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NON--COGNATE SW TCH REG ONS BACKGROUND OF THE I NVENTION 5 A quarter century
after the discovery of nonoclonal antibodies (nmAbs) [G Kohler and C.

M| stein, Nature 256:495-497 (1975)], their therapeutic wutility is finally
bei ng realized. Mnocl onal antlbodles have now been approved as therapies
in 10 transpl antation, cancer, infectious disease, cardiovascul ar disease
and i nflamation. Many monocl onal antibodies are in |a nlca
trials to treat a broad range of disease 1ndications. wﬂ”‘mmmm@ mm’"
represent--one of the largest classes of 15 drugs currently jn deve opnen
The utility of mAbs stens fromtheir specific recognition o a conpl ex
target followed by high affinity binding to that target. Because different

Cu isotypes have different effector functions, it is—20-desi LabLQ_LQ___
tailor the nPb isotype to the desired effector function. For, exanple,

mAb bearing a constant region with effector functions, IgG‘
can be used to direct conplenment dependent cytotoxicityWWHmwmmmmwmm

anti body-dependent cytotoxicity toa 2 target cell. Aternagjyay. a mib
with a constant region essentially lacking effector function, e.g., human
lg& or 1g4, can be used to block signal transduction, either by binding
to and neutralizing a 5 ligand, or by blocking a receptor binding site.
Many t herapeutic applications for nonocl onal
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5 . A quarter century after the discovery cf
monoclonal antibodies (mAbs) [G. Kohler and C.
Milstein, Nature 256:495-497 (1975)1, their therapeutic
utility is finally being realized. Monoclonal
antibodies have now been approved as therapies in

10 transplantation, cancer, infectious disease,
cérdiovascular disease and inflammation. Many
monoclonal antibodies afe in late stage clinical trieals
to treat a.broad range of disease indications. 2As a
result, mAbs represent one of the largest classes of

15 drugs curfently in development.

| The utility of mAbs stems from their specific

recognition of a complex target followed by high
affinity binding to that target. Because different C.
isotypes have different effector functions, it is

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

cytotoxicity or antibody-dependent cytotoxicity to a



anti bodies require repeated adm nistrations, especially for chronic

di seases such as autoimunity or cancer. Because mce are convenient for

i mruni-zation and 10 recogni ze nost human antigens as foreign, mAbs against
human targets with therapeutic potential have typically been of nurine
origin. However, nurine mAbs have inherent disadvantages as human _
therapeutics. They require nore frequent dosing to nmaintain a therapeutic
15 level of mAb because of a shorter circulating half-life in humans than
human anti bodies. Mre critically, repeated admnistration of nurine

i mmunogl obulin creates the |ikelihood that the human inmune system wll
recogni ze the nouse protein as foreign, generating 20 a human anti-nouse
anti body (HAMA) response. At best, a HAVA response will result in a rapid
cl earance of ERBICRUFEAE -antHifdi i aiiore kepeat®ib adhthi 8t cansbantr enderi ng

the ther apeut keqysl esserMii Iy keldiirsy LowkoacdhM\EpspanSe gan cause a

severe allergic reaction. This 25 possibility o uced eff!c cy and
safety has | eBdmeB IgfFe @BvEEEpneddn oPe aupedber biorschnghedi es for

reduci ng the payBageriiGr Yy QftHBY ifie $#Rs: %8@&&.&8&??%?1 heﬁ
i munogenicity of anti bodi es generated In ce, various attenp < fave 30
been made ?o Xé@ﬁ%@e R IYe Drastieing gegirrriEo Wi b hndiimans ptet ei n sequences

ina process now known agn AHNAMIOL Jhe {111 AUTRGLZaL) 00 ALLEMPL S
utilized nolecular biology techni'ques to ‘construct Teconbi nant™3
anti bodi es. FeRtéRafpes, naealigenplennatied iadninkseratnong, regbensal CPR)
froma nouse EBEiQﬁgﬁni%pﬂqgéééééwsﬁkﬂuﬂg(ﬁhgﬁqﬁhgéf{§egrogggcgrhunan
anti body framework, effecting a CDR replacenent.. e " .
' Because mice are convenient for immunization and
10 recognize most human antigens as foreign, mAbs against
human targets with therapeutic potential have typically
been of muriﬁe origin. However, murine mAbs have
inherent disadvantages as human therapeutics. They
regquire mcore fregquent dosing to maintain a therapeutic
15 level of mAb because of a shorter circulating half-life
in humans than human antibodies. More critically,
repeated administration of murine immuncglobulin
creates the likelihood that the human immune system
will recognize the mouse protein as foreign, generating
20 a human anti-mouse antibcdy (HAMA) response. At best,
a HAMA response will result in a rapid clearance of the
murine»antibody upon repeated administration, rendering
the therapeutic useless. More likely is that a HAMA
response can cause a severe allergic reaction. This
25 possibility of reduced efficacy and safety has lead to
the devélopment of a number of technologies for
reducing the immunogenicity of murine mAbs.
In order to reduce the immunogenicity of
antibodies generated in micé, various attempts have
30 Dbeen made to replace murine protein sequences with
- human protein sequences in a process now known as
humanization. The first humanization attempts utilized

molecular biology techniques to construct recombinant



- 5 new anti body retained the binding specificity conveyed by the CDR
sequences. [See P.T. Jones et cl. Nature 321: 522-525 (1986)]. The next
| evel of humanization involved conbining an entire nouse VH regi on (HuVnp)

wi th a human constant region such as yl. [S.L. 10 Morrison et al., Proc.
-Natl. Acad. Sci., 81, pp. 6851- 6855 (1984)]. Such chineric antibodies,
which still contain greater than 30% xenogehei c sequences, are sonetines

only marginally | ess imunogenic than totally xenogeneic antibodies. [M
Bruggemann et al., J. Exp. 15 Med., 170; $p. 2153-2157 (1989)].
Subsequently, attenpts were carried out to introduce human i mmunogl obul in
genes into the nouse, thus creating transgenic m ce capable of responding
to antigens with antibodi es having human sequences. [See 20 Bruggenann et
al . Proc. NafP[tibggd@s -Scifousk B B70othe7a3mpioBenfarTh¥se attenpts were

thought to beetlir-firat Py ddieoasonir of £ PNA wWhishseodhdiBeastably
mai nt ai ned by avail abl e cloning vehicles. As a result, nany investigators
concent r at ed S8R priddudiaig aniAR T e Wese cehe A ARngnEPNEt BEMADNber s of V

region genes and RN ndardlisned spatdalndi st apgres petwespngenesyas
conpared to the natural or germine configuration.”[See United States
Pat ent 5, 569n85 and itmithertptaaingd  thg JoepfingTheseisi gdt#s chndieyaed t hat
producing hugen $eAweRee. a0, ALd bodi pselNpMrCe 58 qROSS! Bhe, Hayl,,seri ous
obstacl es rermined regarding obtaining sufficrent diversSity o bi ndi ng
speci ficities2and efXdcior (¥Uek ] onsTiiésoeypesdpvél brommhedeatiamsgeni c

‘Spw?gz ;3 d{*ﬁ?’éfﬁg%éﬂcgo%%ﬂ&”&ﬁdeﬁﬁré”ﬁ\EB%%yvhh%%ESHti(%%\/n&»'} order to
with a human constant region such as vl. [S.L.

10 Morrison et sl., Proc. Natl. Acad. Sci., 81, pp. 6851-
6855 (1984)]). Such chimeric antibodies, which still
contain greater than 30% xenogeheic sequences, are
sometimes only marginally less immunogenic than totally
xenogeneic antibodies. [M. Bruggemann et al., J. Exp.

15 Med., 170, pp. 2153-2157 (1989)].

Subsequently, attempts were carried out to
introduce human immunoglobulin genes into the mouse,
thus creating transgenic mice cépable of responding to
antigens with antibodies having human sequences. [See

20 Bruggemann et al. Proc. Nat'l. Acad. Sci. USA 86:6709-
6713 (1989)]}. These attempts were thought to be
limited by the amount of DNA which could be stably
maintained by available cloning vehicles. As a result,
many investigators concentrated on producing'mini—loci

25 containing limited numbers of V region genes and having
altered spatial distances between genes as compared to
the natural or germline configuration. [See United
States Patent 5,569,825 to Lonberg et al., (1996)].
These studies indicated that producing human sequence

30 antibodies in mice is possible, but serious obstacles
remained regarding obtaining sufficient diversity of

binding specificitiés and effector functions (isotypes)



wor k has been conducted to add large germine fragnents 5 of the human Ig
| ocus into transgenic manmal s. For exanple, a mgjority of the human V, D,
and’J region genes arranged with the sane. spacing found in the
unrearranged germ ine of the human genone and the human C. and Cb const ant
‘regions was introduced into mce 10 using yeast artificial chronosone (YAC
cloning vectors. [See PCT patent application WO 94/02602 to Kucherl apati
et al.]. A 22. kb DNA fragnment conprising sequences encoding a human
gamma- 2 constant region and the upstreanfsequences required for

cl ass-switch 15 reconbination was |atter appended to the foregoing
transgene. In addition, a portion of a human kappa |ocus conprising Vk, Jk
and Ck region genes, also arranged with substantially the sanme spacing
found in thdinf gt yeI Pl i Re2BEMERE RomEefetérte, 9u@siXD i ntroduced

into mce uSidigatiCSoCeNer 119696t {RErweeutysed to inactivate the nurine |IgH
& kappa |ight chain inmunogl obulin gene |loci and such knockout strains

were bred with the abolie @¥@n5gedi BISVigengdd tgameratdsi eersite, of nice
having the hym Vhadbden (E@mdﬁ‘@teén‘g_oqé%dzga%'ésg%ti Vl;j?gé OfS, AR MeL ! as

the human Vk, Jk and Ck region genes all on an’n d nmuriné
i munogl obul i9f Baxkgrawm. 1§ SbecPETiparerit agmslardat remmal® 94; 02602 to

(1997)] 30 vega e LT LY opesiss S0 o i Aebtbriey i%ondi nati on
with gene tardfdtdsngofangedogehbusheosiarend taadi fpuofd timansgeni ¢ strains
;dsanféggisdﬁglr%%ﬁ%&%é?‘ﬁ%ﬁé PEEPLET it | RBhe UNE"SAL Ynumy T
C, and C, constant regions was introduced into mice
10 using yeast artificial chromosome (YAC) cloning
vectors. [See PCT patent application WO 94/02602 to
Kucherlapati et al.]. A 22 kb DNA fragment comprising
sequences encoding a human gamma-2 constant region and
the urstream sequences required for class-switch
15 recombination was latter appended to the foregoing
transgene. In addition, a portion of a human kappa
lccus comprising V,, J, and C, region genes, alsc
arranged with substantially the same spacing found in
the unrearranged germline of the human genome, was
20 introduced into mice using YACS. Gene targeting was
used to inactivate the murine IgH & kappa light chain
immunoglobulin gene loci and such knockout strains were
bred with fhe above transgenic strains to generate a
line of mice having the human VvV, D, J, C,, C; and Cy2
25 constant regions as well as the human V., J, and C,
region genes all on an inactivated murine
immunoglobulin background. [See PCT patent applicétion
WC 94/02602 to Kucherlapati et al.; see also Mendez et
al., Nature Genetics 15:146-156 (1997)].
30 Yeast artificial chromosomes as cloning
vectors in combination with gene targeting of

endogenous loci and breeding of transgenic strains



approach. One advantage was that YACs can be used to transfer hundreds of
kil obases of DNA into a host cell. 5 Therefore, use of YAC cl oning vehicles
al l ows- i nclusion of substantial portions of the entire human I g Heavy and
light chain regions into a transgenic aninmal thus approaching the |evel of
‘potential diversity available in the human. Anot her advantage of this
approach is 10 that the |l arge nunber of V genes has been shown to restore
full B cell developnent in mce deficient in nmurine inmunogl obulin
production. This ensures that these reeofstituted mce are provided with
the requisite cells for nmounting a robust human anti body 15 response to
any given i munogen. [See PCT patent application WO 94/02602 to

Kucherl apati et-al.; L.Geen and A Jakobovits, J. Exp. Med. 188:483-495
(1998)]. A mmdvﬁﬁeduhngnsqﬁut$ohhab $e@u@mmﬁiamubﬁnamkﬂmﬂ&w or inserted

onto the YAC ut|I|Z|n hi gh_freguen 20 honol ogaus. r ecanbi atlon |n
yeast. This Kﬁ%ﬁ%?¥or A '?L Sﬁgﬁﬁiéﬁﬁﬁg%%f% cgﬁﬁ? $§ﬁé .

ment i oned abaemrddet e amxee sevesntagset wakegines NP&IS exarstbé afsddieco -
generati on of | s r oduc n anti rticul t here
i's 25 the "niTh %EEEF %. 363% ﬁag E? Ffﬁﬁflég d?ﬁ‘ ﬂé;

| nt er nat i (maI'Ehén*EfOI&nﬁ ide dediral cR@&Q&I’gCh/e}ﬁQﬂl@s Iall\éﬁ% | FHdaeiacdd on of

| arge and subs antl e fra s of the |OCI that is typified
by work of $k9§§?Qﬁﬁ£FP9SC§¥Eté@n&%ﬁﬁre ap thtiFdieti on of
entire or sutzaicamtjmtt ycleainh reedg@@ns ihreugh tire disen 18 ool ] fiusd on as
typi fied by work of K|r| ﬁgvg bu%hlkl Kai sha. 6 In the minilocus

appr oach, an%B&ﬁﬁﬁﬁR&n$g potentia dlver51ty available
in the human. Another advantage of this approach is

10 that the large number of V genes has been shown to

| restore full B cell development in mice deficient in
murine immunoglobulin production. This ensures that
thesé reconstituted mice are provided with the

- requisite cells for mounting a robust human antibody

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

20 homologous recombination in yeast. This prcvides for

‘ faéile engineering of the YAC tramnsgenes. |

As mentioned above, there are several

strategies that exist for the generation of mammals
that produce human antibodies. In particular, there 1is

25 the “minilocus” approach that is typified by work of
GenPharm International, Inc. and the Medical Research
Council, YAC introduction of large and substantially
germline fragments of the Ig loci that is typified by
work of Abgenix, Inc. (formerly Cell Genesys), and

30 introduction of entire or substantially entire loci
through the use microcell fusion as typified by work oz

Kirin Beer Kabushiki Kaisha.



m m cked through the inclusion of pieces (individual genes)fromthe Ig

| ocus. Thus, one or nore V. genes, one or nore D. genes, one or nore J,,
genes, a mu 5 constant region, and a second constant region (preferably a
gama constant region) are forned 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, and
5, 814, 318 each. to Lonberg and Kay, U'§;'Patent No. 5,591,669 to
Krimpenfort 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,?63 to Choi 15 and

Dunn, and GEnfhaég1lnter atlonal uU. S -Patent Application Serial Nos.
07/ 574, 748, fiTeld AulfeStSE1S FRRF. A 5730 98309 PEE AdgheEus1iss. 990,

07/ 810, 279, mmedk@acem@ugw tHD Y D74 853, 488p i bbed (MaBgh 1 481 1992,
07/ 904, 068, filed J 23 1992 07/990 860 200 filed Decerbar 16, 1992,

ne
08/ 053, 131, f??%ﬁSApEFszéi € P1gb3OBH 0961162, PRPeErIBPYE2Y, A9DSS,

08/ 155, 301, bihkedrNavesbe), §8neb993nc0labid%, bihed Decamber 3, 1993,
08/ 165, 69 filed Decenber 10, 1993, 08/209, 741, filed March 9, 1994, the

di scl osur el of OWAFBRTaFE D herdly 3 MIFRA ateEsbynterecénoe. See al so

European Pat eptetNoraB81946 Qi3umBl.cddyesnat aL ept 1,on Nos.
WO 92/ 03918, 3\%%2/5364%4 V\% 02/ 22647, WD 9%?%%5 nEQ fS?ﬁgézggtt

94/ 00569, V[)@Q“%BSBSt ﬁBrSﬁﬂ?ﬁﬁﬂﬂ?n\M@@WV%BB%leéhd WEh98/ 20884achhe

di scl osures 30sofieubiehear @ herahytddoas nas Ak ety by 5ef§5%eﬁ€ hg_ their
entirety. See further _Taylor et al. "A transgenic nouse at expresses a

diversity of Runfn-88duéRcdurani 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, and 5,814,318 each to Lonberg and
Kay, U.S. Patent No. 5,591,669 to Krimpenfort 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 International U.S. Patent
Application Serial Nos. 07/574,748, filed August 29,
1990, 07/575,962, filed August 31, 1990, 07/810,279[
filed December 17, 1991, 07/853,408, filed March 18,.
1992, 07/904,068, filed June 23, 1992, 07/990, 860,

20 filed December 16, 1992, 08/053,131, filed April 26,
1993, 08/096,762, filed July‘22, 1993, 08/155,301,
filed November 18, 1993, 08/161,739, filed December 3,
1993, 08/165,699, filed December 10, 1993, 08/209,741,
filed March 9, 1994, the disclosures of which are

25 hereby incorporated by reference. See also European
Patent No. 0 546 073 Bl, International Patent
Application Nos. WO 92/03918, WO 92/22645, WO 92/22647,
WO 92/22670, WO 93/12227, WO 94/00569, WO 94/25585, WO
96/14436, WO 97/13852, and WO 98/24884, the disclosures

30 of which are hereby incorporated by reference in their
entirety. See further Taylor et al. “A transgenic

mouse that expresses a diversity of human sequence



heavy and |ight chain i mmunogl obulins.”™ Nucleic Acids Research

20: 6287-6295 (1992), Chen et al. "lImunogl obulin gene rearrangenent in
B-cell deficient mce generated by targeted deletion of the J. |locus" 5
I nternational |nmunol ogy 5:647-656 (1993), Tuaillon et al. "Analysis of
‘direct and inverted DJ,, rearrangenents in a human |Ig heavy chain
transgenic mnilocus” J. Immunol. 154:6453-6465 (1995), Choi et al..
"Transgenic mce containing a human heavy chai n i nmunogl obul in gene 10
fragment cloned in a yeast artificial chrohosome" "Nature Genetics

4:117-123.(1993), Lonberg et al. "Antigen-specific human anti bodies from
m ce conprising four distinct genetic nodifications.” Nature 368:856-859
(1994), Taylor et al. "Human inmmunogl obulin 15 transgenes undergo

rear rangenentheavmaeing ioliti ehadnd 1raneres kwwe thing” i Nuad eéct Aat dback
endogenous |1 gM " _ _lLnternatignal Irnnqggg gy 6.579-591, (1994), Tuaillon et

al . "Analysisk%?egf?éc?%aﬁg%ﬁn&gﬁ¥% ?%%fé%%%eﬁgn %’ in a human | g heavy
chai n transgehimnonhbigllotwd'in] gen20 deanmmat gerddt 6453864651 (4895 i eand
Fishwild et al. "Hi gh-avidi human | ocl onal _anti bodies froma

novel strainIB¥CﬁiﬁﬁgggﬁéeF;gﬁégéﬁQ?ﬁégiég{%ﬁ&%?eOLB BE eth. 1H B45- 851
(1996), the disckesurdsrefl whirtiholao®, her €by- 6heor pogal edrhyiLeber ence in
their entiret%. 25 In_connectjon with YAC jntroduction, Geen et al.

Nat ur e’ Genet i 85+ 7: £883¥S(P084) H&Gi o tHeV e fefer BYh P 0t- AR Lot ai ni ng
245 kb and 190nhkh- suzee 19emddvie GRnfh otratieenfeagirni sceE~t he human
heavy chain |ocus.and kappa |ight chain | ocus, respectively, 30 which

cont ai ned cor émgdRicdb| & drid costihit Y oh Ceqientesl | UTrFnegapik of
Green et al. yasereceldihirRXEndfthd hdhey | oL PHUEhh R0t oBLE 2L LRan

10 fragment cloned in a yeast artificial chromosome”
Nature Genetics 4:117-123 (1993), Lonberg et al.
“Antigen-specific human antibodies from mice comprising
four distinct genetic modifications.” Nature
368:856-859 (1994), Taylor et al. “Human immunoglobulin

15 tranégenes undergo rearrangement, somatic.mutation and
class-switching in mice that lack endogenous IgM.”
International Irnmunology ©:579-591 {1994), Tuaillon et
al. “Analysis of direct and inverted DJ. rearrangements
in a human Ig heavy chain transgenic minilocus” J.

.20  Immunol. 154:6453-6465 (1995), and Fishwild et al.
“"High-avidity human IgG monoclonal antibodies from a
novel strain of minilocus transgenic mice.” Nature
Biotech. 14:845-851 (1996), the disclosures of which
are hereby incorporated by reference in their entirety.

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. Id. The work of Green et al. was.recently

extended to the introduction of greater than



8 approximately 80% of the human anti body repertoire through introduction
of nmegabase sized, germine configuration YAC fragnents of the human heavy
chain Iloci and kappa light chain loci, respectively, to 5 produce
XenoMbuseTM mi ce. See Mendez et al. Nature Genetics 15:146-156 (1997),
‘Green and Jakobovits J. Exp. Med. 188:483-495 (1998), and U. S. Patent
Application Serial No. 08/ 759,620, filed Decenber 3, 1996, the discl osures
of which are hereby incorporated 10 by reference. Such approach is further
di scussed and delineated in U S. Patent ﬁpﬁlication Serial Nos.

07/ 466,008, filed January 12, 1990, 07/610,515, filed Novenber 8, 1990,
07/919, 297, filed July 24, 1992, 07/922,649, filed July 30, 1992, filed
08/ 031, 801, 15 filed rch &@,12?3, 08/112,848, filed August 27, 1993,

08/ 234, 145, RSP ANGTELS STodnt bap 3hgmangantipedy rememtpiae 1995,

08/ 430, 938, tAMGUgH7inthAbct Dff 464, B84anhiked 134Re %o k995, 08/ 464, 582,
filed June 5, 1995 08/ 463 191, filed June 5. 1995 08/462,837, 20 filed

. 5
June 5, 1995 CVEUBE 50N 1YAed tRREBLS 1985 thepnge @AV idreaiiiune 5,

1995, 08/486,1859, drid athpbmel i gt 1995in086462, 513 pefd; ng », 1995,
08/ 724,752, filed cntoﬁg%ﬂzfugbgﬁ, aﬁﬁ 08/759,GZBEC#fﬁgﬁ%Eegggber 3,
1996. See ~al £F ABYfeX BONQUSNAL Dt B Cefet Men2R 71 B:t1 46L 196t 1887) and G een

and Jakobovi tenb + £XP.1 Mgy g 1188: 495 ) ee _al so _European Pat ent
No., EP O 463 151 Bl, grant gﬁglﬁgﬁgdgﬁu%%g%g,aTéQ?F%O%ﬁ?E5 t{onal Patent

Application N&R- Wed4/I0%60%3- 4| ( 588E) Febndavy s3, PE34.t | nt er nat i onal
o g0, APBILAALLAN -4 M3 OS50 1 BUDLLINCY s QPR e 16 AN VO
1996, the disclosures of which are hereby incorporated

10 Dby reference. Such approach is further discussed and
delineated in U.S. Patent Application Serial Nos.
07/466,008, filed January 12, 1990, 07/610,515, filed
November 8, 1990, O7/919,297,_filed July 24, 1982,
07/922,649, filed July 30, 1992, filed 08/031, 801,

15 filed March 15,1993, 08/112,848, filed-August 27, 1993,
08/234,145, filed April 28, 1994, 08/376,279, filed
January 20, 1995, 08/430, 938, April 27, 1995,
08/464,584, filed June 5, 1995, 08/464,582, filed June
5, 1995, 08/463,191, filed June 5, 1995, 08/462,837,

20 filed June 5, 1995, 08/486,853, filed June 5, 1995,
08/486,857, filed June 5, 1995, 08/486,859,'filed June
S5, 1995, 08/462,513, filed June 5, 1995, 08/724,752,
filed October 2, 1996, and 08/759, 620, filed.December
3, 1996. See also Mendez et al. Nature 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, 199s,
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,



di scl osures of each of the above-cited patents, - 9 applications, and

ref erences 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 European Patent
“Application No. EP O 843 961 Al, the disclosure of which is hereby

i ncorporated. by reference. It wll be understood that m ce generated
using this approach and containing the human 1 g heavy chain locus will 10
general |y possess nore than one, and potefitrally all, of the human
constant region genes. Such mce wll produce, -therefore, antibodies that

bind to particular antigens having a nunber of different constant regions.
Thus, there is no way to preselect the desired constant 15 region for
particul ar efdRRtbFattpesi oANIAr 86 TERE S AfSc MedTRdb iescarro M et ilewai | y

and nei oti cal fyréipshebl en f8carresuhitetei ther the human IgH t:.e human
| gK or both transchronpsonmes are |ost W th a frequency approaching 80%

This results in 20 aber FANEPYNAFGROReEBVEr Fhef MivslEcd gX frdbisomand _
hybri doma insi@bibidy; J6ebnOhQOXrC¥hsle bR HildihdciflyRean S tChing of

anti bodi es. Ant’i bodi es produced from transgenic mce t produce only

| g3 i sotypesiniremosdt tahegBAre Risceeskat becoducEundndpt AR sot ypes,
or from phage,di sph8Yoheghnokedves (AaY d1ane t i

antigen-specificity and affi nity, buf not ﬁa&eﬁeg%d{e%%udreef?fect or
function. I n thishihsthacebyt hacoyapiralbled. bayirmtesfertdre. helbtvywithhile at t he

least, and 30,MBststbK8! ¥nat i LRl kBl ¢haily ofy e, 4l bady, 4

containing the human Ig heavy chain locus Will

10 generally possess more than one, and potentially all,
of the human constant region genes. Such mice will
produce, therefore, antibodies that bind to particular
antigens having a number ef different constant regions.
Thus, there is no way‘to preselect the desired constant

15 region for particﬁlar effector function.

Also, the transchromosomes are mitotically
and meioticaily unstable. As a result, either the
human IgH, {:..e human IgK or both transchromosomes are
lost with a frequency approaching 80%. This results in

20 aberrantly high recovery of mouse IgA mAbs- and
hybridoma instability.

Technology exists for in vitro isotype
switching of antibodies. Antibodies produced from
transgenic mice that produce only IgGl isotypes, from

25 transgenic mice that produce multiple IgG isotypes, or
from phage display technologies may have the desired
antigen-specificity and affinity, but not have the
desired effector function. 1In this instance, the
variable region of the heavy chain, at the least, and

30 most likely, the entire light chain of the antibody
must be cloned. '

Methods for cloning include recovery of

genomic DNA from & library, recovery of cDNA from a



must be cloned. Methods for cloning include recovery of genomc DNA from a
library, recovery of cDNA froma - 10 library, recovery of genomnm c DNA :
usi ng specific oligonucleotide prinmers, and PCR using specific

ol i gonucl eotide prinmers and cDNA as tenplate (RT-PCR) Each nethod,

-especi ally PCR-based nethods, require that 5 the clone be sequenced to
verify faithful reproduction of the antibody codi ng sequences. Then the
vari able region of the heavy chain nust gp_pperably |l i nked via DNA-
ligation to the desired constant region & Then, the engi neered VH CH
gene nust. be operably linked 10 to expression controlling regions such as
a pronoter- enhancer and a pol yadenyl ation site. Such an expression

construct mght _also he needed for the ght_.chain of the antibody. The
expr essi on cgrll%trraﬁé’t’(sﬁecr%%‘?r%eo t%%n9ml%5DbbaﬁlsSfl&gl ePSTtP A suitabl e host
cell for trangagbpumotairmbtpszamém; oantioPpROdUi @ sgratietd form of the

engi neered a at the | east nS|ve screeni ng nust be
pe?forned tgﬁﬁﬁﬁg%ﬁ ;%ﬂ§QQﬁ R?&P%ﬁﬁlanplﬁé QﬁkTRQﬁeﬂt

| evel s of mARakbr n@@;hfdﬂth&fp@(pﬂlj?mﬁtfa aa@ewb@ftqwgb rﬁvéwflmi é{ﬁ%ang Nbrg
i kely, t hodol o |es h as DNA ification nust be enployed to raise
t he cgpynﬁ ngg t??ﬂﬁﬁ%ﬁ?gggﬁr¥§§ﬂéﬁ ettt & s dbHsijuent |y,

t he expressi oif thev@nuﬁbddyédd&hn@SSEhﬂéhEﬁs therdegr eng negred, Ab nust  be
re- tested to confir ﬁgﬁhd%t has retalned t he deS|redbéquaI|t|es_and has

the desire faf&tonCy FRYYY SRR BHEY, P& aRATaL Land pretehke or

absence of DNA ligation to the desired constant region gene.
Then, the engineered VH-CH gene must be opérably linked

10 to expression controlling regions such as a promoter-
enhancer and a polyadenylation site. Such an
expression construct might also be needed for the Ig
light chain of the antibody.

The expression construct(s) must be stably

15 transfected into a suitable host cell for transcription
and translation to produce a secreted form of the
engineered mAb. Typically, at the least, extensive
scfeening nust be performed to find a clone of the cell
line that expresses sufficient levels of mAb for

20 further experiments and subsequent manufacturing. More
likely, methodologies such as DNA amplification must be
employed to raised the copy number of the antibodies
expression constructs and consequently, the expression
level of the mAb.

25 Finally, the re-engineered mAb must be re-
tested to confirm that it has retained the desired
qualities and has the desire function, including
specificity, affinity, and presence or absence of
effector function. Other technologies for isotype

30 switching exist, but all such programs to re-engineer
the mAb isotype require experimentation and expertise
in molecular biology and tissue culture, and are labor

intensive, .slow, expensive, and covered by issued and



effector, function. O her technologies for isotype 30 switching exist, but
all such prograns to re-engineer the mAb isotype require experinentation
and expertise in nolecular biology and tissue culture, and are |abor

i ntensi ve, slow, expensive, and covered by issued and - 11 pending
intellectual property, requiring additiepal licensing fees, if even
avai l abl e for Iicensing Thus, re-engineering of mAb from one isotype to
anot her re UI ex %55%% A xg&gerqone£grJlungeng|£%g5%£§ng sl ows down the
devel opnen OP ?%e monocl onal - anti body" T RS ARG cal
trials. Hdeeng afUe&hn@W@gyabhﬁr&MDmhdemﬂmdmcéhuheJnﬁbnwuhherimwcﬁEsired
O isotype aupLohiodould 0By &) & PertfiQts !?%élb&ds)é "gxgpgi neering. By

having three d ent Xe use strains, one each capabl maki ng only
Cy2, Cy4 omoQgkara pemdansgemd méage e tyéledeV@blomfefntt hé shel f, and

then cap beonbryi Zed (i@cRy OAlC S, /0ARS : i dhy tafrae desifed atfiLpity, antigen-
specificity and the desired isotype and with the desired effector function

a priori. This incredS¢snghe eFircileazy zafd wouserrfeduseditPResdP frorth

devel opnent. naf qaBNEL] @yallsae§¢@®>prga§@dw&ﬁé Rerapedtifs nelg gxpertise in
nmol ecul ar blology or anti body, %;neerlng IS regU|red The

ant i gen- sp&&fPEAYls G BBt Hken BYdPPEERT yIiTREo pF ERTAY APBaNostUdi es

W thout thetextna, &xpendhtysgawie ras&nfaykar@ drilfecy? essi)4 ioRgci D, aadecrease
in the develognent cost and an ac%??ﬁ ion of the timeline for

devel opfrent *87 SRt § A EFe bt P edénthPhberti%nhes 8??é%%ed to

sol ving themmphobé&nmofprodtat niAlg aiphetiselRetieddhammimiant i Badygdsot ype
from a transge [ C. ouse, h gddltlon to the desired specificity, whichis
A et

conpati bl e SWEERTthE-Y H&FA SIHEA $5PbYPSMAEh W hi &80y wi 11 be
used. SUWRRYeEFodHEldNVENTEQN-iori. This increases the efficiency and

user-friendliness for development of monoclonal antibody based
15 therapeutics. No expertise in molecular biology or antibody
engineering is required. The antigen-specific mAb can be taken
directly into pre- clinical studies without the extra
expenditure of money and time, resulting in a decrease in the
development cost and an acceleration of the timeline for
20 development of the therapeutic mAb.
The present invention is directed to solving the
problem of obtaining a pre-selected human antibody isotype from
a transgenic mouse, in addition to the desired specificity,
which is compatible with the therapeutic goals for which the

25 antibody will be used.

SUMMARY OF THE INVENTION

The present invention solves the problems referred to
above by providing a vector comprising a nuclectide sequence
30 encoding a human constant region, said human constant region
comprising human CHl, Cpinger CH2 and CH3 exons, human membrane
exons and a splice acceptor site, wherein the CH1, Chinge, CH2,
CH3 exons are from one isotype and the membrane exons are from a
different isotype and wherein said sequence comprises a lox P

35 site upstream of the splice acceptor site of said constant



The present invention solves the problens referred to above by providing a
vector conprising a nucl eotide sequence 30 encodi ng a hunan const ant

region, said human constant region conprising human CHL, Chinge, CH2 and
CH3 exons, human nmenbrane exons and a splice acceptor site, wherein the
CH1, Chinge, CH2, CH3 exons are fromope Lsotype and the.nenbrane exons
are froma different isotype and wherein said sequence conprises a lox P

35 site upstream(ghérE%§QLig§ cceptar. s ite a igg{ﬂ:ggp%kﬁgg énf@ regi on

The invention al o0 provides a c imeri ¢ oreiraﬁsgenlc non- nani mal and
its progenyonwhernai mrdmaleasd e pgogatbyc whendhior ageraastebhe ofontdte cani nal

or 1S PrOgeRyofOdPLi $2511 B8 HPChnaACGOrANG b0 L NG dileULL Oty Furt her,

the invention also 5 provides a ce erive meric or
t ransgeni c vgricAnl aceedndi Ag tloe tinwenavent ifowrthaher € inventedr xlawri ses

the vegtor, aceQedi NG9 HBE; bW &HohObhe THEMR iS 8L SO RQuhded, i ast  cel |
conpri si ng the vector according to the invention. The invention also

provi des aaFECROHY 0rC PREdURY PHF 108 /i HABFEHY iFedCed! cemPtigas tikler goes

cl ass-sw t GRicREri Hcdd Adi® g0kl @hénl\h@ent@@ﬁprm@r@gls(@J)soprpcz@uga@@ £ HyRr i doma
conpr|5|ng a DNA fragnment conprising a DNA sequence of a contiguous region

of the imFFAdgFORRAIT RedD§ T P6ERSIHIP ﬁ@nﬁﬁechﬁYﬁﬁiéﬁﬁe 12 fromthe 15

D segment g@neﬁm@@mgwpmgvimgl@gﬁefthscichsxegifaabche@e;ﬁu ahRfothgl i £QNSt ant
.region eneegﬁ of that |ocus, wherein sajd DNA fragnent, is operably |inked

to at ast Ch g A7 9RG Rreft? ey LaRtRY il e RO s d"DNAYPr agnent
further i s copeeablygdinked to an additional constant region gene, said
addi ti onal constant re ion 20 gene %ﬁg&li i a swi,tch regﬁon and human

constant region codi ng’ eXrE Tahd i g% | SXPPLEEER ¢ P JIEPEREE of
t he switchcompgistma@and DBA etghdreceCldE exoortidupusnte@ihiciofgthat o t he
hybri dorma am%%88810b6¥”3r%229y chain locus on human chromosome 14 from the
15 D segment genes, continuing through the J segment genes and the
constant region gene Cu of that locus, wherein said DNA fragment
is operably linked to at least one human V segment gene, and
wherein said DNA fragment further is operably linked to an
additional constant region gene, said additional constant region
20 gene comprising a switch region and human constant region coding
exons, and wherein a lox P site is inserted 3’ of the switch
region and 5’ of the CH1l exon;
(b) introducing into the hybridoma a vector according
to any one of claims 1-9; and
25 (c) introducing into the hybridoma CRE recombinase or
a vector expressing CRE recombinase
wherein CRE recombinase mediates recombination
between the lox P sites to generate class-switching.
There is also provided an immortalized cell
30 comprising a DNA fragment comprising a DNA sequence of a
contiguous region of the immunoglobulin heavy chain locus on
human chromosome 14 from the D segment genes, continuing through
the J segment genes and the constant region gene Cuy of that
locus, wherein said DNA fragment is operably linked to at least

35 one human V segment gene, and wherein said DNA fragment further



to any one of clainms 1-9; and 25 (c) introducing into the hybridoma CRE
reconbi nase or a vector expressing CRE reconbi nase wherein CRE reconbi nase
nmedi at es reconbi nati on between the lox P sites to generate
class-switching. There is also provided an imortalized cell 30 conprising
a DNA fragnment conprising a DNA sequencgzof a contiguous region of the

i mmunogl obul i n heavy chain | ocus on human chronosone 14 fromthe D segnent

genes. oontinubog. by auges! he o spaent. genes and. L, sanstant Legj on gene

Cp of that erein sail ment IS opéera | Phked 10 at | east
35 one hunadd¥tsegmierfiongsépet zamionheeee ncmrdsm 4rfagm§ht régi¢themd 13 s

operably |ipkeqd &&%natd%&x&maéooqqesggﬂa r%%owhgﬁ& S8bg paddid i;gnal

constant region gene conprising a sw tch r'egion and  human constant region
codi ng exordseahed whercdi fha Pt gpgeon sanq S ePf eths3'CH3f erpe/ syid ¢h regi on

and 5 of thetLHla&XAMHingNdoahed iHOEhOLoRCCQ dhBUad 4N sl pyention. In one
aspect of the invention, a transgenic non-human aninmal s capabl e of

produci ng RVERTEPFi Al CFANFEETIC RGRERUERM i BUdReS B1Pa Ide Sifr BECSDPpe i n

response t@;igAMuNEZatdyQn ful LR AManv bkt Usdd e saBy Q%éé’l%dangbgﬁﬂe iirs
descri bed. The aforenentioned transgenlc non- human ani nals 10 have in their
somati c andS§BPRTT ne® CEMIEL AR AT ddrFFafged’ HianlY i smurSSrEBaI 33 Hseavy

chai n tranigeﬂés&hﬂkxﬁn@ﬁdesfoﬁﬁhenkeahéﬁﬂgﬁﬂ&ﬁbnl@.ﬁdHJHhmEHnBﬂlmals
i i chain of the desj The hunman

i mmuno +ob Lin heav | § ty _
| mminogh obtFIR HeavyF GhaPRet  ardgeRE T AL The= 118" For Ul id “BRF A& torpr | ses
a human consmanbdgl@gildm geaey&ﬂgnﬁntraﬁgﬁﬁnasmag exanseseneadi ng the desired
neauy chal 0L 3848, PerabLy, | ked Lo, suidieh, ceaTents Lioma, copet ant
regi on. desired isotype.

The human immunoglobulin heavy chain transgene in the

15 foregoing animals comprises a human constant region gene segment
comprising exons encoding the desired heavy chain isotype,
operably linked to switch segments from a constant region of a
different heavy chain isotype, i.e., a non-cognate switch
region.

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

25 producing endogenous heavy or light chains. In a particularly
preferred embodiment, the non-human transgenic animal is a
mouse.

