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Cellular Dif. Deveiop., Part A; pp 487-494, Alan R. Liss, Inc., N.Y. (1981), which is incorporated herein by
reference. Sheep EPO would, however, be expected to be antigenic in humans.

Thus, while EPO is a desirable therapeutic agent, conventional isolation and purification techniques.
used with natural supply sources, are inadequate for the mass production of this compound.

45 Sugimoto et al., in U.S. Patent No. 4,377,513 describe one method for the mass production of EPO
comprising the in vivo multiplication of human lymphoblastoid cells, including Namalwa, BALL-1, NALL-1
TALL-1 and JBL. ~

The reported production by others of EPO using genetic engineering techniques had appeared in the

trade literature. However, neither an enabling disclosure nor the chemical nature of the product has yet

s0 been published. In contrast, the present application provides an enabling disclosure for the mass production
of proteins displaying the biological properiies of proteins displaying the biological propsrties of human
EPRO. It is also possible by such techniques to produce proteins which may chemically differ from authentic
human EPQ, yet manifest similar (and in some cases improved) properties. For convenience all such
proteins displaying the biological properties of human EPO may be referred to hereinafter as EPO whether

55 or not chemically identical thersto.
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40 Table 7 illustrates the nucleotide and amino acid sequence of the EPO clone lambda-HEPOFL13;
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Figure 8 is a schematic illustration of the plasmid pdBPV-MMTneo(342-12).

DETAILED DESCRIPTION
45

The present invention is directed to the cloning of EPO genes and to the production of EPO by the in

vitro expression of those genes. -

T The patent and scientific literature is replete with processes reportedly useful for the production of

recombinant products. Generally, these techniques involve the isolation or synthesis of a desired gene

50 sequence, and the expression of that sequence in sither a procaryotic or eucaryotic cell, using techniques

commonly available to the skilled artisan. Once a given gene has been isolated, purified and inserted into a

transfer vector (i.e., cloned), its availability in substantial quantity is assured. The vector with its cloned gene

is transferred to a suitable microorganism or cell line, for example, bacteria, yeast, mammalian cells such

as, COS-1 (monkey kidney), CHO (Chinese hamster ovary), insect cell lines, and the like, wherein the vector

55 replicates as the microorganism or cell line proliferates and from which the .vector can be isolated by

conventional means. Thus there is provided a continuously renewable source of the gene for further
manipulations, modifications and transfers to other vectors or other loci within the same vector.

Expression may often be obtained by transferring the cloned gene, in proper orientation and reading
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hanster ovary cells (the CHO cell line; Ulaub, G and Chasin, L. A Proc.
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55 replicates as the mcroorganismor cell line proliferates and from
whi ch the vector can be isolated by conventional neans. Thus there is
provided a continuously renewabl e EPB?&ESQX tlhe gene for further

mani pul ati ons, nodifications and transters o ot her vectors or other |oci
wi thin the same vector. Expression may often be obtained by transferring
the cloned gene, in proper orientation and reading 4 EP 0 205 564 Bl .
frame, into an appropriategyite iQy % transfer vector such that

transl ati onal read-throughfirom a<p aryotic or eucaryoti'c gene resul ts in
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35 40 45 50 55 5 EP 0 205 564 B1 [err] 55 EP O 205 564 Bl [err] EP
0 205 564 Bl [err] EP 0 205 564 Bl [err] EP 0 205 564 Bl [err] Sanger
and Coul son, (23) (1977). The sequemo@o®ted B¢ regi on hybridizing to the _
32-fold degenerate 17ner 55 in one of the clones is shown in Table 1. This
DNA sequence contains within an open reading frame, the nucl eoti des which

coul d precisely code for the tryptic fragnent used to deduce the 17mer pool

of oligonucleotides. Furtherngred anakysis thegﬁ&A sequence i ndicated
that the 17mer hybridi zi ng regi on was= tont 8l ned within an 87bp exon,
bounded by potential splice ggceptor apd donor siteg.
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10 EP O 205 564 Bl Positive confirmation that these two cl ones
(desi gnated herein, |anbda-HEPOL and | anbda- HEPQ2) are EPO genom c cl ones
has been obtai ned by sequenci ng ad(EPta saBCNs cont ai ning other tryptic
fragnent coding information. 5 | solation of EPO cDNA C ones Northern
Anal ysis (56) of human fetal (20 weeks old) liver nRNA was conducted using
a 95nt single- stranded probe prepared froman ML3 cl one containing a -
portion of the 87bp exongddscig Bed Er%TaEQ 1.2/ illustrated in Figure 1,
a strong signal could be® tect®d in fletal liver ["RNA. The precise
identification of 10 thisi}band as EP was fchi eved by using the sane
probe t® screen a bacteri ghagegl anb C lib&Ary of the fetal |iver nRNA
(25). Several hybridizing ¢l ones werelobtai ped at{ a frequency of approxi-
mately 1 positive per 250,300 rgcombigjant s.gscregned. The conplete
nucl eoti de and deduced am®)o ackd sedjences| f or @jhese cl ones
(I anbda- HEPOFL13 and | anbdg- HEPOFL8) 4re shpwn i Tables 7 and 6. The EPO
coding i"hformation i s conti nedfwi t hid) 5948] | nflhe 5-prime hal f of the
cDNA, including a very 15%lhydrdphobi¢ 27 afrino dcid | eader and the 166
am no acid nmature protein.gThe wdentidicatgpn offjthe N-term nus of the
mature protein was based dh the< t erdri nal <gequédtjce of the protein secreted
in the yine of persons with aplastic anenm h as ijl lustrated herein (Table
1), and as published by Gdi dvvas'§ r (@), Sﬁe andg@}Syt kowski (27), and by
Yangawa (21). Whet her thi$ N-tefj nus (Ala-| Pro-Pro-Arg---) represents the
actual N-termnus found or; EPO b cirgul at Epn orZlwhet her some cl eavage 20
occurs in the kidney or uMtne i S pres"ently"‘unkno'?/m. The amino acid
sequences which are underlined ikh Tahles 2 _hnd 3li ndicate those tryptic

t ergn nus=Lor whi ch [k ot ei n sequence

fragments or the portion @ thed
‘i nformation was obtained. The deduced ani ng| aci d, sequefice agrees precisely
with the tryptic fragnment < whi ch haved beengpequeiced, Ronfirmng that the
i sol ated gene encodes humdh EPQT| 25 Structure and Sequence of the Human EPO
Gene Theés rel ative positions of the DNA insgfts & four:i ndependent human

i gure 3. bri & zati ah analysis of these

EPO genoni c cl ones are sh@wn ins
cloned DNAs with oligonucl eotidel prohgs and|w Lhgvari gis probes 30 prepared

fromthe two cl asses of & c

MNA cl 8ries @S| ti @#d the EPO gene within the
approxi mately 3.3 kb regién sho

by the dafkenedq line i-n Figure 3.

Conpl eft%" sequence anal ysissof thys region g ee anpl e 4) and conpari son
with the cDNA clones, rested ¥ the map thé™li ntron and exon structure
of the EPO gene shown in FJgure . The EPOpene #js divided into 5 exons.
Part of exon |I. all of exans 11g111 &hd | V& and flart of exon V, contain the
pret ei n,coding i nformation. The emaihnder of exofjs | and V encode the
5-prine 35 and the 3-prinmg untr 8nsl ated seguenceg respectively.
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Transi ent Expression of EPOin COS Cells To denonstrate that biologically
active EPO could be expressed in an in vitro cell culture system COS 40 -
cell expression studies were condugp@dob6s8i B1The vector used for the

transi ent studies, p91023(B), is described in Exanple 5. This vector
contains the adenovirus major |ate pronoter, an SV40 pol yadenyl ati on
sequence, an SV40 origin of replication, SV40 enhancer, and the adenovirus
VA gene. %he c rt inel anmbdas BEPOFLY3 ( segwlabl e@) was & NSerdjed into
t he p9102§( B) gx\t ogqfdomégreanﬁ S h@ERNBiAEs SFE | St Dr
This new fectoff is identified as pRTFL13. 45 -  Twenty four hours
transf ett gon of thlal.constguct i ntagest he streg g of -1 o-elds (
et al, J.SMol. 8Appl 3 Senetd §2: 147480 (1898)), Q@ He cel|@ wers Brash
changed to serumfree nmedia, and tHe cells vvere harvesfed 48 hrs.

