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use in b nd therapy Because of their ability to bin
speC|f|c can be uniquely usedto identify nolecules carrying

t hat epltope or nay be directed, by thenselves or in conjunction with

anot hér noiety, t.o a specific site for diagnosis or therapy. Mnoctonal
anti bodi es conprisg heavy and |ight chains which jOIn together.to define a
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t he sequence of the co ‘ﬂﬂfﬂﬁﬂﬁtg fitp CRIID t he anti body
' This appllcatlon is a cont;nuatlon-ln-part

of Application Serial No. 07/466,008 filed January 12,

1990.

INTRODUCTION

Technical Field
The field of this invention is the

production of xenogenéic specific binding proteins in

a viable mammalian host.

Background

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

therapy.
Monoclonal antibodies comprise heavy and
: light chains which join together to define a binding
region for the epitope. Each of the chains is
comprised of a variable region and a constant region.
The constant region amino acid sequence is specific
. for a particular lsotype of the antibody, as well as
the host which produces the antibody.

Because of the relationship between the
sequence of the constant region and the species from
which the antibody is produced, the introduction of a
xenogeneic antibody into the vascular system of the
host can produce -an immune respbnse; " Where the
xenogeneic antibody may be lntroduced repetxtively, in
the case of chronic diseases, it becomes impractical
to administer the antibody, since it will bé rapidly
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I's produced, the introduction of a xenogeneic antibody into the vascul ar
system of the host can produce an i mune response. \Were the xenogeneic
anti body may be introduced repetitively, in the case of chronic diseases,

it betomes inpractical-to.admnister the &ntibody, since it will be rapldly

destroyed and have an adverse effect There have been therefqre, nany
efforts to prd@a% Qved pp BFYsgﬁggnépc gyeﬁFFoﬁgﬁﬁFE anFWﬁ&ﬁi&?

technlque has beaw) vebetréforreq manyeeﬁﬂbrnantoEbwovedbnalsgmrwhekﬂfthe

genes for the %§@¥%égg%né% §18§3h5§°f59?3§9§19$3t HﬁéetggﬂgtlfleqFﬁgg the

regi ons encodi I'on i SO hese Treglons
joined to the invokued thei vaeenéouragmbinantnDR beabnoilpgyneiestsul i n

genes from angiferg &p@&l férdtﬁscasgvyoaﬁdswghé' ehsghgoe‘fomwah% Wt

resul ting chlnerlc partly xenogeneic antib I s substantially nore useful
than using a MAY§ deeREbhied ﬁﬂglﬁhﬁyF39+°§?l?Fcﬂ§£na khepbepnstant

di sadvant ages rﬁmm desbiateat i o'nhesé of i@ﬁs aﬁdrda Otl‘ieﬁgjﬁfinbﬁe twari abl e
and const ant qg%ons rqaﬁlres substanti L& g LB t he j oi ni ng of
a constant redtBh ¥4HiRHe TPALPRSRGOG Q%r?%ﬁﬁ%p? P5m anot her _
speci es may chmnyndd&nhm&infgeneg from adfiothey s¢e¢hesvditebhedrt@ions, o)
as to lese th ‘%?ﬂéf?&é” §f£6 &S of the variable region. Also, there are

S

f ramewor k and rvarr ab uences specific for a species in the
vari abl e While the resulting chimeric partly

xenogeneic antibody is substantially more useful than
using a fully xenogeneic antibody, it still has a
number of disadvantages. The identification,
isolation and joining of the variable and constant
regions requires substantial work. 'In addition, the
joining of a constant region from one species to a
variable region from another species may change the
specificity and affinity of the variable regions, so
as to lose the desired properties of the variable
region. Also, there are framework and hypervariable
sequences specific for a species in the variable
region. These framework and hypervariable sequences
may result in undesirable antigenic responses.
It would therefore be more desirable to -

produce allogeneic antibodies for administration to a
host by immunizing the host with an immunogen of
interest. For primates, particularly huﬁans, this
approach is not practical: The human antibodies which
have been produced have been based on the adventitious
presence of an available spleen, from a host which had
been previously immunized to the epitope of interest.
While human peripheral blood lymphocytes may be
employed for the production of monoclonal antibodies,
these have not been partlcularly successful 1n fusxons
‘and have usually led only to IgM. ‘Moreover, 1t is
part;cularly difficult to generate a2 human antibody
response against a human protein, a desired ‘target in
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regi on, These framework and hypervari abl e sequences may result in

unglesi rabl e antigenic responses. It would therefore be nore desirable to
produce allogeneic antibodies for adm nistration to a host by immunizing
the host with an immunogen of interest. Fos primates, particularly hunmans,
thi s ‘approach is not practical. The human ant.i bodi mhlch hav been
produced have HanY HRRERBAUERE ABFeALRAGNOST IS agp-ong - avg;

spl een, from al@Stt}M!téflohé(ﬂ bﬁbltl&h@.\ila(luiln)tenmtnuz\edmxdque epi tope of

i nterest.Wile erl her a h t b for the -
product i on of ’Bg nf?B 8?e 8 thén% ?&gﬁﬁgﬁa e%%ygg é#éuly

successful in farstiidbrsd besl ﬁarehumaably led only to 1gM Moreover,
particularly difficult to generate a human antibody response agalnst a
huran protein, a desired target in many the therapeutic and diagnostic
appl i cations. Redievant khiteratnrse substantial interest in finding

al ternative routes to theTpéﬁggcghancabe@bmggem@lq,asulbg@Besﬂhqr humans.
Rel evant Literature Thonas and gaEB i 12 1987.. KoIIer and
Snithies, Procld%fhd. Behlersap AL 88589 2

i nactivating tImsszZraez,r g9 BPUBHBS|, o¢989bydlesn:mh.mounacmmm ithe i n

enbryonlc Stemﬁ%ﬁﬂé&oé%bﬂﬁfln locus by homologous recombination in
' embryonic stem cells. Berman et al., EMBO J. 7, 727-

738, 1988, describe the human Ig VH locus. Burke, et
al., Science, 236, 806-812, 1987, describe yeast
artificial chromosome vectors. See also, Garza et
al., Science, 246, 641-646, 1989, and Brownstein et
al., Science, 244, 1348-1351, 1989. Sakano, et al.,
describe a diversity segment of the immunoglobulin
heavy chain genes. Sakano et al., Nature, 290, 562-
565, 1981. Tucker et al., Proc. Natl. Acad. Sci. USA,
78, 7684-~-7688, 1981, describe the mouse IgA heavy
chain gene sequence. Blankenstein and Kruwinkel Euxr.
J. Immunol., 17, 1351-1357, 1987, describe the mouse
variable heavy chain region. §See also, Joyner et al.,
Nature, 338, 153-155, 1989, Traver et al., Proc. Nat.
Acad. Sci. USA 86, 5898-5902, 1989, and Panchis et
al., Proc. Nat. Acad. Sci. USA , 87, 5109-5113, 1990.

SUMMARY OF THE INVENTION
Xenogeneic specific binding proteins are

pfoduced in a non-primate viable mammalian host by
immunization of the mammalian host with an appropriate
immunogen.

The host is characterized by: (1) being
incapable of producing endogenous immunoglobulin;

- (2) an exogenous immunoglobulin locus comprising at
least one immunoglobulin constant region, or prptgin
thereof, immunoglobulin sequences proQiding for the
'components of the variable region of at least one of
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et al, EMBQJ.7,727-738.1988, describe the human 1g VH | ocus. Burke, et

al,. ,SC|ence 236 806-812. 1987, describe yeast artificial chronbsone vectors.
See also, Garza et al., Science. 246. 641-646. 1989, and Brownstein et al.,
Sci - ‘ence, 244, 1348-1351, 1989. Sakanog et al, describe a diversity

segnent of the inmmunogl obulin heavy chain genes Sakano et al., Nature.
290, 562- 565.thghightichnd beaxy, chréss Nand at Jkeask| oneSAEBON7684- 7688.

1981. descriypei ﬁP&ﬁhéﬁé Bgiwlﬁbabat@%nef&@wwmﬁl apdenstein and
Kr ulsi nkel Eur. J

. 135]- 1357 e- scribe the nouse

vari abl e ‘he 8P b Qng—loﬁunggéogP Q%'%t? ]St’r N \FRbpRigsg, L
153- 155, 1983.‘h1i|'§,avelﬂeemaminalﬁ?aﬁ0hoblat wAd&dco‘itpr;.éiSABﬁ 58898t 568Aa. 1989. and
Panchis et al. Proc d Sci . USA. 87 09- 5 e- mann
et el pr oc Xepgdeietd onsfaRp Fepion Gx, BEakrh e ef caphiid
i ntroducti omﬁnfba:.rh@as'ylrhadntm ai funosiomaflerd mechth n@flseneggs SUNNARY
OF THE INVE enei Cs In a

Sddyeice e gxéﬁgﬁ?ﬁﬁylﬁ*&%‘%?%’%ﬁ%ﬁﬁ‘ hay st

non- prlmate Vi a rmate
manmal i an h@dk antixr%nnalpgmglphubmmﬁ&go@f the host substituted

by a portion or an entire xenogeneic immunoglobulin . _
locus, or may have a xenogeneic immunoglobulin locus
inserted into a chromosome of the host cell and an
inactivated endogenous immunoglobulin région. These
various alternatives will be achieved, at least in
part, by employing homologous recombination at the
-immunoglobulin loci for the heavy and light chains.

- ' DESCRIPTION OF SPECIFIC EMBODIMENTS
Novel transgenic mammalian hosts, other than
primates, particularly other than human, are provided,
where the host is capable of mounting an immune '
response to an immunogen, where the response produces

antibodies having primate, particularly human,
constant and/or variable regions or such other
effector peptide sequences of interest. The hosts are
characterized by being capable of producing xenogeneic
or modified antibodies as a result of substitution
and/or inactivation of the endogenous immunoglobulin
subunit encoding loci. The modifications retain at
least a portion of the constant regions which provide
for assembly of the variable region binding site
bonded at the C-terminus to a functional peptide. The
functional peptide may take many forms or
conformations and may serve as an enzyme, growth
factor, binding prpteih, ligand, cytokine, effector
protein, chelating proteins, etc. -The antibodies may .
be any isotype, e.qg., IgA, D, E, Gor M or subtypes
thhln the lsotype .
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The -host is characterized by: (1) being incapable of producing endogenous

i mmunogl obulin due to a lesion in the J region or at |east one copy of the
i mmunogl obul i n heavy chain |ocus; and, pr%ferably. (2) an exogenous

I runogl ob- 2 ulin locus conprising at -l east one i nmunogl obul i n const ant

region, or protein thereof, i nogl obul i.n _sequ e r Qv 4l f t he
conponents of the vari abfte® B&n© fsgfaF§§§§%b§%85§x$ﬁ%**?%ﬂ?dagg heavy
chai ns, anddatad:mrarcgtlreomei_ desdred tiransgesdc dostspl | VagiaRses for - .

exci sion and asse of CLi Wesaat ] ObW 4t SelpLE: 1y Thus inkhe

non- pri mat e nﬁﬁﬁ%?f% nﬁgsﬁO%%EIhggg%%tgggggaﬁggs#kgﬂé Xenog % I, C éghgtant :
regi on or protkagombephaf oxpabheP@ﬁCB@ﬁngQQMHQ§mjQ§P%P?ung?ibﬁﬁv #%r egi on

of an endogenoyge 0f s RX00G 9H§1H?WBQQEEOQWdﬂ1dﬁlm&tenByFbﬁvehanmestire
i nmrunogl obul i n"Tocus of the host substit tion ﬁaﬂgnagntlxe

C ted a _po
xenogenel ¢ | Mmpadhl oBiFENhRYELDESH, USRH etg%& AT
' lymphocytes for immortalization for the production of:

antibodies. Since mice are easy to handle, can be =
produced in large quantities, and are known to have :an -
extensive immune repertoire, mice will usually be the
animal of choice. Therefore, in the following
discussion, the discussion will refer to mice, but it
should be understood that other animals, particularly
mammals, may be readily substituted for the mice,
following the same.proceduresl

In one strategj, as individual steps, the
human heavy and light chain immunoglobulin gene
complexes are introduced into the mouse germ line and
in a separate step the corresponding mouse genes are
rendered non-functional. Human heavy and light chain
genes are reconstructed in an appropriate eukaryotic
or prokaryotic microorganism and the resulting DNA
fragments can be introduced into pronuclei of
fertilized mouse oocytes or embryonic stem cells.
Inactivation of the endogenous mouse immunoglobulin
loci is achieved by targeted disruption of the
appropriate loci by homologous recombination in mouse
embryonic stem cells. In each case chimeric animals
are generated which are derived in part from the
modified embryonic stem cells and are capable of
transmitting the genetic modifications through the
germ line. The mating of mouse strains with human
immunoglobulin loci to strains with inactivated mouse
loci will yield animals whose antibody production is
purely human. . o ) .
In the next strategy, fragments of the human
heavy and light chain immunoglobuiin loci are used to
'directly replace the corresponding mouse loci by
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nogl obulin locus inserted into a chronosone of the host .cell and an
i'nacti vat ed endogenous inmunogl obulin region. These various alternatives
wi | be achieved, at least in part, by enpl oyi ng honmol ogous recomnbi nati on
at- «t he i mmu- noglobulin | oci for the hegyy and |ight chains. DESCRI PTION CF

SPECI FI C EMBODI MENTS: Novel transgenic manmal i an hosts, other than primates,
particul arl y hembeoddudN YudBibifta di A\ msm&%}ﬁm@éexﬁs capabl e of

ant 1 bodr eq hETRAG -pr R L S KN (BY e AERETASATR GG bHOGRAF abl o
Character| zog by el B caPaLE ““p“"?”i?mmni?ﬁm&?ﬁ‘ﬁd““s
anti bodi es ag gxrggu 1§%P3%£§¥$Hu |o§§hn or |na?t|va1|on of the
endogenous |nnunoglobumh¢$§ﬂﬁnﬂategmﬁﬁmanyIhﬁﬂed'ﬁnathnhknqwnlons retain
at least a pei*éhﬁﬁz‘aftl%eo@%%ﬁ%@ﬁ?%ﬁ%ﬁﬂ'l@cfc!if agsenbly of

the variable région binding site termnus to a functiona
pepti de. ThePRrRer| 8fapndaaliste sinpeathenargandzadion c giglatdNe ons and may
serve as an PoéHERond bFMelkdndC edicodingdiime iRfiefudiln ddnidaid, #nd oki ne,

?Lgfgggr groiecatlgnek t%% 1%29%%Eg% agbftfgygéﬂysg¥g¥;¥;é?@%éﬁ%gTy
is understood to varying degrees. 1In the human, the
immunoglobulin heavy chain locus is located on
chromosome 14. In the 5’ - 3’ direction of
transcription, the locus comprises a large cluster of
variable region genes (VH), the diversity (D) region
genes, followed by the joining (Jyg) region genes and
the constant (CH) gene cluster. The size of the locus
is estimated to be about 2,500 kilobases (kb). During
B-cell development, discontinuous gene segments from
the germ line IgH.locus are juxtaposed by me3fis of a
physical rearrangement of the DNA. 1In order for a
functional heavy chain Ig polypeptide to be produced,
th;ee discontinuous DNA segments, from the Vg, D, and
JH regions must be joined in a specific sequential
fashion; Vg to DJH, generating the functional unit
VﬁDJH. Once a VHDJy has been formed, specific heavy
chains are produced following transcription of the Ig
locus, utilizing as a template the specific VHDJIHCH
unit comprising exons and introns. There are two loci
for Ig light chains, the x locus on human chromosome 2
and the A locus on human chromosome 22. The structure
of the IgL loci is simila: to that of the IgH locus,
except that the D region is not present. Following
IgH rearrangement, rearrangement of a light chain
locus is similarly accomplished by Vi, and Jj, joining
of the & or A chdin. The sizes of the. A and « loc1

. are each approxlmately 1000 kb. ExpreSSLOn of
rearranged IgH and an Igk or Ig\ light chain in a

i " ™ s |




g., |lgA D, E Gor Mor subtypes within the isotype. A nunber of strategies
may be.enpl oyed to achieve the desired transgeni c hosts. Various transgenic
hosts may be enpl oyed, particularly murine, |agonorpha, ovine, porcine,

equi ne, canine, feline, or the like, norna?ly ot her than primate. For the

nost part, mce havelﬁgfn sedh%ogligg pgggughgogeggrgtkgﬁpggcytes for

| mor t al i zat | oR3EES tfonC0r ant | Since mce are easy to
handl'e, can beqmumhﬂﬂxim¢&¢qmbesquant|t|es and are known to have an

ext ensi ve, i Mmune repert0|fﬁ %ﬁaéf g@lisg§geélycmgnbhanantﬁahsﬁérchhece
Therefore, in the followng dis

cu55|ont % is ssion will eg r to mce,
but it shoul d EQHHHk%QﬁQﬁml@hﬁ?a%Fh%F ihteip ﬁﬁ???ﬁﬂpng9ynon pri mat e
nannags naylb@m' téd}suﬁﬁéléﬂﬁgﬁefpgn helotas, c&ﬁlbempqgtahaedane '
pr ocedur es n qne strate s_indivi d Iight
%} %Bnﬁlgﬁgs 5?%H %E%R ial ShQHHBQﬁHEﬁX¥AEW ig

chain |nnunogl uced use . germ
line and in a Ws&t.e Tieg sanecbsrterpenﬂongtheugg 4éabs ahélfleﬂreslled

f unct | o H h
gggr OBPIC a{g“gulgé‘)%“;g%ﬁé‘%exgﬁ‘v%?gggdhé B&nCBE' Eheeﬁﬁﬁrﬁ?haeéwléhwcE:namn an

aryotic m croorga he resylting DNA
fragnents can hz|lmghnhmhwlnnﬁbCp¢bﬂ0€$ein§P FéFFPFPE&dYﬁﬁﬁ§ea BYfes or

embryoni c Stemf3§J€be reconstitution of intact germ line Ig loci by
homologous recombination between overlapping regions
of homology. In this manner, the isolation of DNA
fragments encoding the human Ig chain is obtained.

In order to obtain a broad spectrum of high
affinity antibodies, it is not necessary that one
include the entife v regioh. Various V region gene
families are interspersed within the V region cluster.
Thus, by obtaining a subset of the known V regioh
genes of the human heavy and light chain Ig loci
(Berman et al., EMBO J. (1988) 7: 727-738) rather
than the entire complement of V regions, the
transgenic host may be immunized and be capable of
mounting a strong immune response and provide.high
affinity antibodies. 1In this manner, relatively small
DNA fragments of the chromosome may be employed, for
example, a reported 670 kb frégment of the 194, locus
is shown in Figure 1b. This NotI-NotI restriction
fragment would serve to provide a variefy of V
regions, which will provide increased diversity by
recombining with the various D and J regions and
undergoing somatic mutation.

In order to provide for the production of

~ human antibodies in a xenogeneic host, it is necessary
‘that fhe host be competent to provide the necessary
enzymes and other factors involved w;th the productlon
‘'of antibodies, while lacking competent endogenous
genes for the expression of heavy and llght subunits’
of immunoglobulins. Thus, those enzymes and other
—
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| nactiyation of the endogenous nouse i mmunogl obulin [oci is achieved by
tar'geted disruption of the appropriate |loci by honol ogous reconbi nation in
nouse enbryonic stemcells. In each case ghineric aninals are generated
which are derived In part fromthe nodified enbryonic stemcells and are

capabl-e of tr%%%gbégg%%4333é¥%§?4ﬁﬁg;y%§ﬂcfgﬁéngbégfgwggméﬁg,gern1Iine.

