta inhngf2 YACs 16to 15

manmal i an cely S d i Har bor
Laboratory Pr lg?s gagwsw&?egwﬁm Us%&g&: 1]?&51 12%%? ai an ngsgéas cells
wer e spher opl@@@e@muq@mm 20oml at 1205%@(5@47 ( TheoyHsa0 sphar mpl asts

were fused w_t i 4. T e ES ¢
cul tured g)s els&gﬂ Jseéed %%oﬁie ‘st alrOOI %@F%eﬁ%ﬁdﬁ%ﬁg%s (i 993)
G een et al. mllldalttlﬂarse Gdteetrasso vEd 31211 c§ﬂ91999) sipe Robesh s oy i 8low

;rigg;;)]cahg\[rn%rgﬁég%rﬁgn%g‘g; yt%m i d%t at e%i’lﬁéj%%?r spja??'é‘:léf us‘i"{?hh %RT posi tive

ES cell cl oneta;lbeenel saelsmmmrﬁ%futraelslmmlm eegemelya gageadedni or

genone anal ysi.s alryze AC j ntegr.it Sout hern and CHEF
bl ot anal yse? nt T %’re}r d‘lsJ cﬁ{&cfe/&n‘ }}/‘?‘1‘.]%/ Bt Wi Y ceh¢ s

al one 301&nd. spemtope;ahaer q:pila,?atts. alTmne. spherddilas YéEexagl negaei ghtaES cel |
cl ones deri VQ,% fr m ES S.IOO w th yH&4- cont ai ni ng yeast using

Sout hern bl ot Wit Srnb 65 sﬁé)nr‘? Sl‘the entire insert to determ ne whet her
the clones contain allmgﬁ@;ﬂd:dﬁ EroRIEsinsk BegHin YaRvinegngat s. W found
that the yH A wasmta cl onges. V‘édetectedthefollowng
hunan nenesel%ﬁ’\f % SES ¢8 1°T &rﬁﬂ?gElas Cd'g]rhttu%ef S cHarRtekes 2207 bado¥ithe ES

cell DNA pri opuse prramsagenlf@emm&e gartﬂraélmr@ihgtdﬂ@ndtﬁ/edsﬁnt VH :
famlies,VHL, \{ V and VH6 huma and JH ; human

C, and C~%cons agt Héal Hilﬁuﬁﬁ?'l 1‘?)5 r}fg}%‘?ﬁgﬂf“@l”&xons .
EXAMPLE 2F3 [(PMEMRERJG hﬂuc@ﬁeﬂzlﬁﬁ) Gﬁial.t‘;‘s/@(l\l'l'oﬁi Nbé\ﬁclﬁlil'ilnﬁ v6i69 YAC | NTO

M CE Tc generate chi rrertl c ce from2tshe YAC DNA cor}t ai ni ng ES cel | s,
we used micr 8PAR&cEilor 5fe OXet 9y sts ThIM6y &awnr?r'e hé™ ve i sol at ed ES

cell's cont ai Qrmgrch@&o\é&ﬁayﬂd@d, DA casurthiess/m b esit | iu ExedPLeuken28 and

expanded for ,the ner a W C nm ce. we, m croi njected

yHG4- bear | ngléglggl Pr (Ljar?e“g %tk ’0§“7‘§1/1651}L§>§€?§toc’3}'§%t1[ éee‘% Hogan et
al ., Mankpul &eitad thd MseseaniEnbr ml]/amaah_,orm atyuManegl st Seesren D,

| nt roducti on

t|c|nfor " ection of Cel.ls intc the
Bl ast ocyst " Sgag$1§§r‘f§§lo(’f98& stéﬁHzrng Gbo?uﬁté%‘?at%? preds, Col d
Spring Har botheNYkEkulW rigdestlilfs ad @taﬁ1&1ﬁd§m|@g &yl gk~ @@é@éd
GCernmine tran mssmr% %s 8 tgl d. we |l%%nt|f| We allowed

plates a s per
growth to continue for 16-24 hours. Four hours before

25 fusion, we replaced the medium on the ES plates with
fresh medium. Immediately before fusion, we
trypsinized the cells, washed three times with
serum-free ES medium at room temperature, and
resuspended in serum-free ES medium at 5 x 10° cells/ml.

30 We centrifuged the combined spheroplast/ES
cell sample at 300g (1200 rpm in a Jouan GR4-22

centrifuge) at room temperature for 3 minutes and



30 yHG- transgenic mce by PCR using prinmers specific for human V6. - 112
EXAMPLE 29 BREEDI NG CHI MERI C OR TRANSGENI C M CE CONTAI NI NG yH&G4 YAC DNA
WTH yK2: DI M CE To generate mce that produce human 5 anti bodies in the
absence of endogenous anti bodi es, yK2-transgenic mce were previously bred
.wi th doubl e-inactivated (D) nouse strains, which are honbzygous for gene
targeted-inactivated nouse heavy and kappa chain | oci and, thus, are
deficient in 10 .anti body production [se% Jakobovits et al | , Nature

352: 255- 258 (1993) Geen. et al., Nature Genetl cs 7:1321 (1994);. One of
t he yK2-transgeni c nouse strains, J23.1, was bred wwth DI mce to generate
m ce h~m ZygC~LS or honobzygous for yK2. Y' ACs on a honpbzygous 15

i nacti vated nous gavy, a ghajp, b r yK2;DL) . br eedi ng
schene used 6% gegr‘rgé’teasamﬁ&ek@ en%frf:lués 1 ’ﬁ%gﬁ‘gf‘ggﬁémg%g(%zdg ggg the yH&A
YAC i s shown dielsswpipdisesiuent breedi ng of hem zygous XeneMouse nales to
hem zygous XenoMouse f | e el ds 20 .XencMpuse progeny th are
honozygous for yH& an r9 Vk%i f?%‘ﬁ??ﬂe léew\%c’)%%ng? g?8éapngh8fcﬁ%ﬂles and
femal es, bot pedfl athianid arseedoaoRy@oOOSt f prtbos hoyHHAadadd0yB2nlwblEl 5pkel d a
true breedi ng Xenol\/bus 4. Bree cherre 25

Gener at | oﬂj’ (MqurePa%; é@@m@g%% bred-to Wﬁlf‘)‘ﬁ? %@ﬁ SyR2 ;. MM+ +
nCK; ~+ X yHG4783@d<12) ,cdmﬂ-hmln@%m@ﬂelatamv&r(r&@o&temwcmz D) yHG4' ;
yK2'; mJ"' ~- ~Generation 3 (Al nost
Xenorouse X Wg% R o?ocﬁ%b%%u@%sxbﬁkﬁgﬁ? ‘l'FBge?ﬁ@( K%‘j M H* ~- ;
mex-" X yHA-t£heK2¢ 1k ;with mExeé plyéﬁﬁé tyB2*: OﬂﬂH all ﬁﬁXthe X yH&"

K2*: mIH ~- ~C.- Xeno The integrit
gf t he hunan Sl?gg\ﬁ}oéhd”%p?)wgg%g h‘é?ns y Bl%nﬂBﬁBuggeGﬁeétlr ai ns Wasg y

confirmed dy ssagdigriobhat anal ysws. ohe aiﬂxexenWNDMEEuﬁétéﬁr ahas canal yzed,
yH& wass transmtted unal tered through mul tlg/p 3 ener ati.ons th no
L

appar ent del YRR HOR e%’fr’é‘ﬁ%n’éﬁ’f‘ge dBUEL| § 36 EPBRPCYTBRETRY

ANALYSI S To fdardwief aded@ct enl zef XeeoumnugecOELr ﬁ@&g&ﬁll byrrpqpetmmigpher al
bl ood and spl een I%nrrphocyt es are |sol ated from8 m ce and 1~~

controls. Thetcdlid FIe et FEPRACHN LG mpHBEY eV %REBE?EF@) C(egé’(ﬁ Bitego, CA)

and treated wddn pengdded-@néi ropuse £D3aLEPlenEC rEeept a0 mRhatwisngen,
01. 291D). éSan D ego, CA) to bl ock non-specific: _hinding to Fc receptors.

Next, thel%elqen tifiged n*é‘élﬁ\/\ﬁ:‘ﬁhlvé\ﬂﬁﬁﬁgﬁéenaﬁfl B84ged 1&%’ ZRHl y¥e@ on a

FACSt ar pLUS (BRedonsrdrdn nsent r CELLE)eat sgi)hw@éﬁberm@r@a&eﬂr of antibodies
used to stain XenoMouse A cells_include: Cychrane ﬁ()é anti - ﬁé
TEF & 1gM 25

(Phar mi ngen, TORIPEYS a4 (BFBSERT hYi §6PHF6§§§n8F§ E‘ﬁ—: AN Wi

(Pharm ngen, B4laf0it Rl&sanpipgaedse TgM (Pharm ngen, 02204D)
Lynphocytes from four animals fromthree di %ﬁgrent xen use strains are
eval uat ed and conpared ¥® HRFUSPGPECBELR89CRiLE &8 rlr(é oR eyt %

20 ES medium and plated the entire sample (~ 5 x 10° ES
cells) on a 100-mm mouse primary-feeder-coated plate.
If initial attempts result in the generation of too
many colonies, the amount of the sample plated on each
100-mm plate may need to be adiusted downward.

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

Following 48 hours of culturing ({(after the
spheroplast fusion), we began growth under the

30 appropriate selective conditions (i.e., dictated by the’
specific mammalian selectable marker present on the

YAC). We replaced the medium every 2 days. We picked



- 114 Trangenic mce having the & YAC DNA wi || show significant hunman
anti body and i nmune system devel opnent. Control 129xB6,~ DI, Xenonobuse 2a
het er ozygous _.and honbzygous are conpared to m ce 5 heterozygous and
honozygous. for the &4 YAC. EXAMPLE 31 SERUM LEVELS OF HUMAN ANTI BODI ES | N
.UNI MMUNI ZED M CE An ELI SA for determ nation of human i0 antibodies in

uni mmuni zed nouse serumis carried out. For nore detailed information and
procedures .on i munoassays see E . Harlow et al . , Antihodies : A
habo~at ory Manual, Chapter 14, "Innunoa§s§§"7 pages 55:i-6:14, Cold Spring
Har bor Laboratory Press, Cold 15 spring Harbor, New York (1988). The
concentration of human inrlunogl obulins are determ ned using the foll ow ng
capture anti bodi es; nmouse anti-human 1gM (CA/ATCC, HB-57)(Manassas, VA).
The det ecti on®Bfit PbaBFe%Susadord esL PSATYRS iReHRaY BT Ee pde5ecat et i - huma

1 g3 - HRP (Souphet8sBrat-eehpahagyn $e20-O%ndHd 8@&8@@&;@&), gouse |
anti - human | HRP ( Sout hern Bi ot echnol ogy, 9020-05) (Birm ngham AL).