The Tevel ¥f r eas® f ERCRI nt 0 cyl 8 rnat & then
' v f E5 a3 PO gg) rEEéhowns:-"lch Taf{®

usi ng a q ant|§°at|v9¢ |@rwmmoa§-’48?y f ot 8,
( Exanpl i Q) i mgunol ggi cal |/ g eact iye EPO: s e gessed- 2 The _a ogi gl
activity §f th& EPCESodugl from3es-1 Sall s \ms al s8]0 i ne@ISIn a

separ ate Exper@hent, the vector coffaini EPO. ¢ f | angdda- HERQEL 13
was transfected |nt'é Egells af;g med c%har\geglt\lg\d g%g)des flihed [Pr a.
EPO in thg nedga was T hen quantifidd by the eithed of two in V|tro=u<

bi ol ogi calg, assflys, BHRthym®] #i ne afjEcFU- 3312 2 aR by &Hgher &3two in
vi vo assays, hﬂpom?‘?musé’ 2nd st &f Fed rdt” (30, 1) (See Tablle 9, arrpl e
7). Thesegr esuE‘.t S rd@n®Nst r=ptae thated i ol ogiZal | v 8cti v PO i 8 %r od&c@d in
00s-1 cel Bs. By V‘B'sEe«n bl=bbt i ng, ing @ <%5 porycl ofia? ant PO FPi body,
the EPGoproduced by COS cq ks has funbi bigy one&DS- pelgyacr ys S

whi-ch is gdent Bcal td®thatf 8f nat id)d EHDW epared fromduma wrlneu( anmpl e

‘8). Thus, & he éxtent af glygosyl atjign of , -1 gjoducg EPO dey begshm | ar
to that oﬁ' nat &ve EP ﬁ/ rent gtors" nt ai ﬁng Jept er § Han
aIsobeuﬁedmC% IIsorlnot er nammllanor EP205564Bl

eukar y i & cel bs. Exampl eg 8f suclg|Bt her 318 onot Bs us&f&’ml i nglEhe pﬂdg’tl ce

of this invention i ncé)ude”’S‘MO eafl|¥ and®®ite fHBnot ePF thé

met al | ot hionei B8 gene $roneier, th r onD Qs

repeats gaw %n or rﬁmm Bn relr H&mg%’ ? tﬁec gacwﬁgl resqpol yheH
gene pro er @nd ot hers anpl eg |gf otQer celfgtypes aisef udfed n th

ﬁEg 8 mefigl i an &llst ;

;]

practic® 8f this inveptio
as CHO (Cﬁl nes® ham;t"er ovary), Cl (m)n,key ep| t hel i U 3T 2
fibroblast) CV-1 (Afri cana’gﬁeen RBey khidhey) &@nd t gl nseap cel kg such
as those from $podopt@ra f1Tigi per 33 and Brosoph
ak-ternage promdters asnd/o eIIO%

or |evel of EP@ expr%m on-l‘-’pro Mg a BeS L-s

growth of largg quant§tieg gf EPO gpgoduci r}#ce & unde,roless_:_-.; expens we,

: Q 3
nore easily coMtrol | €@ coltbtions={E0 E&lRAn exPpBessiBrd syst 49 whi 6%
retains the bepefits of lian gxpresgipn by crequires | eggs tinmg|do
producewa i ghul evel ®Xxpregfion ¢ i ngig s cm'aosect;(ﬁ an glfsect 3@l |
i ne and a-iDNA“w rus ich
3 2"y g « 5% 28 28 518
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reproduces in this cell line. The-virus is a nucl ear polyhedrosis virus. It
has a doubl e-stranded circul ar DNA genone of 128 kb. The nucl eocapsid is
rod- shaped and found packaged in t 626%454% non-occl uded form a

menbr ane budded virus and an occl udéd orrﬁ packaged in a protein crystal
in the infected cell 15 nucleus. These viruses can be routinely propagated
inin vitro insect cell culture and are anendable to all routine ani nmal
virol ogi cal net hods e @RFcul tur@ nlldi FisBtyp ca®lysh nitrient salt '
sol ution and 10% fetal <calFt <gerum IH vPBAr@ vEru®grdawi®isdinitiated when
a non-occl uded virus ters agel B arfl ngves t 0¥t h& nytl eus where it
replicat®es. Replicati | ear. $urfhg g helini%i afy pBased (8-18 hrs.
post-i nfection) of vi
nucl eus and subsequer)” |y BUD}through the plasma nenbrane as NOVs, spreading
the infection througk ®he c culture. In addition, sone of the

nucl eocapsi ds subsequent |y + hrs.g post - icnfeeti@n) wemg n®n the nucl eus
and are "ccluded in & g

. . [¥) 0 3] [3) . .
grotekngmatrixg kpows aswt has po"gr yhedr i ncl usi on
body (PIB). This forf®s not|¥nfectipusgingelf cgl tuge. YTheimatrix is
conposed of a protei pol yhgdr gn, g/w 3 kd. faclj PIB is
approximately 1 mmi & &i ane , and g hefe ¢an Be &5 As gpnygas 100 P| Bs
per nucleus. There is|clearly a great deal of polyhedrin produced late in
the infection cycle, 36 nmuci|@s 25% of total cellular protein. Because the
PIB plays no role in“fe i n™\WWtro repligati®n sycke, dhewpolyhedrin gene
can be deleted fromwhe viruw chromegonﬁ wigt h S0 &8f f ebt i vitro
viability. In using virdk2as an ®xpiessi ongveét ory w8 ha¥e replaced the
pol yhedry n gene codi g regigh,with the #Bor & gnDNS t Gebesex ¥ essed, pl acing
it under the 30 cont gk of B pol yfgdrgh pronpt ew. issredults in a
-non-PI B form ng virus}phenotype. This system has Been utilized by several
researchers the nost 2®ted Be8ng Pennock et al. and Smith et alg, Pennock et
al. (Gegory D. Penngt®R, Ch#rfes Shaqgnmaker ., ang Lgis & MIler,3Ml ecul ar
and Cel Is Bi ol ogy 3: 844«pP. 3%89«406) Hpvetre@ort®d & the fi gl | eFel
expression of a bact&Fal pBdfein, [frry-gd ac®osBdasp, @hed pl@ced under
the control of tﬁeéo hedrin pronotdr.a358 FAngt hét nficl dar Hol yhedrosi s
Br has theed pilesehted by snfthiet &. (Gale E
Frager, “Ml%ecul ar “and” cef B ol Bgy, My 16,
e denonstrated the effectiveness of their
of hurgan [erp]-igtegferpn. The, sypthesi zed
gl yeasyl ated§ang s@crefedIfram i Wse¢t c®lls, as
woul d be expect |5 Sxanpies 14, nmFli fgcag orfy ty tige pBas®@ d gontaini ng
the Autqgrapha i fornica nucl ear pbl yhedosiis VvErush 408( AGNP\E pol yhedron
gene aré describ@d wliZh al B t he.&syi ngert§ onZof & hePEP gehe into the
plasnmd so that it r theftrahsc® ptTon¥l ¢bntFol %f The
pol yhedri n pronoter. w{khe regutiagmB\IA is co- transfected with intact
chromosome DNA fromdfd d typ AcKRY/ | nto insecy cglls, A gengti
& thegreplgcegenty of 3t hey Acﬁ\IPV@ pa yhedrin
the lsngd. EThelregul &) nggr egont® nant virus
viral progeng® bySitd p@sedsi @gh & the DNA 45
s rex@idant vigus® ufon ei Fedion of
0duc®“EPCE ERanpl es®of “EP® exffr essi on in CHO,

Snith, Max D. Su@ners|and M

1983, pf? 2156-2165)¢

vect or through tde e

product was foung tog
I

sequences of the EPCEigkne. &
insect cells is expeffed to”

Cl27 an® 3T3, and i ngaect ce $ are«@ ven in Exanples 10 and 11 (CHO, 13
(C127 and 3T3) and Ik i nses{Gcel |
-] [3) o0 <J ] [¥] (-] -]
Q [} (") J [T, ] e ] J i
< Ul Q (3] u 3 7] 3] - J v
<J -QE: o) 1) %] ] o 3 29 w0 (] Q
Q e << ) o0 %] od (] L o 3]
[T ] [-T+] q- /] v "] -] [y}
50 Lt - L] J &0 - ol 3]
[ d 188 w o = [} ] ] -0 ¢0 [ J
(&) U b=~ = 0O (3] [ 3] L2 ] o0 - (Y] & ]
(& ] | D 0y Of =~ L J S} ab - < Q0 -

Sanger and Coulson, (23) (1977). The sequence of the region hybridizing to the 32-fold degenerate 17mer

55 in one of the clones is shown in Table 1. This DNA sequence contains within an open reading frame, the
nucleotides which could precisely code for the tryptic fragment used to deduce the 17mer pool of
oligonucleotides. Furthermore, analysis of the DNA sequence indicated that the 17mer hybridizing region
was contained within an 87bp exon, bounded by potentiai splice acceptor and donor sites.
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Reconbi nant EPO produced in CHO cells as in Exanple 11 was purified by
conventional colum so chromat ographi c nmet hods. The rel ative anounts of
sugars present in the glycoprotei nepaxasasalptzed by two i ndependent net hods
[ (i)Reinhold, Methods in Enzynol. 50:244-249 (Methanolysis) and (ii) ‘
Takemoto, H. et al., Anal. Biochem 145:245 (1985) (pyridyl am nation,

t oget her wi t Pesitivedeantirmaiiantthat thagej two glereg (dgaignatedihargini lamdda:HEPRR anddemibdadHERRR)Ared
by each ofEPPreegemiesloprsgs Reancobiaifed Ry eqarenaing Adslitioratexans cagiajningzgther tryptic fragment
det er m nattPENREEIEO™Y hus nade, yiel ding the fol l owi ng average val ues
wherein N-acetyl alycosanine is, for conparative pur- 55 poses, given a

val ue of 4S°Fat1‘§’ E’fgpéﬁg 51988564 B1 Sugar

Te :42;1)\3/2 S ,m)l !@orrthérﬁ'\\f\%lalysli\é_ (] eotf %Lrgal-n gtg's(gd'n wQe%s old) liver mRNA was conducted using a 95nt single-4

