;e3ett@6DTfp . ., *@E00002* PRODUCTI ON OF PROTEINS USI NG HOMOLOGOUS
RECOMBI'NATI ON *159159* | NTRODUCTI ON ' Technical Field The field of this

i nvention is the expression of nmanunalian proteins. Background The

di scoveries of restriction enzymes, cloning, sequencing, reverse

transcri ptm’mmmm’ M ocl onal anti bodi eis has resulted in extraordinary
capabiliti " wmﬁming, I denti fyi ng,” and mani pul ati ng nucleic acid
sequences. As.g.kesult of these capabilities, nunerous genes and their
transcriptional control elenments have been identified and mani pul ated. The

genes have been used for pr | f a desired protein in
.gﬁagfdg&gu agra)?ot i'C E,ﬁﬂ@

het er ol ogous hosts (bacteri ost cell systens). In many

cases, of W] ' gﬁﬂgﬁﬁgﬁugﬂgo liciting their

expr esmm,@m"ﬂ'%@’mﬁ@n a ﬁ}ogn%hgngggrﬁgg)g@%ne. The 1 entllefication of the

codi ng , @1 ther cDNA or genomi c DNA, has frequently invol ved the
constructi @&t |ibraries, identification of fragnents of the open reading
frame, exam ning the flanking segnerepwcTaoty t he |ike. In manmal i an genes
where introns are frequently encountered, 1 n many instances, the coding
regi on has HeeAn@elay Fxidfraction of the total nucleic acid associated
with the gene.  Tn oth cases, ,pseu enes or .mul ti-menpbered gene famlies
have obscured the abiﬁﬁ?@gf e+%o?§tgggspépyfgu1§¥‘g%%éga? i nterest.

Never t hel essxpaestéomTicfuesanmsabianppyesginsher e has

Background
The discoveries of restriction enzymes,

cloning, sequencing, reverse transcriptase, and
monoclonal antibodies has resulted in extraordinary
capabilities in isolating, identifying, and
manipulating nucleic acid sequences. As a result of
these capabilities, numerous genes and their
transcriptional control elements have been identified
and manipulated. The genes have been used forxr
producing large amounts of a desired protein in
heterologous hosts (bacterial and eukaryotic host cell
systems) .

In many cases, the process of obtaining
coding sequences and eliciting their expre:sion has
been a long and arduous one. The identification of
the coding sequence, either cDNA or genomic DNA, has
frequently involved the construction of libraries,
identification of fragments of the open reading frame,
examining the flanking sequences, and the like. In
mammalian genes where introns are frequently
encountered, in many instances, the coding region has
been only small fraction of the total nucleic acid
associated with the gene. In other cases, pseudogenes
or multi-membered gene families have obscured the
ability to isolate a particular gene of interest.
Nevertheless, as techniques have improved, there has



2 been a continuous parade of successful identifications and isolation of
genes oOf interest. In many situations one is primarily interested in a
source of the protein product. The cell type in the body which produces the
protein is frequently an inadequate source, since the protein nmay be
produced in | ow anounts, the protein y only be produced in a
differentiated host cell which is only difficultly growm in culture, or the
host cell. AL QUL Y; AubliliBBaell: Jfs dRlcEELRON §alh fielicEiudtnd N 2
culture process for production®of the product. There is, therefore,
si gni fi cant aingt diseskatirne9l| 68RAG &8It dNEATEEL t echni ques for produci ng
proteins of interest ithMéﬁyrgiﬁhhhi@wg:bnﬁﬂ§@ Pt oMbde1i,or econonic and
efficient production of the . desire% rotein andIJI mhea Egssigkg,
appr opr i atel&t&?@éﬁeﬁg Yt *hBOPFGEeP dRHCE BT BEAPUESt er al'fir e Mansour
et al., Natugeadl I3pes34dn 30Re (1688) whdedc pirdmedwcegenehal psbtatiagysf or
targeting tations o non:sel,ectable nes. I a| e
66: 193203, f&ﬁé‘)e,“%:&é’sc?’? pRRafsHR ?b“gafgg‘nr%z ' Y%ls'g%%?y%epﬁ gggnp'n{)na n
acti vat or wbehpaxodderedjeire hod anesnts ,amhle foxete bm mayt aslybbence of
selective p r : L 0 4C. I e r
Ceneti cs, 1§?§§F§%%b§¥{?%B%hg?eﬁéggﬁ?ﬁgétﬁgiﬁzﬁéégi%ﬁﬂg?wgghﬁﬂgg cell line
with an int 8¢ffdeplddecasoive foneukkrker OFcihhry BPSE af8Lti pti onal
promoter, wphktlidrdep Kk i gahafAncand, anpl ifotcaldanomictée gene marker.
Thomas andmgg ecghi, Cell, 51-503-512 1987 describe.site.djyected
nut agenesi s %lﬁéﬁQHE%Qﬁﬁi L FATRoRERC ﬁﬁrf%?ﬁ '?éﬂFEf%ﬂ18£l#é? Song et
al ., Proc. pabHucAcad.Tifore 1i5A tBdrég2ee68234,gn(ilftizydnt desterbst hdnol ogous

reconbi nati ' s gt ' raf i :Liskay et al.
" Honol ogousagg%gggﬁ&ﬁi%ﬁéﬁ?%leﬁ? Rﬁ%ggbggﬁgio@%gﬁa?&gceﬁﬁgnces in Muse
Cel |'s," Col HrSBEiiRG 1 Htex®sp. in quiture ®idth amtlswhioh (1984 ) |

describe i npegvatie0Fsdf dovhsthid earat et atieans pfodurer Séeogepge and
honol ogous reconbi.nati on bet ween the nut ant, genes. Rubni t z and Subr amani

Mol . and CefFSLiEFS PrpTtLiEy ¢ YH9BAPOSFARFI h ERARERE IR Mim anount  of
honol ogy repuocedsiingr difonieogouste egopbodatiton in nmammal i an cells. Kimand
Smthies, Nucl. Acids. Res. (%:88878903, (1988), describe an assay for

honol ogous . reconbi nation using the polynmerase chain reaction. SUMWARY OF
THE | NVENTI RRLEYARss Hiie Xt u%@mmal i an proteins of interest is achieved by

enpl oyi ng honol ogous Magrsd¥ Nt i LN, f oNatBE-e9r 3Bi6QB4¥ -3y at1ydd fj abl e gene

and ot her regul atory _sequences i.n. proxinit 0_a gene of interest wthout
interruptioﬁgﬁ?r%ﬁg Br gﬁ%?i %ﬁr%??ﬁ%gt?¥t%ﬁﬁ§8%ﬁ&? r%%ﬁﬂ%ﬂFo
conpri si ng nde-aapertiabiiee geawes andWehdlgead ofl i nGemest Gfeyld- anplified
the genone iw=agﬁr§@be;q At dinectdn 0l e 8aLEBAt b hiansflltysh to an
expressi on ho§f [or expression of the target protein. If not “previously
anpl i fi ed, RheSTLPGEET BGitdYEtOR eI PRFB198RE eRe d@8s wfpul ati on
screened foampkifscpraduciing thee disgete poHt eelecCiies pMaistiugey.oduce t he
target protgi hi ta vel s are p d and used for
expressi on %#P?%éet ggge?g%rzél'ei@l??na rx.éaEF—é o{far“\l.qéﬂ.'?l g DRAW NGS

. Genetics, 14:273-286, (1988), describe transformation

of a human cell line with an integrated selectable
gene marker lacking a transcriptional promoter, with
tandem duplication and amplification of the gene
marker. Thomas and Capecchi, Cell, 51:503-512,
(19871, describe site-directed mutagenesis by gene
targeting in mouse embryo-derived stem cells. Song
et al., Proc, Natl. Acad. Sci. USA, 84:6820-6824,
(1987), describe homologous recombination in human

cells by a two staged integration. Liskay et al.,
"Homologous Recombination Between Repeated Chromosomal
Sequences in Mouse Cells," Cold Spring Harbor, Symp.



FIG 1 is a diagrammatic illustration of the plasmd pCG show ng the
sequence of the nodified polylinker; FIG 2 is a diagrammatic illustration
of the construction of the plasmd pCGHR ; FIG 3 is a diagrammtic
illustration of the result of targeting the EPO | ocus by honol ogous

recombi nation with the DNA from pCG HR jcut with NotlL; 4 FIG 41is a
diagrammatic illustration of the PCR anplication fragnent produced from
cells in whigh, o0uS f nag ve | PTI ON
O SPECH P C SRREH WERES NEHOdS, MLl COIBOLTL L OnS are prav Qe Tor™
production off nﬁﬁﬁaﬂiéﬁeﬁleé’t"elﬂﬁttétﬁl?WePésF Pn Sane Fehe ™R et hod enpl oys

honol ogous rgsARPbFaLEORelcbnd st ide betReennteg ahitihtangen@sifi abl e gene
inthe vicinity of "at ene, ich tar ne _encode protei n of

i nterest. T@P%@Fﬁnaean%%‘n‘? M—E&iﬁl@—’é’; gh%ﬁ](?e%r get gene
will be referzsg,tplas4the demad ibeabtiee regndmunThamouesuldf ngonoe hoghor med

primary cells r ;(r?ﬁwfgggp%u YIS 100 CORALhLRES i @@&Aaeﬂ?ly

anplificatidnc9 q%on nay e per seqguen

"Transform'am&imdesKtmaasﬂoﬁmluhxﬂSIe@ggiiaﬂsdgﬁahjﬁéml&ﬁﬁ?%&7 f usi on,
el ectropor atd op, or Frgggaﬁt hglkd tc?c_,_rgg (o131 ;anyntg,gdu%ﬁqog%g nto a viable