St andar ds useHYPbFagéaanﬁﬁFVGﬁ & saRanies ar@r1lhudays | ERKeCEpel , 13000)
(Costa Mesa, g%%egg 1hdparukeGsh .25 (Cal bi ochem 400126) (San Di ego, CA). -
115 EXAMPLE 32 | NI ZATI ON AND HYBRI DOVA GENERATI ON Groups of six 8 to 10
weeks ol d XenoM ce yHHSKE | RSNz ES Siffduthrers| yraferredpbeeasflt he
tail or 5 othenrpQyher0f nadabRieS B aldedn ddd rE QR REdce B Crudi 8 LR 4R ~9 of
antigen. The antigen is enulsified in conplete Freund' s adjuvant ¥or the
pri mary i munyYddBnoficakdinangnyerpitetde & diiind bdj evabeinoglihe additi onal
i mmuni zat i ons . r ail.adpl; r i ; d on ani mal
innunizationseéggaﬁgakgfﬁgalg%%aFé%h%ngﬁgggﬁggaﬁip%gbgég§§F§&Eg%ual,

Chapter 5, "I|pnohegatPanyingafds 8343 iCHarSprihy shovorinababheory
Press, Co Spri : New,, Y0r. (5%?%?. j L QRS ar arki ed out
at 3-4 megg igfe?ggrggggﬁwigaapu ggét oggfggqﬁﬁﬁﬁﬁﬁggt%gngh b%%sts).
Wien neki ng neabél epaPmaneisbpairds oft Itdaraat arteiveon ¢fnbhei Bf eceidn of
antigen or ce Lp; BBS+£0 s i L OP; oF0r repdetail ed

i nformation a%gﬁp?géggqus%gﬁgﬁﬁ%Fﬁgiﬁ%ﬁg%$§ﬁgﬁ§gggéggib%g?eghgee E. Harl ow
et al., Antibddféerentl ¥bofambltiesnnould bRapiedred.ed MhhocVohal Vi3,

Ant i bodi es", esy £39- ; I [ oy Labgr, ry P Col d

Spri ng Fbrbor?gﬁbaﬁé%rﬁ%é?légg)ﬂuﬁeﬁp ”?g%églgﬁphog§$%§ ??5%??§%unized ni ce
are fusedlwithorheaRs neplovsrettorysemzatidmh NSO (hdel | San®Rapuyman @ivl, Proc.
Natl . Acad. §Cig,oAdSA, 91 @ 5548-5551 ( 1994 ) ] or the P3X63-Ag8. 653

myel oma and are sdﬁfébted to HAT selection as previously described [G
Galfre, et al., Methods Enzynol. 73:3-46 (1981)]. - 116 EXAMPLE 33
EVALUATI ON OF ANTI BODY SPECI FI TY AND | SOTYPE An ELI SA for the determ nation
of whether transgenic mce are producing antigen-specific 5 antibodies is
performed. ht is further desired to confirmthe human anti body isotype
produced. Antigen spec ificity and isotype determ nation are perfornmed on
anti bodi es isolated from nouse serum and from hybri doma supernatants as
described (Coligan et al.,.Unit 2.1, 10 "Enzyne-|inked i mmunosorbent

assays, " in Current protocols in imunol ogy (1994).] using reconbi nant
antigen to capture the antigen-specific antibodies. The concentration of
human ari d nouse i mmunogl obulins are determ ned using the foll ow ng capture
ant i bodi es:



15 rabbit anti-human | gG ( Sout hern Bi ot echnol ogy,
antibc; dies used in ELI SA experinents is nouse anti.-human:
M-: 1015) (Burl i ngane, CA),

(Cal t ag,

Bi ot echnol ogy,

.BA- 3060)

| g& Cal bi ochem 400122),
(Cal bi ochem 400122),

M 379S),

i sotype.

117 Bi ol ogi cal

9020- 05) ,

13000) ,

6145- OL) .

human | gG-K
nouse |1 gWk (Signg,
Transgeni ¢ m ce produced

and i muni zed with antigen yield human
anti bodi es that are antigen specific and of the predicted
Mat erial s The foll ow ng biol ogical

mat e

The detection
| gd - HRP
nouse anti-hunman | G\ HRP ( Sout hern

and goat anti-nurnan 20 kappa-biotin (Vector,

St andards used for quantitation of human and nouse.|lg are:
human | gMK ( Cappel ,
nouse | g&x (Cappelg$5939),
and nouse | gGQA (Sigma, 25 M 9019).
accordi ng.to Exanples 27-29 above,
| g&4 nonocl onal

hunman

rials

are di sclosed and di scussed in connection with the above Exanples and are

exenpl ary ofL

tals that can be utilized and 5 prepared in accordance

with. the presertt mventTom— ppRMCyH C targettg—vector—piB
(targeting V& d®) | _TVi(nBgl-hCal pl asmi&® & Yector for targeting yH C to
make yH2Bm) |LéresTV4 (gl -|hCgét pllasnmyd ONA yectjor §or |targetilng yH G to
make yH2Cm —R-GlH{hCglt—plasr-dBNA—veet-or—ForH—targetirg—yHHCto—make
yHE) TV &4 W,aCgl |pl asnid DNA vector for targeting yH C45 tlo make yH®)
yH2Cn1(n§9I-h ZAYAC) (deposited (W th The ATCC[on and javi Ny [acCessipon
number ) °yHPBm (ngl-'hCgl YAD) (ldepbsitled $ii t h t he ATCC bn and havilng
accessi on nynpgr ) 120 , yHEL (hSg3- hCgl YAC), yHAA (al g0 referfred, to @as
yH3C) (hSg2- h!”gél YAC) (depgsited wi-th thel ATCC dn_and Havi ng-dccessian
nunber ) yH3Rr@al sq referrled to as yHGA /)2) (hSg2-hCgl 25 heg2({TM +
YAC) ( deposi teef—witl" t+he—ATfec-er—ant—havi rg—accesstor—Aurber—T—ES—yH2C0m
clone 1 ES-yM2Gm clloner 2 |ES-yH2Bm ctonegl 1 30 |ES-yH2Bm ctong 2 +ES-yH2Bm
clone 3 ES-Xp%Bn1cloQ§ Z -+11 ES—yHZBn1Clone 5 ES-¥H2 nchone 6
ES-yH2Bm cl qneét~7 _ HS- yvH2Bm cl one {8 5 EC-yF@Bnchone 9 - 119
I NCO?PO%QB-I (%}-‘BY RE-FERENC% + + 4 + + +

Ty + + + + + -+ +

C, + + + + + + +

Cs + + + + + + +

mSyl + + + + + + +

15 Cvl + + + + + + +
Im - denotes mouse genes (mSyl)
EXAMPLE 7
INTRODUCTION OF ES CELLS CONTAINING
THE vyH2BM YAC INTQ MICE
20 In order to generate chimeric mice from ES

25

cells containing the YAC yH2BM DNA, we microinjected of
We isolated ES
cells containing the YAC yH2BM DNA as described in

blastoc

ysts,

followed by breeding.

Example 5, and expanded for the generation of chineric

mice.

clones into mouse C57Bl/6 blastocysts

’

al.
Manual"

Informa

Next, we microinjected yH2BM-bearing ES cell

, Secti

tion,

on D,

Introduction of New Genetic

[See B. Hogan et
"Manipulating the Mouse Embryo: A Laboratory

"Injection of Cells into the Blastocyst"



All references cited herin, including patents, patent applications, papers,
text books and the |ike, and the references cited therein, to the 5 extent
that they are not already, are hereby incorporated by reference in their
entirety. In addition, the followi ng fererences are al so i ncorporated by
.reference herein in their entirety, including references cited in such
references. 10 15 20 25 30 MJ. Mendez et al., "Functional Transplant of
Megabase Human | mrunogl obul in Loci Recapitul ates Human . Anti body Response
in Mce," Nature Cenetics, 15:146-156 (1997. G T. VVII~ art~s Pc al.
"Menbrane lit~ ~munoal obul i n W-. t hour _ Shedth “or Anchor, "~ Ml ecul ar

| mmunol ogy, 30:1427-1432, (1993)  GT. WIlliams et aI , "The al~ Sheath
and Its Cytoplasmc Tyrosine Area Requires For Signaling By T:~e B-cel

Anti gen Receptor Bat or For . Serj.ne/ Thr ecpi ne- Ki nase
Rocr ot mont - Patn Sop2 6 01 99BH I Pa055F L RSRHAGEAR! LAPATERCEY ol .. " The
B-cel | Anti gme%a;:emcs)xdoépmeg Ri¥EL3ENUNEYY obubhinErass e Fsphahr e,

352: 777781 (1991) ga iianms et al "The Sequence of The Tragsnenbrane
Segnent Det eMfffest ?ﬁ?#ﬁ%%%ébgp%%?FlﬁP%9rof the Transport of

| mmunogl obulin Mto The Cell Surface,” J. Exp. Med. 171:947-952 (1990) S.

Pettersson et al., -"A Second B cell-specific Enhancer 3' of The

| munogl obul m%h%‘a\ﬂ/ chain Locus,” Nature, 344:165-168 (1990) - 120 10
15 20 25 30 P Sanbaviap By sd T TevdouSe 3§ Q3T 7 eHiAIse For—.

| mrunol ., 21:01499-1504 _(1991) G P. Cook let. al., "|Regul ated Act|V|ty of the

| gH I ntron Enhancer (EfRIg5tefneDeTh \BIBA chimerps gdings,| germlingya|
| munol ogy; 7t 88M¥5L(|1995p2K. B Meyér et]| al 15 "The | g& 3' }Enhdncer
Triggers Gene| E@pr-e8gi onlud Eafly B Lynphccybes Qut T8s Acfrvity 1s

Enhanced on B“ggﬁ{:@tTTV@@EpﬂT“—TnggrﬁarrUan;Tﬂﬂtwnﬂjﬂﬁn‘—?ftﬁﬁﬁftﬁf8

1996) M S. geerger—et — '—Requbkﬁan%*Aﬁtib dica Possesstig—Neyel
Effec%or Func 43 f?g NbL%EET_;-?:Bﬂ 608 /1°g§ CH— ndon! et 1 Human
anocloné#)lgcg 9 ferlin %énnleneng~Activat|Eg Fupct | at it he
Level of C4 AsZﬁéﬁGAs B§2 J] ExB7 Med., 29 8:127-182 (18€88) . Hick et
al ., "Sequenceg2&M-a/HumaAOllmunogl @Bul i n Gamd 3 Heavy Cha r _ Gonst gnt

Reguior. Gene: Conparison Wth the O her Human CY Genes, " Nucleic Acids

Research, 14: 1779-1789_(1986) J. Ellison g% ah;, "@uc? eot|g3w§equence of
a Human | munogl obul i n BeheSUMNBRAZEE Lhe) Spga TPgg PONEFARAE | son. et

al . ' "The Nudl:eaidglenSequeseeuding Hunfanl ltiﬁrmftﬁm@mbtylw'zrm@co?%rle: r.(;; Nucl ei ¢
Aci ds Resear 10:4071-4079 (19 ison e ; "Linkage an
Sequence%ﬁbngﬁ%gy“t& e fium lYﬁn%HgngbﬁF E@Q@F *rdih anstant Regi on
Genes, " | murtogymi 79ed 984rd968 €R88apukle Uay&ahm@a et al., "Concerted
Evol uti on of the Mouse | nmunogl obulin Gamma Chain Genes, " The EVMBO
Journal, 3:2097-2053 (1984) - 121 10

EXAMPLE 8

BREEDING MICE CONTAINING YH2BM
YAC DNA WITH yK2:DI MICE

20 In order to generate mice that produce human
antibodies in the absence of endogenous antibodies, we
bred yK2-transgenic mice with double-inactivated {DI)
mouse strains. The DI mouse strains are homozygous for
gene targeted—inactivated'mouse heavy and kappa light

25 chain loci and, thus, lack in antibody production [see
Jakobovits &t _al., Nature 362:255-258 (1993): Green et
al., Nature Genetics 7:13-21 (1994)]. We bred one of
the yK2-transgenic mouse strains, J23.1, with DI mice
to generate mice hemizygous or homozygous for yK2 YACs

30 on a homozygous inactivated mouse heavy and kappa chain



i5 20.25 30 A Jakobovits et al., "Analysis of Honbzygous Mutant Chineric
M ce: Deletion of the |Imunogl obulin Heavychain Joi ning Regi on Bl ocks
B-cel | Devel opment and Anti body Production,” CGenetics, 90:2551-2555 (1993)
A. Jakobovits, "The Long-Awaited Magi c Bull ets: Therapeutic Human

Monocl onal Anti bodi es From Transgenic Mce," Exp. Opin. Invest. Drvgs,

7:607-619 (1998) P.T. Jones et ai., "Replacing The
Conpl enment aritydeterm ning Regions in a Human Anti body with Those From a
Mouse, " Nature, 321:522-S25 (1986) M S: Neuberger et al., "lsotype

Excl usi on and Transgene Down-regul ati on in | mmunogl obul i n-?~ Transgeni c
Mce, " Nature, 338: 350-352 (1989) M Briiggernann et ai., (A Repertoire
of Monocl onal Antibodies with Hunman Heavy Chains from Transgenic Mce, "
| mmunol ogy, B8ckg709n8718K21089) CThe dokkgieg skchemeRdpird Met hods for the

2nd Gone TarJEREARr 8 s fed RBoBIBRE LRRIER, (PR3 S B °C
Jolly et al,yHTRH Yafgeéti ajowh Benmwi.c BSypeeauweati drecdingmaiol ogy, 8:

159-168 (1990), §§ Reb! fEe0N &l xhomoulHl lfléhx%lfe’%ya%tl'd%nxle a1 0

Age- Dependen versSi wn- regu ation nsgeni c rmunogl obul in
Li ght Chabn fengsny wWhoermnat eétaler! inemmialyggys brSCb@n@Iz@g(ol%g‘.)om . Meyer

|., "Th 3’ T .
Cymahobyt oo BIECY: S AZBRVORS i « "SARAEs o 6 AT AEH VAo

| nt ernati onairnaumandogyzmaae$56bor516&f( 1996h are h2hozh@olts 2825 30 G P.