15 'strandtggyl):%be pr%pared from an M13 clone containing a portion of the 87bp exon described in Table 1. As
illustratadd i 9158' q a strong signal could be detected in fetal liver mRNA. The precise identification of
0.9 IVBn,QO is band as EPO mRNA wasg achieved by using the same probe to screen a bacteriophage lambda cDNA
0.5 N-AcetyL el fveMRNA (25). Several hybridizing clones were obtained at a frequency of approxi- -
10 Fucos‘f—hately 1 posltive per 250,000 recombinants screened. The complete nucleotide and deduced amino acid.0 .2
N- Acet y| g3bqaehdas S clones (lambda-HEPOFL13 and lambda-HEPOFLS) are shown in Tables 7 and8: #he' S
It i's not erordobing tiligHnation 081 cbhtamat wilhRVEdadt A thd BHRRE nBINGE the cDNA, Including a very
N- acet yib gayRehOSANH dMind R IdGedu6 e thd G bddndind R REHhAR6l pidinNg Dot h i ndependent
met hods of Srig &fentdibaioly 81 the N-TdiGingy @ FRMERur®proRinaae bisbd ol M6 NAGAHIMaNRquenel ¢ #Hee'S
t he presepo®inosctatdd i kirgl uidey 6f0Sydond W aplastit [aRenild QE GliuBtratelNi gt €ROIBCA, & as
O li nked glbjishes pl Sbidesssard26),fSue bdacSytkowdti @71 avd bl Yarfghite @ACEhanea thisN-ermiifust(fie
gl ycopr ot EiorPré-digh-o wemepeats dfesdctuainN-EFmituseiogyidyanoR inatirpulatiprt br wigathieo s@ne cleavage
conbi n&e i eeeyrsat thg kigeayr ding issmesgatiysinknpwn.parti cul ar, foll owing enzymatic
reroval of dihe aminp japi Sepuerped whighiara vedegiedoin Tabies )andcoiptiestathers typlicritpaments or
enzyne peB‘EiF@ém@s Authe P"W‘*ﬁé%_é’fhﬂa@@,t‘?i‘t PREVSNSP étfﬂﬂ'?"ﬁ'lon wes @‘Pﬁi"%’f T@%@?dﬁ?eétaéiiﬂ?
was furt haqd Feauenee AareRSRTECiSRll itk e Y Piigifgeraantsorialineye BeRrLITeaHanATc SeErminggthat the
det er mége&%‘?d gsma epoedes wman fB8Ps. I n vitro biological activity of the
purifi reconbi nant EPO was, assayed by the nethod of G Krystal, Exp.
Herat ol . ngﬁm%gﬂﬁol i feration bioassay) with protein
determ nat i qpg ol Solal s RABRA rBRM: B A%AELH rERINAY! Ld-0RR Lot R abhien
. genomic clo re_sh in
D b il iaa%fanabs.goa os 'c'gae% ONAS ith o &%ﬁgg anﬁn@h?é?me?g&{gsed
r econbinagb FO0 ea 1Rl GHLAT $dod Coh Ol Bl o e L
) ragi Yfow Bd N9 Rigb 3. fot ue Oan' ly 1t gi tsEeS pl
protein. MohL&Q¥Rbarisohcwit &% cHNAGned, BémteﬁQQmQQQ ﬁM@inﬁeré?ud Q& suRSR oY &€ epdhe
N Vivo (gebX%eowneRibte 4D &PORAYis diﬁ@&ﬁihto%!’édon%fﬁh%‘i/exoﬁ\man &¢l dhedHs Gi2l ahd; and
Sci ., Vol partfef efon B torltakPihS bioteincolding nfdrmAib. thé demiaindidr @SexBiSIQhY @@nédak telbeprime
reconbigagd ted-gimedlntriviBtet Bedubiites eft@eivery. 0.7 - 1.3. It is interesting to
conpare the glycoprotein characterization presented above with the
char act er TramsienOExp®Ssidnauf ERO Ineb@idlimant CHO- produced EPO material previously
reported Tn International Patent Application Publication No. WO 85/02610
(publ i shed 20 dgmerstral® B8f) biolopivellycagtive 8 Poxneldl he exprasprdrimen ig gitrg gejbgultam aysiesi. £0S
40 cell expression studies were conducted (58). The vector used for the transient studies, p91023(B), is
described in Example 5. This vector contains the adenovirus major late promoter, an SV40 polyadenylation
sequence, an SV40 origin of replication, SV40 enhancer, and the adenovirus VA gene. The cDNA insert in
lambda-HEPOFL13 (sse Table 6) was inserted into the p91023(B) vector, downstream of the adenovirus
major late promoter. This new vector is identified as pPTFL13.
45 Twenty four hours after transfection of this construct into the M6 strain of COS-1 cells (Horowitz et al, J.
Mol. Appl. Genet. 2:147-149 (1983)), the cells were washed, changed to serum free media, and the cells
were harvested 48 hrs. later. The fevel of release of EPO into the culfure supernatant was then examined
using a quantitative radioimmunoassay for EPO (55). As shown in Table 8, (Example 6) immunologically
reactive EPQO was expressed. The biologicai activity of the EPO produced from COS-1 cells was also
50 examined. In a separate experiment, the vector containing EPO cDNA from lambda-HEPOFL13 was
tfransfected into COS-1 cells and media harvested as described supra. EPO in the media was then
quantified by the either of two in vitro biological assays, 3H-thymidine and CFU-E (12, 29), and by either of
two in vivo assays, hypoxic mouse and starved rat (30, 31) (see Table 9, Example 7). These results
demonstrate that biologically active EPO is produced in COS-1 celis. By Western blotting, using a
s5 polyclonal anti-EPQO antibody, the EPO produced by COS cells has a mobility on SDS-polyacrylamide gels
which is identical to that of native EPQ prepared from human urine (Example 8). Thus, the extent of
glycosylation of COS-1 produced EPO may be similar to that of native EPO.
Different vectors containing other promoters can also be used in COS celis or in other mammalian or

The avera aihbraa,;(

11




descri bed on page 65 of that appli-cation reported a value of zero for
fucose and for N acetyl gal actosam ne and a hexoses: N acet yl gal act osam ne
ratio of 15.09:1. The absence of Ng@cebyy skalgct osanm ne indicates the
absence of Olinked glycosylation in the previously reported glycoprotein.
In contrast to that material, the 35 reconbinant CHO produced EPO of this
I nvent i on wedkargdticicslisC Barmpiet @f 5B thalbpramoters bl s the | piattidel f ahid in@anbon include SV40

r epr oduci béayly etrslete wediorsatie mots ruftalibtoibreinf gecogrematardthdlpametryfoupalieibé begwine] |

cont ai ns | weeatst pfaavian nes- mamrodiian edrovingéeat the coagguivvinis rfyhérzonogems @wrabtérsand others.
char act er i Bxemplgy o aier paildyrep vesiubin t®. pracikecef toj$ ipvantign indiide . cdliuyeestemammalian ¢elie
hi gh spéci $4ct aaSHPWCkiRese hamtes %(E’Wv@iﬂe@eﬁlﬂebedthelﬂm RIB| (Meuse flibroklesti Gva (AfriEmO
of this in¥es mepkeyriignayk apd thecipgeqt qelly &icédis ttepse tfromSparoptera friginerde and Drosophila
gl ycosy! at Tgignopaster-gJihpse alteynate prompfarsiandiprrgll §iRpY [avs eqeply segeiption o Higiewng aplpval e
procar yot i & OPPESHAY atyctio @ cal-weeiicoipentt EPReor dhasgiatin pibeog eyration pf Eﬁ‘?ep’?ﬁ“@%nt
i nvention 4 '15’ ”?P§8 ef';B‘fe 'E“ opsy Fﬁ"ffﬂ'e? Fcé‘ﬂ‘f'?f’ént of mammal | an speci es g
physi ci &hs a a h| '% ‘f ta'"T feéﬁes\@;f fime

Chlrse, R SR b ﬁ% far %@ﬁ“gm i Z‘@ Ed e

‘“*2@2

of adm ni Sé B 128 ! ﬁd a th no Iud%
ul ti mat el it jmm Ny fon,g q,m%.n pffa 5 Rehrhddlde o
anount qf lﬁEIEusV?hdgg) Qru‘é@sscapf% b Wﬂr&ﬁ in bl e ée% 1 36ktu ﬁ lafe) BARndable
referred t@uingbfind vASioghtal méthdes. tfh@@éllr@mre ﬁlfe Tt pically /RRMERL salt §QGtioR X efe'caf n
t he treat nRker@h. i Nduced hypoproliferative anem a associated wth chronic
renal failure Jith, singegowtiic Rlki&Er Whenea AH-de¥iudbdDiHE (NUv) BREs iRl faad iévdsOo i 10
uni t s/ kg fratiedswhgtelibreplizatdd) REgIation Harciks ChUAAE the @itiaPdhase (8-18 Gilsi Fbst-ihfEREES lof viral
74: 434 ol Odpgijcatiohhsuciwodapsids ERQssemplelein anbThiniiest ane Gulidgquanty BOMI tii@oudp A0 pladngt €
t 0 -t he conuentraw ab80Ng spreetirgeatt. infsdiodthelgh thddéell cultubee InEBRidnSsomejokibé autliebcibsidst he
‘bl oodst r easwbsshuanthe (18 e Poshfentipn} 1eeait gdthe htclens bhd de ocabaed inye @@EEn ewiriatkeavnby
t hose ski |dsdiip pofyhedmb inglpsiont bedy (FIBAeThisrferfnds nad dhfactinws @ aall EditurgaThe metrixlis dolmgosed of
condi ti on HREPAY kegwes &6 eelyhedir. MW 83 kd. Sach (i isisbrrofimately hemniptdiametezR@ theye loan be
adni ni s¥e raéd“ae% 2% M Rifs Rer piclout J09ra i9tfeaty §/91pal deal elrepyberiva propivcedl iptagp e dnfestigne
to presentCYflp: aggueh i?r?élhrPéEP&JEQ"E‘%[IP'qt% nul ati on or pr@i)ar ation. The

