~e3e3B3>>2 AR~AZB6BTBn{ $ 1 PRODUCTI ON OF PROTEI NS USI NG HOMOLOGOUS
RECOVBI r\gmmm’”wwﬂml ON ' Technical Field The field of this i %Ent ion is
t he expr lian proteins. 3 0 AUG 2002 Background AUG. 2002
di scoveries obogpstriction enzynmes, cloning, sequencing, reverse

transcri ptase, and nonocl onal anti bodies has resulted in extraordinary
capabilities in isolating, identifying, and mani pul ati ng nucleic acid
sequences. As a result of these capabilities, numerous genes and their
transcmﬂm trol elenments have been identified and mani pul ated. The
genes ﬂ d for PPRODUYCAFONaPHePROFEINS of a desired protein in
het er ol ogousgs; st s (bacterial and eukaryotic host cell systens). |In many
cases, the process of WhEt H@KEOEBELHS §§§G@ﬁ%@§m3ﬁﬁqeliciting their

expression has been a | ong and arduous one. The identification of the
codi ng sequence, either cDNA or genomi c DNA has frequently involved the

construction of libraries, ident]f] '%Q f fragnments of the open reading
frame, exam ning the flanking siﬁééﬁ@ggr—éﬁh the like. I'n mammalian genes
wher e intrqns ar.e f.requ | y encountered, in many instances, the coding
regi on has-ﬁ%%%Léﬁﬂyﬁgﬁgﬂi fraction of the total nucleic acid associated
with the gene. |n otidre chsebd pfetibdgerayemtiom tis fdmbered gene fanilies
have obscugg%r%g%igthgfMngﬂm£§95ﬁtgrgtgqthcular gene of interest.

ec

Nevert hel ess, as t ni ques have 1 nproved, there has

Background

The discoveries of restriction enzymes,
cloning, seguencing, 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 for
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. 1In
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. 1In 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



3 0 AU G 2002 2 been a continuous parade of successful identifications and
‘isolation of genes of interest. In many situations one is prinma U'%UG 2
interested in a source of the protein product. The cell type in the boaw

- whi ch produces the protein is frequently an inadequate source, since the
protein may be produced in | ow amounis, the protein may only be produced in
a differentiated host cell which is onIy difficult grown in culture, or
the host BEPP, p&ANtEHNURYS RAFaPanCEePlcces sidt! éﬁ%ﬁﬁﬁ?ﬁ?ﬁ tif*Scient in a
cul ture papeessdlert protEtdoneof of henpeadsat.. There is, therefore,
significant inter estI in devesl’g i ng ﬁlﬁser F@tl e tremlgij s for producing
proteins of interest T AW e % provi for econom c and
eff|C|ent1pmgﬁﬁauqﬁ1xﬁ 4?&9@%@¢reﬁ ph@t@mwtﬁﬂﬁ RWQ#u@m55|2h% approprlate
processin I o et al.

Nat ur e, %893}4?@?0 198 p,g& g‘?f\lgﬁaﬁ%%grégé g‘%@aﬁé@%ﬂf )t%ar geti ng

mut at | ons fEeavEmtsler eﬁﬂabméd%@%%EG ?@PHF@reﬁ%ﬂce e Rrewe 1y IDaE, (1988),

descri bg i%@'ngdfdiﬁsécfn#&fléwswsuhfﬁe I@h@s@ﬁ&@ﬂma@é ;/@r'& Dy wéth a DHFR
gene and | oss, o i fi on in,the absence ive ssure.

Mur nane ar?dfo?’é’fzelda Bt Jc F‘F“ﬁhatﬁﬂl g‘&fl %e]né‘f%f’c‘gh ‘g“]%é 286,
(1988), d@mﬂﬁﬂunlthmsgnmmmtlnncoltarbummr(hﬁd hosnawwlh,an i nt egrated
sel ect abl anseri , With tandem
dupllcatlgh #fgl%gﬁﬁ%%go?eigé ignéﬂﬁaqﬁﬁ; iﬁ nas and Capecchi,
Cell, 51: mlszlnzent( 19874, c'elé%rebér@F?éSdufr%trewqﬂﬁfame%ﬁ sth§ gene
targeting drbdRUSE EfthE YO- ﬂ@rwﬁerétfa@ecelsl s;[)lsﬁrtgaxeﬁ Phter&EOCinNatl.
Acad. Sci. USA, 84:6820-6824, (1987), describe ho ouUs reconbi nation in
human cel ISP 1RG %%%@EHthY%gFSFPBﬁqqﬁ%s cm‘Hormlogous
Reconbi natpmaaiyvaeﬂ Repeﬂéed CAr em s vﬁarrueifmle:ssnﬁhi\ﬂuse Cells," Cold
Spri ng Harbor rQ%r $ UG gga %fgg%n I# S)]{%&qgf é1984)

descri be |ﬁiegr i'on o Tfrerent sane gene and
honDIogou@ﬁﬁﬂﬁﬂdnpmmt%nnbéndeewh?nepmmﬂyhl rﬂﬁpr¢QMKntq and Subr anmani ,
Ml . and (Rldcedd Dhg gf2g§§2§§§tegg9§§bdd3¥mﬁ|be t he m ni num anount of
honol ogy required f~or honol ogous reconbination in mamalian cells Kimand
Smthies, Nucl. Acids. Res. 16:88878903, (1988), describe an assay for
honnlogous«;ma&ﬁﬂbimatéﬁﬂtuﬁéng t he pol ynerase chain reacti on. SUWARY OF
THE | NVENTI ON Expr f i rotei e achi eved by
enpl oyi ng honol ogoﬁ%g?ge)%%%bﬁgama gg-lﬁl‘t—% g’ﬁsag o%é n#gé P%ﬁ%l ffiable gene
and ot her despiitory gegecatestratpoyxifont \tamget genmenwfat vms ese Wit hout

| nt errupt il Ofe1die: ERJUGLAGE. O wB1ANEPRE IAANSCELAL, dhiPy480i on

conpr|5| the a I abl & gene an gen may be anplified
the geno Q%%nﬁégﬁ%bfaﬂﬂsﬂFFEEthpéﬁfﬁﬁ$Q%ﬁﬂI%ﬁt?%ﬁﬁ#%ﬂ?!%ﬁto an

expr essi orpﬂmﬁlﬁ@gexexmeseaearommeat @m&i gQa'in ednd 1ds&asf previously
anplified, and the cell popul ation

h
screened fb#) ﬁ p+%%ﬁ :ﬁg“?h% ?%Bﬁ%?%;<ﬁé§%§tiiﬁlgfﬁﬁﬁ%ﬁ produce the
target pr dfusinarst &m@hYemdlstSbmethevébdlammdnﬂnﬁﬁhuﬂamd used for

expressi o e d NG 1 21 9857 PLOBE! N 15BE, QedcRTd G F6E FRAYRNGS

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 dlagrannat|C|II31tAgg 2%2
of the construction of tile plasmd pCGHR; FIG 3 is a diagrammti
Tllustration of the result of targeting the EPO | ocus by honol ogous

reconbi nation with the DNA from pCG BRI cut with NotlL; 3 0 AUG 202 4 FIG
4 is a diagrammatic illustration of the PCR inplijcation fragnment produced
from cel | UanthiBioh. hblbl3gdBE r ¢d88iInatdir elent iRE8IEREHPIed.

DESCRI PTI Q¥ QEroSFEEQEéEeEB/B@WEMSsththﬂﬁa afhe 0gPRsi khans are provi ded
of mamm The met hod

for produgtio tein |nt rest_in lture.

enpl oys hgﬁﬂf dﬁﬂ%u?eﬁ%ﬁ%ﬁﬁéﬁﬁg |n%§ 9? ?utaggtggraflng an

anpl i fi ablralgenez i and hdubremaniy ¥bla wmdxﬁekﬁﬂmﬁlombch gasget gene
encodes t%%otgwsz?&l §egeesbe EHE HAG Gk ARSLSE NGEDRAbRCLBEAMPI i abl e
gene and target reFerred to as the anplifiable redgron. The
resultlrm)nqqgmﬁ%ﬁnﬁﬂrphpﬂﬁl9GQéﬁl§eﬁ&Whﬁﬂ@QkP%L&We@@@ﬁaﬁéaéondlt|ons

whi ch sel ecty fOr agphi §hgakheBhies,t MRANPIAdigea! | Ras ayshegpeLf or ned
subsequengﬁy "Transform i ncludes tianstor trans ect’, transduce,
03 o

conj ugat i usf b188 bt cBBFEPEPEL SN AF 3N rﬂﬁm? RHEAR§ue for introduci ng
DNA i nto ared@ttbenseidn dbengheaeDpaisieraddNAclodin heebcatmshormed cells are
then used to transfer the anplifiable region into the genonme of secondary
expression host cells, cohere the target region, if not previously

anplified sufficiently oSUMMARE| OFs THE (INVEMBHONf| ed. The resulting cell
lines are screened fpr,peedishi 8% %hdﬂ&iﬂéHQB%oEEQﬁ§'BfaQﬂt%%%%Qdary cell
| i nes sel ected for deS|red | evel s of praduction, which cells may be

expanded ahdl YERECYSE BYoBBELPYAIG hﬂwld&%%dr%?%’aitﬂamoeuﬁpare The

primary CeiAt@@yaBEOanyfnaﬂﬂahpaﬂﬂrﬂﬂleﬁgeﬂéEﬂﬁﬁtotneft|cuIarIy manmal i an
cells which r Qw n_cul nor e partlcularly primate

ot
celI's, esh@%?g}?§°ﬁgnﬁﬁq88PF§S ﬁﬁ%ﬁﬁx?ﬁﬂ"ﬂﬂ%a ¢ 98"%a§ he normal cells,
ihcludlng Emtmyeatcwothne@pha$9m¢upﬁﬂqn qﬁntm@upamﬁycn@onabfcelIs Var i ous

corti b e e SIRUEEE TAB RISy Aoy L5 tlbno 1 br ot pats
neur ons, éﬁ&@%h£+ﬂ€le geBeQapdGthe; gene oF interest may be
emplified, 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
usaed for expression of the target protein.