The mati ng of rrarns w | nnunoglobﬁiin | Oc| go strains with
i nacti vat ed mepddcing, womatjicmutatinns apdsehent 1 BdyWhlodBEtion i-s

purely human. ¢Ihesq slhati¢Qitte dchdipsiRsi®mdde. krwhat owgbbibation of the

i mmunogl obulin chain loci in a nunber- .of aniymals,.sinc L gapizatton,’
rel ative | ocatPEKisg éﬁbﬁ%ﬁ&ﬂﬁﬁﬁQRéirﬂﬁ%ﬁ%ﬂéﬁk%ﬁﬁéwTﬁshéggs?égagpén of
splice sites gagibudnexvns pissvmilatedneitls, the pmodustbon ©6 varying
degrees. 'In the human, the i o ol T L, GRYs chain locus is located on
chr onosone 149“@9%5%9%?-%Fmﬁﬂﬁgéﬁ+on(ﬁgﬁrans%éiption, t he | ocus conpri ses
a large cluster of vari ahes humgroDNfemay (haf)intredyced, 3ntg ERR region

genes, foll OWﬁ_?; 2%&1%3 jo?? {Fhée]:Q-]zfl[fiéd "c’)oé;f\géé)fbﬁeé&ﬁﬁrj\aﬂié hgtemnst ant ( CH)

gene cluster SIrZzé o ocus Is estimted to be about 2 500
ki | obases (kael@@h[n@ﬁ@w&ﬂﬂegRQRQQﬂwﬂﬁﬁ,b?HEﬁﬁﬁﬁ?nﬂﬁu€°ﬁgigggga- ment s
fromthe ger m%di%&p el far R EIN0S esk byt agpnto Obe aeppioyedl.
rearrangenentT%usEh%Y uéidé1é¥é¥¥fgfﬁaé&on, using repetitive steps’
or in combination with breeding, transgenic animals
may be obtained which are able to produce human
antibodies -in the substantial absence of light or
heavy host immunoglobulin subunits.

To inactivate the host immunoglobulin loci,
homologous recombination may be employed, where DNA is
introduced at the immunoglobulin heavy chain and light
chain loci which inhibits the production of endogenous
immunoglobulin subunits. Since there are two heavy
chain alleles and two light chain loci, each with two
alleles, although one may choose to ignore the A loci,
there will have to be multiple transformations which
result in inactivation of each of the alleles. (By
transformation is intended any technique for .
introducing DNA into a viable cell, such as
conjugation, transformation, transfection,
transduction, electroporation, lipofection,
biolistics, or the like.) - Homologous recombination
may be employed to functionally inactivate each of the
loci, by introduction of the homologous DNA into
embryonic stem cells, followed by introduction of the
modified cells into recipient blastocysts. Subsequent
breeding allows for germ line transmission of the
inactivated locus. One can therefore choose to breed .- -

: héterozygous offspring and select'for.homozygqué '
.offspring from the heterozygous pérents or again one ‘
méy use the embryonic stem cell for homologous '
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functional heavy chain 1g pol ypeptide to be produced, three discontinuous
DNA segnents, fromthe VH D, and JH regions nust be joined in a specific
sequential fashion; VH to DJH, generating the functional unit VHDIJH Once a
VHDJH has been formed, specific heavy chaihs arc produced foll ow ng

transcription of the J ocus, UtklLzie L.at e g riicd fi ¢ VHDIHCH
uni t conprisin&ﬁﬁ&ﬁ%ﬁéﬁéﬁ?ﬂt?Bﬁsihaég?gagﬁgﬁt&gnPgbi fbr 1g |ight chains
the K | ocus on Yungws. chronosone. 2 and the [err] | ocus on human chronosone

22. The structure of the 4gl h@hbetSogi EhAkfbemhRabnoktidps gty Isus,
except-that the D region I's not present, Follomﬁng-l H reart Ny mentn '
rearrangenent afedngedyHey cPeEPYidsRgsaFslepif| &r £} %%%ﬂ sfébgg?"% and JL
joining of the j#mAindg¥ébulini Subdhgtsiloeasoforhhomelogoasd k | oci are each

approxi mately 1000 kb, Ex ' - 1gK 1 .
PEht chai n 1 n mecsmrinal Lon oL Eh) Shel SRLPEPSE, SHoREhARR COT O 1 TLon

nol ecul es. In Guitindglobwlihe sdbobhatinther humter logus| diehsuhsktutedeast
artificial chr SQ e_e : e :
P UF O#@%s? 2, é@l:‘gygg tﬁ?i h68t iﬁtmhﬁﬂ@iolﬂﬁq}ﬁm CRL RS

i
contai ned withi'm o east “artiticral chronosone (YAC) cl ones. The
sane is true fovitthecesplting bnarhivationsgfsthge ROSEndIEMRAIIRPRILIR he

appropriate hegyyaial M&tud | 9N ChaLRi¥ATas! SRCEreBLo isedR aiie YoASt
'~ transformation for a single inactivation, followed by
breeding- of the heterozygous offspring to produce a
homozygous offspring. Where the human locus is
employed for substitution or insertion into the host
locus for inactivation, the number of transformations
may be limited to three transformations and as already
indicated, one may choose to ignore the less used A
locus and limit the transformations to two
transformations. Alternatively, one may choose to
provide for inactivation as a separate step for each
locus, employing embryonic stem cells from offspring
which have previously had one or more loci
inactivated. 1In the event only transformation is used
and the human locus is .integrated into the host genome
in random fashion, a total of eight transformations
may be required. '

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

Thus, the important factor is that Ig germ line gene
rearrangement -is inhibited, or ‘a functional_ﬁéssage
encoding the immunoglobulin subunit ‘cannot -be
produced, either due to failure of transcription; -
failure of processing of the message, or the like.
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allows for the reconstitution of intact germline I g |oci by honol ogous
reconblnatlon bet ween overl appi ng regions of honology. In this manner, tho
i sol ation of DNA fragments encoding tho human 1g chain is obtained. 31n
ordor to obtain a broad spectrumof high affinity antibodies, it is not
netessary that one include the entire V red#bn. Various V region dene
famlies are interspersed MA regi on cl.uster. Th talnlng a
subset of the known V regi & V A OREh 1Fe QY Ya %qﬁﬁ#Q?:

| oci

(Bernman et iahacEJbB@ting( wx&B):.iunuiwbij-lbw)lnmis}mmmﬂtadew ,ertthe e
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| n timguneghebulial subpait degus .DNThusagemet predudes ¢hr ono-

some may be epl oyl rhet FHAEH Lacks PPt 1K e arlf mdip 1gHu

| ocus is shown in Figure 1b of said

comprise the sequences of the J region adjacent to and
upstream and/or downstream from the J region or
comprises all or part of the region with an
inactivating insertion in the J region. The insertion
may be 50 bp or more, where such insertion results in
disruption of formation of a functional mRNA.
Desirably, the J region in whole or substantial part,
usually at least about 75% of the locus, preferably at
least about 90% of the locus, is deleted. If desired,
the lesion between the two flanking sequences

defining the homologous region may extend beyond the

J region, into the variable region and/or into the
constant region.

Desirably, a marker gene is used to replace
the J region. Various markers may be employed,
particularly those which allow for poéitive selection.
Of particular interest is the use of G418 resistance,
resulting from expression 6f the gene for neomycin
phosphotransferase. -

Upstream and/or downstream from the target
gene construct may be a gene which provides for
identification of whether a double crossover has
occurred. For this purpose, the Herpes simplex virus
thymidine kinase gene may be employed, since cells
expressing the thymidine kinase gene may be killed by
the use of nucleoside analogs such as acyclovir or
gancYclovir, by their cytotoxic effects on cells that
contain a functional HSV-tk gene. The absence of
sensitivity to these nucleoside analogs indicates the
absence of the HSV-thymidine kinase-gené-and,~
therefore, where homologous recombination.hqé'_ .
occurred, that a double crossover has aiso occurred.
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docuirent - ThIS Not1-Notl restriction fragment would serve to provide a

vari ety of V regions, which will provide increased diversity by reconbining
with thé various D and J regions and undergoing somatic nutation. In order
to provide for the production of human antjpodies in a xenogeneic host, it
IS necessary that the host be conpetent to provide the necessary enzynes
and’ ot her factors invol ve&@hdilleh tthe presknte onf ofhanhabkdiregenehiine thecki ng

conpetent endogenousedSnay iQlasdi PAGSSL 0L Lo beBXYRARIokEARL U s

of i munogl obul PRE™FhY! B enzynes an actors associ at €d o
germline rearrwmgérrsnmllslbla mqyssmmtm determbne Whathes like, will be

functional 1n they, S ﬁ%ellgaéa@itr at MR tha% | dcbertagki nghiis 8ahubetional |

nat ural region conp I'ous exons aSSOCIated wi th the production
of endogenous |ﬁﬁhh6§?6bt}ml R awnhax of MY Huneho PN FePRET; RPF&duP@Hﬁ nto:
t he pronucl ei ognggyhhglagglpQ@y@m@xﬂyéﬂﬁIOWé$ﬁablEﬁhcehés1oEbelon of

i ntegration may be random honol_ogous nd|n n pagticul ar '

striategy to be Eﬁﬁl&?@ﬁgr Repy mqﬂfih %%ﬁ?% Poa %ﬁs rBSEE R i ve

steps or in conhhdathen weqhdmumngrqnetszwsqénBC neghahs flgnkdéngbtthiened

which are able t d olo] t S a of

| i ght or heavy ﬁgsgr?néﬁﬁbQﬁgg& In su &f the {5&&&? 1884 Ex@gﬁaﬁﬁﬁ
beyond the flanklng regLon of the construct or
identifying the presence of a deletion, when such
deletion has been introduced, the desired integration

may be ‘established.

The polymerase chain reaction (PCR) may be
used with advantage in detecting the presence of
homologous recombination. Probes may be used which
are complementary to a sequence within the construct
and complementary to a sequence outside the construct
and at the target locus. In this way, one can only
obtain DNA chains having both the primers present in

- the complementary chains if homologous recombination
has occurred. By demonstrating the presence of the
probes for the expected size sequence, the occurrence
of homologous recombination is supported.

The construct may further include a
replication system which is functional in the
mammalian host cell. ' For the most part, these
replication systems will involve viral replication
systems, such as Simian virus 40, Epstein-Barr virus,
polyoma virus, papilloma virus, and the like. Various
transcriptional initiation systems may be employed,
‘either from viruses or from mammalian genes, such as
Sv40, metallathionein-I and II genes, f-actin gene,
adenovirus early and late genes, phosphoglycerate
kinase gene, RNA polymerase II gene, or the like. 1In
addition to promoters, wild-type enhancers may be
‘employed to further enhance ‘the expression of the
marker gene.
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To'i nacti.vate the host i mrunogl obulin |oci, honol ogous reconbi nati on may be
enpl'oyed, where DNA is introduced at the i mmunogl obulin heavy chain and

| ight chain |loci which inhibits the prodﬁgtion of endogenous i mMunogl obul i n
subunits. Since there are two heavy chain®alleles and two Iight chain |oci

each wirth two alleles ﬁgg. o] g e | oci,
there will have to beléﬁélp rans?ﬁg Eﬁ?oﬁgbaﬁF%hggagtFPgF% F%gctlvatlon
of each of th&omalagons (sconbirdbiont. i anreplinathandsyayencénni que for

i ntroduci ng Dﬁéd dté@fﬂﬁéiéfédlaﬁﬂfhEas éQﬂiU9ﬁ£¥Oﬂe &hamﬁaeaornatlon
transfection, transduction, el ectroporatTon, =Ttipof eciion. - bi of |st|cs or

the like.) Ho %o 4%&Rﬂﬁﬁhﬁu? eNChe %ﬁﬂ?g93daFEeFuﬁ€FPonally
i nactivate eamhndfpdlhﬂ::lmc,i aﬂmyﬁs pCEchEh ofis oi—etbeldaﬂﬂahomapplonrn_t_ 0

nb t el | foll d t d ct of t di,fied cell nt o
Foct bent bl aSpgonEindy, HiinaRod RAG HERRLGN o PehB HepFRes” o
transm ssi on SEqmlemqemactWheaieecthe)cumsﬁ'mtansthergéprgenenalsbyto br eed
het er ozygous 8&&%@&:@%&&1@% f%“%&%@’ e ééé&?{ﬁ&g 66% €and

het er ozygous parents oragal h one Fyonic stem ¢2
forhonDIogousuFBéé%W'mﬂﬁ<ﬂ$ﬁ§u¥h4ﬂﬂﬁbquﬁ|¥ﬂpQ#bPheadﬁﬁ®§table Iocus Wi |l e

the nunber of aktaFcqRidHFbridife BAPPE hdfUse udyd PEOY¥| H168iRg bfast a
fragment of t@ﬁ hconstfnn{

' ‘Once a construct has been prepared and any
undesirable sequences removed, e.g., procaryotic
sequences, the construct may now be introduced into
the target cell. Any convenient techniqﬁe for
introducing the DNA into the target cells may be
employed. Techniques include spheroélast fusion,
lipofection, electroporation, calcium phosphate-
mediated DNA transfer or direct microinjection. After
transformation or transfection of the target c¢ells,
target cells may be selected by means of positive
and/or negative markers, as previously indicated,
neomycin resistance and acyclovir or gancyclovir
resistance. Those cells which show the desired
phenotype_may then be further analyzed by restrictien
analysis, electrophoresis, ' Southern analysis, PCR, or
the like. By identifying fragments which show the
presence of the lesion(s) at the target locus, one can
identify cells in which homologous recombination has
occurred to inactivate a copy of the target locus.

The above described process may be performed
first with a heavy chain locus in an embryonic stem
cell and then maturation of the cells to provide a
mature fertile host. Then by breeding of the
heterozygous hosts,. a.homozygous. host may be obtalned
or embryonic stem cells may be lsolated and
transformed to inactivate the second IgH locus, and

the process repeated until all the desired loci have
-
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nogbobul i n subunit | ocus for honol ogous reconbination wth the anal ogous
endogenous i nmunogl obulin, in the event only transformation is used and the
human | ocus is integrated into the host genone In random fashion, a total
of eight transformati ons nmay be required.l¥For inactivation, a lesion in the
target- locus resulting in the prevention of expression of an inmmunoglobulin
subunit of thabekocdnaicsimat d Alternatiwekypdrhant ightt 6248 that 1g

germline genejpLeakr aRgeMRNttHeS fiHythi t adh o astiai@;ienal hamaaagecancodi ng
t he .i mminogl obul i n_ sullnit cannpt be produce&j either due to failure of '
trahscription,mPXiPErénGF sing of the nessage, or the like. For -

i nactivating the i munoglasbdlivediyaindiusited,ubithe ttaoges, Lobes| maiyon wil |

be introd d jnt he . ' f 140l bul i buni t -
Cocus. | Thie. ohB BPBATEbeEd SAH At AtROacHl Mg D82 18 200
may conprise thbisegagnceheothuntan lacwus avilddjhe ahaged apubgpantdamland/ or
downstream frog,t b JLGA %@{?éf:%r% tife %‘??a]ﬁidqﬁ WeEt Phch8g EBgion with

an inactivating insertron inth egl on. The jnsertion nmay, be 50 bp or
nore, where suthatnaan reguladdions aseagiatast withithe Rasibhops of

functional NMRNgheDeshabkii1ll R bubdiaditidl Whdlfe Aamelbsdéanthal human
10 immunoglobulin locus. For example, by isolating the
entire VH gene locus (including V, D, and J
sequenceé), or portion thereof, and flanking the human
locus with sequences from the mouse locus, preferably
sequences separated by at least about 5 kbp, in the

15 host locus, preferably at least about 10 kbp in the
host locus, one may insert the human fragment into
this region in a recombinational event(s),
substituting the human immunoglobulin locus for the

_  variable region of the host immunoglobulin locus. In

20 this manner, one may disrupt the ability of the host
to produce an endogenous immunoglobulin subunit, while
allowing for the promoter of the human immunoglobulin
locus to be activated by the host enhancer and
regulated by the regulatory system of the host.

25 Once the human loci have been introduced
into the host genome, either by homologous
recombination or random integration, and host animals
have been produced with the endogenous immunoglobulin
loci inactivated by appropriate breeding of the

30 various transgenic or mutated animals, one can produce
a host which lacks the native capability to produce
endogenous immunoglobulin subunits, but has the
capacity to produce human immunoglobulins with at
least a significant portion of the human repertoire.

35 . ~ The functional inactivation of the two

‘ copies-of each of the three-héét'Ig loci, where the

" host contains the human IgH and the human Ig &
and/or A loci would allow for the production of purely
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part, usually at |east about 75% of the l|ocus, preferably at |east about .
90% of t'he locus, is deleted. If desired, the |esion between the two

fl anki-ng sequences defining the honol ogous regi on nmay extend beyond the J
region, into the variable region and/or jnto the constant region. In the

| i"ght chain, J, V or Cregions, or enha r regions nmay be use. Desirably,

a marker geneyj S . I I, 4,800 Qn., .Varj rsemay be
enpl oyed, par??@ﬁﬁa?ﬂta?)hog@g "%%%(ﬁ%h gﬁﬁ gv& t?gir@po%l} ié/rgéh}e‘{?;{cﬁo%; O
particul ar i nR@FESPT] ¥l°ﬁﬁdmi§@fbfcwrg-q aftsihoties « efingh iy hoskn

gxpr..essi on .]gf stb&%ﬁ?nﬁyf -qmm%i@r{om?hcggﬁﬁﬁﬁ m;dﬁﬁé J %‘&P@g/ or f
ownstreamfromthe . targ gene construct_my be a e I ch pr-ovides for
identificatioﬁeﬁPoﬂﬂegﬁéggﬁ FFASUE T Qfy qﬁﬁaﬁﬁéﬁil%u?f?&héﬁmms
pur pose, . t he spepifici hpman antidbodiys ,diwiE.di R ldenedsdd lise enpl oyed,
since cells e S kgs.t | di ki nase. gene may be kiJdled, by the use
of nucl eosi de@%%ﬁoggggu@%uggyg@%&%&ﬂ rceg'ﬁ'sgg)ﬁc}(ﬁ d%‘ﬂ“r",“&)‘-’ﬁf‘e‘? r%?:yt ot oxi ¢
effects on ceany obhercwanaenw Loruthe coatindvusk syabde Prodirsteime of sen-
sitivity tot sﬁuﬂgﬁlﬁgﬁggggggilggi-ygafggﬁs t he absence of the -

[ th

HSV-t hym di ne ki nase gene an erefore, where honDIogous.reconbination-
has occurred, that a doBBPesubjsss methedodogy sadustaategies need

not be limited to producing complete immunoglobulins,
but provides the opportunity to provide for regions-
joined -to a portion of the constant region, e.q., CHl'
CHZ' CH3,.or CH4' or combination thereof. |
Alternatively, one or more of the exons of the Cy and
Tl Cx or C) regions may be replaced or joined to a '
sequence encoding a different protein, such as an
enzyme, e€.g., plasminogen activator, superoxide
dismutase, etc.; toxin A chain, e.q., ricin, abrin,
diphtheria toxin, etc.; growth factors; cytotoxic
agent, e.g., TNF, or the like. See, for example, WO
89/07142; WO 89/09344; and WO 88/03559. By inserting
the protein of interest into a constant region exon
and providing for splicing of the variable region to
the modified constant region exon, the resulting
binding protein may have a different C-terminal region
from the immunoglobulin. By providing for a stop _
sequence with the inserted gene, the protein product
will have the inserted protein as the C-terminal
region. If desired, the constant region may be
entirely substituted by the other protein, by
providing for a construct_with.the appropriate splice
sites for joining the variable region to the other
protein.
The antibodies or;antibody analog producing
B-cells from the transgenic host may . be. used for
- fusion to a mouse myeloid cell to produce'hYbridomas
or immortalized by other cpnventidnai process, e.g.,
tfahsfgétion with oncogenes. These immortalized cells:
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VWil e the p;es nc of the mar ker gene in the gonorno will indicate that
|ntegrat|on = ced 11 still be necessary to determ ne whether
H ccurred. This can be achieved in a nunber of

honol ogqQus in
ways. For- the analysis will be enployed to establish the

| ocation of the |ntegrat|on. By enploying pgobes for the insert and then
sequencing the 5 and 3' regions flanking the insert for the presence of

the target |ocyg,gxiRadi be GERWCEMENLRERIous dubevpadot hentiaduced
Such del et on_hEEBe t.%%r&%e@éeam‘/ﬁé e Phfegrarfobhay be
est abl i-shed.-- Therpahytioasefclasiaittegact i on (PCR) may be used with advantage'
in detecting the presenceTﬂg @%ﬂ%é&¥nfﬁventlon provides for the

production of polyclonal human anti-serum or human
monoclonal antibodies or antibody analogs. Where the
mammalian host has been immunized with an immunogen,

the resulting human antibodies may be isolated from

other proteins by using an affinity column, having an.