cell. The chronoso the transfornmed cells are then used to
transfer ther%ﬁml“PH‘aﬁFenr 8§iieW ithe RALYBRRABAR Gf‘agé’c&‘rﬁ?&%ﬁ%&pr essi on
host cells, where the target region, if not previously anplified
sufficiently or at all is Ig e@wvﬁ ulting cell lines are
screened for production ofgiééﬂggfgen dé%uuiu ﬁﬂé~§2condary cell lines
selected for desired IBxpresshqmwnﬁumamm@lMhncpreébhysw@¢txn231ﬁmded and
used for Pradicliflioplal By degh ogfkrf& NI GoGH! LUESmbIhaDIdBEYL Cel | may

be any manmali an ce particularly mammal i an ce ch do
not grow reazdm%li?ﬂtéﬁm afe anngi® Iiar kiR a9€Ye pRPAnPEhed | s, espeC| ally

human cel | s, -ahiel £L65¢ Béqaa-n@%lsl irnvp'r&eungtyatocal benel R udi ng enbryoni ¢
or neoplastic cells

arI normal cel Vari ous es may be
enpl oyed as ltrhtee’ber’?ﬁagﬂlt@@’l %Tf‘llgoql%*’ OBPESPEOHb‘ﬁ%ﬁO&I a‘fl@ di pl oi d
skin flbrOMprnperlynphscyu§$ emhauﬁegﬂome¢¢mprmemnqn$heendotheI|aI 5

amplifiable gene and the gene of interest may be
amplified, the genome fragmented and directly or

indirectly transferred to an expression host for
expression of the target protein. If not p.-eviously
amplified, the target region is then amplified, and
the cell population screened for cells producing the
target protein. Cells which produce the target
protein at high and stable levels are expanded and
used for expression of the target protein.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagrammatic illustration of the

plasmid pCG.l1 showing the sequence of the modified
polylinker;

FIG. 2 is a diagrammatic illustration of the
construction of the plasmid pCG.HR1;

FIG. 3 is a diagrammatic illustration of the
result of targeting the EPO locus by homologous
recombination with the DNA from pCG.HR1l cut with NotI;



cells, or other somatic cells, or germcells. O particular interest are
skin fibroblasts, which can be readily propagated to provide fox |arge
nunbers of normal cells, enbryonic kidney cells, and the |ike. These cells
may or may not be expressing the gene of interest. In those instances where
the target gene is inducible or only expressed in certain differentiated
cells, one may select cells in which the target gene is expressed, which

rrayl rfeqwblre | T t@ld Zte&l Q\Aﬁl lan%agelétn@naHugrpy\t\hstﬁaeubhuFe tAempmertof
anplifiabl e genes exis ere ap use of .a sele n _agent, a
gene integr a%@%%qq@@eﬁﬁwmﬁP%I pﬁ%da\‘{‘)ﬁﬂcffﬁe ﬁd]”a’cé(??tlc?"l &hki ng DNA.
Anpl i fiabl e gefresddwlsideedbhipdnatdont ezvreedudtmeocunraéaot hi onei n-1 and
-11, preferab?.y primate netall othi onein genes, adenosi ne deam nase,

orni t hi ne decarboxyl ase, etc. The anplifiable gene will have
transcriptional signalBESEREATAY QEn@HWG rEME@DSMENTﬂ a:.~y or

expressi on host and de%%a% s PEnEURGH fg%bi&eﬁo*ﬁ)r
particularly where anplification is e one |n t primary host or the
anpl i fi abl e peeducs igyed fisnammal kap, Prededdrgyaf g-‘em*e%r@rﬁ? b8 any gene of

interest, thg(g alleadyriavheonbaesmp 1bysdhoMyistod PEOLRLMRallohNt er est
identifi ed aﬁé‘ql soleat ed r{vlflt h conti nﬁlgl gﬁ’dl tions t% the |ist I%r ot ei ns of

interest inchild@ &pSdkiGRst £ hiRECHRAEANGUBHhERYHE 13 bot #ePEciBrs such
as EGF, FGF, tRRGh.icdnd thohs £ sanmeangeapigese ,gmdiitdh hotmmpetesgenel ony

Ui mul ati ng Laetes (HUChaseGn St 1AULBUCS el Wiy oppl et |

pl asni nogen actrvators tTSsté "and Urine: enz , such as
super oxi de dfomprisdnd otk celmsanpligipblee @gnteoran s"b#lf%e gendr ane

proteins; ingihinpel iHFHELE NS AL - AL nalﬂlab@%&r fis, Byeh as CD3,
4, a, 19; clotting factors Fact or and von | | ebrands factor;

anticlotti ngrﬁat‘tlgllélg m%%o%?%‘?eljﬁlﬁargt Fedil snBa¥ 9% B@ctor, tunor
necrosi s 6sfibgebtedt I‘baﬂm{dltpi@ﬁEI whicHosel@otedient or s; addr essi ns;

regul atory p t 0 ‘will be
prepared Me?ﬁﬁﬁﬁgigﬁ%l |abc{e gene V\?F?f%@%&ﬁ% o i}c))nrbeo eé‘%éé}é;ﬁ%% si des

wi t h DNA honshbgegyentilly -t he' Tiensforng t-aﬁéetielsegilm&‘»fmen,horml ogous DNA
wi Il general {¥ah8rikkhi &rm&dﬁthepsa@hbugéellsa, Fuefiabl y about 25 kb, of

the transcribed [egion e tar epref ly within, 2 kb of
the target g%ﬁ‘é tB pﬁ'é'ﬁg”‘l"é‘ e‘?‘l‘g% ?ﬁﬁrcﬁﬁfzhﬁlﬂé‘&l rar?‘d‘tt"?fbg‘ec’s’e%uences
required forDNAaastei pt vdabdfe acenhl ur eThet SArofiees oimerso lcag MNA RNA ningy

i ncl ude the ér?HQ%E:EEE' RA1AD LATPERSH “Qséﬁyt‘é“tt!%‘h%ff Qyfdces,

transcriptional ‘I nitiation sequences, the region ese sequences, or
the |ike. Tha"Rbibiahdes TEsHivth 1“%y‘4‘ﬁcﬂﬁﬂ€m§ Bt tsle&?’b?alt}ﬁe codi ng

regi on, Wnerexphessmdhn@orseglmmymhéﬁeptheedaeatex Qtegarbro,pemf readi ng
frame or corrbl ation.of exons and.i %ron . The him)l Qg9 gi on_ may
conprise al1"3F BEBYHFPREAYoFATRE 5T Féegf YoPTa oﬁJt n f one or
more exons nfyrhhes bappidied. Aherresunibing tkedlhdrhvlesg@rs regi on may

conpri se theséreéﬁgaoaorsgzea&&f&Mfsenaléa%e% gefotee% Qfnd he
transcri ptl on ternination regl on, or t he region his regil on. The

homol ogous rEGFORSaRYy CE tedd tRB IS8} bR BBrPFér‘rr&d iy aldst Rk gene or
be outside t}_bteoaﬁtgﬁbngewhlmﬁm’élslmgn&jr|b@reﬁpﬁﬁﬁbﬁoﬁr@f ud’i for
transcripti gﬁD({)drggut)gt QY ¢ ; ﬁr téhJe stiruct ral__gene. For the npst
part, the h 0gous sequence V\/leﬁ fea o f‘hg |eT| abl e gene,

proxi mal ly or distallyThespalimaxy mhbm@yobheanyhmanmtadmri aetlyipe
sequence nordpl | ye @580¢], atﬁ%@té&l&{ﬁtﬁaﬁhgsﬂecwﬂls Q/Fu%e%& feparate

the honol ogous sequence f 'e gene on east one side of
the a~iplifiSEPe ¥RAGLLIBAR ﬁ’é‘rltq"cﬁ? ofMe¥R Refbifvdamdy BEimedes' or 3

sequence ass@Slpé pde¥pbbibha yamudr i@l Bs gedRerastier orlahn Qfelllie
mani pul ati ons_ associ ated.wi th.the ,anp| i la I%Bgene. . The homql ogous

regi ons flarfkih ¢ HROEMBLi FrddiSe T¥enigeRti SECRESHE t ar get
regi on, vvherceelhsylpantmuuageﬂg)slrmﬁmh&sélhd Fvarenaepbe,lloniypr&y w sh to
changethet | it LAt thet [ ene,.so that a
portion of t %gérm o% gegﬁsor‘tc%r% 3@? n)grl S ﬂcfggﬁugég‘ di ffer ent from
the wild- ty@@ObWOﬂ,oparheculdrag@ty gbtp).owditeknat Evbkyb lasesgoul d
provide for f hi I ti i fferent
rom the w I T R et PPas e e Fheb e (SRssEidlat o

regi on and the structural gene. Simlarly, one mght wish to introduce
various nutations into the structural gene, so that the honol ogous region
woul d conprise msmatches, resulting in a change in the encoded . protein.
For exanple, a signal |eader sequence would be introduced in proper reading
frarre W|th the target gene. to prow de for secretlon of the target proteln

o~ o o T o




the transcri.ptional regulation of the wild-tyre pronoter or one nay
provide for a change in transcriptional regulation, processing or sequence
of the target gene. In sone inst~-~nces, one nmay wi sh to introduce an
enhancer in relation to the transcriptional initiation region, which Can be
provi ded by, for exanple, integration of the anplifiable gene associ ated
with the enhancer in a region upstreamfyomthe transcriptional initiation
regulatory region or in an intron or even downstreamfromthe target gene.
In order to pediare aheothbfesomedist Aedtlss . ¥ GPKM Feldscesry to know
the sequence whi Gl |, 4 a{ﬂ@&-fe_gsft%lr*éorméiqgopébf@sqeamqt hcnVide hd i s