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

plasmid pCG.1 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.HRl cut with NotI;



cells, or other somatic cells, or germcells. O particular inte%f@t @é%m
"skin fibroblasts, which can be readily propagated to provide for 6 02
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 %xpressed in certain differentiated
cells, one may select cells {n which the t ne is re , Which
may require i nmbrCal itzdd c?el‘i*sa%’é%rﬁrﬁ? 16f grlg\ﬁttﬁ%i °6h|°cfﬁ?‘§’!e ?%nber of
anpl|f|abIamgemeauaumﬂﬁraqmﬂmxkgme@pceprfabm gsd lef in s8liagtion agent, a
gene i nt egfgled g, L ERANE I | bn DEvaHR! hhkedatibli ] acent flanking DNA
Ampl i fiabl e geneg |ncI olate re uctase net al | ot hi onein-1 and
-1'l, preferably primte netallothloneln genes, adenosi ne deam nase

orni thi ne_decar boxy baser1aitro or A6PhEFabl exmeraMs have
transcri ptl onal si glial S WNi chi axe 1 unct |, onal fhe SE,‘CO C@ %H)S/ or
t,

expressi on host and &@sthooﬂﬂ Vi "F%E‘P?bﬁépntsn atrl‘?e BRAhdG

particul ar b!-o\fm@rt&o&i’@ﬂ fmeﬁﬂiapmmspeﬁﬁéﬁneddfnlﬂﬁewsm&rry host or the
gene of

anplrfrable ene S target genes
i nterest, FE?% rei&f WEV#H& H@%ﬂigy ESQO&% qg%() o %ﬂ sq%¥ i nt er est
identifiedland hsskam@dhmﬂdrcnmtegnatlaqdanr@m@hufndhidlgﬂnetimneins of

interest ipe¢lu 15 , rl h factors such
as EGF, F he %%‘—:(% Q}é} % a so&h?ot r %f‘%s eA‘Uriltc):\/\rll}ts jﬁhor nnneés?m col ony

stimul at i ngPERSEST £hes mIPERLMG OF I\/F“tﬁﬁﬁs@vr Cg]be &a&iAbpoi et i n:

pl asm noge&o&r@tﬁl\é&tr@r DotHCth@SahpEsELaBle Gdenke arRN i Rfat sgaha as

super oxi de géan%ﬁe |rn%éferons g cell. .receptors; surfaeﬁinenbrane

pr ot ei ns; LIS Fhs2S aFREnEPPHHS4AR L e St nst " Such as CD3,
4, Q 19; mbemmuﬂydeﬂnansiormgﬁ pEanbtoy Vells am@'mmw\udlebrands factor;
anticlotti RN o Ut dee FORL el Ch gbhidle nafiretic factor, tumor
necrosi s Xr~ 6 factor; transport proteins; homing receptors

addr essi ns m@égtﬂlata&aprpr A%iHae arplifdrandes sgouPe eegrinmad on,

OnStrUCtssWHsbth%rﬁflGPar edr¥es tothe arpluleablta-gryi,) | be fl anked on
one or both sides wt no ith the of the target region.

I
The honol o§&FGL [ﬁliﬂﬁéﬁ%ﬁrsg §H§%hﬁﬁn10 YB-°Ysual Iy 50 kb,
preferablyedb@ﬂrdﬁbﬂdhlqﬁ ¢heanyansberb&echagique doxt hentrerdyetimene, nore
preferabl y pal it £ &R, Qfpide éﬂget Fﬂénéhr%}ﬁo%%ﬁeé Dot rﬁﬁ‘d&P {ie coding

regi on and those sequences requrre or transcrrptron of mat ure” m~t NA.

The honol ofe@nshiesTRg okl Bidere hehen- ugedr Eamtragisie (ﬁﬁﬁlSlng any
enhancer segfrgﬂrtqqsabltéaf@cgtwtmaal thal t;b@tbh@toszecgmﬁeﬁar he region 5' of
t hese sequences or tq |ke The hgnnlo egi on |nclu e a portion
of the codi® “ehis colfPRge & %ﬁ%? ?Q;ﬁﬂ only of an
open readlm@ﬁrpmayxuusiyﬁmm@aiﬁhedfsaidasuwmthyHQECKB allbhe h@r:ologoys
(o0l on Y &AMRNd,S el Plod, PORREORBLIAI AN, WIRLE ad or 2 portion

of one or nore exons ‘nmay a be present ernative t'he honvol ogous
regi on nayﬁﬁﬁﬂﬁﬂ%ﬁaﬁQﬁaEF°¢%§Fbﬁn 98 §§et6ﬁﬁﬂﬁﬁlﬁﬁ9%ﬂﬂﬁcﬁn%.portlon of

t]he ltranscrdemdrmhzt rdemttmgeéegeqteﬁtea trlog: rcmmacsflﬁetéﬂéfrtegl on. The
onol ogous regj ons, ma end oyer a r a por 0 e target gene or
be. out oi de RIEIAEIIGHt M Rorpl L5 AYaDE GREFTHA M Hotthetor
transcrlpUpruﬂudﬁxpﬂEﬂfﬂ&heeQEQMSeanﬁkomdﬂuaﬁﬁruumtufé gene. For the nost
part, the honol ogous ,sequ nee wi | t he %ﬂ¥#rf| gene,
proxi mal ly or drstmlﬁ%é] ?ry l:(sagée'iuené'g fer than %gftype
sequence n@ﬁmmn%ﬁnﬁﬁnxnE@E@lﬂplhrﬁﬁemammgﬁlQﬁﬂﬁﬁh&SIWEECMS@@ n@tseparate

the honol ogRus, SQAENGE iﬁ0@&19§ré”pthba§d%ﬂ%ﬂﬂié¥l§“p£fﬁ§%eOne si de of
the anplifiahl e gene. "Sone_portion of the se ence may be the 5 or 3

sequence a§§%ﬂ%ﬁeﬁFRﬁQ+Pt%¥ EPWﬁPlF?éBFe FarEe e huan tcfLls he

mani pul at i ersy &%Qﬁx&ﬁ&‘d cyelnst henatmhllfmgaldnengmmc oB xoedwciasrpﬁc The
honol ogous I8 ons fl t r thg anp |fe| N6, one~' ggttbe isdenti cal
to the tar é:eet e’glpoahr % UPE"S mft& enesr PHLYHesTT Bor exanpd. e,
one nmay w stayt de rewmleoyénd asanberppumamm qeﬁksgﬂxnnﬂudxm@n for the target
gene, so that n (o] egi e nucl eoti des
di fferent Eiﬁ#ﬁé?ﬁéﬂ%’ égr{bgubggg& QR%?O e%ggiﬂa gene é$ ernatlvely
one coul d ﬁm@ﬂhﬁ?ﬁ?ﬁsnrﬁ@#th%klaloﬁeé1ﬁnaﬂeunﬂﬂ%ﬁ|Qﬂﬁ9thﬁlt¢ ition region
different fromthe wild-type initiation region between tl~e wld-type
initiation region and the structural gene. Simlarly, one mght wish to

i ntroduce various nmutations into the structural gene, so that the

honol ogous regi on woul d conprise m smatches, resulting in a change in the
encoded protein. For exanple, a signal |eader sequence would be introduced
|n proper readrng frane mnth the target gene to provrde for secretlon of

- a . o M .



the transcriptional re:~ulation of the wild-tyre pronoter or one may

provide for a change in transcriptional regulation, processing or ’39%&9@(:%02
of the target gene. In sone inst~~nces, one may wi sh to introduce an i
enhancer in relation to the transcriptional initiation region, which can be
provi ded by, for exanple, integrationsof the anplifiable gene associ ated
with the enhancer in a region upstreamfromthe transcriptional initiation
regU|atOVYdﬁﬂléU1dE bﬂhéﬂ EBik@N.cOokeQ\a, dﬁmngéfmaaen&en1tbe target gene.