In another aspect, the invention provides an
unrearranged human immunoglobulin heavy chain transgene that

30 encodes, on rearrangement, for a human heavy chain of a desired
isotype. The transgenes of the invention comprise a DNA sequence
identical to the DNA sequence of human chromosome 14 starting at
least from the first D segment gene of the human immunocglobulin
heavy chain locus, continuing through the J segment genes and

35 the constant region genes through Cp of that locus. In the



20 The foregoi ng transgeni ¢ non-human animal also has in its somatic and
germcells a human i nmunogl obulin Iight chain transgene. In a preferred
enbodi ment, the endogenous i nmmunogl obulin heavy and |ight chain |oci of

~ the transgenic non- human aninmal are inactivated so that the animal is

i ncapabl e of 25 produci ng endogenous heayy_or light chains. In a
particularly preferred enbodi nent, the non-human transgenic animal is a

nouse. In sp t i nvention_ provides. an rear.ranged human
innunoglob%??h9§%%%§(%ﬁgpﬁ F&gﬁgﬁgﬁé ?R%Iag)e@ﬁ%%ﬁ%§¥ygﬁﬁ%55??%ﬁ§éﬁ€nt, f or
a human heawgrehay nligfked desirkds icsptype.ofTheotypmsygernesiof tder nvention
conprise a G%%*§ﬁ%“pQ% Ldentd cal, ta thhe | .§€ & af ronosomne
14 starti néa at east rSSm t he gfq? r'st % %gtg%tlaggﬁg%%nt%ﬁegﬁﬂ%paann

i munogl ob&kRoN hegtrenEhaPhP F otk 2 et Fuissd onhpod dghimtane cdnsegrent genes

and 35 §her%?'ﬂ@ﬁa@c_;dirrf%_;gis_@@m@r@@,eSwhtel}regHg{h&Fonlfsa:BH@tréngLQ)"fllsCo!jﬂné he 14

transgenes of the invention, the aforenmentioned DNA fragment IS operably
linked to &RETPBE capalicEa8tYi Sotipe towr t THitRy regher tdddi tFohalnaonst ant
regi on segmBhhal SpifbRAdbtb@naciconstants 1 R-I-8PnSEINBAL HOPRL]SES @ switch
regi on and human constant 5 regi on codl ng segnent, wherein the constant

regi on codiAGNSEefirertt iF8CopRYHN Y i AR F 1598184 Pi¢h fragmenttard it is not
normal |y assastated-ayilh, skglent asnepPeeINAtIE nkVHEL €H J1€0i@8c be HurARSYENES
of the_jnvention, the foregoing DNA fraﬁnent and, constant region segnent

i s opefdbly FPAREY tF 4t LBalt® SHECRINERT 10 VhEemetht i¢éne then one
enbodi nent tebnkfiend neent yelst toer i flicans genncsoreyeasd) .artifici al
chronmosonme (YAC). In rangggnes of _the i.nventjon, the non-cognate

switch region may beléhgﬁétﬁﬂa SG6R PT ot ‘dVEREH ¥t O5eBPRSCYRER t he
constant regionhcogiing segneata dwiteheregbodifremnt a diferekbnAoBpeogat e
swi tch reg%%gni§hg<§9% %n%“@é&ﬂn{%%EQng §£&§k¥ In one embodiment, the
15 non-cognate switch region is a mouse switch region operably
linked to a human constant region coding segment encoding a
human gamma, alpha or epsilon constant region. In a preferred
embodiment, the switch region is a mouse gamma-1 switch region.
In more preferred embodiments, the switch region is a mouse
20 gamma-1 switch region and the human constant region coding
segment encodes a gamma-l or a gamma-4 constant region. In a
particularly preferred embodiment, the transgene is the yH2Bm
yeast artificial chromosome (YAC) or the yH2Cm YAC.
In another embodiment, both the non-cognate switch
25 region and the constant region coding segment are human
sequences, the non-cognate switch region being from a human
constant region of a different isotype than the constant region
coding segment. In a preferred embodiment, the switch region is
a human gamma-2 switch region and the constant region coding
30 segment is an isotype other than gamma-2. In a more preferred
embodiment, a transgene of the invention comprises a human
gamma-2 switch region and a human gamma-1 or human gamma-4
constant region coding segment. In particularly preferred

embodiments, the transgene is the yHGl YAC or the yHG4 YAC.



| i nked to a human constant regi on codi ng segnent encoding a human gamms,

al pha or epsilon constant region. In a preferred enbodinent, the switch
region is a nouse gamma-1 switch region. In nore preferred enbodi nents,
the switch region is a nouse 20 gamma-1 switch regi on and the human
constant region coding segnent encodes;g gamm-1 or a gamma-4 constant
region. In a particularly preferred enbodi nent, the transgene is the yH2Bm
yeast artificial chranosonme. (YAQ) or the yH2 YAC. I n anot her enbodi nment,
bot h the non- cognat e%snvmslggﬁl FETEG ST e 2ot ade Fell o odi ng
segnment ar énkenaion segpences, a theanonesognataeeswii ch rregiion bedng from a
human congtant re itoar;ltof eaigrilfgoe i%ntsésoetry ewghan.thcq_lrcons a{ft regi on
codi ng segment. Th a pref&fred €nbodi REfAt, The S t'th Tedi'oh“T s**H Runan
gama- 2 swahdhthegiormrand thencaistant corgicon coding WMisggsenterts aak

| sotypes ot her,t PaD QAR gan | DA IR, BL &S E1ied, cenbodiapnt, a1 ansgene of
the invention conprises a AUnan ganmB-2 switch region and a“hungn gamma- 1
or hunman gapnmatdnt cowanexeeyiaor dodinng didgfeentt 1sotpaet.i Coéarly preferred

enbodi nent g, .1 bg. fLANFISRE &Mﬁqow%s%wfw& €1 YHG YRGn 43y- 10 still

anot her enbodi nent, a transgene of t invention conprises a human
non- cognat €°9#f Ee hSwidgitofcanhel s2nch@mBATED IN@RenE el BirPc 64 hYY sexpmsmit,

wherei n t hgnawit €he HE QAR chand e 1BErPEANG £%QBsy0f, the copstant region
codi ng segnent are 5 fromthe sane human constant region isotype and the

secret &8 CORSEARE TFiOBNn SEBHL e & PR o TLIPNLf dPehyPS Socy pbe mefeprane

transgenes ghst gt i AR BRoAS SO MBY oR 0PN IS@narHUNBL JpRN- cognate switch
region and a hunman constant regi on coding segnent wherein the switch

region is fromone i S8t fpBretHe SeCPROSH NG c SR8t Sttt FedrehcRxIHs are from

a second i sehypenangkdie apenbrane nheARst fina-@JdbeRs E€xaANTeahienf rom yet a
third isot)épe. .In a preferred C?nb%di ment , th(;1 swi tch regi.on and
articularly preferred embodiments, the switch region and
15 membrane exons are from a human gamma-2 constant regiocn and the

secreted constant region exons are from a human gamma-1 or a

human gamma- 4 constant region. In preferred embodiments, the
transgene is the yHGl/2 YAC or the yHG4/2 YAC.
In another embodiment, any of the foregoing

20 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 transgene comprises at least 40
different human VH genes. Preferably, the transgene comprises at

25 least 66 different human VH genes. Most preferably, the
transgene comprises the entire human VH region of a human heavy
chain locus. In another embodiment, the transgene comprises a
sufficient number of different human VH genes so that the
transgene is capable of encoding at least 1 x 10° different

30 functional human immunoglobulin heavy chain sequence
combinations, without taking into account junctional diversity
or somatic mutation events. In still another embodiment, the
number of human VH genes in the transgene is sufficient to
produce at least 50% of the B-cell population of a wild-type

35 mouse in a transgenic mouse containing the transgene.



menbr ane exons are froma human gamma-2 constant region. In particularly
preferred enbodi nents, the switch region and 15 nenbrane exons are froma
human gamma-2 constant region and the secreted constant region exons are
froma human gamma-1 or a human gamma- 4 constant region. In preferred
enbodi ments, the transgene is the yHGl 2 YAC or the yH&G/ 2 YAC. In anot her
enbodi nent, any of the foregoing 20 transgenes of the invention conprise a

plurality of differe nt VH es, Jh.a preferred enbodlnent t he
transgene comprises atrﬁ %@? 6&9%B h““%dﬁgﬁ %%?t Tne VR gehes In

anot her enbodinens’ qnhgnpeansgﬁﬁwiupoﬁprBSeﬁfameleas$taﬁ1 rdgibergane human VH
genes. Prelerablyind hed Lansane coMpLEses i on® Leasle Qpdhifalent,human

VH genes. Most pr rably, transgene conpri ses e entlre unan
regi on of aMNaﬁ9n3hé§V@nCéhaiﬁ=¥bém@ro¥hm%mﬁbh@r9ew®dﬁnwemegl@mg1ﬁﬁéﬁsgene

conprises a,:SYLfdciant nurhery, cgfltqlrkgghe@terdm@faeﬁfb genes sonf liat, L he
transgene i s capabl e of encodin east 1 x 105 different 30 functional

human |nnuﬁég?éb@@@ﬁ”ﬁé@@?lﬁhﬁﬂ%>§€ﬁa@ﬁc%fT%@nﬁPﬁb@?dﬂgmnWFFhE@nttaklng

i nto account.chuast i analccdievessidy. 10r s8OoMtdrG cRUt abhwdl @Rt Send n still
anot her enbodi nent, the nunber of human VH genes in the transgene is

suff|C|enttﬁénsﬁ?%ﬂUEEﬂﬁﬁeFe%%? mYFSoRal He BIEBFPT phifiisati on of a wil d-type

35 nouse in a transgemi anBBLSE LAl NERY ithent i aNSgeR8des Abthdd FARsgene
of the_invention further conprises a nurine 3 _enhancer, positioned 3 of

the cohStaktofBGI¥h Jene 2BORT A hing PHEShGHLiEadRate S LEHSREHIDN. In one

enbod|nentAhherdnm@|ﬂuaﬁ&e ﬁﬁﬂ&ﬂﬁeramSuﬂwbéﬁnunqéunﬂmmdmlﬂ&m8n5§1&5u31nregiOn
of the 5 native gqgan ernslnnan al.t gtlv enbod%nent t.he 3. enhancer is
an appr oxi PeESYy Kb FEGFER T HE ﬁﬁ P SREnERT Q§ﬁﬁ}lnﬁn8fdﬁé§”1he core
app y ]
region. |nhsinahl aanotiheo enbodidrentcratbgenia avsgenean nelivdeshifengrohee
maj or enhancersggﬁgﬁjllts somatic and germ cells. Breeding of the human-
15 heavy chain transgenic animals with transgenic non-human animals

containing a human immunoglobulin light chain transgene produces
transgenic non-human animals containing a human heavy chain
transgene of the invention and a human light chain transgene.
Either of the aforementioned transgenic non-human animals can be

20 bred with animals having inactivated heavy and/or light chain
loci to produce a transgenic non-human animal that produces a
fully human antibody and is incapable of producing an endogenous
antibody.

In one embodiment, a transgene of the invention is

25 introduced into an embryonic stem (ES) cell which is then
inserted into a blastocyst. The blastocyst with the ES cell
containing the transgene of the invention is then surgically
inserted into the uterus of the non-human animal to produce a
chimeric non-human animal. The chimeric animal is bred to obtain

30 germline transmission of the transgene of the invention to
produce a transgenic, non-human animal having somatic and germ
cells containing the transgene of the invention. Accordingly, a
further aspects of the invention are an ES cell comprising a
transgene of the invention and non-human animals having the

35 transgene in some or all of its cells.



I n anot her aspect, the invention provides nethods for 10 producing the
transgeni ¢ non-human ani mals of the invention. According to the nethods,
an unrearranged' human i nmunogl obulin heavy chain transgene is introduced
into the germine of a non- human animal to produce a transgeni c non-hunan
ani mal having the transgene in its somptic and germcells. Breeding of the
human 15 heavy chain transgenic aninmals with transgeni ¢ non-human ani nal s
cont ai ni ng a human |qguggg#9 q&mﬁeklg e&@akgetgaag ene EQQP es
transgeni ¢ non- human ani mal's cont ai ni a 'human eav ch Farfsgene of
the invent menhaddier mnvdncikightiothaifhitiansdeddy h&maduant@bodrms of a

af orenment i gﬂﬁg i.C -Q%rq ls, .C d

havi ng |na???35%% e§§§ gﬁg?or igﬁ?gg aﬁ%m ?gcgﬁ%égbro uégiép?ransgenlc
non- human anftrahsybic peodoeesn anifigl| 9f Kiarnaant body Aerdrdsng meapgabl e of
produci fig aﬁet%&log@%%sg@m bdy-nuhBn 006 ebedi Hﬁ@tl,nv%ntt&@ﬂsgfne of the
invention is i ntroduced into an enbryonic stem %%Q cell ich is then
inserted i ﬁPBtaC’Eﬁ?Cééftl(%‘yéfl anhg e 88t beytesk PRIehecES igdPns oFit ai ni ng t he

transgene qhdqtihe KW eHHABLish tdeRnSHABI KAl Yy tRsest ed1hBt 9rthe uterus of
t he non-human animal to produce a__chjinmeric non-human animal. The chineric

animal is BPé@2to %ﬂﬁqaﬁﬁfBBlE%WIﬁWlﬁé byBATynicESi 8RN OTPAHE 16r ARSHRAME S t he

invention b@ tpéodiiCierad tEangEetias, bBots umRrRdankoml +HawiBgd Sormtdnt o&nd
germ 8lls contalnkﬂg_the transgene of the invention. Accordingly, a
s

furthe pEEt §TUF59HE i AOBATYGHT 4Fé™ah  ES cel | conprising a transgene of

the invention and nomlhuﬁamtamuqal3chaydmg;&betﬁézmﬁansgeae tie sone or al
of its cell.s. sti i

g other Sp Ee inv ntlon rovides a
et hod { or b7 ALK g TEGR"AF I £ CCFar 1Y TrRaant] GO0 aS B S e red
i sotype thahea53u$ﬁ9euthammort&mlzeﬂtbgemnxﬁmaanbekesWn|um taet sANSORIH C
non- human %glngénéqngdﬁ% b@g S%Efg% o ng%l o e%q Egm%ne embodiment, the
15 B-cells are fused with a mouse myeloma cell-line to produce
antibody-secreting hybridomas. Such hybridomas can be screened
to select those secreting high affinity, fully human, antigen-
specific antibodies.
In a further aspect, the invention provides
20 hybridomas derived from antibody producing B-cells harvested
from a transgenic animal of the invention.
The antibodies of this invention may also be by the
expression of B-cells expressing a desired antibody, by cloned
human immunoglobulin genes, by phage-display, or by any other

25 method known in the art.



5 nmethod, a transgeni c non-human animal of the invention is contacted with
an antigen of interest under conditions that induce the production of an
anti body by the B- cells of the animal. H gh affinity, fully human,
antigen-specific antibodies of the desired isotype can be collected from
-the blood streamof 10 the transgenic non-human animal. Alternatively,
according to the nethods of the invention, the antibody producing B-cells
can be harvested from the aninmal and. mrtalized by any neans known in
the art, for the continuous production of antibodies. In one enbodi nent,
the 15 B-cells are fused with a nouse nyelonma cell-line to produce

anti body-secreting hybridomas. Such hybridonmas can be screened to select
those secreting high af Bruisty pEWRIDE TWERAIbE 2t OSmy BRESI fi ¢ anti bodi es.
In a further aspect, the invention provides 20 hybridomas derived from
anti body pr ddsisiRy B-tel #sSabepesieddepiemiant odndgenivéilghiarel WYi2Bhe
invention. The aptihpdi &5, 59f§fi8%9§thﬁgo%%%°%e 0 ke Ly the expression
of B-cells expressing a desired antibody, by clone human i mmunogl obul i n
genes, by pliEgams splay, a2 oschgmahycothedi ct26nnetthdthek ndUtC iand hei@rt. 18

BRI EF DESCRI PT]| T R%%% Lgure 1.l schemati c depiction of the
yH1C andggﬁ?Pﬁéﬁié¥éiéﬁ%£5?g%s -agfgﬁnggﬁh§ﬁ3dnnsones (YACs). Figure 2 is
a schemati c Rigpimt i®dnisfat behyhd€iandephiGt ioh peagtheartH1fd cired

chronosomes- (YACS). Figure 3.is a schematic depictjon of the yHIC and

yHGL/ 2 yeas@ﬁgﬁﬁfgi%?%ggcﬁrgﬁ6§8ﬁ§ E$ﬁ€§f?0mﬁﬁgd§@%£”rs a schematic

depi ction ofridiereyHIG and syhedaRiyeasbiattioh emltehromsaers (YACs). 10

Figure 5 is a schematic diagram of _the targetin
9 yHG4}5 yeast argi%icgal chromo omeéJ(YACs).

10 Figure 5 is a schematic diagram of the targeting
vectors (TV1 and TV4) for retrofitting yH1C to yHG1l and
vHG4 YACs. |
Figure 6 illustrates the construction of the targeting
vectors for retrofitting yH1C to yHG1/2 and yHGA4/2

15 YACs.

Figure 7 is a schematic diagram of the targeting
vectors (TV G1/2 and TV G4/2) for retrofitting yH1C to
vyHG1/2 and yHG4/2 YACs.

Figure 8 shows Southern blot analyses of ES clones

20 fused with yH3B YAC (Clone Z 70.17.1)



vectors (TV1 and TV4) for retrofitting yHIC to yHGL and yH& YACs. Figure
6 illustrates the construction of the targeting vectors for retrofitting
yH1C to yHGL/ 2 and yH&4/ 2 15 YACs. Figure 7 is a schematic diagram of the
targeting vectors (TV GL/2 and TV (4/2) for retrofitting yHIC to yHGL/2
-and yH&/ 2 YACs. Figure 8 shows Southern blot anal yses of ES clones 20
fused with yH3B YAC (Clone Z 70.17.1) - 19 DETAILED DESCRI PTI ON OF THE

| NVENTI ON This invention relates to nov_eI1 ransgenes for the production of
human i mmunogl obul in heavy chains of a deSired isotype and to enbryonic
stem (ES).cells 5 and transgeni ¢ non-human ani mal s conprising the
transgenes. This invention also relates to nmethods for produci ng such

transgenic non-human anjgals sa0thQin 1 pF PAHCHRITHE! LvBiAR@Nt i bodi es of a
desired isotype inre —a transgenic 10
ani mal of the inventionThTheinvansgenes edrat as ansgeswel nonahsganesani mal s
of the invent} Ln_t duct.ion._of. f.ul human anti bodi es of
vari ous isoty%gg gég gfgégégﬁgﬁog%tﬁé%g%bdfﬁ?qﬁﬁépgﬁigﬁcﬂeﬁﬁ¥i5 888, the
15 different effecdesifadcisonypef ahkle iondimbhduzti @ang t&edyES) sobypes
permts the u o] Lcular isotype t.0 .achieve a desired therapeutic
ef f ect . Itgis %s%?%%gg%ﬁlghhg? %8@ ér@&ﬁﬁf%ﬁr%ﬁm%rb?l??aﬁgﬁenic non- hunman
ani mal s t hat fpransgenast i bBdies iofeatdiomgleal dsatypet 29 £ol hevhdgs for

i mmuni zation with an antiggn of interest. In order that Rhe inv%ntion

her ei n descri%reo ucing su Lransgenlc nc_m*numan animals ana or

producing fully human antibodies of a desired 1sotype

in response to an antigen of interest in a.transgenic
1C animal of the invention.

The transgenes and transgenic non-human
animals of the invention are useful in the production
of fully human antibodies of various isotypes or
classes. For therapeutic uses of such antibodies, the

15 different effector functions of the individual antibody
isotypes permits the use of a particular isotype to
achieve a desired therapeutic effect. It is desirabie,
thus, to produce strains oif transgenic non-human
animals that produce antibodies of a single isotype

20 following immunization with an antigen of interest.

In order that the invention herein described
may be more fully understood, the following détailed
description is set forth. In the description, the

following terms are employed:

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
precédihg 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



may be nore fully understood, the follow ng detailed description is set
forth. In the description, the followng terns are enpl oyed: 25 Gene
regions -- the DNA involved in producing or selecting a particular

pol ypeptide chain; including pronoters, enhancers, any switch regions
-preceding a constant gene as well as upstream and downstream preceding
and follow ng coding regions, and intervening 30 sequences such as introns
bet ween codi ng segnents or exons. Gene segnents - the.coding segnents in a
mul ti - exon .gene such as an i nmunogl obul im 4teavy chain 20 constant region.
For exanple, the gene for the secreted formof the human i nmunogl obulin
heavy chain ganma constant region contains 4 gene segnents: CHL, H  CHz,
and CH3. 5 Germine configuration - the arrangenent and spacing of

i munogl obul | FO§ERETTeFREAIRN bef 6P angPsemathe gene rear targement has
occurred. Kl erwrERagMmerm c?f|@‘i@ehm'héﬂ@ﬂﬁuﬂ%&l@%ulﬁ%%@xﬁm#ﬁer ase |,
usually fromE <coll. This 10 fragnent does not “contain an

exonucl ease Q@Wﬂ@lPPQﬁﬁﬁQﬁﬂ@e%h%np©©yﬁénase4a@HH@|Bﬁgmbmtsancbﬁ_ ased for
end-filling obyPNA PR @gid es to create blunt ends. Library - A mixture of
cl oned DNA fragnents i 5 usually propagated on DNA-based vectors, e.g.,

pl asnmi ds i°n bacteri a, 5 E. t@elaxrﬁhgeb&ﬁneknmphage
in E coli, bag Ta%rl'n%hoaf”'M&ﬁ@%loﬁ@f?ﬂoégggsse aentE0beryeash artificial

chronnsones in~ SacCharonmyces cerevislae ian -ar al
somatic gene rearrangement has occurred.

Klenow Fragment - A large fragment of the

enzyme Polymerase I, usually from E. coli.. This
10 fragment does not contain any 5' to 3' exonuclease
activity and only has polymerase activity. It can be
used for end-filling of DNA molecules to create blunt
ends.
Librarvy - A mixture of cloned DNA fragments
15 wusually propagated on DNA-based vectors, e.g., plasmids
in bacteria, lambda bacteriopghage in E. coli, Pl
bactericphage in E. coli, bacterial artificial
chromosomes in E. coli, vyeast artificial chromosomes in

Saccharomyces cerevisiae, mammalian artificial

20 chromosomes in cultured cells, mammalian chromosome
fragments in somatic cell hybrids. '
Linker - Synthetic DNA fragments that are
designed to contain restriction sites and other
properties which can be added to larger DNA molecules,
25 e.g., to facilitate cloning and/or build back portions

of DNA fragments encoding desired polypeptides.

Screening the Librarv - The process of
searching fcr a specific 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



20 chronosones in cultured cells, mammal i an chronosonme fragnments in
somatic cell hybrids. Linker - Synthetic DNA fragnents that are designed
to contain restriction sites and other properties which can be added to

| arger DNA nol ecules, 25 e.g., to facilitate cloning and/or build back
-portions of DNA fragments encodi ng desired pol ypeptides. Screening the
Library - The process of searching for a specific sequence of cloned DNA in
a library. 30 Sterile transcripts - Transgripts produced fromthe Ig |oci
t hought not to be translated into required somati c gene segnent
rearrangenent or class - 21 switch reconbination. In a B cell or a pre-B
cell producing IgMthere may be, for exanple, germine nRNA transcripts
correspondi ng_to e i.ch otential\ly indj e Whi i sotype the
cell will sw %ht££ f%t%%§E§%§ Gce. 6£E€b% F%ﬁlDﬁKn%bﬁ%%hﬁgnﬁggd to
transport a pooeiginDNAgMnttheachasty ded HeimgxaaplicatoednlinthatRNAost, to

transformthat_h : il abl tqQrs. i.ncl.yde t are ngot. [imted to

Vi ruses (proﬁ%??%%%glgﬁg C%3r§ﬁ¥§$§§{lsf¥)gg%iéﬁféfgbfﬁgﬁP‘g{or artificial
chronosones. peasttaalilfyi dnalicaireombsmies SOYACS) theclamriilngyi Mehswed esh
constructeg f{on1glen§nt% %f yeast chronpbsonmes which allow the vector to
be replicated ant ﬁa?n? I"eéd 15 in yeast cells in vivo. Yeast elenents

i nclude a centronere, aNeattooneirduPNPepidleatulen seglence,rangort af

ol mer s, YRRt sTEheEEP LR eI Utk Rl ey S Al ardoin o
host, to transform that host. available vectors
include but are not limited to viruses (prbkaryotes and
10 eukaryotes), bacterial plasmids or artificial
chromosomes.

Yeast artificial chromosomes (YACS) - cloning

vehicles constructed from elements of yeast chromosomes
which allow the vector to be replicated and maintained
15 in yeast cells in vivo. Yeast elements include a
centromere, an autonomous replication seqguence, a pair
of telomeres,.yeast selectable markers, and usually =z
bacterial origin of replication and selectable marker
for replication and selection of the YAC vector arms in
20 Dbacteria. DNA inserts of up to at least 2000 kb can be

cloned and maintained using YACs.

XENOMQUSE DEVELOPMENT

XencMcuse 1s a mouse which has inactivated
mouse IgH and Igk loci and is transgenic for functional
25 megabase-sized human IgH and Igk transgenes. The
generation and characterization of XenoMouse has been
described [See Mendez g;_g;.) Genomics 26:294-307
(1995); Mendez et al., Nature Genetics, 15, pp. 146-156
(1997); Green et al., Nature Genetics 7:13-21 (1994);
30 International Patent application WO 94/02602, by
Kucherlapati et al., published on February 3, 1994].



for replication and selection of the YAC vector arns in 20 bacteria. DNA
inserts of up to at |east 2000 kb can be cloned and mai ntai ned usi ng YACs.
XENOVOUSE DEVELOPMENT XenoMbuse is a nouse which has inactivated nouse |gH
and Igk loci and is transgenic for functional 25 negabase-sized human | gH
-and | gk transgenes. The generation and characterizati on of XenoMuse has
been described [ See Mendez et al., Genom cs 26:294-307 (1995); Mendez et
al., Nature Genetics, 15, pp. 146-156 (1997); Geen et al., Nature
Cenetics 7:13-21 (1994) 30 International Patent application WO 94/02602, by

Kucher| apati et al., published on February 3, 19943 - 22 More.
particularly, there have been deletions of key elenments of the nouse |gH
and I gk loci by honol ogous reconbination in nouse enbryonic stemcells, -
fol lowed by Mgerevipaeticabsnigsi eneek Hae Myl ons ANt Bs sybspgyent

breeding to prﬁduce mce ich are hgpnzygous for both inactivated | oci
(DI mice). SUthUTH%® QrePRchpHBFe 16F MK d mdwsd IRYH RemelgHoehai ns  and

display an arresémbinstcehl idemeliepmentoriydrtie Jrene cdmrd ow:ai 1Lhe
proB/ preB- | a%gge.lﬁfieen et al, Nature 10 Cenetics, 7, pp. 13-21 ?1994).;
G een and JaKbbotis:13¢ CERPSUMEGION184: A8 (id@d)yionsTinGunan | gH and | gk

oci, clomed albyepsinarbiéeginl ebr PFOYOTRS niWS il roguced into ES
cel!s Vi a yeqit squgggl s%-ES cel | u%yog [Ja_kobovics et al., Nature
362: 255- 258 ( 9oUS 8T APPER JBAAILING efarSifils siln Teiee subs&gabnt
breeding ontwiddhead2 baeckgavuadort he iwgemoad andr gk YAG, Ltrapsgenes,
yHIC and ym&aﬁ%”éﬁé%ﬁgytgnfggggggn?kl% céll development in the bone
marrow &t the proB/preB-I stage. [Green et-al, Nature
10 Genetics, 7, pp. 13-21 {1994); Green and Jakobovits, J.
Exp. Med., 1£8:483 (1998)). The human IgH and Igk
loci, cloned on yeast artificial chromosomes, were
introduced into ES cells via yeast spheroplast-ES cell
fusion [Jakeobovits et _al., Nature 362:255-258 (1993)7.
15 After germline transmission and subsequent breeding
onto the DI background, the human IgH and Igk YAC
transgenes, yHIC and yKZ, were able to functionally
substitute for their murine counterparts and support B
cell development. In addition, these mice produced
20 fully human IgMx and IgG2k antibodies, and ultimately,
hybridomas secreting antigen-specific, high affinity
fully human IgG2x monoclonal antibodies with
therapeutic potential were generated.

THE vH1C TRANSGENE

25 The human IgH transgene, yH1C, is composed of
66 VH, all the D elements, all J elements, Cp and C93,
all regulatory elements, all in germline configuration.
By using homologous recombination in yeast, the 3' ena
of yHIC 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



substitute for their nurine counterparts and support B cell devel opnent.
In addition, these mce produced 20 fully human IgM and | g&K anti bodi es,
and ultimately, hybridomas secreting antigen-specific, high affinity

fully human | g&K nonocl onal antibodies with therapeutic potential were
-generated. THE VHLC TRANSGENE 25 The human 1 gH transgene, yH1C, is conposed
of 66 VH, all the D elenents, all J elenents, Cp and Cb, all regulatory
el enents, all in germine configuration.__By using honol ogous reconbi nation
in yeast, the 3 end of yHLC was appeﬁd%a with a 22 kb fragment containing
30 the human y2 gene, including its switch regulatory. elenents, and a 4 kb
fragment. contai ning the nmouse 3' 23 enhancer el enent (See Mendez et al.,
Nat ure Genetics 15:146-156 (1997) .t he disclosure of which is hereby

i ncor por at ed®By2FEFEr € EprtTiéeﬁeyﬁn§f€'éﬁ#ﬁéawrﬂ%%t”%&p?%%%Fbﬁscassettes
for the yeastissehbectgbl e1parketns ABEZ1de STRATRIH A6 Sed act abhe marker and
the right YAC armcarries expression cassettes for the yeast selectable

mar ker LYS2 HRECEPHRARERI BX EEFECERNSY - meider! Neo, Y2 cvdm ng2 ¥ 8588t ance to

the drug, GAdBprdbeibattebsksreentbunationaladin &5 &otdis) @snhtgepronoter,
10 MMTI' (npuse_netal | othionine), is probably non-functional in ES cells. In

other cel P t3pes, the FMMBLoADt CLeRTaRIS Maaieeti prdntiag Bhvhtvery | ow

levels, if atacabim HBEel B0ENBI RRYTPI QA LAt LONdb L i oS qRdsfequires
heavy netal s, er level transcription. 15 Indeed, ES cells

e.g., Cd, for high
t ransf ect ed %ﬁ%%CFﬁpéecBﬁ§¥?Ech§§vé¥KiBbéﬁﬁﬁﬁkﬁﬁ%t%ﬁ&e¢Eﬁ%¥%n | ow | evel s
of (418. B‘GﬁkkkggvﬁbgPNENEoding resistance to the drug, G418. The

latter is non-functional in ES cells as its promoter,
10 MMT (mouse metallothionine), is probably non-functional
in ES cells. 1In other cell types, the MMT promoter
drives transcription at only very low levels, if at
all, under normal physiological conditions and requires
heavy metals, e.g., Cd, for higher level transcription.
15 1Indeed, ES cells transfected with this construct never

became resistant to even low levels of G418.

B-CELL DEVELOPMENT

B cell development initiates in the bone
marrow with a deletional recombination between a D and
20 J gene. Subsequently,.a V gene recombines Qith the DJ
to make a VDJ, which 1s transcribed, producing &
spliced VDJCp transcript. If the transcript is in-
frame, then a p chain 1s synthesized upon translation.
Similarly, and generally after V,DJ, recombination and
25 successful pairing of the 1 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 IgMx or IgMA
on the cell surface. In the mouse, 95% of the B cells
30 express IgMxk; in the human, approximately 60% of the B

cells express IgMk.



B cell developnent initiates in the bone marrow with a del etional
reconbi nati on between a D and 20 J gene. Subsequently,.a V gene reconbi nes
with the DI to make a VDJ, which is transcribed, producing a spliced VDICU
transcript. If the transcript is in- frame, then a p chain is synthesized
-upon translation. Simlarly, and generally after VHDIH reconbi nati on and
25 successful pairing of the p chain with surrogate light chain, the Ig
| ight chain loci rearrange their V and J gene segnents. Successful B cell
devel opnent in the bone marrow results i4f B cells expressing I gWk or |gVA
on the cell surface. In the nouse, 95% of the B cells 30 express IghWk; in
the human, approximately 60 _ of the B cells express IgMK. 24 "These | gM
producing B cells formthe prinmary inmune repertoire and performinmmune
surveillance for recodfiaSon Bf RerdnghnenBi gedds Ferrhéheopsdnerryin
humans, t hesgm}nq%prr@gwtr&l% cehd Zp@él@o%b%%%@t ¥, r3e4R98L3Q 1St ype
class-switching fromlfgMto the |gGor |IgA ,or | gE I sotypes. The frequency
of class swi FERPAHL LMY eds P RIIMgERARIgARERe Fospiiesdoubecerand humans
each have gepgpahel feWsdifherstahsohypPes @h 19 LG, 19Ga,
lg&b, and 1gG3 in the r?ouse% and 1% I_gé ) Icg(lé%,s ?S&Eﬁ%éﬁhﬁﬁtg e human.
Humans have BREerPgAlisedtyarescligatsehtchgng, favth dgd ItgEthsotlggeod n a
mouse, thererhs, @8 8yerage,¢ {00, 4200 and 1,200 pglam. ) .of LoGl. ;g@a, and
| g&2B respect |bvel‘y, and 260 jag/ml  1gA Inq%%e% ugn)gn,dggst ﬁgggcgthég’%lzga
about 70% i s1R5rrgeles T8MGINd |HYG2imBYsesregodnand 3%iice kgG4hukartshe t ot al
L9A [N humang o cAbaUl B | AGd: 208 baA2: sSTHERETER TICTI ONS OF
They are IgGl, IgG2a, IgG2b, and IgG3 in the mouse, and

10 IgGl, IgG2, IgG3, IgG4 in the human. Humans have two
IgA isotypes, IgAl and IgA2, and one IgE isotype. 1In a
mouse, there is, on average, 6500, 4200 and 1200 pg/ml
of IgGl, IgG2a, and IgG2B respectively, and 260 npg/ml
IgA. 1In the human, of the total IgG, about 70% is

15 IgGl, 18% is IgG2, 8% is IgG3 and 3% is IgG4. 1In the
total IgA in humans, about 80% is IgAl.and 20% is IgAZ2.

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)]. For 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



Different isotypes have different effector functions. Such differences in
function are reflected 20 in distinct 3-dinensional structures for the
various i mmunogl obulin isotypes [P.M Al zari et al., Annual Rev. |mmunol.
6: 555-580 (1988)]. For exanple, the human g3 and 1gG3 isotypes are
-involved in conplenent nediated-lysis or antibody-dependent cellular 25
cytotoxicity (ADCC) and the 1g& and 1g&4 have little or no known effector
functions. [Snapper and F.D. Finkel man, Fundamental | mmunol ogy 3d Ed., pp.
837-863]. Since different effector functdns are associated with
different. IgGisotypes, it is therefore desirable to be 30 able to sel ect
the isotype and the binding specificity of the mAb to produce opti nal

t herapeutic benefit. For 25 exanple, if a mAb is desired to neutralize a
cytoki ne respoaseler BfoakmPhe igcHiewinedfta peeeprbizet Aeayhokimp | acki ng

ef fector fU“%é@;ﬂémsé“B? 83 031 kgga@tﬁmt g4 éﬂgéif g‘é‘ode%ﬁsg aOn the

other hand, if t % of a cell via bindin an antigen
on the cell %@?fb@@ki§gdé§ ﬁ@@ortﬁ@@Q$kﬁmﬁsu%hChsaananl@GEZ eithnits

speci i ¢ eff eehor LUBRL! BRSyeghibhal AL ol (M. iSa gﬁs'}{fd ndhus, a

transgeni ¢ nouse engineered for the generation o uman- nmonocl onal
10 anti bodb eskiwblidgbefdesiceaBl #ieobdavitimgd Qﬁea|$hbype afi ahhégersahting

monos! onal antfpodLes. <L ehles 1ea5e. Nk, cauld selest acpartionl ar

anti body i sotype i muni zi ng a particul ar ransgenic nouse Strain which
produces onIyI@%b/dégthedtﬁuﬁ@ﬁcaﬁﬂﬁbcﬁﬁfe@b@ypéunémthn&5 ai tkewonDdCensur e

that any resubiifgrantLoBRssReel fi ¢, J 06 @bérgwgiﬁgnfes%ég the desired

~effector functions. is would prec “ide subseque re- englneerlng of the
englneered for the generation of fully human monoclonal

10 antibodies would be desirable to control the isotype of
the resulting monoclonal antibodies. In this case, one
could select a particular antibody isotype by
immunizing a particular transgenic mouse strain which
produces only the desired human antibody isotype. Such

15 mice would ensure that any resulting antigen-specific
IgG mAbs would possess the desired effector functions.
This would preclude subsequent re-engineering of the
antibody gene to change the constant region including
the isolation (cloning) of the variable region and the

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 Mende:z
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.



anti body gene to change the constant region including the isolation-
(cloning) of the variable region and the 20 ligation of said VH region to
the desired CH gene. In one enbodi nent of the present invention, the sole
Cy gene on the yHIC human I gH YAC, Cy2, is replaced by another CH gene.
"For exanple, instead of the 22 kb fragnment carrying the conplete human Cy2
gene 25 other inserts carrying human CH genes could be cloned into the
targeting vector of Mendez et al. [See-Memdez et al., Nature Cenetics

15: 146- 156 (1997)]. The human Cyl-4 genes have been sequenced and can be
i solated . from bacteriophage | anbda |ibraries of human genom c 30 DNA and
subsequently recovered on EcoRl fragnents of about 20-25 kb [See J. W
Ellison et altatlNupktedc Aciids USRes.79 1Bo#D7NesH070 48982)s . JHu &t | éison et

al., Proc. - 26 Natl. .Acad.. Sci, USA,_ 79:.1984-1985 (1982);_ S. Huck et
2 oot ol hot dbOREEIC MEiTR Samae TAOEEIO- HT60 H1TCon el al DA
1:11-18 (1983) 1% bBendieschasyr eszof 1 mhi chg areodier elhe idcor posated

&y
reference]. 5 Sinilarléﬁ t he sequences for mouse Cyl, 2a, Cy2b, and Cy3
are all knowf'}S8e2RE ASFESH d&TRATATEMVBY TRAATRIIGE B: 2047- 2053 (1984)
the discl gsusenof avhivGhihe shereheddcasparaied By r efesencelsn CLARS
SWTCHI NG 10 C ass switch reconmbination (CSR) fromi gl to 1gG IgA or IgE
i s mediated $hPodgR &ldelBOrEndISeq dborryailioit dleml occtMBP ng bet ween

t andem di r eckbyrnbepesi: bioys -SWILh TGl prigy Presento &ir &f o al iy i g 3 sonst ant
regi on genes except Co. Switch regions are 15 known to be conposed of the |
pronot er, thkerekXoangrgProzad@d &Y dieErrer@eats fl anked by inverted

r epeat

CLASS SWITCHING

10 Class switch recombination (CSR) from IgM to
IgG, IgA or IgE is mediated through a deletional
recombination event occurring between tandem directly
repetitive switch regions present 5' of all IgH
constant region genes except Cd. Switch regions are

15 known to be composed of the I promoter, the I exon and
a set of direct repeats flanked by inverted repeat
sequences. Enhancers and cytokine response segquences
are known to lie in the region near the I promoter. At
least one transcriptional enhancer, located immediately

20 3' of the downstream inverted repeat, in the mouse Cyl
gene has been hypothesized [J.P. Manis et -al., J. EXp.
Med. 188:1421-1431 (1998)]. Also required is iEm, an
enhancer located between JH and Cm. Transcription
initiates at the I promoter and proceeds through the I

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. The human and mouse Sp and Sy regions

30 have been sequenced,_the sequences of which are

publicly available from the Genbank database.



sequences.
the region near the |
| ocated i medi ately 20 3

oyl

-188: 1421- 1431 (1998)] .

JH and
the |

pronoter. At

gene has been hypothesized [J.P. Manis et al.,
Also required is i Em an
initiates at the

yield a non-coding sterile transcript w't

Cm Transcription
25 exon to the end of the C gene._

exons. Transcription through the switch
switch reconbination

sequen

dat abase. 27 In the npuse, erent co

Enhancers and cytoki ne response sequences

are known to lie in

| east one transcriptional enhancer,
of the downstreaminverted repeat, in the nouse
J. Exp. Med.
enhancer | ocated between

pronoter and proceeds through
s transcript is processed to
the I exon spliced to the CH
region is required for class

The human and nouse Sp and Sy regions 30 have been

ced, the Sequencefno£h§?%§ﬂsgfedi?ﬁgkgﬁkyc@%ﬁ&b@?ﬁgﬁ%Lgﬁ

t he Genbank

I nations o nes

and. act i vat orkyrivek pre$ oandl gctivaepeat havef pepgoonddlvags fSaireshi ng from

I gM to indivigdual .CH  gepes

and interl eukin-4 i nduces ¢

PR

f%@ #g&&%ghgﬁdﬁgngg%gtkgn of LPS 5

Suppr esses

swi tching to dgf@b. anbot g&8ampl ber inl ynphokithes caftbéatitignCSR. LPAcl ude but

are not
secreted i

limted, t
DAY W

interf

|11-5 .TG- ~
wraekineh inghbrsaeteRa

ron- nes .are

SRR R0 P dSE T BRTS and

follicular dengltidnd sebbseknethswigenimpakoceartcebs adkd Sgcandanyhkynphoi d

ti ssues.

genes

pronot er .
pr onot er

nodul at

These |, hoki ne
pri or t%V%gggp

“HPobabFy

has been
secret

Terpgd

10

germinal centers of secondary lymphoid tissues.

grgns
SPhrBAgHS Bty
Fortexanpte, TOE-BRL-4ntbrfespanse elréreat liviphoéimmeygserey!
. .[VRoghrrEn et al., Int.
vivo by helper cells suc

presenting T- and follicular dendritic cells in the

ing CH

ription of their .res
EPd nIb ng |

R R S

munol” 2

as %he hn@p' 621-627

igen

These

lymphokines modulate transcription of their responding

CH genes prior to CSR, probably through activation of

the corresponding I promoter.