'Fc binding moiety, such as protein A, or the like.

For producing animals from embryonic stem
cells, after tfansformation, the cells may be plated
onto a feeder layer in an appropriate medium, e.g.
fetal bovine serum enhanced DMEM. Cells containing the
construct may be detected by employing a selective
medium and after sufficient time for colonies to grow,
colonies may be picked and analyzed for the occurrence
of integration or homologous recombination. As
described previously, the PCR may be used, with
prlmers within or without the construct sequence, but
at the target locus.

Those colonies which show homologous
recombination may then be used for embryo manipulation
and blastocyst injection. Blastocysts may be obtained
from females by flushing the uterus 3-5 days after
ovulation. The embryonic stem cells may then be -
trypsinized and the modified cells added to a droplet
containing the blastocyst. At least one and up to
thirty modified embryonic stem cells may be injected
into the blastocoel of- the blastocyst. After
injection, at least one and no more then about fifteen
of the blastocysts are returned to each uterine horn
of pseudo-pregnant females. Females are then allowed
to go to term and the resulting litter screened for
mutant cells having the construct.. '

_ The mammals may be any non-human,
particularly non-primate mammal, such as 1aboratory
animals, particularly small laboratory animals, such
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reconbi nati on. Probes may be used which are conplenentary to a sequence

w thin the construct and conplenentary to a sequence outside the construct
and at- the target locus. In this way. one can only obtain DNA chai ns havi ng
both the prinmers present in the conplenentary chains if honol ogous

reconbi nati on has occurred By denonstrating the presence of the probes for
t he expected size sequence, "the occurrence of honol ogous reconbination is
supported. The gongicdst ravy,f guihea phgsydeta.replondton sysmabswhich is
functional in the non-primate mamualian host cell. [For the nost part, these
repliccation syReher vx?gF‘i nvol've viral reéplication systens, such as Sim.an
virus 40, Epstein- Barr virhasfopbbwing exemplesagrerafferedsby avaytaé

| i ke. Various ty LRIk Qpal . jinj.ki a0 y RY; nmpl oyed, either
fromviruses orlﬁgggﬁﬁgﬁ%éﬁléﬂaggégs%&sﬁgﬁ'ggeggho,Eﬁgﬁyflathionein-l and
11 genes, p-actin gene, adenovirus early and | ate genes, phosphoglycerate

ki nase gene, RNA pol ynerase 11 genegxpgriMeNTARe. INn addition to pronoters,
wi | d-type enhancers may be enpl oyed™To0 turther enhance the expression of

the marker gene. In constructing the subject constructs for honol ogous

reconbi nation, fni@Riv&8ibANoEYEheNmbakepheadty ellasin phrdgemesul arly E.
e e " ey L of SRTELID LIE AR B el 10 AT ter each
A 6.4 Xb EcoRI fragment, containing the

mouse'heaﬁy chain J genes and flanking sequences, is
cloned from a Balb/c mouse embryo genomic library
using the probes described in Sakano et al., Nature
290:562-565, 1981. This fragment (mDJ) is inserted
into EcoRI-digested pUCl1l9 plasmid (pmDJ). A 2.9 Kb
fragment, containing the 4 J genes, is deleted by
XhoI-Scal digestion (pmD&JNeo, see Chart 1). An 1150
bp Xhol-BamHI fragment, containing a neomycin-
resistance gene driven by the Herpes simplex virus
thymidinelkinase gene (HSV-tk) promoter and a polyoma
enhancer is isolated from pMClNeo (Thomas and
Capecchi, Cell, 51, 503-512, 1987). A synthetic
adaptor is added onto this fragment to convert the
BamHI end into a Scal end . and the resulting fragment
is joined to the XhoI-ScaIl i
pmDSJ to form the inactivation vector (pmD§J.Neo) in
which the 5’ to 3’ orientation of the neomycin and the
heavy chain promoters is identical. This plasmid is
linearized by NdeI digestion before transfection to ES
cells. The sequences driving the homologous '
recombination event are 3 kb and 0.5 kb fragments,
located 5’ and 3’ to the neomycin gene, respectively.

'\
. This Sheet Has

[

1 s



mappi ng or sequenci ng, :expansi on and isol ation of the desired sequence.
Wiere the construct is large, generally exceeding about 50 kbp, usually
exceedi ng 100 kbp, and usually not nore than about 1000kbp, a yeast
artificial chro- nosone (YAC) may be used for cloning of the construct.
Once a c¢onstruct has been prepared and any undesirabl e sequences renoved,
e.g., procaryotic sequences, the constrifct may now be introduced into the
target cell. Any convenient technique for introducing the DNA into the
target cells nehatte lenpl oyed Techni ques include sphercpl ast fusion,

| i pof ection, electroporation, calcium phosphate-nedi- ated DNA transfer or
direct mcroinjection. After transformation or transfection of the target
cells, target cells may be sel ected by nmeans of positive and/or negative
markers, as previously i ndi cat ed, neonycin resistance and acycl ovir or
gancycl ovir resistance’ Thogg,aldady Mty 6 Thivevlish vedophenot ype rmay
then be further analyzed by restriction analysi el ectrophoresis, Southern
analysis, PCR or the Fike. By identifying fragnents whi ch show t he
presence of the lesion(s) at t-he.target |ocus, one can identify cells in

whi ch. honDbQp_giﬂﬁgﬁgggﬁﬁﬁidﬁmﬂggmgccurred to inactivate a copy of the

target | ocus.
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The above descri bed process may be perforned first wwth a heavy chain | ocus
in-an enbryonic stemcell and then maturation of the cells to provide a
mature fertile host. Then by breedi ng of the heterozygous hosts, a
honbzygous host may be obtai ned or enbryQFic stemcells may be isol ated and
transfornmed to inactivate the second 1gH locus, and the process repeated
until all the desired | oci have been inactivated. Alternatively, the Iight
chai n" |l ocus nmay be the first

y. st age hunan | oci
i ntroduced. As al ready |FBFC§§e8e?E élPﬁrEéﬁTP§€quﬂﬁ9eﬁe—§ugithuted Wi th
t he - analogousr&uﬁnﬂelosms :29p-2B6s 1A§7)t he bulenrédcas mitbmpeiptaced

substantially | n the.sane region th R h C t hat any

regul ati on &yﬁﬁﬁéﬁ%% %fiﬂafﬁe388§¥?Po§ g S%ﬁgggggugééﬁ%? géygg stantially
t he sane_fortéﬁsémMmmllynaaogesbuibadIoaqetscbmaexgﬂpﬁb-:by i solating the
entire VH geney | ggise{50¢! HehNOndroRb1angyd292456n4083) . O TRAM LT on ther eof

and fl anki ng rom the nbuse” | ocus,
preferably seqmmereniepbibreblagtarareasprenpsat ErRBpembrYPfefRe® | ocus,

preferably at d§¢ﬁﬁ/@b9§ﬁaigskéﬁatnaiéemaﬁéa hecys, 1mneayayeaﬂ§§é& the
human fragment jnto this re econbi na-_tion event

i
substituting tYet huﬂmﬁﬁ}ﬁﬂhgﬂaFﬁgﬁF?n£?5cﬁsn?8wy?ﬁ% €5?P§g?§ région of the
host i munogl ofBddsiéoces. al., PNAS 83:9065-9069, 1986). These

cells are capable of growth in media containing G418.
Electroporation conditions are described by (Boggs et
al., Ex. Hematol. (NY) 149:988-994, 1986). ES cells
are trypsinized, resuspended in culture media at a
concentration of 4x107/ml and electroporated in the
presence of the targeting DNA at a concentration of
12nM in the first experiment and 5nM DNA in the
second. A voltage of 300 V with a capacitanée of 150~ -
250 uF is found optimal with an electroporation cell
of 5 mm length and 100 mm2 cross-section. 5x106
electroporated cells are plated onto mitomycin-treated
fibroblasts in 100 mm dishes in the presence of
Dulbecco’s modified EBagle’s media (DMEM) supplemented'
with 15% fetal bovine serum (FBS) and 0.1 mM 2-
mercaptoethanol. The media is replaced 24 hr after
electroporation with media containing 200 pg/ml G418.
ES colonies resulting 10-14 days after

~electroporation are picked with drawn out capillary
pipettes for analysis using PCR. Half of each picked
colony is saved in 24-well plates already seeded with
mitomycin~treated feeder cells. The other'halves,
combined in pools of 3-4, are transferred to Eppendorf
tubes containing approximately 0.5 ml of PBS and
analyzed for homologous recombination by PCR.
Conditions for PCR reactions are essentially as

described (Kim and Smithies, Nucleic Acids Res.
16:8887-8893, 1988). After pelleting, the ES cells
are resuspended in 5 pl of PBS and are lysed by the
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In this manner, one may disrupt the ability of the host to produce an
endogenous |nnunoglobulln subunit, while allowing for the pronoter of the
human i munogl obulin | ocus to be act i vat ed by the host enhancer and

regul ated by the regu- !'atory system of the host. Once the human | oci have
been introduced into the host genone, eitiyer by "honol ogous recomnbi nation or
randonllntegratlon and host ani mal s have been produced wth the endogenous

I mmunogl obul i nad@Ltibnadki sat pd bYf #2Or ARy iekicth hiwel NPNHsddheawar i ous

transgeni c or a 0 t he )
native capabll$¥éggfga?§g g o&égﬁ%#ﬁﬁ?é%ﬁ;ﬁﬁ éﬁhnfé ftt‘)ut has -
t he capacity tlbfmnduceahmaan wmnpglo@mnasg \li tat aﬁSﬁCéafs?lr aBQngmi i cant
portion of theygiupp nofeeseao}%geatzh&sf WG F A rddad IV atim of the two

copi es of each of" the three l oci, where the host contains the human
1gH and the herRtainiagr 204l of PeFﬁqu%ﬂn\MiﬂqﬂqﬁI%ﬂﬁ#ﬁﬂlﬂgm?%ﬁoductlon

of hpur ?lhy hunegy, gfét podys nphe6el each rt hguwrgx Yo I3me¥sde, H
oo O o 0 3ke. SUehy® il 2t " S 61 on i
produci ng speasipanfivnneaplopsdbsscyelliesh usitey las tlmﬁnﬁbdye:]fexsadimn h -
65 secondé melf at 92°C and a 10 min annealing and Y
extension time at 65°C. The two priming
oligorniucleotides are TGGCGGACCGCTATCCCCCAGGAC and
TAGCCTGGGTCCCTCCTTAC, which correspond respectively to
a region 650 bases 3’ of the start codon of the - =
neomycin gene and sequences located in the mouse heavy-
chain gene, 1100 bases 3’ of the insertion site. 20
pl of the reaction mix is electrophoresed on agarose
gels and transferred to nylon membranes (Zeta Bind).
Filters are probed with a BZP-labelled fragment of the
991 bp XbaIl fragment of the J-C region.
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mouse nyeloma cells or be imortalized in any other manner for the
continuous stabl e production of human nonocl onal antibodi es. The subj ect
met hodol ogy and strategies need not be limted to producing conplete

i mrunogl obul i ns, but provides the opportunity to provide for regions joined
to a portion of the constant region, e.g . CHL, CH2. CH3, or CH4, or conbi -
nation thereof. Alternatively, one or noe@ of "the exons of the CH and
C-err] or CJerr], regions may be replaced or joined to a sequence encodi ng
a different prot@ide §uch as an enzyne, e. g , plasninogen activator,

SUpGFOXI?? I S toxin A chain, g ricin, abrin. diphtheria
toxin otoxi c agent, e.g., TNF. or the |ike See,
for 5 exzarrpl e: "V\O 8 7142 V\D..89/ 9344 ag 88/ 03559 i'nserting
t he protelﬁ of |nkeresh= nto a cd st Mt réni o = '? %
; —H - LI B I 1 —
D Jl J2 J3 J4
L de

Xho
Nael

= :
.z‘;.< moo&;.' . -l 23;0.,, . 4'4—';1116“,—4

YWild rype ES cell genome
- EcoRI-Pstl probe
T T
2 g " E E 8§ 2 B_ _E .
3 z 3z I E o7 iz 27
1 1 1 1.1 Ll 1t 11 | B | 11 4
I 1 1 | I O | T
D Jl JzJ3 J4

HindIIl digestion . : |< 2260 bp >i<-1so bp—-]
Sal digestion e 4040bp »‘4-—990!»—-»[

Targeted ES cell gepome
; ; L
8 £ 3 323 Eg 4
| ——— HH—HH
I T | l'

HindIlI digestion }: 4180 bp

Sacl digestion l< : 3470 bp
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exon and providing for splicing of the vatiable region to the nodified
constant” regi on axon. the resulting binding protein may have a different
C-termnal region fromthe i munogl obulin. By providing for a stop sequence
with the inserted gene, the protein produgi wi |l havée the inserted protein
as the CGtermnal region. If desired, the®"Constant region may be entirely

substi-tuted byt he .ot he rofei b vidi r NSt I4dGle M i e
~ appropri ate spi activati 5% Pne PhloRL8VEG' RE chai® %t n€7ﬁ4;n—
protein. The antibodies or antibody ang@blSproducing B-cells fromthe

transgeni c. host may digndieedcf96nf Ui Gllet PnacEPyaLiBHEVBERoRel | toO produce '
hybri domas or i nmort cessg,

transfaction with oncogenlsb- #hEEeE¢ﬂ%5rgﬁ???%ﬁtceFP§tﬁ&FlPﬁbﬁﬂﬁ% grown in
conti nuous cul txwufse)rmﬂikmaglyéﬁdlmtme&hﬁ @naihoneuagﬁbnag@wwtarhi e host
for production SC|tes The su Jgg %anélon ﬁaﬁﬁ %es f %ﬁ’
production of ML SRIRBACERE | SERRTH HFORufm A cfngHaI S4i es or
anti body anal oggendfihier €l ieanpnand i imservednbhtanptiCit (adH)eemwasmuni zed
wi th an i mmuno r t 204 1 pgd y Qlrated f
ot her protei ns%‘& u%bﬁ% g%%f*ﬁﬁww ﬁ%léﬁaggna aEﬁ ga 3 ]{b?ny
such fragment containing the four J genes (see Chart
an about 1.1 kbp Xhol-BamHI fragment, blunted at the
BamHI site, containing a neomycin resistance gene
driven by the Herpes simplex virus thymidine kinase
gene (HSV-tk) promoter and polyoma enhancer was
isolated from pMClNeo (Thomas and Capecchi, Cell, 51,
503-512, 1987). This fragment was inserted into the
XhoI-~-Nael deleted pJH to form the inactivation vector
(pmHSJ, see Chart 2B), in which the transcriptional
orientation of the neomycin and the heavy chain genes
is the same. This plasmid was linearized by Ndel
digestion before transfection to ES cells. The
sequences driving the homologous recombination event
are about 2.8 kbp and about 1.1 kbp fragments, located

5 and 3’ to the neomycin gene, respectively.

Culturinq! Electroporation, and Selection of ES cells
The ES cell line E14TG2a (Koller and - .
Smithies, 1989, PNAS, USA, 86, 8932~ -8935) was cultured
on mitomycin C-treated embryonic fibroblast feeder
layers as described (Koller and Smithies, 1989, PNAS
USA, 86, 8932-8935). ES cells were trypsinized,
resuspended in HBS buffer (pH 7.05; 137mM NaCl, S5mM
KC1l, 2mM CaClz, 0.7mM NagHPO4, 21lmM HEPES pH7.1) at a
concentration of 2x107/ml1 and electroporated in the
presence of 50 pg/ml of the linearized inactivation
vector. Electroporation was carried out with a BioRad _
Gene Pulser using 240 volts and 500uF capacitance.
 5x105 electrOporated cells were plated onto mitomycin
C-treated fibroblasts in 100mm dishes in thé presence
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as' protein A or the |ike. For producing animls fromenbryonic stemcells,
after transformation, the cells may be plated onto a feeder layer in an
appropriate nedium e.g. fetal bovine serumenhanced DVEM Cells contai ning
t he construct -may be detected by enpl oyi n@2a sel ective nedium and after

sufficient time for colonies to grow, col Qnies nmay be picked and anal yzed
for the occurréﬁ%ep%éb?ﬁ?@éﬁaﬂpﬂhféﬁdhgﬁﬂﬁﬁbéh§‘ %)i on. As descri bed
previ-ously, thesnfﬁﬁl%ﬁdnbédl{ﬁﬂdh %EhfFIUaJIB'_ mv\ﬁdehis@rflm aindhoutl tide 2~
construct. sequence t . the target us.. __Those,c ni,gds [ ow
horol ogous recdﬂ%?%%?#%ﬁ€539°$hen&§8 E?ggafg'se P%ggﬁgnPgng?F%%e%ﬂd

bl ast ocyst i nj exléectroBbaat bonswithamekidaolcoatada ingo 200ggdinds G4y 8.l ushi ng
the uterus 3-5 3 | aki QQ; e 16 Shemgell n be
trypsinized an % ﬁ%%?%?géecg%lgeégéggst%%ézggégnggco%ta%%fgngﬁge

bl ast ocyst. At ekegtreperahionpweset Biekednidithi drawRpPysnraPdddmdel | s may

be injected i nt; Ader bt apbpcoghl pEikhasihgstpey polyhkiatel Bhaghi on, at
| east one and no nore then about” fifteen Of  the %% stoiésts are returned to
each uterine hdreRHioRe(BER)r egHahf PENRREL PREHEACCOLPRYI HBS all owed to

go to term and diund Bsthéd Ngol Aht Shdsoidaaddwedl ot anR4cebll paaiteg the

construct. already seeded with mitomycin C-treated feeder cells.
The other halves, combined in pools of four, were
transferr¥ed to Eppendorf tubes containing 0.3 ml of
PBS and'cell-lysates were prepared for PCR analysis as
described by Joyner et al (Nature, 338:153-155, 1989).
The PCR reaction included 5-20ul1 of the cell lyste,
1uM of each primer, 1.5u of Taq polymerase and 200uM
of dNTPs. The PCR amplification employed 45 cycles
using a thermal cycler (Perkin-Elmer Cetus), with 1
min. melt at 94°C, 2 min. annealing at 55°C, and 3
min. extension at 72°C. The two priming
oligonucleotides are ACGGTATCGCCGCTCCCGAT and
AGTCACTGTAAAGACTTCGGGTA, which correspond respectively
to about 120 bases 5’ of the BamHI site of the
neomycin gene, and to the sequences located in the
mouse heavy chain gene, about 160 bases 3’ of the -
insertion site. Successful homologous recombination
gives rise to an about 1.4 kbp fragment. 20zl of the
reaction mixture is electrophoresed on 1% agarose
gels, stained with ethidium bromide and transferred to

- -~ nylon membranes (Gene Screen). Filters were probed

with a 32P—labelled EcoRI-PstI about 1.4 kbp fragment
located in the mouse heavy chain, 3’ of the insertion
site (see Chart 2). For further analysis, genomitc DNA
was prepared from ES cells, digested with restriction
~enzymes as recommended by the manufacturers, and | .
- fragments were séparated-on 1% aga;osé gels. DNA ﬁas'__

‘transferred to nylon membranes (Gehe.Screen) and
- :
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The mammal s may be any non- hunan, partidufah}y non-pri nate manmal, such as

| aboratory animals, particularly small |aboratory animals, such as mce;
rats, guinea pigs, etc., donestic aninmals, pets, etc. The follow ng
exanpl es -are offered by way of illustration and not by way of |imtation.