I n order toépr epar ‘?E f%ﬁ %ggt F%(Iénhgc UCttsJ.bréﬁléMsl: ggegaﬁr ol 0 know

the sequend& i 0] ogous T eConD egit is
30 Au~ QU@ «rbpcpregagaaedatgew@meia)ffqm baxge ogmplee‘ﬁemfary to a
sequence | o) y de 1§00k ; @Hgglqg@yﬁ regaAbLRat hgRe Normal ly the
i ndi vi dual r}’f an |n%@%g€ue%@§§ywﬁl > | east E:';lbout 150 bp, gnd may be 12
kb or nore Thesml ¢§1 kot MaBr €t RAY a!l%'utbea KHPraneisgzEhef 9eRE Pifanki ng

regi ons wi |ﬂné@r@£éerntﬁeéh6get tiﬁs%la?n%ecg wher&nene aaegela%enteh&snunber of
sequences in the genone ave, honol o

i nt egrat i onkNdiMEIRE? At 8@ébfe§ix§¥:ie§sler%d1r¥/ébegﬁﬁlf‘hglgiFéﬁf‘t&a%gpar ation
of the regigymsiLd proxﬁratxagyneéll&ctt help&rtmcuﬂatclsl tRref cargetegéaél on, or the

i ke. The |nt rat I \?\gaﬁonsh ts ma lpgeepar egrl: 88rdaag_% wth
a

convent i ona‘r nFé’ e Synthesi 31428 SPAE8d from
nat ur al sou:recmtpleramnfpgrawgh igl Gnéd:mda-gat ed, subj ected to in vitro

mutagenesis, prifeg heRRI b Ampihgilddie Jnd@réRYSLStAE8Se bhe j oi ned
sequences nay be cloned, and anal yzed by Testriction analysis] sequencing,

or the |ike2PRERFLFLENBSEORS PUERLAINLAN: 239 BT ed@0BSREC] Oni ng vect or

COlrrprl Si 39 ihtlf a@aal of &yl&t g@nbwiec kiianalbeé nampPL 6kagyatike host, e.g., E
coll, an a

ect e resi:~tan
conplenentéf ?Eﬁagiﬁﬂgépﬁobﬁgc mﬁﬁ?liﬁ%ébtgh%?“?ﬁn&PFgﬁgﬁ sequences nay
al so be prexemydrsﬂchaae predylitalser,s meftorl atslei ohe int-Lodndt @@, and exci si on
of the con 1 QoL ti t her fﬁ{;?{g% I er of
cl oni ng ve%é)érjgé]é%% QVEEP’Q‘EE 2‘%0%&1 h@@dl A ﬁg’;éc §§gﬁ8§EH§tC Once the
construct i%eHrepAFed, ornt neh e aes 392 ®R8BF 0g6flS reconbi nation in
the primar ya@;@iiﬂawet geMar | w&qs_ m@lmwy eﬁoﬁaml gygdafigr integrating
t he constru .into th enorreci rimar wi t hout bei,ng joined to a
replication” tﬁeﬂ??uﬁb‘gf:&’r&lnal n"tnhg"}ger ﬁﬁaﬁ%/l“cﬁ%g OFcBXPEPSE8Rpl e, U.S.
Patent No. MQSQQaﬁdGQeasrwbuy e tfheatefenehcies théegrimatrhehBekevant
S I e FAELOR aPALCLABLLY o {1E LN TUE B bRl FReLhEd 1Nt O an

3 0 AUG 20 az, _~ropriate vec a‘viral replication
,~~~:tem seRinasy N6t pavithe @amhufdmabl@ r%ﬂea@lemﬁﬁduss er the like.
The i near fJdNAsgguence vector may al so have a sel ectabl e marker for
identi.fyi.ng transfeched cells. Sel ectabl imar kers incl ud a the neo gene,

all owing for sel ecti on i TATEFES IS MAPRS t R"YeHB PoPLIsel ection with HAT
medi um gptimgemeesitt hthpeephdrelady ardvd,ng:dﬁméﬁnnnlatgennoﬁxbam adxot r ophi ¢

host, etc. Jhs YBALOLeMRYAL Y (0l dic capablE PLosLable, Tgpnt enance i

t he host. ere evec S caa e narntenance, 'the cells will
be screened?bEingad éééaé’rllom‘tsegpatﬁ}tm Jolfsthe Reeteinpnpd t he genone of the

host, where;ygsioye L8ehRGRURS toWifdy | rkﬂ:érheagekhéemiéubgn%ml qyed. Were
t he vector i S not 59 abl e of Stable nmaintenance, for exanple, where a

t enper at ur 9ERREN  FIELPES Sogh &5 ERE emGE eRBFByedndoRs ey change the
t enper at ur esémavothepRaLR YxioweH SIqLidiel £ ct@lbh9 BRAmpeaRiing Ve

tenperature o that _th | 1 be ¢ the ve tor Jdn.this case,
only those %:% FRIRay Hﬁgl %’?’e&?dmd o%ncr @g %}gt rﬁﬁ' Sﬁ’%’r‘l tp Ag the
anpl i fiabl e hryminegdn akdd viertesmnt sudie ael etsableamdr keripewi || be able to

survive sel&giifB8s, such as superoxide dismutase; interferons;
T~-cell receptors; surface membrane proteins; insulin;
lipoproteins; ail-antitrypsin; CD proteins, such as
Cbh3, 4, 8, 19; clotting factors, e.g., Factor VIIIc
and von Willebrands factor; anticlotting factors, such
as Protein C; atrial naturetic factor, tumor necrosis



\Wiere a selectable marker is present, one may select for the presggﬁsuﬁi
the construct by neans of the sel ectable narker. Were the sel ect ?Mm
mar ker is not present, one may select for the presence of the construct by
-the anplifiable gene. For the neo gene or the herpes tk gene, one could
enploy a mediumfor growh of the transformants of about 0.1-1 g/m of (418
or HAT nmedium respectively. Wiere DHFR is the anplifiable gene, the
seIectivefmmﬁqnnrnnaﬂspﬁmmkpfmD@iabouhomﬂmgwxaﬁégﬂﬂﬁ@i net hotrexate. In

carrying gghgggl4Hyu{#gﬁpghgg§pu§£ggg&gg the DNA will be introduced i:~to

the prii:~ary ce echni ques ‘be used include cal ci um
phosphat e/ DNA co- pré@ﬁnh%ﬁ%%09%¥%r6PﬁPé ingtion, FRREMEHD to of DNA

into the MQ'lelb?e ;9& FEPOKIE &Nt hBaah@iidli 4y 1H Qﬁr@tw_{yﬁlm wi th intact

The T ke, HRe ﬁ"'yca“"&?o% Salabr ey e g8t e o *

circul ar. rJP@r DNH icdfiist Hee cthant gere srégionr. anSther hamp Inegoned iBMA cel1E, see

Keown et - t i.n, q s and

Enzynol og?e(nfg"ggl)ﬂe/g% ‘ih‘g’?f%g?b@zg? 3@ C]'lgansour grefrévleé%%’?ur e,

336: 348- Bab,ou(tl%)kb Upst relzen ananse rdoeds megkiarf raoin thee t@r@@t regi on

construct ﬁ: M&Mrwmga hoRcy dentdfd Galt oo ofe et her a
Ssover has occurre

doubl e cr purpose, the he es si npl ex virus
t hym di ne B ane g’eﬁe“?f'b%/“%d e%?o‘i@élﬂgnt?@gﬂ?é‘ m‘%e”rﬁ%’s%f the thymi dine

ki nase gerseeqmamd& oheé@cweld bgot he:uaec&flpltueireasﬂ de rbegs, such as
acyclovir for thﬁkﬁ to&%@lu ctgipn ceIIs that contain

\Y
a functio SV lk 3@%@51?%% absence SENSI o Hese"Hlcl eosi de
anal ogs i mﬁmres:cumwre&bsmmcenpfenhenchymsmm@dqmse and, therefore, where

honl ogouscfaqez{% 490 has: 0Lt pRTschiiah R ouble Ligrspver gyent has

al so occurred. T presence ene ‘as evid y resistance
to a bi ocitdess iﬁ%ﬂﬁ*F?%raPﬁeHh%ni%ﬁPch Fheehanglngate ¥rES@Mce of the

mar ker gemgy eﬁt@i:\ldé@Spcsbel@ﬁe@.en@aeaed;dmtgeg:reajuqﬂ fhdhe d1 get
construct inf.o the hpst genone. No furt er sel ection need be de at this

time, sinEEPHNT TR FFEN PE %%mﬂﬁd‘ée & S SHUABPEXTESS DN host
wher e exprisssioorofcdrtiei mapiofied egogsta@@nannnodﬁadeMested | f one

W shes, Ong rb Sr f"o?("r&ﬁégeéo}ﬂ L—.%g‘%‘ii ]95[724&{% pecurred by

enploylng P seq ue crn e re t|n sequences | f
desi r ed, dﬂff‘pﬂliqf}ca't’fi%?\e L b‘erp@rPﬁFﬁféanant I‘i‘ir@ QIENRe RE@BSI ng t he

primary celdys aisd) Bdeppopsep! | aherarphichiyens r eateHons b ddiad
mul . ti-copies of the tar et%\gene ée obt gi_ne AIternatlveR%)r 3 0 AUG

2p02 11 amfid¥itdtdors Eher ANsFEFLPR t 7 A% SRIGIR%N € er pr c~ssi on

host . all or a portion of the transcription termination
region, or the region 3’ of this region. The
homologous regions may extend over all or a portion of
the target gene or be outside the target gene
comprising 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.