For example, the IL-4

response element in the mouse Cyl I promoter has been

Immunol 2, 621-627

pPpP.

The lymphokine responsiveness of the human

switch regions is not yet as well-characterizz=d as that

15
mapped. [Rothman et al., Int.
(1990) .1
of the mouse. However, the
20

lymphokines and activators.
source of

human serum.

the different levels of

different human switch (S)

regions may also have different responses to different

This may in part be the

the IgG subclasses in

NON-COGNATE SWITCHING

25 In view

responsiveness oI mouse and

respectively, to

is desirable to have heterologous

controlling CSR in human antibody

30 mice. For example, is

Igyl

" IgG in the mouse.

of the real and

lymphokines and

possible differential
human S regions,
other activators, it
switch regions
producing transgenic

the most abundant class of

It is known also that CSR can occur



(1990).] The | ynphoki ne responsiveness of the human swtch regions is not
yet as well-characterized as that of the nouse. However, the different
human switch (S) 20 regions nmay al so have different responses to different
| ynphoki nes and activators. This may in part be the source of the
-different |levels of the 1gG subclasses in human serum NON- COGNATE
SWTCH NG 25 In view of the real and possible differential responsiveness
of nouse and human S regions, respectivegy, to |ynphoki nes and ot her
activators, it is desirable to have heterol ogous switch regions
controlling CSR in human anti body producing transgenic 30 m ce. For _
exanple, Igyl is the nost abundant class of 1gGin the nouse. It is known
al so that CSRr@xanhtmanrsu 28glbh@;mtbummls%p gvadi omsaB;lQ)m{{sealSyl [ Tayl or

et al. I nt . mwy 2 %e S% 1994) I ng standard t ool s of
mol ecul ar bi &1*bgy %H“P e Vel Pp ha rli zéc? Ol FRARRESY| sequence
[ Mowat t and Busns ckf RoldchlBuNgio1439, PR éﬂiﬁ%éﬂﬁﬁ%ﬁééﬁgﬂe Ceohank

accession n ML2389], it is possible fo engineer a DNA vector having the
mouse Syl fuPRdi GhARPS NPHREASYS &cHUREFSCHMsuditiy arsbquentiske. §., human

Cyl. Incl yded, dowgstream o%gt h§67gu B 3CH,cpding s q)trjggﬂ(ces C\aﬁpﬁel d be a

sequence 10 enconpa&si ng nouse ' enhancer Fe¥ Eoul d be
a 4 kb Xbal R’l&@)&%ht ot aSQDOprb$Eutb efnrgaglmlt a ot wafc vdit cheeng@npass

ooy ® DVeE IngYETSEns boLs Rules, IRk (O et o BB )
pp. 236-248 (BQ@@e"r)c}e By - bavi hgmén &rd . 3Infdlanied1gjd1mmj»mnt@f ytl€ and an
appropriate human CH coding sequences would be a sequence
lO encompassing the mouse 3' enhancer. The m3'E seguence
could be a 4 kb Xbal fragment or a 900 bp Stu I
fragment, both of which encompass the core DNAse I
hypersensitive sites, HS1,2. [Dariavach et al., Eur. J.
Immunol. 21, pp. 1499-1504 (1991); Petterson et al.,
15 Immunobiol., 198, pp. 236-248 (1997)]. By having 5' and
3' flanking homology to yHIC and an appropriate
selectable marker, such a vector can be recombined in
vivo in yeast to replace the human Cy2 gene on yHIC. A
YAC engineered in this way would retain intact all of
20 the VH, Dy, Jy C,, and C; of yH1C, but would have a
chimeric CH gene: the mouse Syl elements wodld control
switching from human IgM to the downstream human CH
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 C, gene.
It is known that the hSg2 sequences are stable in vH1C
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



sel ect abl e marker, such a vector can be reconbined in vivo in yeast to
repl ace the human Cy2 gene on yHIC. A YAC engineered in this way would
retain intact all of 20 the VH, DH, Jj;, C,, and C. of yH1C, but would
have a chineric CH gene: the nouse Syl elenents would control swtching
from human 1gMto the downstream human CH codi ng sequences. |n another
enbodi nent, the human Cy2 coding 25 sequences, including all of the exons
for the secreted and nenbrane-bound forns of the C' gene are replaced by
anot her human CH gene. In this way, the Rdnan Sy2 sequences control CSR
fromC,; to the dowmmstream C. gene. It is known that the hSg2 sequences
are stable in vHIC 30 while other human S sequences, sone of which have

| onger tandem arrays of S repeats..nay be | ess stable. is al so known
that CSR in gb&ﬁ?géﬂlC%ﬁWﬁa tﬁf§¥ﬁfen§gﬂﬁiﬁﬁﬁn%ﬁﬁt%%n%l9% 8PFP8i ent and
gener ates hi gEv%&rsUﬂSlf Ihemelrs IQ_]fG2hl§f&:l'1 te¥) afdi esprisiéncef ficient
production of f % human_ | mAbs. Thus, .it_nmay be preferable to retain
t he human Sy?rﬂHPﬁ £R& Pk IQ¥W?Qn¥ﬂﬁ?|W%D%nd i votreadpohse to

antigen chal peagerawhiel & £ngitiger itie GRdw SeEuiite aneiheral,soLype,
e.g., either Cyl .or Cy4. To acconplish this, a vector wth the follow ng

el enent s wouF§2hé LdGNs BRGCtidd: ViSO IRFRAMYSY FTocalbdopet @eehlADEANn Sy2 and

t he human O/thec%lgagle%&%glcs@ hurage Gt %@ea%bﬁértbéat%g the nouse.
3" enhancer, a yeast ‘sel ectabl e marker, and targeting honol ogy in the

YAC arm for Ex&8npl €1t8gch Gyl @ébﬁdﬂ«mnﬂ%i%ﬁﬁ@m@¥bﬁﬁcéﬂl$nté yeases
carrying yHLG, candkatgated secontlnants would be ssheergdiand 1§:screened.

It should be understood that in these

homology located bntween human Sy2 and the human Cy2

10 coding exon 1, a human CH gene other thah Cvy2, the
mouse 3' enhancer, a yeast selectable marker, and 3'
targeting homology in the YAC arm for example. Such a
vector would be introduced into yeasts carrying yH1C
and targeted recombinants would be selected and

15 screened. It should be understood that in these

- examples many variations can be created be one skilled

in the art and that these examples are not meant to
indicate that these are the only means to achieve the

end of a transgenic mouse having CSR driven by

20 heterologous S regions.

THE ROLE OF ENHANCERS

In addition to S regions, other cis
regulatory elements are known to be or may be required
for CSR. The requirement for i1Em has been mentioned.

25 Also, an enhancer required for expression of normal
levels of IgG has been hypothesized to be between the
3" inverted repeat of mouse Syl and the C,1 exon. This
enhancer could be conserved in other C, genes in the
mouse and humans and this interval should be retained

30 1in any vector designed for CSR via heterologous switch

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



exanpl es many variations can be created be one skilled in the art and that
t hese exanples are not neant to indicate that these are the only neans to
achieve the end of a transgenic nouse having CSR driven by 20 heterol ogous
S regions. THE ROLE OF ENHANCERS In addition to S regions, other cis

-regul atory el enents are known to be or may be required for CSR The

requi rement for i Em has been nentioned. 25 Al so, an enhancer required for
expression of normal |evels of 1gG has en hypot hesi zed to be between the
3' inverted repeat of nouse Syl and the | exon. This enhancer could be
conserved. in other C. genes in the nouse and humans and this interval
shoul d be retained 30 in any vector designed for CSR via heterol ogous

(1996); Gunni Randweee 3l Corpindiafaiiol 2l 1006y, 17858110590 1388) . Al so

i mpor t ant iswzaLmsBer Qf99senhamc1e§cs “npoftdire {@ gestukBehDYge and humans.
In the nouse {he 40 regi gn downstream of Ca contains 5 four_enhancer

el ements, hafP PE§r5f whiPch QBQﬂuﬁﬁpﬁ 1 ersendpei Yemanges {RS). These

enhancers ar ehkNmduset @h3' 4@r dgy ré‘tﬁiﬁa &o%@s@p@mtéea@&m‘:o%alh@l 2 (known
inthe literature and in thls aeﬁﬁgcatlon as mB'E), 15 kb 3' of Ca; HS3b
25 kb 3' of EQUraRBRARECIc&lSTFIS 3 hablmtris: Oﬁs‘ihachrsga DRA8eH53b

enhance expragpkeBenBitasld wated Bieel | s ands ol asnaneelksarbS4ni sractive
over the course of B cell_devel opnent, but is ap arentlg d|5ﬁensable as

the yHIC YACtPacksCREZTandSyd dippordenet¥eatent B¢ellPldevékaphent in
m ce. Toget hep, thBese tbyaeharenisd Can acls sypeTobatieal by ke ephangs

kb 3" of Ca; HS3b 25 kb 3' of Ca; and HS4, ca; 30 kb 3!
10 of Ca; HS1,2, HS3a, and HS3b enhance expression in
activated B cells and plasma cells. HS4 is active over
the course of B cell development, but is apparently
dispensable as the yH1C YAC lacks HS4 and yet supports
efficient B cell development in mice. Together, these
15 elements can act synergistically to enhance
transcription and are hypothesized to form a locus
control region (LCR) for the IgH locus in mouse and
humans. It has been hypothesized that there is some
redundancy of function of the individual HS units. The
20 unimpaired activity of these elements may be required
for CSR although HS1,2 and HS3a are separately
dispensable CSR [See J.P. Manis et al., J. Exp. Med.
188:1421-1431 (1998)].
HS1,2 (3'E) was the first discovered enhancer
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 i1s oriented opposite to the 3'E of the
rat, suggesting that like other enhancers, its function

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



transcription and are hypothesized to forma |ocus con
for the IgH locus in nmouse and humans. It has been hyp
is sone redundancy of function of the individual HS un
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enconpassi ng {exd0notHaCSLll fagwen! Sl Zioomandioned, Tod the
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human Cg2gene, can_support CSR and high | evel expressi
transgeni conide $5ee. TReaASR et/ i HSNatur @osddriatriass 31
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5:0If4 8-ES B UE97) | .

The insertio I ORGPk (=3¢ iNtQ 1 elJgH 3 _1CR can
nc@b Gesb! OBENPLRMRLE: CREKLHN hqsgn( qu 2_1 %&isslqé)&&L and

abrogate class switching to some 1gG isotype

| oner express$on dh brResgepigGhicegASee Genideuslat, dlhe Nammeter and its

expressed gquegé§9cgogg:gg%gﬁsghgigggqanol of the LCR

expressi on

the PGK-driven

The insertion of a strong promoter (PGK) into

10 the mouse IgH 3' LCR can abrogate class switching to

some IgG isotypes (IgG2a, 1gG3, IgG2b) and lower

expression of others (IgGl, IgA). Curiously, the

promoter and its expressed gene also come

under the

control of the LCR: the PGK-~driven expression

15 construct is down-regulated and can be up-regulated in

activated B cells [J.P. Manis et al., J. Exp. Med.

188:1421-1431 (1998)]. Thus, in YAC transgenes

carrying a f-gal expression construct driven by the

strong constitutive promoter, PGK, with construct 3'

20 and adjacent to the mouse 3'E core construct (900 bp

Stul), it may be advantageous to screen for YACs that

have integrated into the ES cell genome with

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

be accomplished by PCR using primers for B-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.



15 construct is down-regul ated and can be up-regulated in activated B
cells [J.P. Manis et al., J. Exp. Med. 188:1421-1431 (1998)]. Thus, in YAC
transgenes carrying a R gal expression construct driven by the strong
constitutive pronoter, PGK, with construct 3 20 and adjacent to the nouse
-3"E core construct (900 bp Stul), it may be advantageous to screen for
YACs that have integrated into the ES cell genone with concomtant |oss
of the PG&K-G gal construct. This can be ggcgnplished by PCR using priners
for Ggal, or by 25 Southern blots probed”™with the G gal gene.

| MVUNOGLOBULI N MEMBRANE EXONS Two forns of each IgH isotype and cl ass,
secreted (s) and nenbrane (m, can be made by a B cell. 1g(s) and Ig(m

are synthesi zpgd-LAEQUER aklerRaty 3 j Gl of, | gH transcripts. Two
menbr ane exons e 2 E'b doms?%jer\aé%eo%t eg @l—ri%geaxohryogﬁ‘()pgéo ‘uman 1gG gene.
- 32 EncodedtbjnenempEgbeane duenrs amsl & ardp o ox inansmenbr ane

A tornati ve sol oG T o OB Eotthe et “MerBr e B orp St st Fo
menbrane 5 botHd tgGth#héimstbranbroouncxoy imderiact Sinvndmmidies  proteins
L0108 EnsSh BeFe, Sab0e: phOQ A aRo ARG SIS0 LT A S0P o
Bi nding of aptpfehnbyinhé&h¥ Begiedn ,ofe.the IIg6 dixqH ayed dov s headdng
ChLTPesy UheLoSBEFRETE oo 8 R € D AP, eSS ol LS
to activation(BER) thkaB del kspabdeubitfi rsiteelay. efdfdroiRidt iafif i nigynqoRg uration
and ger m nal 8?“£§Ei585”%§igﬂei@ Eg%ion'of the IgG dispiayed in the
10 extracellular enQironment, e.g., soluble or on antigen
presenting cells, can lead to signal transduction.
This signal transduction by the BCR leads to activation
of the B cells and ultimately efficient affinity
maturation and germinal center formation in the
15 secondary immune response.
Additionally, binding of antigen by the Ig of
the BCR may lead to internalization, processing of and
presentation of antigen fragments by MHC molecules for
presentation to helper cells. Clearly, efficient
20 assembly of a functional BCR is required for an
efficient primary and secondary'immune response.
The human IgGl membrane exons may not complex
well with the other components of the BCR, resulting in
a chimeric BCR ‘that ‘may not signal as efficiently as
25 that of the mouse. G. Pluschke et al., J. Immunolog.
Methods, 215, pp. 27-37 (1998). A hﬁman IgGl construct
with all of the human exons encoding the secreted and
membrane forms of IgGl was inserted into the mouse
IgG2a locus such that all of the mouse Cy2a exons were
30 replaced and CSR to the human coding exons was under
the control of the mouse Sy2a region. Chimeric human

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



15 secondary inmune response. Additionally, binding of antigen by the Ig of
the BCR nay lead to internalization, processing of and presentation of
antigen fragnents by MHC nol ecul es for presentation to hel per cells.
Clearly, efficient 20 assenbly of a functional BCRis required for an
-efficient primary and secondary imrune response. The human I gG nenbrane
exons may not conplex well with the other conponents of the BCR, resulting
in a chineric BCR that may not signal _agzefficiently as 25 that of the
nmouse. G Pluschke et al., J. Inrnunolog. Methods, 215, pp. 27-37 (1998).
A human 1gG construct wth all of the human exons encodi ng the secreted
and nenbrane forns of IgG@ was inserted into the nouse |1gQ&a |ocus such

that all of thexnuse €nda exenRe WIRSB&dEenHAcekANGLSR 10 human
codi ng exons was under the control of the nouse Sy2a region. Imeric

human |gG VFRBEsBOVLT8CRYRER D oG Weas aXpraded lasy el &clBng 100x | ess

than nmouse |892@eﬁnggaﬂﬁ%Q%Bu%%e@Jﬂé3dH%“bcéM¥*3HHE ol £r J4us,
al though class switc driven by the nouse Sy2a di d occur, the nor mal

i mmune  r esp&RSEORES &’e‘ﬁpF@FﬁP§@(§1lSﬁdt -er ARt a/E1af 1 vedahs el Foy

secreted hu I g heernu t hace, € ing the
secreted Po?%egf g%ﬁgg\é I gd " %:%g;lcglrivfe?uct QIE cfper%ﬁl rre‘?l‘%?fgc; heavy

chain gene Lh&t cX6RFaEREEIARD Ghet I5e HiaRad mmts Cfformcgm ete@l | gG but

with the do e I 0 :_aaSﬁS i ng woul d
have been d\r,\?ég% éz;l?%%ﬁgg)g%dgg%dreégr%qnl;n%fl\}e@nbaiﬁacnleql)ou g"g VC£U| d be

mouse V- hundfngl t crBipdnss @Ml wemthe hutdins @reirs gerr csemmaised t he
serum | evel syghhymRn igd +Wer e Rl £Mtouse membrane exons

10 intact. Class switching would have been driven by the
mouse Syl regions. Membrane bound Ig would be mouse V-
human yl CH1-CH3-mouse Cyl (mem). In this transgenic
mouse, the serum levels of human IgGl were equivalent
to mouse IgGl in normal naive mice. Thus, the mouse

15 Syl can drive efficient class switching and the mouse
IgGl membrane exons can function with at least the
human vl CH1-CH3 exons. The authors did not test the
mice for production of antigen-specific mAbs. As in
the previous construct, the resulting IgGl mAbs would

20 have been chimeric: mouse VDJ functionally linked to
the secreted form of human Cyl.

Given these results, an intact set of human
Cvyl exons, coding both the secreted and membrane forms
of Cvyl, and functionally linked to a human IgH locus

25 (Vg, Dy, Ju, C,, Cs and Sy regions) may function sub-
optimally because of inefficient assembly of the
membrane-bound human IgGl may not yield a fully
functional BCR. Thus, it may be preferable to replace
the human Cyl membrane exons with those from another

30 1isotype known to assemble efficiently into a functional -
BCR. Such exons may include the mouse Cyl exons or
other murine C membrare exons. Alternatively, the

human Cy2 membrane exons would be expected to function



to nouse 1gGL in normal naive mce. Thus, the nouse 15 Syl can drive
efficient class swtching and the nouse [1gd nenbrane exons can function
with at | east the human yl CH1-CH3 exons. The authors did not test the

m ce for production of antigen-specific mAbs. As in the previous
-construct, the resulting gd mAbs woul d 20 have been chineric: nouse VD]
functionally linked to the secreted formof human Cyl. G ven these
results, an intact set of human Cyl exons, coding both the secreted and
menbrane fornms of Cyl, and functionally Pfnked to a human I gH | ocus 25
(vH, DE" JF., CP, C. and Sy regions) may function sub- optinmally because of
inefficient assenbly of the nenbrane-bound human 1gd@ nmay not yield a
fully function BCR . Th it be preferable to replace the human Cyl
nmenbr ane exon&Swit h't ﬁB%eB?Foﬁ\f %{ené‘fmp% bectype khewheheoMadsend? e
efficiently imas migbnteienal oBERc Ruedy exes ABY HAsShULEs tRegRoUse Cyl
exons or ot he£ mur i ne C nenbrane exons. Alternativelgliythe human Cy2

menbr ane exon3dt WhULHYbBREXBERT SRS Fimdtidn €f8iciqrtlyin ThesBORef the

nmouse becausentiign XepoMadsBr&Re hasy dolevebs ehnsecsst ed 'Qﬁgké‘ﬁd

pr oduces h'hgh affi n%t% antigen-specifi c mAbs efficiently. %’hus, the human
Cy2 menbrane EXohSecBUEbEYFufEi Gt 187 hkedTBe t BegRel GeInE@r Gyhe CH - CH3
-exons. The sefgepgantoexbhe iREMRIARE EXDN4T StEROMD) ( XBR8Ad7%9r s hy! |
P3006775 for hy2). VECTOR CONSTRUCTION In one enbodinment, a targeting
vector is 10 )@éﬁér ated to introduce only the CHL-CH3 exons into the yHIC
YAC. The sequence of all of the human CHLl- CH3 as

VECTOR_CONSTRUCTION

In one embodiment, a targetinglﬁector is

10 generated to introduce only the CH1-CH3 exons into the
YH1C YAC. The sequence of all of the human CH1-CH3 as
well as introns and flanking DNA is available [See J.W.
Ellison et al., Nucleic Acids.Res., 13:4071-4079
(1982); J. Ellison et al., Proc. Natl. Acad. Sci. USA,

15 79:1984-1985 (1982); S. Huck et al., Nucleic Acids
Res., 14:1779-1789 (1986); J. Ellison et al., DNA,
1:11-18 (1981) the disclosures of which are hereby
incorporated by reference], 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 CH1 exoh, an
expression construct fdr 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 pOsitivély selected on plate
-Yacking uracil and then screened by Southern blot
hybridization or PCR to test for the loss of human Cy2

30 CHI1-CH3 exons and the concomitant gain of human Cyl

CH1~-CH3. Once identified, the deletion of the URA3



well as introns and flanking DNA is available [See J.W Ellison et al.,
Nucl ei ¢ Acids Res., 13:4071-4079 (1982); J. Ellison et al., Proc.. Natl.
Acad. Sci. USA, 15 79:1984-1985 (1982); S. Huck et al., Nucleic Acids
.Res., 14:1779-1789 (1986); J. Ellison et al., DNA  1:11-18 (1981) the

-di scl osures of which are hereby incorporated by reference], allow ng all
restriction sites to be mapped electronically and a targeting 20 vector to
be constructed. One such vector would contain 5 honol ogy upstream of
human Cy2 CH1 exon, an expression constrifct- for a positive/ negative
selectable marker in yeast (URA3), a direct repeat of the 5 targeting
honol ogy, sequence containing the human Cyl 25 exons CHl-CH3, and 3
targeting honol ogy. This-vector would be transfected into yeasts carrying
yH1C and hondleggo$R Ty exondt hemted posti fét¥leoebuceedlon phabhelokacki ng
uracil and th i ern o] i i i or,,RGR.t 05t est for
the | oss of ﬁﬁnn%?&%g%%a%ag@%$e§6%§£a% : ?%ggcglﬁégﬁ‘ieggm (égi nlé)f )human
Cyl CHL- CH3beOa¢ws dente f§ kel enhelnier at cbnombsbhe lURABcRABingenencan be

selected wt waldror oy il | d_be _expected.to.occur. at high
frequency (123-(%-“’1e -n5) L&{)égéﬁauléee' O%Pe%é)?g?%}é?gig rg-egﬁgmm 8%’8?198085‘0i nation
bet ween diT edther ffdad smrpieneesores yeastllPehetniean g 5nt he URA3 gene
restores a f : ! i : [ atiton_functional for.class switch
r econbi nat i'o#olnglfﬁg tEe le(%grfe&?%ln&g?{ aﬁ?h%é?ég 't f:g 58\9?8&%%%&911 there
are ot her st reacedibes xpracsiorpl ¢Ehamgibadhesengilneesi ngvidhsothkher e may
be notivation,tag engi ' n enes, .e.q.. human Cy4, into
the human C&?%ﬁﬁiﬁ?é“ﬁ%héé)é%gg%egfgg fg¥ ccompllsglbg sucg

engineering. Also, there may be motivation to engineer

10 other human Cy genes, e.g., human Cvy4, into the human

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, 89:7905-7903 (1992);
Y.-R.Zou et al., Current Biol., 4:1099-1103 (1994)]. A
20 ox P site (sequence:TA ACT TCG TAT AGC ATA CAT TAT ACG
AAG-TTA TA (SEQ ID NO: 1)) 1is introduced into the DNA
of a yH YAC. The sequence is positioned 3' of the 3
inverted repeat of the downstream S region, e2.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



CRE- LOX MEDI ATED CLASS SW TCHI NG The CRE-|1ox system all ows the targeted
insertion of DNA into pre-defined sites. Derived from 15 Pl bacteri ophage,
t he CRE reconbi nase drives intra-DNA or inter-DNA reconbi nati on between
| oxP sites [B. Sauer et al., New Biologist 2:441-449 (1990) ; S. Fukushige
et al., Proc. Natl. Acad. Sci. USA, 89:7905-7909 (1992); Y.-R Zou et al.,
Current Biol., 4:1099-1103 (1994)]. A 20 lox P site (seauence: TA ACT TCG
TAT AGC ATA CAT TAT ACG AAG TTA TA (SEQ ID NGO 1)) is introduced into the
DNA of a yH YAC. The sequence is positroned-3' of the 3" inverted repeat
of the downstream S region, e.g., Sgt, and 5 of the splice acceptor
sequence of the CHl1 exon 25 of the downstream Cg gene, e.g., Cgl. The lox P
site can be inserted directly into the YAC via honol ogous reconbi nation
in yeast, or kerganibeg ivgolpgyat ed dnto5' athaggeind at@rdidgy Vet 0Eansuch
as the ones described, earlier in.this descri&%igg. When i ncorporating the
X

30 site into SAchVACTS §ét ily Frecleppt $5ted chh VhEIPnt rd8uced

on a PCR prinebmusedcer ramphiditiaig dhesbieédirgetbsy hoywd ogy, e.g., 5
targeting honnl&géé rr can, be jnserted as an oligonucleotide ligated in

vitro. As hoftb 1R&: Sk dn bt wee M BPPBXIN | feN¢e BReéent ati on

dependent, 5i t oirs enffR@ritbantint eiete tihe Hi 05t enbabi oncd n whichetheyfirst
| oxP site is lnsertﬁg into. the YAC. In the second phase, a plasm d vector
for insertion&P tHE dAernative Oy gene is generated. At the core of

this vector is a cassett® Gafr WereidhgKHsd0 Q%@Paéﬁi@evé@tt,c‘;lgdf'ﬁ?d and a
| oxP site to enable the introduction: this cassette starts with a lox P
site insertion of the alternative Cy gene is generated. At
' the core of this vector is a cassette carrying the Cg
10 gene to be introduced and a loxP site to enable the
introduction: this cassette starts with a lox P site
in the same 5'-3' orientation as in the YAC, followed
by the DNA upstream of CHl, corresponding to the site
of lox P insertion upstream of the Cg on the YAC, and
15 continuing in germline configuration through CH1l, with
the CH1 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 1lxoP site, CRE-lox mediate class switching can



in the sane 5 -3" orientation as in the YAC, followed by the DNA upstream
of CHl, corresponding to the site of lox P insertion upstreamof the Cg on
the YAC, and 15 continuing in germine configuration through CHL, with the
CH1 exon splice acceptor intact, through downstream of the pol yadenyl ation
-site 3' of the second nenbrane exon. For exanple, an approximately 7 kb
Hnd IIl fragnment will capture all of the required DNA for all 20 human Cg
genes. Alternatively, only the CHl-CH3 exons including appropriate
3'signals for transcription and transTati on (untransl ated region,

pol yadenyl ation site) could be used to generate only the secreted form of
the mAb. To abrogate possible read through transcription, 25 a eucaryotic

transcriptiopal termnator sequence can be appended downstream of the CH
gene on the PectBAUCEE D¥aEPrirareiseiteddiof -6 t PANSLGSHMRST adnion

expression gassepbeetOlion, sehectakle 1nBriken SWHER As RPURRIBIYN QAng
hygromyci n may be appended downstream of t-he CH gene. 30 Cnce hybri domas

are generateﬁlFP8ﬁ1PHélfﬁﬁﬁsgéﬁlEeﬁﬁﬂgénééﬁr@Fn@ ORE wPRY e

engi neered yithothe kX0BosktansEREtkex Jmdisat erel 383 1SWdEhitng can 37 be
i nduced bg co-transfectin by electroporatlorl or |lipofection, the
e

circul ari dlpﬁgéFﬁPBn0§egb8rnoaﬁé CEi fde paticf itd® AREYSecolsitmse or a
CRE expr essi Qaumesgoerah@cs;@b%eaa%e%toqqc%%l 1%, GRE oY 'éhmcf.aéb&aﬁn

insertion of the novel CH gene into the |ocus, where it
transcri bed ¥HBJEpkeneeding €ths ﬁ@sﬂﬁ@dUmﬁﬁr@@mCﬂﬂﬂgﬁﬁkencdamng the desired

D Spec {1 Ok binadhepe t £ARSCELRI: ARl < IHRAGAL oMl AEeaude Tun on

transcri pt ion into OWIjSt ream ene. vect or- nas a
sel ect abl e narkReecringaonr anspethed downstream CH gene If the

10 vector has a selectable marker, then transfected
hybridomas can be selected with the appropriate drug,
and then pools or individual clones screened by ELISA
for mAbs of the desired novel isotype. If the vector
lacks a selectable marker, then pools of transfected

15 hybridomas can be screened by ELISA and hybridomas
producing the desired isotype can be subcloned from the
pool. If the replacement CH gene encodes membrane
bound IgH also, then the hybridomas can be screened and
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



hybri domas can‘be selected with the appropriate drug, and then pools or

i ndi vidual clones screened by ELISA for mAbs of the desired novel isotype.
If the vector |acks a selectable marker, then pools of transfected 15
hybri domas can be screened by ELI SA and hybri domas producing the desired
-1 sotype can be subcloned fromthe pool. If the replacenent CH gene encodes
menbrane - bound I gH al so, then the hybridomas can be screened and sorted
by flow cytonetry. 20 In sone instances, .t nmay be preferable to possess
two different isotypes of a single antigén- specific mAb, with one isotype
havi ng one activity, such as ADCC or CM., and the other isotype |acking
effector function, but with identical antigen-binding 25 characteristics
such as epit pecifici af f j.ni.t This goal .¢could achi eved by
nol ecul arly ggggﬁfnghghgbbéfgg %%r%%ﬁ%ﬁé?%ﬁc?%ég%e3§§;8ﬁSPﬁf%nd li ght
chai n and thehaksrewiianakly iln nkiurg irtherthd chyivei dagppr opri at e const ant

regi ons, followed by t&ansfeg%ion 30 into cells for production of the mAb.
However, this process = E and tinme intensive. Alternatively,
using the CRE-1.o0x procassfdesdenibed modi abovensthecmpasskopad anti body
can be efficientl qus-éw%tched.in vivo in the hybridoma. Muse Strains
The follo 'n@naéageugﬁré?ﬁ F&€déScribed 5 and/or utilized herein: Double
Inactivated (DI) Strain The DI strain of mce are mce that do not produce
functi onal endogenous ED“EE I%. In preferred  enbodiments, the DI mce
possess an i nactivat ed2fBRsé3nactivated (DI) Strain

The DI strain of mice are mice that do not

produce functional endogenous mouse Ig. In preferred
embodiments, the DI mice possess an inactivated mouse Jy

10 region and an inactivated mouse Cx region. The
construction of this strain is discussed extensively
elsewhere. For example, the technigues utilized for
generation of the DI strains are described in detail in
U.S. Patent Application Serial Nos. 07/466,008, filed

15 January 12, 1990, 07/610,515, filed November 8, 1990,
O7/919,297,Ifiled July 24, 1992, 08/031,801, filed
March 15, 1993, 08/112,848, filed August 27, 1993,
08/234,145, filed April 28, 1994, 08/724,752, filed
October 2, 1896. See- also European Patent No., EP 0

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 April 29, 1996. The disclosures of each of the
above-cited patent and patent applications are hereby
incorporated by reference in their entirety. DI nice
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)].



- 10 region and an inactivated nouse CK region. The construction of this
strain is discussed extensively el sewhere. For exanple, the techniques
utilized for generation of the DI strains are described in detail in US.
Patent Application Serial Nos. 07/466,008, filed 15 January 12, 1990,

07/ 610, 515, filed Novenmber 8, 1990, 07/919,297, filed July 24, 1992,

08/ 031,801, filed March 15, 1993, 08/112,848, filed August 27, 1993,

08/ 234, 145, filed April 28, 1994, 08/724,4p2, filed OCctober 2, 1996.
See-al so European Patent No., EP 0 20 463 151 Bi, grant published June 12,
1996, International Patent Application No., WO 94/02602, published
February 3, 1994, International Patent Application No., WD 96/ 34096,

publi shed Cctober 31, W99-a0d P+ Agplication No. PCT/US96/ 05928, filed
25 April 29, 1996. The disclosures of each of the above-cited patent and
patent applications are'lHer@gianncepporatiedibp r @ngr ened visd st wdi ithe
entirety. Dl ym very. | Ire .Bxcel | l,o ~okhe.mce do
not produce é%?ﬁ?%“%%i?f%??ﬁgﬁﬁy¥%$g&%%géﬁﬁgé F%&égﬁ%§6 gﬁg% gfgb%&its, J.
Exp. Med., 188, .pplatag3: 495n¢1.008)]7:89-21XdA6MBUse ISuShr aiiiweThe desi gn

constructicon lLysi he nok\buse | _strain s, discussed in
detail inG E’é‘%’%glt&%@%%%?%x %ﬁ%e%g?e%; f§?éfs%1§9ﬁ‘?. béﬁz‘ﬁrﬁiuéléiﬁ
produced hunfirel gWMcearthidoztt esmpgarast Bacbl 1bdokgrtdwnd whehhe ofipae eshowed

i nproved B-cell . function when ¢ ared . to. the DI .stragin_of mice which have
little to no%ﬁ- &85 %fdes&e %Jprﬁe%f%h(ﬁ?l ¥PXERoNBISe lIltﬁl‘eaitﬁ’s 2o rﬁ“\(,,églrmunt a
si zeabl e | Mk elegpaETsEe. t dilant ¢ geahcMohakl @éngeraihgi bl ipleotdeiiton of

| ko M .
B-cell's ws O%H%e%%f%5éﬁ§ug%|§£é¥835g1Eg antigenic challenge, their

10 production of B-cells ws only 20-25% of wild-type mice
and they possessed z 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
1g. L6 mice contain an inserted human heavy chain and
an inserted human kappa light chain. The L6 strain is
generated through breedihg of a mouse containing a

20 heavy chain insért 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 V, segments, starting at V;
6-1 and ending at V,; 3-65, and including the maﬁor D
gene clusters (approximately 32f, J, genes (6), the
intronic enhancer (Em), Cp, and through about 25 kb
past C&, in germline configuration. The light chain

30 1insert, yK2, comprises an intact approximately 800 kb

human DNA insert from a YAC which conteains



and they possessed a limted response to antigens. Both characteristics
appear to be related to their. |imted V-gene repertoire. L6 Strain 15 The
L6 strain is a nouse producing human 1 gMK anti bodi es agai nst a DI.
background of endogenous nouse 1g. L6 mice contain an inserted human heavy
-chain and an inserted human kappa |ight chain. The L6 strain is generated
t hrough breedi ng of a nouse containing a 20 heavy chain insert against a
doubl e i nactivated background (L6H) andsg oouse having a kappa light chain
i nsert against a double inactivated background (L6L) The heavy chain
insert conprises an intact approximately 970 kb human DNA insert froma
YAC 25 contai ning approximately 66 V. segnents, starting at V. 6-1 and
endi ng at Viapgr6himared liyndudixngehes r@dé).trtl[?lg gé‘flevxcgy%h%r% RRr < mat el y
32), J. genes (6), the introni ¢ enhancer (EmM, Cp, and throug bout 25 kb
past C5, in %@ﬁﬁ11n TRenfpP ukatFBﬁerth§°PFQHPSCﬁa@ﬁlﬁtMQQnﬂﬁ

conpri ses anapptasz‘imamu@mmi ahy 800 kih g humap DNA 58&%&%&@”@% YAC whi ch
cont ai ns 40 apprOX|nate 32 VX genes startlng &°VK-s3"an I ng at
V,-,P,,, TheV800skb Iil%%vtercoﬁbau ggAaléellé‘t gﬁrxn@fmeammrrfmqmtampmoo kb

starting at ¥okpvld andenbngitpa v Lp-5 '393@@ %%

gernline conflgurat?oﬁpS fromyV, - L2313 tﬁplﬁo ast andggfso

cont ai ns theJKJﬁﬁﬁéﬁesth@héqﬁﬂﬂqﬂﬂ(?QﬁﬂﬁiBeQ#ﬁﬁﬁﬁﬁﬁs tmﬂeC@nﬂsaahtCC

gene, and KdgentMendez xgle aHMenN%Equ:quetlﬁg ruddr GE ?eﬁ 146- 2997) 1.
0 u

Furthernore, L6 mce exhib predom nant expression ah abp rlght
chain, a 1011léréé6pd|éﬁl9z§lt ilon dlunttemme R cdlé sniemdexoimat | evel s

predominant expression of human kappa light chain, a

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

XenoMouse IIa 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, inclﬁding heavy chain genes
(approximately 66 Vy) and kappa light chain genes
(approximately 32 V,), human heavy constant region genes
(h, &, 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.



of 1gMK human anti bodi es. (G een and Jakobovits, J. Exp. Med., 188, pp.
483-495 (1998)]. XenoMuse |Ila Strain: The XenoMouse Ila m ce represent
second 15 generation XenoMuse7'4 strains equi pped with germine
configuration negabase-sized human I g | oci, against a DI background, such
‘that the mce do not produce functional endogenous |Ig. Essentially, the
mce are equivalent'in construction to the L6 strain, but 20 additionally
i nclude the human Cy2 gene with its entirg -switch and regul atory sequences
and the nmouse 3' enhancer in cis. The mce contain an approxi mately 1020
kb heavy and an approxi mately 800 kb kappa Iight chain |oci, which include
the majority of the human 25 vari abl e regi on genes, including heavy chain

genes (appr oxir@iahyo 6, Miepndxkappa kirghtiehai p1gesesyitapphgXikpately 32
VK), human heavy constant regi on genes S, and y) and kappa const ant

regi on genes SEIL QnityPAFTULR "t AR/ nﬁFSPgWaEﬁPFfFéarﬁéﬁﬁpﬁtéﬁy hgpaRent s.

These 30 m cecdppe DE@E ShoMn | 02 aLEL58 bBEquHl:'.Loﬁp@Qt ket phe variable
genes |ncorporated into their_genone urt hernore, they exhibit

ef ficient cl &&1Sv t2PF P Ehdt %%ﬁﬁ%?coﬁyﬁéwnﬁ% i B« PUEdENi nant

expressi org ofarmmdm@@ppaslhughhlééamaun@ bat9gopenyY! alihaR ahcABLHLE. B-
cells, and normal levels of IgM and 1gG, human 5 anti bodi es. Such m ce

nount a V|goﬂ&ﬁ§xﬁﬁﬁﬁﬁ“édF?%BH®leré@ﬁéﬁ@éeﬂé nﬁPFﬂBﬁéanﬁﬂﬁéQeﬁ§ 8y ncl udi ng

human 1L-8, D REF Fecaptor «E@ER) and hunen AR Reergsig factor-a
(TNF-a), ultimately yielding anti speC|f|c fully human mAbs with

sub- nanonol arf&FEG | ERNETH 5 46t FﬁéFeﬁésuP?lééﬁélé§t9§EV gersastrat es
XenoMuse' "' @8 @ human mAbs with sub-nanomolar affinities. This

10 last 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 toc
undergo mature B-cell development and mount powerful
adult-human-1like 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 guantity 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 oI autoimmune

disease and other disorders.