Cook et al. gu d_Act | Qf, .t he l.gH _I nt.ron.Enhancer (. the T
Lynphocyt e LPH%E hﬁb nf&n ?ZOnalllln%}ﬁ&l%og?y?cryeB 51)1%2,% (SPJOI ly et
al., "The Taxgaangsef yBaBut.i c Hypernutation," ImTunol ogy, 8:159- 168 (1996)

S. Pet_ter sson et al., "Cellular Selection Leads to Age- dependent and
Reversi bl e Down-regul ati on of Transgeni ¢ | nmunogl obul i n Li ght Chain Genes,"

| nt er nat ional | munol ogy, xénBSﬁu&ngQQﬁ@tde&nﬁadx@te al., "ASi ngI e DNA
response el ement can confer duci bi li ty bot h a- nt

Bi ocheni st ry—%@—%ﬁ—, 53‘)1 e L AgALy 1k %etmaq C? r%"g?eolgﬁ

Heavy- chai n ?ngm;pgz-l\@w be ;Ekeet edxby P RAT; l;lcgn qﬁcﬂ'-rfanscrl pts
from Const anf-regi on genes," | mmunol ogy, 85 77 7708%988) F.C MIlls et

al ., " Sequen&%ﬁﬂﬂ@@aﬁ_unﬂlﬁ‘@g“lcém i* Y&4 tH Regions: Inplications for
reconbl nation SGI4 pt- w+i- Nuclei search, 4305- 7316
1B %ﬁ‘@ ‘Huh (Sﬂe Ck %ﬂé I—R? 'Rx%r e i

(1990) F. Roty man e tructure an SsSi 6n
| mmunogl asul ican¥étatisany BChdlArlnGeqte XEraomsors eptss : yHDh 1 )catl ons for Mtogen

“and Lynphokine Directed class-sw tching, " | rnational | nmmunol ogy,
2:621-627 (1990) P. Sideras é‘-t&ﬁno,mm‘}%éodh ']{sz f Sterile Transcripts of

Cy Genes in an I g produm ng Hurran Neopl astic B Cell Line that Swtches to

| gG producin Lnt nat i ona 32 642 _(.1989) J.P. Mnis |
et al., "d agg&g&’nj t’é’lﬁ(l2 “éﬁ S L klyﬁf&%y V%ﬁuﬁw obﬁl&f(n Heavy Chain
Enhancers, " JH2EBxe.; yi2d; mJ!l8‘81an421 1431 vHE®9B) yK2* ;mJy /"y mCr™ "

XenoMouse: yH2BM*'; yK2*; mJy’"; mCx™/~

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

25 rearrangements.



- 123 10 15 2C 25 30 J. Durdik et al., "Isotype Switching by a
M croi njected a | munogl obul in Heavy Chain Gene in Transgenic Mce,"

| munol ogy, 86:2346- 2350 (1989) N. Takahashi et al., "Structure of Human
| mmunogl obul i n Ganmma Genes: Inplications for Evolution of a Gene Famly,"
.Cell, 29:671-679 (1982) J. Zhang et al.., "A Selective Defect in Ig&b

Switching as a Result of Targeted Mutation of the |IY2b Pronoter ar~d Exon,"
The EMBO Journal, 12:3529-3537: (1993) S.,,.lung et al., "Shutdown of O ass
Switch Reconbi nation by Deletion of a swi £&h Regi on Control El enent,

Sci ence, 259: 984-987 (1993) L. Xu et al., "Replacenent of Germline a
pronmo~cer by Gene '.Cargeting Alters Control ~f Inmunoglobulin z-i.~:avy
Chain Cass Switching," Immnol ogy, 90:3705-3'i09 ( 1993 ) A Bottat~o et
al., "S Region Transcription per s~ Pronptes Basal IgE Class Switch
Reconbi nat i onERaPAHdBt i onal Factors Regul ate the Efficiency of the
Frocess, " The EMBO Journal, 13: 665- 674 1994 ) F.C. MIls et al., "Human
| gSY Regi ons and Their RO OMESIRY, ial Switching to IgE," The

Journal of |nmunol ogy, %855302he3036 a9 1S xdhoBbuab - HoplEXpr essi on of
lu-CY Hybrid Germline Transcripts Subsequent to Trmmunogl obul i n Heavy Chain

C ass Switchi hEeRSgRPEENRECEnaPeriRiedadgplaodicandosrieeng) Q Pan et al .
" Char acterszau{n@;is_b@t:gtlugane% Deich G e 1tk %ﬁly@%@@ksgﬁgﬁws&é‘% n@ Mei otic

Reconbi nati ona ot Wthin_the Ig Logus: Influence of S Region Length
on 1 g&4 Produ€tibhot STheTﬁ‘SuFﬁél Sof”elr@n@r‘\’éllcfg]ye 1911 : Bgephgbpee (M998) -

129 1U 15 20(_25c§9aid1|'k?91a9 @tle@b CAQOW%ré%Qé@%E@H d;PIfw&
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Devel opmental Control of |1gH Gene Expression in B-lineage Cells,

| mmrunol ogy Today, 18:54byBBhocygep) from four animals from three

different XenoMouse H2BM strains were evaluated and

20 compared to wild type B6/129 mice using flow cytometry,
as shown in Table 5 below.
Strains XM-2BM-1, XM-2BM-2 and XM-2BM-6
~showed about a 60-80% reccnstitution in the B-cell
compartment compared to wild-type mice (Table 5).
25 Trangenic mice having the yH2BM YAC DNA show
significant human antibody and immune system

development.
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EXAMPLE 10

SERUM LEVELS OF.HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for deteérmination of human
antibodies in unimmunized mouse serum was carried out.
For more detailed information and procedures on
immunoassays see E. Harlow et _al., Antibodies:
Chapter 14,
Cold Spring Harbor Laboratory Press, Cold
New York (1988).

human immunoglobulins were determined using the

A
Laboratory Manual,
553-614,

Spring Harbor,

"Immunoassay", pages

The concentration of

following capture antibodies:
(CGI/ATCC, HB-57) (Manassas,

mouse anti-human IgM
VA). The detection
antibodies used in ELISA experiments were mouse
anti-human IgGl-HRP 9050-05)
AL),

(Southern Biotechnology,

(Birmingham, mouse anti-human IGM-HRP (Southern
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Const ant Regi on Genes, " | nmmunol ogy, 79:1984-1988 (1982) J.B. Bolen,
M"Protein Tyrosine Kinases in the Initiation of Antigen Receptor Signaling,"”
Current Opinion in Immunol ogy, 7:306-311 (1995) L. O Rourke et al.,
"Co-receptors of B Lynphocytes," Currentggpinion in |nmmunol ogy, 9:324-329
(1994) T. Kurosaki, "Ml ecular Mechanisns in B Cell Antigen Receptor
Signaling,” Current Opinion in |Inmmunology, 9:309-318 (1997) - 127 10 1.5
20 25 30 B.E. Pearson et al., "Expression of the Human ~ianyloid Precursor
Protei n Geneg{sparBnyea Artgo‘g(pJgag SRk N ns e,"
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Nat ure Bi ot eé%ﬁb@b@%]he%‘l@@zl%qw BanvIDE. a0 HGRg. "Gene Tar geti ng

Technol ogy for CreatinggTr i vbd of . boratory

Ani mal Sc?ence 43: 156g155%( 199%)TPJJ Na§6@|Xé’%%%£8ﬁ ml& £ Gnockou
Mce, " Scieaneeduosd: $igeifigemt marselimmalmgvel'sr ceémot)evr@ummengm n CD3-~
Mut ant M ce, zpgl \V g 3: .D. Taylor et al.
"A Tr ansgem%nclj\l/bﬁlsngéﬂ}halttB%Expr eses%aktJ n\?je(—:‘r s?%glr%élu#zg equence Heavy and
Ti ght Chai n | mmunogl obﬂabdﬁ,_ Nucléi ¢ Aci ds Research 20: 6287- 6295 (1992)

DM Fishwild et al. J 3 3 Ant i bodi es from a
Pdovel ain of M ni | cus T a0 Sﬁ”' a ot echnol ogy,
14: 845-851 (1996) L.D. M 6551 obulin Transgenes
Under go Rearrangenent, —Seﬁca{—l—e—%Tt—w-e-n—ep- ching in Mce that
Lack Endogenous | gM" |mterratenpl—runolo 5 (1999) - 128
10 ~5 1 20 25 30 N. Tug-Hen—et—al——— “Jmﬁ—ﬂm Heavy- chain
M ni | ocus Reconbi nat i onfst-AsEaRsger-c=M W g inaandyY
Transcripts,” | mmunol od ;M 36 3320 322%8%;\1 3)—N _9']_§~nhe,r_g__1 al .,
"Antigen-specific Hunarﬂben-t—i—bed-i-eFHr_Egﬁo!\_ﬁ te—Codprdlsi Ag—FPHIr Di stinct
Genetic Modifications, "—Nature—368-856 8§ (199225} =
XM-2BM-1 | H-908-1 1.3 70
H-908-5 0.35 51
H-953-8 3.7 81
XM-2BM~2 H-873-2 0.8 38
H-873-3 1.5 52
H-873-4 1.7 90
XM-2BM~-6 H-910-4 1 68
H-911-3 0.8 47
H-912-4 0.3 44

15 EXAMPLE 11
IMMUNIZATION AND HYBRIDOMA GENERATION
Groups of six 8 to 10 weeks old XenoMice H2BM

were immunized subcutaneously at the base of the tail
(or other route of administration (IP, footpad, etc.)
20 with 10 ng of either recombinant human IL-8, 5 pg TNF-«
or CEM cells (for CD147). The antigen is emulsified in
complete Freund’s adjuvant for the primary immunization

and in incomplete Freund’s adjuvant for the additional
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Gene Targeted x-deficient Mce, " International |nmunology, 6: 18351847
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Role for B Cells inthe CD4 T Celi Response,” International .Inunurol ogy,
7:1353-1362 ( 1995 ) T.K Choi et al., "'transgen:ic Mce Cont ai ni ng a
Human Heavy Chai n | mmunogl obul i n Gene Fr&§nment Coned in a Yeast Artificial
Chronmosone, " Nature Genetics, 4:117123 (1993) S.D. Wager et al., "Antibody
Expression fromthe Core Regi on of the Human | gH Locus Reconstruct ed in
Transgenic M ce Using Bacteriophage P1 Clones," CGenom cs, 35:405-414 (1996)
S.D. \Wagner efugniza Di veray toXs %ﬁ@b@dsﬁe‘%@#m%tmm@nal
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Mniloci," . I munoi ., 24:2672-2681 (1994) S. D V\agner ét_al

" Ant i bodi es @ner At ddios hu%ra&ﬁbmtmg}kdﬁmhwaﬂd\ﬂ%awmr i Tr ansgenl c

M ce, " Nuclel, searnch, 22: I 9 10 15 20 25 30
N. P. Davies et a nqlsz%re Ao ao?eﬁ\ﬂ 3%‘%%(;59}?-%%% %ﬁ Yody Light

Chai ns by 3 ntlradkshrettioary (PfrefssYeacs:tldArSpn‘img &taﬂstm,nnwm@mt gyedg. the Core
Region of th Huma.n Immno | obulin X /Te nol 1-914
(1993) F.D. ‘é KrYE 4 ttl%s LoAFTa I ufer?d%f o"feet %‘f?fﬁeg%nse to
Antigen: A Thrtedrealsdt, BamesJang 1rtadnﬁ1itiwtnlcmmrt1@d$mset@)f O‘f Rate," Inmmunity,
8:751-759 (1998) M R _Ehrenstein et al " sruption Reveal s

e
a Role for Natural Secr&tdtyayvtd ﬁ“?rhoecmétfr%% Y eﬁve tﬁ?‘? $° 1| mrune
Response, " | mamwilvegy, f[A5al0G88ediomh (dﬂ%’)t:@eerIStcﬁémsetlrmPBS" Bot h DNA