Hi gh nol ecul ar wei ght DNA, greater than about 20kb, preferably grsaj)eré é}han
about 50kb DNA or preferably netaphase chrom~sones are prepared U6, 002
primary recipient cell strain having the appropriate integration of the
“anplification vector. Preparation and isolation techniques are described by
Nel son and Hc~usman, I n Gene Transfer? (ed. R Kucherlapati) Pl enum Press,
1986. The DNA may then be introduced in the same manner as descri bed above
into the secondary hBse beprdogioms cmdignusthynkhegsahe or different

techni quesar{‘% ffﬁ@iQVSQnEOBeLQe i B yl&&héﬁcayaﬁbouaerr%@f@étan

expression sts are avallable and nma.y enpl oyed. ' These hosts include
CHO cel | s, T8dRRy Yhﬁﬁ%y_ﬂeEE§,9CW?FQﬁﬁRﬁ§¥$b+%b¢§§%§ed3T3fﬁHhse cells,

Vero cel | ssx&hgle Peshéanhy thehhagt snddde hewe araﬁgatumlbamground f or
the anplifjaple gene or 3 ~i s subs tanti aw%%}/l ess responsive to
the anpli f’y‘f‘hﬁl gb‘ﬁ? "?ﬂé"gr 83 gﬁ)‘r?eatac’éqef'é %7€ 4~-23 & Sel ective nmedium
cont ai ni ngp@bbﬂ:bnOoﬁltBeShemMordetre&ng mibght whempraset her mar ker is
present. Cnfe1edbPaBE0ngRRE e JIRM) mlfam&gba broeit Jk -1 mo/

418. The Ir}eS| S on| €S are ol ated and t hen yzed for the
presence ofhe h’eacgﬁstgaoa i nAlperaedsive bn, tene heonddgproydse fan s may be

as a fesulin%ré%%%foa @ 28 XRIETH Wh H1 mftmwsh geQa oy oduct, where
there will normnal g be a negative b~~.ckground for- the target gene product,
n

use of PCREL1EEgFRR fﬁ?ﬂrF&Pzﬁﬁ%ﬂTtXRet+ﬁ%?+%€l°?h§egépps cont ai ni ng the
construct BeewébanthREpandad tyipk s:uh;tﬁcatei:bxh oreglent aad &he anplification

W th nedla ont ai.ni ng _praogre 3|v gher _concenptr ons of the anplifying
r eagent, r%§§ g ggng 20 r%*ﬁfﬁﬁ?é%h ggforgbhg °DHFR gene, and nmay
be anal yzednar0éach gereousomtmaeqo.dm ntoluchée optohctheatlaggate pr oduct .

Expansi on whl Lya+3¢feA %cé% ahoh f@Stofpphteat i on and may result

in at |east 5 copies, re 'y 10 Topies or nore In a tandem
reIatlonshmb°m¢ﬁ9§eﬁwoF@F#lﬁﬂéﬂhdﬂ}dh WEAngPpelnnEhea8BEO8dEd east 1.5 fol d
from expregsbeaiht OWF@erB@h@l@,p)h 1y184abeagbqdeheled woief erably at

| east 5 fobd Ee var i g{Js cl ones r%e en bg creengg ﬁ:?lr %’pti m st abl e
product i on°%f *PRECHEFE FFrR® 728G e¥ 8y “'ffer & %xpanded and
used conmegenal Ly p@pvpd@ddmm(neanetnmmLmé tha thrgetapmerteim gh yi el ds of
3 product BRY-DE2BhApRGHuaH | Ol &6 DRFEED) [ A8 ni SRLALIG e TESSage

and doi ng vari ous - mani ations assocl ated W th netic emgi neering or
i sol ati ng ¥he éenﬁﬁﬂéogen@ QMheﬁEUVQHWSX%#%% ﬁ%ﬁé@n@an be a nmmjor research

and devel pparpadéhwﬁhoﬁh%ﬂt@ | Qg SxaFRe e6apf8LOfkaked by way of
|IIustrat|o and not g%/,\p‘/a I|mtat|on EXPERI MENTAL Cells Norrmal hunan
<H3halq

di pl oi d skF CFPbPEBI a IS TREIPRERREFORy eOBRoFAFat ed i n EEMEM
medi um suppi:emédéedom a i2d-a ifreitra} tded fisesgnit{ bydehkokaeeteduct ase

(e aelala s M B L
reci pi ent 'ther erpnaepagatdeniad aiephd-amrurwéu‘QMewehdedmet h 10~ di al yzed

fetal bOV|§§O§g£gglopN6nge& 9r'yy%fygﬂfgfcgléggnggcigr is constructed from
puUCl 9 (Yani sch-Perron et al é% 103- 119 (1985 A 1.8 kb Hael

f ragment cBﬁ?ﬁ?ﬁFh@téoﬁﬁérEﬁﬁ&lQ$H9%ﬂuEﬁﬁﬁﬁ$%$%9e?55§e§€ﬁ@c€hﬁﬁ§ driven by
t he herpestiénphegeti godet. Ny Goie kilSenddtdy dke RAPMAteh itd i sol at ed

from pHyg ié%gggﬂcgtaglenﬁg%cer in relation to the
transcriptional initiation region, which can 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



30 AUG ~p~J. 3 Cell. 1:-tiol. 5:410-413 (1985)) by digestion wéhmmoz
<<nd gE:| el ectrophoresis. Synthetic adaptors are added U 7t0 this

to convert the Haell ends into tfi.ndlll ends and the resulting fragnent is
-joined to t~UCl 9 digested with Hindlll. The resulting plasm d pUCH contai ns
t he hygromycin cassette such that tragscription of h~?h and beta-I| actanase
are in the opposite orientation. A 1.3 kb Sall fragnent containing a DHFR
gene dri veﬂeby)rs\édo threaanscriguamae of ghél basesi somgtlethadmtamp ™D ( Connor s

et al., 1 I

el ect rophor esl ggé?%%s 1§nl &r?eE}rl qT ge]tg%gggwptﬁ%ﬁsgﬁmggt% wth Sall. The
resul ting Flapoglbll@aﬂu@,cd‘rﬂl‘a’i‘%lk’ h‘éh%FNiéﬁégétatle fsltdeJt%t DHFR and are

”anSC“begehﬂeb@%ssmldlﬁé?céﬁ orbaécla}z@ukblserm fraaﬁmm fgeom t he phage
F15 (Frlezner %en et al. Hliy e %g (%Z? Qg Sr\{b 98 whi ch

contains 1145¥RhO8 MONGR A U Y tHR t’F%ﬁ?c s n tissue
pl asm noges iaet Io\fatt(Ne (ﬁlaﬁﬂamq\ wegionsnwidlt be diertstrmebdeed a.‘r}d tmaft of the

first t . Thi
fragnent | 278 o T8 PET o TRl AEE b EH8! Aikbsd K, sBfidnct it oo, S
The resul t ithg glea‘@medvﬁm hm%Ytlrr@Vwb%@épgwf tohdhe RA te dgnent ori ent ed
opposi te tm@g& & drf1e Rﬂ&@%%@enzegst lBAlfnR;%qru'aH &RNt@ids a single

Ncol site i S not unique to arti Ncol digest is carried
out and a REPIY AersqRATFHsEPR R ‘Th% F%%Pﬁsng% FNHAgHES Kot ai ns a
uni que Not khel pardtiddiead -$¥cé rﬁ@ﬂenhtmbralnwhl ows tthee pliasi d to be

l'inearized prior to LI{ansf oréraéétc_)pn %Hgt [llc%l’ ¥na3,u n d| I Orledd fi brobl asts
co

in order to increase req ency O ous r |na |on
(Kucher | apdmi astccgidand outma:;qmvmadonséu WaUSA Fhe3E5 BBABMAL084) ) .

Preparati og ﬁ,f %’é wﬁh&ﬁ@aenwoﬁeeel é%%d ntafeﬁﬂa! neddzed with Notl is
i ntroduced 1| prlrrary remflents UGzl Z 14

el ect r opor ErdPuERdtestA it +%WdTh§“Pé§Gltﬁdnd:%dlﬂ VIEEO t hen gr own

in selecti ma@@mﬁﬁl\@imﬂraﬁ@wg/& e QK .N A .vAResdsd ant col oni es
are isolated and an %zed clei¢c Acids Res.