~excellent source for rapid isolation of high affinity, fully human
therapeutic mAbs against a broad spectrum of antigens with any Qeslred
specificity. As will be appreciated fromthe above 15 introduction, the
XenoMouse Il strain appears to undergo mature B-cell devel opnment and nount
-power ful adul t-human-1ike inmune responses to antigenic challenge. The L6
strain al so appear to undergo mature B-cell devel opment. Wen XenoMuse |
strains, a 20 nmarkedly different B-cell- dével opnent profile is observed.
Onvng to this. difference, it appears that the quantity and conplexity of
variabl e region sequences introduced into the animals are essential to
the induction of B-cell maturation and devel opnent and 25 the generation of

an adul t - human-1i ke | miaeiatbspdieeion ThuByanhihdtive ohitersheystrains
utility to generate hqﬂquggﬁgggﬁ%§€d {ﬁ§¥sﬁﬁgigsgﬁif%%gfga yval uabl e t ool

for studying the production Ion O uman sofn_the nor mal
i mrune resporgdibedigs | (iase. 30thdhealabhbt yator @gspensee chat dsb et bst ke of

aut oi nmune i e r.di d 42 . Variabl e Recion - Quantitative
Di versity |% ?g%%re |gctée)rt thoa’? et %@%i??%i%?di%?g Bht7 béties (i.e., the
ability. to gosatavs aft ibotirendent cepi depspethevavnf aotdgessdand i ndeed

the vari abl o oo, G gSags Bt Re ity CEHE roT VRS PEREY KaBBAtI 1BM chai n
e e TorTon T Lot o o
AT S TR T DR RN,
’ 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. In preferred embodiménts, therefore,
greater than 10% of the hﬁman Vy and V, genes are
25 wutilized. More preferably, greater than about 20%,
30%, 40%, 50%, 60%, or even 70% or greater of V, and V,
genes ar@.utilized. In a preferred embodiment, heévy
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 sequentially/'

i.e., in the order found in the human genome, or out of



nol ecul es. In addition, the human |ight chain genone includes
approximately 40 Vk genes on its proximl end of which 25 are functional
whi ch encode variabl e regions of the human kappa |ight chain of 15

i mrunogl obul i n nol ecul es. W have denonstrated that the specificity of
“anti bodi es can be enhanced through the inclusion of a plurality of genes
encodi ng variable |ight and heavy chains. Provided in accordance wth the
present 20 invention are transgenic nrcé3having a substantial portion of
the human I g | ocus, preferably including both a human heavy chain | ocus
and a human kappa light chain locus. In preferred enbodi nents, therefore,
greater than 10% of the human V. and V,K genes are 25 utilized. Mre
preferably, g?reemeewcet hain- eabouitn ZO%OL’CB@%OW@@: B08h 6]6)% f)dSuﬁdemIﬂO% or

greater of V.. ;%§Q§§ efe odi pent, heavy
.and |ight chaln constr cts tha |né#h§§d%3{b%ﬁe f1o B?OXE§B| region
o; tEe Eunanwwquﬁﬂﬁxamnﬂewgﬁnuﬂntrﬁhkﬂuﬁemuéftg&geﬁoftbﬁmthe V' portion
of the human | S, tive utilize

ﬁyﬂeﬁ(%ﬂé lrnhﬁﬁje\?deé th §eﬁ 3ﬁ?PaPFA§he HQCleﬁthe or der

appr eci at ed, “genes be incl U
found in the I:fwmsmlgarame oW rvaguitowf ’\llagezseaquemceltmﬁ thénvaroerger other

than that fo ) a_conbination thereo Thus, by
way of exanp%ﬂglan nt |$%iy ségﬁentla por?l%Eab?ln%l?%e?v?ﬁéihunan VF or

human V, , re@aqmmmnmﬁeannangemmﬁS ber WT i §ézes, wothimaré dukeY gaBEY.in

ei ther the V% o] \Y g%n %n beo%glggﬁp mhiJ%_nalntalnln an over al

sequenti al arrandeﬁen ggngg WOERIoT el et e Ake - .2 genone can

be reorderedpnﬂﬁinﬂﬁdIemhndHMEﬁt, the entire human loci are
10 inserted in the mouse genome in substantially germline
configuration as found in humans. 1In 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 inciude genes encoding
Yi: Y2/ Yir Yar &, €, and & and other,constant region
encoding genes with appropriate switch and regulatory
sequences. As will be appreciated, and as discussad in
25 more detail below, a variety of switch and regulatery
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



preferred enbodi nent, the entire human loci are 10 inserted in the nouse
genone in substantially germine configuration as found in humans. In any
case, it is expected and the results described herein denonstrate that
the inclusion of a diverse array of genes fromthe V,, anti Vg genone

-l eads to enhanced anti body specificity 15 and ultimtely to enhanced

anti body affinities. Such mce preferably further include the entire
human D. region, the entire human J,; region and the human nmu const ant
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 Yip Yz. Y3/ Ya, a, e, and b and
ot her, constamﬂifegosa1béacadtn@q¢yuﬁbm%iﬁatwmmgpihah@m§M¢ICb‘aﬁﬂy
regulatory nces be appreciated, and as discussed in 25 nore
detail bel ow, %Eﬂ%ﬁ %ﬁ@F (ﬁg%%ﬁ?ch and regul atory sequences can be utilized
in connectlon mnth any particular constant region selection. The foll ow ng
Tabl e indicagﬁggggg_dlver5|ty of antibody conbinations that are possible
in humans, 3 strictly on random V-D-J joi ni ng and conblnatlon W th
kappa |ight fhains, Wi TNOUT COnpT geratton Neadgi t1om, r
somatic nmuta |on eVt £ Based pn th&§%’c6ﬁ§?ﬁbratlons aPﬁérélQPé gr gat er
than 7 44 x||105 possible anti bpdy conbinations in h%@aﬂs of any
partlcular L ot —FABEE—t—Regror—Heavwy—Chai-n—Kappa—tight—~Chain—=5

Functi onal® - §1 25unctional -l 25
Variable “v” '

Functional ' 223 ' —_

‘Diversity “D”

deining “J” 6 5

10 Combinations 5,658 125
(VxDxJ)

~Total
Combinations
(HC Combinations
15 x LC
Combinations)

7.1 x 10°

In connection with a preferred embodiment of the

invention, through the inclusioh-of'about 34 functional“.
Vy, genes and 18 functional V, genes in a mouse with.a

20 full complement of Dy, Jy, and J, genes, the possible
diversity of antibody production is on the order of 4.2
X 10° different antibodies. As before, such calculation
does not take into account N-addition or somatic
mutation events. Therefore, it will be appreciated

25 that mice in accordance with the invention, such as the
L6 and the XenoMouse II strains, offer substantial
antibody diversify. In preferred embodiments, mice are
designed to have the capability of prodﬁcing gréater

than 2 X 10° different heavy chain V-D-J combinations



Variable "V' Functional z23 -- Diversity "D' joining "J" 6 5 10

Conbi nations 5,658 125 (VxDxJ) Total Conbinations 7.1 x 105 (HC

Conmbi nations 15 x LC Conbinations) |In connection with a preferred
enbodi ment of the invention, through the inclusion of about 34 functional
V. genes and 18 functional V, genes in a nouse with a 20 full conplenent
of DH, JH, and JK genes, the possible diversity of antibody production is
on the order of 4.2 X 105 different amtidodies. As before, such

calcul ation does not take into account N-addition or somatic nutation
events. Therefore, it wll be appreciated 25 that mce in accordance with
the invention, such as the L6 and the XenoMouse Il strains, offer
substantial 2@ iMARRR diVBisi E§alPnVpPeferbénasabogi neAtsouli ce are.

desi gned to @@@odmrﬁ%p@&INisyd@hpaﬁguekngo%g%%uJahi“aﬁt ﬁﬁQé

di fferent heavy chain D-J conbi nations 45 kappa | ain'Vv-J
conbi nations, without accounting for N-additions or somatic mutation

events. Variable Regiafy; Qabikakiyg D pﬁgiautwea%q'v&gfigko
guantitative diversity, quantitative , large
nurLers of diverse V-déhé%%ihhu¢@rLQUEP?DQ@taélgeIé@NEGBLGU, V- genes
(i.e., Seh?¢&£ﬁﬂqﬁ&é¥¥44(%%f%céﬁgﬁ”8§)vaagﬁéés(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
10 herein, refers to diversity in V-D-J rearrangements
wherein junctional diversity and/or somatic nuitation
avents are intfoduced. During heavy chain
rearrangement, certain enzymes (RAG-1, RAG-2, and
possibly others) are responsible for the cutting of the .
15 DNA representing the coding regions of the antibody
genes. Terminal deoxynucleotidyl transferase (Tdt)
activity, which is responsible for N-terminal additions
of nucleotides between the V-D and D-J gehe exons 1is
up-regulated. Similar-enZYmes.and others (SCID and
20 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,
25 CDR3 is located across the D fegion and includés the
V—D and D-J junctional events. Thus, N-additions and
deletions during both D-J rearrangement and V-D
rearrangement are responsible for CDR3 diversity.
| The junctional diversity created by
30 N-additions and CDR3 additions play a clear role

developing antibody specificity.



to play arole in what we refer to herein as "qualitative diversity."
Qualitative diversity, ‘as used 10 herein, refers to diversity in V-D-J
rearrangenents wherein junctional diversity and/or somatic nui:ation
events are introduced. During heavy chain rearrangenent, certain enzynes
‘(RAG 1, RAAG 2, and possibly others) are responsible for the cutting of.
the 15 DNA representing the coding regions of the antibody genes. Term nal
deoxynucl eoti dyl transferase (Td.t) actid@wity, which is responsible for
N-term nal additions of nucleotides between the V-D and D-J gene exons is
up-regul ated. Sim |l ar-enzynmes.and others (SCID and 20 other DNA repair
enzynes) are responsible for the deletion(s) that occurs at the junctions
of these coding segnebhsacdondénoaaridihvéhsi tipvesfédos,t oebatranaddaddi ti on
events and foruati f I tarity. ernn_nj r.eqi.o (CDR3) .
As will be é@pﬁéﬁ%s%@ﬁﬁ%ﬁ%@i ggggcgtéa %55;1%215 l?ﬁgt%%r égl?iénggﬁéd i ncl udes
the V-D antcdrxpkyaintei boakxpeehed. adhis -hNmacdiN-aoius. tawa  le@lgethisons duri ng
both D-J rearr ement _and V- r r re.res [ f.or  CDR3
Giversi iy, - T SRt T SRETC T or P EO R aaced by fo Madhitt CRedly core

addi ti onss pl &ayaree cl @RF) r oberedpwrbopong catDRBo e apexiefs chiow. CAR3 | n

accordance wth the jnvention, rearr ed V-D-J.gepe sequences show
N addi t1on IATEHES  hAE Cares COMGAFAONE (08 SXPE el SO0 RUSR N addi ti on
| engt hs. Fuwbterleagthe.acsdceedaences dcrdiss ttihee apeart reading 5 frane
(ORF) correscggndi ng éov CDR3V isgﬁrée%es sh%wVCDR35 & I egﬁjt/hs that are
conpar abl e t “%51&)% tEUVEAUFE A nt“epR3’ Ielngetlhsl. Yaféh/data is indicative
t hat qualitative variable region diversity results in

10 human-like junctional diversity. Such junctional

‘diversity is expected to lead to a more human-like

antibody specificity.

Variable Region — Affinities

While we have nct conclusively demonstrated a

}-a
m

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 wmouse to mount an immune
response to a wide array of antigens is possible and
20 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.
25 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
30 above, such mice possessed sub-normal B-cell production
and a orily limited response to antigens. Such result

appeared related in part to the limited V-gene



guantitative variable region diversity and/or qualitative variable region
diversity results in 10 human-1like junctional diversity. Such junctional
diversity is expected to lead to a nore human-1i ke antibody specificity.
Vari abl e Reaion - Affinities Wiile we have net conclusively denonstrated a
-1° direct causal connection between the increased variable region

i nclusion and anti body specificity, it appears, and it is expected that

t hrough providing such diversity, the-alkrml ity of the nobuse to nmount an

i mune response to a wide array of antigens is possible and 20 enhanced.
Additionally, such m ce appear nore equi pped to nmount inmune responses to
a wde array of epitopes wupon individual antigens or inmmunogens. From our
data it al seepppeariyd.hatsiantltddies esotitcedepdraeg asdapsephiiqh t he

present invention_pqssess enh ed inities. 25 Such data includes
conpari sons 8Fﬁé&#ﬁﬁ9§§ﬁ i gﬁg?dggielﬂé%ﬁaT%eai%%%h??gnr%ﬁﬁo?ﬁ%
XenoMbuse | tst cdivies,secasanelderss. consi deration of the published results of
Genpharm I nt er nat i onal the MRC..In  connection with the XenoMuse |
strains, as nentioned §§r§ﬁjd‘{}'ew%{‘gm R PosRReRedt e uBRioR #RF I BULBF|
production &aReéoayorlry rddd tetl dRsnonisen tOf afihé 9eRSen SUSH, I e8ULbLu18PPear ed

related in part to the limted V-gene 47  repertoire., Simlarly, results
reported by EGERSRIr hlATMEHIERTSha é%ﬁF?h%ShﬁﬁP?%HiE%t%e%u}F fe® response

to diverse amrhied@iHviWidiows WishiNgd® NenborNgnd ocefy1 P L cyEay 5
theory or node qof operation. of the invention, it would appear that
enhanced af f FROLCES -apgdd™ (Y €&t il 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 respcnse, and which play a
substantial role in affinity maturation of antibodies.

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

20 With respect to affinities, antibody affinity
rates and constants derived through utilization of
plural VvV, and V, genes (i.é., tﬁe 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!' S7) of greater than about
0.50 X 107%, preferably greater than 2.00 X 10°%, and
more preferably greater than about 4.00 X 10°¢;
dissociation rates (kd in S7!') 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 107'°, preferably greater than ebout 2.00 X 107, and

more preferably greater than about 4.00 X 107%°,



the provision of the |arge nunber and conplexity of V regions. From our
data, the provision of greater nunbers and/or selection of qualities of
V-gene 10 sequences, enhances junctional diversity (N-additions and
formati on of conplenentarity determning region 3 ("CDR3") diversity),
which is typical of an adult-human-1ike inmune response, and which play a
substantial role in affinity maturation of antibodies. 15 It nay al so be
that such anti bodies are nore effective gand efficient in somatic nutation
events that lead to enhanced affinities. Each of junctional diversity and
somatic nutation events are discussed in additional detail below 20 Wth
respect to affinities, antibody affinity rates and constants derived

through utilization of prekufablVy, s@&@h Yoic@enRRRi(didhal I Peqdisty©0f 32 genes
on the proximal region of the V, ght chain cenome and 66 genes on the

V:: portion %ﬁo@%%egEHBﬁ%}OP@%uFPQOHﬁn§§5a§@&HQQQ%ﬁP?%&%% (KEisn w1 s 11)
of greater tharombouthel. 5 X QEEerﬁkﬁf%h%@dﬁﬂﬁﬁ%ﬂﬁﬁré@@ﬁ 2,0 X 10-6,

and nore preferably greater than about 4.00 di ssociation rates
(kd in S-1) PragrebeetORhART abBAEKI RGO W) 1@i4 er&%@?%ﬁﬁyh@a‘ésat@rdthan
about 2.09 X {&hy SRa@ndigeie pretecalinigreaters than:appoug 4. 00 X 10-4;

and dissociation constant (in M of greater t han about 1 00 X 10-18,
preferably fE0@iNeREn BPBUTCRSEORREMY &hd i mpla 5 kderabd ymepsat er t han

about 4. 00 )iéébé-llégt Eﬁgiﬁr@bk¥g1§ﬁﬁﬁuﬁﬁQﬁ ag@btb%n%hky do.not produce

functi onal endogenous i munogl obulins. This i's acconplished in a preferred
enbodi nent thrdtghvatae thﬁ@éﬂhvaﬁﬂéﬁRﬁﬂiq@uﬁﬂqhﬂPQﬁﬁgo@$ endogenous heavy
and recombination vectors that replace or delete the

10 region.

VARIABLE REGION - B-CELL DEVELOPMENT

B-cell development is reviewed in Klaus B
Lymphocytes (IRL Press (1950)) and Chapters 1-3 of T.

Honjo et _al., Immunoglokulin Genes (Acacdemic Press Ltd.

-t
2

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 gestationalr
2C period, B-cell initiation shifts from the liver to the
bone marrow where it remains throughout the life of the
mammal .
In the life cycle of a B-cell, the first
generally recognizable cell is a pro-pre-B-cell which
25 1is 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, prefB—cell I which is a cytoplasmically u’
cell. This pre-B-cell I then stops dividing, shrinks,
30 and undergoes light chain V-J rearrangement becoming a

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



5 light chain loci. For exanple,
heavy chain J--region and nouse

in a preferred enbodinent, the nouse _
‘kappa light chain J-region and. Cx- region

are inactivated through utilization of honol ogous reconbination vectors
that replace or delete the 10 region. VAR ABLE REG ON - B- CELL DEVELOPMENT
‘B-cell developnent is reviewed in Klaus B Lynphocytes (IRL Press (1990))

and Chapters 1-3 of T. Honjo et al., Irurnunoglohulin Genes (Academn c

Press Ltd.. 15 San Diego, CA (1989)) ~ Gmerally, -in manmals, blood cell
devel opnment, including B- and T-cell |ynphocytes, originate froma common
pluripotent stemcell. The |ynphocytes, then, evolve froma common

| ynphoid progenitor cell. Follow ng an early gestational 20 period, B-cell
initiation shief trSarfzdenetsheiﬂuhananré OB%heilboneMmttr(M wiher %I’(’ietrg[l@l@ai ns

t hr oughout the |ife t rra' In_th i fe cycl of a B-cell, the
first generlmaf”lreecggg_n?%;ﬁ ec%% Jrn?g 5°p 8‘76?L IEAWREORUCSS s found
in the bone smwrfape I?g.[(i:h m@.&tithas beguneheav:xon@llajtrio% ) rearrangenent,
but does not,.yet make g t hen evolves into | arge, rapidly
di vi di ng, prE-B&aty2 ?Qﬁ??@ e%@f%BPﬁ@ﬁl@élGVH$Y<ﬂﬂqu*eThls pr e- B- cel

| then stopsntivHcdionpe tsdrid rﬂférlﬁﬁeﬁéﬁlﬂ pRdengees WHigt rehaige V-J
rearrangenent becaoni ng, awﬁ%e B-cel | whi ch expresses surface -1gM which

| eave 49 t ¥ W& oW a t%ﬁjee%“ceﬁlé‘rdwbélf"dofp‘otlﬁé“en@rf@ nd’Y i mature

B-cell's contidue tf-develop, and togppedygeossur iraee i9lnd @@l%tér\ée of
their conpletion of - dlfferentlatlon and -devel opment as full'y mature
Immunol. Lett., 54, pp. 157-161 (1986)]. 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 determirne the
Additionally, cells can be
(&%) . Another

is expressed by

surface IgM’

screened for surface IgD expression
antigen, heat stable antigen,

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

TABLE 2
Bone Marrow Spleen

Marker | pro-pre- pre-B- pre-B-cell II | immature mature
B-cell cell I zngiiglng B- -B-cell 1 B-cell

B220 + + + + ++

HSA - + + hi lo

25 n - - + + +
o* - - - - +
* Assuming the presence of a functional copy of the

Cd gene on the transgene.




5 i munoconpet ent peri pheral B-cells, which reside primarily in the

spl een. [Hamr)dy andpRoIink, Ann. NY Acad. Sci., 764, pp. 19-24 (1995);
Rolink and Melchers, |munol. Lett., 54, pp. 157-161 (1996)). However, it
is possible to elimnate the delta constant region and 10 still obtain

‘I mmunoconpetent cells. B-cell differentiation and devel opnent can be

noni tored and/or tracked through the use of surface markers. For exanple,
the B220 antigen is expressed in relat+vB0abundance on mature B.-cells in
conparison to 15 pre-B-cells I or Il. Thus, cells that are B220" and
surface IgM (i") can be utilized to deternine the presence of mat ur e
B-cells. Additionally, cells can be screened for surface | gD expression
(0'). Another antigen, Theaugdt alslee canti-gesl, 1 insa e €S sQekbYa 20966 B-cel | s

I t t TABLE .2 Bo row Spl een Marker
:)rg?gr efjlt ;e);qué{ﬁjc HEB gllDO% ag%evelupg‘e Lﬁ’bé] Cﬁ’l\gje I1"‘=""E:t~5"lé?tJiorén‘%ﬂfg| ng B-

B-cel| B-cel IBtetllsBgas be+m®n—ktwb-reo.HSALd- alsslesmedo 25 E - - + + + O*th -
- - + * Assuming the pges afun tio aI of the gene on e
transgene. 50 Through que%%&%B E&'H° er tIOH‘y HEq HowF %rﬁl}‘éﬁed

above, devel opmené thdtddbf epéntinaieiran (hfea\B;r aHd i cap-e moni t or ed

and-assessedirygrngseng¥i%%Shgg_%nq %E%?W%%tﬁggrggnégéé%t) do not
produce mature B-cells. In 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
Lissues, were csignificantly reduced relative to wild
type mice.

20 In contrast, our XenoMouse II strains and L6
stréins, 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 wvariable region genes B-cell differentiation and
development can be greatly reconstituted.
Reconstitution of B-cell differentiation and
development is indicative of immune system
reconstitution. In general, B-cell reconstitution is

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

having inserted human variable regions possess greater



5 (mce that do not undergo heavy chain V-D-J rearrangenent or |ight chain
V-J rearrangenent) do not produce nature B-cells. -In fact, such mce
arrest at the production of pro-pre-B-cells and B-cells never nove from
t he bone marrow to peripheral tissues, 10 including the spleen. Thus, both
"B-cell devel opment and anti body production are conpletely arrested. The
sane result is seen in mce that are only heavy chain inactivated --
B-cel |l devel opnent and differentiation - agyests in the bone marrow. 15 Qur
XenoMouse | strain produced functional, sonewhat mature B-cells. However,
the nunbers of B-cells, in both the bone marrow and peripheral tissues,
‘were significantly reduced relative to wild type mce. 20 In contrast, our
XenoMouse |1 shai as0andsbs Bszzémn§e<~aﬂe>é9%%%hywﬂ%s%%%p%'ﬂ&ﬁtoconp' ete
B- cel | reconstltutlon Therefore, in accordance with the “invention, we
have denDnstrEﬁERl?Eé?nﬁhPSuﬁhlghEYPQURHF?tat|ve i ncl usion or qualitative

i nclusion of 25 variable region genes B-cell differentiation and

devel opnent can be greatl reconstltuted Reconstltutlon of B-cel’
differentiation and dewePsphend!; : B ENOMOUSRINe syst em
reconstitution. In geneA§|1sBd93&hsE€809%tH%HE'@”he e3¢ copared to wld
type controls. Thus, .in preferred enbodi nents of e invention,

popul ati ond cﬂxmﬁ%EthabPH@MPH§érFédthﬁahndéﬁpébEéIﬂ@gﬁ@ﬁsa@@ssess gr eat er
51 than abOLgfﬁé)c/%ﬁvéehkoﬁ%_'r‘%&hk%hgﬁ ‘ﬁ*}%ﬁ %ﬁgpﬁhﬁ%nt%ran%%%%eat' ons of

wild type mce. | SOTYPE SW
encoded mu isotype to the transgene encoded gamma-—2

isotype. As mentioned above, mice in accordance wlth
- 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, Yi3r Yir &, €, 6, and other constant region encoding
genes. Alternative constant regions can be included on
the same transgene, i.e., downstream from the human mu
15 constant region, or, alternatively, such other constant
recions can be included on another chromwmosome. It willil
be appreciated Lhat where such other constant reglons
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



As is discussed. in detail herein, as 5 expected, XenoMuse ||l m ce undergo
effici-ent and effective isotype swtching fromthe human transgene

encoded nu i sotype to the transgene encoded gamma-2 isotype. As nentioned

above, mce in accordance with the invention can additionally be equipped

‘Wi th other 10 human constant regions for the generation of additional

i sotypes. Such isotypes can include genes encoding y,, Y2' Y31 Y4, a, el

b, and other constant region encoding geses- Alternative constant regions

can be included on the sane transgene, i.e., downstream fromthe human nu

15 constant region, or, alternatively, such other constant regions can be

i ncl uded on anot her chronosone. It will be appreciated that where such

other constambyreggons saeenbRgbudedaan MR rSAME € IHYMIOME ASs the
chr onosone .including t he, human_nu constant regi on encodi ng 20. transgene,
ci s-swi t chi ngtt% tHBUBPHEPPPRL 4Py FEagY qh§dﬂyﬁﬁégdaﬁ3@@ﬂaﬂnbhiﬂished. On the

other hand, whefieansshot BeEsGORSY @B 149 O, | Sy e Py diflerent
chronmosone fromthe chronosone containing the mu constant” Tegi on ‘encodi ng

transgene, treHNEN BEhfhg £6525 BRadertier Pirestsypid 989)i)sottipes can be
acconpl i shed. g1 W epent.,alkl.o f ibility in the

desi gn and co(%]ls%%%l?g%ag? ﬁ‘lﬁgghf(%rg %q%éte%m?%ﬁ r?ljoaf e&;n Y bodies to a wide
array of antikfhRrengew | Fobeespppéei atiad Ut-Ifat Redresttadprrieigizonison 30 have

~ known swi tch gnd; £ egub at ghysseayeBces that Jhey . are assqciated with. P11
of the nurine and human constant fegion génés had been sequéﬁ%ed and
publ i shed 52 NeReRVY8ONCSEROKBAEE BY akfer€mwst artheRegicon réenes wfe the

IWﬁunoglobulhnnhﬁawya&ﬁéi“1aEQnEPSn¥bE%%HB%rwas predicted based on
10 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 S5’end of the first i
1 constant exon. Therefore the switch region was alsoc
15 included in the 5’ 5.3 kb HindIII fragment that was
disclosed in Elliscon et al. Nucleic Acids Res.
10:4071--4C79 (1982). Similarly, Takahashi et.al. Cell
29:671-672 (1982) also reported that the.fragment'
disclosed in Ellison contained the switch seguence, and
20 this fragment together with the 7.7 kb HindIII to BamiI
fragment must include all of the sequences necessary
for the heévy chain isotype switching transgene
construction. o
Thus, it will be appreciated that any human
25 constant region of choice can be readily incorporated
into mice in accordance with the invention without
undue experimentation. Such constant regions can be
associated with their native switch sequences (i.e., a
human v,, ;, 3, . « constant region with a human Y1, 2, 3, or ¢
30 switch, respectively) or can be associated with other
switch sequences (i.e., a human vy, constant region with

a human y. switch). Various 3’enhancer seguences can



Mechani sm of Class Switching in I nunogl obulin Genes (Honjo et al. eds.,
Academi c Press (1989)), the 5 disclosure of which is hereby-incorporated by
reference. For exanple, in U S. Patent Application Serial No. 07/574, 748,

t he di sclosure of which is hereby incorporated by reference, the cloning
-of the human gamma- 1 constant region was predicted based on 10

known. seauence information fromthe prior art. It was set forth that in

t he unrearranged, unswi tched gene, the ggtire switch regi on was incl uded
in a sequence beginning less than 5 kb fromthe 5 end of the first y 1
constant exon. Therefore the switch region was also 15 included in the 5
5.3 kb Hindlll fragnent that was disclosed in Ellison et al. Nucleic Acids
Res. 10:4071--4079 &%9§2£. Sinmlarl Takahashi et al. Cell  29:671-679
(1982) al so FepSr PEA FRAL “Fhle. PP M Tn B 178bn trtal%ed the

swi tch sequeacgewands28ithird yf vagrentrdngeitery vidduéheed . Fakbatiandl 11 to
BanHl  fragnent .nmust iinclude all of the sequences necessary for the heavy
chai n isotyh%esﬁpfcﬁgﬁg'transgene construction. Thus, it will be

appreci ated that any hmsaan 25 teamsttdnte reg ahdfo£hDh ceaganide ¢sadily
incorporated, into mce in accordance with the invention w thout undue
experi menPat + BATYRECAVEEABLRAL Irediidiy &iifvels &xbpcrat earafred tf@ir native

sw tch sequeggesetioft: ora“chumRR ¥l ahtihodfed CONSE APk AE9EONNith a
human Y1, 2, ,, 4 30 switch, respectively) or can be associated wth other
switch sequehfe&iEf il aARUMARTY 4 AABRINBG O Wi kAnaR heMan y_
switch). Varhgesp8deBbangebdseauentah it dhavid SPuPey UhihiZadeasyich as
nouse, human,_ or rat, to nane | : . '
chain V, D, J regions coupled to mouse constant
10 regions, such as a variety of gammas (i.e., mouse IgyGl,
2, 3, 4) and the like. Such antibodies are highly
useful in their own right. For example, human constant
regions can be included on .the antibodies through in
vitro isotype switching techniques well known in the
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 factor
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 6f a human gamma
constant region on. a transgene is not required to

achieve such maturation. Rather, the process appears



afew Simlarly 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 "chineric" antibodies. For
exanple, the L6 mce, in addition to producing fully human |1 gM anti bodi es,
-produce antibodi es having fully human heavy chain V, D, J regions coupled
to nouse constant 10 regions, such as a variety of ganmas (i.e., nobuse
lgd, 2, 3, 4) and the like. Such antiboglies are highly wuseful in their
own right. For exanple, human constant regions can be included on the

anti bodies through in vitro isotype switching techniques wel | known in the
15 art. Alternatively, and/or in addition, fragnents (i.e., F.(ab) and
F(ab')2 fragmmnpmocéeeueh aunubddle&nneamlb@ priepamedswhigghmgontain little
or no nouse constant %1 gs g ed above, the nost critical factor
20 to antibody®’p dﬁﬁ%tl% ?gssﬁ ¢ éFF rFBS SYddiched ORECI 8% BV epi t ope
on an antlgemnda@§$ ptahbgenant i body, thereafter becones i nportant
according to the therapeutic need. In other mords, will the therapeutic
in.dex of an antibody be enhanced by 25 providing a particular isotype or

cl ass? Consi degatpmm 10f that question raises issues of conplenent fixation
and the Ilke whi ch then_drives the selection of the particular class or

i sotype of° anti body. Gakife CoREPRSt FPBgMIRINES¥ilsHUMANakfi nity maturation o
30 antibodi es. However, Qﬁtﬁgﬁﬁﬁﬁugigﬁggﬂﬂayﬂnnnn ganma___const ant region

on.a transgene i s not reqU|red to achi eve such maturation. Rat her, the
process appears 54 Replacement vectors for targetlng the parent

YAC yH1C to replace the human y2 switch element and
human CH y2 exons with the murine vl 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 pMuShu4 (Figure 5). The vectors were
constructed using a low copy numbér cloning vector
known as pACYCl1l77. This vector pACYC177 is avaiiable

15 from New England Biolabs, Inc., Beverly, MA and the
seguence can be found in Genbank sequence database
under the sequence accession number Genebank #X 06402,
A low ccpy number origin of replication 1s useful to
prevent unwanted rearrangements or deletions of the

20 plasmid DNA when propagated in E celi.

The first step was to introduce a linker into
pACYC177 in order to accommodate the elements needed
for the targeting veetor. The linker contained the

_ following restriction sites: NheI-Sall—Smal-
25 NotI-EcoRI-Xbal—SacI-BamHI.

The nucleotide sequence of the linker (SEQ ID NQ: 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 gagt
30 ctc - ' - ' '



to proceed as well in connection with nouse gamma .constant regions which
are trans-switched onto the mu encoded transgene. EXAMPLE 1 5 YAC VECTORS
FOR MURI NE yl -HUKIN y4 OR MJRI NE V1- HUMAN yl Repl acenent vectors for
targeting the parent YAC yHIC to replace the human y2 switch el enent and
~human CH y2 exons with the nurine yl switch el enment and 10 either the human
Cyl exons or the human Cy4 exons were prepared (Figures 1). The vectors
wer e designated as pMiShul and pMuShu4- (¥bgure 5). The vectors were
constructed using a | ow copy nunber cloning vector known as pACYCLl77..
This vector pACYCLl77 is available 15 from New Engl and Bi ol abs, Inc.
Beverly, MA and the sequence can be found in Genbank sequence dat abase
under the sedienceuateessidensegmkeceGerfelidrek aoxplG4Ghtard |sw azapyo hunber
origin of repljcat] .S f . Brevent_ .unwant ed rearrangenents or

del eti ons ofg#k% %%HE?Eségggomk &ﬁéngﬁréﬁh§%¥¥ﬁTi9$ “Coif. The first step
was to introduce. aSlinkgrti nta gpACYEL/Tdo agrtderctt @ e eyorastal edde _
el ements needed f t targeting_vector. The |inker contained the

fol |l owi ng restrict?%% g??eg§gNth-§gFlggﬁéF%ﬁSq&ﬂ!qquﬁ%E)@ék- | - BanHl
The nucl eodi de sequeace of the linker (SEQID 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
complinmentary strand of Restriction Enzymes

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

10 conditions were standardized according to the feollowing
conditions: 1 microgram of DNA was digested in 20 ul of
che appropriate restriction buffer and using 5 units of
restriction enzyme for 1 hour. Restriction buffers are

specified by the manufacturer ifcr particular enzymes

—
n

and the Compositions are provided in the product

catalog from New Englahd Biolabs Inc. (Beverly, MA).

To introduce the linker, pACYC177 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
| PACYCi77 isolated on an agarose gel and purified using

Geneclean kit (Bio 101) (Vista, CA). This process
removed only non-essential regions of the vector
including Nhel and BamHI restriction sites.

25 The next step was to introduce thé yeast URA3
gene, with its promoter and coding sequences as a
marker for selection of yeast cells containing the YAC.
A DNA 1971 bp fragment of the URA3 gene containing the
promoter and coding sequence was obtained from pYAC4,

30 which is available from the American Type Culture

Collection (ATCC) catalog no. 67379 (Manassas, VA) and

the sequence can pe obtained from Genebank using



the linker (SEQ 1D NO 3) is shown below. 5' - gat cga get cac tcg agt tct
aga agc gcg ctg aat tca tac gta agc ggc cgc ccg ggg aat att tgt 5 cga
Restriction Enzynmes Unl ess otherwi se stated all restriction enzynmes were
purchased from New Engl and Biol abs Inc. (Beverly, MA) Furthernore, all
‘restriction digestion 10 conditions were standardi zed according to the
followng conditions: 1 mcrogramof DNA was digested in 20 ul of The
appropriate restriction buffer and using units of restriction enzyne for
1 hour. Restriction buffers are specifiéd by the manufacturer for
particul ar enzynmes 15 and the conpositions are provided in the -product
catal og from New Engl and Bi ol abs Inc. (Beverly, MA) To introduce the

| i nker, pACY di_ges i r igtAon:-enzynes Nhel/Bantl. according
to the nanufg%%éﬁgggg #%Et%ﬁg?ﬁgﬁg. ?ﬁ%éI?%%%rfggé%ﬁn§h8$50a859élﬁ§§
| i gated withsaf2208ebp 3r'adnosatl ogfy fACYCITJet Soy at efhenpansadar ose gel and

purified usi I it j.Q1 (Vista CAé. Thi s proces r enoved
only non-essgggFgfagggggﬁgggfm{EQRGEC or r?%%fh%?h nhﬁgfygﬁa’Bgﬁiﬁ
restriction shtieNscZ5 HueorekingstEp tims hanuhicbdoeest hasyeastt idRA3  gene,
with its propoter .and codi ng sequences as a . marker for selection of yeast
cells con aiggkswﬁﬁg'YA%? V%C%ﬁ%'%gﬁﬁg%ﬁ ??%@h%ﬂngP’the URA3 gene
cont ai ni ng thacypidngtiemkaend cadi nii ceguednce: Nassabtabnadsfuaam pYAC4, 30

whi ch i ilable.f t he Al i T Cul t Col | ecti ATCC
calglobsngyaggggfglegggk§§§Jgagdﬁngg¥ék§S%ﬂgéﬁﬁﬁtﬁaﬁggelggtgined)from

Genebank usi BgbSéquently, the two restriction nucleotide digested
DNAs pACYC177 and URA3 were ligated togethér fLo 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

15 vector pGK beta Gal which can be obtained from Cell
Genesys, Inc. (Foster City, CA). The DNA pGK beta Gal
was digested with the restriction enzymes,.XbaI 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
cbtained by digesting the pGK beta Gal plasmid with
restriction enzyme SécI and NcoI. The 1165 kb fragment

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

30 restriction enzyme SaclI, according to the manufacturers -
instructions. The iinea:ized Int 3 was isolated by
'agardse gel eletrophoresis..'The 1165 bp fragment from

PGK beta gal and the linearized Int 3 were ligated



accession no. *U01086. The URA3 fragnent al so provides sufficient 3

honol ogy for targeting. The plasmd pYAC4 was digested wth the
restriction enzynes, Sail and Mscl, according to the manufacturers
instructions. 5 Li kew se, the vector-Ilinker conbination, pACYCl177/1i nker,
‘was digested with Sall and Smal according to the manufacturers
instructions. Subsequently, the two restriction nucleotide digested DNAs
PACYC177 and URA3 were |igated together_ tg, produce 10 Int 2. The next step
was to introduce the beta- gal actosi dase gene (beta Gal) by first digesting
Int 2 with Xbal and Sacl according to-the manufacturers instructions. The
beta Gal gene was cloned fromthe 15 vector pG&K beta Gal which can be

bt ai ned f o n Gal
obt ai ned fromgelthe CoNEHYS + Hd'Cen 4 RSt §F Q\I%él gf%e E%FQ%‘ﬁsea rgtgg o,

was digested with the restriction enhzynes, nea
and the 2553Nely Erugiot BirombpGdbet a Cak Wkefriagared Magether to

produce the Q%’itsozl%“e!bt efdaeohﬁére @Pééggd'mtﬁ k] BEB0QYE bet.

expressi on construct I nconpl ete € m ssing portion=o eﬁﬁ Gal is
obt ai ned by #&ilgedt .m@ tﬁ’msiﬁom Bed al Gagaplasdi ONA Whs céstuiletiigrdenzyme

Sacl and. Mco Ihgqg qgﬂﬁ r e beta g stion was
i sol ated by ggégbse ii é{rop or%ﬁ?gﬂ 8 e%gllg gef gﬁn@ﬁtqmgg*%lesed
fromthe ethﬁ@ﬁ@mﬂﬂwﬂﬁQﬁ§Qﬂeﬁnﬁxﬂgel and purified like described above
using a Ceneclean kit (Bio 101) (Vista, CA). Simlarly, Int 3 was digested
with the 30 restriction enzyne Sacl, according to the manufacturers

instructions. The |inedNIAQDUGRICGN W PsoHaMelBoOBY agarose gel
eletrOphoreS'S" The 1%%%[yégfﬁgq?PtSergﬁology for targeted

recombination was isolated from the sequence of 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 (1297)}. The A287-C10 YAC was
isolated by screening DNA pools from the Washington

University human YAC library {(Washington University,

[
(&)

St. Louis, MO) using PCR primers for the human V.6 gene.
Isolation and characterization of the A287-C10 YAC was
described in detail in International Patent application
WC 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 SnaBl 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



p&K beta gal and the linearized Int 3 were ligated - 57 together using the
enzyne T4 DNA |igase, purchased from New Engl and Bi ol abs, Inc. The DNA
fragment was reisolated and then treated with Kl enow fragnment to bl unt
the ends. The linearized DNA was circul arised 5 using the enzynme Ncol

-whi ch-blunt ligates to Sacl blunt ends to produce Int 4. | NTRODUCTI ON OF
5" HOMOLOGY The region of 5 honology for targeted reconbination was

i solated fromthe seauence of A-267- 10 C10 YAC by rescue of the 3" end and
had been previously cloned into plasnid ppKMc [See Mendez et al., Nature
Genetics 15:146-156 (1997)]. The A287-Cl0 YAC was isolated by screening
DNA pools fromthe Washington University human YAC |ibrary (Washi ngton
University, 15 St. Louis, MJ using rimers for the human VH6 gene.

|'sol ation andSeHated m%ﬁ%%swdt%étmgbecr@mwtasm desomicdhtih det ai l

in Internati arabrBakeNtt APPLE CabhoRa - WGr 84503642, erlapati et al.
publi shed on Februatrrg'ﬁ3 1994, and ?%at di scl osurrelﬂ%dcslgr-{llgrqeb)fZél 20

i ncor por at ed fHR FERdT i PR IRX Wnaheldi jekbed "'wihdnalegyr et i ction  enzynes
Not | and SnaBlscand ddhen d.eat e@hé"' ihklgalcfza h%%‘%suaﬁée 1Pﬁ%5cf§|bg;t%oqe e r

follows: 1 mcrogramof DNA I mcro ers rest ges
reaction, 55 Waiths the é‘fo"bfalefn‘il n$1@@151 n@lgh§§|§lqiat1a1§e {NewrBngIatid Bi ol abs.

Beverly, r‘gg%r%rtzly&p‘@g@ yefe.igcubated for 30 mnutes at 30 C
t hen heat ed Fo C for another 30 mn-utes to denature the phosphat ase.

The vector pp? 4lc wasThR gebtaddw ¢ hCilhe - Hésige.ctqish emxyrd3 ExaRing and 30
then-treat ed Wl , KhanOW FIRIPRAL £0o65880E A 8Ny 3 kb of

downstream sequence (~7kb each) were introduced into
10 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

15 containing the vyl sequences from Pl <lone #1737 (Gl).
Pl phage clone was purchased from Genome SySteﬁs, Inc.
(St Louis, MO). This resulted in intermediate plasmid -
pCGl2.