Strands af, Andi hody Genes. are ernmutatio rgets | ogy
95: 8791874 ( 8)dyj"SEb A5 &t eiif“w-- sfg%ﬁf edeé?arej’];u‘r&gme Scat t er ed

over the |nnwrcfgimmﬂmm nbcedueem}stmatmm/ahmckmamt ating B Cel |
Line," I munit 9 859 869 (E399 Neuber ger "Ant i gen_Recept or
Signaling G CLVY f—%-La—Je 1ANGHPeFES7A (1997) B,

Coyenechea etLaeHoratoGgJ |}§arﬁiépn9jlya@% 65,51 Mgo b 8X1 IR ANSHERES, Phow O onal
Recruitnent of Hypernutation: A Role for ‘Both MAR and the Enhancer’s," The

EMBO Jour nal pqgessééﬁ?}’@@g Ceogy)SPE g Frarkar diaboratery gyl obul in (1 g)
~c and |93 QH1ePIspyIinG PRI, A&y lvlependsig) v %pr@lr%ﬁew;o Signal B

Cell Maturation and Activation in Transgenlc Mce," J
 185: 1753- 1758 YRIPAY LRSS Yaloahgdmsiniged migg qute n@lﬁﬁd I\‘l‘blnt}} ¢Bequences in
Pl ace of the nérSegreat 3y s/BldMa HyReraRtt At oL (At E, S 6R25- 229
(1995) - 130 10 15 20 25
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the
P3-X63-Ag8.653 myeloma and are subjected to HAT
20 selection as previously described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981)].
Table 7 shows that transgenic mice produced
according to Examples 6-8 above, and immunized with

recombinant human IL-8, 5 png TNF-o or CEM cells (for
25 CD147) yielded human IgGl monoclonal antibodies.

EXAMPLE 12
EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE
We performed an ELISA for the determination

of whether transgenic mice were producing
30 antigen-specific antibodies (Table 7). We determined

the antigen specificity and isotype of antibodies
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with recombinant human IL-8, 5 pg TNF-a or CEM cells

(for CD147) yielded human IgGl monoclonal antibodies

that were antigen specific and of the predicted

isotype.



15 20 25 30 M Bruggenann,
Heavy-chain Gene Fam |y,
"Regul ati on of Menbrane | gM Expression in Secretory B Cells:
and Post-transnati onal
-Shar pe et al .,

Sequences 3'

" Gene,

Events, "

74:473-482.

"Somatic Hypernutation of
of Cx and Qccurs on Passenger Transgenes,
" reSS|on and Targeting of

10: 2139- 2145 (1991) S. Biocca et al.,

Intracel lular Antibodies in Mammalian Ce

(1990) K ;T.
Recept or
Cyzopl asm ¢

' i Res,
| npr ot ance 0#2%#§;4;

Nucleic Acid
Regul ating §

Rol e for the|

(1994) J. O

by an | muno}

Sequence, "

Mouse Cowple:

Pat el

et al.~,

Enh

er

Regi on

The EMBO Jour nal ,

in | mu

The EMBO Jour nal ,
"Antigen Presentation by the B Cel
Is Driven by the a/a Sheath and Occurs | ndependently of
" Ce~3, 74:939-946 (1993) K B. Meyer et al.,
x Ge Expression, "

bqY

"Evol ution of the Rate I munogl obulin Ganma
(1988) R Sitia et al.,
Transl ati onal
6: 396a3977 (1987) M J.
Innunoglobulln X may depend on

The EMBO Jour nal ,

Its

9:101-108
Anti gen

"The

11:1012- 1016} iR S kR et gt N ptterachi oD L

| gG Chi neri c| EEM2EH14 he Hunfii-FcRl aind3#cRl|_Redceptjors: 1
Requi r enent s| €CEM2AKIR18H at ed He$t! Cel | -[Taf®fet { Cel | 15

| nteractieén, | MIL&d8| ar | ogy, 86:5403- 411 24089) M| Br uggedbhnn ets}al ,
"Conpari son pf_th&1Effed nction€16f hunman 26vu) nogllobul | n81Usi ng 5
Mast chad Set| of IGkilferi¢ odi es, G1J. Exp. [Me@3 166: | 351- 1[36110{1987) |10 ~
R Sher man- G ' X Evdaut i on fir Magi ¢
Bullets to M T

Genetic EnQ | Ney (199731-1/2 134 |13EGhE] NG <

ABGENI X, I NQ_ <l 20> TRANSGENI G ANI NMALS FOR PROR3pNG SPECT FTIC TS PES| OF
HUMAN ANTIOBCDI ESNW3A NON- (TE SWaGe REQ ONS1sal30> CELL 4. 214(TP P&

<140> <14| > <150> 09/ 329, 582 <151> 1999- 06- 10

15

al.,

20

25

EXAMPLE 13

embryonic stem

as described in detail in Example 6.

Cloning Systems,

INTRODUCTION OF THE yH2CM YAC INTO ES CELLS

We introduced the YAC,

(ES)

Genome Analysis:

Chapter 5:

vyH2CM,

into mouse

cells by yeast spheroplast fusion

[See B. Birren et
A Laboratory Manual, Volume 3,

“Introduction of YACs into

mammalian cells by spheroplast fusion", pages 548-550,

Cold Spring Harbor Laboratory Press,

Plainview,

NY] .

Generally, yH2CM containing yeast cells were

spheroplasted using zymolase 20T at 1.5 mg/ml.

The

yH2CM spheroplasts were fused with HPRT-deficient E
14.TG3B1 mouse ES cells which had been cultured as

described [see Jakobovits et al.,
Nature Genetics 7:13-21

(1993):

Green et al.,

Nature 362:255-258

(1994) ;

E. Robertson in Teratocarcinomas and Embryonic Stem

Cells,

pages 71-112,

IRL,

Oxford

(1987) ]

HAT selecition



<160> 31 <170> Patentln Ver. 2.1 <210> 1 <211> 32 <212> DNA <213> Unknown
Organi sm <220> <223> Descri ption of Unknown Organism Lox P site <400> 1
acttcgtata gcatacatta tacgaagtta to c210> 2 <211> 72 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Linker
-32 <400> 2 ctagtcgaca aatattcccc gggcggccgc ttacgtatga attcagcgcg
cttctagaac 60 tcgagtgagc tc 72 <210> 3 <211 > 72 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artifjcial Sequence: Conplinentary
strand <400> 3 gatcgagctc actcgagttc tag cgcg ctgaattcat acgtaagcgg
ccgcccgggg 60 aatatttgtc ga 72 <2lo> 4 <211> 54 <212> DNA c213>
Artificial Sequence - 135 <220> <223> Description of Artificial Sequence:

54 S2105 5 <HaS ERPEBRLLaTRR BoREL" aRERK EREHond el R it G U1
Descri ption o¢eP¢t¢IoneaIwSequee&ect€dnakeaem&@@me&t@awi 400> 5 cgttaactat
Lataattcoa aatgcal Apa. 5h301 BU9AN A CLOPESac 981 C, 84 S0 &faniz 42 <212
were expanded for genome analysis and were analyzed for
5 YAC integrity by Southern and CHEF blot analyses. In
control experiments with mock fusions of ES cells and
yeast spheroplasts, no colonies were detected.
Ten ES cell clones (referred to as Clones 1-
10 in Table 8) derived from ES cell fusion‘with
10 yH2CM-containing yeast contained all expected EcoRI and
BamHI yH2 fragments detected by probes spanning the
entire insert. As shown in Table 8, we detected the
following human genes in the ES cell genome as part of
characterization of the ES cell DNA prior to transgenic
- 15 mouse generation: all the different V, families could be
detected Vyl, Vu2, V3, Vy4, V.5, and V46; human D,, and Jy
; human C, and C, constant regions; mouse switch vyl

(mSyl) and human Cvy4 C, exons.



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Li nker <400> 6 aattaagctt gtacgtactg atcaagatct ggatccagat ct 42 c210> 7
<2l 1> 37 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Conplenmentary strand <400> 7 agatctggat ccagatcttg
.atcagtacgt acaagtt 37 <21 0> 8 <211> 19 <2| 2> DNA <21 3> Artificial Sequence
<220> <223> Description of Artificial Sequence: Priner - 136 <400> 8
cacaccgcgg tcacatggc <21 0> 9 <21 1> 20 <212> DNA <213> Artificial Sequence
<220> ' <223> Description of Artificiat Skquence: Prinmer <400> 9 ctactctagg
gcacctgtcc <210> 10 <21l > 27 c212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Prinmer <400> 10 gtcgacgggc
tcggggcetgg tttctet <210> 11 <211> 27 <2|1 2> DNA <21 3> Artificial Sequence
<220> <223> DPabdei 8tion of Artificial Sequence: Prinmer <400> 11 gggccct gat

tcaaattttg tgtetee-

hor'm ES Cell Clone
genes 1121 3 4 5 6 7 8 9 10
Vyl + + + + + + + + + +

5 | Vy2 + |+ + + + + + + + +
Vﬁ3. + |+ + + + + + + + +
V4 + ]+ + ¥ + + + + + +
Vy5 + |+ + + + + + + + +
Vy6 + + + + + + + + + +

10 | Dy + | + + + + + + + + +
Ty + | + + + + + + + + +
Cy + F + + + + + + + +
Cs + | + + + + + + + + +
mSyl + + + + + + + + + +

15 Cv4 + + + + + + + + + +

!m - denotes mouse genes (mSyl)

EXAMPLE 14

INTRODUCTION OF ES CELLS CONTAINING
THE vyH2CM YAC INTO MICE

20 In order to generate chimeric mice from the
YAC yH2CM DNA containing ES cells, microinjection of
blastocysts was conducted, followed by breeding. ES
cells containing the YAC yH2CM DNA were isolated as
described in Example 6, and expanded for the generation

25 of chimeric mice. ©Next, yH2CM-bearing ES cell clones
were microinjected into mouse C57B1/6 blastocysts [See
B. Hogan et al., "Manipulating the Mouse Embryo: A
Laboratory Manual"”, Section D, Introduction of New
Genetic Information, "Injection of Cells into the

30 Blastocyst" pages 188-196, (1986) (Cold Spring Harbor



<21Q> 12 <211> 22 <21 2> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Priner <400> 12 ctggagtcct attgacatcg
cc €210> 13 <211> 21 <212> DNA <213> Artificial Sequence 19 20 27 27 22
c220> - 137 <223> Description of Artificial Sequence: Priner <400> 13
-ggttctttcc gcctcagaag g <210> 14 <211> 21 ' <2| 2> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Primer <400> 14
gctgacacgt gtcctcactg ¢ <210> 15 <211> 21 <212> DNA <213> Artificial
Sequence <220> <223> Descri ption of Arti fi%tial Sequence: Prinmer <400> 15
ccccagttge ccagacaacg g <210> 16 <211> 34 <2| 2> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Linker

Laboratory Press, Cold Spring Harbor, NY)]. Chimeric
offspring were identified by coat color.

Table 9
Clone # embryos # live | # of # chimera #
Injected | born pups | chimeras breedings | germline
5 2CM-1 381 26 24 8 4
2CM-2 399 26 - 14 10 5
2CM-3 224 21 10 5 0
2CM-4 217 21 14 4 0
2CM-5 276 19 15 9 0
10 2CM-6 296 18 12 2 0
2CM=-"7 269 22 16 6 0
2CM-8 133 12 12 ) 0
2CM-9 177 5 3 1 0

Table 9 summarized the data for generating
15 transgenic mice using nine different yH2CM containing
ES cell lines. Two out of nine clones were transmitted

through the mouse germline.