formul atiq SB?UFF”hr 'P' ﬂégﬁiﬁv’egm ”E(}!F'e R W?P&Fk}ge'g;rl’a" P?)ﬁ’e'e}*ﬂﬁ‘rﬁ&ﬁ‘
one ofo"pr ) ?ﬁav@g g dr%ame f°&¢%é' bk v e %ﬁ‘ﬂg’f’ Kb P51k *d‘ﬁ%ﬂ' "

ot her t:ﬁer an e p° A RiEs, 99::& lne:rrc:o: gl n‘cl;tr ?nng k lPal dlsglttt\ Qe
sense of ba‘?' mﬁ érjr norc oel'n i%l;% egr. acliSl ab and
not del et gjdsOp! S39 %06} H&ve r&ﬁlt&‘ SFP eh I’?fe%? ox Qétet‘n veh 1ds I'd
not. i nclu cgwnqb,zﬂl‘er&n@dg@mespo% iR bRebes U stances Wt ¢h pept| Gsare
13- ER O 2Apmalorhckir dohRifosk Qireich/ag BXERRLbDYcRIor TH%elrPErBMh@Y bPSRHTEY. (Gale

conveni entd. Bmbl NS Sh@6ks iahd MNULLFr&tes MBRcIP R 85I0BIOBYY, MSy 8, 8R! Bl 2iMs-23eyy. Of
the met hodueywivé déaiuavirated thel dftectiddnbss@t thEFTECTSRBIbugH thE exprEkdiehs hinial iaterirdneTHRt €p
of bri ngi pegnthasizel @edOIOas fdutd totHe@ylyassliaté@ and sgtrewt @6rh insbdt Bellb,e woda bé expestdd. Bh
consti t ut ésanmiee 14 mogificagiona de & iastyidicagaigal e tAstogrbgha geleiicd nuclkbdrepofyadrasis akisons
ar e pr egarAdNPHy palyhedror gdny acerdbsérined whichedligw theieagy Insgrtiom pioth@ EBO gerat into theBlasinig
active i ng?Pé'tﬂ émayvnettmdevrutbmtr@semqnaleqostmbpf the pelyheddl priometer. Sk jeskitivaDNAdS so-or
bot h, and r@rppéqqted iMth ingask me DNA from wild type AcNPV into insect cells. A genetic recombination
event results in the replacement of the AcNPVC polyhedrin gene region with the DNA from the plasmid.
The resulting recombinant virus can be identified amongst the viral progeny by its possession of the DNA
_ 45 sequences of the EPO gene. This recombinant virus, upon reinfection of insect cells is expected to produce
EPO.
Examples of EPO expression in CHO, C127 and 3T3, and insect cells are given in Examples 10 and 11
(CHO), 13 (C127 and 3T3) and 14 (insect celis).
Recombinant EPO produced in CHO cells as in Example 11 was purified by conventional column
s0 chromatographic methods. The relative amounts of sugars present in the glycoprotein wers analyzed by two
indspendent methods [(i)Reinhold, Methods in Enzymol. 50:244-249 (Methanolysis) and (ii) Takemoto, H. et
al., Anal. Biochem. 145:245 (1985) (pyridyl amination, together with independent sialic acid determination)].
The results obtained by each of these methods were in excellent agreement, Several determinations were
thus made, yielding the following average values wherein N-acetylglucosamine is, for comparative pur-
55 poses, given a value of 1:
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shaping the product into the desired fornulation. Formul ations suitable for
parenteral adm nistration conveniently conprise sterile aqueous sol utions-
of the active ingredient with sol uEPo2es\sba B are preferably isotonic with
the bl ood of the recipient. Such formul ati ons may be conveni ently prepared
by dissolving solid active ingredient in water to produce an 10 aqueous
sol ution, and renderiS\dga®i d sol ution sterile ngmggjgém% ;:?!%F t or
mul ti -doseNc. el npl e seal ed anpoul es or via C as
used herei ?nc%wgsﬁ!tcrﬁeﬁrlr‘é%ﬁe EPQO cDNA gene preceded by ]an ATG codon and
EPQ' cDNA cg BXAG®FSr allelic variations of EPOprotein. Oladllele is
illustrhted in Tgahawtbgwd 3. The EPO protein includes the 1- metéﬂ ni ne
derivative of EPQ protein (Met-EPO and allelic variations of EP 'pé)otei n.
15 The mature E ®%in illustrated by the sequence in Table DiBgins
W th the sEeqlcatylflemridminio . adiy . . t he begi nning of which is depicted by
t he nury‘perrﬁéo En Table 2. The Met - EPO woul d begin with the sequence
Met. Al a. Pro. Pro. Arg... The follow ng exanples are provid@d2 o aid in the
under stanoﬁn@cetyﬂ.galplcmamﬂnwentlon the true scope ofp,ghich is set
forth in the appended clains. It is understood that modi fi cations can be
made in the 20 procedures set forth, w thout departing fromthe spirit of
t he i nuenitiioRotevtirthy trRMMBGHREM 16QSIs & %céﬁépd’ne%ﬁdtylgﬁladi’&%tﬁ@&er@&bﬁrbdﬂ&b@f't@se’ﬁe@
URCOT I ect eding Bdfreingapeiadht h@kodEioC §ughr MhlydiE. The presdnceof, N-BdeGigalattbsamine MdaREMe €,
etc., 1 s pradence ofyO;linkel, giysogyiatidnCon HXAMRIEShe prsxraa ol ©-linked Gpdofidtion was fuither
Genonmi ¢ Cindinstecoby EPSPEEIO anwysis (i thef gheoprbtsio mollbwiay digastian off thed giydopidteth witht Various
‘apl asti ¢ eambinatione o6@yrosidit byzymes. bemdicildyefdiioping enaymaticyrerfidvialyd lakk N-ligked aérbghydrate
Bi ol . @heffi the DECOPREATS ysing 1) enzymereplide tehdpt F Niglycesiviaseo thetmaisstiprewsightefshe protein
el i'mi nat eWasuiner @Btrca@wnﬁ SprRugRt digedian wihieuraminiggsegsiotefrajpeddyHD§-PAGE analysis.
‘inactivate MeMFHRPA Q'EP&é‘é"" H?ﬁéhefﬁuﬂ%ﬁd '§°(° '"‘F’ﬁ EPR avas @sspyadi i thea piber ofe® Krystal,
fractiona ’fpor‘f'eﬁ' oly 166 g?fé &'HP@SSS\Q ‘%fF‘a’?’P‘S‘ﬁs""G"Hﬁfgg"suSﬁ"’t‘! tog t o
95% acet off E Rog a F‘&GF%% MRps! }‘ja'(?a Fi°P "T”It' B Ak @matto"aéhed_ grtivity g the

m nut e as i 8‘5"? % [ ?ffe %re 18 gf:yin 'Sllﬂ Br?ag?rage value
Slegﬁtsrophaia%ﬁzo " %ﬁh I%atz&%%‘g m:c mﬁ assg%?:@#glﬁltvz |c g' r §e ted
X

appr oxi mat

;ﬂ eqr1ée glpcoald nec?l eri terizat
Fracti stoPQ%MInm (.ﬁ-' @Me@u l &sl oH d in?
Wit h ammOppidktidd A& IWe m@bm &f2d Qung qm he QBrrddbdriding y5|s
trypsin (38é&rfobd b8 )ss fopﬂhatjaé B4tidn rePbrted & \ﬂl@g of zbRSor flidbkd Snddér%ﬁeiyfbaaéf@sﬁmﬁ ben

subj ect edani@ HeR3&8$: ﬁecemgaﬁao a6 ratis ofl fss0Rri PRCLbSIAEY 61 N-dd3§IgRIRdtbsEmine HHRlkatbd Mo at
bot h 280 aveshca b OMMReVYTcosPBich O BE .preViblsly Bsuped iy @droRea lSconidse toaNat PidkenbiCfe t O
Near  dssy neambinamCHOIpb@esEEPAliof Bitihgntion Which & BRarsateria81abeveanhtEins SGHIRER and
anal ysi s rer8duciblyi abgerahle Applnteds HSthoisgeséd ermss N-tstlidaladBaAingaconfalne s3s thad) dediaktor .
The sequethesiticzmuneihapes andertaraptedksd hy fialpfeemic@oihithk@! giytsykgiord Egrtheinved
herei n sups bigh spasifiofctiviveefahe abpyr-describech GHE@-deryeduacembiirosERD biohis dyertibe gieg bef
ol i gonuc|dregtly delatest fgija sharaciedste giieosddtigueaties; Val - Asn- Phe- Tyr - Al a- Tr p- Lys
(am no*aci d§h94’6°'?9‘ﬁ36\(1§°r‘1"95§'° Q prodused By the Peasely ;f or gucrypiisrexprpssipn of g tloned EPO

©

d egener acy Al @T?anﬂr@ used for the in vivo treatment of mammalian species by physicians
dror veterinarians. The amount of active ingredient will, of course, depend upon the severity of the
condition being treated, the route of administration chosen, and the specific activity of the active EPO, and
ultimately will be decided by the aftending physician or veterinarian. Such amount of active EPO was
45 determined by the attending physician is also referred to herein as an "EPO treatment sffective” amount.
For exampie, in the treatment of induced hypoproliferative anemia associated with chronic renal failure in
shesp, an effective daily amount of EPO was found.to be 10 units/kg for from 15 to 40 days. See Eschbach
et al., J. Clin. Invest., 74:434 (1984).