16: 8887- 8963 Y% 5g8)H™ sﬁ?u’g“%% %??ﬁ%?‘s‘e?hg‘aé’m&&eﬁ?é’é‘ CGGCCTCTGCATA
and CATCTCeoENFRHEEAGEGe or ticstonganahykdsy| sgavenaitregr ant stife om r andom

ones. Anpli flkqeat "%Jm{%f\?hﬂ‘é”@‘sn%& POR1USING L haese, ¢ ceéF“ nmers yields a

f ragnment o K mcorrectly targete | s is present.
Cells corrptcllQ’Hg‘Q HETHPR GRRRT+HtBgr at EBPﬂ-ﬁF@tﬂ%‘ tS-YFsﬁef“égl on are expanded

and used a&ualmwm ofn gengtbrafpdbeitahober, pr.eparad. avf, sacondary
recipients. Pre ti on, f Secondar R&ﬁglf:e ts I\/Eta hase chr onpsones are

prepared NI et 9 SeheckbPn AP TCd84)) from
reci pients c@emﬂnmterrmdtngaﬂnoml @goasx09cophunamm,wetﬁt I heotdR and are

th t f | hat di at ed
gene {1 aner OISRl 64 Sy ERECHES phE ! UBINBETE To8a)) * The
cells are @I?éﬂ’ fdears n %@#e‘%ﬁ%eoﬁeahﬁﬁpéapﬁm%rﬁ&@rﬂmmm@ 200

E cg/ m hy&rr@neax{hﬁ)ucﬁeérsg;aﬁtlsﬁgoehe§e@rfe lo%olterieedlﬁw angl yzed for
expressi on _of hunman t (S]L-Jf man et al., Mol Biol. 5:1750-17S9
r

(1985)). THETES pihitees PRERT oY BGAOFA BPe A ARIR (ARSI ng
progr essi V@lB)R3lﬁ2;}h&j‘hé?CpIﬂrerﬁd§ﬁieS)nSebf: met hotrexate (.02-80 /~M wth steps

of 4-fold increases 'dh gﬁégghctAE% %gteg)asi_e%rrp JI qa%ltqperprocedure

the cells are harveste unan ying an ELI SA
assay W thbe mﬁﬁclfmalhmlmys speepmpénpgion li.m (b cn:ewamy Buckel , Gene

51: 31-41 (19871 hadetnesvdr o s f8chREqlbShmagY &leS difp 1R ESElon of t-PA
are stored for subsequent use.
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



_3 0 AUG Zpp2 15 Isolation of a Genom c C one Containing Seguences 3‘@rAU@rmgz
e'ting Erythropoietin A clone was obtained by screening a human placental
DNA genorr~ic library (Clontech) in EMBL 3SP6/T7 using two 36 by

- ol i gonucl eoti de probes 5" C f GGGTTGCTGAGI TCCGCAAAGTAGCTGGGTCTGG 3" and

5' COEEEETCEEEECTGI TATCTGCATGTGTGCGTG> 3" to the presunmed pronoter region

of human erythropoietin Fromthis clone two subcl ones were created in

pSP72 (Kr ﬁﬁwskéooe(:%%@) \Mﬂﬂlﬁnﬁawhg 3594397 4k ic Ko ONt ai ni ng

a 5 kb BanH f ragment % 89&ustreamtothe codi ng
regi on of EP(?%%TEﬁPF aﬁ& Y& %o ‘%Yh“%gpﬁ 5LR6™A YHYS BanH fragnent
codi ng fOFacEEﬂb(rpiFDsZ) orCaengt Nydid .on The DNAnEaagmum sfaajuélfm’egeti ng Erythro

oietin A plas was, construct epl t he pol yl i nker of
pBl uescri pt® % ’P‘?gt PALSGBREF Beti c?%bigac%% prnl sites with a
s~rnt het i cideubi. éysnganctedstEdtm gl ks DNASeﬂ.agﬂmﬂ?tle{ maxkgrsl). Referring
to FIG 2,;10194RC6nL Was %Je(?l'éed ilf&@y\ﬁﬁngége sEh Beh;| |orf'i'ld_i.t>fpa| s:~tes a

678 by fragnment containing’the enhancer ronoter. of the imrediate c;
~rly gene ©flBunbhechesregaltdy 9ang § Wehegﬁapp wil thy HP(Ii985) Cel | 41,

521-530) oRtaifRd BYragBaR N Eadpwenelithacplgsm d pUCH CW (gift of
M Calos St an ord usi ng the oligonuc] eotjde priners 5
STEBRFRERITOR adh Pareees SRR eThEREEOPFREAC  AMCGAGTTCT-3' i n

or der to engi neer | ~rhedkeltard méalosimag notspectiapableordd the ends of
et ot | EbbelbogiiSbepThed BitISaptnbect fnBth OHE WaRdeqdor Turther
by the useCéPaélBsPEI srybde awdpteenarceoctopvcedder witddd b th Xbal to
create thegpkasfid fo? Aot % lbntegration of the vector into

the genome of the host, where various techniques for

curing the cells may be employed. Where the vector is

not capable of stable maintenance, for example, where

a temperature sensitive replication system is

enmployed, one may change the temperature from the

permissive temperature to the non-permissive

temperature, so that the cells may be cured of the

vector. In this case, only those cells having

integration of tne construct conprising the

amplifiable gene and, when present, the selectable

marker, will be able to survive selection.

Where a selectable marker is present, one

may select for the presence of the construct by means

of the selectable marker. Where the selectable marker

is not 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



pCG CW/ EPO, in which the BstEIl site of the EPO fragnent is next%g]oAlutge 02
pronoter end of the CW fragnent. Into pCG CW/ EPO was cl oned suc sswem
a 1.94 kb fragnent encodi ng nethotrexate resistance fromthe plasmd

- pSV2dhfr (Subramani et al (1981) Mdl. Cell. Biol. 1, 854-864) and a 1.15 kb
fragnent encodi ng 418 resi stance frogm the plasm d pMI neo pol yA (Thomas
and Capecchi (1987) Cell 51, 503-512). The neo gene was obtained as an

Xhol - Sal | §eagReninaad tihe ki rewenee Wast pbparaedoby BER tanpldalf i cati on

using the pripers._5' T T A qamq

5' %m&ﬁ&@%%gﬁ\%%ﬂ%Iﬁé’a§ga&su Sites at the ends
of the respblgnaticagnres.g . Thenkwbrerne dhpelyenad thdme cledited i9: 0 t he
Xhol and I 4,88 rq%e A P | EROgb@pdle & e ddpsm ds

pCG CwW/ Ew&iﬁ%%nd p g\% E‘llPaC/y %%/%&@gucmsﬁat tehei r transcription is
in the sanBN3ri ANSETOR TS EIH1IBF - WL YRRAPHY, terd S QR BARY - Hi ndl | |

fragmen; f[C:)IQHhB;fQﬂni\f@S rRdded Ve édals adéﬁéeK%oaﬁn tsite5ag.a,l bsi te ?f

pCG CwW/ EPQ Neo/ DHER to Qi Vv CG n pCG H the 5 PO fragnment
isin the Mo ' ﬂﬁés‘f%amgglheﬁ%%fnbﬁgg’l Magmnt Wi th
respect toahheEazivgiolalqy aniso clonk. 289, SppkbSRi7adBdntarcbnt ai ni ng t he 5
Skb BarmHl - Hindl .| |. ERO _f;rag he { n 1 kers, the CwW
enhancer/prﬁlgﬁic)’f)grr gr?détlhe’ réBs%-%éfgg(gassgéoziflgggéént can be rel eased
from pCG HRI as a NotUpsfrresut|and/fayn@avns trpamNEronf tdgndra&th be used

for honol ogays oneeHAtIAldOMAF bé &SqERSI GREEN! PreviiRASAN Onega
structure i.n"recanbi nation having 5 k% élnd SZO by of hompl ogy to facilitate
the event @EPBEiFEcatdon L RPERET| dndorREepRECRES VAL 2% ut with Not !,

t hen extraetedrwedh phenoldlcis opwtpsse antdher Rerpekatsdshglyest heiraddi ti on of
et hanol before .centrif.ugation. esul || et S resuspended at
a concent r&?\?’%ﬁ%g’?mz )Inﬁ/‘g%é i%‘%%-\r}g {'Jrrég(%[‘g{gi%?%%o%if&%nﬁ%ri S-HCL, 1 mM
EDTA ( TE) . prefemcaAUG f-ppe 1thymid baackibasef IBRAR mM3yo keeldetentatsf or ned

primary hupgn 323 \QEraonalc kisoege csh£§ogAIC§u@RI asl Gydmiei LWt ured in
Cellgro DrirM qu1 (“;I\(Edl a ecg sugpl emented wt rum. e~ Wam ne
(2 M) and 9GBRYGHAVIF « ¢ he3

10~ cal
eV EREORIE! RECOCES oIS I Yrthn at 37C
5.n 5~ C02coftallr acanfddreinsyal cek§Vsthegenpr epahed abarersleecif opor ati on by

trypsini zation,. traty VA e i at.i pension in
pBS ot 107 SO ES e pdeTeb Ea BTk ot i it BHEPRAS 8
~Cg) restriadsenod tf Nhe thwnbdieei béoaaboasy ~therefmra). WHRren xture was

el fctropor 3@ 1-g A0 rdc i R8O ¥nWhhB 8cBLhoRad CenadPyl sdund then iced
again for 10 mn before I;tlégg%onto a 10 cmdish. After incubation at 37C

for 4B hr, SRE SN &Y hFQi eRcUEredsplit equally araong 5 24-wel |
pl ates in nmedia cont arhe gpf#dEéna¢ Of6thy/ mhrkelkf geney s aneddiadd on) .
Under theseg_ el ect.r ti condi Lt qns, _4- | qni es/ well surwvi ve drug
sel ection g’fyt é‘%%isﬁs{e% ‘?glj:él?lg%{’%%ﬁeo?ng%r%f"%g‘oﬁsrl Relonbihat] lnc}lloy PCR
Anal ysi s Usiedgaist Ifarsthe cpeesenpef péntheGnarRkers gsgwssf ul  honol ogous

reconbi nat QR 43 ;AN Nate &H8RELT @RA0fnk the
targeted EPO Iaoculs whi l e sibblrrfjl t aneously %gl E?irﬁtqﬁ% Ocklﬁr%%é gu‘ée%n%%été seqguence