8 reported that a sequence of 14 bases co Ieneniary to a ,sequence in a
genone nay pﬁ@ﬂQﬂiX(Rr¢ﬁﬁ6PB@6u§°rQﬁﬂﬂﬁéghﬁQﬁ, ﬁEHﬁaPPVhﬂ%}i i vi dual

fl anlki ng sequ@&ﬁ@gh\ﬁéijbbﬁ éﬁbhkcgasxuﬁabcmﬂn@?:@ﬁls?lrldnsamhbe LliXekb orI Inrn[:)e,
usual Il y not re tha out 8 kb. The size of_ the flanki reqi ons, W e
det er mi ned b&?‘Fﬁ’@ sqegef%fmﬂﬁeoi'(nm Qé’a:u r?ce?x?ﬂ%sﬁﬁﬁﬁert?‘%f 9IE8TuSHces in

t he genone wintlr@st haven hbhokeginstamneessivleefer that egrgeitogensheisher

mut agenesi s i,s J nvol.ved an e : J reaqi for
mut agenesi s, A& }rltef U a‘?ngy t gﬁ?%%@%ﬁ%glﬁg%ﬁéé?ﬁ ? %g flte?.(%gtek%htg@

i ntegrating ceddts,uctree Mgy beepecparced l's iin adtrhakbe wkargedodeast i onal
ways, where IQAUSRGRS, By ben SYAL ReY 2ol i:%0! Bhkdr £ 49184t Beall ssour ces,
mani pul at ed, “cl onéd, 17 gated, subjeCted to in vitro nutagenesis, prinmner
repair, or tRepatRe of 9EeYBhsiBt §Y4&UTEne j oi ned sequences may be. cl oned,
and anal yzedI lbybr@stﬂdnm%ﬁrbﬁnainlpsiiﬁamwemim,emsthewhéke. lb§)sua| ly the
construct w e carried on accloni ector_ conpri Si replication
syst em f unct PBRAPPIFAF S rdt&r §6t chﬁggf:}él(eé.ng.éqe - col ‘E;gngnd a marker for
sel ection, eigtedhiadsidiein eshet gavemecwipiledentanpbhfiedanwisibixot r ophic

host, etc. %pgac%wtctémiﬁe%ﬁneesmb&@fi@é& bfeREESEAE1ILAMCH as
pol yl i nkers, r ease of ~ IntfToduction and _exci sion of the construct or

portions thefébyarefalfte i XRAuAtpsR RO I LAVHING 9BEt 6Frare

avai | abl e suphe@erRBR32hriheteUtesalioshioneifgenédip aQeAbEAL S

pr epar ed, itd%.then be used for anglrgg(’)(u arseconé:)ti:gati ﬂei n the primry
cell target. 'il&?fet’eccfﬁﬁ"q %nlemy be ein’oye(?’for T ht egrati ng the
construct i neoplLhdéigériemmegerie twiglpr hauey treanls oxiptoiendki pggnalaed to a

replication. yayshem dINGIdONebnk D LHeLREl BREY RSty o%@ee;,gfeséﬁaﬂl e, Us
Patent No. 4 216, as well_a tthreferen es cited in the Rel evant

319, S
Literature sBEFFoANdnGSHIEARYE DS FRBEEIRIA LM dlP RF FRREYt BASFnt o an
9 a~;.~ropripbetietlarlyswielty daplhfieatibal ireEmphdéyed sSn~tBetem such

as Sv40, bovj j L Lr ks the, |i T i near DNA
sequence vect’grgm%a zg’logt?haz%/ey]zes%ﬁég’?gg%giﬁa%%&&f%% ,.F.g%deng:é. yi . ng
transfect ed B8rker. Sel ectable markers iclucia the neo gene, allow ng for
sel ection with (418, th;deaipesetkggres hay Bl @Gty afené ths HAT medi um apt
gene with nycophenaolic acid, ¢ | ement ati on, of an auxotrophi c host, etc.
The vect or nﬁ?ESFeﬁﬁy ﬁ'g}e_% %gjg%%‘?% g?véf‘gbpger%i%?]e%%%eg‘i"ﬁb?ﬁeo ost .
Wier e t he veproteiiascafablrecafest abllenhhfnednamcke,iddkated | withl | be
screened forzhamhagquaddteliali 08 She! Beskect ghddd fud gr genone of the
host, where various techniques for curing the ceﬁ_s may_ be enpl oyed. Were
the vector i&nkeresipdpicdwie stubPeinarnt enghcés figrteskepkens whet@;a
tenperature gesathi ¥adtRYd CAldRNasysERIM-Ferepinited, apier@By change the
tenperature fromthe pernissive tenngerature to the non-ﬁg_&ﬂsslve

t enper at ur e, SSBAERAEEHE e TRy BRTEAPES o FALURIX 62 hR%i s case,
only those ceatsolrayi mpadmtagyret) an- pf ahteGRECSE;Ucrphpspsiayit he

anpl [f1abl e geng,ankdentiah RISEGHL. LUERSELCE AUS W& SLesbl! be able to
survive sel ectron. ere a selectabl e marker i's present, one nhy select for
t he presenceCdEYMBE consty it ¥PeRansdef difaudaset abnteenberens; Were the

sel ectabl e nRLKgY 1| $eRUPYLSLNur PR R¥mBLhRE Hrlitd 1 PrEreRLEn0f the
construct by. the anplifiable gene, For the neo géne or the herpes fk gene,

one coul d enbtBYPEOKEI NG Bk~ R BIkRYBF LRReCPr RASF G sSWFhaddut 0. 1-1

g/ M of GA18cps,HAT wgdilwm respeeinyetyct¥ber, e DR iad er appridi abl e
gene, the selegtive i urB max}/ i ncl ude from abclut Q. Ol-fO. 25 [ ~M of
met hot r exat e2NA von Wi lebrands tfactor; anticlotting factors, such

as Protein C; atrial naturetic factor, tumor necrosis



In carrying out the honol ogous reconbi nation, the DNA will be introduced
i:~to the primary cells. Techni ques which nmay be used include cal ci um
phosphat c/ DNA co-precipitates, mcroinjection 10 of DNA into the nucl eus,
el ectroporation, bacterial protoplast fusion with intact cells,
transfection, polycations, e.g., polybrene, polyornithine, etc., or the

i ke. The DNA nay be single or double stranded .DNA, |inear or circular.

For vari ous techni.qg g qyﬂq%a see Keown et al.
Met hods in It:nzyrrﬁtjl O%elsa(‘,g%%t{aﬁgé%%{g ‘al hods§%£?1 Er‘lzyrml o~ (1990)
Vol . 185, ppddSEB&inBEunﬁmmh@bGrYePréwelﬂﬁﬂLﬁ%? 336: 348- 352, (1988).

Upst ream and/ or dOV‘“Stﬁc?:.ar%xﬁ&ﬂbéBﬁst %@Gﬁmﬂﬁﬁa{ﬁbﬁonééﬁyﬁkuﬁ%% be a gene
whi ch provides for identification of whether a ubl e crossover has

Cccurred. FEilihipe RugRaeed twWeerer pBe W%&W%%S‘J?ﬂ?n’t"aiﬁe Ri nase gene

may be enpl gygdx@idemh tdie RELSIBHER eﬁ.dte@edﬂwmxmmaadxm@mgogenmmy be
det ect ed. b t he use f?f nucl eosi de

|
gancycIOV|r heo PNALQ (ﬁ%&Q%tnggnggzniﬁgjh?W%g géﬁﬁfgﬁﬁ Yiddnctiona
HSV- t k gen6geﬁbeaah§e&&ewﬂtbﬁﬂslbbvkby MsmdﬂixaSﬂukbpspdefenabmgs

i ndi cates theg absence,o y. t her re
honol ogous ?geggb??fa%b g?%%cﬁ%géggrgﬁgﬁs%e%&r} eg]%rtglfs“gover event has
al so occur rgdneThmomeewﬂ:@emblheﬂnhhker 2gédibe ofs the deregelt bgeresi st ance

to a biocidg Oge%ow it ehdedli e Webak ngeheeti®d Und henpsesence of ~the

mar ker gene, tabl i shes the presence and’i.ntégration of the target
construct iREEUERESFoKE Eep FEAPAEFIDELD 0 dMREWES made at this
time, sincemRRAR.semde! idnoliddoe DRAemay hhelmteortdmyseaqm;essem host,

where expregsion_of the ifie e g detected.’ If one
W shes, oneg%gﬁoaef:grmﬁrnl%%ﬁ%‘g éﬁlﬂg %gguggr ecor'?ioél Mati on has occurred by
enploylng PCRanadripiema Ingintitel atetont saguangeisf,i ddeDWe serpuehtest | f

desired, anphj Eéc%kﬁ%n‘l@é b petfOr MEdeat trhbShbwm \gr@im t he
primary cells with_the appropr]ate angllf reagent,” so tha

mud. ti -copl’é§Yo+nFI1rédFatagé’t°r§fe’ﬁ€‘ a% bHhea ﬁ@ NAFEGLRR i yEIgEe the
ampJd. i fi cat¢odingy rawdion trrragm:feercdrq:i-heedeomgtabf @@l lopRirprfeadimgp host .