. The “active EPO may be administered by any route appropriate to the condition being treated.
50 Preferably, the EPO is injected into the bloodstream of the mammal being treated. It will be readily
appreciated by those skilled in the art that the preferred route will vary with the condition bsing treated.

While it is possible for the active EPO to be administered as the pure or substantially pure compound, it

is preferable to present it as a pharmaceutical formulation or preparation.
The formulations of the present invention, both for veterinary and for human use, comprise an active
55 EPO protein, as above described, together with one or more pharmaceutically acceptable carriers therefor
and optionally other therapeutic ingredients. The carrier(s) must be "acceptable™ in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the recipient thereof.
Desirably the formulation should not include oxidizing agents and other substances with which peptides are
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and an 18mer of 128 fold degeneracy CCANGCGTAGAAGITNAC 50 were prepared.
From t he sequence, Val -Tyr- Ser - Asn- Phe- Leu- Arg (am no acids 144 through 150,
in Tables 2 and 3), two pool s of 1#&2% g@ﬁ 132-fol d degenerate
TACACCTAACTTCCT and TACACCTAACTTCT V\?‘I differ at the first position
of the | eucine codon were prepared. The oligonucl eotides were | abelled at
the 5-pri menoameb bé intonjpetitld. Tos forguigtiansyeyCdom@hibrilig bl ipfsasrted(iNBt doBdie 36 and may. ... »f
Bi ol abs) abe pgearrhbB21y- KR (bloaus bval kamwd ilthe| attadf pharrhlt. Sip@6thdds GncAgd thgistep obpf

t he ol i gonbirigvetintelessosiation e dsiteviegrerich0@h tataBB0BNihH comtibitee ché or mofsPacBes2dp -
564 Bl ol i fonrdientedt gageral, ie Hamelatiopresre piepar@Ndy Unitmdyr gndiimimbtaty tbengirgpita gssotiaiod da
(Lawn ets ajhe actvp)ingsgsient withe ligwiddcarrisisnyy fineloltyidbd selidi camiers for tbitb, and teant (& necessary,
anmpl i ficat F'Hﬂ"?)ﬂ"&é@&!ﬁ@md'i‘q Qﬁs'ﬁa&lfﬁrf ulgisscri bed by Wo et al., (47) (1978).

Appr oxi mat eI °'§*“5"995 S@PP @fa i a%&ﬂeqymaﬂleralmemﬂswtedﬁ agGoe 9hvtiere of
per 150 éf "H'Ed %{Mfﬂf%%hyba?terac #ith tve bineg of thatrpdirignt Such
pl aques wePEUAI) s Eﬂ”"%‘ W/ pr rRYxqifPalving yollg astivgyjjaredient i watsr tocpipqury Ay
at 4 ded’ ?%PWi Sﬁ'?‘m" ?“F%’QP éa'? t' gf"%wast PrteRigt i Y9k Pt r@v'vfgose\,@%amers for

transfer re%f‘ag‘g; % a:ﬁ% ﬁerem ' \I%‘ ure ear and [ rLguba o
over ni ght Qﬁl}& ]p alleli® Vartatio oteu? (j}\e a ele |s Il ’é%
and neutr rbtgﬁ Me ﬁé)‘fi 'g ine> en Cﬁa”le{5 ns 0“ % tBin

1M Nadl 159-n réPQ) tl |Ilus t ble 2%;

baki ng at ﬁQPQ%Ar §.9ke Bedtnthg.of Whigh &id efn&é@ bWﬁ'fe%u%aQ'r ol i ’ﬁab X \ZSL@DS
for 1 hr. B9 With the GBAubhte Mot A8 ol FFo. Q8. filter surface was rermve

gentl e scrapphd1@lidihg sMatnPles ardGrovided S8 inl fHoSun8ér§tadaml 8 teEHeseR dnvehtn, the true
backgr oundschpendtiwnigh @f set feh PirRESppérdied BiBIME. it & @Fidbrstobl Ehaf inbdifREtRnd\&dh Be 488N the
rinsed v tgrode@@esaset fqah.ekihbutiddpanmg fbmrthd SgirMof thb GhvEntibd, Rl tekiperdBired &b exbidss3d/in

t et-r amet hydegreroOéisive @k lacr indevectad) Thé/syatidOér (jatdn Gr Blcro, b. g« rilgrolRAmiErordole, Rtch 36
'SDS and 10wMeELDTAuMT¢e 32P-| abel ed 17mer was then added at a concentration
of 0.1 pnol/m and hybridization was carried out at 48 deg. for 72 hrs.

Fol | owi ng BYWMPLES zation the filters were washed extensively in 2 x SSC

(0. 3M N&C| Exampje b iolatign of 2 Gpnemic Clomeo7EPG s at room tenperature and then for 1

mn At T”“ﬁc ' 1"”‘“? s“ss"?ﬁ?i‘w@ 5 i ts"‘h-a%""m%%p@ﬁr SSoDU 61 B95GRIG PIEHRE
in. at th ! ' e
;nigna?s ?‘3 S_psm ?%}é&?@h%ﬁ%{d% '\Aﬁeftwe%{rfvaﬁ "a-ﬁgt?ﬂr #19ng

screen. Th uan% ‘gbﬁ’ \7§t r éi?aédm&d'a the

jinac fungase
on. w ract onatlon on g C‘EI‘W@_IJ %lqi‘ tot
rescr eenecg bth \Tttufe gg%\ tw éc tl :;E :é?
filters arbaa le n r'by géf:"‘e! lb& oh eéxé ter;rfgla é r{a E‘ shég
for plati riga@dnthe &Py Wbl hdd QQpWrﬁat@ oprase %g i qu e of the
hybri di zatgrduin E&fect@@% r%édr?érphms HPLC Ffa GQ co tQ m’@q’er@ H D%QJ dlustt le
probe Was t6 BAD\06%kN fashilih ickbbRte digebtb&lo doﬁlpféﬂ)ﬁo ith 2SR P Efre ted trypein r(W@rthm
room t enpesrabufs attrdiel. e firbid BibosHERSwas MW RlBisHeBaS reddrserhadtathbLc ik EschtE a
probe. Twarhé btz pieaka bt HRIDEPO ahd/Didinth w8 Gndnforéd, Well Bdpaated bEURE Rere B¥¥Porated to near
dryness, and subjected directly to N-terminal amino acid sequence analysis (59) using an Applied
Biosystems Model 480A gas phase sequenator. The sequences obtained are underlined in Tables 2 and 3.
40 As described herein supra, two of these tryptic fragments were chosen for synthesis of oligonucleotide
probes. From the sequence, Val-Asn-Phe-Tyr-Ala- -Trp-Lys (amino acids 46 through 52 in Tabies 2 and 3), a
17mer of 32 fold degeneracy

Q.

TTCCANGCGTAGAAGTT
45
and an 18mer of 128 fold degeneracy

CCANGCGTAGAAGTTNAC

50 were prepared. From the sequence, Val-Tyr-Ser-Asn-Phe-Leu-Arg (amino acids 144 through 150 in Tables 2
and 3), two pools of 14mers,
each 32-fold degenerate

TACACCTAACTTCCT and TACACCTAACTTCTT

55 .
which differ at the first position of the leucine codon were prepared. The oligonucleotides were labelled at
the 5-prime end with 32P using polynuclectide kinase (New England Biolabs) and gamma 32P-ATP (New
England Nuclear). The specific activity of the oligonucieotides varied between 1000 and 3000 Cifmmole
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fromone of these phage (designated herein, |anmbda HEPOL) was digested t 0
conpl etion w th Sau3A and subcloned into M3 for DNA sequence analysis
usi ng the dideoxy chain term nati ogp Gobkess 8f Sanger and 25 Coul son, (23)
(1977). The nucl eotide sequence and deduced ami no acid sequence of the open
reading frame coding for the EPO tryptic fragment (underlined region) are
descri bed olighwicatidel Athuben gemie MNAslibeane inghavteripphage | lavhsie (s et Blat22bvas sceseass
sequences u§ify atmodiéivatiorgefeninisit appliicatiqnameced @ giiginatiedesotied Ry e e alni(¢Mh (1 978).
consensus Aspbiin@en s epiod Phages were diaidd alor dqneily of BQsphages PEMIPR MM ARF dish GIZCYM
Tabl e 4.) meiaEsndripdubated atNGrdshettl the alquer yoisrvisialanRit smafl goproximalply DENA™E AfIY of
human f &t ghilling gtek dagrRIgAT (rduplicaia gerfices 9 he PlaauReRatiansefe franstgrreq jr°\}‘éf "}fﬁg'a %.n t
1i ver nRNANayeFnglaay uivay e inggpaled oxuniaft ay deg. qeiash JEE Y pliss: Tedirp vpto %‘T& 55
16 EP cenatypdsnd ngﬁrafzeq Ibi' flopting;fer 10,min. egep op a3 i llgbgg % J aCl and 0.