(FIG 3). PERStIYFted R detechoshi §aBOPG: gebPndu e dits saketkiomndom

i ntegratiomeeld tHee A st dt1aQs atRd, | Biht6 the BEL UL IBH SYETE be
synt hesi zed, .one tqc[l%]ehe 3 _end of CW and th§80 her .to the region 3' to the

Xbal site lTs?g& 4t e %%‘E)O’Iﬁaﬁgtﬁnyﬁﬁﬁﬂ'oPr Ht ‘"ihf‘?]?%e targeting DNA. A
honol ogous exgoess it ioh EvenampihéiatesazgBMAgeaegatay roe¢ he genone from

uhi ch thesqiddiRld. Produsts aps afp! fbfigt ban Reductsf ALbR: 10 order to
detect the targeting event, pools of clones (fromthe el ectroporated 293
cells) 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,

/



30 AUG 2'002 is f.t:om4 wells each (representing about 16 col om’aﬁsé pe%%
generated by trypsinizing wells and using 90~ of Each well for t U .2002
The remai ning 10~ of each well was then reseeded back into the well.
"CGenom ¢ DNA was then prepared from each pool as follows. The cells in each
pool were pelleted by centrifugationltor 2 mn. in als5mn m'crocentrifuge
t ube, resuspended in PBS (20 /~1), and treated-f 1 hr a 37C

sol uti on (208 léllf%mnalmﬁyhgavi@lhﬁ‘f?%fﬁélt(opﬁ‘ %) e 5 v
EDTA, 1% S%p@@ds&l&hse\o%t( A0 ~Cg/m). Proteinase K (10 / ~1, 10 rrg/rri) was

t hen added, and the es were, lncu fore
extractions by vi gorzﬁ'@\/&q]&? nlar % éﬁgngﬁrﬁdm% orm q}% ~Cl each),
then with abburtoﬂ@ﬂcmf( pﬂmfeatab)y graateddithiaon dda‘Oléﬂﬁamm PNBOOCrfcl ) ,
and centri & Oc - Bine, TBf e BNA eI 84 50 M6 5 vgis hede wi th 70~
et hanol , F g)lslfasus gr%[e%l in TEm(J 0 ?_ ). A avp}r age of 40 ~% of
genoni ¢ DmrM§rdbtr@%qﬂforﬁ%3a%ho§§%Pehaﬁ(ﬁ;ﬁ‘tﬁoﬂ%t*’éﬂ&rqp?%ﬁt? rom each

sanpl e of garey:G N WS WiethhP! i PERagRahy Siettokle MVepdrac vohume (10
/~1) of TE was 'boiled for 10 mn. prior to the ad |t|qE of PCR mx (40

~Cl). The P8ScESEHAEE N EACHHHINE AT 20IRREFLPS ®PH 2pd 25(:) 50 M
KC1, 1.5 niblg@ad, Ar0Legsl atidns fed~(&dit 80 xm&rlmwmmm 1 ACM

ga'cl'gA(()B];:G%'h r I TG é&%ATéﬁg% ﬁTgﬁ\ggGﬁAC%% %ﬂ@%oq yrrer ase (gr onega) .

Fol | owi ng anmenmarmen mb&smmd%@f’@r izte khe mecnmier hes

subj ect ed teszpfi‘és%wr?%ém‘léier\%yﬁc@ttﬁe 8hmd46r i fledPdhy _anneal ing at 66C
for 1.5 min. "and extension at for 2 mn. At the end of the 45 cycles,

the sanpl e§eRdNd AUy PP IRedi 6AAI tHenPFimary; 58118 porti on (20 ~Cl)

of each sawpleows ma{amz_@h Oébcpréssagar naetgelaﬂwmvalﬂaaﬂ@mh@tai ned with
et hi di um brom

% l ,ﬂ% *‘ naI ‘i% %trﬂo3 el cl roporations, two
sarrpl es wel8Yi ¥&nt |“\‘p| eoa' |ch AT bI'P8E°t AEC correc UG ZppZ 19

.zc~ fr aqmﬁ&ybyleidaxdlmm on¢ué7smauﬁenglbﬁ¢@lla\s¢a‘,r oird h@\m reaction
wes T ecovered 1and vally ededd { Qo i hELE QBRTRPRINY ¢ h‘@é&  Xpedy g, corr ect

anpl i fication product should upon treatnent W th ragnents,
669bp and foTsFathye Lagheowndcior the %lﬁéd-l‘@]{ﬁ)t?@’}ﬁ A% #ragmants of
the correct;esﬂe~qu$Ldm addiboant Dl sgnRbe sf e ivke editdnd s other bands
in the uncut rial. Follow ng the procedure described previously,

net aphase gﬁlpgaﬁtfedﬁéfs ae‘r]ré“p‘r epared fromt~~e recipients denonstrating

honol ogous reconbi natlhen twidars DhERedndeflanafrer meobwm iDHFER desf t icreent CHO
cell's. ATt godi%al Adriith it Abue0h 0B LR 3N hARAlHd b f e I 551 On Of

EPO the ceI I clones are grown 1 n selective di um cont al ni ng progressively
hi gher con¥8fEraBNG st “?ﬁe’?}FﬁﬁrbiaPEeEeUEJSG’ B~N) &R e grnef 4-fol d

i ncreases itheC aR@dRint atapmoﬁmlﬁefks:naaaohltelol har vepined, G@i@ned and
screened f?,lh pr oductl on of EPQ ones, g gwtdl n%ingjor at | east fold
enhancenent "6f Tl CC[C?JOCFP’aeS e FEot-8PEA o SA% ke r1“rkﬁ)‘?‘nthe above

results, t IaaaltyizedsLﬁn:jxemherepr@sjepcevodeshiaocomsmmmt anpr oach to

expression 3\ Ve ene fs The nethod is
si npl e, onljglfxr% \ﬁs(rigts O?L €C}< t\?\%eggggg# ggsgquen%‘cg' 0 u@[S %‘ebog]by or nore
in the regresudt #& slejackior chngxpressapn: lpdh thwe tanzetrgene | y .

convent i ongh-olieet)i qis-d thhéfélnﬁiﬂrhagwnh*l(iyalﬂé i Irﬁé&a@ti@@l on to an

expressi on,_host, and od tion esi red, product h yield All
pugl i cati oR§S Z‘l"fdT p l%?? c'é‘?F%ﬁ g'etngdplrﬁdt & é}fbecl‘?ﬁc%&{o% are herein

i ncor por at eduh:yzermf etymme:lasationacbrl ndiev iLdka . publ ication or patent
application were specﬂh}_f% jtys aggn{:ggh\{hgu%hjley ce,éi 1.0, be b lgc_or por at ed

by reference. Althoug or egol ng- 1 nvénti on een et in sone
detai |l by wexpasded lanst rwbmm@l waﬁpllecmprpwpbsae@bifm@mmy of

under st andifigh ded¥d lcdifcd S20h§ YpRBRRESRE vea y haSfh ordinary skill in

concentrations of the amplifying reagent, for

example, 0.5-200 uM of methotrexate for the DHFR gene,
and may be analyzed at each selection step for
production of the target product. Expansion will
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~certain changes and nodifications nay be nmade thereto w thout deparﬂiﬁddﬁ 2002
fromthe spirit or scope of the appended clains. 3 0 AUG 202 21 WHIAIT IS

- CLAIMED IS 1. A nethod for producing mammal i an proteins conprising: grow ng
mammal i an secondary expression host l@ells conprising nmultiple copies of an
anplifiable region conprising a_target %Fne heterologous to sai d secondary

expr essi on-HoHA R ekpreEsARGLACALICH NGt Mad Srest I tndnaAtanpl i fiabl e
gene, wherpdyssas cépige; peafeirabdyprdsserpiand saimopeoiria i s produced;
wherein said secondary. host . expr i_0 | .S roduced by,t met hod
conpri si n&a?$%%s¥%f#h%n%&f%ry%ﬁlﬁn%r%?ﬁlcne%“gocg%%g%?gi 'ﬁéyéalg t ar get
gene with mncomssedicat cbapstsilng &0 landixddn snpcepseoantiiram heast one

flanki ng reghof. ooy ! 0baha9h Ak dasls AbOWG PO bye Forpheogoys Wi th a DA
sequence at the | oc of the %o Ing region of said target gene to provide
anmpl i ficatlems®f5séplbdt arget gene, wherein said anplifiable gene is at a

site which does not thRéeghesBud thonke ey aasd®befseaédntar get gene,
wher eby said construct becongs annlp usly .inte rgtggdLgEOa%Qe genone of
sai d pri mePBE LRI sS ERP Y81 PREALF taM |°%?a“§l% 'craeﬁ?%%,p

these clones may then be expanded and used

commefcially for production in culture. In this

manner, high yields of a product may be obtained,

without the necessity of isolating the message and

doing the various manipulations associated with

genetic engineering or isolating the genomic gene,

where very large genes can be a major research and

developuent effort.