EXPERI MENTAL | nactivation of the nouse he chain J genes Construction of
the inactivation vector A 6.4 Kb EcoRi fragnent contai ni ng the nouse heavy

chairi 3 genes agdobeanild, SRS b ELONELalhOML 2aBaliBkeatbase Cdr YO

genonic |ibrary*using the probes descri ed In ano et al., Nature
290: 562- 565, 198@°V¢h|s fragnent (nDJ) is inserted into EcoR -digested
pUCL 9 plasmid (pnDJ). A 2.9 Kb fragnent, containing the 4 J genes. is

‘del eted by Xhol -Scal digestign (pnD&INeo S§ Chart.1). -An 1150 bp - -
Xhol - BamH fraghﬁﬁiYEéﬁneépﬁﬁEéléﬁﬁﬂéﬂﬁgﬂh—igégiggﬁhgé gene driven by the
Her pes sinplex virus thynig mhekifiast geqsexifdht k) PORoanadysdsdof fhleyond |
T087) A synt hoPPRLaHapBaPRLE L ARHP D Ty PITSGRER PER E5q7AR: SE: "Barn
end into a Scal thedeapdctied isdwd t(iakputr agSthp ) soubi aEd3dopoRdsxhol - Sca
prb&) to representing 136 G4l18-resistant colonies. The four

individual colonies that had contributed to this

positive pool were analyzed individually by PCR, and a

positjve clone, ES33D5, was identified. Similar

aﬂalysis of 540 G418-resistant colonies obtained in

the secohd experiment yielded 4 additional positive -

clones (ES41-1, ES61-1, ES65-1, ES110-1). _

_ In order to verify the targeting disruption

of one copy of the J genes, (the gene is autosomal and

thus present in two copies), the PCR positive clones

were expanded and genomic DNA was prepared, digested -

with HindIII or with SacI and analyzed by Southern

analysis as described using the EcoRI-Pstl probe.

The replacement of the J genes by insertion

of the neomycin gene by an homologous recombination

event results in an HindIII fragment, detectable with

the EcoRI-~-PstI probe, which is about 1.9 kbp longer

than the equivalent fragment in the native locus, due

to the loss of two HindIXI sites located in the -

 deleted J gene region (see Chart 2C). Southern
analysis of each of the 5 positive clones by HindIII
digestion gave a pattern which indicated that one of

the two copies of the heavy chain J genes had been
disrupted. Three labelled fragments were detected:
one fragment (about 760 bp), identical in size to that
present in untreated cells at the same intensity, one
fragment (about 2.3kbp) identical in size to- that
present in untreated cells, but of decreased intensity
in the' PCR positive clone, and an additional f:agmenf
‘about 4.2 kbp, the size predicted for an homologous
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fornthe-inactivation vector (pnD&J. Neo) in which the 5 to 3" orientation
of the neonyci nandt he heavy chain pronoters is identical. This plasmd is

|l i néari zed by Ndel digestion before transfection to ES cells. The sequences
driving the honol ogous reconbi nati on event are 3kb and 0.5 kb fragnents,

| ocated 5 and 3' to the neomycin gene, Réspectively. Chart 1 Mouse
Heavy Chain J Cenes |nactivation Vector (A) Targeted nouse heavy chain J
genes [err] (Bjecemeinabienneventer PEBESNKeONyr A0 the PCR-positive

clones. Similarly, the replacement of the J genes by
the'neomycin~gene by an homologous recombination event
results in a loss of one Sacl site and the appearance
of a fragment, detectable with the EcoRI-Pstl probe,
which is about 570 bp smaller than the equivalent -
fragment in the native locus (see Chart 2C). Southern
analysis of the clones by Sacl digestion gave the
expected pattern of one native and one targeted
allele: about 4.0 kbp fragment, identical in size to
that_ detected in untreated cells, but of decreased
intensity in the 5 positive clones, and an additional
fragmen£ of about 3.4 kbp, the size predicted for a
targeted homologous recombination event, present only
in the identified clones. Rehybridization of the
Southern blots with a probe for the neomycin gene
shows that only the 4.2 kbp and 3.4 kbp fragments,
resulting from the HindIII and the Sacl digestion,
respectively, hybridized to the probe as predicted by
the targeting event.

Inactivation of mouse immunglobulin heavy chain J

genes in mice

Injection of targeted ES cells into mouse blastocysts
and generation of chimeric offsprings

Mice were purchased from Jackson
Laboratories (Bar Harbor, ME). Three and a half day
old C57BL/6 blastocysts were obtained from 4-5 week
old superovulated females as described by Koller
et al. 1989 (supra). ES cells were trypsinized,
washed once with fresh DMEM media and diluted to about
1x106/ml in M2 media. About Sul of cells were added
to a 1501 droplet of M2 media, under paraffin oil,
containing the blastocysts. Ten.to fifteen cells were,x

. injected into the blastocdel_of'each blasidcyst. Six
to nine ES 6e11-contéining blasfocysts.were returned

____EE_SEEE_EEQLineihorn of C57BL/6 x DBA F1
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The ES.cell line E14TGa (Hooper at al, Nature, 326:292-295. 1987) is
cul.tured on mtonmycin-treated primary enbryonic fibrobl ast-feeder |ayers
essentially as described (Doetschman et al., J. Enbryol Exp. Morphol.
87:27-45, 1985). The enbryonic fibroblasts are prepared from enbryos from
C57BL/ 6 femml es that are mated 14 to 17 d%ﬁi earlier with a nmal e honozygous
for.-a neonycin transgene (CGossler et al. S 83:9065- 9069, 1986) These

cells are capabl

condi t1ons are %3%%935%“%%91‘%9%&@ Teddys pEGLESRS1Y 8%%“994
1986) . ES cel | svaseeqnqnpvsmﬁ fiesmﬁwﬂrﬁ%uiwmeth%d%la? gd
concentration of1skdSfddd fdre:?é] @Aﬁél WBertedl 6018 heaps epanee . of mlée

targeting DNA at a ¢ entrat n of the f.irst erinment -and 5nM -
DNA in the secoﬁ@n,EiﬁH ?#) Rgz ?t%£€%85+n§53-§50 [err]F

is found opti maljudigea msaiaahly cmoratamirna:teidn odf Sthen ¢eayt dodod @60

T onyCi neCr oat 5 By Y AR ol o) e 2 E5TEL/ 6

Dul becco' s nodi fiiee ,Eadiiels awalisoRvENacdupin emsined Whée BSwwedlal bovine

ol cct opor at | on PP T o i g [er"?d’?%*“éﬂ%%ﬁg 2 et

3 targeted cell lines were derive was isolated from
' 129/01a mice. This mouse strain is cream in color,

the combined effect of three color genes, the dominant
AW allele at the agouti locus, the recessive pink-
eyed-dilute allele at the p locus and the recessive
CCh allele the C locus. Offspring in which the ES
cells participated in the formation of the animal had
coats containing brown and cream hair. The ES cell
line ES41-1 carrying inactivated mouse immunoglobulin
heavy chain, was injected into C57BL/6 mouse
blastocysts as described above. Six out of the 18
surviving pups had a high degree of coat color
chimerism (70-90%). PCR analysis of DNA isolated from
chimeric newborn pups'from a female implanted with
blastocysts injectéd with the inactivated ES cells,
indicated that the mutated immunoglobulin heavy chain
locus is present in a variety of organs such as
spleen, thymus, kidney, liver, brain and skin.

Inactivation of the mouse Ig kappa chain J
'genes _in ES cells
A 5.6 Kb HindIII-BamHI fragment, containing
the mouse immunoglobulin kappa chain J region genes
‘and 3’ flanking sequences, cloned from a Balb/c mouse

embryo genomic library and inserted into pBluescriptSK
vector to yield the plasmid (pKJ). pKJ was digested
- with HindIII and PstI to delete an about 1.7 Xb L
-':fragment containing the 5 J genes (see Char£'3)._ A
570 bp blunt HindIII fragment, spanning'thé
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ES col oni es’ resulting 10-14 days after electroporation are picked with
drawn out capi | lary pipettes for analysis using PCR Half of each picked
colony-is saved in 24-well plates already seeded with mtonycin-treated
feeder cells. The other hal ves; conbi ned2Jen pools of 3-4, are transferred
t o-Eppendor| tubes containing approximately 0.5 m of PBS and anal yzed for
honol ogous recgrbirgasi on by PCR. Conditions for PCR reactions are
essentially as™described (Kimand Snithjes, Nucleic Acids Res.

16: 8887- 8893, 1988). After pelleting, the ES cells are resuspended in 5
[err]] of PBS anpd are.lysed.by the addition of 55 [err]l of H20 to each
tube: DNAses arwhmm&ﬁatl ng each tube at 95C for 10 min. After
treatment with protel naseK at 55[err]C for 30 mn, 30 [err]l of each |ysate
is transferred to a tube containing 20 [err]l of a reaction m xture
including PCR buffer: 1.5 [err]g of each primer, 3U of Taqg pol ynerase. 10%
DMSO. and dNTPs, -eachgat®. 2 M The PCR.expansi on enpl oys 55 &ycl es using
a thernmocycler with 65§ ondg nelt at Eiﬁerr]c and a 10 m n adneal i ng and
extension tinmeat 65[er . ] ' ' -
TGGOGGACCGCTATCCCCCAGGAC and TAGEEF&ESTCCCTCCTTAC, whi ch Feb®redpond
respectively to a region 650 bases 3 of the start codon of the

3 2 ¥
= . 17k B 38kb" n
—t —-f >
570
PCR ﬁggmem
£
38k
>

pBluescript

\
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7 neonycin gene and sequences |ocated in the nouse heavy chain gene, 1100
bases 3'of the insertion site. 20 [err]]l of the reaction mx is

el ectrophoresed on agarose gels and transhgrred to nylon nenbranes (Zeta
Bind)- Filters are probed with a 32P-1abelled fragment of the 991 bp Xbal
fragment of the J-C region. 8 Chart 2 (A) Targeted nouse heavy chain J

genes
region 5’ to the HindIII site ad]acent to the kappa J

region, was cloned from mouse genomic DNA by
polymerase chain reaction (PCR). This fragment was
inserted into HindIII-SmaI digested pIc cloning .
vector (Marsh et al., 1984, Gene, 32:481-485) and was
.excised by digestion with KpnI-Xhol. An about 1.1 Kb
XhoI-BamHI fragment, blunted at the BamHI site,
containing the neomycin resistance gene driven by the
Herpes simlex virus thymidine kinase gene (HSV-tk)
promoter and polyoma enhancer was isolated from
pMC1lNeo {Thomas and Capecchi, 1987, supra). The
neomycin fragment was inserted into the HindIII-PstI
deleted pKJ, which was blunted at the PstI site, 5’ to
the kappa sequences. The resulting plasmid was
digested with KpnI and Xhol and the 570 bp KpnI-Xhol
kappa fragment was inserted into the KpnI-XhoI cleaved
vectoxr, 5’ to the neomyein gene, to generate the
inactivation vector (pmK3J, see chart 3). The
transcriptional orientation of the neomycin and the
kappa chain genes is the same in pmK§J. The plasmid
was lineraized by ApaLl before transfection into ES
cells. The linearized sequence has about 3.8 Kb and
570 bp of homology to the cellular sequences, located
3’ and 5’ to the neomycin gene, respectively. ;

Analysis of G418-resistant ES colonies
Electroporation of the kappa inactivation

vector into ES cells and screening for homologous
recombination events was carried out as described for
- the inactivation of the immunoglobulin heavy chain.
G418-resistant ES colonies were analysed for
homologous recombination targeting by PCR using two
priming oligonucleotides CGGTTGCTGTTGTATCCATAACTC and
CATCAGAGCAGCCGATTGTCTG, which correspond reepectively
to the sequences located in the mouse’ ‘kappa chain
gene, about 67 bp 5’ of the insertion site, and about
370 bp 3’ of the Xhol site of the neomycin dgene. A
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[err] . 9 Inactivation of the nouse I g heavy chain J genes in ES cells.
Construction of the inactivation vector A 6.1-Kb EcoRl fragnment, contai ning
the nouse immunogl obulin heavy chain J region genes and flanking se-
quences, cloned froma Bal b/c nouse ermb2fo genomic library and inserted
info pUCL8 ( Py4) . was digested with Xhol and Nael to del ete an about 2.3
kbp fragment conthahehyedh80f base)odigesucdeetaniant which Atamesit 1.1 kbp

Xhol - BanHl fip88EN0 B UBt'eéfaFthtehSnBéﬂqdb.o&I %G.te(‘,omiaasl niged aageanycin
resi stance gene driven ne kin gene -

(HSV-tk) pron¥@reaht 88¥?Sﬁatggh ﬁgggt%gs% Vk%#%ﬁﬁ? ‘om %ﬁf%ﬁﬁgsﬁhonas

and Capecehi ,homologous recombination gives rise to an about 1030
bp fragment. PCR analysis of 650 G4l8-resistant
colonies detected 3 positive colonies (ES56-1, ES69-4,
'ES147-1). Southern analysis of these colonies
confirmed the integration of the inactivation vector
into one allele of the kappa immunoglobulin loci
leading to a deletion of the J region.

Production of human Ig in transgenic mice

Example: production of human heavy chain in transgenic

_ mice DNA vectoxr

An Spel fragment, spanning the human heavy
chain VH6-D-J-Cu-C8 region (Berman et al., EMBO J.
(1988) 7: 727-738; see Chart 4) is isolated from a
human library cloned into a yeast artificial
chromosome (YAC) vector (Burke, et al., Science, 236:
806-812) using DNA probes described by Berman et al.
(EMBO J. (1988) 7:727-738). One clone is obtained
which is estimated to be about 100 Kb. The isolated
YAC clone is characterized by pulsed-field gel
electrophoresis (Burke et al., supra; Brownstein
et al., Science, 244: 1348-1351), using radiolabelled
probes for the human heavy chain (Berman et al.,
supra). '

Introduction of YAC clones into _embryos
High molecular weight DNA is prepared in
agarose plugs from yeast cells containing the YAC of

interest (i.e., a YAC containing the aforementioned
SpeI fragment from the IgH locus). The DNA is size-
fractionated on a CHEF gel apparatus and the YAC band
is cut out of the low melting point. agarose gel. The;'
~gel fragment is equilibrated with polyamines and then',_
melted and treatgd with agarase to digest the agarose.

-
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Cell, aﬁlssﬁe&%:seedagﬁléced’rhi s fragnment was inserted Into the Xhol - Nael

del et ed p |nactivation vector (pnH&J, see Chart 2B), in which
t he trans entatlon of the neonycin and the heavy chai n genes
Is-the sa d was linearized by Ndel digestion before

transfectlon to ES ceIIs The sequences &9 ving the honDIogous

reconbi nation event are about 2.8 kbp and ahout 1.1 kb | ocat ed
5 and 3' to tﬂbenE@ﬁYéWﬁn&€ﬁ9aQQQﬂd§9 %5 hgn ¥§H?QHéa1 riﬁ"oporatlon
and Sel ection ﬁélESpgahh&féhe BY cRivtillivedE A e(mfmycs winicisnaxéi es,

1989, PNAS. USA, 86 32 .8935), was cultur d g£in G treated
enbryonic fi br%‘BFgéFa Xdé‘f‘ S &r&escﬁf%q‘g&:%ﬂ%r apand Smithies. 1989.

PNAS USA 86. BS3EuASPERgNAT tc e heeras tdqq;sltxb%bcabq\e%us peled in HBS

buffer (pH 7. Egr %%Zlg?ﬂlyaggt WM n g@g%,[ d dhaMd(wyraHPqerr];

21 nmM HEPES p a concentration err]/nl  &and electroporated
in the presencelot-bloteof] MY hﬁbhﬂﬁ? ifram it7ads #Rd %R i on vector.

El ectropor ati 09 ¥@5c£3bhi 64 Hmal HeatryBicHRath Ganearfullys#ud usy ng 240. vol ts
and 500[err]F aC|tance 5X1Q[ er ! ele%%ro orated, cel |.s. werg ated onto

n1tonyC|n C>tr@h€één#PErébFE§¥}|§m .?PQ}ﬁ?ﬁﬁ%&%ﬁE%p ¥~ Dul -

the presence of Ig chains with rabbit anti-human
antibodies.

. As an alternative to microinjection, YAC DNA
is transferred into murine ES cells by ES cell: yeast
protoplast fusion (Traver et al., 1989 Proc. Natl.
Acad. Sci., USA, 86:5898-5902; Pachnis et al., 1990,
ibid 87: 5109-5113). First, the neomycin-resistance
gene from pMClNeo and a yeast selectable marker are
inserted into nonessential YAC vector sequences in a
plasmid. This construct is used to transform a yeast
strain containing the IgH YAC, and pMClNeo is
integrated into vector sequences of the IgH YAC by
homologous recombination. The modified YAC is then
transferred into an ES cell by protoplast fusion
(Traver et al., 1989; Pachnis et al., 1990), and
resulting G4l18-resistant ES cells which contain the
intact human IgH sequences are used to generate

chimeric mice.