Tris (pH 8) -1M NaCl respectively. Foliowing vacuum baking at 80 deg. for 2 frs;, the filters were washed In

5 x SSC, 0.5% SDS for 1 hr. and the celiutar debris on the filter surface was removed by gentle scrapping

10 with a wet tissue. This scrapping reduced the background binding of the probe to the filters. The filters were
then rinsed with H2O and prehybridized for from 4 to 8 hrs. at 48 deg. in 3M tetramethylammonium
chioride, 10 mM NaPOs (pH 6.8), 5 x Denhardt's, 0.5% SDS and 10mM EDTA. The 32P-labeled 17mer was
then added at a concentration of 0.1 pmol/ml and hybridization was carried out at 48 deg. for 72 hrs.
Following hybridization the filters were washed extensively in 2 x SSC (0.3M NaCl - 0.03M Na citrate, pH 7)

15 at room temperature and then for 1 hr. in 3M TMACI - 10mM NaPO. (pH 6.8) at room temperature and
from 5 to 15 min. at the hybridization temperature. Approximately 120 strong duplicate signals were
detected following 2 day autoradiography with an intensifying screen. The positives were picked, grouped in
pools of 8, replated and rescreened in triplicate using one-half of the 14mer pool on each of two filters and
the 127mer on the third filter. The conditions and the 17mer for plating and hybridization were as described

20 supra except that hybridization for the 14mer was at 37 deg. Following autoradiography, the probe was
removed from the 17mer filter in 50% formamide for 20 min. at room temperature and the filter was
rehybridized at 52 deg. with the 18mer probe. Two independent phage hybridized to all three probes. DNA
from one of these phage (designated herein, lambda HEPO1) was digested to completion with Sau3A and
subcloned into M13 for DNA sequence analysis using the dideoxy chain termination method of Sanger and

25 Coulson, (23) (1977). The nucleotide sequence and deduced amino acid sequence of the open reading
frame coding for the EPO tryptic fragment (underlined region) are described hersin. Intron sequences are
given in lower case letters; exon sequences (87nt) are given in upper case. Sequences which agree with
consensus splice acceptor {a) and donor (d) sites are underlined. (See Table 4.)

30 Example 2: Northern Analysis cif Human Fetal Liver mRNA

5 ug of human fetal liver mRNA (prepared from a 20 weeks old fetal liver) and adult liver mRNA were
electro

40

50

55
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EP 0 205.

EP 0 205 564 Bl -
55 24
t he deduced am no acid
t he nucl eoti de sequence is nunbered beginning with 1°
The putative | eader

EP 0 205 564 Bl 55 2 1
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55 20

EP 0 205 664 Bl [err]
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55 peptide is indicated by all caps for the am no acid designations.
Cysteine residues In the mature protein are additionally indicated by SH
and potential N Iinked glycosylati o) ﬁ&s?“@ﬁ an asterisk. The am no acids
whi ch are underlined indicate those resSidues identified by N-term nal
protein sequencing or by sequencing tryptic fragments of EPO as described
in Exanple 1. Parti al underl I ni ng éndl cat es regj dueg in gue no acid 25
EP 0 205 564 Bl sequ@nce of-ncertal trypti& fr@gmends uI d not - be
det er mi ned unamnbi guodsl y. TRe cDNANcl ones® anbmaHEFm:LG "1 arrtmla HEPCFL8 and

| anbda- HEPOFL13 b d i he A
Type ?lesture Col %\gg ?%ﬂ ogegi‘é%’ ﬁry?;cﬁv ?‘égsﬁé(r) l\éngerge,&ll'g:?:n
dhe m iR B e st o
i ndependent genoig & &l% L g %% ?% 38 cSG)SfGonﬂthe Hael | | /
Alul library areﬁEI@sg geq‘,"b r&ﬁﬁerlgmﬁn I an F| ure 3. The
thi cken®d line i @EREeE Hhe 1§a" & onEofg t n : scal e (in Kb)
and the positi ong gf;jlgg g BesRrid gﬁgngorﬁlcfég%gcléagag sites are
hown. Th [ t t Qs |t S df
f)o'?h st raﬁd;egls?r%'égr‘gﬁ[légg x&nu? & ?gl ?eﬁegt%qig ?e“éugpcggl e'[ iO(r)nns
througpﬁtshl s reg:&:gg gc.gegfltﬁc %rﬁﬁ:’eingat oé (§§| \§3 xoms coding for
EPO nR hodhS r&da T i -pri b f |
presently :J?lk?lOWI%?.I gg?‘dt & n§cog %%L&eg %I%.g%grgrg dgt)r((lzcra]nedI >
The conpl ete nuclo‘é'egttl;@gstéqﬁenoe £t & 18 gegi e g sShewg i nTTable 4. The
Srom e s | SEB TS, e e R
nomi Cycl ones L > ndg | agbda
have been deposi gi;d téugjuaﬂ e%vgi I egf;ro§1 ge,‘A 5] c% ?yﬁﬁ M ture
Col | ection, Rocky | I ykang ag ﬁ@gss oF Ng JRTGE,4D154 ATCC
40155, ATCC 4015G 4h@ ATVCI408512 Echfechi el ¥, &EE@@I & 5:_Construction
by ot a T BEEGTE o SEL G Bl BRI G
vector is shown i %@%‘5?\ :Br;ﬂnef E,ﬁo& i sﬁpgsgi § é)nﬁal&s @| nbu
di hydrof ol at e re@ictgeR((DFHR) Jc “gﬁe ghlt &Hsoudeb ﬁa&crl pt i onal
control of the ad®engyr a3 25(Ad2) EngiebR 1@t B B Eerz 5 5-prime splice
site is indicated i € gh8 Bd&ho%i r B3 G\B atgnd§a. -gr fhe«tsél wite, derived
f r om an®j mmunogl 5bu| 3 g@é‘éﬂ i pgeﬁgg 9t geep ghé Aéé grg’l ate pronoter
and thte c[i)FHR 'E:Odlg‘pgﬁg 1ﬁcg. geug_ gegl % ol ga n%%ﬁ@glte |ds g
resent downstream ew | erfge e € i c-derive
Section of pAdnge ‘%A gésﬁf r%m g@%g"( quorgeg - @I% D7: 279
(\59981)) and doesgno St B tHhe gﬁgzg qdarige @omg 03 r§1| bi t
repli cation in ngm@ge@g:etgl s (LYsky e,"tél S %lagu%,f*s 283:9 79 (1981)).
pAdD26SVpA(3) wag c gegtgad%tcgplgsgrgigp sgL% ag olgsgggecg in Fig. 5A
PGS v S2ET 2 f BEEE B HE IS EE S
' ) o 2 & Q = 2 g g o
5 353 4 % e85 g RESEES ES

45 phoresed in a 0.8% agarose formaldehyde gel and transferred to nitrocellulose using the method of Derman
et al., Cell, 23:731 (1981). A single-stranded probe was then prepared from an M13 template containing the
insert illustrated in Table 1. The primer was a 20mer derived from the same tryptic fragment as the original
17mer probe. The probe was prepared as previously described by Anderson et al., PNAS, (50) (1984)
except that, following digestion with Smal (which produced the desired probe of 85nt length containing 74nt

s0 of coding sequence), the small fragment was purified from the M13 template by chromatography on a

sepharose C14B column in 0.1N NaOH - 0.2M NaCl. The filter was hybridized to approximately 5 x 108

cpm of this probe for 12 hrs. at 68 deg., washed in 2 x SSC at 68 deg. and exposed for 8 days with an

intensifying screen. A single marker mRNA of 1200 nt (indicated by the arrow) was run in an adjacent lane.

(Figure 1).

55 -

Example 3: @ Liver cDNA

A probe identical to that described in Example 2 was prepared and used to screen a fetal liver cDNA
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converted to plasm d pAdD26SVpA(3) (d) by the deletion of one of the two
Pstl sites in pAdD26SVpA(3). This was acconplished by a partial digestion:
with Pstl using a of enzyne such tgmb 205 8edgopul ati on of |inearized

pl asm ds are obtained in which only one Pstl site was cl eaved, followed by
treatment with 35 Klenow, ligation to recircularize, and screening for

del eti on difrary peepRet |in et wclon rbdaiCR2 priTaole etal.t Naturg\2B) (1834) using \atandlare plaque

sequence. soFprsing dBentopiDevis ScienqgalGt)i (1978) erdedureatirepiindgaenders gesitie en éq&@gn N

genes) wekhereinna@pdatERQRLS (13AEHDR dBRAsiAHEPPENS §800P) oo tambdaHEPQFLED 40?5952) W°’9
First, pAisgaiesqiaring segeniiaof d| e a0 cllapy: TIRwOIe "‘tsertSn%ﬂd@“%daT*iEﬁQE'r‘ rﬂ.’)‘F' é%mﬂdé
.opened % HEPAFLBreressegugnpgd fB’BY’W gvpelgring i 3 Jaoley Ak e ?ﬁ‘ffﬁ' gs of
triparti t@mb%ﬁ%"ﬁﬂ%'efﬂ%ﬂue" 5 07 Are remgingpr @psugipd to b, fdentic é° ther 5'5’ ®Suas
di gest ed WP Sknige £-primp 29 “W/P t“ﬁtr ﬂ%\ﬁ?q“?ficg%érﬁéa"'eﬁf’f“ﬂd Vil C"é Upife The
140bp fra(jmtre%‘i?r\"t'zéi"ﬁfeﬁﬁd Y'néppge‘i?B% BY%%rt of the third | eader was isol ated
by eleggrophore5|s on an acrylamde gel (6%in Tris borate buffer; Mniatis
et al., supra). The 140bp fragnent was then ligated to the Pvull digested
pAdD26SVpA(3) (d). The ligation product was used to transformE. coli to
tetracycline resistance and col oni es were screened using the