The second intermediate was constructed. by

20 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 #176EiC, purchased from Genome

25 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

30 following restriction sites: Xbalekill -MfelI-Sspl-
HindIII-SnaBI-BclI-XhoI-Mlul-Xbaskill. Int 5 with the
linker cloned into it was calléd Inté6. The linker

sequence ID NO: 4)is shown below:



to-renove the EcoRi site. The linearized ppKMc was 58 i sol at ed- and
digested with the restriction enzyne Notl, according to the manufacturers
instructions. A fragment of approximately 1 kb 5 honol ogy was i sol ated.
Next, the 1 kb fragment was ligated together 5 with the Notl and SnaBl
-digested Int 4. This DNA preparation was naned Int S. The yl and y4 CH,
H nge., CH 2, and CH3 coding exons, transnenbrane exons and approxi mately
3 kb of downstream sequence (7kb each) weye irlLtroduced into 10 the
repl acenent vectors thrcugh two internmediate DNAs derived from pBR322.
First, pBR322 was digested wwth Hind IIl, treated with Calf Intestine -
Phosphatase (CIP) and I|legated with the approximately 7kb Hnd Il fragnent
15 containing thegyl sed c r RP1_ cl 737.(Gl).. . P1_phage _cl one
was purchased from Gens ;%t%é:frrstfa% nt}:ég ?%t% %ééi g’,CtNg){.a s aggs?ﬂgtaed in
i nternedi ate pl asticé TeCGkZg Hus sapongdtgnt er nedi ate was constructed. by 20
di gesting pB i r rictio HLndL 11, nd BanmH . The 3986
kb fragnent &gég%%@§3§¥£%t%?%%ﬁ#:é?#H%ﬁ%%zggggog%hépasggand ligated with
approxi mately 7kb'Hcadl Ita/eBartid tfraagneat ttontaenieny tche humnmrtyd gta
sequences .from BAC cl 74176F . 0,  purchased from Genone 25 Systens, |nc.
(St. Loui 5’ MO) g?%i %%l%ntcgrgrré:cﬂcataec p?gcém d was called pCXA3. In order to
conpl ete construction of targeting vectors, a new |linker was cloned into
the Xbal restriction site of .Int. 5 The_linker had the 30 follow ng
restriction zl}’l elsefm%ﬁgl ok Ior-J1\(7rne‘Ie:d:“,s}?fl]-In!C KoL 2R

A287 — SnaBI (ex)-EcoRI-BssHII-Xbal (ex)-Mfel-

‘HingIII-BclI-XhoI-Mlul-pGK-teta Gal .

The restriction site Xbalskill 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 notft 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: NotlI and HindIII; Xbal
and SphiI; and Mlul and Sphl. Introduction of the
linker eliminates one Xbal site. The position of the
20 linker in Int 6 was determined by the distance between
the newly introduced Hind III‘site and the Notl site

which was present in Int 5.

CLONING OF MOUSE vl SWITCH REGION:
The plasmid EH10 wés obtained from the
25 University of Michigan and is & pBR3222 based plasmid’
containing a murine vyl switch region on a HindIII/EcoRI

fragment [(M.R. Mowatit et _al., J. Immunol. 136:2647-2683 -

(1983)]. The plasmid was digested with the restriction
enzymes EccRI and HindIII and the 10kb fragment



Hindl Il -SnaBl -Bcl | - Xhol -M . ul -Xbaokill. Int 5 with the Ilinker cloned into
it was called Int6. The linker sequence ID NO 4)is shown below. 59 5
cta ggc aat tga taa tat taa get tta cgt atc tga tca tcc tcg aga cgc gtg
Conpl enentary strand sequence' (SEQ ID NO 5): 5 cgt taa cta tta taa ttc
‘gaa atg cat aga cta gta 5 gga get ctg cgc acg atc The Linker was oriented
inlInt 6 as such: A287 - SnaBl (ex)-EcoRl -BssHI | - Xbal (ex)-Mel -

Hingl I'l -Bcl | -Xhol -M ul -pGK-h;eta Gl The gestriction site Xbalkill
indicates that 10 the particular Xbai site will be elimnated upon
ligation_i.nto the larger DNA. The linker is conveniently designed so that
it can ligate into an Xbal site but the site does not survive the
l'igation. TheRasid afn t h €0 [ r was 15
determ ned by first %?J%nlf né(j(bl?!ﬁlélgbl ?é‘é@kﬁrﬁégt E%% rl at}fe Enﬁe DNA with the
fol | owi ng paibrEidiied ea$r#RPV6Bn enzynes separ at el y NotI and Hi ndl |1; Xbal
and Sphl; and Mul and Sphl. Introduction of the |inker elimnates one
Xbal site. Tne position of the 20 linker in Int 6 was determ ned by the

di stance between the newy introduced Hnd Ill site and the Notl site

whi ch was present in | % % SWTCH REG ON: The plasm d
EH10 was obtained from s rabbi i grrﬁsrjﬁw chigan and is a pBR3222 based
pl asm d cont ai ning a nuengeryktannt of pE§ioniaved Had ldHfEeoRlay f ragnent
[MR Mwatt 18lAlion J- M@Uﬂ%otléﬁe%@ﬂ %gg?’ Lh(olgﬁﬁ)t? IYTahgemeDll*asm d wes

di gest ed W|th the restricti
containing the mouse vi sw1tch was isolated from EcoRI

and HindIII digested EH1C as described above. The
second element was pBR322 digested with BamEI and
EcoRI. The final element was the pBR322 based plasmid,

10 pCG43, containing human v4 on an approximately 7kb
HindIII and BamHI fragment. 211 three were ligated
together to create pMSL4..

CONSTRUCTION OF pMSLI1

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

ligation.

MOQUSE 3' ENHANCER

We isolated the C.92 kb core part of the

enhancer by Stul restriction digestion from the 4kb



enzynmes EcoRl and HindlIl and the 10kb fragnment 60 containing the nouse vyi
swtch was isolated and purified as above. CONSTRUCTI ON CE, nMSL4
Construction of pMSL1 involved a three way 5 ligation. The first el enent
was the 10kb fragnent containing the nouse yl switch was isolated from
-ECORT_ and Hi ndl || digested EHIC as descri bed above. The second el enent
was pBR322 digested with BanH and EcoRlI. The final el enent was the pBR322
based plasmd, 10 pC&3, containing human,y4 on an approxi mately 7kb

H ndlli and .BanH fragnent. Al three were ligated together to create
DVSL4. . CONSTRUCTI ON OF nMSL1 Construction of pMSL1 al so involved a three
15 way ligation. The first elenent was the 10kb fragnment containing the

mouse yl sw Was- 4 f d._Hi ;L digested EHLO as
descri bed abgggl rhe@§§%§%39%r%ﬁgkgﬁﬁiém%ﬁgsﬁgkgggéé eggﬁipﬁ quR! and
BanHl . The ficealtagirementthviasnpBRE228 basedaptasni(dSI12Q@) pEEb2edonhaioni ng

R R e T A L e A Y S
fragment. Thusi@7ddified plasmd after double digest wth BanH ard Lsed
n three i oo 11 gati Of MIKE S BRrARER Dot PEoFared LERa0D. SHHTSor o
part of the Xeolanderllmywet Wy reas¢atmehonwdtpeshor1bhom trhe ghleht6% o
Create blunt ends. We ligated the resulting linearized
Int 6 with the 0.9 kb Stul fragment of murine 3'
enhancer to create Int 7. We verified the.cloning
10 reaction by performing restriction digestion on sample
clones with using EcoRI. In addition, we confirmed the
desired orientation of the fragment by digests with
NcoI; Ncel and HindIII; and HindIII and PvuIl and the
known restriction map of the 0.9 bp Stu I fragment.
15 We introduced another linker into plasmid Int
7. We digested Int 7 with Mfel and SnaBI (double
digest), foliowed by treatment with calf intestine
'phosphétase. Next, we introduced the follcwing 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-BglII-Nhelskill. Again,
MfeIekill 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):



Mul fragment of the pl Bganma2 targeting vector containing the nmurine 3
enhancer (HSIg2) cloned into pIB[MJ. Mendez et al., Nature Genetics,
15:146-156 (1997)]. 5 We digested Int 6-with the restriction enzyne

Xhol ., followed by treatnment with the Kl enow fragnment to create blunt
ends. We ligated the resulting linearized Int 6 with the 0.9 kb Stul
fragnment of nmurine 3' enhancer to create Int. -. We verified the cloning 10
reaction by performng restriction digestdonr on sanple clones with using
EcoRI. In addition, we confirned the desired orientation of the fragnent
by digests with Ncol; Ncol and HindlI'l; and H ndlIl and Pvull and the

known restriction map of the 0.9 bp Stu | fragnment. 15 W introduced
another linker intso plasnick lgda TccVgdi gest edal frical gwiat k¥ elcangdySnaBl
(double digest), followed by treatment with calf intestine phosphatase.
Next, we introducéd the foll ow ng linker by performng a ligation reaction
and creating 20 internediate Int 8. The restriction sites inserted by the

linker into Int 7 are %@¥£ﬁ£¥£$§;¥££§§ggilI-HindIII- SnaBl -Bci | -Bgl I | - Bam
H - Bgll | - Nhel kil | . Agai- i Pcates that the Mel site was
elimnated upon |igatimieicdeplbeel aageetbNy. v B8 Mugleoti de sequence
of the |inker ggE%ll%éﬁ? 6).. 5' eat taa_get tgt acg tac tga tca aga tct
gga tcc ggaQP e 1%t FHeSSEHRENEBLET VEhE Com &Rty i @ rand  ( SEQ
ID NO 7) @ @AzymesA0cdClafgauiagrIagy relibgad ¢ dhaA9leCa Agt t

calf intestine phosphatase. The plasmids pMSL1 and

pMSL4 were partially digested with the restriction

enzymes Scel and HindIII. A 17 kb fragment was

10 1isolated by polyacrylamide gel electrophoresis. The
purified 17 kb fragment was ligated with Int 8 to

create the final targeting vectors as shown in Figure
5.

EXAMPLE 2
15 TARGETING .OF vl OR v4 CONSTRUCTS ON vHIC YAC

The TV1 or TV4 vectors (5 ug DNA) were
linearized by digestion with the restriction enzyme
NotI (Figure 5). The DNA was purified by phénol

‘ extraction followed by phenol/chloroform extraction.

20 Next, the DNA was precipitated with ethanol and then
used to a transform a yeast clone containing the yHIé
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



TARGETI NG VECTORS .The conplete targeting vectors were 5 constructed by

digesting Int8 with the restriction enzymes Scel and Hindlll, followed by
treatment with calf intestine phosphatase. The plasm ds pMsL1 and pMsSL4
were partially digested with the restriction enzynmes Scel and Hndlll. A

-17 kb fragnent was 10 isol ated by pol yacryl am de gel el ectrophoresis. The
purified 17 kb fragnent was ligated with Int 8 to create the final
targeting vectors as shown in Figure 5. EXAVMPLE 2 15 TA RGETING OF y1 OR
v4 CONSTRUCTS ON vHIC "11-AC The TV1 or TV4 vectors (5 ug DNA) were

| i neari zed by digestion with the restriction enzyne Notl (Figure 5). The
DNA was purified by phenol extraction followed by phenol/chl oroform

extraction. 2@aNextcoldei ONANES PRAECHRIJRIAI Mdiy elhandlsand. th@l@e used
to a transform a yeast clone containing the yHic YAC. using a LiA

Y,
t ransf or mat i orr?sﬁ%]otijdb%lCOJ[%%JeGSSdﬁFﬁsFIeplI@ﬁd are SCERR . Pehes. &

16, 339- 346 ( WIBYI-LYITrenst o5 rranf&Wgéeae&ll%t ad Oty SC-LURA agar -gpdi a
pl ates 25 an i[ colonies appeared or approximtely

in bated at. 22 C unt
5-6 days. LL’PF%A S F comt al S aNABHRE - f SR Ig GWaneF Weashk Gheehon acks

uraci | ands t ler-afror eanseh £8tsof 0§ ryfash %@—%'se%éﬁ@t pfﬁ’d&f'ﬁ?At heir own
uracil. Simlar|ly, SCGLYS plates contain a nedia %o growth of yeast

whi ch | acks ife v 481%R¥ESfoF 83 yeasﬂfA(,ColQNﬁ’i é@& hisgo kralrepratiice
their own |ysima.yEhe by essll vhaga56! ORLSS, VJ\.PeraPctfﬁH{ C{iﬁfw“{& S HRA Pl ates
and on SC LY:?1 plates - for genetic testing - | 00
ether the desired isotype replacements occ”rred as
expected. 1In this case, human vl or v4 CH exons should
10 have replaced human v2 CH coding exons (Figure 1). The
yeast media used hers was prepared from supplements

obtained from BIO 101 (Vista, CA).

PCR Primers used for this assay are as follows:
HGl: &' cac acc gcg gtc aca tgg ¢ (SEQ ID NO: 8)
15 HG2: 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. HGI
_ 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 Cyd4
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 Cy2 DNA is the template for the PCR products, but
does not cut the product if Cyl or Cy4 is the template.



the loss of the LYS marker. Only clones which grew on 5 SC-URA and did not
grow,on SC-LYS were grown in YPDA nedia for 48 hours at 22 C. YAC DNA was
i sol ated and analyzed by pol ynerase chain reaction (PCR)" to eval uate

whet her the desired isotype replacenents occurred as expected. in this
-case, human yl or y4 CH exons should 10 have replaced human y2 CH codi ng
exons (Figure 1). The yeast nedia used here was prepared from suppl enents
obtained fromBIO 101 (Vista, CA). PCR Pr4gqorers used for this assay are as
follows: HGL,: 5 cac acc gcg gtc aca tgg ¢ (SEQID NO 8) 15 HG3: 5 cta
ctc tag ggc acc tgt cc (SEQID NGO 9) The PCR reaction consisted of 35
cycles of the follow ng: 94C for 15 seconds foll owed by 60C for 45 seconds

and then 72@&@&&%8,6(&@%@@&%%&811 EFL Bra{Egrm%% RS t:' 1Qed at

nucl eoti de 181 on consensus 20 hunan nrrent & primer HG3
was positiondd ACTRI®BIGHelnba bFot ﬁmgaﬁhgﬁrrenﬁt 43Bhbge anpir i3ver Hpwi | |

anplify DNA {;hem , and, L4 S. L_I’IC'[IOH site
pol ynmor phi sm.in th@eg(Il Zlgﬁ)ubnan éagenggizluflgg tP?I cu I’r(‘aLlscsotypg "6t ™ Ehe

tenpl ate DNBIGGUI o 5 rdettey n‘ifh%dP@?f Pégﬂant nnhodltgestflr@@r@httsher PCR
products 10 ¥igel t a [, ex t he
50 vee %ﬁJ@r{HJQﬁSpOJJhS ﬁéﬁ ggERQE?% 5%9 in Sf MAdment s of

restriction enzyme Pvull restrict
621 bp and 19élbﬁmwmwl§g@heouémbat ellfsmnntglme.slﬁ .products, but

does not cut the product, i, Oyl h Late. 64 Simlarly, the
restriction enzyne Eco47nlll restrf’c%%!ée?hOE Eugtlz 8™ w6 Hr agnents

of 438 bp an¥e37% b{iommmhlgx}@mamédcoﬁeatl ggenéhecrsesﬂsr wetlilon enzyne

as the desired IgG isctype were further screened by

10 Southern blot assay [J. Sambrook et al. Molecular
Cloning: A Laboratory Manual, Chapter 9, pages 31-45,
Cold Spring Harbor Laboratory Press (1989)}. A 5
microgram sample of DNA for each clone was digested
overnight with the restriction enzymes Hind III, EcoRI

12 and Bam HI. yHIC YAC DNA, which served as the originai
target on the replacement vectors was used as control.
The digested DNAs were separated on 0.8% agarose gel,
stained with ethidium bromide and photographed and then
transferred onto nylon membrane (Gene Screen

20 Hybridization Membrane, NEN Life Sciences). Next, the
'YAC candidates were checked on Southern blots using
hybridization probes from the following Ig genes: D,
mu, J, delta, murine 3' enhancer, Cg1,4,Vl—6. [See M.J.
Mendez et al., Genomics 26, 294-307 (1995); M.J Mendez

25 et al., Nature genetics vol 15, 146-156 (1997) (V3
probe) ] |
The following probes were used for Southern blotting:
HGl1 : CAC ACC GCG GTC ACA TGG C (SEQ ID NO: 8)
HG3: CTA CTC TAG GGC ACC TGT CC (SEQ ID NQ: 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.



.Bglll restricts the PCR product into two fragnents of 5 686 bp and 125 bp
when Cy4 is obtained. In this way all three isotypes of 1gG could be
di stinguished. In the next |evel of characterization, all yeast clones
whi ch exhi bited correct genetics as well as the desired IgG isotype were
-further screened by 10 Sout hern bl ot assay [J. Sanbrook et al. Mol ecul ar
Cl oning: A Laboratory Manual, Chapter 9, pages 31-45, Cold Spring Harbor
Laboratory Press (1989)). A5 nicrogrqn1§§nple of DNA for each clone was
digested overnight with the restriction enzynes Hnd |11, EcoRl 15 and Bam
H . yH C YAC DNA, which served as the original target on the replacenent
vectors was used as control. The digested DNAs were separated on 0.861
agar ose gee. gt ' i di by amj and phot ographed and t hen
transferred gr?t %@ﬁ*ﬁ%%ﬁ%%gi?gﬁ% égg}eng%SZ 9 ebrl“isﬁlgiZati on Menbrane, NEN
Li fe Sci ence¥HSMNexty' tHEC YAC GEGICTEt 6SGWeCE cisdckad aaTSagEperop bl ot s
usi ng hybriﬁkgagkﬂn~probes fromthe following Ig genes: D, nu, J, delta,
murine 3" enhancer, Cgl,4,VI-6. [See MJ. Mendez et al., Genom cs 26,
294- 307 (1995HSEM J Mer@ez QBCeTGal TTCNaRAr € Tgenetni cIcvalcclEseED 46> 156
(1997) (V3 Cgrocg;gé)l) The foll ow ng probes were used for Southern blotting:
HGL : CAC A éTCACATGGC(SEQlDNQ 8) HG3: CTA CTC TAG GGC ACC TGT
CC (SEQ ID NO 9) 30 These prinmers will anplify -820 bp fragnent for ganma
1,2 and 4 . H e C e used.as_a probe as they are highly
honol ogous. 6§g]1ed;)Pngnrrp ??gomgfgﬂl%%ﬁgaﬁffnélrsf%re used: VHSA: 5 GIC
GAC GGG CTC BBB3GCPH 'GEITATERFCICCSERY | DGA CAT CGC C {(SEQ ID NO: 12)

REP4: 5' GGT TCT TTC CGC CTC AGA AGG (SEQ ID NO: 13j

Ang, finally, to amplify Cmu following primers were
16 used |

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

Jdmé: 5' CCC CAG TTG CCC AGA CAA CGG (SEQ ID-NO: 15)

Finally, we confirmed the general structural
integrity of the YACs using CHEF gel pulse-field gel
15 electreophoresis (CHEF DR-II, Bio Rad Life Sciences,
Hercules, CA). '
We designated the YAC encoding Cyl.as YH2Bm

and the YAC encoding human Cv4 as yH2Cm.

EXAMPLE 3

20 CONSTRUCTION OF VECTORS FOR RETRQFITTING
vyH1C 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 pACYCL177 (Genebank
#X06402) available from New England Biolabs
Inc. (Beverly, MA). We introduced a linker into

PACYC177 to facilitate cloning of a murine 3' enhancer.



NO 10) VHSB 5' GGG CCC TGA TTC AAA TTT TGI GIC TCC (SEQ ID 5 NO 11) For
HPRT followi ng priners were used REPS. 5 CTG GAG TCC TAT TGA CAT CGC C
(SEQ ID NGO 12) REPO 5 GGI' TCT TTC CGC CTC AGA AGG (SEQ ID NO 13) And,
finally, to anplify Cru following primers were 10 used Jm: 5 GCT GAC ACG
-TGT CCT CAC TGC (SEQ ID NO 14) Jmi: 5 CCC CAG TTG CCC AGA CAA CGG ( SEQ
ID NO 15) Finally, we confirned the general structural integrity of the
YACs using CHEF gel pulse-field gel 15 gkectrophoresis (CHEF DR-11, Bio
Rad Life Sciences, Hercules, CA). . W designated the YAC encoding Cyl as
yH2Bm and the YAC encodi ng human Cy4 as yH2Cm EXAMPLE 3 20 CONSTRUCTI ON
OF VECTORS FOR RETROFI TTING VHIC YAC TOvl (TV d) AND v4 (TV (4) Vector
constructi onyé ofa Pl €QatheOphie 13" gRld i Vestof snig retLof ifxtheryHIC YAC
to yHGL and 25 yHA is schematically shown in Figure 6. The targeting
vectors wer e”bui F#€ oA~ 2 2B4EREBIre 08t TEAMCICIA (iGesh 2tk L 98xDB202) tavai | abl e
from New Englangy 8i ok ake rl Ras( BaYeholMY -1 Méa ﬁI%jPP%‘hg 'bgé% into
pPpACYCL177 to facilitate cloning of a marine 3' enhancer cal l ed the
pACYC177 vectoflchhralAfng tTﬁe liimker mucleptite $eyaelyeerhSEQf ID

restrictign gnzyiy Cignbﬁgwﬁ'ﬁ%io# n the linker was as
foll ows: HlndIII-SaI “Mul-Pacl- Fsel-HindlIl. The linker nucleotide

sequence (SEQID 5 NGO 16) is shown bel ow
5' agc ttg tcg aca cgc gtt taa tta agg ccg gcc a

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

5' agc ttg gcc ggc 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 pACYC177 modified with the linker

shown above and the DNA is called Int 10. Proper

[
n

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

enzvmes NgoMI and EaglI.

Amplification of a 5' homoloay reaion

20 A region of 5' homology was obtained by PCR
amplification of the relevant portion ¢f pIBgamma?2
targeting vector [M.R. Mowatt, et al., J. Immunol.
136:2647-2683 (1983)]. The nucleotide seguence 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)



5' agc ttg tcg aca cgc gtt taa tta agg ccg gcc a The nucl eotide sequence
of the conplenentary strand (SEQID NO 17): 5 agc ttg gcc ggc ctt aat
taa acg cgt gtc cac a 10 W cloned the nmurine 3' enhancer fromthe yHIC
targeting vector as an approximately 4kb Mul fragnment. The 4 kb enhancer
‘fragnent was cloned into the ML.ul site of pACYCL177 nodified with the
| i nker shown above and the DNA is called Int 10. Proper 15 orientation of
murine 3' enhancer was determ ned by digesting prospective clones with the
restriction enzynmes NgoM and Eagl. Anplification of a 5 horriol oav
reaion 20. A region of 5 honology was obtained by PCR anplification of the
rel evant portion of plBgama2 targeting vector [MR Mwatt, et al., J.
| mmunol . 132644 2683 1 ] u otide.seq c f the priners
used for anplifying the 5 %ﬁ?rmcl%%-{}?crﬂg?gﬁ gég \%?ekﬁgge%g%sot fbank
Accession no. ML2389] FMitiaeiac ga&» ¢4 ehh otg age a99 eag doy aySEQ ID
NGO 18) 67 Priner 2 kﬁﬁggfg“ggg fsaybycigac ttc gta taa tgt atg cta tac
gaa gtt att gtg gga cag agc tgg gcc cag g (SEQID NGO 19) Priner 2
contains Sacll and-Sphl sites as well as a lox 5 p elenent. The 5
honol ogy regi i Sl the-fallow ng PCR.caonditi.ons: 20
cycl es of 94CP(¥1fm\§?IS32Psg§con sﬂgf%%ﬁ%ﬂﬁygéga %%jlrtgﬁoageggr}&s,a afd tRen  72C
for 60 secon®s&lmientegi dheands' timobeguenegidonalieer PCRoimpg iifti ddnt 0
T YOPO veet sl PR ol iy AR En T LIBRRY! HH0UGR LG (3L sbad,

for 3 seconds, followed by 55°C for 30 seconds, and then

72°C for 60 secgnds. The region was then sequenced
atter cloning it into TA-TOPO vector. TA-TOPO is

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

The primers for 5' homology seguencing are shown below:

seql: gtc tgg ccc ctc tgce tge (SEQ ID NO: 20)
seq?: cac cca taa ‘aag gct gga (SEQ ID NO: 21)
rev. seql: acg gct cat gcc cat tgg (SEQ ID NO: 22)
15 rev. seg2: 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' homoloovVv regions

20 We obtained human y4 ccding exons and a
region of 3' homology by perfcrming partial enzymatic
digestion of the plasmid pCG43 using the restriécion
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 IntI G4.

Intl G4 was digested with BamHI, treated with

calf intestine phosphatase and then the vector were



The prinmers for 5 honol ogy sequencing are shown bel ow. segl: gtc tgg ccc
ctc tgc tgc (SEQ ID NGO 20) seqg2: cac cca taa -aag act gga (SEQ ID NGO 21)
rev. seal: acg get cat gcc cat tgg (SEQ ID NO: 22) 15 rev. seq2: tag tga
gtg ggc ctg act (SEQ ID NO 23) W conpared the resulting sequence to the
“human switch y2 sequence (CGenebank #U39934) and determined that it is
identical. Conina of y4 coding and 3' honol ogy reaions 20 W obtai ned
human y4 ccd.ing exons and a region of gg honol ogy by perform ng parti al
enzymatic digestion of the plasmd pC&3 using the restriction enzyne
Sacll. W then digested plasmd pGS43 with the restriction enzyme BanH
and we cloned a purified 25 approximately 7 kb fragnent into the TA vector

cont ai ni ng ism&gysﬂé gablkedet e INtRIURIGNA & 5§ £COM Nant  DNA

nol ecule Int] G4. Intl was di aested with BarmH, treated vvlth cal f
i ntestine pHo%Cp}Pa‘%%%eV%%EIOFh@ﬁSt & ApE@ R Swestes BBLbed dped @k usiHy agar ose

gel el ectropfof esi SBaIH-}i?? fkﬁ?h@h%d £¥@&! Y1 RVRR il OA! edolafeﬁfe;&{%rpe& bef ore

with 3.4 kb BanH fragnment from gama2.” Orientation o nsert was
det er m ned biﬁ%o%l’bi‘r%r*éil‘(j@étd%ﬂfmpﬁ@ DY [doubiie ¢igrlt | NaiTHimd

determ negd torpe aind hesRurrend el Bab khRamndg ! 28 del edmned by

the sizes of fragnents after %ests Next we needed det er m ne
ori entation ¥id @he3 |4 nkler BeRrHpACYeDPEdnten et pirasm dl. b}Thths‘D waszelone 10

by preparing a M}ﬁ of dggﬁlglee di;gestdions of pACYCL77/1inker with Smal and
wi th one of each ?hes foll ow r%g%second enzynes, Sall, MLul, Pacl and

Fsel . Next we needed to deLermlne orﬁentatlop of

the linker in pACYCl77/enhancer plasmid. This was done

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

15 The positions oI restriction sites in

PACYC177/enhancer plasmid is as follows: Clal/Smal

(ACYC177)~HindIII-Fsel-PacI-Mlul- ({enhancer:PstI-
PvuIlI-EcoRI~-NcoI-NhelI-Apal;) -Mlul-Sall)- PfmlI
(pPACYC177) .

20 The next step was to clone URA 3 gene into
pPACYC1l77/enhancer plasmid. The purpose of this is to
vretrofit the targeting vector with 2 selectable yeast
- marker, as well as 3' homology to drive homologous
recombination. In order to clone URA3 gene, Int 2
25 (constructed for original TVl and 4, described in
Example 1) was digested using SacIli/Sall. Similarly,
the pACYCl77/enhancer plasmid was digested with
SacIl/SalI. 3.8 kb fragment from Int 2 digestion and a
5kb fragment from pACYC177/enhancer were isolated on
30 agarcse gel electrophoresis and ligated together. The
resulting plasmid contains enhancer and URA3 gene in
. pACYC177 backbone. The next step was to introduce two

more linkers into Intl G4 with cloned 3.4 kb Bam HI



Li nker orientation was determ ned by sizes of resulting fragments. 15 The
positions of restriction sites in pACYCL77/enhancer plasmd is as foll ows:
Clal/Smal (pACYCL177)-H ndlll-Fsel-Pacl-Mul- ((en_hancer:Pstl -

Pvul | - ECORI - Ncol - Nnel -Apal)) -Mul-Sall)- Pfm1l (pACYCl1l77). 20 The next
-step was to clone URA 3 gene into PpACYCl77/enhancer plasm d. The purpose
of thisis to retrofit the targeting vector wwth a sel ectabl e yeast

mar ker, as well as 3' honology to drive homol ogous reconbination. |In order
to clone URP3 gene, Int 2 25 (constructe or original TVl and 4, described
*Iin . Exanple 1) was digested using Sacli/Sall. Simlarly, the
pPpACYCL1. 77/ enhancer plasm d was digested wth Sacll/Sail. 3.8 kb fragnent

fromint 2 d an ment fron1 RPACYCL77/ en cer__wer.e

i sol ated on gggékﬁggée g% ? {£§ %re5|§r§ﬁglF|§aP@& 6 3FﬁegntTﬁe

resul ting plaénld cont ai ns enhancer and URA3 gene in .pACYCl7.7 backbone.
The next step was to introduce two nore linkers-into IntI &4 with cloned
3.4 kb BamH 69 fragment. The resulting internediate was called Int 2

4. The Li nk&he weEmkeass fidtowss Roll&ivkl: - ReelkNatl-KislelT -ama 1 Kiiinkemd
sequences: %&%CAE'II('GGCCGGCCAT (SEQ ID NO 24) TACCGGCCGGTACCGG ( SEQ 1D NGO

25) The seco &S ha T he’ followng restriction sites:
Bam HI - Kpl - EGOR#IMGKICEFE@EAS! { SEGaIDI kel:| 2:4)

GATCCGGTACCGATATCg@é;ﬁﬁﬁ§§gé%§%%%%1ﬁg@g G%ng (%%Q ID 10 NO 26)

The second linker had the following restrietion sites:
BamHI-KpnI-EcoRV~Mfel~Fsel-Sfil-BamHikill:
GATCCGGTACCGATATCCAATTGGGCCGGCCGECCATATAGGCCT (SEQ ID
10 NO: 26)
GCCATGGCTATAGGTTAACCCGGCCG GCCGGTATATCCGGACTAG {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 Notl sites. In addition,
this leaves the final targeting vector with a unique
Not I site, which was used to linearize the targeting
vector before transformation. The second linker was
. ‘used to clone the last fragment needad to restore the
20 complete downstream region of yH1C YAC, a 1.5 kb
BamHI/EcoRI fragment.
Linker 2 was introduced via partial digest with
Bam HI. IntI G4 (with cloned 3.4 kb BamHI fragment)
was partially digested with BamidI and the partial
25 digest was ieolated 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 BamKHI site at 3' end of 3.4 BamHI fragment) was
30 determined by digesting clones with Mfel and NotI

(double digest). The Mfel site is introduced with a



GCCATGCCTATAGGT TAACCCGEECCGECCCGTATATCCGGACTAG (SEQ 1D NO  27) The purpose
of introducing linker 1 was to provide an Fsel site for the final cloning
step, as 15 well as elimnating one of Notl sites. In-addition, this

| eaves the final targeting vector with a unique Notl site, which was used
‘to linearize. the targeting vector before transformation. The second

| inker was wused to clone the |ast fragnent needed to restore the 20
conpl ete downstream regi on of yHLC YAC, azol 5 kb BanHl / EcoRl fragnent.

Li nker 2 was introduced via partial digest ' with BamH . Intl & (with
cloned 3.4 kb BanHl fragnent) was partially digested with BanH and the
partial 25 digest was isol ated on agarose gel as a 13kb fragnent. The 13

kb fragment was, f esti spoh se and ligated with
| i nker. The pOSI%%%ﬁé o(? %%hN{;?%k%;Eén?Its Eﬁeg Pent &t %%‘ﬁ (V HHer it went
into correctRE8atHvefragmelt shdesf p@rmlBamﬂilloweaigriemx)t iveisc 301 stet er mi ned

by di gesting i I d doubl e The Mel site is

i ntroduced V\Aﬁog.}?%()[y%% 1{1&? E g ?Ebéﬂkgfa S 8% S:h% jr SXE5n tHe vect or | _
Rel ati ve fragmﬂaﬁmisisezsepmfnttadilmwed ildeneif iagat now 10ft thespasidion and
orientation q%ghfélg nker. The plasmds retrofitted with |inker are now

Int 3 d and Imt™ 3 G4. The next step was to clone into Int 3 4
plasmid, a 1.5 kb fragnBme mdxthi sedobyaBantl CEoeR! indeuhle & gest of

8: gggtm/nﬁielol %81 d"q“gleéls-’[]eoi:L ISang %ﬁa %?H%em%§c\k£§%§?’—:a%%g‘gggmﬂ airtnlgjijI
double digest of pIBgamma2 plasmid. The 1.5 kb
fragment was clcned into BamHI partial digést/MfeI

16 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

15 4 G4 was digested with NotI, treated with calf
intestin2 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 ﬁhis step. As a result, a uniqué

20 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 pACYC177/enhancer/URA3
plasmid.

25 The final cloning step was a partial digest
of Int 5 G4 with Fsel, followed by isolation of a 13 kb
fragment on agarose gel and ligation into the uniqgue
Fsel site of pACYCl77/enhancer/ URA3. The orientation
of this insert was determined by a double restriction

30 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



no orientation determ nation was needed in this step. The resu
plasmd was called Int 4 G4. The next step was. to introduce th

with the restriction sites Notlkill-Fsel-Notlkill. Int 15 4 (4
digested with Notl, treated with calf intestine phosphatase, is
-agarose gel and ligated with the linker. The resulting plasmd

lting

e |inker

was

ol ated on
was called

Int 5 G4. Again, there was no need to determne linker orientation in this
step. As a result, a unique 20 Not | site,was elimnated and on
was added. The purpose of introducing thé Fsel site was to al
of a fragment spanning from5' honology region to the.1.5 kb f
pACYCl??/enhancer/URA3 plasnmid. 25 The final cloning step was

”'digest

on agarose gm

8 aﬁggf‘wot:h Ssel, fl%%v% BYsd StgA ﬂzp&fé)cfiu . e 13K

igation into t uni que

e Fsel site
ow cloning
ragnent to

a parti al

rlbrggmant

pACYC177/ enhahowe/ fcmxheTh@n@uremraltqromIder tGh s iWseobtaas detecyined by

doubl d : Th
ere cal oo PG TEdonettuct e Y ARGt nor vace b Fb

yH1C YAC with human Cyl coding exons and a 71 a region of 3 h
use the procedure described above for the construction of TV G4. W obtain

the Cyl

codi ng exons and 3" honol ogy region fromplasmd pCGl2.

VePRarIL the

onol ogy, we

EXAMPLE 4

~ CONSTRUCTI ONERRMPARGETI NG VECRERRUR FONGIGR 2N VI 1G4/ REEOBRRIARGETI NG OF
yHIC YAC5FOR NON- COGNATE SWNTCHINNG NextG4 e mamstarcteiNg wecypic TV Gl/ 2,

whi ch

has a chinmeric constwact FR homrC yENCH: csdi OH ENQNS
Next, we cthtructed a vector, TV Gl/2,
has a chimeric construct of human vyl CH coding exo
attached downstream of 5 kb of human switch y2 reg
10 DNA (Figure 3). In addition, this vector contains
human y2 transmembrane exons located 3' of the vyl

coding excns {(Figures 3). The vector is based on

which
ns

ion

CH

PACYC177 wvector, which is5 available from New England

Biolaks (Beverly, MA). We cocnstructed the vector,

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

1. First, 5 ug of pIRgamma?2 was digested with th

e

restriction enzymes, HindIII and BamHI, and a 6.5

kb fragment was isolated on an agarose gel.

The

vector, pIBgammaZ, contains 22 kb of human genomic

20 DNA with v2 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

25 1 ng of plasmid with BamHI/HindIII and treating

with calf intestine phosphatase and then isol

on an agarose gel.

N
3

ated

he resulting plasmid (6.5 kb fragment + pCR™2.1

vector) was subjected to partial digestion with



attached downstream of 5 kb of human switch y2 region 10 DNA (Figure 3). In
addition, this vector contains human y2 transnenbrane axons | ocated 3' of
the yl CH coding excris (Figures 3). The vector is based on pACYCL77
vector, which is available from New Engl and Bi ol abs (Beverly, M. W
constructed the vector, 15 which we call TV Gl/2, using the foll ow ng
procedure: 1. First, 5 ug of plBgamma2 was digested with the restriction
enzymes, Hndl Il and BanH, and a 6.5 Kkbyfragment was isolated on an
agarose gel. The vector, plBgama2, contains 22 kb of human genomi c 20 DNA
with y2 flanked by' two EcoRl restriction enzyne sites and was previously
used to generate yHIC. The 6.5 kb fragnent was then ligated into the

pCRT2. 1 vector. framditiogedn e xtGar! ), PCR2. 1. was prepared

by digesting -25 1 pg of pl asrri_lc}zvgfnﬁth g 0y i %%d‘g%?%%’f’r% YHFEh cal f

. intestine phosphatidse @t hehiPsorarste & rahl Bhar oBiee geélge2tidhe

resul ting plasmd {615 kb, fragog HcpER7x2 1 vector). .was subjected to
partial digestion with 72  rest r?%ti gnggn)z%)rrsét%n%? ?%I ?f%@\eﬁfb#‘a?gesti on

with the restrictGWRn enZyrerefade, | theTHEiggest ioh. the Wt hyXmml occurs

5 chi mer i c gene i 1Ly A1 5 COPRSi AL LT5eBTor 24 bl TR it (Lt He tup 3
y2 menbrane exons, adrhieiqodingthegicen B3 w2 anshiyares eeistent i cahe
;Eégggaggtd}g;gtZSXQBJk?gthigﬂdfghgﬁeah%.Q% ESLJQF én%?cgi Next, 5 ug of
throughout this 75 bp region 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 1is
described in Examplie 1, <contains approximately 7kb

15 of human vil.

4. The 1.7 kb HindIII/XmnI fragment comprising most
of the coding sequences of vl obtained from oCGlZz
was ligated into the HindlII/XmnI partialiy
digestgd vector (6.5 kb fragment + pCR™2.1 vector)

.20 described in step 2.

5. The resulting plasmid contains chimeric sequences
of coding regions c¢f vyl attached to a downstream
region of y2 that contains transmembrane exons.
We verified the composition of the plasmid by

25 restriction digestion with Eco47III.

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 SacIlI and Bam HI (double

30 digest) and cloned an approximately S5kb fragment



restriction enzynes Hndlll and Xml and a 1.7 kb fragment was isol ated by
agarose gel electrophoresis. The vector pCGlL2, which is described in
Exanpl e 1, contains approximtely 7kb 15 of human yl. 4. The 1.7 kb

Hi ndl 71/ Xml fragment conprising nost of the coding sequences of vyl
-obtained frompCGl2 was ligated 4 nto the Hinctll1/Xml partially digested
vector (6.5 kb fragnment 1 pCR7--2. 1 vector) .20 described in step 2. 5.
The resulting plasm d contains chineric seguences of coding regions of vyl
attached to a downstream region of y2 th cont ai ns transnenbrane exons.

W verified the conposition of the plasmd by 25 restriction digestion with
Eco47111. 6. The pCRTh2.1 vector having cl oned %' honDIogy described in

Exanpl e 3, was di Wt S we digested the
plasmi d descri beg TTr{edct Lgl ﬁﬁjhé Slagil[‘]? Eﬁﬁ Bgl%lz ﬁ&re“?d:}bll hst) and
'cl oned an appr oxi riﬁt éiqmdfﬂldagjr agmm w3 digemttehletmdea&f@sdlllﬂﬂrcgthe pCR2. 1
~vector with the Cﬂpky aeﬂ¥ g g # HE? resultl vector with
Sacl| and Sacl | an& one Tht &2 nF&O@ﬁPm 4o t he
vect or descri bed EutesﬁﬁﬂgﬁbntéMbmkéfm@ﬁneﬁomheh@ﬂv@aﬁaﬂ(Hbéﬁriﬁga . Sacl |
insert by Sphl est T | t id. contained chineric yI/y2 C.
exons domstreamqﬂc?éh & hSSg ?%fa%g?‘uﬁlﬁ'b glyglhﬁ STgERFAL iR @iorthang
called this vectosaPAGinserndbeaipmny dOgkbak.it The deswved f§ om pCR2. |
known as A clonijig, vect oL, And contaln ehimenie v/ y2 G

downstream from a region of 5 homology in a pCR2.1

vector. We called this vector TA Gl/é, indicating

10 that it is derived from pCR2.l, known as TA
cloring vector, and contain chimeric yi1/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 gehe by digesting Int 2
(described in Example 1) with SallI. The
products of the Sall digestion are subjected
to an additional reaction with Kienow

20 fragment to create blunt ends. These

products are consecutively digested with

-SaclT.
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



exons. 7. W retrofitted the pCRT 2.1 vector with cloned 5 honol ogy
described in step 6 with the yeast 15 sel ectable nmarker, URA3, gene as

foll ows: a. We obtained the URA3 gene by digesting Int 2 (described in
Exanple 1) with Sall. The products-of the Sall digestion are subjected to
-an additional reaction with Kienow 20 fragnent to create blunt ends. These
products are consecutively digested with .Sac!. b. The pCR12.1 vector
produced in step 6 was digested with BanH , then blunted with Kl enow 25
fragment and further digested with SacT.’#.-The URA3 gene obtained in 7(a)
was |igated into the pCR12.1 vector prepared as in 7(b). The resulting
vector contains a 5 honology region with a downstream URA3 gene, fl anked

74 by Notl sites (ongbfron1the,linker in Int2 .and another originally
present in PCR2, 1) 8.P¥Nekti Séfethd st If 5 hadent keh tive Isitasni d

produced in step 7 andangl @nednkt b@&@ﬂﬂgﬁﬂyﬁﬂrégéﬁﬂtf%(ybﬂjﬁlﬂ:(also used
for TV1 and 4 cloning). W determined the .correct orientation of the Notl
fragnent by using an EcoRl digest. The resulting plasmd, which we

designated It 3wdasx@iSed HREONBEY QiR W tHrd WRA- ownstream in
the 10 | ow copy origin background gpACYCfggyﬁ 9. To 5@n?§ggggﬁ?ruction of

the final target HPIVeRY ok fdEEPhd EID cdifnfst il YACO whepdiatTal |y

di gested 4 he vectgrehayi nght he ¢Leaed e IR OGY ang 2 cloning) .
We determined the correct crientation of the NotI
fragment by using'an EcoRI digest. The resulting
plasmid, which we designated Int 3, hés a 5!
homology regidn with a URA3 gene downstream in the

10 low copy origin background (pACYC177).