EXAMPLE 15

BREEDING MICE CONTAINING yH2CM YAC
20 DNA WITH yK2:DI MICE

In order to generate mice that produced human
antibodies in the absence of endogenous antibodies,
yK2—transgenic mice were previously bred with
double-inactivated (DI) mouse strains. The DI mouse

25 strains were homozygous for gene targeted-inactivated
mouse heavy and kappa chain loci and thus were
deficient in antibody production [see Jakobovits et
al., Nature 362:255-258 (1993); Green et al., Nature
Genetics 7:13-21 (1994)]. One of the yK2-transgenic

30 mouse strains, 323.1, was bred with DI mice to generate

mice hemizygous or homozygous for yK2 YACs on a



<400> 16 agcttgtcga cacgcgttta attaaggccg gcca <21 0> 17 <2l 1> 34 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Compl enentary strand <400> 17 agcttggccg gccttaatta aacgcgtgtc gaca c210>
18 <211> 22 <212> DNA 21 21 21 34 34 <213> Artificial Sequence - 138
.<220> <223> Description of Artificial Sequence: Primer <400> 18 tggtggccga
gaaggcaggc ca <210> 19 <211 > 67 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Prinmer 22 <400> 19 ccgcgggcat
gcaacttcgt ataatgtatg ctatacgaag ttattytYgg acagagctgg 60 gcccagg ~ 67
<210> 20 <211> 18 <212> DNA c213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer <400> 20 gtctggcccc tctgetge |g

<210> 21 <211> 18 <212> DNA
homozygous inactivated mouse heavy and kappa chain

background (yK2;DI). The breeding scheme for
generating a new Xenomouse, which is hemizygous for the
yH2CM YAC is shown below. Subsequent breeding of

5 XenoMouse males to XenoMouse females yields XenoMouse
progeny who are either hemizygous or homozygous for
yH2CM and/or yK2. From these progeny, breeding of
males and females, both of which are homozygous for
both yH2CM and yK2, will yield a true breeding line of

10 XenoMouse H2CM.

XenoMouse H2CM Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)
yH2CM'; yK27;mJ,*/*;mCx*/* X yH2CM ;yK2'; mJy /" ;mCx™/~
Generation 2 : {Xenohet x YK2:DI)

15 yH2CM'; yK2*;mJ " ";mCx*/~ X yH2CM™;yK2*;mJ;/ ;mCx™/"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse X YK2;DI)

yH2CM+; yK27;mJ"";mCx™/” X yH2CM™; yK27;mJy™’ ;mCx™~
YH2CM+; yK2%;mJ,™/";mCx™/~ X yH2CM";yK2*;mJ.~;mCx™/"

20 XenoMouse: yH2CM'; yK2*;'mJH""; mCx™/~

The integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains was confirmed by
Southern blot analysis. In all XenoMouse H2CM strains
analyzed, yH2CM was transmitted unaltered through

25 multiple generations with no apparent deletions or

rearrangements.



<213> Artificial Sequence <220> c223> Description of Artificial Sequence:
Primer <400> 21 cacccataaa aggctgga | g <210> 22 <21l > 18 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Prinmer
<400> 22 acggctcatg cccattgg |Ig - 139 <210> 23 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 23 tagtgagtgg gcctgact <210> 24 <211> 16 <2l 2> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Linker <400> 24
ggccat ggcc ggccat <21 0> 25 <211> 16 <2I296NA <21 3> Artificial Sequence
<220> <223> Description of Artificial Sequence: Linker <400> 25 ggccatggcc
ggccat <210> 26 <211> 45 <212> DNA e213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Linker 18 16 16 <400> 26

EXAMPLE 16

FLOW _CYTOMETRY ANALYSIS

To further characterize Xenomouse H2CM
transgenic mice, peripheral ‘blood and spleen

5 lymphocytes were isolated from 8-10 week old mice and
controls. The cells were purified on Lympholyte M
(Accurate) (San Diego}'CA) and treated with purified
anti-mouse CD32/CD16 Fc receptor (Pharmingén, 01241D)
(San Diego, CA) to block non-specific binding to Fc

10 receptors. Next, the cells were stained with various
antibodies and analyzed on a FACStarf“s (Becton
Dickinson, CELLQuest software). The panel of
antibodies used to stain XenoMouse H2CM cells included:
Cychrome (Cyc) anti-B220 (Pharmingen, 01128A);

15 flubroscein isothiocyanate (FITC) anti-human IgM
(Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphocytes from two animals from two
different XenoMouse H2CM strains were evaluated and

20 compared to wild type B6/129 mice using flow cytometry
as shown in Table 10 below.

Strain XM2Cm-2 homo showed about a 80-100%
reconstitution in the B-cell compartment (Table 10).
Trangenic mice having the yH2CM YAC DNA show

25 significant human antibody and immune system
development. Control 129xB6, DI, Xenomouse Z2a
heterozygous and homozygous were compared to mice
heterozygous and homozygous for the yH2CM YAC.



gat ccggt ac cgat atccaa ttgggccggc cggccatata ggcct 45 <2| 0> 27 <211> 45
<212> DNA <2l 3> Artificial Sequence <220> <223> Description of Artificial
Sequence: Linker <400> 27 gatcaggcct atatggccgg ccggcccaat tggatatcgg taccg
45 - 140 <210> 28 <211> 30 < 2'12 > DNA <213> Artificial Sequence <220>
.<223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
28 cctctccctg tctetgggta aatgagtgecc <21 0> 29 <21l > 30 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:

Synt heti c ol i gonucl eoti de c400> 29 t atccaf cac act ggcgacc gctcgagcat c210>
30 <211> 24 <212> DNA , <21 3> Artificial Sequence <220> c223> Description
of Artificial Sequence: Prinmer <400> 30 gcagagcctg ctgaattctg gctg <21 0> 31
<2l 1> 22 <212> Egg <213> Artificial Sequence <220> <223> Description of

Artificial O priner i400> 31 gt aat acaca gccgtgtcct cg 30 30
ID 3B220%’

129xB6 22.2

129xB6 _ 24.8

5 129xB6 24.5
DI 0.6

XM2A-5 het - 29.2

XM2A-5 het 23.7

XM2A~5 homo 23.4

10 XM2A-5 homo 25.5
XM2Cm—-2 het 19.3
XM2Cn-2 het 19.2
XM2Cm-2 homo 29.8
XM2Cm—-2 homo 23.6

15 Avg. 129xB6 23.8 + 1.4
DI 0.6

Avg. XM2A-5 het 26.5 + 3.9

Avg. XM2A-5 homo 24.5 + 1.5

Avg. XM2Cm-2 het 19.3 + 0.1

20 Avg. XM2Cm-2 homo 26.7 + 4.4

EXAMPLE 17

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
25 antibodies in unimmunized mouse serum was carried out.
For more detailed information and procedures on
immunocassays see E. Harlow et al., Antibodies: A

Laboratory Manual, Chapter 14, "Immunoassay'", pages



24 22 - 141 We claim 1. A transgene conprising a DNA fragnent
conprising a DNA sequence identical to the DNA sequence of human chronosone
14 fromthe D segnment genes of the 5 human i munogl obulin heavy chain

| ocus, continuing through the J segnent genes and the constant region genes
-through Cu of that |ocus, wherein said DNA fragnent is operably linked to
at | east one human V segnent gene, and wherein said DNA fragnment further is
10 operably linked to an additional constant region, said additional
constant region conprising human const-ar®8 regi on codi ng exons operably

| i nked to a non-cognate Switch region. 2. The transgene according to claim
1, wherein 15 said human constant regi on codi hg exons encode a human
constant region selected fromthe group consisting of: a human gamma
constant reg?od;6hd hurahdaPphangoHstrhet Lefosetary &dessan GaPgsi | on const ant
region) 3. lher15AnageRs: ackel0iBOx! 916k8) M 2riih B A0 A, uman
constant regi'on codi ng exons encode a human ganma constant region. 4. The
transgene adewnai nifunenepdphudinghwesien desiedhimesn ugdmen thenst ant region is
a gama-1 c : L eg) .r.ans a r.din o -claim4 which
is the yHZngiégg%l% tF??EFg? gﬂF%ﬁ%?&ﬁ%'(%&%&? %%gllfﬁ%%g ﬁ%@ t ransgene
accor di ngdt ol CEBIATGC, wHBr 7 h (ahdshasan Vanma Thenstedric triegi on is a gamma- 2
const ant regj,on. . The nsge c [ t lajm3, wherein 5 said
human gannaq%ggé %%%ggeﬁ%%ﬁ ?g gﬁégﬁngggﬁgggﬁggénﬁkfggm&¥%§ The transgene
accordi ng t carct & muBanwhe®eiHRE af $b untinenn gatavee cbhnsiaoy, r e0bon0sSHs a

gamma- 9 consfant 10 regiop 9. The transgene _accor di tq claim8 which is
tt~:: yIiZChbi'gg%n%? ﬁfig%él @ﬂ?ﬁ?r?BE&n@uﬁ?ﬂdﬁg& %%% f%@uﬁgﬁﬁgbene
accordi ng t Bidech2oleber ei A0IG-05) . CBibuimgheonsrant. r edaeiaael ng exons
encode algunqg %5 g%phaacgﬂgtgnt re ign. 11. The transgene according to
clai m 1000 WHEFRi FO 5 af a2 REREAC AP BhAT c BHRERNE Ir ¥GE6H | dPHa- 7. const ant
region. 12. (@eppebnsphedeonccosstagMesac! ahm kBd Waeia@l Mg2Q sai d human
al pha consta egion is ha--2 constant,_region. 13. The transgene
accor di ng tcxgﬁiﬁﬁhéheﬁmgag}?%ga?éaﬂuﬁﬁﬁg80ngﬁént regi on coding exons
Enccde a human epsil| onAsoslsdwant ixiegabhe 11, rows 15-30, Xenomouse

H2CM produced significant baseline levels of both human

15 IgM and IaG4 in the absence of immunization.



- 143 14. The transgene according to claim 1, wherein said DNA fragnment
operably linked to a plurality of human VH genes.

according to claim 14, wherein 5 said DNA fragnent
| east 50% of the human germine VH genes.
claim19, wherein said DNA fragnent

di fferent human VH genes.

10 1r.

is operably linked to at
The transgene according to clain4,

15. The transgene
is operably linked to at
16. The transgene according to

| east 90

is

wherein said DNA fragnent is operably Iinkgd-.to a sufficient nunber of
di fferent human VH genes so that tile transgene is capable of encoding at

least 1 x i0--
sequence conbi nati ons,

somati c nutation events.
W |

B-cel | popul atk

di fferent functional

d-

oY

| east 500 of

human i nmmunogl obul i n heavy chain 15
w t hout taking into account functional

18. The transgene according to claim14, wherein
t he nunber of human VH genes is sufficient to produce at

diversity or

t he

"type 20 nouse in a transgenlc nouse cont ai ni ng

t he transgenep- J.ﬁpuga 13 d]P:g%%ML&IdM)%T g Hldd@u-\ub,ﬁgnemt m%yl(ba)diy a1 DNA
sequence | denft L.d.i 1123 )5 BE | DA bequenbe LI Tarainmr C II OMO$OME— L& TTOMNT T te D
segnent genes of 511’39 ugéﬂ.l‘l |||||unug| obtr :"cavy L,IIC{I ottt —eonRttttH ng 25
through the J seggq@g)ggg:s att—the—econgtant—regton—ge D f
that |ocus,” wrereti—SseifPNA-fragrent—tg—operabty—+Hnket—to—at—east—pne
human V segnept—gere—affrwhkerer-i—sat-a—NA-Fagrert—urther—s 14
operably |i nkpe—teo—amagtiti-onal—eenstat—regromn—sai-draddi-t-erat—eenpt ant
regi on conpri b+hg §4§&§§§ Swi-t-eh Fegiop anre—hufren—eghstant—regien—eedi ng
exons, wherei p—sad tHaH-SwW--eh—-egi-oh-tand—Sat-g—huafapieenstant—regtefl 5
g b KMIA-G -] R I
codi ng exons gre—frem-d-Hrerert—-sety-peg—20—Fhe ansgere—accordi-ng it o
claim 19, whefeir %?iarseﬂ—smétchfrggpcn FS5—& huﬁmg'}‘z swi-teh—regien. 21
The transgene_aGG&' ‘ 20 2herei-n-said ﬂﬁﬁgn coRst-ant—reghon
codi ng 2xons pncod nstan re“ieﬂ—se!‘;:rJ f-rom-the group
4 . J %;7‘3. J
con5|st|nq a—-hl SAt--egion—a-hidha game--3-constant
region, ﬁhnan_ga' g‘n : -l constant-region, a
human alpha-2 U lant-—regi-on—1S5{22
The transgene cIa|n121 mherein sai d human constanat region
codi ng exons pn_gamma-1 condtant region 23 The transgeng
according to ‘Ialhﬁﬁﬁuﬁh}(h is the 9561 lyeast artificial chromsod®-2YAC).
20 24. Thé& ransgehé2fmehiding to ci®i k21 wherein saild hunan colfdrSpat
regi on codin ex e a unan alfim - consitan [ l(‘ll on e
g di ng’ bh$MEHACH h Yafrm- 4 tant rd 25 94e3

transgene accordi bXerrcl dim 24 whicB-7d the yHA yeastl artificialb-3
chronosonme (YAC). 1% xM2epb| 26, The t%ahdgene accordinglto claim 197 -%erein

sai d DNA fragTentZ?ﬁﬁéhe%ably linked™éla plurality of |human VH geife8

25 XM2Cm~-1 80.4 91.2

22 XM2Cm-1 76.9 238.6

23 XM2Cm-2 35.2 20.9

24 XM2Cm-2 "35.4 86.6

\ 25 XM2Cm-2 28.0 2.5

30 26 XM2Cm-2 25.0 20.6

27 XM2Cm-2 66.8 23.0

28 XM2Cm-2 28.1 14.8

29 XM2Cm-2 27.3 30.1

30 XM2Cm-2 32.6 69.3

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

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

XMZA-5 92.7 % 17.2 155.6 + 182.1 N.D.