Production of human Ig by chimeric mice _
Construction of human heavy chain replacement vectoxr.
The replacing human sequences include the
Spel 100 kbp fragment of genomic DNA which encompasses
the human VH6~D¥J—Cp-C5 heavy chain region isolated
from a human-YAC library as described before. The
flanking mouse heavy chain sequences, which drive the
homologous recombination replacement evenf,-contaiu a .
. 10 kbp BamHI fragment of the mouse Ce-Ca.héavy.chainJ
and a 5’ J558 fragment comprising the 5 half of the
J558 fragment of the mouse heavy chain variable
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becco''s nodified Eagles nedia (DVEM supplenented with 15% fetal bovine
serum and 0.1 nM 2-nercapt oet hanol . The nedia was replaced 24 hr after

eI ectroporatlon wi th nmedia containing Zo%grr] g/m ((418. (Al8-resistant ES
col onies resulting 12-14 days after el ec poratlon were picked with drawn

out capillary ettes for Iy5|s S|n ase_chain action
(PCR). Hal f of‘p%g'b‘h“pl 'EEeBhEOS r'f 3&@3‘“&‘}?’1 FATHESS ol | of
a ﬁ4-V\ﬁ| { pl atmspémeﬁdelyeedhdm ub .m ﬂlhqs(a moQster ;ﬁqsmrfmlenre;el | s. d;l‘he
ot her. hal ves, J]P;ge ok § FEJ?,% &o

t ubes contai ni'n SOA%Ag&q H'] %Sﬁ‘g C%F‘{h g%es vveia'f(élﬁ"LH :j nﬁFQ:R

anal ysis as dqmnbmdd%qcmbﬁdr ist Tazlclqema@}“r @l.33 The PCR

reaction | ncl ugagh 2 er of ahAe BA@nkensted: erdﬁg‘,gf Mh pr| mer ,
1. 5u of Taqg pol rre?ééée)éan'ciibg(l) grr M of _dNTPs, nThe PCR agnltlflcatlon

enpl oyed 45 cylh% si!ﬁ@Eﬁ)thEﬁﬁﬂPCé'—yiMeéﬁ’ (P s)E%with 1 nin.
melt at 94[ er rgdmu? f&'aé:ﬁéﬁﬁ' | onghininey o G.eomwlax-memwaml

AGTCACTGTAAGA SRR TR CHOZBP P B 3BRI o act: SO bt 'am% bls‘é?ds-
of the BanH <gdmee ofnsvletnyopromotgenandaradpaiytoma sedwewess dcated in the
ce el o RS, SR Rl IR o e Sl o £
: supra). A synthetic adaptor is added onto this
fragment to convert the XhoI end into a BamHI end and
the resulting fragment is joined to the BamHI mouse
Ce-Ca in a plasmid.

From the YAC clone containing the human
heavy chain locus, DNA sequences from each end of the
insert are recovered either by inverse PCR (Silverman
et al., PNAS, 86:7485-7489, 1989), or by plasmid
rescue in E. coli, (Burke et al.; 1987; Garza et al.
Science, 246:641-646, 1989; Traver et al., 1989) (see
Chart 4). The isolated human sequence. from the 5'V6
end of the YAC is ligated to the mouse J558 sequence
in a plasmid and likewise, the human seguence derived
from the 3’C6 end of the YAC is ligated to the Neo
gene in the plasmid containing Neo and mouse Ce-Ca
described above. The human Vé6-mouse J558 segment is
now subcloned into a half-YAC cloning vector that
includes a yeast selectable marker (HIS3) not present
in the original IgH YAC, a centromere (CEN) and a
single telomere (TEL). The human Cé - Neo - ‘mouse Ce
- Ca is likewise subcloned into a separate half-YAC
vector with a different yeast selectable marker (LEU2)
and a single TEL. ‘The half-YAC vector containing the
human V6 DNA is linearized and used to transform a
yeast straln that is -deleted for the chromosomal. HIS3
‘and LEUZ loci and which carries the IgH YAC.
Selectlon ‘for hlstidine-prototrophy gives rise to
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ftagment. 20[err]l of the reaction mixture is el ectrophoresed on 1% agarose .
gels, stained with ethidiumbronide and transferred to nylon nenbranes
(Gene Screen). Filters were probed with aJerr]P-1abelled EcoRI-Psti. about
1.4 kbp fragnent |ocated in the nouse heavy chain. 3" of the insertion site
(see Char 2). For further analysis, genom;c DNA was prepared fromES cells,
digested with restriction enzynes as recommended by the manufacturers, and
fragments were sapmxat édon 1% agarose gels. DNA was transferred to nylon
menbr anes (CGene Scr-een)and probed with the 32p- |abelled fragnent "as

descri bed anNBAN RdiS10efs GA418-resistant ES colonies In the first

experi ment, -anal'ysis of the pool ed col oni es detected one positive PCR
signal of the expesbaesmnsdvazoavsvi . 4kbp) out of 34 pools representing
136 (#A18-resi sEart—ecolontes—Hre—Four— ndi vi dual col oni es that had contrib-
uted t'o this positive pool were anal yzed indivi Lly by PCR and a
positive clone, ES3305, was .identified. ws ngd analysp $0fai 584G o @

(418-resi stant col oni & obtained in the her et \ii e
addi tional posfrivegionestesaT T ESi-MillllEsh - 1) ed14a- § 13
1 _ 100kb | sekb | | sk | -
|~e————1700Kb - -]
- 2000kb > Nod
oo - 670xb >

VIV2V3VAVS V6V D, Jy CuCs - Cql

Not " Spe Spe ' Not

{+~———85-100kb ~———=}
670kb i

(B) Mouse heavy chain locus

J558.V31.VGAM3 8

J606

$107.X24.V3660.VGAMI.8 ) VGAM) §-bae
J Vi gene Joa . Ce~-Cox
PC7183.052 Oruse Dos yﬁ c —~=
' J558 O'er o's : Ed VMY Y™ e a
5 — T s
. 2l . L, T a2 (1 L 12 TS TS ”
e e r—
unknown distance S 00 200 ' 300kt
B=BamHI
(C) Human heavy chain replacement YAC vector
5 3

TEL HIS3 CEN V6V D, Iy CuCs LEU2 TEL

Spet Spel
{+——85-100kb ——e1

T .
mouse J558 - Neo mouse Ce—-Cox
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In order to verify the targeting disruption of one copy of the J genes,
(the gene is autosomal and thus present in two copies), the PCR positive

cl-ones -were expanded and genomi ¢ DNA was prepared, digested with Hindlel or

w t'h Sacl -and anal yzed by Southern anal ysis as described using the

EcoRlI ~Psi| probe. The replacenment of ti3@ J genes by insertion of the
neonyci n gene by an honol ogous reconbi nati on event results in an Hi ndl |

}‘ragmanth deyﬁababbel‘airﬁlést heh aftc tiavvePainkd eggomiee homailodois about 1.9 kbp
onger than t Lval.ent .fr. Nt 4N N{E I Alies t he | oss of

two H ndl ul EPFeEbination b U chel é‘&j‘“?“gﬁe@é"gi%%%ee >y and 20) .

Sout her n ‘anat¢stsinf acaeicopbimants Y3€si t Mhe MaddfeIAL VAT | di gesti on

gave a pat ! eggnphs fink UrgAtitthaln @5 ORA 95 e MR DRecladdle heavy
chain J genes ﬂa ee I srupted. Three | abel | ed fzﬁggggés,mere det ect ed:

one fragmentuggdotip rrensirrm 3¢ yeast strgid Gen Lerti® n untreat ed
cel I's at thepsagolst atep.y, selecticamor (eheunepidyytisstyical in

results in a yeast strain containing the complete IgH
replacement YAC (see Chart 4). This YAC is isolated
and introduced into ES cells by microinjection as
described previously for embryos. |

In accordance with the above procedures, an
antigenic or chimeric non-primate host, particularly |
a mouse host, may be produced which can be immunized
to produce human antibodies or analogs specific for
an immunogen. In this manner, the problems
associated with obtaining human monoclonal antibodies
are avoided, since mice can be immunized with
immunogens which could not be used with a human host.
Furthermore, one can provide for booster injections
and adjuvants which would not be permitted with a
human host. The resulting B-cells may then be used
for immortalization for the continuous production of
the desired antibody. The immortalized cells may be
used for isolation of the genes encoding the
immunoglobulin or analog and be subjected to mutation
by in-vitro mutagenesis or other mutagenizing
technique to modify the properties of the antibodies.
These mutagenized genes may then be returned to the
immortalized cells for homologous recombination to
provide for a continuous mammalian cellular source of
the desired antibodies. The subject invention
provides for a convenient source of human antibodies,
where the human antibodies are produced in analogous
manner to the production of antibodies in a human
host. The mouse cells conveniehtlY~provide for the .
activation and rearrangement of human DNA in mouse
cells for production of human antibodies.
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10 size to that present in untreated cells, but of .decreased intensity in
the PCR positive clone, and an additional fragment about 4.2 kbp, the size
predi cted for an honol ogous recornbination event, present only in the
PCR-positive clones. Simlarly, the replacenent of the J genes by -the
neomyci n gene by an honol ogous reconbi natl g event results in a | oss of one
Saci site and the appearance of a fragnent, detectable wth the EcoRI-Patl

probe, which is about 570 Ay 1fﬁaﬁiﬁmst5ﬁa em?piiegﬁeahsln the
native’'l ocus (see Cgert ég%ﬁi outhe %SIS the ones b% %aﬁ
gestion gave t hE*&ZHedte té%ﬁ: A FNR RPN TP HRYER S IBVe
about 4.0 kbp fra@eznmse(kanmﬁxéaah1xndxwidualupuhﬁiantxmhlurupateated
cells, but of d i Fy S d an = °
addi tional fr ag%éh?&%% S‘J%lé %&l{% eér:ioée |c?f‘g targeted
honol ogous recomﬁmtﬂl‘t@ﬁi é‘-\ﬂerhe Mrm@' byy nekerense | f| ed clones. Re-

hybri di zati on of the SOUt@g@HﬂdﬁﬁSﬁMéffékéqd%ﬁbfixvéﬂgadﬁxﬁgglﬂegﬁne shows
that only the 4.2 kbp and 3.4 kbp fr resulting fromthe H ndil

and the Saci di §eserared éé’pét?ﬂevé‘%}‘a% Y draze P% oL H s tramkonsandedi ct ed
by the targetingxample. for purposes of clarity of understanding, it

will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention
that certain changes and modifications may be made
thefeto without departing from the spirit or scope of
the appended claims. '
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Ina et+vation of nouse inmunal obulin heavy chain J genes I'n mce Injection
ES ceIIs I nt o nouse bl astocysts and generation of chineric
offsp placpdir chased from Jackson Laboratories (Bar Harbor, ME).
Threej old C57BL/ 6 bl astocysts were obtained from4-5 meek
old s mal es as described by Koller et al. 1989 (supra). ES
cells were trypS|n|zed washed once with fregh DVEM nedia and diluted to
about. 1 x10[err]/mM in M nedia About 5[err]i of cells were added toa
150[err]l droplet of M ned F*nder.paraffln oil, containing the
bl astocysts. Ten to fifte S were injected |nto-the bl ast ocoel of each
bl astocyst Six to nine ES cell-containing blastocysts.were returned to each-
uterine horn of. C57BU 6 x DBA.F1 ns&udhpﬁegﬂma:n’prbeiwimg mm@esicdays

previously with vasectoni zed, nal es. ri fr
bl ast ocysts were gBﬁé?‘ﬁP?ya%F‘ﬁefg it:3 %g‘;,;g- d&g aﬁ%@ clgﬁt% P%aﬁﬁ on of the
ES cells to the of heprprimate hodgedsanduwﬁthQQyngﬂﬂ%%kﬂgon of the coa

col or of the pups. The bl ast iR Wivh &Y Sininfun® whdeh
are solid black in col or. Thg'&éé I %E'HEMTGZal t he parent algalincg from
whi ch the targetedcoadltuonestﬂeS§IU@ﬁﬁ$GdanM%?NQRﬂ PMEM R FPR ni ce.

Thi s mouse strain §gnGh8aehi,"whekaby a3dCHE¥t abeiteen e raspanise

genes, the to said immunogen and produces plasma cells, B-cells
having surface immunoglobulin specific for said
1mmunogen and antibodies specific for said immunogen,

wherein said non-primate host is
characterized by being substantially incapable of
expressing, (1) an endogenous immunoglobulin heavy
" chain; and, (2) at least one endogenous light chain;

and capable of expressing an exogenous primate heavy
chain and light chain or analog.

2. A method according to Claim 1, wherein

said host is a mouse.

3. A method according to Claim 1, wherein
said analog comprises a variable region joined by a
peptide bond to a peptide other than solely the
immunoglobulin constant region. -

4. A method according to Claim 1, wherein

said antisera is human antisera.

5. A method according to Claim 1,
including the additional step of immortalizing said B-
cells for production of monoclonal antibodies.

6. A method according to Claim 1, wherein
said host comprises B-cells éomprisiqg-a.functional
-Iimmunoglobulin locus comprising an exogénous variable.

redion and at 1éast ohe human constant region.

| THIS SHEET HAS BEEN
e _ e |




Ele at the agouti |ocus, the recessive pinkeyed-dilute
laged t he recessive Cch allele the Clocus. Ofspring
participated in the fornatlon of the animal had coats

domin

aIIelg&aSﬁ

I n:whic

cont ai ni ream hair. The ES ﬁ Une ES41-1 carrying
in,

I nactivated nouse innunoglobulin heavy c was injected into C578U/ 6

nouse bl astocysts as desgri be f s [Vigy ps had

a hi gh degree of coat cofbr g £¥§%1?§é°§géf8 5%R ana yQIS()é%ﬁﬁw

i sol ated fromsaidrehost neowpriseapstf leass fekunstiopednmartion of:

blastocysts | t edsES5C chl iRt that t he
ggﬁ&%u A %ﬂoé@gghﬂfﬁ 3@5 fokSa ﬁEE?y ¢

mut at ed i mrun ea ain locus is present in a varletg of organs
such as spleedlghﬁwﬁh@lkl@n@ylnFFVEVatBQa?ﬁdSHGngkﬁnlQQﬁnﬁ?% R®n of the

mouse | g kappg.datdpileHeHESLhE hESa¢¢l thakh. EnKthen®Ho4%ﬂﬁie§r@ﬂﬂ@ﬂt '
contalnlngthe nDuse | nﬂgghob I n kggga chain J, re and §¥

f1 anki ng sequerRAst toRPaLRaFEPE nﬁﬂs@seﬁﬁr% T+%} y and
i nserted into Iérﬁf%éx €95ihg aneéddbbenphasmhtﬂhﬂdy pK1( was

di gested with Hi.n |J and Pat[ to delete an about 1.7 Kb fragnent

cont ai ni ng t hSUPUR hes (see Chart 3). A 570 bp blunt Hindill fragnent,
spanni ng the

8. A transgenic non-primate mammal
comprising a genbme comprising:

at least a functional portion of human
immunoglobulin loci for at least a portion of the
heavy chain domain and a light chain domain and
inactivated endogenous loci for the two copies of the
heavy chain and the two copies of at least one light
chain type, so as to be substantially incapable of
expressing an endogenbus antibody subunit.

9. A transgenic non-primate mammal
according to Claim 8, wherein said human
immunoglobulin loci are at the analogous endogenous
loci.

10. A transgenic non-primate mammal
acéording to Claim 8, wherein said human
immunoglobulin loci are at other than the analogous
endogenous loci.

11. A transgenic non-primate mammal
according to Claim 8, wherein said mammal is murine.

12. A transgenic non-primate mammal
according to Claim 8, wherein said at least a portlon
of the heavy chain ‘domain comprlses at least one.
constant type region. '
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Nafid

H ndl

32: 481-485)
Xhol - BanH f
resi stance g

chlRdpracédnact i vation vector [err] region 5 to the H ndlll

id shbel AR e :
adj a pa J region. was cloned from nousa genornic DNA by
pol y | & action (PCR). This fragnent was inserted into

ed plc cloning vectojg(Mrsh et al.. 1984, Cene. -

andwas exci sedby digestion wth Kpnl-Xhol. An about 1.1 Kb
ragnment, b'iéj‘.t edy 3ty A g ERIET néh1x iG@HE avamumglt he neonycin
y

ene drijven

site:

. t.he, Her pes sin} ex virus, t L di pe_Ki ene .
(HSV-tk) proacsorsinghEpdiidia Bn %Eﬁfﬁwﬁﬁ+§o?5tg%g%€o%1 ﬁéﬁ%é@ ?Thonas
and Capecchi ofl¥he HaHWf adhaiiiedomainy ocompr bges nenpephatdengequencent o t he -

Hindlil-Pstl
kappa sequen

ggglle‘?TﬁﬂnaDnKJd c‘:"@ﬂg@ar\{\@srgéf&?d at’ the Pstl site, 5 to the

14. A transgenic mouse comprising a genome
comprising: ,
" inactivated loci of both copies of the
immunoglobulin heavy chain and both copies of at least
one type of light chain as a result of at least one of
a deletion or insertion at the loci; and

ét least a functional portion of human
immunoglobulin loci for a heavy chain and a light
chain. -

15. A transgenic mouse according to Claim
14, wherein said at least a functional portion
comprises only a portion of the variable region.

16. A transgenic mouse comprising a genome
comprisings:

inactivated loci of both copies of the
immunoglobulin heavy chain and both copies of at least
one type of light chain as a result of at least one of
a deletion or insertion at the loci; and i
at least a functional portibn of human immunoglobulin

loci for a heavy chain and a light chain, wherein the

constant region of at least one of said heavy chain

and said light chain comprises a sequence other than

‘said constant region sequence.

17. A transgenic non-primate mammal
comprising a genome comprising:

at least a functional portion of human
immunoglobulin loci for at least.a portion of -the
heavy ¢hain and a light chain’ and inactivated
éndogenous loci as a result of homologous
recombination at said loci for the two copies of the

DR 0 i

THIS SHEET HAS BEEN |
REPLACED




resul t iThig§ éameewae gsted with Kpnl and Xhol and the 570 bp’ Kpnl - Xhol = -

kappa fr rted into the Kpnt-Xhol cleaved vector, 5 to the
neomnyci.n ate the inactivation vector (pnkK&, see chart 3).

The transcrlptl entation of the neonycin and the kappa chai n genes
Is the sane in an&J. The plasmd was |lingyai zed by ApalLl before
transfection into ES cells. The |inearized sequence has about 3.8 Kb and -

570 bp of honphegyyt @Halih cind Uthe Ses|uespDes bbcat elledst andeSlightt he

neonyci n gene, e ver Anal ysiss_ o e a onkes
El ect roporat i oﬁi"%ﬁ%[ Q—,é, a(ppsaol n% %?v% |%‘ﬁ§3é% k& 21%} P%"Sgg ??é g%d i
screeni'ng for hzmmaﬁﬁmngranxﬂnﬂ¢ﬂﬁmQ#SeW@h%b0dY gebyattearried out as:
described for the inactivation of the imrunogl obulin heavy chain.-

A18-resi stant ES col oni es were . ]
18. A transgenic non-primate mammal

according to Claim 17, wherein said mammal is a mouse
and said human immunoglobulin heavy and light chain
loci are at mouse immunoglobulin heavy and light chain

loci, respectively.

19. A non-primate embryonic stem cell
comprising a lesion in the J region of one
immunoglobulin locus resulting in the incapacity to
rearrange to a functional subunit of an
immunoglobulin.