Hi gh nol ecul ar 'ghgpgﬁégl qreater t@@Qn%bQHE EQKanQref%ﬁﬁP|y greater than
raply

about 50kb Oor prere met ap ase chrom-~Sones are prepared fromthe
primary rechphehogons| regigm mucr@;nmheseppilbppraﬁemrttegnatqforamf t he

anplificat lpﬁrweﬁt, OfyheReeRaNAHOm %tf@haéfoanbeemm edlghgescri bed by
Nel son and Hous t}n Gene Tr ans&gdcé guchﬁél B‘Pm&) Pl enum Press,
1086, The BRBY iAEPNBR BESFRN UG TRV e Lite. FRRNBPMOL QRS | bed above
into the secsnitanymhgstompmicssitdre c3a1 -I-:seginsnngsbhassansemgﬁﬁsfeer ent

t echni ques I r Jteh a i an
expreSS|onE%ospgfggeBéggﬁngog gﬁ &f%%?b?§e£b%ﬁes§Qﬁg§{s i ncl ude CHO
cells, nmonk&Fi@RnegrcEhps regign r?ousﬂefﬂ'—}b%%bl-’%g%gn 3TThgouse cells, Vero
cells, etc.hdmsiogbhy Bgibast may ldxdwve @v@eganverbacbe&wm far the

Zgg::i;?ﬁgqé ene o&eg 8ggg g@lgglaiéggg tlaé ¥gegsaegespon5|ve to the
: comprxsxng all or a portion of the transcriptional

regulatory regions and/or the structural gene. For
the most part, the homologous sequence will be joined
to the amplifiable gene, proximally or distally.
Usually a sequence other than the wild-type sequence
normally associated with the target gene will be used
to separate the homologous sequence from the
amplifiable gene on at least one side of the
amplifiable gene. Some portion of the sequence may be
the 5’ or 3’ sequence associated with the amplifiable
gene, as a result of the manipulations

associated with the amplifiable gene.



The transformed cells are grown in selective medi um containing about
0.01-0.5 ACM net hotrexate and, where another marker is present, e.g., the
neo gene, the medium may contain fromabout 0.1-1 ng/mM &418. The resi stant
colonies are isolated and may then be anal yzed for the presence of the
construct in juxtaposition to the targej gene. This may be as a result of
detection of expression of the target gene product, where there wll

normal |y be a negative,,h=~ r r rget uct, use of PCR

sout hern hybridi zati onl"6r %%@%%e&gﬁégggfl?sggé&%gﬁ% ﬁ!h(%jhe construct are

t hen expandexnphilf sablecuese mezal awat ope ahdennprpdli &gt i viargekdi a

cont ai ni ng Si hi;ghes; Gt 1 8LHh08ss0f st Resald f Virgrr eagent,
IS0 R o S DEFRG 5

for exanpl e, ] xate Tor the DHFR %ene,, and may be
anal yzed at etatPket e@PPoRast &3 FortHreRRRI® ok 8f tERBSCHIRRLIMBYuct .
Expansi on wiiditid@ibnckegeont faadhsluphigati ganandseathaaswt in at | east

5 copies, preferably %0 ﬁophﬁ§ r norein a tandeﬂkrelationship. Thus
protein prod®REFHN P tBE N StEFERRY BHEO oM PFom%xpr essi on from

a singl e copjucleseldysatilfdaxient ffatal . tipe ebelidbtypet Sl'eastgioni obfl. The
various clones may_then he scr ed far. i mu t p t{on:.0of the
target pr od[}ﬁ'{e a%%r?%gsge{:lledne?ﬁnr%é%rf%@h&%ijéx%}é%dgghgﬁd%%%ggl%egn’%é}cci ally
for productiiorsertiohtafea korasisioriptimral hMghtyinthias oegdqw oduct may be

obt ai ned, Vvic:fik#)ﬂ'gréxlf'@ PEERS thiY WafLd-SQhd | 119: £ Der 18RS 2ggi@nd doing the
vari ous mani pul'ations associ ated w th genetic engineering grﬁ: i solating the
genoni ¢ gen®etifRs YheyWidAgEygenddidERrhPn ReYLPnr 8BEatdE and

devel opnment safdurturdhegénkl owisighieatap) esnarright ewedhbyonay of ~

illustration gnd not b of _|im.t.ation. EXP |l,s rmal human
di pl oi d ski rfr}ati%?éc:‘b(f%j%\,‘é\?%“}%r f“r‘#e?rrg}l%é‘csi pren "'E"R%yg%%@‘éﬁggﬁ‘tleguﬁ‘neEEwEM
medi um supplsengritat Whe hhogelpgeals cEdigemenldi agupsiseat e reduct ase

(DHFR) defi gisata 'ége,seragﬁik%gowaﬂé Q@lﬂgzm-é% gakbaeqUr l aub and
Chasin, Proc. Natl. Acad. Sci. USA 77:4216-4

| | 20 Ci%g%)) ("seconda]‘rﬂf'
reci pi ent") PREDdbpagtPEdeKATRLSha nedidd s ek nteauaner Youid al yzed
fetal bovi ngesamurodiedechopriperamlddinat faneeeioh theCeagigatct ed from
puc 9 (Yanisch-anr

on et.al.,. Gene 33:103-1 1985)) . 1.8 kh Haell
fragnment co®A%iTy %r%‘{/‘bﬁgn;f?f R eEXST soﬁhocf%aé%‘? e’f%%%ege%%ﬁﬁﬁ‘) driven by
t he herpes simppdession usrodyatdi nédlkienasd i1\ 1 konerohphbr chenigeol at ed
frompHyg (gyedeyr eleon, MBlg., untranslated region,
polyadenylation site, etc. of the target gene.
Therefore, by homologous recombination, one can
provide for maintaining the integrity of the target
gene, so as to express the wild-type protein under
the transcriptional regulation of the wild-type
promoter or one may provide for a change in .
transcriptional regulation, processing or sequence of
the target gene. In some instances, one may wish to
introduce an enhancer in relation to the
transcriptional initiation region, which c¢an be
provided by, for example, integration of the
amplifiable gene associated with the enhancer in a
region upstream from the transcriptional initiation
regulatory region or in an intron or even downstream
from the target gene.
In order to prepare the subject constructs,
it will be necessary to know the sequence which is
targeted for homologous recombination. While it is



13 ('ell. L-tiol. 5:410-413 (1985)) by digestion with Haell ~~nd gel

el'ect rophoresis. Synthetic adaptors are added U ItO this fragnment to
convert the Haell ends into tti.ndlll ends and the resulting fragnent is
joined to puC 9 digested with Hndlll. The resul.txng plasm d pUCH cont ai ns
the hygromycin cassette such that transgri ption of huh and beta-I| actanmase
are in the opposite orientation. A 1.3 Kb Sall fragnent containing a DHFR

d b t | D, ( Co
ot a1 Dua ToRSYtRe IR el FRONY PRl U e REYPeGoonnor S
el ect rophor esi seqiRhsef dagrrergename | may eBroy igecHas gmcebpwm Sall. The
resulting plag ﬂb@h@ It §{disnd By DERR Qﬁaietlh%aqumérb@in FR and are

transcrlbedlnt e sane rectlon A17 . fragment fromthe
phage F15 (F$¢‘é‘2ﬁé?eéeg’é-ﬁ-letbealat lJea%FonOE‘J’ie%ﬁoz@P:esgmde@% Pg986))

whi ch contains Rpderkhoele, DI\L%JA i gt tiherer 8Raer laplduana Jgb ArtTRéE hunan
ti ssue plasm npogen_activat.or n addlt n to the first,exon_and part
of the first®}%%r8h Fb |?&Ia§t y‘)%% oré“IsectL pﬁ’&r dsterngd é%t’(ﬂ—fg

di gestion. Téisefosdgrhet krowmiswmhdencelUCEhéohhmheny odi gestiencas ihe
latter with tln[‘éﬁ, ag .t f the t-PA
fragment O“%{? oppom?‘eléltho a?{%? %H%cggsgﬁﬁg r{%]gf?loPA f ragnent
contains a smrng@rmepnm Mélet\kkﬁrch‘“ﬂ'same’élhﬁqﬁé g¢pvedeed mnshrikal Neol

di gest is cafti&fO4E 38 aara&tdn ldthkesie | Beh DSAE! €8x TR ARHEdiNg pl asmi d
pCG cont ai ns_a uni site in the t-PA fragnent \#\}gl B‘allowsthe

ue
plasmid to 0§ iPRRFLSE aﬁr iSdrtq £e% a’rféff%?’ﬁ%ﬁ'B r oPTt ifGy human
di ploid fibroblasts i nThbdeJnﬁagnmmsmomQErﬁcequmayyb@f mEhus

reconbi nat i on (3@{.1 ggélaﬁggt kuq;t %llgnvg{@l né\ﬁt&a @gagh8§% ell% 8‘:]E 3153- 3157

(1984)). Pr epar ion o rimary Reci pl en nearized with
Not | is intmAaiiceedei ﬁYOtbﬁélﬁﬁ%rquleﬂz"r%ﬁ eh?@mb?atu!#lels@@trlc@pﬁ)r ation

enpl oyi ng Dy ﬁm%dThalb@@d tingiaadd s aELjébeaageean R isglective
medi um ( EEMEM V\nFt)

h 200 ~ g qrﬁro cin % Reskb%ant coloni.es are
i sol ated and®HRISHS By éﬁ"’ﬁky the Pei BEAYAFONSS.
16: 8887- 8903 H{dkgB8) ) thei Uglasdprsermr&nctéfe m@xqubacesoﬁ@SCDSEGCIIJCTCTCI:ATA

and CATCTCCCGT. qlfﬁﬁgl@ an rom r andom
ones. Anplification o F? %ll%tt Héy{%%si %gégg\g{é rf))?:l tr%(r%“s yields a
fragnent of lP@kW%‘h@%«lm&heDNRnﬁm%r‘ﬁeHI@et@@‘gm—éd eal Bs i s present.