XM2Cm-1 7.1 + 10.4 N.D. 166.4 + 208.0

XMZ2Cm-2 34.8 + 13.5 N.D. 36.6 + 26.7




27. The transgene according to claim 19, wherein 5 said DNA fragnent is
operably linked to at | east 500 of the human germine VH genes. 28. The
transgene according to claim19, wherein said DNA fragnent is operably
linked to at |east 40 different human VH genes. 10 29. The transgene
.according to claim 19, wherein said DNA fragnent is operably linked to a
sufficient nunber of different human VH genes so that the transgene is
capabl e of encoding at least 1 x 10~ different functional human

i mmunc: gl obul i n heavy chain 15 sequence &gﬁblnatlons wi t hout taking into
account functional diversity or somatic nmutation events. 30. The transgene
according to claim19, wherein the nunber of human VH genes is sufficient
to produce at Ieas£ 5£~ of the B-cell population of a wild-type 20 nouse in
a transgenic to ?alnlng the transgene. 31. A transgene conprising a

DNA fragment conpri si nglmDMzmgwnmu mmm Q;ENM\Poxsequence of
human chronmosone 14 fromthe D segne enes o uman |nnunog¥obulin
Heavy chain | ocus, contPROPR§ &5 Fﬁﬁb@g OtH@\F%ﬁﬁﬁnﬂﬁdgﬁ#R@M%%%

constant regi @@reeﬂﬁﬁuhh&eagBuQéquante%ts1Iy0<alts,trvéﬂ%ea@ SAI ehONA { T agnent
IS operablg linked to at | east one human V segnent gene, and wherein said
t

DNA fragneAt WiERheéP Rrg of. elléerOE@ﬂQﬁpﬁmﬁﬂﬂ«ﬁPW%?zﬁie@d@¥|5ha¢ const ant

region, said "PE'S“éhQE%_inCQBSEﬁxﬂtls&%g'e@n ﬁowmlﬁl&ge IR $W afh 4891 on,
human CH1, C, ,inge~r ~ and exons and human nenbrane exones, mhereln

sai d human stOECHh?eﬁFéﬁaéﬁd19m§&#&dﬁaﬁﬁn@ﬁﬁﬂﬁ%ﬂ#?Q9&9%95$eF¥¢@m¢t%e sane

i sotype and thgihvgae €b. tHBi Rl tPd2and i iR € from Rodl f ferent
i sotype than sald human switch region and said hunman nenbrane exons. 32.

The transgened@tgdt8AngnEerBRALAN3 RNAWREPSIEAITR S A i@l swit ch region
and said hgma HPEQE?oﬁ§°E%eaEe P8, 0P8 12 5%9%9%@@51%§3 al:~e

transgene acc~ordiny Lo claim32, érei n~sal d human i~ 0e, CH2 and
CH3 exons encbdboaabamyan@wsﬂanLhe@geanSSePEBMHdmfzmma¢ne"gp@@@s 53-

consi sting 15 onstant rrana-3
const ant reglg38 Cﬁlﬁaggéé%ﬁgﬁgr£8% E 5%§§%yf¥}eﬁiﬁégfiﬁ 1" %onst ant
region, a hunﬂarhbphaNéwc&nxkaﬂﬂ96@g|onImm@nadnﬂmnnsx&méooannnsdammt

-region. 34. The,t aag% ﬁgcorQ| %Ig %i ereln 20 the hunman CH1,
CrinaE. CH2 afid s 8ncode & ﬁﬁeﬁ hiit:8 conéfé%? region. 35. The
transgeneléccnmﬂungzablohalﬂb&@sﬁhnch i's the yHE /2 yeast artificial

chromosome (YAQ). 36, Thgl'gusyene acconding Lo claln 3, wierslp, 25 the

human CH1, Ch~nge~ CH2 ah ns enco a hunan gammat 4 cons ant
regi on. - 14&ceB7e Ehélhaénsgenetacmomd'm@uxg&ﬂenrnéﬁﬂmblmn PBSt he

yHGA/ 2 yeast g&&}fag IB%Qr%gD%%gefgﬁAg% 38 Jgew%%§ Jgfgf g&cordlng to

claim31l, wherern sa nent” i’s opera O aplurality of 5
human VH genesnf@ﬁmafhentaadsgenee@ma@mdbmgMakxﬂgnmnﬁﬁglmheleln sai d DNA

f ragnment o] bly.linked t l.east .50 of he. hu rmine VH
gengs. 1020 rnB E PRRE B ReSEEC B afhg 0 Gtadih 31 ARGETIE16 a1 o DA
fragnment is ODebabhyfo}rynkﬁ@hurag at:hlaeatsatr 40 d"ﬁcﬁr%@l’&néwmﬂtl/bbgﬂégs 41.
The transgene according to cla wherein said DNA fragnent is operably

linked to a sBfFFEi eAP™ ﬁéﬂbepoéﬂ éPFF@ﬂeﬁPQHBﬁﬂ¥%ﬂ92ﬁﬁ@£ sBrERAt the 15

transgene is cgpabbgrohgenaedory afew ek L voddsS, diff@senhofenctional
human i mmunogl obul i n heav&Fchaln sequence .conbi nati ons, m%ﬁhout taking into

account funct t SRRPCAYTBRFsELP Mol MEumaEed MHCR i 105 % et

25 non-~secretory myeloma NSO cell line {S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or
P3-X63-Ag8.653 myeloma cells and subjected to HAT
selection as previously described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981)]

30 Table 12 shows that transgenic mice produced

according to Examples 14-16 above, and immunized with



42. The transgene according to claim 31, wherein 20 the nunber of human VH
genes is sufficient to produce at |east 50=-- of the B-cell population of a
wi | d-type nouse in a transgeni c nouse containing the transgene. 93. The
transgene according to any one of clainms 1, 19 or 31, further conprising a
-mouse 3' enhancer. - 148 44. The transgene according to claim 43,
wherein said nouse 3' enhances is an approximately 0.9 kb core fragnent of
a nouse germine 3 enhances. 45. The Lrg%ﬁggne according to claim43,
wherein 5 said nouse 3' enhancer .is an approximately 4 kb fragment of a
nmouse germine 3' enhances. 46. The transgene according to claim3, wherein
said nouse 3' enhances is a locus control region. 47. .An enbryonic stem
(ES) cell co ISl 0 sgen cardighg 1.0 ne of clainms 1-46.

48. The enbrgg%Féhg B%P EE%E%QI?%agcggdﬁ%b8ﬂo£ﬁ%ﬁwch??mwm(ﬁ? S a nouse ES
cell. 49. R tmansgénhelnenthbpdaesni mal and its progeny, wherein the
somatic and germcells conprise a 15 transgene according to any one of
claims 1-46. 50. The transgeni ¢ non-human ani mal and progeny according to
claim49, further conprising a human i nmunogl obulin |ight chain transgene.
51. The transggﬂkﬁLﬁo?ghunan ani mal and progeny 20 according to claim49 or
50, wherein the anrmal"is a nouse. 52. The transgeni ¢ nor-human ani mal and
progeny according to cl BVALEATEONSOF RMTIREDYC GRPGIF Y iNMar tiscatyed
endogenousSinnunoglobulkn hea¥§ and light 25 chain loci.. - 149 53. The
transgeni c>non- human anl'faPCaéRERGAnG™Y &LdiPd hos e batdridieh Hedheti mal is a

nmouse. 54. A geihedeht fiedunkbRe BrouaRSGSNaG Y ERNEaniqml and its

wh ti lI's 5 [ t di t
By ot of o 8 PEDIH6AnTERYE BPocucHS RIGR Seibedt dhe, Tamdn

anti bodi es of anttestyedsbsopgppropacieti qThon can 29Nt i gent i¢fed Nt er est

follow ng i muni zation with . the antigen of interest, conprising: 10 (a)

i ntroduci ng saPgct éﬁ%ﬁ@n@ngnfBogﬁp§n§F§GﬁP&n§Féﬂq§eM%r%ﬂﬂeﬁ§Qﬁmﬁﬁ ng from

t he errblr?/Doi Coﬁtsﬁtﬂ'ﬁd_sgiastEBB$9Q@BCfg@ﬂr5h@ﬁﬁ%@b%@rd@{ a\fnﬁ&psféto%prrati ¢ and
ermcells contain. said transgene; an c)..breeding said transgenic
gon-hunan ani%%?régoﬂﬁeEBBeFBQEFBEECQSaéﬁﬁgﬁéggﬁ<§QQ£iQ%ﬂnﬁﬁ éﬁhngl and its
progeny that phrotuges, hrghzghbl-Dihkedf Whknnbemaneatt iedias ofipa desired

;i sotype specific for an antigen of interest follow ng inmunization with

the antigen O?UQEeFHt@F8§P?O%g.1?hémﬂﬁpﬁdﬁgébdéﬁﬁ4ﬁg]t@ﬁdméin154,-mherein

the transgeni gefOMbIHARE BOLAB! 11.S6a0H0USE S, 580 AN Y ARAdusi-ng a

high-affinity, fully human anti body of a desired isSotype, wherein said
15 “specific antibodies. " The concentration of human and

mouse immunoglobulins were determined using the
foliowing capture antibodies: rabbit anti-human IgG
(Southern Biotechnology, 6145-01). The detection

_ antibodies used in ELISA experiments was mouse

20 anti-human IgGl-HRP (Caltag, MH1015) (Burlingame, CA),
mcuse anti-human IGM-HRP (Southern Biotechnology,
9020-05), and goat anti-human kappa-biotin (Vector,
BA-3060). Standards used for quantitation of human and
mouse Ig were: human IgG, {(Calbiochem, 400122), human

25 IgMk (Cappel, 13000), human IgG,x (Calbiochem, 400122),
mouse IgGk (Cappel 55939), mouse IgMk (Sigma, M-3795),
and mouse IgG,A (Sigma, M-9019).