20. A stem cell according to Claim 19,
wherein said subunit is the heavy chain.

21. A stem cell according to Claim 20,
wherein said non-primate is a mouse.

22. A stem cell according to Claim 19,
wherein said lesion is an insertion.

23. A stem cell according to Claim 22,
wherein said insertion is a marker capable of
selection.

24. A stem cell according to Claim 19
wherein said lesion is a deletion.

25. A stem cell according to Claim 19,
whereln said non-primate is a mouse. "
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anal ysed for honol ogous reconblnatlon targetlng by PCR using two primng
ol i gonucl eoti des CGGTTGCTGTTGTATC- CATAACTC and CATCAGAGCAGCCGATTGTCTG,
whi ch correspond respectively to the sequences |located in the nouse kappa
chai n gene, about 67 bp 5 of the insertion site, and about 370 bp 3' of
the Xhol site of the neonycin gene. A 32P-abelled 80 base oligonucl eoti de,
whi ch starts about 10 bp 5 of the insertion site, was used as a probe to
detect the targeted PCR product. Successful honol ogous reconbinati on gives
rise to an about 1030 bp fragnment. PCR analysis of 650 (418-resi stant

col onies detected 3 positive colonies (ES56-1, ES69-4, ES147-1). Southern
anal ysis of these colonies confirmed the-ggtegration of the inactivation
vector into one-allele of the kappa |Inmunoglobulin loci leading to a

del etion of the J region. Production of human in in transgenic mce
Exanpl e: producti on of human heavy chafhstmactansgenic nice DNA vector An

Spel fragment, spanning Td&néﬂm%m%/mgéj-@éhe\i@p&tkﬂﬂés] Cerr] region
(Berman et al., EMBO J ( see I's 1solated froma
human |ibrary cloned into a yeast artificial chronpsone (YAC) vector

(Bur ke, The subject invention provides non-human mammalian hosts

characterized by inactivated endogenous Ig loci and functional
human Ig loci for response to an immunogen to produce human
antibodies or analogs thereof. The hosts are produced by
repetitive transformations of embryonic stenm cells by homologous
recombination, preferably in conjunction with breedlng. Different
strategles are employed for recombination of the human 1loci
randomly or at analogous host loci.

;
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et 4al, %E'. ence, 236: 806-812) using Dl\ﬂér@li& é&ﬁnged by Berman et al.
(EMBO J. (1988) Z:727-738). One clone is @t@ ned !\Qﬂ Is estimated to be
~about 100 Kb. The isolated YAC clone is cher rize y pul sed-field gel

el ec- trophoresis (Burke et al., supra; Brownstein et al, Science,
244:1348- 1351), using radiol abell ed probes forthe human heavy chain
(Berrhan et al., supra). Introduction of YACilones into enbryos Hi gh

mol ecul ar wei ght DNA is prepared in agarose plugs fromyeast cells
cont ai ning the YAC of inter GENERATEON DFYAENCWENEIT R TIBODAES enent i oned

Spel fragnent fro he 1gH locus). The DNA is size-fractionated on a CHEF
gel apparatu§§¥%ﬁﬂ%#e YAC band is cut out of the |ow nelting point agarose

gel . The gel- f kR wul Rvaltiohis inb Focdubihe ¥hdglnal Qhatf BBt inlalv@hle AR brinfath aidRdl
treated Wt hmagsskossse t o di gest the agarose. e pol yam ne-coated DNA'i s
then injected into the male pronucleus of fertilized nouse enbryos which
are surgi cal Bagkargetd oduced into the uterus of a psusudopreg- nant fenal e as
descri bed above. The transgeni ¢ nature of the newborns is anal yzed by a

y
- DNiopiets aaerisfi iy b s and ey, s e bl o i o o
oy )0 e e o o B B R BT i

Monoclonal antibodies comprise heavy and light chains which join together to define a binding region for the
apitope. Each of the chalns Is comprised of a variable region and a constant region. The constant reglon amino acid
sequanca is specific for a particular isotype of tha antibody, as well as tha host which produces the antibody.

Bacause of the ralationship betwaen the sequence of the constant ragion and the species from which the antibody
is produced, the introduction of a xenogeneic antibody into the vascular system of the host can produce an immune
response. Where the xenogeneic antibody may be introduced repelitively, in the case of chronic diseases, it becomes
. “impractical to administer the antibody, since it will be rapidly destroyed and may have an adversa effect. There have

" been, therefore, many efforts to provide a source of syngeneic or allogeneic antibodies. One technique has nvoived
the use of recombinant DNA technology where the genes for the heavy and flight chains from the nost were identified
and the regions encoding the constant region Isolated, Thase regions were then joined to the variable fegion encoding
portion of other Immunogicbulin genes from another species directed to a specific epitops.

While the resulting chimeric partly xenogeneic antibody is substantially more useful than using a fully xenogeneic
antibody, it still has a number of disadvantages. The idenfification, isolation and joining of the variable and constant
raglons requires substantial work. ln addition, the [oining of a canstant reglon from one spacles to a varlable ragion
from another spacies may change the spacificity and affinity of the variable regions, so asto lose the desired properties
of the variable region. Also, there are framework and hypervariable sequences specific for a species in the variable .
region. These framework and hypervariable sequences may resuit in undesirable antigenic responses.

it woukd therefore be more desirable to produce allogeneic antibodies for administration to a host by immunizing
the hoat with an immunogen of interest. For primates, particularly humans, this approach is not practical. The human
antibodies which have baen produced have been based on the adventitious presence of an available spleen, from a
hoet which had been previously immunized to the epitope of interast. While human peripheral blood lymphocytes may

.be employed for the production of monaclonal antibodias, these have not been particularly successful in fusions and
havae 'usually lad only to IgM. Moraover, it Is particularly difficult to genarate a human antibody response against a
human protein, adesired targetin many therapsutic and diagnostic applications. Thera is, therefors, substantial intarest
in finding altemative routes 1o the production of allogeneic antibodies for humans.

Relevant Literature

Thomas and Capecchi, Cell, 51, 503-512, 1987. Koller and Smithies, Proc. Natl. Acad. Sci. USA, 86, 8932-8935,
1989, dascribe inactivating the B2microglobulin locus by homologous recombination in embryonic stem cells. Berman
stal, EMBOJ. 7, 727-738, 1988, describa the human Ig VH locus. Burke, st al., Science, 236, B06-812, 1987, describe
yeast artificial chromosome vectors. See also, Garza et al., Sclence, 246, 641-646, 1989, and Brownstein et al., Sci-
ence, 244, 1348-1351, 1989. Sakano, et al., describe a diversity segment of the immunoglobulin heavy chain genes.
Sakano et al.. Natuce, 280, 562-565, 1981. Tucker et al., Proc. Natl, Acad. Sci. USA, 78, 7684-7688, 1981, describe
the mouse IgA heavy chain gene sequence. Blankenstein and Kruwinkel Eur. J. Immunol., 17, 1351-1357, 1987, de-
scribe the mouse variable heavy chain region. See also, Joyner et al., Nature, 338, 153-155, 1989, Traver et al., Proc.
Nat. Acad. Sci. USA86, 5898-5902, 1989, and Panchis et al., Proc. Nat. Acad. Sci. USA, 87, 5109-5113, 1990. Briigge-
mann et al, Proc. Nall. Acad. Sci. USA, 86, 6709-6713, 1989, describes the introduction of a heavy chain minilocus in
fartilized mouse eggs. '

SUMMARY OF THE INVENTION

Xenogenaic spacific binding proteins are produced in a non:primate viable mammalian host by immunization of
the non-primate mammalian host with an appropriate.immunogen. . _

The host is characterized by: (1) being incapable of producing endogenous immunoglobulin due to a lesion in the
J ragion of at least one copy of the immunoglobulin heavy chain locus; and, prefarably, (2) an axogenous immunoglob-
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for- the'presence of 1g chains with rabbit anti-human antibodies. As an
alternative to mcroinjection, YAC DNA is transferred into nurine ES cells
by ES cell: yeast protoplast fusion (Traver et al., 1989 Proc. Natl Acad
Sci. USA, '85:5898-5902; Pachnis et al., 1990, ibid 87: 5109-5113). First,

t he neonyci n-resi stance gene from pMCLNed and a yeast selectable marker are
I nserted i nto nonessential YAC vector sequences in a plasmd. This
construct i s umastud mprsingalidast Bhaimyi@agidbuli lcéndtar redio) bpiratinerdol) enmliadglod{fCseqdficds
PMC1l Neo i S i niddygi belcompdnentscbibd vadablg @gjoref it east @b of thh ightegHeavhEDaloy adviahisisogaaien
reconbi nati on M‘"Ph@bnwdsfpﬁqneﬁit“m@t"‘lssﬂ%ﬁWWVHHW@WW"PW"WNEBTh"él"le" rimate
pr ot opl ast fugf‘B‘ﬁa" \‘)’l! fompfise g} least papa@ROgeDait. Fop m EuL p’°‘°‘"i'§?€?6 ma@fﬁﬂb%"ﬂ g
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sequences i Nchdgdsulid IBdoiiHoavy BHA ligobdhaihiel agment of genomi ¢ DNA whi ch

enconpasses the hurran VH6 D J- C[err] C[err] heavy chain region isol ated
froma hunman- BE§ QDIMENTS ef or e. The fl anki ng nouse heavy chain

sequences, Wwhich drlve the honDI gous reconbi nati on repl acenent event
other than primates, particularly other human, are provided, where the

e fian h
contain a 10 L(oglﬂ is capable of mouna% an immune response to an immunogen, where the response produces antibodies having
primate, particularly human, constant and/or variable regions or such othér effector paptids sequences of interast. The
hosts are characterized by being capable of producing xenoganaic or modified antibodies as a result of eubstitution
and/or inactivation of the endogenous immunoglobulin subunit encoding loci. The modifications retain at least a portion
of the constant regions which provide for assembly of the variable region binding site bonded at the Cteminusto a
functional pepude The tunctional peptide may take many forms or conformations and may serve as an enzyme, growth
’ factor, binding protein, figand, cytokine, effector protein, chelating proteins, etc. The antibodies may be any lsolype.
g., 1gA, D, E, G or M or subtypas within the Isotype.

A number of strategios may be employed to achieve the desired tranegenic hosts. Various tranegenic hosts may
be employed, particularly murine, lagomorpha, ovine, parcine, equine, canine, feline, or the like, normally other than
primate. For the most part, mice have been used for the production of B-lymphocytas for immortalization for the pro-
duction of antibodiss. Since mice are easy to handle, can be produced in large quantities, and are known to have an

~ extensive immune repertoire, mice will usually be the animal of choice. Therefore, in the following discussion, the
discussion will refar to mice, but it should be understood that other animals, particularly non-primate mammals, may
be readily substituted for the mice, following the same procedures.

in one strategy, as individual steps, the human heavy and light chain immunoglobulin gene complexes are intro-
duced into the mouse gemm line and in a separate step the corresponding mouse genes are rendered non-functional.
Human heavy and light chain genes are reconstructed in an appropriate eukaryotic or prokaryotic microorganismand
the resulting DNA fragments can be Introduced into pronuclel of tertilized mouse oocytes or embryonic stem cells.
Inactivation of the endogenous mouse immunoglobulin foci is achieved by targeted disruption of the appropriate loci
by homologous recombination in mouse embryonic stem cells. In each case chimeric animals are generated which
ata derived In part from the modified embiyonic stam cells and are capable of transmitting the ganetic modifications
through the germ line. The mating of mouse sirains with human immunoglobulin loci 1o strains with inactivated mouse
loci will yield enimals whose antibody production is purely human.

" These strategies are based on the known organization of the unmunbglobulm chain loci in a number of animals,
since the organization, relative location of exons encoding individual domains, and location of-splice sites and tran-
scriptional elements, is understood to varying degraes. In the human, the immunoglobilin heavy chain locus is located -
on chromosome 14. In the 5' - 3 direction of transcription, the locus comprises a farge cluster of variable region genes
{Vy). the diversity (D) region genes, followed by the joining (J,;) region genes and the constant (Cy,) gene cluster. The
size of the locus is estimated to be about 2,500 kilobases (kb). During B-cell davelopment, discontinuous gene seg-
fments from the germ line IgH locus are juxtaposed by means of a physical rearrangement of the DNA. In order for a
functional heavy chain Ig polypeptide to be produced, three discontinuous DNA segments, from the Vi, D, and Jy
regions must be joined in a specific sequential fashion; Vi, 1o DJy, generaling the functional unit VDJy. Once a ViDJy
has been formed, specific heavy chains arc produced following transcription of the 1g locus, utilizing as a template the
specific ViDJCyy unit comprising exons and introns. There are two loci for Ig light chains, the x locus on human
chromosome 2 and the A locus an human chromosome 22. The structure of the IgL foci is similar to that of the IgH
locus, except that the D region is not present. Following IgH rearrangement, rearrangement of a light chain locus is
similarly accomplished by V| and Ji joining of the « or A chain. The sizes of the A and « loci are each approximately
1000 kb. Expression of rearranged IgH and an-igx or IgA light chain in a particular B-cefl atiows for the generation of
antibody molecules.

In order to isolate. clone and transfer the IgH,,, locus, a yeas! artificial chromosome may be employed. The entire
IgH,,, focus can be contained within one or a lew yeast atificial chromosome (YAC) clones. The same is true for the
Ig light chain loci. Subsequent introduction of the appropriate heavy chain or light chain YAC clones into recipient yeast
allows for the reconstitution of intact germ line Ig loci by homologous recombination betwaen overlapping regions of
homology. In this manner, tho isolation of DNA fragments encoding the human Ig chain is obtained.
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ment of ‘the nouse Ce-Ca heavy chain and a 5 J558 fragment conprising the
5" half of the J558 fragnent of the nouse heavy chain variable region, at
the 3' and 3' ends of the human sequences, respectively (Chart 4). These
nmouse sequences are isolated froma nouse enbryo genonic library using the
probes described in Tucker et al., PNAS BSA, 78: 7684-7688, 1981, and
. Bl ankenstei n and Kraw nkel (1987, pra'? respectlvely The 1150 bp Xhol to
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the human se CME{HS ﬁoductton of endogenous immunoglobufin subunits.

The human DNA may be introduced into the pronuclei of fedilized cocytes or ombtyomc stem cells. The integration
may be random or homologous depending on the particular strategy to be employed. Thus, by using transformation,
using repetitive eteps or in combination with breeding, ransgenic animals may be obtained which are able to produce
human antibodies in the substantial absence of light or heavy host immunoglobulin subunits.

To inactivate the host immunoglebulin loci, homologous recombination may ba employed, where DNA is introduced
at the immunoglobulin heavy chain and fight chain loci which inhibits the production of endogenous immunoglobulin.
subunits. Since there ara two heavy chain alleles and two light chain locl, each with two allelss, although ona may

" choose to ignore the A loci, there wifl have fo be multiple transformations which result in inactivation of each of the
alleles. (By transformation is intended any technique for introducing DNA into a viable cell, such as conjugation, trans-
formation, transfection, transduction, electroporation, lipofection, biolistics, or the like.) Homologous recombination
may be employed 1o functionally inactivate each of the loci, by introduction of the homologous DNA into embryonic
stem cells, followed by introduction of the modified célls into recipient blastocysts. Subsequent breeding allows for
germ line transmission of the inactivated locus. One can therefore choose to breed heterozygous offspring and select
tfor homozygous offspring from the heterozygous parents or again one may use the embryonic stem cell for homologous
recombination and Inactivation of the comparable locus.

While the number of transformation steps may be reduced by providing at [east a fragment of the human immu-
noglobulin subunit locus for homologous recombination with the analogous endogenous immunoglobulin, in the avent
only transformation s used and the human locus is integrated into the host ganome In random fashion, a total of eight
transformations may be required.

For inactivation, a lesion in the target locus resulling in the prevention of expression of an immunoglobulin subumt
aof that focus is employed. Thus, the important factor is that Ig germ line gene rearrangement is inhibited, or a functional
massage encoding the immunoglobulin’ subunit cannot be produced, either due to failure of transcription, failure of
processing of the message, or the like.

For inactivating the immunagilobulin heavy chain subunit locus, the lesion will be introduced .into-the J region of
the heavy chaln immunoglobulin subunit locus. Thus; ona produces a construct which lacks a functional J region and
may comprise the sequences of the J ragicn adjacent o and upstream and/or downstream from the J region or com-
prises all or part of the region with an inactivating insertion in the J region. The insertion may be 50 bp or more, where
such insertion resuilts in disruption of formation of a functional mRNA. Desirably, the J region in whole or substantial
pari, usually at Jeast about 75% of the locus, preferably at least about 90% of the locus, is deleted. !f desired, the lesion
belween the iwo flanking sequences defining the homologous region may extend beyond the ! regicn, intothe variable
region and/or into the constant region. In the light chain, J, V or C regions, or enhancer regions may be use.

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

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

Whilo the presonce of the marker gene in the genome will indicate that integration has occurred, # will still be
necessary 10 delermine whether homologous integration has occurred. This can be achieved in a number of ways. For
the most parl, DNA analysis will be employed to astablish the location-of the integration. By employing probes for the
insert and then sequencing the 5' and 3' regions flanking the insert {or the presence of the target locus extending
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derived fromthe 3[err](err] end of the YACis ligated to the Neo gene in
the plasm d contai ning Neo and nouse Ce-Ca descri bed above. The human

V6- nouse J558 segnent is now subcloned into a hal f-YAC cloning vector that
i ncl udes 13 a yeast selectable marker (H S3) not present in the original

"IgH YAC. a centrornere (CEN) and a singléielonere (TEL). The hurman C8
Neo - nmouse Ce - Ca is |likew se subcloned into a separate hal f-YAC vector
with a differ é'PM°“ f'k"‘geﬁlg%?‘é{lsP‘é‘s'WﬁPk'éﬁ“" @%2598%?&?'5!’%1%@*\?&“ lefipfchas been
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gives ris e t OiHolpaidrs plesent in the complementary chains if homologous recombination has occurred. 8y demonstrathg the
presence of the probes for the expecled size sequence, the occumrence of homologous recombination is supported.

The construct may further include a replication system which is lunclional in the non-primate mammalian host cell.
For the most part, these raplication systems will involve viral replication systems, such as Simian virus 40, Epstein-
Barr virus, polyoma virus, papilioma virus, and the like. Various transcriptional initiation systems may be employed,
aeither from viruses or from mammalian ganes, such as SV40, metaliathionein- and Il genes, p-actin gene, adenovirus
early and late genes, phosphoglycerate kinase gene, RNA polymerase Il gene, or the like. In addition to promoters,
wild-type enhancers may be employed to further enhance the expression of the marker gene.

In constructing the subject constructs for homologous recombination, a replication system for procaryotes, partic-
ularly E. coli, may be included, for preparing the construct, cloning after each manipuiation, analysis, such as restriction
mapping or sequencing, expansion and isolation of the desired sequence. Whera the construct is large, generally
exceading about 50 kbp, usually exceeding 100 kbp, and usually not more than about 1000kbp, a yeast artificial chro-
mosome (YAC) may be used for cloning of the conastruct.