Cel l's cormrlcad}glﬁ@evékiEBrgea&pﬂtsagfgataecké;mpcabfoh Bdstegi on are expanded

d d t t d
"oci piont o, PSEA SR bt ASBEORAR HELi I it < NBt apRasSolin oRSbrey ar e

pr epar ed Nelnmkeat Bbr, sdlefblionipel. g .Gersioc & 68:577L41084) ) from
recipients %gi@l rﬁ@ﬂwelaﬁrrebomugmrm@m'ms toeLhe B'éﬁgrand are

t hen transf R-deficient CHO cells by ca CI um phosphate nedi at ed
gene transf Pm%leﬁeﬁ}‘e“cﬁs MY, 245 (P e@’?\%‘?en'% 5’8‘3‘357‘?5( 1984)). The
cel|'s are tpenydrivweis, sebecebre BeEdiinodalphardedhrd 62618i6hne 200 ~g/ ni
hygronyci n Resi stant, colonies.are i oI ate and nal d for expression
of human t- E& SOt BF. P°F/§|l°“ée|f1 1553 15Ks - (1585)). The
cel | cl oneslaxge mambpeownfi alesliagt mttm ume:omtmlmhgepsogheasi vel y

hi gher concegiiat) o%@fp%tggﬂggat 8+¢(-.02-80 ~M with steps of 4-fold
i ncreases in concentrati After this anplificati on procedure, the cells

are harvested and t he QRFRNtRE PRONS tLANSIy Add RHARAKAGDg Bh BRY SBhassay wi t h
a nonocl onabeanlsickob1s ReshdL6gbAE keBAmbUeiad i ranth Hmé(e}?nﬁ& 51:31-41
(1987)) . 0 9059 REOUL N L0Lo 0L b RNE R nPISS LR ol EALRNE Stored
integrating the construct into the genome of the
primary cell without being joined to a replication.
system functional in the primary host. See for
example, U.S. Patent No. 4,319,216, as well as the
references cited in the Relevant Literature section.

Alternatively, the construct may be inserted into an



15 Isolation of a Genom c C one Containing Sequences for Targeting

Eryt hropoietin A clone was obtained by screening a human pl acental DNA
genom c library (Contech) in EMBL 3SP6/T7 using two 36 by ol igonucl eotide
probes 5 C f GGGTTGCTGAGI TCCGCAAAGTAGCTGGGICTGG 3" and

5% COEEGGTCCEEECTGITATCTGCATGTIGTGCGTGCG- 3" to the presuned pronoter region
of human erythropoietin. Fromthis clon@ two subclones were created in
pSP72 (Krieg and Melton (1987) Meth. Enzynol. 155, 397-415), one contai ning
a 5 kb HanH aHindpriateayeston r ohseadlyr é@vmﬂq;p%t\r@aaﬂt?éerhwé&emg

region of E I Rd AN QN abS PHed b il BaH fragnent
codi ng for %?JQ b anstructlon of (IZEDNKI‘:a e%{;ent ft)i; Tar eting

Er yt hr opoi et@%c‘ﬁp]ﬁ#§§ﬁl'ld°ﬁt(§}}e Wk onsThBctdd C®f the

pol yl'i nker ofeptbHemnayi aus8<0ra)ve($r§éﬁgeaab1bewmmﬁ hﬂ)zSaCI and Kpnl
S|tes with a s~nthetic doubl e stranded 1£ bas fraﬁfrrent (>~'"1G
Ref er ri nfet HFEng trang §d &8+ tPoned® (?t G PEFHEF 11 and Xbal

Sl 'tegI a 678 pyciuagnent aent gjemalg 4 hbowbhgncer zsraiqmmrcm ovi o thle ( )
i medi ate ¢ g unma v et ~ 1985
Cell 41, 521G£J3%7 gﬁ?aﬁﬁggeﬁ‘yga- Ié?%{%gn%?f%%gg?ctmg}@/w all'tsm d pUCH. Cw

(gift of M r@aliosm, Sgphf geneUW)mlsmg:le@enpilg@na@uéou de primers 5'

CCCCANGCTTORLLATIGRATAGET bn3 o s2ith Shuarste GERELARBGRGT ERRCTAMCCACLTCT- 3. i n
order to engi neer I-Iﬁndl i gnd Xbal s?tes fi |ver ggto t he ends of

the resultant fragnent rh?héfeclté’§ulrftaa’zﬁt°5|’5§}?1 B &M for further
constructi onssabldhea 6nehundet En ﬁﬂmlhésagrrewnefreombheep:'lﬂbﬂ s j oi ned

by the use of tELL-X a 0 re cte th Xbal to
create the pqé}%?ﬁ’a‘ge %6 Q%é\lel\/%/%l‘—_‘%ﬁ 1% %C%Qfgﬁ/p{?h EltsE}”l q'sll te of the EPO
fragnment is sueseemeﬁtﬁerphgmotl@goewd mtemveat:wnf pégitbet velohayr patCW/ EPO

was cl oned %?&aﬁéyoe L1n24nkdf,r st €a£961:89 tBBHAG! gg@sat&f esi stance
fromthe plasm SVv2dht Subrarrg)(EBO et al’ Biol. 1,

854- 864) and:“df’-lngLSth% FRa4FeleYe RS SRR WIFS- re‘é’]’l‘?FSnE@ef P’&?ittoriv’e ist asmi d
PMCl neo pol yd dupaslandf Capablle n(ah&ﬂiénﬁed:é S5for583ambpdp., Wede0o gene

was obt ai ned a s obtai ned by PCR
anplificati onatusmﬁeglzglﬁuré Lgnfs %%%Cgf%%%&g%ﬁe\ﬁM@TA 3" and

5' wmmmm@ang@ﬁweﬁem@emaumufrgm &dheat the ends
of the resulﬁ%;égmmp&ata% il e rn@e érM@éngrleonEd Into t he Xhol

and Mul sites re ective cw/ POto |vethe

pCG. CWV/ EPQHSIES Td‘1 G %VFEP%C%‘(?/ tﬂ%t CRREHr % cri ption is
in the sanmeverdterd at i bm vbishahsef, Gy Hﬂmé ycelhs Eakbn@am—ﬂ -Hi ndl 1]
fragment fr ded_.v h lal site of

pCG OW/ EPOPTE %to g?vggﬁclé@ﬁ%@ﬁ&g%%ﬂ“ﬁ @Eg 5kb_EPO fragnent
is in the s@mplddiiaRie i 9Anasaifat WoET REGRN by BREEFRIKEARPACagnent with

respect to gy glw@illxaérbﬂmél eaesu%v&v% 1 d&egprnt cont ai ni ng the 5’
Skb BanHl - Hi ndl || EPO fr%rqrrent dhf.r and (418, mar ker s

enhancer/ pronoter and THEE®28 Bfi Lemarkaso 15 aﬁﬁ%ﬁFhEanOB& rel eased
from pCG HRmags s@]kkmi for Sabé| preagmert oflThilee Nobhsfraghebyy meanke used

o7 oL 08 SR IRUST kel CSHAELAG SPEIEWAI |
t he event (FEBGno¥) present, one may select for the presence of the
construct by the amplifiable gene. For the neo gene
or the herpes tk gene, one could employ a medium for
growth of the transformants of about 0.1-1 g/ml of
G418 or HAT medium respectively. Where DHFR is the
amplifiable gene, the selective medium may include
from about 0.01-0.25 uM of methotrexate.

In carrying out the homologous
recombination, the DNA will be introduced i-to the
primary cells. Techniques which may be used include
calcium phosphate/DNA co-precipitates, microinjection



For el ectroporation, the DNA was first cut wwth Notl, then extracted with
phenol / chl orof orm and precipitated by the addition of ethanol before
centrifugation. The resultant DNA pellet was resuspended at a concentration
of 2 ng/mM in a volune (10 ~tl) of 10 mM Tris-HCl, 1 nM EDTA (TE). 17
Introduction of DNA into cells Transforned primary human 293 enbryonal

ki dney cells (ATCC CRL 173) were cultuted in Cellgro Dbi EM H16 ( Medi at ech)
suppl emented with 10~ calf serum c~lutamne (2 mV) and penicillin (100

U m )/ streptofny@iA LOotd fyeninuakrhyr odheatraperation, drcterigh-
confluency, cebiSpygee BLRRYPELIH Lhesttopelakl, Or fndfesidh zation,
concentration by 1-~~ ief centrifugation ani resyspension in PBS at 107

cel I s/ 0.8 mMPoYHRAELPNE WEr& eqRIIHTEERA! aPCATCTRAG DG (BKF 91 cQF
restricted whd Noké.(aghdeDNA hety dbove)ngteasraddatl el randed e was

el ectroporated at, 960 ~F and .260 V. with a Bi d ne,Pul ser d_then iced
again for rP¥n HEPGRE BraCiidyHth apci’f) %ﬁ?ﬁl gﬁ%ﬁ\% é’f‘q%ecsugf;?]fon at 37C
for 48 hr, ttheasefbsmingmuanrbtlcmndiedl ey esepl Keownquel vlai,zong 5 24- wel |
plates in i tal i / fectiye cC tion}.
Under these £ng48. Eh_Bhdyiibrd iéﬁéﬁggfg%eégﬁoﬁgeh \ I§E§§$$¥§e drug
sel ection afard EngpmeRiogRet(d@%iln Wl Hoh®d ogPRs RéZoABi’namicn by PCR

Anal vsis Usiyg, Nott £8Shii.Ct /g te fromg paat8b2, speogsgf.ul  honmol ogous
reconmbi nation 1 _s obtained by inserjion, of the 3.8 construct at the

_ kb
targeted EPO | ocus whi PBS&ERaRt T AR TR 1E5ORp the F@T8fitt sequence
(FIG 3}. PGRdsonseénkerdeteafapibejue daeerhhghepeavdidesr Sus random

i ntegration of the.DNA as_di g;ggﬂ@ﬁ ln F |, aer re

synt hesi zed,l%ennet%%l‘fﬁte:lén 8%0] 0 }hdA(&%f%t %@s?é%tg%e%ra%gi.on 3" to the
Xbal site usmtyoredhe B2 BRiBsEROMPOds $hagherpesnsinplesr yémusg DNA. A
honol ogous r&ﬂ%fi&ﬁﬁélﬂmnsgenbeg@a{a?ﬁ%aeriﬁ\i%gv@agsinta the genome from

which th ' d Jficatli duct of . 86 . der t
ot oot the. BRI Bochhe RDAPUA FAPQ [T (HEY oPBCPORSHAtkd 205

cells) 18 by the use of nucleoside analogs, such as acyclovir or

gancyclovir, for 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 thymidine kinase and, therefore, where
homologous recombination has occurred, that a double
crossover event has also occurred.