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

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

20 chimeric G1/2 IgG constant region and cloned it
into EcoRI and Sacl sites of Int 3, whaich 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 lternatively, after step 7 we remove the 5’
homology and URA3 gene from the plasmid described in
step 7 by digesting with Xbal. Then we clone the 5’
homology and URA3 gene into the Xbal site of the
plasmid described in step 6 to produce the TV G1/2

30 vector shown in Figure 7.



15 and (31/2 chineric 1gG constant region in the pCR2.1 background
(produced in step 6) with EcoRI restriction enzyne and subsequently recut
with Sacl restriction enzynme. W isolated an 8Kb fragnent containing the
5" honol ogy and the 20 chineric Gl/2 1gG constant region and cloned it
-into EcoRl and Sacl sites of Int 3, which resulted in the TV Gl/2
targeting vector. There was no need to determ ne the insert orientation,
since we introduced the fragnment by diireetional cloning. 25 Alternatively,
after step 7 we renove the 5° honol ogy and URA3 gene fromthe plasmd
described.in step 7 by digesting with Xbal. Then we clone the 5 honol ogy
and URA3 gene into the Xbal site of the plasm d descri bed in step 6 to

produce the TV G §k2cod3@ r¥R&t thshpwsi po F & 4o Aty uct the TV
Al 2 targetlng vector, which has a ChlﬂErI%H%OHE??UXt to ﬁgn%%

codi ng exons aét?aéﬁéHeddﬁh§¥¥E%%ﬁ%ﬁt5Wk%hdﬂum@%ah4sﬂpdchgyexpeglon DNA

and human y2;EH:eadingcexans - a es % us§ |1‘11§1H%‘19 %héha{?.?v?eg?é%r | bed
pr ocedur es mnth some_nodi ficati ons. he plasmd pro uced’ in-s

subj ect ed toP ﬁaﬁ?ﬁapuﬂﬁ@eyﬁ<ﬁﬁvﬁ@¢#¢@s@¥@@§|bﬁl@uzyné thklioihgmed by
d'QESt'0”5“‘EﬂetBEOE@SH%%%EHQQK??ﬁ%ﬂ?e&hf@% tﬂﬂ§bm€ 9885 W g 1 Xl

occurs 75 bp upstreamof the y2 10 stop codon. erefore, ﬁe 4f exon of
the y4/y2 chimeric gene initially contains 75 hp of y2 in addition to the

two 3' y2 nenbranengxgqgsnlgpﬁﬁfodGb §ﬁng%gpbﬁsf paj L diifgrence betveen

y4 and y2 in this _region, which results in S|ng e ani no aci change 15
To correct tRRELIdd PaERGLMOS tvel ©) rees bl plteyesesyse XmnI followed

by digestion with the restriction enzyme HlnaII:. The
digesticn with XmnI occurs 75 bp upstream of the v2

10 stop codon. Therefore, the 4th exon of the vy4/y2
chimeric gene initially contains 75 bp of y2 in
additzon to the two 3' yv2 membrane exons. There is a
single base pair difference between y4 and y2 in this
region, which results in a single amino acid change.

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

The we perform the repair using two synthetic

20 oligcnucleotides: one to replaée the nucleotide
necessary to switch sequence from y2 to y4 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:

CCTCTCCCTGTCTCTGGGTARATGAGTGCC

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

The second oligonucleotide (to eliminate Notl site



toa Cto T at the human gamma 2 gene using a Directed Mitagenesis Kit
fromC ontech Laboratories Inc. (Palo Alto, CA). The we performthe repair
using two synthetic 20 oligonucleotides: one to replace the nucl eotide
necessary to switch sequence fromy2 to y4 and an auxiliary
-oligonucleotide to elimnate a Not! site in the pCR2.1 vector with the
cloned chineric 4/2 7kb fragnent. 25 For replacing Cwith T, we use the
following oligonucleotide: CCTCTCCCTGICFETGGGTAAATGAGTGCC The T residue
in bold is replacing Cin original 30 plasmd. The second ol i gonucl eoti de
(to elimnpate Not! site - 76 - is: TATCCATCACACTGGCGACCGCTCGAGCAT Thi s
oligo contains a Not | site (shown in bold) in 5 which a G has been

repl ace with)aasA to disrupt the site. W sequence part of the plasmd to
confirmthat the correct nucl eotide was replaced. EXAMPLE 5 TARGETI NG
STRATEGY 10 Ve |inearized ThECehbvRCHSEFCERECEEGCEASCATTVI, TV4, TV GL, TV
A, TVG 1/2 and TV A4/ 2 and used themto transformyeast cell cultures
with yHIC YAC. by _lithium acetate transformation. W subsequently used
the |inearizé8lveeldre contegrsce et thargeted(genes bn.bdld) yHIC as

descri bedsbel,gw-nt @ Br pduc e : PR - GlL, . YHA,
yHGLl/ 2 and yHCﬂfZ respe§%i§§%3 I% i5§égiw%$%§g%%Apférggg%%%gt“%%IIs on

SC- URA nedi asite. We sequence part of the plasmid to confirm that

the correct nucleotide was replaced.

EXAMPLE 5
' TARGETING STRATEGY

10 We linearized the above described vectors,
Vi, Tv4, TV G1, TV G4, TVG 1/2 and TV G4/2 and usad
them to transform yeast cell cultures with yHIC YAC by
lithium acetate transformation. We subsequently used
the linearized vectors tc replace the targeted genas on

15 yHIC as described below, to produce the new YACs yH2Bm,
yH2Cm, yHGl, yHG4, yHG1/2 and yHG4/2 respectively
(Figures 1-4). We plated yeast cells on SC-URA med:a
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 aadition, 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.



after transformation to select for the integration of the URA3 marker. W
checked any resulting clones for 2.0 YACintegrity using pulse field gel
el ectrophoresis. In addition, we analyzed clones by Southern blot to
val idate the structure and identity. In the case of yHGl/ 2, the URA3 gene
in resulting YACs was flanked by 5 honol ogy sequences 25 which we
renoved as follows. W plated yeast cultures containing yHGL/2 YAC on agar
plates with 5 FOA (negative selection for;7 URA). W checked the resulting 5
FOA-resistant clones for integrity by pulse field gel and Southern blots
as 30 outlined above. 77 W use the TVGL vector and the TV 4/ 2 vector
to produce the yHGL and yH&4/ 2 YACs, respectively, follow ng the
above-descri bed- strat egiceSus AP @ Své MTRODMEA ! ONe Ory THE /¥ HEBM¥AC | NTO
ES CELLS We introduced the YAC, yH2BM into nouse enbryonic stem (ES)
cel I's t hr oughCy@EeduGsn i Eit! aﬂ%u A62 dEREF 1 bEESPACERV ALY bel ow. [ See
B. Birren et f%'llov@@or@ueo\r@dd/\ﬁé%es%ﬂ—ﬁp@cﬁa&@f!t&@ﬁ%@' Volure 3, 10
Cl oni ng Syst ens, Chapter 5: Introduction of YACs'into manmmalian cells by
spheropl ast fusion", pages 548-550, Cold Spring Harbor Laboratory Press,
Pl ai nvi ew, N}fmpmzw contai ning yeast cells were spheropl asted using
zynol ase 20T at 0.15 ng/m . The yH2BM spheropl asts 15 were fused with
HPRT- def i & ent E 14. TGIRITRADINE KA Q| TEE WwiH2BMhY¥AChéaNHOc BEt GE&A Sas
described bel ow [See Tauda &lodleaq GAROMES 4214L3; 424:(1990LL HAT

er

selection was initiate OUI’S Si oh.
embryonic stem (ES) cells through 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].
yHZBM 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 42:412-421 (1997)]1. 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 colonlies 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 SPHEROPLASTS .

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° yéast cells are needed.



HPRT- posi tive ES cell clones were selected at a 20 frequency of 1

cl one/ 15-20x 106 fused cells. Twenty-one HAT resistant colonies were .
expanded for genonme analysis and were anal yzed for YAC integrity by
Sout hern and CHEF bl ot anal yses. In control experinents fusing ES cells
-al one and yeast 25 spheropl asts alone, no colonies were detected. The
detailed procedure is as follows: PRODUCI NG YEAST SPHEROPLASTS Excess

yeast cells were prepared because up to_50%w |l be |lost during the
spheropl asti ng 30 procedure. For fusing %8x~10 ES cells, approximately 5 x
101 yeast, cells are needed. - 78 W inocul ated selective nedium (SC) wth

freezer stock to give a starting inoculumof ,approximately 5 x 106
cells/m. W determ neq the ceil density in the culture by use of a
henocyt oneter. W 5 grew tRBCEARIEEGAS PRS it madimm ngE&t) 280th pm

overni ght. Imaidhadt ogtean absgike at sk4Gmd8Gda ) ihcsease YAC stability.
Culturing at. 30C npy result in_ deletion of some I g gene segnents in the
YAC. In the\apr%‘?ffjr%‘?t?hé tukt dfe B8AISYPluas Wse B bermOinaskitisy melll0 W

st epped dowaldrsilt ¢ 197c6el £siplirel by YRRAJFiL é%ph nd ipcubat ed
for 2-3 urs. Chl%ure density ét tgis step.shg%Fn ofﬂgi%%%d 2“? 10
cel I's/m be@dfdk tR&porehtiall §3gFoki v poadtigiaras rddtetbd or ef fi ci ent

and conpl et @ wpher@pt astiAgundbi Ve paw ed dhe desir un{ culture (to
provide 5 x ,109 cé??i) into ste%ile 50ml tubeé?gﬁééﬁ?F?gﬁgg&yg{tfb00-12009

(2300- 2500 rpfifiSF e Jotfanst@Ral 22 veenGuilftvgeinatat obifia emperatauer fior 5- 10
deletion of some Ig gene segments in the YAC. 'In the
morning, the culture density was be 2 x 107 cells/ml.

10 We stepped down to 1 x 10° cells/ml with YPDA (rich)
medium, and incubated for 2-3 hours. Culturé density
at this step should not exceed 2 x 10" cells/m! because
exponentially growing yeasts are needed for efficient
and cbmplete spheroplasting.

15 We poured the desired amount of culture (to
provide 5 x 10° cells) into sterile 50ml tubes,
centrifuged at 1000-1200g (2300-2500 rem in a Jouan
GR4-22 centrifuge) at room temperature for 5-10
_minutes( and discarded the supernatant. Alternatively,

20 large volumes of cells can be pelleted in large conical
centrifuge tubes.

We added 20 ml of sterile K,0 to each tube of
yeast cells, resuspended the cells by vortexing (or
with a pipette), centrifuged as above, and discarded

25 the supernatant. Next, we added 20 ml of 1 M sorbitol
to each tube of yeast cells, resuspended the cells by
vortexing (or with a pipette), centrifuged as above,
and discarded the supernatant. We resuspended the
cells in SPE buffer (1 M sorbitol, 10 mM sodium

30 phosphate, 10 mM EDTA) containing a 1:500 dilution of
freshly added 2-mercaptoethanol to a2 final cell

concentration of 5 x 10°% cells/ml.



.mnutes, and discarded the supernatant. Alternatively, 20 |large vol unes
of cells can be pelleted in large conical <centrifuge tubes. W added 20 ni
of sterile H2O to each tube of yeast cells, resuspended the cells by
vortexing (or wth a pipette), centrifuged as above, and di scarded 25 the
-supernatant. Next, we added 20 mMl of 1 Msorbitol to each tube of yeast
cells, resuspended the cells by vortexing (or with a pipette), centrifuged
as above, and discarded the supernatant 79\ resuspended the cells in SPE
buffer (1 Msorbitol, 10 m*i sodium 30 phosphate, 10 mm EDTA) contai ning a
1: 500 dilution of freshly added 2-nercaptoethanol to a final cell
concentration of 5 x 108 cells/m. 79 W conbined 10 pl of the previous
cell suspension vvlth 19@ @bhtbene@Au(ON/m) @&@qglaé\pit&% 40,y of the cell
suspension with 90 m soru[gl tol H'szet erm ned the cell

concent r at i ot B1e% ‘Plnn‘i"%fzﬁr &0itlh & 2 helttcyt ot eind \Rpek et JRast cel |
suspensi on fgOnhé hee pI e¥heysnRaAgranty, tay %QLCofFolr peas,%vbllﬂél of peast

cell suspensjion, add 1.5 pl of .a 100 nmg/ M stock of ase- 20T (ICN).

WV i ncubat edjestteaTWb‘h%ﬁjthF $6&1 C&“@"rﬁ?ﬁﬂ@q rﬂ%r@ﬁ’sﬁ}s m-@é qevliigh; 11 of

the cell 40 suspeisiesnutbh 90wRlrmOf iR (YWadt Q%lalnds@s%@&éﬂ_&? the, cell
concentration with a hem)cytorreter W nonitored the decrease in the

nunber of cells RFRAY1PeARPAIAITERE tr?re%%r?ce dglorspealy datilerrf (\orfdar ed

with the inidda seebtns9BESNLRAL i101% i1 the prese of pitei) 15 Wen
955 of the cells be%ﬂc))rre | vsed in SDS, J‘ll mredi at el r}&Jg/elntr*T'1fS§J)((rf:;edé;the sanpl e

at 200- 300g 2YMOBR92080FpriviiH)a Jd\ﬁanllmmagtze%e?rﬁartim}@J@)Vaatr%rﬁ

At 5 minute intervals, combine 10 ul of the cell

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

cell concentration in the presence of sorbitol).

o
wn

When 95% of the cells beccme lysed in SD3,
immediately centrifuged the sample at 200-300Qqg
(1000-1200 rpm in a Jouan GR4-22 centrifuge) at room
temperature for 5 minutes and poured off the
supernatant carefully (the pellet should be very loose

20 _and some loss of cells will occur).

Hy

The total time for spheroplasting (steps after zymolase

is added) is typically 5-20-minutes.
We gently resuspended the spheroplasts in 20

nl of STC buffer (0.98 M sorbitol, 10mM Tris, 10mM

25 CaCl,) by inversion or careful pipetting, centrifuged
the sample at 200-300g (1000-1200 rpm in a Jouan GR4-22
centrifuge) at room temperature for 5 minutes, and
carefully poured off the supernatant. We repeated this
procedure one time. We resuspended the spheroplasts at

30 2.5 x 10° cells/ml in STC and kept them at room

temperature (or on ice) until used in step 14,



tenperature for 5 mnutes and poured off the supernatant carefully (the
pel l et should be very | oose 20 and sone |oss of cells will occur). The
total tinme for spherop_asting (steps after zynolase is added) is typically
5-20-m nutes. W gently resuspended the spheroplasts in 20 nl of STC
-buffer. (0.98 Msorbitol, 10mN Tris, 10mM 25 CaC 2) by inversion or carefu
pi petting, centrifuged the sanple at 200-300g (1000-1200 rpmin a Jouan
GR4-22 centrifuge) at roomtenperature ggr_5 mnutes, and carefully
poured off the supernatant. W repeated this procedure one tine. W
resuspended the spher.oplasts at 30 2.5 x 106 cells/m in STC and kept them
at room tenperature (or on ice) until used in step 14. 80 - FUSION WTH ES
CELLS W transferred 1pusiomntainy mg 4rps 106 spheropl asts of the
spheropl ast suspension to a 15-ml tube and centrifuged 1 m at 200-300g
(1000-1200 rpmin 5 a YouddaaRferrederk m¥ wr)tainioon temek@ture for 5
mnutes. Ve ggpBYEg1aklsobst &%é%%réi%ﬁrﬁstbysééﬁﬁhsﬁéﬁ'1%8%0115.!%@&“ a
drawn-out gl ass pipette. Wth the  tube in a sem horizontal position, we
gent |y addedt¥Pfi 2Be ESnégifygetatl mix a0"2@¢et3I&0ed J 1M @hbRGO dishuihi ng t he
10 spheropl agt ekral I ty: ES rafi an vary from25:1 to
50:1. W Ere%afggE%hSRésageﬁgg%fggg vdngg:§§$&?o¢%%§%£a3%r%t%¥feé ES

cul tures in BLAEESS - codtedemicried mBuse Primrsudpeedersnt iby hs host arti ng
density of 1 : ES:cel Ls 100- e_and. st andard ES nmedi um
(DMEM hi gh g%ﬁgé’g%%%i@lo%&%ﬁt s?/ r%g%gfn g)glnt{ngllp%%\,p%%té%g/ lgtf‘ éﬁ?eptorryci n,
2 mM L- gl ut akihe, 1206 peimihorizontal position, we gently added 1 ml

of ES cells (at 5 x 10% cells/ml) without disturbing the

10 .spheroplast pellet. The spheroplast:ES cell ratio can
vary from 25:1 to 50:1.

We prepared the ES cells in advance as
foliows: we started ES cultures in plates coated with
mouse primary feeders, with a starting density of

15 6 x 10° ES cells per 100-mm plate and standard ES medium
(DMEM high glucouse, 100 units/ml of penicillin, 100
ng/ml of streptomycin, 2 mM L-glutamine, 100 um
Z-mercaptoethancol, 1000 units/ml of murine Leukemia
inhibitory Factor [ESGRO ), and 15% heat-inactivated

20 fetal calf serum). Following 48 hours of standard
growth conditions, we trypsinized the cultures and used
the resulting cells to start cultures on gelatin-coated
plates at 10’ ES cells per 100-mm plate. We allowed
growth to continue for 16-24 hours. Four hours before

25 fusion, we replaced the medium on the ES plates with
fresh medium. Immediately before fusion, we
trypsinized the cells, washed three times with
serum-free 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



2- mer capt oet hanol, 1000 units/m of nurine Leukem a inhibitory Factor

[ ESGRO'J, and 15% heat-inactivated 20 fetal calf serum. Follow ng 48 hours
of standard growth conditions, we trypsinized the cultures and used the
resulting cells to start cultures on gelatin-coated plates at 107 ES cells
‘per 100-mm pl ate. We allowed growh to continue for 16-24 hours. Four
hours before 25 fusion, we replaced the nediumon the ES plates with fresh
medi um | mredi ately before fusion, we trypsinized the cells, washed three
times with serumfree ES nediumat roomtenperature, and resuspended in
serumfree ES mediumat 5 x 10 cells/m. 30 We centrifuged the conbi ned
spheroplast/ES cell sanple at 300g (1200 rpmin a Jouan GR4- 22

centrifuge) agalré)ﬂgﬁyg‘pg}gggggggogﬁ ghrlurmee%l%d\% 814 uI l%’t aspi rated

off all mediumw r awn- out ass pipette gently appe t he tube
to | oosen thedlass ries¢tee. and used a P1000 tip to slowy add 0.5 m of 50

5 (wv) PEG 1500 (pH 8. @%C?egwﬁ?’l BQEE e soeM%‘%% eltlg ?L%?é%@r? ghont :'B.I nl ng 10

nm CaCl2 (prewarnmed to utlon was “bei'ng We gently
m xed the caldslay tdnd hespidpat Peé0PPptitnde alllowdfy taligl Oscﬂ Ul @t Ve added

we siowly pipglied bhe pebb 10:syspensi gn upand downyone,Lige. Ve

i ncubated the ce suspensi rbomter‘rperatur We
sl ow y added '583164b)f smﬂmﬁneg ES m&dtamlby preestmag tot 37fomthe bottom

o L1 abubs. P SSURBLSRtR e BUTACTRRLR VR (3R Mg ond,
Jouan GR4-22 tim]tcrellngewiah tbenpupﬁpe;reatturpe fancgd all of the
solution was added, we slowly pipetted the-cell

10 suspension up and down one time. We incubated the cell
suspension at room temperature for 90 seconds. We
slowly added 5 ml of serum-free ES medium by pipetting
it from the becttom of the tube. We incubated cells at
room temperature for 30 minuites and, after 30 minutes,

15 centrifuged the cell suspension at 300g (1200 rpm in a
Jouan GR4-22 centrifuge) at room temperature for 3
minutes and carefully aspirated off all medium with a
drawn-out glass pipette.

We resuspended the cells in 10 ml of standard

20 ES medium ana plated the entire sample (~ 5 x 10° ES
cells) on & 100-mm mouse primary-feeder—-coated plate.
If initiél attempts result in the generatibn of too
many colonies, the amount of the sample plated on each
100-mm plate may need tc be adijusted downward.

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



m nutes -and carefully aspirated off all nediumwith a drawn-out glass

pi pette. We resuspended the cells in 10 mMl of standard 20 ES nedi um and
plated the entire sanple (- 5 x 106 ES cells) on a 100- mm nouse

pri mary-feeder-coated plate. |If initial attenpts result in the generation
of too many colonies, the amount of the sanple plated on each 100-mm

pl ate may need to be adjusted downward. 25 W incubated the pl ates under
standard ES cell growh conditions overnr%ht and then replaced the nedium
with fresh ES nmedium Follow ng 48 hours$ culturing (after the

spher opl ast fusion), we began grow h under the 30 appropriate selective
conditions (i.e., dictated by the specific manmalian sel ectabl e marker

present on the repl.aced the nediumevery 2 days. W picked - 82
and plate ES @BPoﬁr § wﬁsmﬁﬁﬁ9ﬂﬁQ%n9W ReederPEdREEY ~ fslestars dagrt eslpansi on

per standard pne&%@uﬁai éﬂ@aﬂdﬂbdxﬁéﬂ obseayed EPorRlRniss 1Ql5 days
follow ng spherop si on. Here, seven ES cell clones (referred to as

1 through 7 |Hp?§8ﬁ Y3F &@ﬁ“ﬁQﬂﬁ%(ﬁﬁ%@?é@ﬁl1puéﬁoﬁ&M&lfO%M%mebontarnrng
yeast were fogptetropgerttaifusaldn expected EcoRl and BamHl yH2 fragnents
detected b% probes spanning the entire insert. As shown in Table 10 3,

the foll ow’ng human gen&§ifer éed’érlec}?t%d‘«?hltﬁeOESSCéIrlef@erI@mtbt@s gsarlt of

charact eri zat kafohht he iESTe@llle IMNANePITOE EPokS E@SQ%@'IC;H%%&% gﬁ@%r ation:

all the drffer%nt V,, fam lies could be detected V 9,
V,,5, and V,, 8H°ROA&ANDIN1AM YAASt YeAanfoundaje Cont®igorstlant regi ons;

mouse switch ¥k ped®rl) FrR®KThURN BEHT yH?2 rragments detected by

probes spanning the entire insert. Aa ehown in Table

10 3, the following human genes were detected in the ES
cell genome as part of characterization of the ES cell
DNA prior to transgenic mouse generation: all the
different V, families could be detected V.1, V.2, V.3,
V.4, V,5, end Vy6; human Dy, and J, ; human C_. and C,

15 constant regions; mouse switch vyl (mSyl) and human Cyl

C, exons.



CN exons. - 83 - TABLE 3 h or '"mES Cell Clone genes 1 2 3456 7 VHL + +
++++ 5 VR +++++++ VB +++++++ VHM++++++ V,,, +++
+++ VW +++++++10DH+++++++Z+++++C, +++++ + +
G +++++++ nbyl ++++++153JCy +1 ++ + + ++ "m- denotes

-nouse genes (nByl) EXAVPLE 7 | NTRODUCTI ON OF ES CELLS CONTAI NI NG THE VH2BM
YAC INTOMCE 20 In order to generate chineric mce fromES cells

contai ning the YAC yH2BM DNA, we micraoi nggcted of blastocysts, followed by
breeding. W isolated ES cells containing the YAC yH2BM DNA as descri bed
in Exanple 5, and expanded for the generation of chineric 25 mce. Next,

we m croinjected yH2BM bearing ES cell clones into nouse C57B1/6
bl astocysts [See B. Hogan et al., "Manipulating the Muse Enbryo: A
Laboratory Manual", Section D, Introduction of New Genetic |Information,
"Injection HRRIH 1% into the Blastocyst" 84
hor 'm ES Cell Cione
| genes 1 2 3 4 5 6 7
Vil + + + + + + +
5 | V2 + + + + + + +
Vi3 + + Lt Tt + + +
V.4 + + +. + + B +
Vu5 + + + -+ + + +
A + + + 0+ + + +
19 D, + + + + | + + +
Ju + + + + + - +
C, - + + + + + +
Cs + + + + + + +
nmSyl + + + + + + +
15 Cvyl + + + + + + +

‘m - denotes mouse genes (mSyl)

EXAMPLE 7

-INTRODUCTION OF ES CELLS CONTAINING
THE yH2BM YAC INTO MICE

20 In order to generate chimeric mice from ES
cells containing the YAC yHZ2BM DNA, we microinjected of
blastocysts, followed by breeding. We isolated ES
cells containing the YAC yH2BM DNA as described in
Example 5, and expanded for the generation of chimeric

25 mice. Next, we microinjected yH2BM~-bearing ES cell
clones into mouse C57Bl/6 blastocysts [See B. Hogan et
al., "Manipulating the Mouse Embryo: A Laboratory
-Manual", Section D, Introduction of New Genetic

Information, "Injection of Cells into the Blastocyst"



pages 188-196, (1986) (Cold Spring Harbor Laboratory Press, Cold Spring .
Harbor, NY)]. Chineric offspring were identified by coat color. Table 4 S
Cl one enbryos # live # of chinera # |Injected born pups chinmeras breedi ngs
germine 2BM1 162 16 15 8 4 2BM2 144 55 3 2 2BM3 335 20 156 0
.2BMVH 4 261 6 4 3 0 10 2BM5 344 15 15 7 1 2BM6 382 27 27 8 6 2BM 201 29
27 7 5 Table 4 summarizes the data for generating transgenic raise using
seven different yH2BM containing 15 ES cell |ines. Five out of seven
clones were transmtted through the nnuselgerniine. EXAVMPLE 8 BREEDI NG

M CE CONTAI NI NG yH2BM YAC DNA W TH yKZEﬂ M CE 20 In order to generate

m ce that produce human antibodies in the absence of endogenous

anti bodi es, we bred yK?-transgenic mce with double-inactivated (Dl)

nouse strains. The e ins_are honozygous for ene
targeted-ina?ﬁgﬁiegﬁqéigé'hé%é@GéﬁﬁoigpﬁﬁrFP@hﬁaﬁ§oéh%a OF&dicrand, thus,
llack in antilpedyspr @bicd i OFr {s@eHadBKODOMYY § . et Chlime riNat Wirg s362:12p5- 258
(1993); Green et &2%5’ hg{ure Genetjcs 7:13-21 (1994)]. We bred one of the
yK2-t ransgeni"€*iro Ty ¢8,PY220at GPLATDI mice to generate mice

hem zygous or honpbzygous for yK2 YACs 30 on a honpbzygous i nactivated nouse
heavy and ka%g%l%p%in - 85 '

5 Clone # embryos # live # of # chimera #
Injected | born pups | chimeras | breedings germline

2BM-1 162 16 15 8 4
2BM-2 144 _ 5 5 3 - 2
2BM-3 335 20 15 6 0

_ 2BM-4 261 6 - 4 3 0
10 2BM-5 344 15 15 7 1
2BM-6 382 277 27 8 5
2BM-7 201 29 277 7 s

Table 4 summarizes the data for generating
transgenic mice using seven different yH2BM containing
15 ES cell lines. Five out cf seven clones were

Lransmitted through the mouse germline.

EXAMPLE B
BREEDING MICE CONTAINING yH2BM
YAC DNA WIiTH vyvK2:DI MICE
20 In order to generate mice that produce human

antibodies in the absence of endogenous antibodies, we
"bred yK2-transgenic mice with docuble-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



background (yK2; D). The breeding schene for generating a new XenoMuse,
whi ch i's hem zygous for the yH2BM YAC is shown bel ow. Subsequent breeding
of XenoMbuse nal es to XenoMouse fenal es yi el ds XenoMbuse 5 progeny who are
ei ther hem zygous or honozygous for yH2BM and/or yK2. From these progeny,
breeding of males and femal es, both of which are honobzygous for both
yH2BM and yK2.,. will yield a true breeding |ine of XenoMouse yH2BM 10
XenoMouse H2BM Breedi ng schene Generation 1 (Chi mera or Transgenlc br ed
to YK2: D) yH2BM:; yK2";mIH /'; MOl <= RYH2BM; yK2': -mir; ; rnCC- "' -
Ceneration 2 : (Xenohet x YK2: D) yl12BM ; yK2' ; mi;; " ; nCK "X yHZBMq
yK2 *; mlH'-; nCK-' 15 Gbneration 3 (Al nost Xenonouse x yK2:Dl) or
Xenonouse X yK2 DI') yH2BMt; Iy ; H/-; mCK-/- X yH2BM; yK2'; miH ' -

MoK - yH2. Baekapennd niyid i D1) mThe@yﬁ@ng gRhelme BPr: '’ - npCK-
XenoMouse: XH%%W%t 5 MRlHXenoMdKse 2 conf i nty. of

t he human heav and kappa chalﬁDYACSefnQ§g§%Nggsgéﬁﬁgxkggfagﬁggtn%

Sout hern bl ot 1% &S 15hain beheNbusBubesyrsnt abrsedanal pZed, yHZBwlwas
transm ttedwadMsered fw g h rent
del etions or 25 rearrangéﬁ%%?% X%%éﬂ@u@e ?Qﬁg@g% %%F% X%ﬁﬁ?%Y% NALYSIS To
further csnamg@rqﬁé“%rﬁﬁﬁ)ﬁetWBmemiélﬁ@géﬁl ernherezpariyphdioal - bl ood and
spl een 5 | ynphoaytas: Wy ei S0l aﬁ"ﬁ&;ffﬂ&é poyeRk, obdemhif AR controls.

The cells were purified on Lynpho
males and females, both of which are homozygous for

both yHZBM and yK2, will yleld a true breeding line of
XenoMouse yHZ2BM. ' '

10 . XenoMouse H2BM Breediﬁg scheme
Generation 1 : (Chimera or Transgenic bred to YK2:DI)
yHZBMT;yKZ‘;mJg”*;mCK”‘ 5- yHZBM';yKZ‘;.mJg”‘;mCK”‘
Generation 2 : (Xénohet X YK2:DI)
yHZBM‘;yKZ’ImLf“,mCK”‘ X yH2BM ;yK2';mJ,’ " ;mCx™’"

15 Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x YK2;DI)

yH2BM+; yK27;mJy"";mCx™"" X yH2BM ; yK2*;mJ,’ ;mCk ™"~
yE2BM+; yK2*;mJ, ' ; mCx™/" X VHZBM ;yK2';mJ,’ ;mCk™ "~

XenoMouse: yH2BM*; yK2*; mJ,’"; mCk™’"

20 We confirmed the intégrityfbf the human heavy
and kappa chain YACs in XenoMouse H2BM strains by
Southefn blot analysis. 1In all XenoMoﬁse H2BM strains
analyzed, yHZBM was transmitted unaltered through
multiple generations with no appérent deletions or

25 rearrangements.



(Accurate) (San Diego, CA) and treated with purified anti-nouse CD32/ CD16
Fc receptor (Pharm 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 FACStarpLU (Becton Dickinson, CELLQuest
-software). The panel of antibodies used to stain XenoMuse H2BM cel | s

i ncluded: Cychronme (Cyc) anti-B220 (Pharm ngen, 01128A); 15 fluoroscein

i sot hi ocyanate. (F1ITC) anti-human |gM (Phggningen, 34154X); FITC anti-nouse
1gM (Phar mi ngen, 02204D.). Lynphocytes from four aninmals fromthree

di fferent. XenoMouse H2BM strai ns were eval uated and 20 conpared to wld
type B6/129 mce using flow cytonetry, as shown in Table 5 below Strains
XM 2BM 1, XM 2BM 2 and XM 2BM 6 showed about a 60-80%reconstitution in
the B-cell conpartnent conpared to wild-type mice (Table 5). 25 Trangenic
m ce having t PPBVPYAC DNA show significant human antibody and i nmune

system devel opnent. - %g%w ;a;?lggmgggvg;%‘)@%‘[%aln % of B220' | M B CELLs
XM 2BM 1 #1 34 24 XM 2 19 XM 2BM 1 #4 17 XM 2BM 2
#1 28 28 XM 2BM 2 #2 27oXWu2BMe2 #B3a2®icterize Xenomouse H2BM
transgenic mice, peripheral blood and spleen
5 lymphocytes were isolated from 8-10 week old mice and
cenitrols. The cells were pu;ified on Lympholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-mouse CD32/CDl16 Fc receptor (Pharmingén,.0124lD)
(San Diego, CA) to block non-specific binding -to Fc
10 receptors. Next, the cells were stained with various
antibodies and analyzed on a FAC3StarfP® (Becton
Dickinson, CELLQuest software). The panel of
antibodies used tc stain XenoMouse H2BM cells inciuded:
Cychrome (Cyc) anti-B220 (Pharmingen, 01128A);
15 fluoroscein isothiocyanate. (F1TC) anti-human IgM
(Fharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .
Lymphocytes 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.



10 XM 2BM 2 #4 27 XM 2BM 6 #1 27 25 XM 2BM 6 #2 28 XM 2BM 6 #3 22

XM 2BM 6 #4 23 15 WI B6X129 #1 40 39 W B6X129 #2 38 WI B6X129 #3 35 W
B6X129 #4 43 EXAMPLE 10 20 SERUM LEVELS OF HUMAN ANTI BODIES | N UNI MMUN
ZED M CE An ELI SA for determ nation of human antibodies in unimmunized
‘nmouse serumwas carried out. For nore detailed informati on and procedures
on 25 i munoassays see E. Harlow et al., Antibodies: A Laboratory Manual,
Chapter 14, "Immunoassay", pages .553-6X% Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (1988). The concentration of human

i mrunogl obulins were determ ned using the 30 foll ow ng capture anti bodi es:
nouse anti-human 1gM (CA/ATCC, HB-57)(Manassas, VA). The detection
ant i bodi es us@gien sELI SA experinments were nmouse anti-. human |1gQ - HRP

(Sout her n Bi gt echnal agy 050-05) (Birm ngham AL)., nouse anti-human
| G HRP (Sout hern 88 Bi otlechnol ogy, 9020-05Y“FBiPninghhn1 AL). St.andards
used for quaptitakioimh of henas Hogowege: | humars EgMs (Cappel , 13000) (Costa
Mesa, CA) anfkMyprmn-1 gl |(Cal bi ochens4p0126) (San Diggo, CA). 5 As shown
in Table .6, XXerpaWbuse:HZBM m ce pr ogafed signiticant paseline | evels of
bot h humam | gM-2BM-1 #3 19 '
XM-2BM-1 #4 17
XM-2BM-2 #1 28 28
XM-2BM-2 #2 - 27| -
XM-2BM-2 #3 29
10 |[XM-2BM-2 #4 27
XM-2BM-6 #1 27 25
XM-2BM-6 #2 28
XM-2BM=-6- #3 22
XM-2BM-6 #4 23
15 |WT B6X129 #1 40 39
WT B6X129 %2 38 '
WT B6X129 #3 35
WT B6X129 #4 43

EXAMPLE 10

20 SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE '

An ELISA for determination of human

antibodies in unimmunized mouse serum was carried out.
For more detailed information and procedures on

25 immunoassays see E. Harlow et _al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
.553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immunoglobulins were determined using the

30 following capture antibodies: mouse anti-human IgM
(CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments were mouse
anti-human IgGl-HRP (Southern Biotechnology, 9050-05)

(Birmingham, AL), mouse anti-human IGM-HRP (Southern



and human 1gG in the absence of- i muni zation. Table 6 Quantitation of hlgyl
and 10 hlgMin XenoMouse H2BM Igyl IgMug mM pgmM XM2BM7 H 781-2 298
140 H850-1 172 101 H850-2 250 110 XM 2BM1 H908-1 1.3 70 H908-5 0.35
51 H953-8 3.7 81 XM2BM2 H873-2 0.8 38 H873-3 1.5 52 H873-4 1.7 90
- XM 2BM 6 H910-4 1 68, H911-3 0.8 47 H912-4 0.3 44 15 EXAMPLE 11
| MMUNI ZATI ON AND HYBRI DOVA GENERATI ON Groups of six 8 to 10 weeks ol d
XenoM ce H2BM were i mmuni zed subcut aneogigly at the base of the tail (or
other route of administration (IP, footpad, etc.) 20 with 10 pg of either
reconbi nant human IL-8, 5 pg TNF-a or CEMcells (for CD147). The antigen
Is emulsified in conplete Freund' s adjuvant for the primary imuni zation
and in i ncomiloate-trielngly s adpevant) f aBitdhe ragdind,i onal | 8% o4 JTHRL zat i on. .
For nore detail ed information, and rocedures on ani mal 1 nmuni zati ons see
E. Harl ow et*584 IOAMATHD ?‘E?FlﬂnLQEOPHf‘@W Ivamene: chaprrerI @k
"I muni zat i qeeprragest 5604.88,(cOekd BRELNI B B9l human I4G1

(Calbiochem 400126) (San Diego, CA).

5 As shown in Table 6, XenoMouse H2BM mice
produced significant baseline levels of both human IgM

and human IgG in the absence of immunization.

Table 6
Quantitation of hIgyl and
10 hIgM in XenoMouse H2Z2EBM
Igvyl IgM
rg/ml ng/ml
XM-2BM-7 H~-781-2 298 140
H-850-1 172 101
H-850-2 250 110
XM-2BM-1 | H-908-1 1.3 70
H-908-5 0.35 S1
H-853-8 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 pg of either recombinant human IL-8, 5 ng TNF-a
or CEM cells (for CD147). The antigen is emulsified in
complete Freund’s adjuvant for the primary immunization

and in incomplete Freund’s adjuvant for the additional



5 Laboratory Press, Cold Spring Harbor, New York (1988). Inmrunizations are
carried out at 3-4 week intervals for at |east 3 booster immunizations
(boosts). When meki ng nonocl onal antibodies, the mce receive a final
injection of antigen or cells in PBS 10 four days before the fusion. For
-nmore detailed information and procedures on maki ng nonocl onal anti bodi es.
see E. Harlow et al., Antibodies: A Laboratory Manual, Chapter 6,

"Monocl onal Antibodi es", pages 139-244, Cold Spring Harbor Laboratory
Press, 15 Cold Spring Harbor, hbm1¥brk'(§§88). Lynph node | ynphocytes from
i mmuni zed mce are fused with the non-secretory nyeloma NSO cell line [S.
Ray, et al., Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the

P3- X63- Ag8. 653 n%el ona and are subj ected t. T 20 sel ection as previously
described [ G-"BH'tFBE18E ‘al . OrlvElPﬁ&déeéﬁz@ﬁa ingpraatgquaegd . Table 7
shows that tpassgeniresnmbaeapinducedmuaccrtdions tsxxanas K &above, and

i muni zed with reconbi nant human IL-8, 5 ggq TNF-a or CEMcells (for 2.5
CD147) vyi el d&d&- huftBR1PEE! efonbclefar sdmiivbfiram l BRI 5, EVALUATI ON OF

ANTI BODY SPECIEhEY i AND; b YBE <V spenfqr ned jan SA f det erm nati on
of whether transgenic mce V\Ergepr oduci ng 30 antsgéjelﬁésgga(r:rltﬁ}g ant i bodi es

(Tabl e 7)° WeaHerekarFeBreshe &aAtidgéprspeciterdary atew Sotlypd a¥8)ant i bodi es
90 isol at edrff0m) JRUSEnSCLYD gggrfi%gmommaitd%m% uﬁe‘éﬁ?rit%%earmasisaffodrescri bed
[Coligan et al., Unit 2.1, Enzyne-1i nked 1 nmunosorbent assays, ™ 1n
Current Pro@bcdfastn3| hrDAbRSgyMnua9LR thiongsi g asdconbi nant
~When making'monoclonal antibodies, the mice
receive a final -injection of antigen or ceils in PBS

10 four days before the fusion. For more detailed
information and procedures on making monoclonal
antibodies see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,

15 Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the
non—sécretory myeloma NSO cell line [S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)) or the
P3-X63-Ag8.653 myeloma and are subjected 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 ng TNF-a or CEM cells (for

25 (CD147) yielded human IgGl monoclbnal antibodies.