Once a construct has been prepared and any undesirabls sequences removed, e.g., procaryotic sequences, the
construct may now be introduced into the target cell. Any convenient technique for introducing the DNA into the target
cells may be employed. Techniques include spheroplast fusion, lipofection, eleciroporation, calcium phosphate-medi-
ated DNA transfor or direct microinjection. After transformation or transfection of the target cells, target cells may be
selected by means of positive and/or negative markers, as previously indicated, neomycin resistance and acyclovir or
gancyclovir resistance. Those cells which show the desired phenctype may then be further analyzed by restriction
analysis, electrophorasis, Southern analysis, PCR, or the like. By identifying fragments which show the presence of
the lesion(s) at the target locus, one can identify cells in which homologous recombination has occurred to inactivate
a copy of the target locus.

The above described process may be perlormed first with a heavy chain locus in an embryonic stem cell and then
maturation of the celis to provide & malure fertile host. Then by breeding of the heterozygous hosts, a homozygous
host may be obtained or embryonic stem cells may be isolated and transformed to inactivate the second IgH locus,
and the process repeated until all the desired loci have been inactivated. Altematively, the light chain locus may be
the first. At any stage, the human loci may be introduced.

As already indicated, the target locus may be substituted with the analogous human locus. ln this way, the human
locus will be placed substantially in the same region as the analogous host locus, so that any regulation associated
with the position of the iocus will be substantially the same for the human immunoglobulin locus. For example, by

- isolating the entire Vi, gene locus (including V, D, and J sequences), or portion thereot, and fianking the human locus
with sequences from the mouse locus, preferably sequences separated by at least about 5 kbp, in the host locus,
preferably at least about 10 kbp in the host locus, one may insert the human fragment inio this region in a recombina-
tional event(s), substituting the human immunoglobulin focus for the variable ragion of the host immunoglobultin locus.
inthis manner, one may disrupt the ability of the host to produce an endogenous immunoglobulin subunit, while aflowing
for the promotar of the human immunoglobulin locus o be activated by the hast enhancer and regulated by the regu-
latory system of the host.

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

The functional inactivation of the two copies of each of the three host Ig loci, where the host contains the human
{gH and the human Ig x and/or A loci would allow for the production of purely human antibody molecules without the
production of host or hosthuman chimeric antibodies. Stch a host strain, by immunization with specific antigens, woutd
respond by the production of mouse B-cells producing specific human antibodies, which B-cells could be fused with
mouse myeloma cells or beimmontalized in any other manner for the continuous stable production of human monoclonal
antibodies.

The subject methodology and strategies need not be limited to producing complete immunoglobulins, but provides
the opportunity to providé for regions joined to a poartion of the constant region, 8.9, Cyy. Cpp. Cha, Or Cpy, OF combi-
nation thereof. Alternatively, one or more of the exons of the Cy, and C, or C, regions ray be replaced or joinad to a
sequence encoding a different prolein, such as an enzyme, e.g., plasminogen activator, superoxide dismutase, elc.;
toxin A chain, e.g., ficin, abrin, diphtharia toxin, etc.; growth factors: cytotoxic agent, e.g., TNF, or the like. See, for
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(A Human heavy chain locus [err] (B) Muse heavy chain locus [err] (O
Human heavy chain repl acenent YAC vector [err] yeast colonies that have,
undegone honol oous reconbi nation between the human V6 DNA sequences and

contain a

14 reconbi nant YAC. The hal f- YAC vector cont ai ni ng the human

Clerr] DNA is then linearized and used t@ transformthe

example, WO 89/07142; WO 89/09344; and WO 88/03559. By inserting the protein of interest into a constant region
exon and providing for splicing of the variable region to the madified constant region exon, the resulting binding protein
may have a ditferent C-terminal region from the immunoglobulin. By providing for a stop sequence with the inserted
gene, the protein product will have the inserted protein as the C-terminal ragion. If desired, the constant region may
be entirely substituted by the other protein, by providing for a construct with the appropriate splice sites for joining the
variable region to the other protein,

The antibodies or antibody analog producing B-oells from the transgenic host may be used for fusion to a mouse
myeloid cell to produce hybridomas or immortalized by other conventional process, e.g., transfection with oncogenes.
These immorialized celis may then be grown in continuous cuiture or introduced into the peritoneum of a compatible
host for production of ascites.

The subject kwvention provides for the production of polyclonal human anti-serum or human monocional antibodies
or antibody analogs. Where the non-primate mammalian host has been immunized with an immunogen, the resulling
human antibodies may be isolated from other prolems by using an affinity column, having an Fc binding moiety, such
as protein A, or the like.

For producing animals from embryonic stem cells, after transformation, the ceﬂs may be plated onto a feeder layer
in an appropriate medium, e.g. fetal bovine serum enhanceéd DMEM. Cells containing the construct may be detected
by employing a selective medium and after sufficient time for colonies to grow, colonies may be picked and analyzed
for the occurrence of integration or homologous recombination. As described previously, the PCR may be used, with

primers within or without the construct sequence, but at the target locus.
Those colonids which show homologous recombination may then be used for embryo manipulation and blastocyst

injection. Blastocysts may be oblained from females by flushing the uterus 3-5 days after ovulation. The embryonic -

stem calls may then be trypsinized and the madified cells added to a droplet contalning the blastocyst. At least ona
and up fo thirty modifiad embryonic stem cells may be injected into the blastocoel of the blastocyst. After injection, at
least one and no more then about fifteen of the blastocysts are returned to each uterine hom of pseudo-pregnant
females. Femalas are then allowed to go to tern and the resulting litter screened for mutant cells having the construct.
The mammals may be any non-human, particularly non-primate mamma!, such as laboratory animals, particularly
small laboratory animals, such as mice, rats, guinea pigs, etc., domestic animals, pets, etc.
The following examples are offered by way of illustration and not by way of limitation.

EXPERIMENTAL

Inactivation of the mouse heavy chain J genes Construction of the inactivation vector

A 6.4 Kb EcoRl fragment, containing the mouse heavy chain J genes and flanking sequences, is cloned from a
Balb/c mouse embryo ganomiic library using the probes described in Sakano et al., Nature 280:662-665, 1981. This
fragment (mDJ) is inserted into EcoRl-digested pUC19 plasmid (pmDJ). A 2.9 Kb fragment, containing the 4 J genes,.
is deleted by Xhol-Scal digestion {(pmD&JNeo, see Chart 1). An 1150 bp Xhol-BamH] fragment, containing a neomycin-
resistance gene driven by the Herpes simplex virus thymidine kinase gene (HSV-k) promoter and a polyoma enhancer
is isolated from pMCINeo (Thomas and Capecchi, Cell, 51, 503-512, 1987). A synthetic adaptor is added onto this
fragment to convert the BamH! end into & Scal end and the resulting fragment is joined to the Xhol-Scal pmD3J to
form the inactivation vector (pmD3J.Neo) in which the 5° to 8' orientation of the neomycin and the heavy chain promoters
is identical. This plasmid is linearized by Ndel digestion before transtection to ES cells. The sequences driving the

homologous recombination event are 3 kb and 0.5 kb fragments, located §' and 3' to the neomycin gene, respectively.
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yeast strain generated in the previous step. Selection for

| euci ne-prototrophy results in a yeast strain containing the conplete 1gH
repl acenent YAC (see Chart 4). This YAC is isolated and introduced into ES
cells by mcroinjection as described previously for enbryos. In accordance
with the above procedures, an antigenic £ chineric non-primate host,
particularly a nouse host. may be produced which can be imunized to
produce human ant!Eod|g§ or anal ogs specific for an i mmunogen. In this
manner, the probl oci ated wi th obtaining human nonocl onal anti bodi es
are avoi ded, since mce can be inmmu- nized w th i munogens which could not
be used with a human host. Furthernore, one can provide for booster

i njections and adjuvants which would not be permtted with a human host.
The resulting B-cells may then be used for Immortal - ization for the

conti nuous production of the MogsekegveChaim]GonesnnctivationMeetor zed cel | s may
be used for isolation of the genes encoding the inmmunoglobulin or anal og

and be subjected to mutation by in-vitro mutagenesis or other nuta-
geni zi ng tech gperties of the antibodies. These

mut ageni zed gen to the inmmortalized cells for

honol ogous reconpi natiogto p QVIde for on&i nuo manmglan_cellular -
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The ES cell line E14TG2a (Hooper el al., Nature, 326:292-295, 1987) is cultured on mitomycin-lreated primary
embryonic fibroblast-feader layers essentially as described (Doetschman el al., J. Embryol. Exp. Momphol. 87:27-45,
1985). The embryonic fibroblasts are prepared from embryos from C57BL/®6 females that are mated 14 to 17 days
earller with a male homozygous for a neomyein transgene (Gossler et al., PNAS 83:9065-9069, 1986). These cells
are capable of growth in media containing G418. Electroporation conditions are described by (Boggs et al., Ex. Homatol.
{NY) 149:988-894, 1986). ES cells are trypsinized, resuspanded in culture media at a concentration of 4x107%/ml and
alectroporated in the presence of the targeting DNA at a concentration of 12nM in the first experiment and 5nM DNA
in the second. A voltage of 300 V with a capacitance of 150-250 uF is found optimal with an electroporation cell of §
mm length and 100 mm? crass-section. 5x106 electroporated cells are plated onto mitomycin-treated fibroblasts in 100
mm dishes in the presence of Dulbecco's modified Eagle's madia (DMEM) supplemanted with 15% fetal bovine serum
(FBS) and 0.1 mM 2-marcaploethanol. The media is replaced 24 hr after electroporation with media containing 200
ng/ml G418.

ES colonies resulting 10-14 days after electroporation are picked with drawn out capillary pipettes for analysis
using PCR. Half of sach picked colony is saved in 24-wsll plates already seeded with mitomycin-reated feeder cells. *
The other halves, combined in pools of 3-4, are transferred to Eppendori tubes containing approximately 0.5 mi ot P8BS
and analyzed for homologous recombination by PCR. Conditions for PCR reactions are essentially as described (Kim
and Smithies, Nucleic Acids Res. 16:8887-8893, 1988). Alter pelleting, the ES cells are resuspended in 5 ul of PBS
and are lysed by the addition of 55 yl of H20 to each tube. DNAsas are inactivated by heating each tube at 95°C for
10 min. After treatment with proteinase K at §6°C for 30 min, 30 ui of each lysate is transferred to a tube containing
20 ul of a reaction mixture including PCR buffer: 1.5 ug of each primer, 3U of Taq polymerase, 10% DMSO, and dNTPs,
each at 0.2 mM. The PCR expansion employs 55 cycles using a thermocycler with 65 seconds melt at 92°C and a 10
min annealing and extension time at 65°C. The two priming oligonucleotides are TGGCGGACCGCTATCCCCCAGGAC
and TAGCCTGGGTCCCTCCTTAC, which corraspond raspactively to a region 650 bases 3' of the start codon of the
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anti bodi es. The subject invention provides for a conveni ent source of human
anti bodi es, where the human anti bodi es are produced i n anal ogous manner to
the production of antibodies in a human host. The nouse cells conveniently
provi de for the activation and rearrangenent of human DNA in nouse cells
for production of human anti bodi es. dains 1. A transgeni c non-primate
manmal conprising a nodified genome wherein said nodification conprises a
| esi on i N t henedmycia gérdanddequatced leraled in the mouselpavyghain dees. 11AHIIFRS ] b e NFeione,\20 Kl of
chai n | ocus wheeasion mixisieldctiophofessr onyagasasp gels andiansiqgsediiaylpy) empigned (Ze1a Bind). Fittys gre figgbed
the | ocus to wieap?Pdabeled emenhol fip 8% e ralirmepmtd P4 ¥ ssage encodi ng an

i mmunogl obul i n heavy chain subunit. 2. The mammal of claim 1 wherein said
nmodi fication further conprises a lesion in at |east one copy of an inmmu-
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nogl obul'in light chain |locus said lesion resulting in the inability of said
| ocus to rearrange or to produce a functional nessage encoding said |ight
chain subunit. 3. The mammual of claim1 or 2 wherein said nodification
conprises lesions In 2 copies of the inmunogl obulin heavy chain | ocus
and/or lesions in 2 copies of said i mundgiobulin light chain |ocus. 4. The
mammal of any of the preceding clains wherein said nodification further

conprises inclusion i ad id genone of an imunogl obulin | ocus encoding a
xenogenei ¢ Ilqht chaj eayy chain or both. 5. A transgenic non-prinmte
ani mal as cl aift ecedlng clalns wherein said non-primate

manmmal s murineg gl i n any of

- s human. 7.
The transgeni c noT=Ppriw YETTTT 2 WhETET T t he
xenogenei ¢ 1g conprises a varlable reg on fblﬁ%dey éfg epk) de _bond to a
peptide other than solely the 1g constant region.
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a An ertbryonic stem (ES) cell of a non-primte manmmal conprising a
nodi fi ed genone wherein said nodification conprises a lesion in at |east
one copy of the J region of the i munogl obulin heavy chain | ocus wherein
said lesionresults in the inability of said copy of the |ocus to rearrange
or to produce a functional nessage encodfng an i mmunogl obul i n heavy chain
subuni t; and mhlch optlonally further contains a) a lesion in at | east one
copy of an i githhgeneslin@sieglis.sai d | esion resulting in the

i nability of sard Iocus to rearrange or to produce a functional nessage
encodi ng sardﬁﬂﬂgﬂﬂuéﬁaﬂﬁﬂgﬂ%ﬂﬁﬁﬁ: and/ or b) |nclusron in the genone of
said ES cells oxsqrc&bﬁg)gq I obutmmn ocus encor;lolb no %nlgn o ank%ggé_n
or heavy chai ddendds, ¢t DIQ m@m& ede(at’r‘\,to(btéi 3«&1 with Xhol
production Ofan@Nz;ef RBASEEEN MQQI&JP fré grit EonfARRINGIRd four J genes (ses Chart 2A). An about 1.1 kbp Xhol-
BamHl fragment, blunted atthe BamHl site, oontammg aneomycin resistance gene driven by the Herpes simplex virus
thymidine kinase gens (HSV-tk) promoter and polyoma enhancer was isolated from pMCINeo (Thomas and Capecchi,
Cell, 51, 503-512, 1987). This fragment was inserted into the Xhol-Nae! delated pJH 1o form the inactivation vector
(pmH3J, see Chart 2B), in which the transcriptional orientation of the neomycin and the heavy chain genes is the same.
This plasmid was linearized by Ndel digestion before transfection to ES cells. The sequences driving the homologous
recombination event are about 2.8 kbp and about 1.1 kbp fragments, located 5' and 3' 1o the neomycin gene, respec-

tively.

Culturing, Electroporation, and Selaction of ES cells

_ The ES cell line E14TG2a (Koller and Smithies, 1989, PNAS, USA, 86, 8932-8935) was cultured on mitomycin C-

treated embryonic fibroblast feeder layers ds described (Koller and Smithles, 1989, PNAS USA, 86, 8932-8935). ES
‘ cells ware trypsinized, resuspended in HBS buffer {pH 7.05; 187mM NaCl, 5mM KCI, 2mM CaCl,, 0.7mM NaHPO,,
21mM HEPES pH7.1) at a concentration of 2x107/m! and electroporated in the presenca of 50 pg/ml of the linsarized
inactivation vector. Electroporation was carried out with a BioRad Gene Puiser using 240 volts and 500uF capacitance.
5x108 elactroporated cells were plated onto mitomycin C-treated fibroblasts in 100mm dishes in the presence of Dul-
becco's modified Eagle's media (DMEM) supplemented with 15% fetal bovine serum and 0.1 mM 2-mercaptoethanol.
The media was repfaced 24 hr after electroporation with media containing 200ug/mi G418, G418-resistant £S colonies
resulting 12-14 days after electroporation were picked with drawn out capillary pipettes for analysis using the polymer-
ase chaln reaction (PCR). Half of each picked colony was transferred to an Individual well of a 24-well plate, already
seedad with mitomycin C-lreated feeder cells, The other halves, combined in pools of four, were transferred to Eppen-
dorf tubes containing 0.3 ml of PBS and cell lysates were prepared for PCR analysis as described by Joyner et al
{(Nature, 338:153-155, 1989). The PCR reaction included 5-20pl of the cell lyste, 1um of each primer, 1.5u of Taq
polymerase and 200uM of dNTPs. The PCR amplification employed 45 cycles using a themal cycler (Perkin-Elmer -
Cetus), with 1 min. melt at 94°C, 2 min. annealing at §5°C, and 3 min. extension at 72°C. The two priming oligonucie-
olides are ACGGTATCGCCGCTCCCGAT and AGTCACTGTAAAGACTTCGGGTA, which correspond respectively to
about 120 bases 5' of the BamH site of the neomycin gene, and to the sequences located in the mouse heavy chain
gene, about 160 bases 3' of the insertion site. Successful homologous recombination gives rise to an about 1.4 kbp
tragment. 20y of the reaction mixture is electrophoresed on 1% agarose gels, stained with ethidium bromide and.
transferred to nylon membranes (Gene Screen). Filters were probed with a 2pP-labelled EcoRI-Pstl. about 1.4 kbp
iragment located in the mouse heavy chain, 3' of the insertion site (see Chart 2). For further analysls, genomic DNA
was prepared from ES cells, digested with restriction enzymes as recommended by the manufacturers, and fragments
woere separatedon 1% agarose gels. DNA was transferredto nylon membrenes (Gene Screen)and probed with the 32p-
labellad fragment as daescribed above.

Analysis of G418-resistant ES colonies

In the first experiment, PCR analysis of the pooled colonies detected one positive PCR signal of the expected size
{about 1.4kbp) cut of 34 pools ropresenting 136 G418-resistant colonies. The four individual colonies that had contrib-
uted lo this positive pool were analyzed individually by PCR, and a positive clone, ES33D5, was identilied. Similar
analysis of 540 G418-rasistant colonies oblained in the second experiment yielded 4 additional positive clones (ES41-1,
ES61-1, ESB5-1, ES110-1).

in order to verify the targeting disruption of one copy of the J genes, (the gene is autosomat and thus prese'nt in
two copies), the PCR positive clones were expanded and genomic DNA was prepared, digested with Hindfll or with
Sacl and analyzed by Southern analysis as described using the EcoRI-Psti prabe.

The replacemerit of the J genes by insertion of the neomycin gene by an homologous recombination event resulis
in an Hindlll fragment, detectable with the EcoR!-Pstl probe, which is about 1.9 kbp longer than the equivalent fragment
in the native locus, due 10 the loss of two Hindll! sites located in the deleted J gene region (see Chart 2C). Southern
analysis of each of the 5 positive clones by Hindlil digestion gave a pattern which indicated that one of the two copies
of the heavy chain J genes had been disrupted. Three labelled fragments were detected: one fragment (about 760
bp), identical in size to that present in untreated cells at the same intensity, one fragment (about 2.3kbp) identical in
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16 10. A nethod for producing xénogenei c antibodies to an ant
nmet hod conpri ses i nmuni zi ng the transgeni c non-primate manmal
with an antigen so as to effect secretion of antibodies by at

I gen whi ch
of claim4

| east sone of

the B cells of the mammal into the bl oodstream and (a) recovering the

. antibodies fromthe bl oodstream of the ghPmal ; or (b) conduct| ng a process

whi ch conprises: - recoveri ng. B cells from the an DI t 3
the B cells: "%Ef?%ﬁfmli {rj{es ‘?"f‘ﬁﬂ“?@&’"ﬁ“@%mm evfngﬂfm’t'ﬁif > Ty ':'
cells that sedgf @gzgn o3 %@&w&ah%o bi § ee%treé?:lisizg)
perform ng bot arbrlcE 6 @ Fymbrit Metectable with the EcoRl-PstI probe, which is about 570 bp

smaller than the equivalent fragment in the native focus (see Chart 2C). Southem analysis of the clones by Sac! di-
gestion gave the expeclad patiemn of one native and one targeled allele: about 4.0 kbp fragment, identical in size to
that detacted in untreated cells, but of decreased intensity in the 5 positive clones, and an additional fragment of about
3.4 kbp, the size predicted for a largeted homologous recombination event, present only in the identified clones. Re-
hybridization of the Southem blots with a probe for the neomycin gene shows that only the 4.2 kbp and 3.4 kbp frag-
ments, resulting from the Hindlil and the Sacl digestion, respectively, hybridized 1o the probe as predicted by the

targeting event.