G unst ei n- Hogness procedure enploy- 45 ing a [err] |abelled probe

hybri di,zing to the 140bp fragnent. DNA was prepared from positively

hybridi zing colonies to test whether the Pvull site reconstructed was
5-prime or 3-prime of the inserted 140bp DNA specific to the second and
third adenovirus | ate | eaders. The correct orientation of the Pvull site is
on the 5- prime side of the 140bp insert. This plasmd is designated tTPL
in Figz5A. The Ava Il D fragnent of SV40 containing the SV40 enhancer
segquence was obtained by digesting 50 SV40 DNA with Ava |1, blunting the
ends with the Klenow fragnent of Pol I, ligating Xho 1 linkers to the
fragnents, digesting with Xho 1 to open the Xho 1 site, and isolating the
fourth largest (D) fragnent by gel electrophoresis. This fragnent was then
ligated’to Xho 1 cut pTPL, yielding the plasm d pCVSVL2-TPL. The
orientation of the Sv40 D fragnment in pCVSVL2- TPL was such that the SV40

| ate pronoter was in the sane orientation as the adenovirus major |ate
pronoter. 55 To introduce the adenovirus associated (VA) genes into the
pCVSVL%ETPL, first a plasmd pBR322 was constructed that contained the
adenovirus type 2 Hnd Il B fragnent. Adenovirus type 2 DNA was di gested
with Hind Il and the B fragnent was isolated by gel el ectrophoresis. This
fragnent was inserted into pBR322 which had previously been digested with
Hnd Ill. After transformation of E. coli to anpicillin 26 EP 0 205 564
BLl/resizst ance, reconbinants were screened for insertion of the Hnd Il B
fragnent and the inserted orientation was determ ned by restriction enzyne
~digestion. pBR322 - Ad Hnd Il B contains the adenovirus type 2 Hnd Il B
fragment in the orientation depicted in Fig. 5B. As illustrated in Fig. 5B,
the VA genes are conveniently obtained fromplasmd pBR322 - Ad Hnd Il B
5 by digestion with Hpa I, adding EcoRl |inkers and digestion with EcoRl,
foll owed by recovery of the 1.4kb

45
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fragment. The fragment having EcoRl sticky ends is then ligated into the
EcoRl1 site of PTL, previously digested with EcoRlL. After transform ng E.
coli HB10l1l and selecting for tetrac¥%hk8§ é{é%stance, col onies were
screened by filter hybridization to 6 ic for the VA genes. DNA was
prepared from positively hybridizing clones and characterized by

restriction endonucl ease digestion. The resulting plasmd is to designated |

p91023. Asdllugtrated, j,n Fi 9., 3% the tV\D“E&oRlesLict e§ iénsap%OZé% wer e
renoved by sut t g po %3 t oo | et£&n o G Eco g&nékat i \Amll\g
fragnents, Sone about 7k andwgﬁgpot\’htér al5°o§t° 1. 3Rh8 TR Mat o Tragmbt
contai ned he MAgenes oThe endg of poi h fragnments,were, {jlleg . n uging the
Kl enow fraghentd@d Pol§Gand t 8t wo & Bagnedtd We:.e§t herg Bi gat;e(l;tog?éII er. A
pl asm d p91023(A), containing the VA genes and simlar to 15 p91023, but
del eted fore t hemt EgoRl sitesg wered dentid i ed G ungt ei ngldpgnesSe
screening @ th 't‘%\DVa§g3ne frspggwenf < End b?&onv%i on& SrestEiFtioE Bite
anal ysi g e sinple Bsgl siteg gn pOl@23( AL yas regyoved, gnd repl ace ty‘vith
an EcoRl s@te. p%L023EH was UL to TEnpl eFiDHn vv'stegDPst_:L andg ateg Qi th
t he Kl enowaf r agméht of §0II to eneratse flush en%ozs., Ecc;éRé | i nkers vvergv1
ligated to the qunteg st 1 siet&e of 102? . T lin POl (A) & Rith
EcoRL |ipkgrs attached at the™20 bl u%t ed sé’:)l si Fe” was SBpar &t &d fr &
unligated ginker§ andiy@ gested $o c@@l eti D@ w t g FcoRfy Land @l i gargsl. A
pl asmi d, p§1023( asCdepicted & n FrgOre SCOas FétovePed, amdivi denkidi ed
as havi ng struct uregsd ml ar «lep p9L0A3( A)w wbut Mig h ar, £CORlg & te Lni, pl ace
of the for@er PsBl siB& Plas&i® pofo23(B)2 Bas hB&h degfoSite®@ 8nd i 2
avai | ablog fromthe Angrjcan Typg Cultyre |l ection, Rockville, Maryl and as
Accessi on ®unber FATCE $P754. 2% E@m e 6%9 he o@%& clérfézs (! §bda-NF§b:L6
‘and | anbdag& EPOFLE3; Exanple 3) were inserted into the plasm p91023ﬁ?>)
forming pPfFL6 ald pPYEL13, rgikcti ¥éfy. & 8g of2@ach A2 the PpBrifigpd DNA' s
was then ubed t o830 tT&hsfect™5 x 186° COS—tEl s USing Pie DEAE?dextT &n
met hod @ nfra). ﬁfter,ﬁgz hrs.zdhe gedls wege waskhed aBds treated Wbk
Chloroquin (0.1m\) fof & hrs.> Brashed agaie ands éxposddto TE8m neldia
containing 10% fgtal c£a f serymfor 24 hrs. ,The ymdia Gh ed_to 4 m
serum free nedi afand $h& vesfell 48 ﬂ’lﬁﬁ |%®S§. Profuce ﬁ%"’sof: glrgunﬁliﬁi cally
active EPO was quantified by a radi oi munoassay as described by Sherwood
and Gol dhasser (§5). &rfe ant i $8dy =€ prodiBed byYEDr. J&i t hggher wddg. The
i odi nated tracere35 ~ was prepared Trom t e honsg&neou? “EPO dedcri fell in
Exanpl e 1. The sensit@ gity ofghe angpy i g @pprogxEmatepg 1 ng/sgr . The
results are showh belFbW i n TahPe 8.9 PABLE~840 <% = ~ O <O

LNTO  THE MEDI A

T

LEVEL O, EPO REL§EASE§ YECTOR o & oo g & 30 0w
= ¢ = 7]
(ng/m) pPtFLI3 g S6 &&& &% I3 36 &8 &£2 33@ 85
-pPTFLG s g -2 . v LD e > e 4 31‘ TFL1L.3<hf"‘S
been deposated ahd i & @vaila@ froithe &eri cangType éJJItLg;'@ Col [egti on,
Rockvi | | e, & I\/aryluand gnt_der Acczegsi on, uo A;I'%C 39998.
N = w O 30 a0
2] — > 3
“ § 58 38 =g 33 8§ de 36 =8
-]
3] a O 8 = > - O -y & b f wQ 70
(24 =9 ] ®x 0 o= bt < -t
: e < <§ E-'é i-g l;)’g 33 <8
J
20 o< 20 [ 8] O S Q o O Qo b
45 [V = - ) - < < "ok # 0 ke O '.1<‘
o - O e O [~ I ) <O - IR & <‘.§ < < Qo
&
3 o @ o< @ o < E ~ O -l Q=
§ BB £8 2B E§ 23 F5 3F I8
<
o < O o = Q -~ 0 -~ 29 > Q p
&0 - (&) o— 3 a - H
50 w <O ~<0 ] > 6 55 SE ] a3
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50 Exanpl e 7 EPO cDNA (| anbda- HEPOFL13) was inserted into the p91023(B)

vector and was transfected into COS- 1 cells and harvested as descri bed

above (Exanple 6) except that the ghlhapeses B1treatment was omtted. 55 .

In vitro biologically active EPO was neasured using either a colony formng

assay with nouse fetal liver cells as a source of CFU-E or a

[err]-thym di ne uptake @ssay uskng splgenstely s #ro@ ptgenyl hydrazi ne

injected mce. The seBEE viti eg of§°t hgsegaspysgar ¢ agpr oxi mately 25

minits/m . In vivo biologicallySactd ves EPQ we nidas@ edi using either the

hypoxi ¢ nouse or starvegi)g at meghod® THhe §engtihi t Y ofdthese assays 27

EP 0 206 564 Bl is apprd®d matel § 14D n@/nt. NP a¥ti i ty@was detected in

ei ther assay from nock condition media. The results of EPO expressed by

cl one EPOFL13 are showZ@elow in Table 9 wherein the activities reported

are expressed in units/% usi ng aucongi.rergi alg quantsi figd EPO (Toyobo, _

Inc.) as a standard. 5 JABLE 9 uPoz-Exc;anetgﬂd fgforrgccgcals Transfected with
a9 o ] ~ '

Type | BPO cDNA 10 - & & Assay ¢ & ¢ 9 5 8 §

Activity RIA g Y § 9 & T PO % ng/ M CFU-E

2 0.5 Um 3H Thy== 8 ¥ 3 ¥ 8 8 3 5 31 1.8 Un 15
. : yf:g u v u % o o @ @ . .

hypoxi ¢ nouse 1 Um starved rat

2 um 20 ggrpl e 8: SDS Pol yacryl am de CGel Anal ysis of EPO
from B Cells 180 ng <EPO relyeased phntq the nedi a ofe COS cells
transfected with EPO (Il aghbda- HEBOFIZL3)G cDBA id tée ﬁ’ect%r 91023(B) (supra)
was el ect rophoresed on RJl0% SD§ Laem &1 E’ol yiacr ¥ ag desgel and

el ectrotransferred to nitrocell § ok pipe (‘fovvbgn & % ., Proc. Natl.