EXAMPLE 12
EVALUATION OF ANTIBODY SPECIFITY AND ISQTYPE

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



5 human [L-8, CD147 and TNF-a'to capture the antigen- specific antibodies.
We determ ned the concentration of human i munogl obul ins using the
foll owi ng capture antibodies: rabbit anti-human 1gG (Sout hern

Bi ot echnol ogy, 6145-01). The detection antibodies used 10 in ELISA
-experinments were nouse anti-human 1gd-HRP (Caltag, MH1015) (Burli ngane,
CA), nouse anti-human | GW HRP ( Sout hern Bi ot echnol ogy, 9020-05), and goat
anti - human kappa-biotin (Vector, BA-3060). Standards wused for quantitation
of human and nouse Ig are: human 15 |1 gGl 9((ba'l bi ochem 400122), human | gMW
(Cappel, 13000), human | g&x (Cal bi ochem 400122), nouse | g&X (Cappel
55939), nouse IgW (Sigm, M3795), and nouse Ig&l~- (Sigma, M 9019).

Table 7 furt@gQﬂﬁﬂg¥§ hat transgenic nicg %0 ngggfed according to
Exanpl es 6- 8 ‘above, - and 1 it 22d® Wt hePEcomB AR 1 L-8, 5 pg TNF-a
or CEM cel | s sudfearnGRI79 ¥ edidedr tvwan [ oGl gamnea enal, ajpitbediies that

were antigen ecific and of.the predicted isotype. 91 - Table 7
g “%%zymefilgkeg lmmunosorbent asggy%?“AMthurrent

...................................... I T e S i =T
( CEMR1) CDP47 Prgramy -I-3hs GDh4 7 (i 4o 14agtur el el B ilge®-16 10 Gl-5
243 20 5 |L&pktil Gl 48838ds® wWe determined the concentration

of human immunoglobulins using the following capture
antibodies: rabbit anti-human IgG (Southern
Biotechnology, 6145-01). The detection anfibodies used

10 in ELISA experiments were mouse anti-human IgGl—HRP.
(Caltag, MH1015) (Burlingame, CA), mouse anti-human
IGM-HRP (Southern Biotechnology, 9020-05), and goat
anti-human kappa-biotin (Vector, BA-3060). Standards
used for quantitation of human and mouse Ig are: human

15 1IgG, (Calbiochem, 400122), human IgMk (Cappel, 13000),
human IgG,x (Calbiochem, 400122), mouse IgGx (Cappel
55939), mouse IgMk (Sigma, M-3725), and mouse IgGA
(Sigma, M-9019).

Table 7 further shows that transgenic mice

20 produced according to Examples'6—8 above, and immunized
with recombinant human IL-8, 5 pg TNF-o or CEM cells
(for CD147) yielded human IgGl monoclonal antibodies
that were antigen specific and of the predicted

isotype.



1.8-18 10 G1-1 213 10 1L8-19 10 G1-2 136 4 TAl "' .... .. ': TNF-38 10
Gl-1/2 179 ing. 1 3 116 popl. 2 6 10 TNF-39 10 Gl-6 180 4 6 EXAMPLE 13

| NTRODUCTI ON OF THE vH2CM YAC | NTO ES CELLS W introduced the YAC, yH2CM
into nmouse 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 Laboratory Manual, Volunme 3, Coning Systens, Chapter 5. "Introduction
of YACs into nmammalian cells by spheroptast fusion", pages 548-550, Cold
Spring Harbor Laboratory Press, Plainview, NY] 20 Cenerally, yH2CM

contai ning yeast cells were spheroplasted using zynolase 20T at 1.5 ng/m .
The yH2CM spheropl asts were fused with HPRT-deficient E 14. TG3B1 nouse ES
cell's which had been cultured as described [see Jakobovits et al., Nature
362:255-258 25 (1993);: Green et al_. ., Nature Genetics 7:13-21 (1994)
Robertson in
Oxford (1987
HPRT- posi ti \
cl one/ 15- 20X
genone anal y
bl ot anal yssg
yeast sphera
to as Clone

(CEM21)CD147 10 G1-1 325 1 1
(CEM22)CD147 14 - G141 198 15
5 I1L8-16 10 G1-5 - 243 : 20 5
IL8-17 _ 12 G1-6 : 268 . 31 5
IL8-18 10 G1-1 213 10
IL8-19 10 G1-2 136 4
TNF-38 10 G1-1/2 179 ing. 1 3
' 116 popl. 2 6
10 TNF-39 10 G1-6 180 4 6
EXAMPIE 13

INTRODUCTION OF THE vHZ2CM YAC INTO ES CELLS
We introduced the YAC, yH2CM, into mouse

embryonic stem (ES) cells by yeast spheroplast fusion

15 as described in detail in Examplé 6. [See B. Birren et
al., Genome Analysis: A Laboratory Manual, Volume 3,
Cloning Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NY].

20 Generally, yH2CM containing yeast cells were
spheroplasted using zymolase 20T at 1.5 mg/ml. The
yH2CM spheroplasts were fused with HPRT-deficient E
14.TG3B1 mouse ES cells which had been cultured as
described {see Jakobovits et al., Nature 362:255-258

25 (1993); Green et al., Nature Genetics 7:13-21 (199%94);
E. Robertson in Teratocarcinomas and Embryonic Stem

Cells, pages 71-112, IRL, Oxford (1987)] HAT selection



10 in Table 8) derived fromES cell fusion with 10 yH2CM cont ai ni ng yeast
contained all expected EcoRI and BanH yH2 fragnents 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, VH2, VH3, VH4, VH5, and VF66; human
DH, and JH ; human C., and Cb constanL_rgngns; nouse switch yl (nByl)
and human Cy4 CH exons. - 93 - Table 8 h'or "mES Cell Cone genes 1 2 3 4

5678910 VHL++++++++++ 5V :2++++++++++VH + + +
+++++++ VWM ++++++++++ V5 +4+++++++++ VHO + + +
+ + + + + 4+ DH i+ .+ + tet Jot + + + + + + + + + + +
o+ o+ o+ o+ o+ 5§9E33?3%F3¢+4§ qurgn%§Fe£ fugion, +§E§I_qu¥ﬁ%wgi$%-+-+ +
+ + + + + + gqall ddiies weusesgbaetednsyl p EXAMREECY4 oifNTRODUCTI ON OF ES

CFLLS, CONTA MG FE P MYV INTQULE 20 01061 Lo, aspprsl sochimeric
were expanded for genome analysis and were analyzed for
5 YAC integrity by Southern and CHEF blot analyses. 1In
cont;ol experiments with mock fusions of ES cells and
yeast spheroplasts, no colonies were detected.
Ten ES cell clones (referred to aé Clones 1-
10 in Table 8) derived from ES cell fusion.with
10 yH2CM-containing yeast contained all.expected EcoRI and
BamHT yHZ 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, fémilies could be
detected Vyl, V42, Vu3, V4, V,5, and V,6; human D,, and Jy
; human C, and C, constant regions; mouse switch vyl

(mSyl) and human Cy4 C, exons.



bl ast ocysts was conducted, followed by breeding. ES cells containing the
YAC vVH2CM DNA were isolated as described in Exanple 6, and expanded for
t he generation 25 of chineric mce. Next, yH2CM bearing ES cell clones
were mcroinjected into nouse C57B1/6 bl astocysts [See B. Hogan et al.,
“"Mani pul ati ng the Mouse E"i bryo: A Laboratory Manual ", Section D,

I ntroduction of New Genetic Information, "Injection of Cells into the 30
Bl ast ocyst" pages 188-196, (1986) (Cold Sgri ng Harbor - 94 Laboratory
Press, Cold Spring Harbor, NY)]. Chi MeT i © of fspring were identified by
coat color. Table 9 Clone enbryos # live # of # chinmera # |njected born
pups chinmeras breedings germine 5 2CM1 381 26 24 8 4 2CM 2 399 26 14 10
5 2CM3.224,21.10,5 0 2CM4 217 21 14 4 0 2CM5 276 19 15 9 0 10 2CM 6

206 18 12 2 5°R38M7 269 22 16 6 0 20M8 133 12 12 9 0 20M9 177 5 3 1 0
A R A A Wl AV i
transm tted | ¥Afough 1t_fe2rﬁ uge peanlire. | EXAVPLE 13 BREEE)I N M Ch g
CONTAI NI NG yjH2EM-YAC—2 0 DNA—W-TH—y K2~ BH-M-CEtr—oetder—g—genetate—r ce
that producgdtluman * | * | + + L + + + +
5 V2 + + + + + + + + + +
VH3. + + + + + + + + + +
Viyd + + + + + + + + + s
V5 s + + + + + + + + +
V.6 + + + + + + + + + +
10 Dy + + + + + + + + + +
Jn + + + + + + + + + +
C, + F + + + + + + + +
Cs + |+ + + + + + + + +
mSyl + |+ + + + + + o+ + +
15 |Cv4 + |+ + + + + + + + +
‘m - denotes mouse genes (mSyl)
EXAMPLE 14
INTRODUCTION OF ES CELLS CONTAINING
THE vH2CM 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: 2
Laboratory Manual", Section D, Introduction of New
Genetic Information, "Injection of Cells into the

30 Blastocyst" pages 188-196, (1986) (Cold Spring Harbor



anti bodies in the absence of endogenous anti bodies, yK2-transgenic mce
were previously bred with double-inactivated (D) nouse strains. The Dl
nmouse 25 strains were-honpbzygous for gene targeted-inactivated nouse heavy
and kappa chai.n loci and thus were deficient in antibody production [see
-Jakobovits et al., Nature 362:255-258 (1993); Geen et al., Nature
Genetics 7:13-21 (1994)]. One of the yK2-transgenic 30 nobuse strains,

J23.1, was bred with DI mce to generate g ﬁglce hem zygous or honopzygous for
yK2 YACs on a 95 honpzygous inactivated use heavy and kappa chain

- background (yK2; D). The breeding schenme for generating a new Xenonouse,
whi ch is hem zygous for the yH2CM YAC i s shown bel-ow. Subsequent breeding
of 5 XenoMou u e yi.el use ro eny who are
ei t her henlzgggﬁ?{ﬁb%o#§§€gggsé l& g?hgéﬂlh% %br y&gquroﬁ? “r ogeny,
br eedi ng of QﬁﬂﬁﬁiknﬁiW@hﬁle@enb@fhedfbwhcohtamﬁﬂhnnnzygous for both
yH2CM and yK2, will yield a true breeding line of 10 XenoMbuse H2CM
XenoMouse H2CM Breedi na schenme Generation 1 : (Chinmera or Transgenlc br ed

to YK2:Dl) Qﬁl@lﬁ;&ym- ml,,'| nCK /' X yH2CM; yK2 ; mla-'-; nCK-'-
Ceneration 2 —f%epot X315 "HZ”‘"' yK2' - ml /- m|K+ - X
yH2CM ; yK2': n%le?g- mCK- 1Li’gsGPn:a#r ion I3 (AI°§Dst Yeriohotse x vk2: D) or
Xenonouse x yK2:Dl) JHDTMe ted Kpbormpups' |- chin@ires / - by  gaiPine Y. . - -
nCK-' - yHZCMH, &8R- 1], ; -B81 nCK-/-2% yHACM 2 y K2 Uy -~ ] r - 40
XenohMuse: yHIORNM-YHZ 7308, - -7 JEK Thg 7 ntegrityyof—the Qyna“ heavy
and kappa 2CM-3 | 224 o1 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 9 0

2CM-9 | 177 5 3 ) 0

Table 9 summarized the data for genereting
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, J23.1, was bred with DI mice to generate

mice hemizygous or homozygous for yK2 YACs on a



chain YACs in XenoMouse H2CM strains was confirnmed by Southern bl ot
analysis. In all XenoMiuse H2CM strains anal yzed, yH2ZCM was transm tted
unal tered through 25 nmultiple generations with no apparent del etions or
rearrangenents. 96 - EXAMPLE 16 FLOW CYTOVETRY ANALYSIS To further
-characterize Xenonouse H2CM transgenic mce, peripheral "blood and spl een
5 Il ynphocytes were isolated from8-10 week old mce and controls. The
cells were purified on Lynpholyte M (Accurate) (San D ego, CA) and treated
with purified anti-nouse CD32/CD16 FC reeeptor (Pharmingen, 01241D) (San
Di ego, CA) to block non-specific binding to Fc 10 receptors. Next, the
cells were stained with various antibodies and analyzed on a FACStarpL"S
(Becton Dickinson, CELLQuest software). The panel of antibodies used to
stain Xenowgﬂ§%9¥&ﬁﬁfﬁe+P CFhERLAEIMOVSF MG EEF)K3RRa -B2Z® ( Phar ni ngen,
01128A); 15 .#dc¢ledeseed n (&2} DI pcyanake tifdeHoh Arlddmimand gM  (Phar ni ngen,
34154X); FITC anti-pouse | gM (Pharm ngen, .02204D). Lynphocytes fromtwo
ani mal s frorfd ¥ 217 e? enEY xeRBRBEYE Sr2 Oty disnd sy g mttedtnd 20
conpared to ywichtyne BS/IROwA BE1UFL NG Sl LMRMBIE A sewn in Table 10
bel ow. Strain XMCm 2 hopp showed about a 80-100% reconstitution in the
B-cel | conpar§MRUETaREECI0VC Xeralgesicc HaNed afaviify dshe& o/1a oM SAC DNA
show 25 signpfégany mueearantibrdy BBeiiTYSNE IHStHRRo ARMRlopmnt . Control

129xB6, DI, Xenonouse,K 2a
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'; mJ,’ " ;mCx™’"

Generation 2 : {(Xenohet x YK2:DI)

15 yH2CM*'; yK2*;mJ,"/"; mCk*/~ X yH2CM ; yK2*;mJ; /" ;mCx™’"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x VyK2;DI)

yH2CM+; yK27;mJ,*’ " ;mCx™/" X yH2CM™; yK2";mJ. /" ;mCx™’"

yH2CM+; yK27; mJ, /" ; mCx™/" X yH2CM ; yK2*;mJ,. " ;mCx™’"
20 XenoMouse: yH2CM'; yK2; mJy’"; mCx™’~

The integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains was confirmed by
Southern blot analysis. 1In all XenoMouse H2CM strains
analyzed, yH2CM was transmitted unaltered through

25 multiple generations with no apparent deletions or

rearrangements.



het er ozygous and honpbzygous were conpared to nice heterozygous and
honozygous for the yH2CM YAC. - 97 - Table 10 I D %B220+"+ 129xB6 22.2
129xB6 24.8 5 129xB6 24.5 DI 0. 6 XMA-5 het 29.2 XM2A-5 het 23.7
XM2A-5 homo 23.4 10 XM2A-5 honpo 25.5 XM2Cm 2 het 19.3 XM2Cm 2 het 19.2
“XM2Cm 2 honmo 29.8 XM2Cm 2 honop 23.6 15 Avg. 129xB6 23.8 + 1.4 D 0.6
Avg. XM2A-5 het 26.5 + 3.9 Avg. XM2A-5 honmpo 24.5 + 1.5 Avg. XM2Cm 2 het
19.3 + 0.1 20 Avg. XM2Cm 2 hono 26.7 +_4q% EXAMPLE 17 SERUM LEVELS OF
HUMAN ANTI BODIES | N UNI MMUNI ZED M CE An“ELI'SA for determni nation of hunman
25 anti bodi es in uni muni zed nouse serumwas carried out. For nore
detailed information and procedures on inmunoassays see E. Harlow et al.,
Anti bodies: A Laboratory Manual, Chapter 14, "Irnunoassay", pages 98

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 (Pharmingen, 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 FACStar®®™ (Becton
Dickinson, CELLQuest software). The panel of
antibodies used to stain XenoMouse H2CM cells included:
Cychrome (Cyc) anti-B220 (Pharmingen, (01128A);

15 fluoroscein 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 eytometry
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 2a
heterozygous and homozygous were compared to mice

heterozygous and homozygous for the yH2CM YAC.



553-614, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York
(1988). The concentration of hunman i nmunogl obul i ns were determ ned using
the follow ng capture antibodies: nobuse anti-human IgM5 (Cd/ATCC,

HB- 57) (Manassas, VA). The detection antibodies used in ELISA experinents
“were nmouse anti-human 1 g&4- HRP (Sout hern Bi ot echnol ogy, 9050- 05)

(Birm ngham AL), nouse anti-human | G HRP ( Sout hern Bi ot echnol ogy,
9020-05) (Birm ngham AL). Standards 10.uysed for quantitation of human Ig
were: human 1gMK (Cappel, 13000) (Costa Mesa, CA) and hunan |gGl

(Cal bi ochem 400126) (San Di ego, CA). As shown in Table 11, rows 15-30,
Xenonobuse H2CM produced significant baseline |evels of both human 15 | gM
and la&4 in 18bggnce of inmunization. 99 - Table 11 Muse |D high
(ug/m) hig ) hlg& (ug/m) 1 129 x B6 2 129 x B6 5 3 129 x B6 4

D 5D 6D {7 XMA-5 89,5 37.6 10[8 X%O‘RZ 1°37.]6 9 XM2A-5 98.0
409.7 10 XMRA- 586118211l XM2A.5 V2 0 . 12 XMIA-5 74.3 273.3 is 13
XMPA-5 98.6 16.{81234B8M2A-5 126.8 28. 8 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
XM2Cm-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
immunoassays see E. Harlow et al., Antibodies: A

Laboratory Manual, Chapter 14, "Immunoassay", pages



Xenonobuse H2CM 15 XMeCm 1 109.4 33.2 20 16 XMCm 1 83.6 187.1 17 XMeOm 1
84.9 665.3 18 XMCm1 88.7 61.3 19 XMCm 1 93.1 177.2 20 XMCm 1 79.4
36.9 25 21 XM2Cm1 80.4 91.2 22 XMCm1l 76.9 238.6 23 XMCm 2 35.2 20.9
24 XMR2Cn-2 35.4 88.8 25 XMCm 2 28.0 42.5 30 26 XMeCm 2 25.0 20.6 27

- XMCm 2 66.8 23.0 28 XMCm 2 28.1 14.8 29 XMCm 2 27.3 30.1 30 XM2Cm 2
32.6 69.3 35 129xB6 N.D. NND. ND. D ND ND ND XMA5 92.7 + 17.2
155.6 + 182.1 NND. XM2Cm1 87.1 + 10.4 N.D. 186.4 + 208.0 XMCm2 34.8 +
13.5 N.D. 38.8 + 26.7 100 - EXAMPLE 18 IP¥MINI ZATI ON AND HYBRI DOVA
GENERATI ON Groups of six 8 to 10 weeks ol d XenoM ce H2CM were i nmmuni zed
subcut aneously at the base of the tail 5 with 10 pg of either reconbi nant

human 1L-6 Qr. IL-8  The antigen is emulsified in conplete Freund' s
adj uvant fgﬁ%%ﬁﬁﬁﬂiQéh%'$9ﬁﬁﬁﬁz%ﬁ??ﬂra%@bPﬁaFﬁédnﬁF@ﬁérFﬁ@dﬁd's adj uvant

for the addispiramal HA¥BEY ZaldwNErFO(19BEF. The concentration of
human immunoglobulins were determined using the
following capture antibodies: mouse anti-human IgM
5 (CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments were mouse
anti-human IgG,-HRP (Southern Biotechnology, 9050-05)
(Birmingham, AL), mouéé anti-human IGM-HRP (Southern
Biotechnology, 9020-05) (Birmingham, AL). Standards
10 used for quantitation of human Ig were: human IgMx
(Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CA).
As shown in Table 11, rows 15-30, Xenomouse
H2CM produced significant baseline levels of both human

15 IgM and IgG4 in the absence of immunization.



detailed informati on and procedures on ani mal 10 i mruni zati ons see E.
Harl ow et al., Antibodies: A Laboratory Manual, Chapter 5, "IlImuni zations"
‘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 | east 3 booster 15 inmmunizations (boosts). Wen nmaki ng nonocl onal

anti bodies, the mce receive a final injection of antigen or cells in PBS
four days before the fusion. For nore detggled information and procedures
on maki ng nonocl onal 20 anti bodies see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter. 6, "Monoclonal Antibodies", pages 139-244,
Col d Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1988).
Lynph node |ynphocytes fromimunized mce fused with the 25 non-secretory
nyeloma NSO cel|l line S. Ray, et al. Proc. Natl. Acad. Sci. USA,

91: 5548- 5551 ¥a84ay 1L or  P3- X63- Ag8 653 nyel ona cells and subjected to HAT

sel ection as [preyi@usipy d s%b@qgg,{m&:, Gt T iEez e(lug,qﬂl), ﬂm
73:3-46 (1981)T 30 JARTE L2 SNOWS that {Tansgemnt ¢ 1T Te[ P rdi ng
to Exanpl es ]ﬁ—i@r§gyyq% gt zed— Wt t—recomprrant—huran—+44 6 or
IL-8, yielge Tn,nbulllzg \dLg—g monoctonat—ant+botdies—BEXAMPEETF—BEVALUAH-ON OF
ANTI BODY SPEGHTYANDISOFYPE—5—Ve—petforred—an—Ed-Si—to—determne
whet her  trarnsgente—m ret-e—protducthgranti-ger——spect-He—anti-bedi-es{ Tabl e
12) . e al so jgeternmngathe—huranr—antbotdy—-setype—prpavced—{Table—1P) .
Anti gen 7 XM2A-5 T85.5 37.6
10 8 XM2A-5 97.1 37.6
S XM2A-5 98.0 409.7
10 ¥M2A-5 85.1 18.2
11 XM2A-5 72.0 423.1
) 12 XM2A-5 74.3 273.3
15 13 XM2A-5 98. 6 16.8
14 XM2A-5 126.8 2e.8
Xenomouse
"H2CM
15 XM2Cm-1 105.4 33.2
20 16 XM2Cm-1 83.€ 187.1
17 XM2Cm-1 94.9 665.3
18 XM2Cm-1 88.7 61.3
19 XM2Cm-1 93.1 177.2
20 XM2Cm-1 79.4 36.9
25 21 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 88.8
: 25 XM2Cm-2 28.0 42.5
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.
XM2A-S 82.7 + 17.2 155.6 + 182.1 N.D.
XM2Cm-1 87.1 + 10.4 N.D. 186.4 + 208.0
XM2Cm-2 34.8 + 13.5 N.D. 38.8 + 26.7




specificity and isotype determ nations were perfornmed 10 on anti bodi es

i solated from nouse serum and from hybridonma supernatants as descri bed
[Coligan et al., Unit 2.1, "Enzyne-linked inmunosorbent assays," in
Current protocols in inmmunology (1994) .] using reconbinant human IL-6 or
‘1L-8, to capture the antigen 15 specific antibodies. The concentration of
human and nouse i nmunogl obuiins were determ ned using the . foll ow ng
capture anti bodies: rabbit anti-human LgG,(Sout hern Bi ot echnol ogy,
6145-01). ‘The detection antibodies used in ELISA experinments was nouse 20
anti-human 1gd -HRP (Caltag, MH1015) (Burlingame, CA), nouse anti-hunman

| GVt HRP ( Sout her n Bi ot echnol ogy, 9020-05), and goat anti-hunman

kappa- bi oti n Maet0F ;g BA-3060) . Standards used for quantitation of human
and nouse | g were: human | gd@ (Cal bi ochem 400122), human 25 |1 gMWK (Cappel,

13000), hunan_IgGQX (CaHmﬂﬁEhEBElQEQiEELHIBQEEEEQLQQEEEQ@QD@_ 55939) ,
Furt hor “shows that {r arSoeiPs N B pPolilced SEEaITg Ko sodter e dh. 16
above, and 30~emnmmzmd1md:lhsnbcoﬁbneau&lhumn ﬂHe haye |dfBtyéetged 102
i 5 L TS DA LR WD 1L 09 e
for the primary 1mmun12dt10n_ana in incomplete Freund’'s
adjuvant for the additional immunizations. For more
detailed information and procedures on aniﬁal
10 immunizations see E. Harlow et al., Antibodies: A
ILaboratory 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
15 immunizations (boosts).
When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four daYs before the fusicn. For more detailed
information and procedures on making monoclonél
20 antibodies see E. Harlow et al., Antibodies: A
Laboratory.Manual, Chavpter 6, "Monoclonal Antibodies",
pagés 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice fused with the
25 non-secretory myeloma NSO cell line [S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or
P3-X63-Ag8.653 myeloma cells and subjected to HAT
selection as previously described [G. Galfre, et al.,
Methods Enzymol. 73:3-46 (1981) ]
30 Table 12 shows that transgenic mice produced

according to Examples 14-16 above, and immunized with



............................................ IL8-13 10 4 1-2 66 27
|L8-14 10 G4 1-2 41 7 1L8-15 G4 1-2 41 14 EXAL4PLE 2 0 10 | NTRODUCTI ON OF
THE VHG1/ 2 YAC INTO ES CELLS W introduced the YAC, yHGL/2, into nouse
enbryonic stem (ES) cells by yeast spheroplast fusion as described in
"Exanple 6. [See B. Birren et al., . .Genone Analysis: A Laboratory Mnual,
Volunme 3, Coning 15 Systens, Chapter 5. "Introduction of YACs into
manmal i an cel | s by spheropl ast fusion",. pages 548-550, Cold Spring Harbor
Laboratory Press, Plainview, NY]. Generally, yHGL/2 containing yeast cells
were spheropl asted using zynol ase 20T at 0.15 ng/m . The. 20 yHGL/2
spheropl asts were fused with HPRT-deficient E 14. TG3B1 nouse ES cells
whi ch were culddurash @snt deskihbed-Fsee i@k@bogﬂﬂeaof‘éd tiae
362: 255-258 (1993); Geen et al., Nature Genétics 13 51 1994); E
Robert son i n MUQt %l%%ﬁﬁ%o%hasEnbryonlc Sten125 Cel I s, pages 71-112,
| RL, Oxford (1987)] HAT selection 103 was initiated 48 hours after fusion.
HPRT- positive ES cell clones were selected. HAT resistant colonies are
expanded for genone analysis and were anal yzed for YAC integrity by
Sout hern and GHEpH ofg anal yses. Control 5 experinents were "nmock" fusions
of ES cells alone and yeast- spheroplasts alone e exanined four ES cel
clones derived from ESE¥ALUATLGN @Y [ 1§ PV Dy d8ST YIRS ng

Southern biot with pfObﬁéﬂéﬁf?ShﬂQtQﬁ 8Rshe g n%%r e fd 10, AL P N

whet her the cl ones contal expec
transgenic mice were produc1ng antigen- soec1f1c

antibodies (Table 12). We also deﬁermlned the human
antibody isotype produced (Table 12). Antigeh'
specificity and isotype determinations were perfcrmed

10 .on antibodies isolated from mouse serum and from
hybridoma supernatants. as described [Coligan et al.,
Unit 2.1, “Enzyme-linked immunosorbent assays,” in
Current protocols in immunology (1994).] using
recombinant human IL-6 or IL-8, to capture the antigen-

15 specific antibodies. The concentration of_hﬁman and
mouse immunoglobulins were determined using the
folliowing capture antibodies: rabbit anti-human IgG
(Southern Biotechnology, 6145-01). The detection

, antibodies used 1in 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-bioctin (Vector,
BA-3060). Standards used for guantitation of human and
mouse Ig were: human IgG, (Calbiochem, 400122), human

25 1IgMk (Cappel, 13000), human IgG,x (Calbiochem, 400122),
mouse IgGxk (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



EcoRl, Hindill and BanH yH2 fragnents. W found that all four ES cel
cl ones contained intact YACs. W detected the follow ng human genes in the
ES cell genone as part of characterization of the ES cell DNAi5 prior to
transgeni ¢ nouse generation: all the aifferent VH famlies (VHL, VH2, VH3,
-VH4, VHS, and VH6) ; human DH, and JH ; human C. and C. constant regions;
human switch y2 (hSy2) and human Cyl C,; exons (see Figure 8 and Tabl e
13). - 104 - TABLE 13 ES D Cy Cd Sc, Ye ¥ VVV J 23456 CLONE
272.12. 1 + + + + + + + + + +++ U2Z272.7.1 +++ +++ ++ + + + +
272.8.1 + + + + + + + + + + + + 270.17.1 + + + + + + + + + T + Southern
bl ot analysis of ES clones after fusion with yH3B YAC 105 - EXAMPLE 21
| NTRODUCTI %&EaESIEEML%&@EwerN%anEo&f@/ @hxe%MOaM%é To generate
us

chinmeric mce fromES cells contalnlng YAC yH bl ast ocyst

mi croi nj ect i BACFBFLEWER Dy brideliRied et edol 8PEUPES cel s containing the

YAC yHGL/ 2 DNA as described in Exanple 6,- and expanded for the generation
of chinmeric 4 g€, Next, we mcroinjected yH@ /2-bearing ES cell clones
i nt o nouse C53%¥%6‘§1astocysts [ See B. Hogan et

5 IL6-1 12[ G4-2 132

IL8-13 10 G4 1-2 66
IL8-14 10 G4 1-2 41
IL8-15 G4 1-2 41

EXAMPLE 20
10 INTRODUCTION OF THE vHG1/2 YAC INTO ES CELLS
"We introduced the YAC, yHG1/2, into mouse

embryonic stem (ES) cells by yeast spheroplast fusion
as described in Example 6. [See B. Birren et al.,

. .Genome Analysis: A Laboratory Manual, Volume 3, Cloning

15 Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NYJ.
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))1 - HAT selection



al ., Manipulating the Mouse Enbryo: A Laboratory Mnual, Section D,

I ntroduction of New Genetic Information, "Injection of Cells into the

Bl ast ocyst" 15 pages 188-196, (1986) (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY) ] . EXAMPLE 22 BREEDI NG M CE CONTAI NI NG yHGL/ 2 YAC
-DNA WTH vK2: DI MCE 20 In order to generate mce that produce human

anti bodies in the absence of endogenous antibodies, yK2-transgenic m ce
are previously bred with double-inactivpied (D) nouse strains. The D
nouse strains are honozygous for gene targeted-inactivated 25 nouse heavy
and kappa chain loci and thus are deficient in antibody production [see
Jakobovits et al., Nature .362:255-258 (1993); Geen et al., Nature

Genetics 7: 13,21 {i199Nda eAfrd %%é@ifﬁéféﬁﬁniﬁpﬁiﬁgsﬁ{@é gy J2s b

is bred with DI mce to generate m ce hem zygous 30 or honbzygous yK2
YACs on a homsAjgsusriafactansatsad efine hATyr ednds kappacehanhepagkgr ound

K2;Dl). Th j ti hj, ch i
o 2ygbus o7 PR a2 U e8] 08 e LR Fop TG g o
XenolWbuse nmalied egy Xehdhb b t el anyd W BE Hsb Xehobabes s ogebyninhol ar e

ith hem / F t
e ST LS i NOTREO G, Dot YEGH 2. 208/ 08 S S FLOR T hese

progeny, breeding of nmales and Tena are honbzygous for
both yHGL/ 2 aredsyKZphgiddplagte] dilongue breeding |ine of XenoMbuse HGL/ 2.

senotouse, VHOLTZ & cedlyn SRR LA 1ch , LEMIETR.0F Jaonagant ¢
ncK" *' - ES cell fusion with yHGl/2-containing yeast using
Southern blet with probes spanning the entire insert to
10 determine whether the cloneS'contaiﬁ all expected
EcoRI, HindIII and BamHI yH2 fragments. We found that
all four ES cell clones contained intact YACs. We
decected the following human genes in the ES cell
genome as part of characterization of the ES cell DNA
i5 pricr to transgenic mouse genheration: all the aifferent
Vi families (Vyl, V2, Vu3, Vu4, V.5, and Vu6); human D,
and J, ; human C, and Cs; constant regions; human switch
vZ (hSy2) and human Cyl C, excns (see Figure 8 znd Table
12).



10 Ceneration 2 : (Xenohet x YK2:D) yHA /2" ;yK2';mJ,,"" ' -;nmCx""'- X yHGL/ 2-;

yK2';mJ_-'-;nCx'""  Generation 3 (Al nost Xenonouse x yK2 : DI .) or
Xenomouse x yK2; D) yHA/ 2+, yK2'; mlE, "-;mCx-"'- X yHA /2-;yR2{;m]_-"'-;
nCx-'- 15 yHA/2+; . K2' ,nB ;nCx-'- X. yHGL/2-; yK24;m)_-'-;nCx-'- XenoMuse:
yHA /2" ; yK2'; mJ-' -; nmCxC The integrity of the human heavy and kappa

chain YACs in XenoMiuse H2CM strains is confirnmed by Southern bl ot
analysis. In all XenoMbuse HGL/2M 20 strajns anal yzed, yHGL/ 2 is
transmtted unaltered through nultiple generations with no apparent
del etions. or rearrangenents. EXAMPLE 2.3 FLOW CYTOMVETRY ‘ANALYSI S 25 To
further characterize Xenonouse HGl/2 transgenic m ce, peripheral blood and
spl een |ynphqeoyhesiare isolated from8-10 week old mice and - 107
controls. The celts are purified on Lynpholyte M (Accurate) (San Diego,
CA) and treated with purified anti-nouse CD32/CD16 Fc receptor
(Pharm ngen, 01241D) (San Diego, CA) to bl ock non-specific binding to Fc
.5 receptors. Next, the cells are stained with various antibodies and
anal yzed on a FACSt ar FLUS (Becton Di ckinson, CELLQuest software). The
panel of antibodies used to stain XenoMuse HGl/2M cell's include:
Cychrome (Cyc) anti-B2P0 (Phar ngen, QTIZBA); N x,-v—. ; 7
i sot hi ocyanatge (EKTC) agi ~E1um &  9Mq Elg & gj:n 41&) F1'TQ émt i - nouse
| gM ( Phar m ngegy ofg204D) . | Lynp ytes|ifom f 4 maPs f4r ohPdi ff6erlent

# |
Z-72-12-1++++ S S I R R e

)
27271 J+ |+ | e s

k3
Z7281 4+ e+ |+ | |+ e e T e
24
270371 4+t e+ [+ |+ |+ e | |

Southern blot analysis of ES clones after fusion with yH3B
YAC '



XenoMouse H2Gl/2M strains are evaluated and conpared to 1.5 wild type

B6/ 129 mce using flow cytonetry. Trangenic m ce having the yHGL/ 2 YAC DNA
will show significant human anti body and i mmune system devel opnent.
Control a29xB6, DI, Xenonmpbuse 2a heterozygous and honbzygous are conpared
‘to mce 20 heterozygous and honpzygous for the yHGL/ 2 YAC. EXAMPLE 24
SERUM LEVELS OF HUMAN ANTI BODIES | N UNI MVUNI ZED M CE An ELI SA for

determ nation of human 25 antibodies in yydmuni zed nouse serumis carried
out. For nore detailed informati on and procedures on inmunoassays see E
Harl ow et al., Antibodies: A Laboratory Manual, Chapter 14,

"I mtinoassav", pages 553-614, Cold Spring Harbor Laboratory Press, Cold 30
Spring FﬁrborExhﬁpmgoQE (1988). The concentration of human inmmunogl obulins
are determned using the -.108 follow ng capture anti bodi es: nouse
anti-human 1gM (Cd /AT@(STT O REs g5, CRA)S JRRTAENEREGI on  anti bodi es
used in ELI SA experi nenfldEavélGidi2s @ AQMINTOIMBCE | g3 - HRP_ ( Sout her n

Bi ot echnol ogy, 9050-05) 5 (Birm ngham AL), nouse anti-human | GW HRP

( Sout hern 5Bi ot echnol og)To 9R2@re3)r (Biimmmigham cALrost Bhdaediss used for

guantitation g e: MK ( 13000), (Costa Mesa, CA)
and human Igcggn?ggﬁ cg§%|46%%g%) F%éﬁ’ Jgégggéﬁﬁsgig MPLE 25

I MMUNI ZATI ON AND;HYBRFDCNMPGEN&RNNGQVby3bn¢5ﬁrmgS|xh8 isolBtwdeks ol d
XenoM ce  yHGLLZ,8r 8oLTIYR;ZE0 (BUPGHANAYS) Y AtathE Base, oLebe,

Example 6, and expanded for the generation of chimeric

10 mice. Next, we microinjected yHGl/2—beariﬁg ES cell
clones into mouse C57Bl/6 blastocysts [Seé B. Hogan et
al., Manipulating the Mouse Embryo: A Laboratory
Manual, Section D, Introduction of New Genetic
Information, "Injection of Cells intc the Blastocyst”

15 pages 188-196, (1986) (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY)].

EXAMPLE 22

BREEDING MICE CONTAINING yHG1/2 YAC
DNA WITH vK2:DI MICE

20 In order to generate mice that produce human
antibodies in the absence of endogenous antibodies, |
yKZ~transgenic mice are previously bred with
double-inactivated (DI) mouse strains. The DI mouse
strains are homozygous for gene targeted-inactivated

25 mouse heavy and kappa chain loci and thus are deficient
in antibody production [see Jakobovits et ai., Nature
362:255-258 (1993); Green et _al., Nature Genetics 7:13-
21 (1894)]. One of the yKZ2-transgenic mouse strains,
J23.1, is bred with DI mice to generate mice hemizygous

30 or homozygous for yK2 YACs on a homozygous inactivated
mouse heavy and kappa chain background (yK2:;DI). The
breeding scheme for generating a new Xenomouse, which

is hemizygous for the yHG1l/2 YAC is shown below.



tail (or other route of admnistration (IP, footpad, 15 etc.) with 10 pg of
antigen of choice. The antigen is enulsified in conplete Freund' s adjuvant
for the primary imunization and-in inconplete Freund's adjuvant for the
addi tional inmunizations. For nore detailed information and procedures on
animal 20 i mmuni zations see E. Harlow et al., Antibodies: A Laboratory
Manual , Chapter 5, "Inmunizations" pages 53- 138, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, h? WesYork (1988). |munizations are
carried out at 3-4 week intervals for a Feast 3 booster 25 i muni zations
(boosts). When meki ng nonocl onal antibodies, the mce receive a final
injection of antigen or cells in PBS four days before the fusion. For nore
detailed in S g n ti bodi es see
£ Har bow et "o At ot S o 4 s pR s EondNaRe Lea R endleRe P8
"Monocl onal AATRBEG &5 gste 1 dgpproMAIgs e4nrogens SpplhgeHanbberLaboratory

Press, Cold I, , ( 8 e nph es from
i muni zed nlggﬁgrgg¥ﬁgigﬂaﬁfﬁﬁ¥%%9éﬁﬁo%8§e%r %Z?EQHBQE nﬁkﬁso %g¥%lline [ S.
Ray, et al., thPpecprmany AdutkedSeing 0SAnadés5648- 56mBle61984)tH oo t he

P3- X63- Ag8&. 6 el $§gs S C t | ect.i-qn

preV|ousI§ dggcgﬁbeg%?&ﬁﬁ%%?¥ aﬁgr ngﬁw&ﬁg%ég Eég Hgﬁ g§]§'46 (1981)].
10 EXAMPLE ZGleEVA@uKﬂuHQbIéemﬂnixxwhSPECIKEHMMANEeIBCEYEE To determ ne
of whether transgenic mice are producing antigen-specific antibodies, we

performed an ELISA. W al so determ ne the human anti body i sotype
XenoMpuse HG1/2 Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)

yHG1/2*; yK27;mJ,*/* ;mCx*’* X -yHGl/Z'}yK2‘; mJy/ " ;mCx"/"
10 Generation 2 : (Xenohet x YK2:DI)

yHG1/2*; yK2*;mJy""" ;mCK*/~ X VyHG1l/27;yK2*;mJ.”/ ;mCx™/"

-Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x yK2;DI)

yHG1/2+; yK2*;mJ,*' ;mCk™/" X yHG1l/27;yK2';mJ.”’ ;mCk™’"

fu
wn

yHGl/2+;yK2*nn&;“;mCx”' - X yHG1l/27;yK2*;mdJ.”’”;mCx™’"

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

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

20 strains analyzed; yHG1/2 is transmitted unaltered

through multiple generations with no apparent deletions

Or rearrangements.