Table 12 further shows that transgenic mice

produced according to Examples 14-16 above, and

30 immunized with recombinant human IL-6 or IL-8 yielded



2S antibody is specific for an antigen of interest, conprising contacting a
t ransgeni ¢, non- hunan ani mal according to any one of clains 49-53 with the
antigen of interest to induce anti body production in the Bcells of said

ani mal and col l ecting said anti body. - 150 57. An antibody producing
.B-cell harvested froma transgeni c non- human ani mal according to any one of
clainms 49-53 imuni zed with an antigen of interest. 58. The B-cel

according to claimb57 which has 5 been_i rtalized. 59. The nethod
according to claimb56, wherein the antibody is collected fromthe bl ood
stream of said transgenic. non--human animal . 60. The nethod according to

claim56, wherein the 1C! antibody is collected froman inmortalized B-cel

according to m t . i i 6, wherein said
anti body is 5%1%%hf§%3?ﬁ%%$%gggggﬁcgﬁg $§§gégc?ga mﬁ%ﬁ %hi 1P&8i ated froma
B-cel | accor diprgititi |l amndbdf tbe6Rredittadspentypenpri sing a DNA fragment
conprising a DNA sequence identical to the DNA sequence of human chronosone
14 fromthe D ne genes or the human i muncgl obul i n heavy chain | ocus,
ﬂ?@ﬁ%hjgae J segnment genes and the constant region 20 genes

continuing t
t hrough C~z
at | east on
operably Ii
regi on conp
human CH1,
sai d human sy
Chi nge~ CH2
different 3 sqtyde&! 63
DNA sequence}
t he D segnentiigiiie: AL &y
cont i nui ng t1roU&H3the J sé@rent aéﬁbb2and t e &Bnstant| red’on. genes
t hrough Cp. @f t48ak* | ocus. “%ere|n<%ﬁia DNA flradi~:ent lis ogerablly |inked
to at |east onell§uPan V 10 segnent &eh2, and jwhéieinh said DMdA fragnent

A th2

hnsgeneCfdnpri si g B2

further is operably :.inked to an additional constant region, said
additional. constant region conprising a human switch regi on, ~~uman CHL,
Ching.:. CH2 and CH3 axons, and nar-~r.!ima~~ menbrane exoris, wherein said

human switch regi on, Z5 sai d r~:cxion conprising human CHL, Cr,ingz~ CH2
and CH3 axon@%AMRLEnﬂ@ human menbrane axons are fromthe same or front

di fferent dsotypes ~4., ﬁT
DNA sequence i dentical Totf i
the D segnent genes of WGEthHﬁduCHﬂuhbg|ﬁEGLlUHﬂéde ahabnmbuses

continuing thr the J. seg nd. t he,caonst ant I Qn _genes

t hrough Cu oﬁﬁﬁék Qﬁ%u%t gﬁ§§ iﬁa y??ﬁ&n@ﬁ eFSP&SE%aBPﬁ Pnked to
at | east one dwrdesdt 2bedefgneRkagphe, 6and [Bher 8i.nBiardnDiA bdagment further
is operably |jnked t addlt o] const an i.on a~. d_addi ti onal

const ant regf%ﬁ“ﬁ%ﬁﬁ$|§$ﬁ % 25 %ﬁﬁﬁtgﬁyt@ﬁn dir off O LHTRar - cHECPEPPnge,
CH2 aEdBSHS m%nctmﬂpteunﬁn meRbEanecaxens o fWhacei in d non- human
switc regi on and sai on nma e axqns are from_t

speci es. %fgﬁ‘ N el ??aﬂ¥g§ﬁgeﬁeggﬁ 8FngUtdBny Bﬁ§e5f5ﬁﬁ55%%regoing
clainms, where@ola dpxihgitierbsri nabbtedody bPrekke Pwbtiekikagi gryjand 5' of

the CHL exon. ..
Generally, yHGl/2 containing yeast cells were

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

20 yHG1/2 spheroplasts were fused with HPRT-deficient E
14.TG3B1 mouse ES cells which were cultured as
described [see Jakobovits et _al., Nature 362:255-258
(1993); Green et al., Nature Genetics 7:13-21 (1994);
E. Robertson in Teratocarcinomas and Embryonic Stem

25 Cells, pages 71-112, IRL, Oxford (1987)] HAT selecticn



66. A DNA vector consisting of a | oxP site and 5 DNA encodi ng a const ant
regi on gene, for the production of hybridomas that undergo class-sw tching
invitro. 67. A nethod for producing hybridomas that undergo
class-switching .in vitro, conprising introducing into hybridonmas a
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antibodies used to stain XenoMouse HG1l/2M cells

include: Cychrome (Cyc) anti-B220 (Pharmingen, 01128A};

10 fluoroscein isothiocyanate (FITC) anti-human IgM
(Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .
Lymphocytes from four animals from different
XenoMouse H2Gl/2M strains are evaluated and compared to
15 wild type B6/129 mice using flow cytometry.
Trangenic mice having the yHG1l/2 YAC DNA will
show significant human antibody and immune system
development. Control 129xBé, DI, Xenomouse 2a

heterozygous and homozygous are compared to mice

20 heterozygous and homozygous for the yHGl/2 YAC.

EXAMPLE 24

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
25 antibodies in unimmunized mouse serum is carried out.
For more detailed information and procedures on
immunoassays see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
553-614, Cold Spring Harbor Laboratory Press, Cold
30 Spring Harbor, New York (1988). The concentration of

human immunoglobulins are determined using the
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1098B& () - gl0te&d( fetMyb¥m&ithtion of human Ig are: human IgMx
(Cappel, 13000) (Costa Mesa, CA) and humanlIgGl
(Calbiochem 400126) (San Diego, CA).

10 EXAMPLE 25
IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenoMice

YHG1/2 are immunized subcutaneously at the base of the
tail (or other route of administration (IP, footpad,

15 etc.) with 10 ng of antigen of choice. The antigen is
emulsified in complete Freund’s adjuvant for the
primary immunization and in incomplete Freund’s
adjuvant for the additional immunizations. For more
detailed information and procedures on animal

20 immunizations see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 5, "Immunizations" pages 53-
138, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York (1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster

25 immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injectidn of antigen or cells in PBS
four days before the fusion. For more detailed
information and procedures on making monoclonal

30 antibodies see E. Harlow et al., Antibodies: A
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0% () -0{{{" hbﬁghgéyges from immunized mice are fused with the
5 non-secretory myeloma NSO ¢ell line [S. Ray, et al.,
Proc, Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the
P3-X63-Ag8.653 myeloma cells and are subjected to HAT
selection as previousiy described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981)].

10 EXAMPLE 26
EVALUATION QOF ANTIBODY SPECIFITY AND ISOTYPE

To determine of whether transgenic mice are

producing antigen—specific antibodies, we performed an
ELISA. We also determine the human antibody isotype

15 produced. We perform antigen specificity and isotype
determinations on antibodies isolated from mouse serum
and from hybridoma supernatants as described [Coligan
et al., Unit 2.1, “Enzyme-linked immunosorbent assays,”
in Current Protocols in Immunology (1994).], using

20 antigen to capture the antigen-specific antibodies.
The concentration of human and mouse immunoglobulins
are determined using the fcllowing capture antibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA

25 experiments are: mouse anti-~human IgG1l-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
(Southern Biotechnology, 9020-05), and goat anti-human
kappa-biotin (Vector, BA-3060). Standards used for a

_ quantitation of human and mouse Ig are: human I1gG,

30 (Calbiochem, 400122), human IgMx (Cappel, 13000), human
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yield human lgG_ monorlondl antibodies that are antigen

specific and of the predicted isotype.

EXAMPLE 27
INTRODUCTION OF THE vHG4 YAC INTO ES CELLS
10 We introduced the YAC, yHG4, into mouse

embryonic stem (ES) cells by yeast spheroplast fusion

as described in Example 6. [See B. Birren et al.,
Genome Analysis: A Laboratory Manual, Volume 3, Cloning
Systems, Chapter 5: “Introduction of YACs into

15 mammalian cells by sphercplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NYJ.
Generally, yHG4 containing yeast cells were
spheroplasted using zymolase 20T at 1.5 mg/ml. The
yHG4 spheroplasts were fused with HPRT-deficient E

20 14.TG3Bl mouse ES cells which were cultured as
described [see Jakobovits et al., Nature 362:255-258
(1993); Green et al., Nature Genetics 7:13-21 (1994);
E. Robertson in Teratocarcinomas and Embryonic Stem
Cells, pages 71-112, IRL, Oxford (1987)] HAT selection

25 was initiated 48 hours after fusion. HPRT-positive ES

cell clones were selected. HAT resistant colonies were
expanded for genome analysis and were analyzed for YAC
integrity by Southern and CHEF blot analyses. Control
experiments included “mock” fusions of ES cells alone

- 30 and yeast spheroplasts alone.
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to determine whether the clones contain all expected

5 EcoRI and BamHI yH2 fragments. We found that the yHG4
YAC was intact in ail eight clones. We detected the
following human genes in the ES cell genome as part of
characterization of the ES cell DNA prior to transgenic
mouse generation: all the different Vy families (Vyl,

10 V42, Vu3, Vy4, Vu5, and Vu6); human Dy, and Jy ; human C,
and C, constant regions; human switch y2 (hSy2) and

human Cy4 C, exons.

EXAMPLE 28

INTRODUCTION OF ES CELLS CONTAINING
15 TEE _yHG4 YAC INTO MICE

Tc generate chimeric mice from the YAC yHG4
DNA containing ES cells, we used microinjection of
blastocysts followed by breeding. We isolated ES cells
containing the YAC yHG4 DNA as described in Example 6,

20 and expanded for the generation of chimeric mice.

' Next, we microinjected yHG4-bearing ES cell clones into
mouse C57Bl/6 blastocysts [See B. Hogan et al.,
Manipulating the Mcuse Embryo: A Laboratory Manual,
Section D, Introduction of New Genetic Information,

25 "Injection of Cells into the Blastocyst" pages 188-19¢,
(1986) (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY)]. We identified chimeric offspring by coat
color.

Germline transmission was obtained. We identified

30 yHG4 transgenic mice by PCR using primers specific for

~ human V6.
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EXAMPLE 32
IMMUNTIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenoMice yHG4

are immunized subcutaneously at the base of the tail cr

5 other route of administration (IP, footpad, etc.) with
10 ﬁg of antigen. The antigen is emulsified in
complete Freund’s adjuvant for the primary immunization
and in incomplete Freund’s adjuvant for the additional
immunizations. For more detailed information and

10 procedures on animal immunizations see E. Harlow et
al., Antibodies: A Laboratory Manual, Chapter 5,
"Immunizations" pages 53-138, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York {1988).
Imwunizations are carried out at 3-4 week intervals for

15 at least 3 booster immunizations (boosts).

When making monoclonal antibodies, the nice
receive a final injection of antigen or cellis in PBS
four days before the fusion. For more detalled
information and procedures on making monoclonal

20 antibodies see E. Harlow et al., Antibodies: A
Labcratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the

25 non-secretory myeloma NSO line ([S. Ray, et al., Proc.
Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the P3-
X63-Ag8.653 myeloma and are subjected to HAT selecticn
as previously described [G. Galfre, et al., Methods

Enzymol. 73:3-46 (1981)].
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The concentration of human and mouse immuncglobulins

are determined using the following capture antibodies:

15 rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA
experiments is mouse anti-humar IgGl-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
(Southern Biotechnology, 9020-03), and goat anti-numan

20 kappa-biotin (Vector, BA-3060). Standards used for
quantitation of human and mouse.Ig are: human IgG.
(Calbiochem, 400122), human IgMxk (Cappel, 13000), human
IgG,k (Calbiochem, 400122), mouse IgGk (Cappel 55939),
mouse IgMk (Sigma, M-3795), and mouse IgG,\ (Sigma,

25 M-9019).

Transgenic mice produced according to

Examples 27-29 above, and immunized with antigen yield
human IgG4 monoclonal antibodies that are antigen

specific and of the predicted isotype.
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HUMAN ANTIBODIES VIA NON-COGNATE SWITCH REGIONS

CELL 4.21 CIP PCT
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31
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1

32

DNA

Unknown Organism

Description of Unknown Organism:

1

acttcgtata gcatacatta tacgaagtta ta

<210>
<211>
<212>
«<213>

<220>

2

72

DNA

Artificial Sequence

Lox P site

32

<223> Description of Artificial Sequence: Linker

<400>

2

ctagtcgaca aatatteccce gggeggccge ttacgtatga attcagecgeg cttctagaac 60
tcgagtgage tc

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

<220>
<223>

<400>

3

72

DNA

Artificial Sequence

72

Description of Artificial Sequence: Complimentary

strand

3

gatcgagctc actcgagttc tagaagcgcg ctgaattcat acgtaagcgg ccgeccgggg 60
aatatttgtc ga

72
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<210> 4
<211> 54
<212> DNA
<213> Arxtificial Sequence

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

<400> 4 .
ctaggcaatt gataatatta agctttacgt atctgatcat cctcgagacg cgtg 54

<210> §

<211l> 54

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Complementary
strand '