The presence of the marker gene as evidenced
by resistance to a biocide or growth in a medium which
selects for. the presence of the marker gene,
establishes the presence and integration of the target
construct into the host genome. No further selection
need be made at this time, since the selection will be
made in the secondary expression host, where
expression of the amplified target gene may be
detected.” If one wishes, one can determine whether
homologous recombination has occurred by employing PCR
and sequencing the resulting amplified DNA sequences.
If desired, amplification may be performed at this
time by stressing the primary cells with the
appropriate amplifying reagent, so that multi-copies
of the target gene are obtained. Alternatively,



from4 wells each (representing about 1G col onies) were generated by
trypsinizing wells and using 90% of each well for the pool. The remaining
10% of each well was then reseeded back into the well. Genom c DNA was then
prepared from each pool as follows. The cells in each pool were pelleted by
centrifugation for 2 m.n. ina 1.5 m jyicrocentrifuge tube, resuspended in
PHS (20 ~tl), and treated.for 1 hr at 37Cwith a solution (400 ~Cl)

cont ai ni ng 19 Fiicsrtidn Y. BhvaitOQraMIRG £& hkEBIAond%§DSand Riase
A (40 ~.g/m). "Proteinase K (10 ~1, 10 ng/m ) was then added, and the

sanpl es wer eSFREGESLON MASY- hr at 50C before extractions by vi gorous
vortexing w th phenol / ¢iilg Ghiolat (282 keligacDNAf heneatéh ehbar of orm (400
~1), the addition qf ethanol_(800,~1 and centrifugatjo for 10
nn. The DNA%&@I‘I%?QK%& PLT S %bII\}Vt §r76%e§tﬁ: ot ; @ r?{édgggé ﬁggugﬁended in
TE (20 ~Cl). pAafevebiye naftajthage ot hgenosiomedNA waspodpareddftommtésch

sanpl e. Approxi nat el - o) ch I . 1 C %Iﬁ ed for
PCR anal ysi sPr’rﬁgrESN%e%rllpg%v%tF uérr%f 1ﬁt§grl(§%§a¢fég§/as %)0? d ﬁ%?a&r‘% m n.
prior to theintdgrationf oICRe xaniplifigertipn VERLoRactPoAPEr80ipncl )

cont ai ned 10,74 TEb3aEGhr R hids fhed56he BRsEMIE By NEMEChRg O 01%
gelatin, 0.1% Triton X-100, 200 ~M dNTPs ,. 1 _ACM each of the priners

5' - AAGCAGAGH eI RGTERAGERS Txanrs fex chefaTBaGTHERSIEeRatrs Blenymd 1.5 U
of Tagq DNA pply8®l azesERr omrga)DNAhdpWehgnabe dintirddudwdibixt i ®Reof 94C for
3 mn, the sanples_were subjected..to.4 I f engf%grat'on t 94C for 1
nin., anneal THYTatl 2BBE™ &7 .qfcn%d"ht.ge%n béigegz’ﬁt%n tg}e qrbc;aﬁyﬁp%gt“ t hc~
end of the 4&xpyeseiont keldsnyplusingrehénsanet od &l ffddigntonal 5 min. at

72C. - A porti 56L) e%ﬁ%?@é efyasfRalkyz 1% agarose gel run
in TBE and s?é;?éégqv\ngt%htgtfaﬁll I Um brom de. Qut E’%atﬂ%(%o(%plolo s anal yzed from
3 el ectropor@@¥EP%S RAHMIAAFINe SXRERST Heht PPFES RecRrVadHiah ke ®rd%e correct

19 s~.z~ fragipenbe bympl Biyddum ImHuEslenss e niAgludee dBWA dgiam t he PCR

reaction was, rnekcgve%eg andcsélil‘ij ect 0. 88L: ;fi.gti ?)rlas i ggqim th Xbal. The

correct amplTHieati Gh Prodice "SHout o upOR T eat RERL Wt 1T /X VERTY two

fragments, 668blks ande191bpllvhe edanpl diesbrably the hastsoolis bdtavyi el d

fragments ofa tfieg£01¥EChasxg@Dund @&Ldlﬁwnaméb@faambegfe&@ﬂoqogi 1

exhi bits other bands jn. the g)nc_ut rr,aterlfple. ol | owi ng .t he procedure

descri bed prAfADUERYCH LB afHRSE A IGOSH %sﬁrﬁeﬁpé’ﬂgl‘-éf& forhhene
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en harves cl oned and screened for productjo Qnes provi di ng

for at Ieasttq‘f"- 5% %H&ﬂ%eﬁ%ﬂ?’a&n ’%r%‘&‘fiéngégem QB‘IlaIGé&%'It i's

evi dent froMheherehoveanesabloniesataneheisabieed anthmdypthendés for a

novel approaiy iy, SXPESESERE BheBaflcle JANRL Vo Ohs FRIBR! hgn genes of

interest. The od 1s sinpl only requires the knowe ge of a sequence

of about BOGW@OWboli‘nt?h‘éhPeéﬁaéﬂQﬁ gener gefhgenmayape @seanay t hen

use subst antdedt HNVEstéOBabn! @@h@)?&%émntéﬁnﬁﬁer thrgekhgeqypl i fiable
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are herein backqunaicdidy tbéetamgetagdare gaodduat videabfpelRi,cation or
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ef erenc t hou t he
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cLaH ty of uRdarHaANdAY, subjektbabed aadidot AhWas KAt ahB1 i Re8gcqhnor di nary
ski in
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with media containing progressively higher
concentrations of the amplifying reagent, for

example, 0.5-200 pM of methotrexate for the DHFR gene,
and may be analyzed at each selection step for
production of the target product. Expansion will



the art in light of the teachings of this invention that certain changes
and nodifications may be nade thereto without departing fromthe spirit or
scope of the appended cl ai ns. CLAIMS: 21 1. A nethod for producing
manmal i an proteins conprising: transform ng manmal i an host cells conprising
an endogenous target gene with a constyryuct conprising an anplifiable gene
and/ or a heterol ogous nucl eoti de regulatory sequence and at | east one

fllanki ng regqiQn [l ©opdiss £ 0q8p tteielaq;rt&t drhe hoptreehhtgenome within or
proxi mal to said endogenous tar so that the angllflable gene

and/ or heteﬁﬂqﬁﬁnﬁ;QRR&%%tlaeeggﬁﬂl %P eChrBOrfit éfr 8t ed via

honmol ogous Maﬁa&mrkﬁlaﬁu¢ﬂ§nlphe @wmmnpnﬁtéinapmm@mttauncehﬂi aed the
anplifiable, ene and t er ol ogeu [T, n 0 operatively
associ at ed WY éﬂﬁo %ﬁ%gsgt§r3%?%§g%%”§o €$y§l§§ g%éoggnous t ar get
gene is arrplsMngelab \m@ry,sansiualrfoyl Ataldleasdere foldnppreéfedabhy ab that

expr essi on qf (?enous target gene is controlled by said nucleotide
regul atory sequence se ectlng for cells conprising said construct by neans
of said anplifiable gdiee ovavifup fFackes Prassdihen Peasereensdr fer; and .

cul turing sg 19@&1%ﬁ%ﬁﬁg'ﬁkBHuééh@anﬁskﬁéﬂtéEEE% SPE@hLE ogaawherein the
targeted gene i s expressed and the_reconb E ant proteln encoded by the

target ed gefdeise ﬁPéHUE%d“aQ thepePRo§*PEdsst SR an anplifiable gene
and/or a hebemﬁexym&iIyuﬁdxnpﬂednegmbatdmya&Equﬁnse intothbhe genone of a

manmmal i an c% that hcica(r;]t ?ﬂglélg §p_dgg ﬁctta S{J#:Oqfeb%% LySing inserting

sai d anp|lflaBP€ de Sai het ogous regll atory
sequence, bylﬁapgét@mqunﬂﬂQEﬁMEYr@éoﬁﬁpﬂéﬁhmg the casragrnem@ of said

mammel i an cghl; p) gt%@ Qraaawll&@d&ﬂ@ﬁemattehgetaseeaau%@wmI ed when said
anplifiable gené is anplified and iln expressi on of said endogenous

t ar get genegP§eGGﬁtﬁQQ%ﬁF%ﬁ*%%JﬂrheFQ BFlBQbG§en@@WQﬂ%Qk9?%%uIatory

sequence. wRard vamethathd afera®| chyi bg gema jexphesssafch nued mammal i an
host cel |l hggb q %%G%Qq%gﬁﬂgg§.target gene conpri si ng:
The following examples are offered by way of’

illustration and not by way of limitation.

EXPERIMENTAL

Cells

Normal human diploid skin fibroblasts,
("primary recipient") are propagated in EEMEM medium
supplemented with 20% fetal calf serum. Dihydrofolate
reductase (DH?R) deficient Chinese hamster ovary (CHO)
DUKX~B1l1l cells (Urlaub and Chasin, Proc. Natl. Acad.
Sci. USA 77:4216-4220 (1980)) ("secondary recipient")
are propagated in alpha-medium supplemented with 10%

dialyzed fetal bovine serum.