EXAMPLE 23
FLOW CYTOMETRY ANALYSIS

25 To further characterize Xenomouse HG1/2
transgenic mice, peripheral blood and spleen

- lymphocytes are isolated from 8-10 week old mice and



15'produced. We perform antigen specificity and isotype

determ nati ons on

anti bodi es isolated fromnouse serum and from hybri doma supernatants as

described .[Coligan et al., Unit 2.1, "Enzyme-|inked
assays,"” in Current Protocols in imunology (1994) .1,

mmunosor bent
using 20 antigen to

"capture the antigen-specific antibodies. The concentration of human and

nmouse i mmunoal obulins are determ ned using the foll ow

ng capture

antibodies: rabbit anti-hunman | gG ( Squtjhern Bi ot echnol ogy, 6145-01). The

detection antibodi es used in ELI SA 25 experinments are:
| g3 -HRP (Cal tag, MH1015) (Burlingame, CA), nouse anti-
(Sout hern Bi ot echnol ogy, 9020-05), and goat anti-hunman.

nouse anti - hunman
human | G HRP
kappa-biotin

~(Vector, BA@%@%Sl?t argﬁéd%eﬂi%d fI%rf) aﬂté& agd W&&W and nouse Ig

are: human | I ochem 40012 unman

13000), human

- 110 | g&K(EcakbhbeherdSano@Lzzp, @é‘ds@ndg(y(e(acaegbemssmlfmrbuse | gMK

(Si gma, M37§§%BHBQF€DE§§2§‘§% (o Q‘"&: ntdr2 00, drHalﬁ

according to bove, |nnun|ze

n|&1{Qf§ pr oduced

an antigen vyield

human 1gG_ nbﬁ@nlBmagoanﬂﬁbodpeéhn@h nﬂn;Sﬂﬂqxﬁwt bxnﬁnﬁqct@ﬂﬂsof t he

predi ctedsi soLypg, F&Wkﬁxg&'t%% N sr%ﬂ%e"d*%

10 W |ntro e YAC I nto nouse oni c s
yeast spherogmastﬁmssoanda@mmkﬂwib@miawHB@ﬁnﬂmﬁﬁ. (B

Chapter 5 P RO POHIRET of O ACL e T e P &

%%QAES CELLS

cells
SEenB Birren et

ﬁning Syst ens,
y spheropl ast

fusi on", pagestSbSdESG,used to stain XenoMouse HG1/2M cells
' include: Cychrome (Cyc) anti-B220 {(Pharmingen, 01128A);

10 fluoroscein isothiocyanate (FITC) anti-human  IgM

(Pharmingen, 34154X); FITC anti-mouse IgM
02204D) .

(Pharmingen,

Lymphocytes from four animals from different

XenoMouse H2G1l/2M strains are evaluated and compared to

15 wild type B6/129 mice using flow cytometry.

Trangenic mice having the yHG1/2

show significant human antibody and immune

YAC DNA will

system

development. Control 123xBE€, DI, Xenomouse Z2a

heterozygous and homozygous are compared to mice

20 heterozygous and homozygous for the yHG1l/2

EXAMPLE 24

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

YAC.

An ELISA for determination oif 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, "Immunoassa

v", pages

553-614, Cold Spring Harbor Laboratory Press, Cold

30 Spring Harbor, New York (1988). The concentration of

human immunoglobulins are determined using the



Cold Spring Harbor Laboratory Press, Plainview, NY] Cenerally, yH&

contai ning yeast cells were spheroplasted using zynolase 20T at 1.5 ng/m.
The yH&X spheropl asts were fused with HPRT-deficient E 20 14. TG3B1 nouse
ES cells which were cultured as described [see Jakobovits et al., Nature
-362: 255-258 (1993); Geen et al., Nature Genetics 7:13-21 (1994); E
Robertson in Teratocarci nomas and Enbryonic Stem Cells, pages 71-112, IRL,
Oxford (1987)] HAT selection 25 was initiated 48 hours after fusion.
HPRT-positive ES cell clones were sel ect®f HAT resistant col onies were
expanded for genone anal ysis and were anal yzed for YAC integrity by

Sout hern and CHEF bl ot anal yses. Control experinents included "nock"
fusions of ES cells alone 30 and yeast spheroplasts alone. - 111 W

exani ned ei ghfOESCUEPH EPBAYS SdatihidPdreom TERee| antishwnami I ¢

yHGA- cont ai ni ngcYgASECYSHRG 575N erds 2 oty th Hrob ing the entire
insert to determ ne whether the cl ones coﬁ?gin aI? %%%%%?gﬁhS EcoRl and

BamHl yH2 fraBReaPSdips HEEAd ith&LTHe qpur imeat svasré magsein al |l ei ght
I . W d : L enad i
cl ones ehaeledukbe 168hLAMENG ST ONA%, d LA &R, cbbo gepone as

part of characterization of the prior to sgent c

gener ati on® allBirméndhpier 8ht , VRom® |drgsi (g n 10GNAHZRP VHSou My n VHS, and

VHE) ; human + 8RFnd o yhu _neand, .G 5 .const ant_ .regi ons; .hunan switch
y2 (hSy2) and%uﬁgnn%}/ig&—l_g%@gg R T e S R T
CONTAI NI NG 1§S€r$HEfQ'HGZIU¥AClItN‘IZ®OIVII_©E Tomgendrataerehimeiae nigge fromthe
YAC yHGA (Cappel, 13000) (Costa Mesa, CA) and human IgGl

(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 (1P, footpad,

15 etc.) with 10 pg of antigen of choice. The antigen is
emulsified in complete Freund’s adjuvant for the
primary immunization and -in incomplete Freund’s
adjuvant for the additional immunizations. For more
detailed information and procedures on animal

20 immunizations see E. Harlow et al., Antibodies: 2

Laboratory Manual, Chapter 5, "Immurizations" pages 53-
138, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New_York (1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster

25 immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four days before the fusion. For more detailed
information and procedures on making monoclonal

30 antibodies see E. Harlow et al., Antibodies: A



DNA containing ES cells, we used mcroinjection of blastocysts followed by
breeding. Wt isolated ES cells containing the YAC yHG4A DNA as .described in
Exanpl e 6, 20 and expanded for the generation of chimeric mce. Next, we

m croi njected yH&A-bearing ES cell clones into nobuse C57B1/6 bl astocysts
[ See B. Hogan et al., Manipulating the Mouse Enbryo: A Laboratory Mnual,
Section D, Introduction of New Genetic information, 25 "Injection of Cells
into the Blastocyst" pages 188-196, (1986) (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY)). W idéR fied chineric offspring by coat
color. Germine transm ssion was obtained. W identified 30 yHXA
transgenic mce by PCP using priners specific for human V6. 112 - EXAMPLE
2 9 BREEDI NG CH MERI C OR TRANSGENI C M CE CONTAI NI NG vHXA YAC DNA W TH yK2
DI MCE To heberaterki denupdy prester BumdMdceantémolli st ibodhesabsence of
endogenous I bodi e§. K2 n 1] ' were.previously bred with
doub?e-inacﬁ?%%%%di§%l%4ﬁbugéﬁgt§g?gég %h%%ﬁuégg'Qﬁﬁﬁﬁﬁﬁ €¥or gene

t ar get ed- i naderldasedinguserheavyNeandok&ppdd adtli.n |ogiprantbdé hus, are

deficient in i Y epppduct i ot ee.Jakohovits et al. ture

352: 255- 258 ](Qfg%@?&g’ g'ggeﬁgét gf““hg%é%% S GEn & s R (%@4);. ne of

the yK2-t?amsgensecnotseysivailnsa NIQ3cekllwds rar els wiktdy Dietrig£E. t 0 generate

mce hem zy 0 mozygaus [for yK2 YACs qn a zygous 15 inactivated

nmouse heavy.gﬁ%§ka%%ggéhé¥%dbagférodﬁé’ ?gﬁ?ﬁﬁ%iJQQQ %ﬂ%%ﬁﬁhgo%CWEﬁe used

to generate B3+1e6B-Ag8.653 myeloma cells and are subjected to HAT
selection as previously described [G. Galfre, et al.,

 Methods Enzymol. 73:3-46 (1981)].

10 EXAMPIE 26
EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE

To determine of whether transgenic mice are
producing antigen—specific antibodies, we performed an
ELISA. We alsc 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 Immunoiogy (1994).), using

20 antigen to capture the antigen-specific antibodies.

The concentration of human and mcuse immunoglobulins
are determined using the fcllowing capture antibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01) . The detection antibodies used in ELISA

25 experiments are: mouse anti-human IgGl-HRP (Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
(Southern Biotechnology, 9020-05), and goat anti-human
kappa-biotin (Vector, BA—3060). Standards used for -
quantitation of human and mouse Ig are: human IgG,

30 (Calbiochem, 400122), human IgMk (Cappel, 13000), human



Xenonouse, which is hem zygous for the yH& YAC is shown bel ow. Subsequent
breedi ng of hem zygous XenoMouse nal es to hem zygous XenoMouse fenal es
yi el ds 20 XencMouse progeny that are, honozygous for yH& and/or yK2. From
t hese progeny, breeding of males and fenales, both of which are honbzygous
-for both yHA& and yK2, will yield a true breeding |ine of XenoMbuse®.
XenoMouse A Breeding Schene 25 Generation 1 : (Chinmera or Transgenic bred
to YK2:DI') yHGA' ; yK2-; mIN#/ +; nCK' /' XyHHA-; yK2 m, ;-/-; nCK-/-
Generation 2 (Xenohet x YK2:DI) yH&' ; yK2'; mid,;'/-; nCK /- X yH&A-; yK2-
; mMIH/-;. nCK- Generation 3 (Al nbst Xenonouse x.yK2:Di) 30 or XenonDuse X
yK2; DI') 113 yHG4' yK2' ,mIF "t nCK ' - X yHG4- yK2'; mJH_ ; nCx-' yHG4' ;
yK2' ; 1JH'"" - - 0] y yK2';
m,; '-; k- THe |(é%%%/hmt%%o%%ﬁ heavy E R Zggéﬁe% g al39 YACs in
XenoMouse A4 StAwhsl s ¢OrETRAeM By © Boutdnsl mavsst Ia!tﬁ?a}\yélssgmam al |
XenolWbuse A sirgdng)  anal yzed, yHAA wass transmtted unaltered through
mul tiple generatlons with no apparent deletions or rearrangements. 10
EXAMPLE 30 FLOW CYTOVETRYrANACYSES Td deurtrtrsiuasitarcastoedizgy Xenonouse 4
transgenic hepab,b an V. tes are |solated
from8-10 V\g]eﬁ&o n%%eggn%ﬁ E‘Bnght %rfgo ‘?@ﬁmfz #gﬁg‘:&% '—:lglurlnftle(ﬂ]cfe on
Lyj nphol yte hnyxakﬁnh@m@w {$an iegol oGAL antibpdatedtimethaper ehiceden
ant i - mouse b S hEoFe! Rhel PRAINARN s HAHD) - (San Drego, Y to
[ c .

bl ock non- spe0|f|c ndi n

 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: 2 Laboratory Manual, Volume 3, Cloning
Systems, Chapter 5: “Introduction of YACs into

15 mammalian cells by sphercplast fusion", pages 545—550,
Cold Spring Harbor Laboratory Press, Plainview, NY].
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 14.7G3B1 mouse ES cells which were cultured as
described [see Jakobovits et al., Nature 362:255—258
(1893); 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 sphéroplasts alone.



receptors. Next, the cells are stained with various 20 anti bodi es and

anal yzed on a FACStar PLUS (Becton Dickinson, CELLQuest software). The
panel of antibodies used to stain XenoMouse 4 cells include: Cychrone
(Cyc) anti-B220 (Pharm ngen, 01128A); fluoroscein isothiocyanate (FITC)
-anti-human | gM 25 (Pharm ngen, 34154X); FITC anti-nouse i gM (Pharm ngen
02204D). Lynphocytes fromfour aninmals fromthree different XenoMuse 4
strains are evaluated and conpared to -wihd type B6/129 m ce using flow
cyzometry. - 114 Trangenic mce having the G4 YAC DNA will show
significant human anti body and i nmune system devel opnent. Control 129xB6, ,
DI, Xenonouse 2a heterozygous and honpbzygous are conpared to mice 5

het er 0zygous and honozygeusxaimdhdde iGhtYAS cEXAMPLEnSd SERUWMA BV OF
HUVAN ANTI BO;)EI LPH#ISI VVUNI ﬁg& I_&grAn ELI.SA for determ npation of human
10 anti bodi es"Y n°% Ar-28d Yrtods & P IRATE I Stedt  USHF nore detai | ed
i nformation aswu@Iﬁ@mdunes Omltlhrliﬂiwmrﬁﬁﬁudf théBeh O tidert

Ant i bodi es: borat or Chapt er "l rmunoassay”, pages 553-614,
Col d Spring I—%?b tiﬁrﬁbpét g’/gﬁ%%re€5§hecd?]dmﬁ Sﬁ?‘?tr@l@-la?)ojorexm%

(1988). The corsentsAsi BANGT VMENERY dgRaxedl ol 'f@ul@dietlg?@ ef i Asi ng
the follown capture ant i bqdi es:. nouse antl - human (CAd/ATCC

HB- 57) ( ManassHRC WAS . *#haCletdcfildn & 14 BoANSS usé’de i qile“EfECFtS?l@ efx*b%r i ment s
are nouse 20 Bt ioWUIBNhbEGH- KRR L:Sauyt hafd dechngd Qe 29505:08)0f

characterization of the ES cell DNA prior to transgenic
mouse generation: all the different Vv, families (Vyl,

10 Vvy2, V3, Vy4, V5, and Vy6); human Dy, and J, ; human C,
and C, constant regions; human switch v2 (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 Mouse Embryo: A Laboratory Manual,
Section D, Introduction of New Genetic Information,

25 "Injection of Cells intc the Blastocyst" pages 188-19¢,
(1986) (Cold Spring Harbor Laboratory Press, Cold 3pring
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.



(Bi rm ngham AL), nouse anti-human | GW HRP ( Sout hern Bi ot echnol ogy,
9020-05) (Birm ngham AL). Standards wused for quantitation of human |l a
are: human 1gMK (Cappel, 13000) (Costa Mesa, CA) and hunman 1 gGlL 25

(Cal bi ochem 400126) (San Diego, CA). - 115 - EXAMPLE 32 | MMUNI ZATI ON AND
-HYBRI DOVA GENERATI ON Groups of six 8 to 10 weeks old XenoM ce yHA are

i muni zed subcut aneously at the base of the tail or 5 other route of

adm ni stration (1P, footpad, etc.) with_ ip,pg of antigen. The antigen is
enul sified in conplete Freund's adjuvant Tor the primary inmunization and
in inconplete Freund' s adjuvant for the additional inmmunizations. For nore
detailed information and 10 procedures on ani mal i nmunizations see E.

Harl ow et al pxapiiigbed es: A Laboratory Manual, Chapter 5, '

"I muni zati ons” pages 53-138, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New Yor k RREFSING CHIMRRZGt OBNSRANSGERLCI MdCcaut at 3-4 week
intervals for 15 at | eadiONIADGEN@r vEGFINAZ aDNaNn®IThHoogPspI Miiem neki ng
nonocl onal antibodies, the mce receive a final injection of antigen or
cells in PBS four days Tefagretdiee fusconth&or pprodecdehainked i nfornmation

and procedw e d : o] anti bodi es_see E. Harlow et al.,
Ant i bodi es%“jr A%n%gggﬁgteo%?yl%%l %%fé%? e?%G?n %ﬁBWBnﬁPt;ﬁPiﬂﬁS&i'es",
pages 139- 244 yKloltd a®mdeary Hanboe waberptevyoResegsbre€odtBpri ng Har bor,
New York_ (19 ; de cytes frominmuni zed mce are fused
with the 25 n%@ugégg?%rcgpln?aeq%%g%OT?ﬁ%e[§ TRAJS eFPACP 2XProc.  Natl .
Acad. Sci. USAom@Lysodss- 55561 (d994)droetédieiRP3ctivated mouse heavy

and kappa chain loci and, thus, are deficient in

10 .- antibody production [see Jakobovits et al., Nature
362:255-258 (1993); Green et al., Nature Genetics 7:13-
21 (1994)3. One of the yK2—traﬂsgenic mouse strains,
J23.1, was bred with DI mice to generate mice
hemizygdus or homozygous for yK2 YACs on a homozvgous
15 inactivated mouse heavy énd kappa chain backgfound _
(YK2;0I). The breeding scheme used to generate a new
Xenomouse, which is hemizvgous for the yHG4 YAC is
shown below. Subsequent breeding of hemizygous
XencMouse males to hemizygous XenoMouse females yields
20 XerncMouse progeny that are homozygous fof-yHG4 and/or
yKz. From these prbgeny, breeding of males and
females, both of which are homozygous for both yHG4 and

yK2, will yield a true breeding line of XencMouseG4.

XenoMouse G4 Breeding Scheme

25 Generation 1 : (Chimera or Transgenic bred to YK2:DI)

yHG4™; yK27;mJ,**;mCx** X yHG4 ;yK2'; mJ, /' ;mCk™’"
Generation 2 : (Xenohet x YK2:DI)

yHGA™; yK27;mJ, /" ;mCx*~ X  yHG4™; yK2' ;mJ, /" ; mCx~'"

Generation 3 (Almost Xenomouse x yK2:DI)

_30 or Xenomouse x yK2;DI)



X63- Ag8. 653 nyel oma and are subjected to HAT selection as previously
.described [G Glfre, et al., Methods Enzynol. 73:3-46 (1981)]. 116 -
EXAMPLE 33 EVALUATI ON OF ANTI BODY SPECI FI TY AND | SOTYPE An ELISA for the
determ nati on of whether transgenic mce are producing antigen-specific 5
-antibodies is perfornmed. It is further desired to confirmthe human _
anti body isotype produced. Antigen specificity and isotype determ nation
are perforned on antibodies isolated_jrfﬂgqpuse serum and from hybri doma
supernatants as described [Coligan et al> ;" Unit 2.1, 10 "Enzyne-Ilinked

i mmunosor bent assays,"” in Current protocols in inmmunology (1994).) using
reconbi nant antigen to capture the antigen-specific antibodies. The

concentration.Qf.,h L_ang,.nouse._i no ulins, are-determned using the
fol | owi ng caﬁﬁg’?e’ %qu% i’BngJ?ﬁ e§™-15 rabbi t%ﬁ?l '-%W%{HQGT%’ESM hern
Bi ot echnol ogyHG461vi2 OlJ, /Thecdet ectx onyagyt bkl essednd & ELI SA

experiments is nouse anti.-human 1gd-HRP (Caltag, MH1015) (Burli ngane,
CA), nouse anti-hunman ! G\ HRP ( Sout her n Bi ot echnol ogy, 9020-05), and goat

anti-nurnan 20nksppaebi gtigr: ¢ Vegpor ,m BA-306Qk-/-St andards used for
qguantitation of human and nouse.lg are: human 1gG (Cal bi ochem 400122),
human | gMK (Cappel, 13000), human |1g@&x (Cal bi ochem 400122), nmouse | g&X

(Cappel 55939), nouse ThaM tFg@a,y MB798) . hansh ni?él§@y|&§dxk£§é>g”& 25
M 9019). Transgenic_m ce produ%pd according to Exanples 27-29 ‘above, and
i muni zed>wi FR3ARL FGER yPeFENFAREE QG Fonbes onaf ek f bopdsbyhat are
anti gen Southern blot analysis. In all XenoMouse G4 strains
analyzed, yHG4 wass transmitted unaltered through
multiple generations with no apparent deletions or

rearrangements.

10 EXAMPLE 30 _
FLOW_CYTOMETRY ANALYSIS

To further characterize Xeromouse G4
transgenic mice, peripheral blcod and spleen
lymphocytes are isolated from 8-10 week old mice and

1% controls. The cells are purified on Lympholyte M
(Accurate) (San Diego, CA) and tfeated with purified .
anti-mouse CD32/CD16 Fc receptor (Pharmingen, 01241D).
(San Diego, CA) to block non-specific binding to Fc
receptors. Next, the cells are stained with wvarious

20 antibodies and analyzed on a FACStar®™s (Becton
Dickinson, CELLQuest scftware). The panel of
antibodies used to stain XenoMouse G4 cells include:
Cychrome (Cyc) anti-B220 (Pharmingen, 011283a);
fluoroscein isothiocyanate (FITC) anti—human'IgM

25 (Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphocytes from four animals from three
different XenoMouse G4 strains are evaluated and

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



specific and of the predicted isotype. 117 - Biological Miterials: The
follow ng biological mterials are disclosed and discussed in connection
wi th the above Exanples and are exenplary of materials that can be
utilized and 5 prepared in accordance with.the present invention: ppKMLC
-(yH1C targeting vector) piB (targeting vector) TV1(nfgl-hCgl plasm d DNA
vector for targeting yHIC to nmake yH2Bm) 10 TV4 (nBSgl-hCg4 plasm d DNA
vector for targeting yHLC to nake yH2 1FV_GL (hCgl plasm d DNA vector
for targeting yH C to nake yHGL) TV 4 thl pl asm d DNA vector for
targeting yHIC 15 to make yH®) yH2Cm (nSgl-hCg4 YAC) (deposited with the
ATCC on and havi ng accessi on nunber yH2Bm (ntSgl - hCgl YAC) (deposited with
the ATCC on and havin n I o S G), yH& (al so
referred to as yH3Q (ﬁ%ﬁ%ﬁﬁéclgﬁe I\‘}%\%@%ﬁé’%g‘s. {ﬂ% v%llt %’%CE%&TE@I oln and
havi ng accesstdn ch@%@w@oa fliodyd anel agﬂwﬂlﬂ@l/sz)scd@@gz hCgl 25
hCg2(T™M YAC)dé\;{@R%ﬁéﬁQ W ¢ bt b ATEG 807 a%q QT%\%%C si on nunber

m'c

ES-yH2Cm cl one 1 FH2Cm cl one™ 2" "ES-yHR2 - yH2Bm cl one 2
heterozygous and homozygous are comoared to mice

5 heterozygous and homozygous. for the G4 YAC.

EXAMPLE 31

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
10 antibodies in unimmunized mouse serum is carried out.
For more detailed information and procedures on
immunoassays.see E.-Hariow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
'553-¢€14, Cold Spring Harbor Laboratory Press, Cold
1> Spring Harbor, New York (1988). The concentration of
human immunoglobulins are determined using the
following capture éntibodies: mouse anti-human IgM
{CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse
20 anti-human IgGl-HRP (Southern Biotechnology, 2050-05)
(Birmingham, AL), mouse anti-human IGM-HRP ({Southern
Biotechnology, 9020-05) (Birmingham, AL). Standards
used for quantitation of human Ig are: human IgMk
(Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CA).

N)
Ut



ES- yH2Bm cl one 3 ES-yH2Bm cl one 4 118 - ES-yH2Bm clone 5  ES-yH2Bm cl one
6 ES-yH2Bm cl one 7 ES-yH2Bm cl one 8 5 ES-yH2Bm cl one 9 - 119 -

| NCORPORATI ON BY REFERENCE Al'l references cited herin, including patents,
pat ent applications, ' papers, text books and the Iike, and the references
-cited therein, to the 5 extent that they are not already, are hereby

i ncorporated by reference in their entirety. In addition, the follow ng
fererences are also incorporated by ref§L nce herein in t hei r entirety,
including references cited in such refer 10 MJ. Mendez et al.
"Functional Transplant of Megabase Human Innunoglobulin Loci Recapitul ates
Human. Anti body Response in Mce," Nature Genetics, 15:146-156 (1997) GT.

WIIl i.ans et al., "Menbrane |innunoal obulin Wthout Sheath or Anchor,
Mol ecul ar | nmunol ogy, .30:1427-1432, 15 (1993) G T. WIllians.et al., "The
a/ ~ Sheath akdHE oplasm ¢ Tyrosine Are Requires For Signaling By The

B cel | Antigen Recept ooty fr Gapnifisk Phoffer e BeELAGLENT eoni ne- K nase
Recruitnent," | mmunol o aman et al .

"The B-cell Antigen Regéﬁﬁﬁs o %%ﬁa&ﬁ@% 1%ﬂﬂﬁ@§509&ﬁ|ﬁecbdssesyHGNature
352: 777- 781 4¢t99%hunized subcutaneously at the base of the tail or

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 add1t1onal
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 {i988).
Immunizations are carried out at 3-4 week intervals Tfor

15 =at least 3 booster immunizations (boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells .in PBS
four days before the fusion. For more detailed
information and procedures on making monoclonal

20 antibodies see E. Harlow et al., Antibodies: A
Labcratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Hérbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the

25 non—secreto:y myeloma NSO line [S. Ray, g;_gl., Proc.
Natl. Acad. Sci. USA, 91:5548-5551 (1994)) or the P3-
X63-Ag8.653 myeloma and are subjected to HAT selection
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gct gacacgt gtcctcactg
Sequence <220> <223>
ccccagttgc ccagacaacg
Sequence <220> <223>
-agcttgtcga cacgegttta.

c 21 <210> 15 <211> 21 <212> DNA .<213> Artificial
Description of Artificial Sequence: Prinmer <400> 15
g 21 - <210> 16 <211> 34 <212> DNA <213> Artifici al
Description of Artificial Sequence: Linker <400> 16
attaaggccg gcca 34134210> 17 <211> 34 <212> DNA

<213> Artificial Sequence <220> <Ze3=.DesGki-ptd on of Artificial Sequence:

Conmpl ementary strand

<400> 17 agcttgtcgg gccttaatta aacgcgtgtc gaca 34

<210> 18.15211asc2R1x <242> DNA 138 - <213> Artificial Sequence <220>

<i20> TRANSGENIC ANIMALS FOR PRODUCING SPECIFIC ISOTYPES OF
i HUMAN ANTIBODIES VIA NON-COGNATE SWITCH REGIONS

<130> CELL 4.21 CIP PCT

<140>
<l4l>

<150> 09/329,582
<151> 1999-06-10

<160> 31

<170> PatentIn Ver. 2.1

<210> 1
<211> 32
<212> DNA

<213> Unknown Organism

<220>

<223> Description of Unknown Organism: Lox P site

<400> 1

acttcgtata gcatacatta tacgaagtta ta 32

<210> 2

<211> 72

<212> DNA

<213> Artificizal

<220>

Sequence

<223> Description of Artificial Seqguence: Linker

<400> 2

ctagtcgaca aatattcccc gggcggccgce ttacgtatga attcagcgcg cttctagaac 60

tcgagtgage tce

<210> 3

<211> 72

<212> DNA

<213> Artificial

<220>

72

Sequence

<223> Description of Artificial Sequence: Complimentary

strand

<400> 3°

gatcgagctc actcgagttc tagaagcgcg ctgaattcat acgtaagcgg ccgcccgggyg 60

aatatttgtc ga

72



<223> Description of Artificial Sequence: Prinmer <400> 18 togtggccga
gaaggcaggc ca 22 <210> 19 <211> 67 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Priner <400> 19 ccgcgggcat
gcaacttcgt ataatgtatg ctatacgaag ttattgtggg acagagctgg 60 gcccagg 67
-<210> 20 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primert35<400> 20 gtctggcccc tctgetge 18
<210> 21?2 §1>’;418 <212> DNA <213> Artificial Sequence <220> <223>
Descriptig BgmArtificial Sequence: Primer <400> 21 cacccataaa aggctgga 18

<210> 22 5211518152125 A <213> Artificial Sequence

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

<400> 4 .
ctaggcaatt gataatatta agctttacgt atctgatcat cctégagacg cgtg 54

<210> 5

<21l1l> 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

<211> 42

<212> DNA

.<213> Artificial Sequence

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

<400> 6
aattaagctt gtacgtactg atcaagatct ggatccagat ct : 42

<210> 7

<211> 37

<212> DNA

<213> Artificial Sequence

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

<400> 7 .
agatctggat ccagatcttg atcagtacgt acaagtt 37

<210> 8

<211> 18

<212> DNA

<213> Artificial Sequence

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



<220> <223> Description of Artificial Sequence: Primer <400> 22.
acggctcatg cccattgg 18 139 - <210> 23 <211> 18 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Primer <400> 23
tagt gagt gg gcctgact 18 <210> 24 <211> 16 <212> DNA <213> Artificial
~Sequence <220> <223> Description of -Artidici al Sequence: Linker <400> 24
ggccat ggeeoggececat 16 <210> 25 <211> 16 <212> DNA <213> Artifici al
Sequenceaca@Mfryg<eRFachescri ption of Artificial Sequence: Linkefs <400> 25
ggccat ggcc ggccat 16 <210> 26 <211> 45 <212> DNA

<210> 9

<211> 20

<212> DNA
<213> Artificial Sequence

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

<400> S
ctactctagg gcacctgtcc ’ 20

<210> 10

<211> 27

<212> DNA

<213> Artificial Sequence

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

<400> 10
gtcgacgggce tcggggctgg tttctcet 27

<210> 11

<21l> 27

<212> DNA

<213> Artificial Seguence

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

<400> 11 .
gggccctgat tcaaattttg tgtctcece 27

<210> 12

<211> 22

<212> DNA

<213> Artificial Segquence

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

<400> 12
ctggagtcct attgacatcg cc 22

<210> 13

<21l> 21

<212> DNA .
<213>. Artificidl Sequence.

<220>



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Li nker <400> 26 gatccggtac cgatatccaa ttgggccggc cggccatata ggcct 45
<210> 27 <211> 45 <212> DNA <213> Artificial Sequence .<220> <223>
Description of Artificial Sequence: Linker <400> 27 gatcaggcct atatggccgg
-ccgg](c:ccaat tggatatcgg taccg 45 - 140 -_<12§9>_2]§ <211f> 30 I<212> DNA <213>
Artifici Sequence, . <220> <223> cription of ‘Artificial Sequence:

Synt het i %%2301 I %socnrﬁﬁleogt %geAréigbcﬁa?eg%c e%tcgbcr:%rém?é\t ctgggt a aat gagtgcc 30
<210> 29_s5511%330 <212> DNA <213> Artificial Sequence <220> <223>

Descri pt gt 0t c & beéidigabg 3equence: Synthetic ol i gonucl eoti de <&#00> 29
tat ccat cac actggcgacc gctcgagcat 30 '

<210> 14

<211l> 21

<212> DNA

<213> Artificial Segquence

<220> .
<223> Description of Artificial Segquence: Primer

<400> 14
gctgacacgt gtcctcactg c 21

<210> 15

<211> 21

<212> DNA )
.<213> Artificial Sequence

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

<400> 15
ccccagttge ccagacaacg g 21

<210> 16

<211> 34

<212> DNA )
<213> Artificial Sequence

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

<400> 16
agcttgtcga cacgcgttta attaaggccg gcca 34

<210> 17

<211> 34

<212> DNA

<213> Artificial Sequence

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

<400> 17
agcttggcceg gecttaatta aacgegtgte gaca 34

<210> 18
<211> 22
<212> DNA



<210> 30 <211> 24 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer <400> 30 gcagagcctg ctgaattctg
gctg 24 <210> 31 <211> 22 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Priner <400> 31 gtaatacaca
-gcecgtgtcet cg 22 LLOYD WSE - 141 CI__AIl 1. A vector conprising a
nucl eot i.de; sQALENGE -1 € LRg a human constant region, said human const ant
regi on conprising hunan 1, Chinge, CH2 and CH3 exons, hunman nenbrane
exons ard2@& splice acceptor site, wherein the CHL, Chinge, CH2, CH3 exons
are fronrepneDesotimppécanct Arhefimeabrsagesrexonsriaee froma different isotype
and wherein said sequence conprises a |ox P site upstreamof the splice
accept or?891 é%of said constant region. 2. The vector according to claim 1,
wher ei n *EREIHETILEPPARIeflience encodes a secreted form of the22constant
"region. 3. The vector according to claim1, wherein said human nenbrane
exons are;fuggn gamma-2 sequences.

<211> 67

<212> DNA
<213> Artificial Seguence

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

<400> 19
ccgcgggcat gcaacttcgt ataatgtatg ctatacgaag ttattgtggg acagagctgg 60
gcccaag 67

<210> 20

<211> 18

<212> DNA

<213> Artificial Seguence

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

<400> 20 .
gtctggcccec tctgctgce 18

<210> 21

<211> 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 o _
acggctcatg cccattgg - K 18 ¢



4. The vector according to claim1l1, wherein the CHl, Chinger CH2 and CH3
exons encode a human constant region selected fromthe group consisting of
a human gamma-1 constant region, a human gama-3 constant regi on, a human
gama-4 constant region, a human al pha-1 constant region, a human al pha-2
-constant region, and a human epsilon ¢ d ant region. 5. The vector
according to claiml1, wherein the CHIL, i nge, CH2, and CH3 exons encode a

human gan i;igconstant region. 6. The vector according to claim1, wherein
the CHL .1 gge, CH2, and CH3 exons encode a-human gama-4 constant
region. Li DAV SE o3 1 & eqfencthe vector according to any one of clainms 1-6,

wherein the vector further conprises a transcriptional term nator sequence
downstreamaef the constant region gene. 8. The vector according to any one
of cl ai me223>7 pesartier &dm of hernigdt 011 Bedrddner : calipetr ses a sel ect abl e mar ker.

9. The vector according to any one of clains 1-8, wherein the vector is a
yeast art4%99>cfal chronosonme (YAC). 10. A host cell conprising the vector
accor di ng?9%9295%F) 96REIBT clains 1-9. 11. The host cell accordingt&o claim
10 further conprising CRE reconbinase or a vector encoding a CRE

reconbi nasf, 32. The host cell according to claim10 or 11, whichis a
yeast ceki11-13¢ The host cell according to claim10 or 11,

<212> DNA :
<213> Artificial Sequence

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

<400> 24 :
ggccatggcc ggccat le

<210> 25

<211> 16

<212> DNA

<213> Artificial Sequence

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

<400> 25
ggccatggcce 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> - ) .
T <223> Description of Artificial Sequence} Linker

<400> 27
gatcaggcct atatggccgg ccggceccaat tggatatcgg taccg 45



which is an enbryonic stem (ES) cell. 14. A nethod for producing an
immortalized cell that undergoes class-switching in vitro or in vivo,
conprising: (a) producing a hybridoma conprising a DNA fragnent conprising
a DNA sequence of a contiguous region of the inmunoglobulin heavy chain

-l ocus on human chronosone 14 fromthe D segnent genes, continuing LLOYD
WSE - 143 through the J segnent genes and the constant regi on gene Cp
of that |ocus, wherein said DNA fragmedt*0i s operably linked to at |east
one humanids segnent gene, and wherein said DNA fragnent further is

oper abl y2kinlkeed to an additional constant region gene, said additional
const ant<21¢ed™n gene conprising a swtch regi on and human constant region
codi ng eXbhs ATARELGHRdr €8 Bt ox P site is inserted 3' of the switch region
and 5 of the CHL exon; (b) introducing into the hybridoma a vector a
accor di ﬁé%i:o Ay, 9ne 9f . chal i§; 159:c.and (c) introducing into the hybridoma
CRE reco Trggtgszl Clé)oy%ggt orlelfﬁﬁessseﬁﬁan EYEESi nase  wherein CRE
reconbi nase nedi ates reconbi nati on between the lox P sites to generate

cl ass-swkbehizag. 15. An inmortalized cell conprising a DNA fragment

conpri Sicagctacdobld sequerpe oftgrgtenrd | guous regi on of the i nmunoghobulin
heavy chain | ocus on human chronosone 14 fromthe D segnent genes,
continuing through the J segnment genes and the constant region gene Cp of

t hat Iégﬁ 9 sherein said DNA fragnent is operably linked to at |east one
human V §egmeft gene, and wherein said DNA fragment further is operably

l'i nked t.9;48n @ gfféf@@aéequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 29
tatccatcac actggcgacc gctcgagcat 30

<210> 30

<211> 24

<212> DNA .

<213> Artificial Seguence

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

<400> 30
gcagagcctg ctgaattctg gctg : 24

<210> 31

<211> 22

<21l2> DNA

<213> Artificial Sequence

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

<400> 31
gtaatacaca gccgtgtect cg ' 22



constant region gene, said additional constant region gene conprising a
switch region and human constant region coding exons, and wherein a lox P
site is inserted 3 of the switch region and 5 of the CHL exon; and a
vector according to any one of clainms 1-9. 16. The cell accor@Dgi3Eo cl ai m
15 further conprising CRE reconbi nasgpr_a vector encoding CRE

reconbi nase. LLOYD WSE - 144 17. The cell according to claim15 or 16
which is a hybridoma. 18. A chinmeric or transgenic non-human ani mal and
its proge@LAIMBerein at | east one somatic and/or germ cell of the aninma
or its progeny conprises the vector according to any one of clains 1-9.
19. The non-hunman ani nmal according to claim 18, wherein the non-human
animal is a notse. 20VEALPE| FOHRELFI PoRPCRECRAFRRSCANEDFEi ng to cl ai m

19, wherebfcbhengehl HoRERr 3esthie Yeglieh,26a9udhifant @oRBY a0Re of clains
1-9. region comprising human CHI1, Chinge, CH2 and CH3 exons,

human membrane exons and a splice acceptor site, wherein

the CH1l, Chinge, CHZ2, CH3 exons are from one isotype and

the membrane exons are from a different isotype and

wherein said sequence comprises a lox P site upstream of

the splice acceptor site of said constant region.

2. The vector according to claim 1, wherein the
nucleotide sequence encodes a secreted form of the

constant region.

3. The vector according to claim 1, wherein said

human membrane exons are human gamma-2 sequences.

4. The vector according to claim 1, wherein the
CH1, Chinge, CH2 and CH3 exons encode a human constant
region selected from the group consisting of a human
gamma-1 constant region, a human gamma-3 constant region,
a human gamma-4 constant region, a human alpha-1 constant
region, a human alpha-2 constant region, and a human

epsilon constant region.

5. The vector according to claim 1, wherein the
CH1, Chinge, CHZ, and CH3 exons encode a human gamma-1

constant region.

6. The vector according to claim 1, wherein the
CH1, Chinger CHZ2, and CH3 exons encode a human gamma-4

constant region.
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7. The vector according to any one of claims 1-6,
wherein the vector further comprises a transcriptional
terminator sequence downstream of the constant region

gene.

8. The vector according to any one of claims 1-7,

wherein the vector further comprises a selectable marker.

9. The vector according to any one of claims 1-8,
wherein the vector is a yeast artificial chromosome

(YAC) .

10. A host cell comprising the vector according to

any one of claims 1-9.

11. The host cell according to claim 10 further
comprising CRE recombinase or a vector encoding a CRE

recombinase.

12. The host cell according to claim 10 or 11,

which is a yeast cell.

13. The host cell according to claim 10 or 11,

which is an embryonic stem (ES) cell.

14. A method for producing an immortalized cell
that undergoes class-switching in vitro or in vivo,
comprising:

(a) producing a hybridoma comprising a DNA
fragment comprising a DNA sequence of a contiguous region
of the immunoglobulin heavy chain locus on human

chromosome 14 from the D segment genes, continuing
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through the J segment genes and the constant region gene
Cp of that locus, wherein said DNA fragment is operably
linked to at least one human V segment gene, and wherein
said DNA fragment further is operably linked to an
additional constant region gene, said additional constant
region gene comprising a switch region and human constant
region coding exons, and wherein a lox P site is inserted
3’ of the switch region and 5’ of the CHl exon;

(b) introducing into the hybridoma a vector
according to any one of claims 1-9; and

(c) introducing into the hybridoma CRE
recombinase or a vector expressing CRE recombinase

wherein CRE recombinase mediates recombination

between the lox P sites to generate class-switching.

15. An immortalized cell comprising a DNA fragment
comprising a DNA sequence of a contiguous region of the
immunoglobulin heavy chain locus on human chromosome 14
from the D segment genes, continuing through the J
segment genes and the constant region gene Cp'of that
locus, wherein said DNA fragment is operably linked to at
least one human V segment gene, and wherein said DNA
fragment further is operably linked to an additional
constant region gene, said additional constant region
gene comprising a switch region and human constant region
coding exons, and wherein a lox P site is inserted 3’ of
the switch region and 5’ of the CHl exon; and a vector

according to any one of claims 1-9.

16. The cell according to claim 15 further
comprising CRE recombinase or a vector encoding CRE

recombinase.



LLOYD WISE

- 144 -
17. The cell according to claim 15 or 16 which is a
hybridoma.
18. A chimeric or transgenic non-human animal and

its progeny, wherein at least one somatic and/or germ
cell of the animal or its progeny comprises the vector

according to any one of claims 1-9.

19. The non-human animal according to claim 18,

wherein the non-human animal is a mouse.

20. A cell derived from the animal according to
claim 19, wherein the cell comprises the vector according

to any one of claims 1-9.