<400> 5
cgttaactat tataattcga aatgcataga ctagtaggag ctctgegcac gatc 54

<210> 6

<211l> 42

<212> DNA

<213> Artificial Sequence

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

<400> 6
aattaagctt gtacgtactg atcaagatct ggatccagat ct 42

<210> 7

<211> 37

<212> DNA

<213> Artificial Sequence

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

<400> 7 .
agatctggat ccagatcttg atcagtacgt acaagtt 37

<210> 8

<211> 19

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence: Primer
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<400> 8
cacaccgcegg tcacatgge 19

<210> 9

<211> 20

<212> DNA

<213> Artificial Sequence

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

<400> 9
ctactctagg gcacctgtec ’ 20

<210> 10

<211s> 27

<212> DNA

<213> Artificial Sequence

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

<400> 10
gtcgacgggce tcggggctgg tttetct 27

<210> 11

<211> 27

<212> DNA

<213> Artificial Sequence

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

<400> 11
gggcecctgat tcaaattttg tgtctec 27

<210> 12

<21l> 22

<212> DNA

<213> Artificial Sequence

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

<400> 12
ctggagtcct attgacatcg cc 22

<210> 13

<211> 21

<212> DNA

<213> Artificial Sequence

<220>



& ()-_?< >10%10%! & ()->10%! & ()->10%! & ()->10%! & ()->10%!
& ()->10%! & ()-_2< >10%10%! & ()->10%! & ()->10%! & ()->10%!
& ()->10%! & ()->10%! & ()-nR6?< >10% ! & ()->10%! & ()->10%

- 137 -

<223> Description of Artificial Sequence: Primer

<400> 13
ggttctttece gectcagaag g 21

<210> 14

<211l> 21

<212> DNA

<213> Artificial Sequence

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

<400> 14
gctgacacgt gtectcactg c 21

<210> 15

<211> 21

<212> DNA )
<213> Artificial Sequence

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

<400> 15
ccececagttge ccagacaacg g 21

<210> 16

<211l> 34

<212> DNA

<213> Artificial Sequence

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

<400> 16
agcttgtcga cacgcgttta attaaggccg gcca 34

<210> 17

<21l1l> 34

<212> DNA

<213> Artificial Sequence

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

<400> 17
agcttggeccg gecttaatta aacgegtgte gaca 34

<210> 18
<21l> 22
<212> DNA
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<213> Artificial Sequence

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

<400> 18
tggtggccga gaaggcagge ca 22

<210> 19

<211> 67

<212> DNA

<213> Artificial Sequence

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

<400> 19
ccgecgggcat gcaacttcgt ataatgtatg ctatacgaag ttattgtggg acagagctgg 60
gccecagg : 67

<210> 20

<211> 18

<212> DNA

<213> Artificial Sequence

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

<400> 20 .
gtctggeccee tetgetge i8

<210> 21

<211l> 18

<«212> DNA

<213> Artificial Sequence

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

<400> 21
cacccataaa aggctgga 18

<210> 22

<211> 18

<212> DNA

<213> Artificial Sequence

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

<400> 22
acggctcatg cccattgg : 18

& ()->10%
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<210> 23

<211> 18

<212> DNA

<213> Artificial Sequence

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

<400> 23 )
tagtgagtgg gcctgact 18

<210> 24

<211> 16

<212> DNA :
<213> Artificial Sequence

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

<400> 24
ggccatggcc ggccat 16

<210> 25

<211> 16

<212> DNA )

<213> Artificial Sequence

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

<400> 25
ggccatggcc ggccat 16

<210> 26

<211> 45

<212> DNA .

<213> Artificial Sequence

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

<400> 26
gatccggtac cgatatccaa ttgggccgge cggccatata ggect 45

<210> 27

<211> 45

<212> DNA

<213> Artificial Sequence

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

<400> 27
gatcaggcect atatggecegg ccggcccaat tggatatcgg taccg : 45
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<210> 28
<211l> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide :
<400> 28
cctctecectg tctetgggta aatgagtgece 30
<210> 29
<211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide
<400> 29
tatccatcac actggcgacc gctcgageat 30
<210> 30
<211> 24
<212> DNA .
<213> Artificial Sequence
<220> .
<223> Description of Artificial Sequence: Primer
<400> 30
gcagagcctg ctgaattctg gctg 24
<210> 31
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Primer
<400> 31
gtaatacaca gccgtgtect cg 22
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We claim:
1. A transgene comprising a DNA fragment

comprising a DNA sequence idéntical te the DNA sequence
of human chromosome 14 from the D segment genes of the
5 human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably“linked to at least one human V
segment gene, and wherein said DNA fragmenf further is
10 operably linked to an additional constant region, said
additional constant region comprising human constant
region coding exons operably linked to a non-cognate

switch region.

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

a human gamma constant region, a human alpha constant

region and a human epsilon constant region.

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

gamma constant region.

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

region.

25 5. The transgene according to claim 4 which is

the yH2Bm yeast artificial chromosome (YAC).
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said human gamma constant reglon is a gamma-2 constant
region.
7. The transgene. according to claim 2, wherein

5 said human gamma constant region is a gamma-3 constant

region.

8. The transgene according toc claim 3, wherein
s&id human gamma constant region is a gamma-4 constant

10 region.

9. The transgene according to claim & which is

thz yH2Cm yeast artificial chromosome (YAC)

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

15 alpha constant region.

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

region.

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

region.

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

epsilon constant region.



L 110%"h& ()-S L'1100!{& ()-S "L'110%& ()-S 1L' | 10%@ @& ()-S L' ! 10%8
13 & ()-SYZ[cbA410@@ - ¢ 10%& ()-S 10%& ()-S 109! 3& ()- )
11098138 ()-2 1098 3& ()-10@ @ 0@ @Y8A410@ @ Y3'!10%17 n& ()- Y3"!10%w
We ()-  Y3"110%c| & ()- <1098g 3& ()- | 110983& ()-! | 110% & ()-VvUA10
VI T 1001 4& ()~ 1f 10%!4& ()- SL0% & ()-10331033 1033 Y3'1109%83& ()-
Y3"110%!s& ()-[q}|[:VUA10 "s110% & ()- "s!10% & ()- 10% & ()- s10% & ()-
109 & ()-  10% & ()-f ?Fx| [NA41010! 10! 10! 7 10% & ()- @S610% & () -

5910% & ()- "O0110%& ()- ""s!10%& (L-1 P8 [: NA1010 3 "110%& ()-y c3
T10% & ()-y 23 1 100&Z& ()-y  10% A & {}° T10% 11 & ()- \ |
10%!1 & ()- N#@3| [ NA41010 ., 109%/& ()- ., 10%& ()- ° ., 10%} & ()-

3Fs! 10% & ()-- 3Fs!10% & ()-- ;3Fs!10% |& ()--3VNOPXOvU410 FY 109" & ()-S
F10%g" & ()- 10%g" &1 ¢)-  Thevgrréngpebel htabkrtiny to chQP/.Ehrl & ,( wHdZ A 10

‘S%Wé,‘?"gﬁ; . &'4%{1%@@19@ Bo LS OE%%"‘éq ’%5‘! £ @ %%F%Mf&/ Of (1010

10 37310%&' ()human VH genes.

15. The transgene according to claim 14, wherein
5 said DNA fragment is operably linked to at least 502 of

the human germline VH genes.

16. The transgene according to claim'14, wherein
said DNA fragment is operably linked to at least 40

different human VH genes.

10 17. The transgene according to claim.ld, wherein
said DNA fragment is operably linked to a sufficient
number of different human VH genes so that the
transgene is capable of encoding at least 1 x 10¢
different functional human immunoglobulin heavy chain

15 sequence combinations, without taking into acrount

junctional diversity or somatic mutation events.

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

20 mouse in a transgenic mouse containing the transgene.

19. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing

25 through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V

segment gene, and wherein said DNA fragment further is
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@ region and human constant region coding exons, wherein

sald human switch region and said human constant region

5 coding exons are from different isotypes.

20. The transgene according to claim 19, wherein

the human switch region is a human Cy2 switch region.

21. The transgene according to claim 20, wherein
saild human constant region coding exons encode a human
10 constant region selected from the group consisting of:
a human gamma-1 constant region, a human gamma-3
constant region, a human gamma-4 constant region, a
human alpha-1 constant region, a human alpha-2 constant

region and a human epsilon constant region.

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

gamma-1 constant region.

23. The transgene according to claim 22 which is

the yHG1 yeast artificial chromosome (YAC).

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

gamma-4 constant region.

25. The transgene according to claim 24 which is

the yHG4 yeast artificial chromosome (YAC).
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number of different human VH genes so that the

transgene is capable of encoding at least 1 x 10°

different functional human immuncglobulin heavy chain

15 sequence combinations, without taking into account

junctional diversity or somatic mutation events.

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

20 mouse in a transgenic mouse centaining the transgene.

31. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing

25 through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V

segment gene, and wherein said DNA fragment further is
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region and a human epsilon constant region.

34. The transgene according to claim 33, wherein
20 the human CH1, Cj,e, CH2 and CH3 excns encode a human

gamma-1 constant region.

35. The transgene according to claim 34 which is

the yHG1/2 yeast artificial chromosome (YAC).

36. The transgene according to claim 31, wherein
25 the human CH1l, C,g, CH2 and CH3 exons encode a human

gamma-4 constant region.
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ransgene 1is capable of encoding at east 1l x 10

different functional human immunoglcbulin heavy chain

sequence combinations, without taking into account

junctional diversity or somatic mutation events.

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

mouse in a transgenic mouse containing the transgene.

43. The transgene according to any one of claims

1, 19 or 31, further comprising a mouse 3' enhancer.
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47. An embryonic stem (ES) cell comprising a

10 transgene &according to any one of claims 1-46.

48. The embryonic stem (ES) cell according to

claim 47, which is a mouse ES cell.

4S. A transgenic non-nhuman animal and its
progeny, wherein the somatic and germ cells comprise a

15 transgene according to any one of claims 1-46.

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

immunoglobulin light chain transgene.

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

mouse.

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

25 chain loci.
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$6$$$UKWBN &2BEELLULEE(OF*a desired isotype specific for an antigen
of interest following immunization with thé antigen of
interest, comprising:
10 (a) introducing said transgene into an embryonic
stem cell;

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

15 {c) breeding said transgenic non-human animal as
needed to procduce a transgenic non-human animal and its
progeny that produces high affinity, fully human
antibodies of a desired isotype specific for an antigen
of interest following immunization with the antigen of

20 interest.

55. The method according to claim 54, wherein the
transgenic non-human animal is a mouse.

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

cells of said animal and collecting said antibody.
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60. The method according to claim 56, wherein the

10 antibody is collected from an immortalized B-cell

according to claim 58.

61. The method according to c¢laim 56, wherein
said antibody is collected from a host cell transZfected

with DNA isolated from a B-cell according to claim.57.

15 62. A transgene comprising a DNA fragment
comprising @ DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immuncglobulin heavy chain locus, continuing
through the J segment genes and the constant region

20 genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant region, said
additional constant region comprising: (1) a human

25 switch region; (2) a region comprising human CH1l, Cyiiges
CH2 and CH3 exons; and (3) human membrane exons,

wherein said human switch region, said region
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comprising human CHI, Chinger CHZ and CH3 exons, and

said human membrane exons are from different isotypes.

63. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the-constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant region, said
additional constant region comprising a human switch
regicn, human CH1l, Cpin., CH2 and CH3 axons, and non-
kuman membrane exons, wherein said human switch region,
said region comprising human CH1, Cringer CHZ and CH3
exons, and said human membrane exons are from the same

or from different isotypes.

€4. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cp of that locus, wherein said DNA
fragment is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant regicn, said
additional constant region comprising a non-human
switch region, human CH1l, Cyi.., CH2 and CH3 exons, and
non-human membrane exons, wherein said non-human switch
région and said non-human membrane exons are from the

same species.
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65. 'The transgene according to any one of the
foregoing claims, wherein a loxP site is inserted 3' of

the switch region and 5' of the CH1 exon.

66. A DNA vector consisting of a loxP site and
DNA encoding a constant region gene, for the production

of hybridomas that undergo class-switching in vitro.

67. A method for producing hybridomas that
undergo class-switching in vitro, comprising
introducing into hybridomas a transgene according to
claim 65, a vector according to claim 66, and CRE

recombinase.