DNA Vectoxr

The amplification vector is constructed
from pUCl9 (Yanisch-Perron et al., Gene 33:103-119
(1985)). A 1.8 kb HaelII fragment containing a
hygromycin B phosphotransferase gene (hph) driven by

the herpes simplex virus thymidine kinase (HSV tk)
promoter is isolated from pHyg (Sugden et al., Mol.



a) transformng a mammal i an host cell with an anplifiable gene, flanked by
a nucl ecti de sequence honol ogous to a region of the host cell genonme within
or proximl to the endogenous target gene, so that the anplifiable gene is
i nt egrated by honol ogous reconbi nation into the genome of the mammali an
host cell; and b) selecting a transforped manmal i an host cell in which the
integrated anplifiable gene is operatively associated with the endogenous

i s upt od i ab dhbele na Aldodabisl (57 bbe FeRASRE sl 1 h HRSHTt ne

manmal i an celdd @sbuﬂelecédophdmesdm.di t$pnshebat adplptiors reecanpidédabl e

gene. 4. The f | kRS er h said
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anplifiable gene nuc e regul atory sequenctehe ogous to said

pr edet er mi neﬂmmg eaegébegéﬁéulﬁylmr éeeemen@ml%@m%cmu nati on,

into the genpe ofqsgbsdtaBREhamiGRI1I SO thAE XBLATINY piadwid
predet er m ned endogenous tar eg ene s, controlled by said nucl eotide
h&d

regul atory SRflbR@NESING £ TN 285 qhteofdcss tatins 1, 2, or 4
in which theahatas ol ®gooa begamt @mnyd aﬁnaanrectamaseytaer@egai Qmer us
pronot er/ enhancer._ 6. A.ne% g Ccordlng33§§ g ? of cI 2, 4 or 5
in which t h&RRRRLER B EAFEELFene At & ibr aﬂé— 0 sed by t he
mamal i an cedntaiing. aADHERhgdn&cdmmﬁam)bm Sﬁyooneaoﬁcmumunpmalo 6
wherein the h WL A_Ret h ccording to
W%}@s 9§518€ F%Icazn ?““% % ?ﬁhbrs et 'IE 2 9

claim7 in rimar ast cyte epithelia
or endotheILaﬁﬁﬂﬁ5519(1%@ ﬂhBH S6GeShiRp tlEhySaké andcoglns 1-8 wherein

the target eqr&ﬁﬁapmckwﬁﬂsgeneméofrégmrmdlecmgdtaa to @b@mm 9 in which
the target gene enePdes an &erlﬁgklf rpmﬁh act or @ %o

stinul ating ST R 5%2 eti n,*%a TH%AEnT Hygh ﬁﬁ?ﬁ9a9 £D an enzyne an
i nterferon, amnﬂannxxﬁh@rDﬁFEteaasette Auuﬁrmhhacnnrﬂlagdtareny one of
claims 1-9 i \r(‘ﬁy ﬁ%ﬁfﬂ%hé' abhe Q‘i&%délc% hydg of ob gt g1 gdyetase,

netallothlonel ot hi enern-11 enosi ne deam nase, or—ornithine
decarboxyla§éagment from the phage F15 (Friezner Degen et al., J.

Biol. Chem. 261:6972-6985 (1986)) which contains 1.45
kb of DNA flanking the transcriptional start of human

tissue plasminogen activator (t-PA) in addition to the
first exon and part of the first intron is isolated by
gel electrophoresis after BamHI digestion. This
fragment is joined to pUCD following digestion of the
latter with BamHI. The resulting plasmid pUCG has

the promoter of the t-PA fragment oriented opposite to
that of the DHFR cassette. .The t-PA fragment contains
a single Ncol site, which is not unique to pUCG. A
partial Ncol digest is carried out and a NotI linker
is inserted. The resulting plasmid pCG contains a
unique NotI site in the t-PA fragment which allows the
plasmid to be linearized prior to transformation of
the primary human diploid fibroblasés in order to
increase the frequency of homologous recombination
(Kucherlapati et al., Proc. Natl. Acad. Sci. USA
81:3153-3157 (1984)).

Preparation of Primary Recipients

The plasmid pCG linearized with NotI is
introduced into the primary recipients by



12. A mammual i an host cell having an endogenous target gene conprising an
anplifiable gene and/or heterol ogous nucl eoti de regul atory sequence,

i nt egrated by honol ogous reconbi nation, into the genone of the mammal i an
host cell in operative association with the endogenous target gene so that

sai d endogenous target gene is anplified when said anplifiable gene is
anplified and so that expression of saitd endogenous target gene is

controll ed by said heterol ogous. nucl eotide re ory,..sequence wherein said
anpl i fi abl eSgERESPLA G rSTRERY L PY 3?/\&" ﬂtygléﬂ’?%t e.'m%. rﬁsﬁgmg’l an host
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t he genone t |1 ' tgd theapein EMNNGS{ 2N r onot er of
cytonegalov?pgsmaﬁﬁiuqiggaﬁiggﬁcﬁgted mﬁﬁh.t e human e§4ggr8ythropoietin
gene, so thasoihgeskelandeqgiekead WayaRCEr (EdmbFgicktSmi thies A host cel |
accordi ng tuehdii@ heWhengid, t1e: 888928908Nq isB &) NURIngeas-
AS[ . Afy. A RO TATATAE .ATA;f.A&E.A.A!.An&?.%y.A uR" A;
y.AYy.A@B4.RS?RSFR@%@Q(@ﬁﬁﬁqqces GCGGCCTCGGCCTCTGCATA and
qr _" oy%&z upkhetireaaadiasgdaaiced ced cal sl aghdalhc aloned kedewd cal ca] cal c”a] ca
N N |

caf ca] cal cal cal cal ¢al ¢ el STAL e A gaL TahS B E s ca U

cellular DNA by PCR using these two primers yields a

fragment of 1.9 kb only when DNA from correctly

targeted cells is present. Cells comprising the DHFR

gene integrated into the t-PA region are expanded and

used as a source of genetic material for preparation

of secondary recipients.

Preparation of Secondary Recipients

Metaphase chromosomes are prepared Nelson et
al., J. Mol. Appl. Genet. 2:563-577 (1984)) from
recipients demonstrating homologous recombination with

the DHFR and are then transformed in DHFR-deficient
CHO cells by calcium phosphate mediated gene transfer
(Nelson et al., J. Mol. Appl. Genet. 2:563-577
(1984)). The cells are then grown in selective medium

(alpha-medium containing 200 gg/ml hygromycin B).
Resistant colonies are isolated and analyzed for
expression of human t-PA (Kaufman et al., Mol. Cell.
Biol. 5:1750-1759 (1985)). The cell clones are then
grown in selective medium containing progressively
higher concentrations of methotrexate (.02-80 uM, with

steps of 4-fold increases in concentration). After
this amplification procedure, the cells are harvested
and the human t-PA is analyzed employing an ELISA
assay with a monoclonal antibody specific for t-PA
(Weidle and Buckel, Gene 51:31-41 (1987)). Clones
providing for high levels of expression of t-PA are

stored for subsequent use.
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and one containing a 5 kb HindIII-BamHI fragment

coding for EPO (pTD.2).

Construction of DNA Fragment for

Targeting Erythropoietin

A plasmid pCG.1 was constructed by
replacement of the polylinker of pBluescript SK(-)
(Stratagene) between the Sacl and Kpnl sites with a
synthetic double strxanded 72 base pair DNA fragment
(FIG. 1). Referring to FIG. 2, into pCG.l was cloned
between the HindIII and Xbal sites a 678 bp fragment
containing the enhancer and promoter of the immediate
carly gene of human cytomegalovirus (CMV, Boshart et
8l (1985) Cell 41, 521-530) obtained by a PCR
amplification of the plasmid pUCH.CMV (gift of
M. Calos, Stanford U.) using the oligonucleotide
primers 5'-~
CGCCAAGCTTGGCCATTGCATACGTT~3’ and 5'-
GAGGTCTAGACGGTTCACTAAACGAGCTCT~3' in order to engineer
HindIXI and Xbal sites respectively onto the ends of
the resultant fragment. The resultant plasmid pCG.CMV
was used for further constructions.

The 620 bp BstEII-Xbal fragment from the
pTD.2 was joined by the use of a BstEII-Xbal adapter
to pCG.CMV restricted with XbaIl to create the plasmid
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pCG.CMV/EPO, in which the BstEII site of the EPO
fragment is next to the promoter end of the CMV
fragment. Into pCG.CMV/EPO was cloned successively a
1.94 kb fragment encoding methotrexate resistance from
the plasmid pSvV2dhfr (Subramani et al (1981) Mol.
Cell. Biol. 1, 854-864) and a 1.15 kb fragment
encoding G418 resistance from the plasmid pMClneo
polyA (Thomas and Capecchi (1987) Cell 51, 503-512).
The neo gene was obtained as an XhoI-SalI fragment and
the dhfr gene was obtained by PCR amplification using
the primers 5~

GGACGCGTGGATCCAGACATGATAAGATA-3’ and S5’-
GGACGCGTCAGCTGTGGAATGTGTGTCAG~3’ designed to add Mlul
sites at the ends of the resultant fragment. The neo
and dhfr genes were cloned into the XhoIlI and Mlul
sites respectively of pCG.CMV/EPO to give the plasmids
pCG.CMV/EPO/DHFR and pCG.CMV/EPO/Neo/DHFR such' that
their transcription is in the same orientation as that
of CMV. Finally, the 5 kb BamHI-HindIII fragment from
pTD.1 was added via ClaI adapters at the Clal site of
pCG.CMV/EPO/Neo/DHFR to give pCG.HR1. In pCG.HR1l, the
5’ 5kb EPO fragment is in the same orientation as that
of the 620 bp BstEII-Xbal fragment with respect to the
original lambda clone.

A 9.54 kb fragment containing the 5’ 5kb
BamHI-HindIII EPO fragment, the dhfr and G418 markers,
the CMV enhancer/promoter and the 620 bp BstEII-Xbal
EPO fragment can be released from pCG.HR1l as a NotI or
SacII fragment. This NotI fragment can be used for
homologous recombination as it is designed to serve as
an omega structure in recombination having 5 kb and
620 bp of homology to facilitate the event (FIG. 3).