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~-Bll 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 Vector

The amplification vector is constructed
from pUC19 (Yanisch-Perron et al., Gene 33:103-119
(1985)). A 1.8 kb HaeIIl 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.



selecting for primary cells conprising said construct by means of Snlﬂ .
anplifiable gene or other marker present in said construct; isolat¥Mg Bﬁ&mﬂz
portions of said genonme fromsaid primary cells, wherein said portions are

"I arge enough to include all of said anplifiable region; transform ng
secondary expression host cells with3Xsaid primary cell DNA portions and
cloning said transfornmed secondary expression host cells to produce cl ones
of said setohbaryiekpr8s4On4hdst(1887)) Y fétgagtiansaiighDEASIAr ti ons

present i n.l%lﬁfe&p@éaf&pﬁé%ga@ on iAsth&eitSadapeolsAdre 2AMMe22
sel ecting clones of

? mammal i an second ¥ Lessi n host cells
conpri si ngPRER dtBHPI FFQHFBtréﬁl ﬁn%ﬁﬁFaﬁ$ ﬁ%gﬁé §3 & dM¥4 fiabl e region
by means of i.edI Brpehdlyi agdagiet resherteimg sikdgaenki fyi fo inedordcor to sai d

i sol ati ng ﬁ&c@ﬁ%ﬁ!‘%gkgﬁsel %%t séfrg-‘élaf;ldl pl‘l.f,}ﬁ tgegghg_lg ogll%%% A et hod

accordi ng erei Bl & genei I an DHFR
gene. 3. AueHhodntaionsdiheg hwqﬂqmynﬂn Qﬂ%$etnesaudnp@h®¢ons are netaphase

chronosone§ nsc@& &ggdo§05ggshgﬁjﬂ£ég QE%&m&%FrSEQ i%]QHgHtIOHS are

restrlctlon ragne accor I n aim1l, wherein said
pri mary ce¢PB°%$éeh9ﬁaﬁn§éFP§n 6. PA el Heel géééréFﬁgmﬁétCIalnls wher ei n

sai d humancggthsnang &i bueRl @%tneCQi:&ﬁreﬂ pp setbodraaserdiptddraiC ai m 1,
‘wherein said co struct C rls q&gd mar ker @rO{ldlg% resi stance to
a bioci de Fo¥"3 ?dlﬁrﬁﬁﬁgﬁ ﬁggt 5@}ﬁ§ onnors g

7:651-661 (1988)) by digestion with Sall and gel
electrophoresis. This fragment is ligated to pUCH
digested with SalI. The resulting plasmid pUCD
contains the DHFR cassette such that DHFR and are
transcribed in the same direction. A 1.76 kb BamHI
fragment 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 fibroblasts 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
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manmmal i an primary nmammalian cells conprising said target gene with a
construct conprising an anplifiable gene and at |east one flanking region
-of. at |east about 1SO by honol ogous with a DNA sequence within 50 kb of

the coding region of said target geng, wherein said anplifiable gene is at

a site which does not interfere with the expression of said target gene,
wher eby saeleconspounstiobeeopdseyhiom|Byoust yl0nkegr hed riestud timg genome of

sai d primly; g€l <l:§et eheﬁf b%wﬂn ﬁmléﬂé@@i@erﬁgagemc?@s&m RQ 3ai d
anplifiable gene and said rget gene in said genone; sel ecting for

prinmary ce?® E%ﬁﬁil§Yﬁ§°§£?d“c§ﬁstHﬁﬂskﬁtﬁﬁﬁngoan§§ﬁda&ﬁpl|f|able gene
or other npgkestpaeannt ahal_sfaled GINHARICIKim 3n8 AWibhipe; 23 isolating DNA

portions of said geno rom §=-~ wherein _said portions are
| ar ge enou%%EES—Eﬂgﬁégg—éﬁﬁ g%éq;ﬁgﬁ5¥ fg%%g) ) e§SRY Aansf or mi ng
manmal i an petmeﬂaryhexpeqaemcnsh@ﬂﬁGﬂﬂT@G@E@ﬂCEGCATpramdry cell DNA
portions, &gﬂ@ggbgcéétz%a&i&% Yo SO Qﬂsﬁoﬁshbgoﬁre of a different
species fr host cel I's, toni ng sard transfor med
secondary &npeessnéﬁ ﬁ@gm @@mﬁ9m19qﬁ%xhu%ﬂﬁlbﬁé§a§ﬂo§apé secondary

expressi onchosh158¢! biadb f@'C'Rnglsllﬂlc_fai%m‘p@rﬁ)kQﬁérBr 9S@Nlds B sai d
secondary expression _host cells eCtlﬂgﬂ ones of salg manmal i an

secondary EXpFBEEEoREndsP &8 H?%ﬁmﬂﬂ?%l FARafBFFeCEIe regi on;
anpl|fy|ngtaagdtaﬁpbeﬂuabhe pmysgnﬁn/rﬁn&msoéomprasnhgfymmgnwgéht wher ei n
sai d ampl TE09; ke BLEOLA 933 4Ol NGBl Ler Sadpaeleating: and
groi ng sai d_Secondary expre55|on ost celTs”conp I"e “copi es of
sai d anpl|ﬁsa§IeSregSOMrcwh@ﬁeMFnﬁﬁkptm@@%tlgénéorsP@ﬂ@@ﬁﬁ?&@nand sai d

protein isyproduedary rAJBikedAaccording to Gaim8, wherein said
anplifying is with said secondary expressi on host cells.

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 xg/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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cells. 11. A nethod according to Caim 10, wherein raid human cells are

di ploid fibroblast cells. 12. A nethod according to Caim8, wherein said
"anplifiable gene is a nutated DHFR gene having a H gher Kmthan the

w | d-type gene. 13. A nethod accordigg to Caim12, wherein said secondary
host expression cell is DHFR deficient. 14. A nethod according to C aim8,

wherein said conq@aggtjdﬂtgmna(mémmﬁ§@scaom@rbahﬁyyﬁiﬁ@parated fromsaid
anplifiable regi on by an phonol ogous_T I apkin relon 0 AUG 2' 002 24 15.
A human cel | conprising gﬁ%ﬁﬁ%ﬁiﬁa&@—%&?@%ﬁ'— her than its wild-type

site in the human genone and Bxythnopbéekdaous of a target gene expressing a

protein to provide %n@l\,é]r{ecqtégnog ajs_gHj Lgr %%E:e% 6. hlﬁqg}ynan cel |

according to Caim ereln sal a norrra A human cel |
accor di ngplec@ndiah PNA enaniic shilrasy| (Cdoatesdpl a@t |EB'13:IeI3- 18. A human

cel | aCCOé%f)&vt leq]rﬂj Ry 3@*}%%&5%%@@% fdeatgtreme@ejds a DHFR gene.
19. A mammul i an ce ot her expression of mamalian

pr ot ei ns FHG&QWWWQ%‘F%%T%%TFF;FgGF@GFle &% onptising an
anplifi abbee@@m*oadduamdm@fcmmmmswcmwme geneaIexpressing a

protein, wherein s vg)genes are arate subst qtlally sol el y~human
wi | d- t ype PEEGIEIR pd%é’b B R e C§ arget gene PITYHE 1 anki ng
sequence &asoocitdtied alidre ttwo Mmloabbewgeﬂ@e crzateal mat IREPTDr produci ng,
cells for (xrieq and Melton (1987) Meth. Enzymol. 155, 397-415),

one containing a 5 kb BamHI-HindIII fragment from the

cegion upstream to the coding region of EPO (pTD.1l)
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 SacI and KpnI sites with a
synthetic double stranded 72 base pair DNA fragment
(FIG. 1). Referring to FIG. 2, into pCG.l1l was cloned
between the HindIII and XbaIl sites a 678 bp fragment
containing the enhancer and promoter of the immediate
carly gene of human cytomegalovirus (CMV, Boshart et
el (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 oxder to engineer
HindIII and Xbal sites ruspectively 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 Xbal to create the plasmid
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construct conprising an anplifiable gene and at |east one flanking region
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codi ng region of said target gene, erein said anplifiable gene is at a
site which does not interfere with e expression of said target gene,

uher eby sy eaRpiERS! DPoEenNORB! ageusy dinledatedei gbg the genome of
said primary cells to define an anplifiable region conprising said

anpl i fi ablfEag@entad NE*E t BP gehe gBREMPF L s hHoneRe seM¥cting for primary
cel I's conmdagimihtsal dreenspeactMby EFeanasoic laaiat aspteésablelgeae or ot her