{nactivation of mouse immunglobulin heavy chain J genés in mice

Injection of targeted ES cells into mouse blastocysis and generation of chimeric Bﬂs rings

Mica ware purchased from Jackson Laboratories (Bar Harbor, ME). Three and a half day old C57B8L/6 blastocysts

were obtained from 4-5 week old superovulated females as described by Koller of al. 1989 (supra). ES calls were

T trypsinized, washed once with fresh DMEM media and diluted to about 1x10%/ml in M2 media. About 5l of cells were
’ added to a 150y Yroplat of M2 media, under paraffin oll, containing the blastocysts. Ten to fifteen cells were injected
into the blastocoel of each blastocyst. Six to nine ES cell-containing blastocysts were relumed to each utering hom of

C578L/6 x DBA F1 pseudopregrant females mated 2.5 days previously with vasectomized males. Pups derived from

the injected blastocysts were generally bom 16-18 days later. The contribution of the ES cells to the offspring was

judged visually by examination of the coat color of the pups. The blastocysts were oblained from C578L/6 mice, which

are solid black in color. The ES call line E14TG2a, the parental line from which the targeted cell linaes were derived,

was isolated from 129/01a mice. This mouse strain is cream in color, the combined effect of three color genes, the

dominant A¥ allale at the agouti locus, the recessive pinkeyed-dilute allals at the p locus and the recessive C°* ailele

the C locus. Offspring in which the ES cells participated in the formation of the animat had coats containing brown and

cream hair. The ES cell line ES41-1 carryinginactivated mouse immunoglobulin heavy chain, was injected into C578L/6

mouse blastocysts as described above. Six out of the 18 surviving pups had a high degree of coat color chimerism

{70-00%). PCR analysis of DNA isolated from chimeric newbomn pups from a female implanted with blastocysts injected

with the inactivated ES cells, indicated that the mutated immunoglobulin heavy chain locus is present in a variety of

organs such as spleen, thymus, kidney, fiver, brain and skin.

Inactivation of the mousa If kappa chain J genes in £S cells

A 5.6 Kb HindllI-BamH]I fragment, conlaining the mouse immunoglobulin kappa chain J region genes and 3' flanking
sequences, cloned from a Balb/c mouse embryo genomic library and inserted into pBluescriptSK vector to yield the
plasmid (pKJ). pKJ was digested with Hindlll and Pstl fo delete an about 1.7 Kb !ragment containing the 5 J genes

(sea Chart 3). A 570 bp blunt Hindl}l fragment, spanning the
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11. " The ‘'met hod of claim 10 wherein the xenogeneic anti bodies are human. 12.
Imortalized B cells that secrete anti bodies which are i mmunoreactive with
a specific antigen wherein the immor- talized B cells are derived froma
transgeni c non-primate mammal as clainmed in claim4 which has been adm n-

I stered said antigen. 13. A nethod to prbhuce ant i bodi es i nmunor oactive
wth a desired antigen which nmethod conprises culturing the immortalized B
cells of claim12 undmareoBditi ons wherein said anti bodi es are secreted,
and - recovering the antibodies fromthe culture. 14. The nethod of claim
13 wherein said antibodi es conprise a variable region joined by a peptide
bond to a peptide other than solely the 1g constant region. 16. A nethod
for the production of bappay pousiationiegior pri mat e manmal conprising a nodified
genone sai d net hod conpr|3|ng creating a lesion in the J region of at |east
one copy of the immnogl obulin heavy chain | ocus wherein said | esion
results in the inability of _sakd cgpy of the locus to rearrange g to

produce a functional nessagg 2hcoding 23
Sy J243 dads . }--'ﬁ-:
|~4
i z ]
‘ L S .1 S, 38kb ]
P

PCY Bobmens

1.1kb E
S5T0bp I8k
SRl 1 Y ST RARY o H

pBluescript

region 5' to the Hindllt site adjacent to the kappa J region, was cloned frcm mousa genomic DNA by polymerase chain
reaction (PCR). This fragment was inserted into Hindlil-Smal digested pic cloning vector (Marsh et al.. 1984, Gene,
82:481-435) and was excised by digestion with Kpni-Xhol. An about 1.1 Kb Xhol-BamHI fragment, biunted at the BamH!
site, containing the neomycin resistance gene driven by the Herpes simlex virus thymidine kinase gene {(HSV,tk) pro-
moter and polyoma enhancer was isolated from pMCINeo (Thomas and Capecchi, 1987, supra). The necmycin frag-

“ment was inserted into the Hindlli-Psil deleted pKJ, which was blunted at the Pstl site, 5'to the kappa sequences. The *
resulting plasmid was digested with Kpnl and Xhol and the 570 bp Kpni-Xhol kappa lragment was inserted into the
Kpnl-Xhol cleaved vector, 5' to the neomycin gene, to generate the inactivation vector (pmK3J, see chart 3). The
{ranscriptional orientation of the neomycin and the kappa chain genes is the same in pmK§J. The plasmid was lineraized
by Apall betore translection into ES cells. The linearized sequence has about 3.8 Kb and 570 bp of homology to the
cellular sequencos, located 3' and 5' to the neomycin gene, respectively.

Analysis of G418-resistant ES colonies

Elactroporation of the kappa inactivation vector into €S cells and screening for homologous recombination events
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an i mmunogl obul i n heavy chain subunit 16. A method according to claim15
wherein said nethod further conprises creating a lesion in at [east one
copy of an inmunogl obulin light chain | ocus said | esion resulting in the
inability of said locus to rearrange orto produce a functional nessage
encoding said light chain subunit 17. AX&thod according to claim15 or 16
wherein said nmethod conprises creating a lesion in 2 copies of the i mu-
nogl obul i n hem‘*ﬁr(!MP‘ﬁwWw faathefiragiivationel lhen@modot@mw qgjn. Gt 18agisignt ES colonies were

i munogl obul i grapse s “"QAY'?ﬁé;t r pﬂﬂ"ﬂ'g (bgsgﬁ "8PT‘&TT§F’W(§6
15 to 17 wher 8 ﬁ gpa in iﬂ%&%ﬁrﬁ?ﬂse sne an b?:ulﬁs ?ﬁ the

nogl obul i n lom,\m B T L o i e B
19. A nmethod afide@oHrddthd PER pddiict. BiSsssli nofm Iadoﬁﬁeoarﬁbmﬁﬁn af\%s @"a@ébﬂutmﬁbﬁagment PCR
non- pri mat e naEaRed of 650 GA1ErbsRRnt calddies diteBBS 3 1RSkivaERAESIE S56H1,IES6BH) ES 1aN6). Siithdih ahialjeis
15 to 19 wher dithasetchionies esndironpeditizd igtegratiamaf tizaghactivation vacter intolvnanediele of thé kappe in@triogiabulin loci
according to WGGMBIQW@IMUWMS to 20 wherein the xenogeneic 19 conprises
a variabl e rng| on ] oi ned bny Eept i de bond to a peptide other than sol el y
the 1g const Iransgenic

Example: production of human heavy chain in transgenic mice DNA vector

An Spel frapment, spanning the human heavy chain VHB-D-J-C-CS region (Barman et al., EMBO J. (1988) 7:
727-738; see Chart 4} is isofated from a human library cloned into a yeast adificial chromosome (YAC) vector (Burke,
ot al., Science, 236: 806-812) using DNA probes described by Berman et al. (EMBO J. (1988) 7:727-738). One clone
is obtained which is estimated to be about 100 Kb. The isolated YAC clone is characterized by pulsed-field gel elec-
trophorasis (Burke et al., supra; Brownstein ot 8l., Science, 244: 1348-1351), using radiolabelled probes for the human
. heavy chain (Berrhan et al., supra).

- e

Introduction of YAC clones into embygs

High molecular weight DNA is prepared in agarose plugs from yeast cells containing the YAC of interest (i.e., a
YAC containing the aforementioned Spel fragment from the IgH locus). The DNA is size-fractionated on a CHEF gel
apparatus and the YAC band is cut out of the low melling poinl agarcse gel. The gel fragment is equilibrated with
polyamines and then melted andtreated with agarase to digest the agarose. The polyamine-coated DNA Isthen Injected
into the male pronucleus of fertilized mouse embryos which are surgically introduced into the uterus of a psuaudopreg-
nant femals as described above. The transgenic nature of the newboms is analyzed by a slot-blot of DNA isolated
from tails and the production of human heavy chain is analyzed by obtaining a small amount of serum and testing it
for the presence of Ig chains with rabbit anti-human antibodies.

As an altarnative to microinjection, YAG DNA is transterred into murine ES cells by ES cell: yeast protoplast fusion
(Traver ot al., 1989 Proc. Natl. Acad. Sci., USA, 86:5898-5902; Pachnis et al., 1990, ibid 87: 5109-5113). First, the
neomycin-resistance gene from pMC1Neo and a yeast selectable marker are inserted into nonessential YAC vector
sequences in a plasmid. This construct is used {o transform a yeast strain containing the IgH YAC, and pMC1Neo is
integrated into vector sequences of the IgH YAC by homologous recombination. The modified YAC is then transferred
into an ES cell by proloplast fusion (Traver gt al., 1989; Pachnis et al., 1990), and resulting G418-resistant ES celis
which contain the intact human IgH sequences are used to gensrate chimeric mice.

Production of human lg by chimeric mice Construction of human heavy chain replacement vector.

The replacing human sequences include the Spel 100 kbp fragment of genomic DNA which encompasses the
human VH6-D-J-Cu-C3 heavy chain region isolated from a human-YAC library as described before. The flanking mouse
heavy chain sequences, which drive the homotogous recombination replacement event, containa 10 kbp BamHl frag-

- ment of the mouse Ce-Ca heavy chain and a 5' J558 fragment comprising the 5' half of the J558 fragment of the mouse
heavy chain variable region, at the 3' and 5' ends of the human sequences, respectively (Chart 4). These mouse
sequencas are isolated from a mouse embryo genomic library using the probes described in Tucker et al., PNAS USA,
78: 7684-7688, 1981, and Blankenstein and Krawinkel (1987, supra), respectively. The 1150 bp Xhol to BamH! frag-
ment, confaining a neomycin-resistance gene driven by the Harpes simplex virus thymidine kinase gene (HSV-tk)
promoter and a polyoma enhancer is isolated from pMCINeo {Koller and Smithies, 1989, supra). A synthelic adaptor
is added onto this fragment to convert the Xhol end into a BamHI end and the resulting fragment is joined to the BamH1
mouse Ce-Cx in a plasmid.

From the YAC clone containing the human heavy chain locus, DNA sequences from each end of the insert are
tracovered either by inverse PCR (Silverman et al., PNAS, 86:7485-7489, 1989), or by plasmid rescue in E. coli, (Burke
elal., 1987; Garza ef al. Science, 246:641-646, 1989; Traver et al., 1989) (see Chart 4). The isolated human sequence
{rom the 5'V6 end of the YAC is ligated to the mouse J558 sequence in a plasmid and likewise, the human sequence
derived from the 3'C3 end of the YAC is ligated to the Neo gene in the plasmid containing Neo and mouse Ce-Cox
described above. The human V8-mouse J558 segment is now subcloned into a half-YAC cloning vector that includes
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22.” A nethod for the production of an enbryonic stem (ES) cell of a
non-primate mamal conprising a nodified genone, said nethod conpri sing
creating a lesion in at |east one copyof the J-region of the inmunogl obulin
heavy chain | ocus wherein said lesion results in the inability of said copy
. of the locus to rearrange or to produce B3functional nessage encoding an

I mmunogl obul i n heavy chain subunit; and which optlonally further conprises

a) creating a aiveaﬂselﬁctthma'!@flt@mm %‘%gfﬁf'g %ﬁ@ aP‘EsI" ‘ﬁ'f"“‘if’r%e ]
| ocus said |es 6 %ggT"?;G andasmglﬁa ‘rf,ga Rk ar"aﬁ'g% foly
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yeas! colonies that have undegone homoloous recombination belween the human V6 DNA sequences and contain a
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heavy chain or both. 23. A nethod for the production of immortalized B
cells that secrete antibodies which are i nmunoreactive with a specific

antigen said nmethod conprising deriving the inmortalized B cells froma
- transgenic non-primate mammal as clainmed in claim4 or 18 which has been

adni ni stered sai d antigen. 14
recombinant YAC. The half-YAC vector containing the human C8 DNA is then linearized and used to transform the

yeast strain generated in the pievious step. Selection for leucine-prototiophy resulls in a yeast strain containing the
complete IgH replacement YAC {sea Chart 4). Tms YAC is isolated and introduced into ES cells by microinjection as
described previously for embryos.

In accordance with the above proceduras, an antigenic or chimeric non-primate host, particularly a mouse host,
may be produced which can be immunized o produce human antibodies or analogs specific for an immunogen. In this
manner, the problems associated with obtaining human monoclonal antibodies are avoided, since mice can be immu-
nized with immunogens which could not be used with a human host. Furtharmore, one can provide for booster injections
and adjuvants which would not be permitted with a human host. The resulting B-cstls may then be used for immortal-
ization for the continuous production of the desired antibody. The immortalized cells may be used for isolation of the
genas encoding the immunogiobulin or analog and be subjected to mutation by in-vitro mutagenesis or other muta-
genizing technique to modify the properties of the antibodies. These mutagenized genes may then be retumed 10 the
immortalized cells for homologous recombination to provide for a continuous mammalian cellular eource of the desired
antibodies. The subject invention provides for a convenient source of human antibodies, where the human antibodies
are produced in analogous manner to the production of antibodies in a human host. The mouse cells conveniently
provide for the activation and rearrangement of human DNA In mouse calls for production of human antibodles.
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1.

A transgenic non-primate mammal comprising a modified genome wherein said modification comprises a lesion
in the J region of at least one copy of the immunogiobutin heavy chain locus wharein said lesion resulls in the
inability of said copy of the locus to rearrange or to produce a functional message encoding an immunoglobulin
heavy chain subunit.

The mammal of claim 1 wherein said modification further comprises a lesion in at least one copy of an immu-
naoglobulin light chaln locus sakd lesion resulting in the inability of said locus to rearrange orto produce a functlonal
megsage encoding said light chain subunit.

The mammat of claim 1 or 2 wherein said modification comprisas lesions in 2 coples of the immunogiobulin heavy
chain locus and/or lesions in 2 copies of said immunoglobulin llght chain locus.

The mammal of any of the precedlng claims wherein said modification further comprises inclusion in sald ganome
of an immunoglobulin locus encoding a xenogeneic fight chain or heavy chain or both.

A transgenic non-primate animal as clalmed in any of the preceding claims wherein said non-primate mammal is
murine.

A transgenic non-primate mammal as claimed in any of the proceeding claims wherein the xenogensic immu-
noglobulin is human.

The transgenic non-primate mammal of any of claims 4-6 wherain the xenogenaic Ig oompnses a variable region
joined by a peptide bond to a pepude cther than solely the Ig constant region.

An embryonic stem (€8) cell of a non-primate mammal comprising a modified genome wherein said modification
comprises a lesion in at leasl one copy of the J region of the immunoglobulin heavy chain locus wherein sald lesion
rasults in the inability of said copy of the locus to rearrange or to produce a functional message encoding an
immunoglobulin heavy chain subunit; and

which optionally turther contains

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

b} inclusion in the genome of said ES cells of an immunoglobutin locus encoding a xenogeneic light chain or
heavy chain or both.

The use of the ES cell of claim 38 for the production of a lransgenic non-primate mammal.
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10.

11.

16
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A mathod for producing xenogensic antibodies to an anligen which method comprises immunizing the transgenic
non-primate mammal of claim 4 with an antigen so as to effect secretion of antibodies by at least some of the B
cells of the mammal into the bloodstream; and

(a) recovering the antibodies from the bloodstream of the animal; or
(b) conducting a process which comprises:

- recovering B cells from the animal,

- immortalizing the B cells; :

- screening the immortalized B cells for those immortalized B cells that secrete the antibodies; and
- recovering the antibodies; or :

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

The method of claim 10 wherein the xenogeneic antibodies are human.

12. immodalized B cells that secrate antibodias which are immunoreactive with a specific antigen wherein the immor-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

talized B calls ara derived from a transgsnic non-primate mammal as claimed In claim 4 which has been admin-
istered said antigen.

A method to produce antibodies immunoroactive with a desired antigen which method comprises culturing the
immortalized B cells of claim 12 under conditions wherein said antibodies are secreted; and

- recovering the antibodies from the culture.

The method of claim 13 wherein said antibodies comprise a variable region joined by a peptide bond o a peptide
other than solsly tha Ig constant region.

A method for the production of a transgenic non-primate mammal comprising & maodified genome said method

comprising creating a lesion in the J region of at least one copy of the immunoglobulin heavy chain locus wherein

said lesion resuits In the inability of sald copy of the locus to rearrange or to produce a functional message encoding

.an immunoglobulin heavy chain subunit.

A method according to claim 15 wherein said method further comprises creating a lesion in at least one copy of
an immunoglobulin light chain locus said lesion resuiting in the inability of said locus to rearrange or to produce a
functional message encoding said fight chain subunit.

A method according to claim 15 or 16 wherein said method comprises creating a lesion in 2 copies of the immu-
noglobulin heavy chain locus and/or lesions in 2 copies of said immunoglobulin light chain locus.

A method according to any of claims 15 to 17 wherein said method comprises including in said genome an immu-
noglobulin locus encoding a xenogeneic light chain or heavy chain or both.

A method according to any one of claims 15 to 18 wharein said non-primate mammal is murine.
A method according to any one of claims 15 to 19 wherein the xenogeneic immunoglobulin i human.

A method according fo any one of claims 18 to 20 wherein the xenogeneic (g comprises a variable region joined
by a peptide bond to a peptide other than solely the ig constant region. .

A method for the production of an embryonic stem (ES) cell of a non-primate mammal comprising a modified
genome, said method comprising creating a lesion in at least one copy of the J-region of the immunoglobulin heavy
chain locus wherein said lesion results in the inability of said copy of the locus to rearrange or o producs a functional
maessage encoding an immunoglobulin heavy chain subunit; and

which optionally further comprises

a) creating a lesion in al least one copy of an immunoglobulin light chain locus said lesion resulting in the
inability of said locus to rearrange or 1o produce a functional message encoding said light chain subunit; and/or
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b) including in the genome of said ES cells an immunoglobulin locus encoding a xenogensic light chain or
heavy chain or both.

23. A method for the production of immortalized B cells that sacrate antibodies which are immunoreactive with a
specific antigen said method comprising deriving the immortalized B cells from a transgenic non-primate mammal
as claimed in cfaim 4 or 18 which has been administered said antigen.
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