For electroporation, the DNA was first cut
with NotI, then extracted with phenol/chloroform and
precipitated by the addition of ethanol before
centrifugation. The resultant DNA pellet was
resuspended at a concentration of 2 mg/ml in a volume
(10 pl) of 10 mM Tris-HCl, 1 mM EDTA (TE).
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Introduction of DNA into cells

Transformed primary human 293 embryonal
kidney cells (ATCC CRL 1573) were cultured in Cellgro
DMEM H16 (Mediatech) supplemented with 10% calf serum,
glutamine (2 mM) and penicillin
(100 U/ml)/streptomycin (0.1 mg/ml) and grown at 37°C
in 5% C02. At 90% confluency, cells were prepared for
electroporation by trypsinization, concentration by
h:-ief centrifugation and resuspension in PBS at 107
cells/0.8 ml. The cells were equilibrated at 4°C, and
DNA (50 pg) restricted with NotI (as described above)
was added. The mixture was electroporated at 960 uF
and 260 V with a BioRad Gene Pulser and then iced
again for 10 min before plating onto a 10 cm dish.
After incubation at 37°C for 48 hr, the cells from a
10 cm dish were split equally among 5 24-well plates
in media containig G418 at 0.6 mg/ml (effective
concentration). Under these electroporation
conditions, 4-10 colonies/well survive drug selection

after 2 weeks.

Detection of Homologous Recombination by PCR Analysis
Using NotI restricted DNA from pCG.HR1,
successful homologous recombination is obtained by
insertion of the 3.8 kb construct at the targeted EPO
locus while simultaneously deleting 1.2 kb of genomic
sequence (FIG. 3). PCR is used to detect unique

targeting events versus random integration of the DNA
as diagrammed in FIG. 4. Two primers are synthesized,
one to the 3’ end of CMV and the other to the region
3’ to the Xbal site used for the 620 bp BstEII-Xbal
fragment in the targeting DNA. A homologous
recombination event generates a DNA target in the
genome from which these primers produce an
amplification product of 860 bp.

In order to detect the targeting event,
pools of clones (from the electroporated 293 cells)
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from 4 wells each (representing about 16 colonies)
were generated by trypsinizing wells and using 90% of
each well for the pool. The remaining 10% of each
well was then reseeded back into the well. Genomic
DNA was then prepared from each pool as follows. The
cells in each pool were pelleted by centrifugation for
2 min. in a 1.5 ml microcentrifuge tube, resuspended
in PBS (20 ul), and treated. for 1 hr at 37°C with a
solution (400 xl) containing 10 mM Tris-HCl (pH7.5),
100 mM NaCl, 5 mM EDTA, 1% SDS and RNase A (40 ug/ml).
Proteinase K (10 pxl, 10 mg/ml) was then added, and the
samples were incubated for 4 hr at 50°C before
extractions by vigorous vortexing with
phenol/chloroform (200 pl each), then with chloroform
(400 pl), the addition of ethanol (B0O0 ul), and
centrifugation at 25°C for 10 min. The DNA pellets
were washed with 70% ethanol, dried and resuspended in
TE (20 pl). An average of 40 pg of genomic DNA was
obtained from each sample.

Approximately 1 pg from each sample of
genomic DNA was used for PCR analysis. The DNA in a
volume (10 xl) of TE was boiled for 10 min. prior to
the addition of PCR mix (40 pl). The reaction (50 ul)
contained 10 mM Tris-HCl (pH 9.0 at 25°C), 50 mM KCl1,
1.5 mM MgClz, 0.01% gelatin, 0.1% Triton X-100, 200 uM
dNTPs, 1 uM each of the primers
5’ -AAGCAGAGCTCGTTTAGTGAACCG-3’ and 5'-
TGAGCGTGAGTTCTGTGGAATGTG-3’, and 1.5 U of Tag DNA
polymerase (Promega). Following an initial incubation
of 94°C for 3 min, the samples were subjected to 45
cycles of ‘denaturation at 94°C for 1 min., annealing
at 66°C for 1.5 min. and extension at 72°C for 2 min.
At the end of the 45 cycles, the samples were
incubated an additional 5 min. at 72°C. A portion
(20 pl) of each sample was analyzed on a 1% agarose
gel run in TBE and stained with ethidium bromide. Out
of the 90 pools analyzed from 3 electroporations, two
samples were identified which exhibited the correct
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size fragment by ethidium bromide staining. The DNA
from the PCR reaction was recovered and subjected to
restriction mapping with Xbal. The correct
amplification product should upon treatment with Xbal
yield two fragments, 669bp and 191bp. The samples
from the two pools both yield fragments of the correct
sizves. In addition, the sample from pool 1 exhibits
other bands in the uncut material.
] Following the procedure described
previously, metaphase chromosomes are prepared from
the recipients demonstrating homologous recombination
with DHFR and transformed in DHFR deficient CHO cells.
After isolating resistant colonies and analyzing for
expression of EPO, the cell clones are grown in
sclective medium containing progressively higher
concentrations of methotrexate (.02-80 uM) with steps
of 4-fold increases in concentration. The cells are
then harvested, cloned and screened for production of
EPO. Clones providing for at least 2-fold enhancement

of EPO production are isolated.
It is evident from the above results, that

the subject method provides for a novel approach to
expression of a wide variety of mammalian genes of
interest. The method is simple, only requires the
knowledge of a sequence of about 300 bp or more in the
region of a target gene, and one may then use
substantially conventional techniques for transferring
the amplifiable region to an expression host, and
production of the desired product in high yield.

All publications and patent applications
cited in this specification are herein incorporated by
reference as if each individual publication or patent
application were specifically and individually
indicated to be incorporated by reference.

Although the foregoing invention has been
described in some detail by way of illustration and
example for purposes of clarity of understanding, it
will be readily apparent to those of ordinary skill in
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that certain changes and modifications may be made

thereto without departing from the spirit or scope of

the appended claims.
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CLAIMS:

1. A method for producing mammalian proteins comprising:

transforming mammalian host cells comprising an
endogenous target gene with a construct comprising an
amplifiable gene and/or a heterologous nucleotide regulatory
sequence and at least one flanking region homologous to a
region of the host cell genome within or proximal to said
endogenous target gene, so that the amplifiable gene and/or
heterologous nucleotide regulatory sequence are integrated
via homologous recombination into the genome of the mammalian
cells and the amplifiable gene and/or heterologous regulatory
sequence become operatively associated with said endogenous
target gene so that said endogenous target gene is amplified
when said amplifiable gene 1is amplified and so that
expression of said endogenous target gene is controlled by
said nucleotide regqgulatory seguence;

selecting for cells comprising said construct by means
of said amplifiable gene or other marker present in said

construct; and
culturing said cells comprising said construct under

conditions wherein the targeted gene is expressed and the

recombinant protein encoded by the targeted gene is produced.

2. A method for integrating an amplifiable gene and/or a
heterologous nucleotide regulatory sequence into the genome
of a mammalian cell that contains an endogenous target gene
comprising inserting said amplifiable gene and/or said
heterologous nucleotide regulatory sequence, by targeted
homologous recombination, into the genome of said mammalian
cell wherein said endogenous target gene is amplified when
said amplifiable gene is amplified and wherein expression of
said endogenous target gene is controlled by said

heterologous nucleotide regulatory sequence.
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3. A method for amplifying gene expression in a mammalian
host cell having an endogenous target gene comprising:

a) transforming a mammalian host cell with an
amplifiable gene, flanked by a nucleotide sequence homologous
to a region of the host cell genome within or proximal to the
endogenous target gene, so that the amplifiable gene is
integrated by homologous recombination into the genome of the
mammalian host cell; and

b) selecting a transformed mammalian host cell in which
the integrated amplifiable gene is operatively associated
with the endogenous target gene, so that the endogenous
target gene coding sequence is not disrupted and so that the
endogenous target gene is amplified when the mammalian cell

is cultured under conditions that amplify the amplifiable

gene.

4, The method of claim 3 further comprising inserting with
said amplifiable gene a nucleotide regulatory sequence
heterologous to said predetermined endogenous target gene, by
targeted homologous recombination, into the genome of said
mammalian cell so that expression of said predetermined

endogenous target gene 1is controlled by said nucleotide

regulatory segquence.

5. A method according to any one of claims 1, 2, or 4 in
which the heterologous regulatory sequence is a

cytomegalovirus promoter/enhancer.

6. A method according to any one of claims 1, 2, 4 or 5 in
which the endogenous target gene is normally not expressed by

the mammalian cell.
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7. A method according to any one of <claims 1 to 6

wherein the mammalian host cell is a primary cell.

8. A method according to claim 7 in which the primary cell

is a fibroblast, lymphocyte, epithelial or endothelial cell.

9. A method according to any one of claims 1-8 wherein the

target gene is a human gene.

10. A method according to claim 9 in which the target gene
encodes an interleukin, a growth factor, a colony stimulating
factor, erythropoietin, a plasminogen activator, an enzyme,

an interferon, or a receptor protein.

11. A method according to any one of claims 1-9 in which the
amplifiable gene is dihydrofolate reductase, metallothionein-

I, metallothienein-II, adenosine deaminase, or ornithine

decarboxylase.

12. A mammalian host cell having an endogenous target gene
comprising an amplifiable gene and/or heterologous nucleotide
regulatory sequence, integrated by homologous recombination,
into the genome of the mammalian host cell 1in operative
association with the endogenous target gene so that said
endogenous target gene is amplified when said amplifiable
gene is amplified and so that expression of said endogenous
target gene is controlled by said heterologous nucleotide
regulatory sequence wherein said amplifiable gene is at other

than its wild-type site.

13. A mammalian host cell according to claim 12, being a
human 293 embryonal kidney cell wherein the genome of the
cell has inserted therein an enhancer and promoter of

cytomegalovirus operatively associated with the  human
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erythropoietin gene, so that the cell expresses human
erythropoietin.
14. A host cell according to claim 12 wherein the target

gene is a human gene.