mar ker present .in said construct:; 3 AUG 2pn2 25 isolating portions
of said gg‘n?:%'e}?broéﬁ%%?eﬁin%r?%?éiegl g’?‘h\ﬁnlé(e%ree’?oa%%al?e Jp%{f‘?%‘%%sfgrg@ | ar ge
enough t o theclpidesaild pdvadhfir apPhbiaxand redgicin; (13&hsf¥eking manmal i an
secondary Hye%%i n hpstgeel hgy 'hgdsgj .lepgq@égéﬁe portions,
wher ei n sai d ‘secondar y=expr essi o ost cells are of ditferent species
from sai d gndaghimg Hikl8 cees sstandecfspmhaninl asmid f RHGEEASSecondar y

expressi o, Qs Geldad Oadd 08HEE8cEheNQY 98f7 jSaigh SespNdes y-expyessi on host
cells differi'ng in said DNA portions present in sajd gecondary expr essi on
. host cel | SRR LIIRE cW%e%bBFlgﬁpdaﬁaﬁ?al}ﬁléﬂ{[”s%acajo o=F §IBKREr BBEj on host
cel | s conhesidif s ajehangpa s f oAbk &nedgiogyn;Pcandingpipl £ fgangosaudiagpl i fi abl e

regi on by nplifying agent, wherein said anplifying is either
prior to égﬁﬁqﬁgg%ﬁﬁ?ﬁg or after said selectug?. 21.. A nethod according to
C ai m 20, GHHGGIGTGGABCOMPACATEAGARGARA ‘sa@infl skcondary expressi on host

cell's. 22.cAhdBtdREh@CEOIEGARTERCEEACNG2Y ' Wy Riedatd RAUNRLMICEl |s are
human cells. 23. A method acggrdhggryouﬁ3§£n15§? mhereindﬁgid human cells
are dipl oit%¢Hrabli e eRAFsOLoEhepTRS e T t o P88, wherein
sai d anpl idndabdlef gedienés weput aledebHER @entchdhatha) andi ghet Km than the
‘r’]“ | d-type gene, IZGS??éACgE{SE"gg Q‘EC?BEE.%W/%;% AN Five WOELELRaSRl dsSecondary
ost expression ce 1S effcrent.

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 Clal adapters at the Clal site of

pCG.CMV/EPO/Neo/DHFR to give pCG.HR1l. In pCG.HR1l, the

5’ 5kb EPO fragment is in the same orientation as that

of the 620 bp BstEII-XbaI 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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was added. The mlxture was electroporated at 960 pF

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.HRI1,
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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in PBS (20 pl), and treated for 1 hr at 37°C with a
solution (400 pxl) containing 10 mM Tris-HCl (pH7.5),
100 mM NaCl, 5 mM EDTA, 1% SDS and RNase A (40 ug/ml).
Proteinase X (10 pl, 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 gl each), then with chloroform
(400 ul), the addition of ethanol (800 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 ug from each sample of
genomic DNA was used for PCR analysis. The DNA in a
volume (10 ul) of TE was boiled for 10 min. prior to
the addition of PCR mix (40 ul). The reaction (50 ul)
contained 10 mM Tris-HCl (pH 9.0 at 25°C), 50 mM KCl,
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 ul) 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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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
sizes. 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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the art in light of the teachings of this invention

that certain changes and modifications may be made

thereto without departing from the spirit or scope of

the appended claims.
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1. A method for producing mammalian
proteins comprising:

growing mammalian secondary expression host
cells comprising multiple copies of an amplifiable
region comprising a target gene heterologous to said
secondary expression host and expressing a protein of
interest and an amplifiable gene, whereby said taréet
gene is expressed and said protein is produced;

wherein said secondary host expression cells
are produced by the method comprising:

transforming primary mammalian cells
comprising said target gene with a construct
comprising an amplifiable gene and at least one
flanking region of a total of at least about 150 bp
homologous with a DNA sequence at the locus of the
coding region of said target gene to provide
amplification of said target gene, wherein said
amplifiable gene is at a site which does not
interfere with the expression of said target gene,
whereby said construct becomes homologously integrated
into the genome of said primary cells to define an
amplifiable region;

selectiny for primary cells comprising said
construct by means of said amplifiable gene or other
marker present in said construct;

isolating DNA portions of said genome from
said primary cells, wherein said portions are large
enough to include all of said amplifiable region;

transforming secondary expression host cells
with said primary cell DNA portions and cloning said
transformed secondary expression host cells to
produce clones of said secondary expression host
cells differing in said DNA portions present in said

secondary expression host cells;
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expression host cells comprising said amplifiable
region; and

amplifying said amplifiable region by means
of an amplifying agent, wherein said amplifying is
prior to said isolating or after said selecting and
prior to said growing.

2. A method according to Claim 1, wherein
said amplifiable gene is a mammalian DHFR gene.

3. A method according to Claim 1, wherein
said portions are metaphase chromosomes.

4. A method according to Claim 1, wherein
said portions are restriction fragments.

5. A method according to Claim 1, wherein
said primary cells are human cells.

6. A method according to Claim 5, wherein
said human cells are fibroblast cells.

7. A method according to Claim 1, wherein
said construct comprises a biocidal marker providing
resistance to a biocide for said primary host cells.

8. A method for producing mammalian
proteins comprising:

transforming mammalian primary mammalian
cells comprising said target gene with a construct
comprising an amplifiable gene and at least one
flanking region of at least about 150 bp homologous
with a DNA sequence within 50 kb of the coding region
of said target gene, wherein said amplifiable gene is
at a site which does not interfere with the
expression of said target gene, whereby said
construct becomes homologously integrated into the
genome of said primary cells to define an amplifiable
region comprising said amplifiable gene and said
target gene in said genome;

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

/\
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ImmMNB?'ZHhough to include all of said amplifiable region;

transforming mammalian secondary expression
host cells with said primary cell DNA portions,
wherein said secondary expression host cells are of a
different species from said primary host cells, and
cloning said transformed secondary expression host
cells to produce clones of said secondary expression
host cells differing in said DNA portions present in
said secondary expression host cells;

selecting clones of said mammalian secondary
expression host cells comprising said amplifiable
region;

amplifying said amplifiable region by means
of an amplifying agent, wherein said amplifying is
prior to said isolating or after said selecting; and

groing said secondary expression host cells
comprising multiple copies of said amplifiable region,
whereby said target gene is expressed and said protein
is produced.

9. A method according to Claim 8, wherein
said amplifying is with said secondary expression host
cells.

10. A method according to Claim 8, wherein
said primary cells are human cells.

11. A method according to Claim 10, wherein
said human cells are diploid fibroblast cells.

12. A method according to Claim 8, wherein
said amplifiable gene is a mutated DHFR gene having a
higher Km than the wild-type gene.

13. A method according to Claim 12, wherein
said secondary host expression cell is DHFR deficient.

14. A method according to Claim 8, wherein
said construct further comprises a marker gene
separated from said amplifiable region by an
homologous flanking region.
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17. A human cell according to Claim 14,
wherein said cell is a neoplastic cell.

18. A human cell according to Claim 14,
wherein said amplifiable gene is a DHFR gene.

19. A mammalian cell other than a human
cell for expression of mammalian proteins in culture
comprising an amplifiable region comprising an
amplifiable gene within 10kb of a human wild-type
gene expressing a protein, wherein said two genes are
separated by substantially solely human wild-type
sequence associated with said target gene and the
flanking sequence associated with the amplifiable
gene.

20. A method for producing, cells for
expression of a heterologous protein in culture, said
method comprising:

transforming mammalian primary cells
comprising said target gene with a construct
comprising an amplifiable gene and at least one
flanking region of at least about 150bp homologous
with a DNA sequence within 10kb of the coding region
of said target gene, wherein said amplifiable gene is
at a site which does not interfere with the expression
of said target gene, whereby said construct becomes
homologously integrated into the genome of said
primary cells to define an amplifiable region
comprising said amplifiable gene and said target gene
in said genome;

selecting for primary cells comprising said
construct by means of said amplifiable gene or other
marker present in said construct;
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isolating DNA portions of said genome from
said primary cells, wherein said portions are large
enough to include all of said amplifiable region;

transforming mammalian secondary expression
host cells with said primary cell DNA portions,
wherein said secondary expression host cells are of a
different species from said primary host cells, and
cloning said transformed secondary expression host
cells to produce clones of said secondary expression
host cells differing in said DNA portions present in
said secondary expression host cells;

selecting clones of said mammalian secondary
expression host cells comprising said amplifiable
region; and amplifying said amplifiable region by
means of an amplifying agent, wherein said amplifying
is either prior to said isolating or after said
selecting.

21. A method according to Claim 20, wherein
said amplifying is with said secondary expression host
cells.

22. A method according to Claim 20, wherein
said primary cells are human cells.

23. A method according to Claim 22, wherein
said human cells are diploid fibroblast cells.

24. A method according to Claim 20, wherein
said amplifiable gene is a mutated DHFR gene having a
higher Xm than the wild-type gene.

25. A method according to Claim 24, wherein
said secondary host expression cell is DHFR deficient.