Acad. Sei. USA 76:4350 §§79)). &The&f 255 g te] was g oled with anti-EPO
anti body as described imi®Table & washed, an?repr obed with '251-staph A
‘protein. The filter waseautoradi ographed for two days. Natikgve honobgeneous
EPO was described in Exﬁlﬁ)l e 1, cmei ther,befpre, (1aneB) or dfter iodination
(lane C) were el ectrophgresed (gee i gyreg6) .8 Makets Ubsed§i ncl uded [err]
‘met hi orfene | abel | ed~ sefgn al bugin 4 68200@ d)¥ an@ odal dini E (45,000 d). 30
Exanpl e 9: Constructlon of RK1-g Tie Bm B -Ruld fBagrknt3from the plasmid
PSV2DHFR ( Subramani 2§ B8, Ml % CH | .3Bi 8 . al: 854- 864 1951)) cont ai ni ng
the SV40 early regi @n=pF&hoter #dj &ent t8 tie ndusé dinhydrofol ate

reduct ase (DHFR) gene, amry SV40 enhancer, the small t antigen intron, and

the Sv48 pol yadenyl at i ab Bequenee vas jsolated o & w o
< 2 g ¢ 238 2 g o
' a 28 ¥ & & @ & o & & ¢
< A e 5 ¢ & & 9 & uw = g
> o 8 &£ 5 & & 8 @ ¢
‘\, g & S % § 3§ § & @ 2 3
35 asg ‘8 P % 9 @ = @ ® o«
MO 9 g
o QL 0 WO
(/> 2] - < < u @ U « Pr [T} &0 0
3 8§ 58 5 & ¢ ¢
3] [3)
w0 22 83 ¢ 2 8 88 % 8§ 8
Ll << O o M = U 8 0 o«
¢ 3 v g 8 § 8 @
35 I8 5§ 3 2 3 &5 8 2 ¢
=0 VWY @ & e g He ‘
4 el =3
5§ 2 5 @2 o2 o
9 13} f
28 58 & € o @ @ ¢ §W
& & << & x 8 0o 2 3 5 3
3 :o o ] & W 80 o
3o me o4 @ o4 9§ o w2 Y
50 Y = ™0 v 9 U e & & a5
0 ®BO& & w W 8 W v
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35 (fragnent A). The remaining fragnments were obtained fromthe vector
p91023(A) (supra) as follows: p91023- (A was digested with Pst | at the .
single Pst | site near to the adengyigfgssg4 gyoter to linearize the plasmd
and either ligated to synthetic Pst I to EcoRl converters and
recircularized (creating the sites Pst | - EcoRl - Pst | at the original

Pst | site; 91023 B')uor lreated with the |arge fragment of DgA pol yner ase
| to destroy theoPst Iu sidesgdnd Hiat t hgt Ec i nker and
recircul ari zed (& eat i?pg 'én %?leggt e‘sg%hgﬁ o%i %alggﬁ’ | site;
91023(B). Each oy thedwggresulting plasm ds 91023(B) and 91023(B') were
digestetd with Xb& and8EcqRl P& pradice tWQ fragnBnts £ and By j oi ni ng
fragment F from p9102%(B)? arfd & r agrient & Prom p91023(BY and® Pragnent G
from p91023(B) and fragmegt F from p91023(B' ) two new plasm ds were created
whi ch contained eithed ar8ECRR -dRst | 3 ewi @ PstEI2- E¢DR site at the
OLi gi naJ) Pst | si tel. g}e Ra] a‘étrz-?hd %det ai M Hg t h& S][ 1°° Ecol Ssite where
the Pst™| site is clogestytosthie gdenovigws najzoe | atme5 ps ter was
termed p91023(C). Theﬂvecgor":‘@l@ﬁ 0 hE digesed v@Btth Xha & o conpl eti on
and the resulting lingarigzed DNA with sticky ends was unt y an end
filling reaction with the | aBdge f& mentégf E.Eadi"li ] S‘% merase |. To
this DNA was |igated a 340 bT) imd 11 = EcoRl fragment contalning the SV40
enhancer prepared as fol I‘a‘.‘_‘owsg gThe:' jnd 1HE - PRl fE&mentd Erom SV40

whi ch contains the SV%';O i gp® oroepl i €ati on drfd t hé® &hanet® 50 was
inserted into the plagm e L (Lidtle o al. o Ml Bepl. Mg 1:473-488
(1983)). The c lac ve@tord v Epr éBg ed Wy2di ge8tEng o Ehc DEAEW th BanHl,

C

fillingoin the sticky ends with the |arge fragnment of DNA pol ynerase | and
digesting the DNA with Hgpd |lh. S reslBti @gpﬁasm' %c Sﬂ-gl ac)
regenerated the BanmH ¥site by &i dafd on ot h& BVU 11 Bunt éhd. The EcoRl -
Hnd Il fragment wasgprépared r2m C Sl ac gs Iigg?d t @ ghe EcoRl -
Hind 111 fragment of BSVEH (M loaCet al§ sup®d) whi<i¥ con®aPned the

R the, esul Ling pl asm d RYHPOD was
sel ected. The 340 bp (ﬁﬁ | fagnentgd PS\WHBEOd cghiai ni ng the
SV40 ori gi n/ enhancer S o hen ?E%r ed, él‘:unt e,gef?t bo‘:t’ga ends}iévi th the large
fragment of DNA polyngrase |, & gat @t o Xhglq & gestEes, bl unted
p91023(¢) vector deschi bl abd¥e.~ Fhe 7 &l t Fhy Dl a8t & (91023

(O /Xho/blunt plus EcfRI/EHind g | Ik unt LSY40 Omigi N pheus enhmpcer) in 28

EP 0 205 564 Bl {hich3thé ori éht 4% &on off Qhea@% Rl

pl asm @& 55 origin of Eepl cati
co
ya

(‘c_
©

[
f
I
n
n
r
n
e
I

& Ecol Gfragnent was
such that the BafH sPte®hithi*h that fragnent was nearest to fhe VA gene
was termed pES106 The plasnid pESE5 wés2di gedtdd wid Bama-é and Pvul |
and alsp with Pvull aBoné and ¥ hé® BanHl <Bvul | °1F agnénf” cont@Pni ng t he
adenovi rus nmmjor | at e?npr&mter?n(fa@@tgg) ang g he Ryg | frpgment
contai ning the plasnid déing ‘é:es-nsat ane® ene gtet racy&® i ne~r®si st ance) 5
and ot her sequences (%"r aérrent L) e igol,ated, [Fragngpts A, § and C were
| i gated and the resul i ng pl asm &8 ghowi g Figdre 7 g i sogp8ed and terned
'RK1- 4. 4Pl asm d RK1-4 has been deposited with the American Type Culture
Col | ection, Rockvilley Mgryl ar.‘gti, g{\@ere igSis afq |l abl'%g.mdels g\ccessi on

J

Number ATCC 39940. & ¢ 9 = Q <
(4] [3) (3]
3] 7] < a O QL [~ [T &) [~ ]
1] [ Q) ® N < O e O
g = g &8 <3 <3 = ol 4
4 el g
a e 25 28 &2 -
- O e O L Q < >s
o o ]
J ¥ ) &u 0 < LS o < :5
[3) |3 - ) ~ b D vd
S S g && a3 =3 O TR
50 [3] 7] [ ]
® 8 o ) ® W PR Y - - <
g 9 ® 99 ~- O —~ o e ®
(3] 3] -] < Q ~ g O Qo >0 0
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10 Exanple 10: Expression of EPO in CHO cells-Method | DNA (20 ug) from
the plasm d pPTFL13 descri bed above (Exanple 6) was digested with the )
restriction endonucl ease Cla | togpig2osrgea®it he plasmd and was ligated to
Cla |I-digested DNA fromthe plasm d pAdD26SVp(A) 1 (2 ug) which contains an .
i ntact di hydrofol ate reductase (DHFR) gene driven by an 15 adenovirus
maj or | ate pronoter (Kaufrman and Sharp, |. and Cell Biol. 2:1304-1319
(1982)). This ligated DgAydas QB t@p@.r nsfect DHFR-negative CHO cells-
(DUKX-BI |, Chasin L.A @l <Ur |A6h™G 1 T980) PNAS 77 4216-4220) and
followng growth for two days, cells V\:hi&h i ncorporated at | east one DHFR
gene were selected in al g8 nmedishg ackis nu@ Boti des and suppl emented w th
*10% di al yzed fetal bovi ne®$rum™ Fol | o ng gFo%t h for two weeks in
sel ective nedia, colonies were regoved Jhomthe original plates, pooled 20
into groups of 10-100 col &g es 8 pooig, &r epBed and grown to confluence
i n al pha nedi a | acki ng nu&(oti des. The supePnBtant nedia fromthe pools
grown #ior to methotrexakegsel ext§ on e assayed for EPO by RIA Pools
whi ch showed positive EP oduas Pon € grﬁj\ﬁ in the presence of
met hotrexate (0.02 uM and then subcl oned andh reassayed. EPO Cla 4 4.02-7,
a single subcl oned fromtﬁ'% EPE/)"%%a 4 282 pc;oﬁ, rel eases 460 ng/m EPO
into 5di a cont ai ni ng 0.02 UM (Tabl e 10). PO Cla 4 4.02-7 i's the 25
cell line of choice for ER® prodfi& i on3pfd hgsgbeen deposited with the
Anerican Type Culture Col®etiorf® & Ac&¥si om Number ATCC CRL8695.
Currently, this clone is Rekng sgulg' ect%d:-to S gpwi se selection in
i ncreasi ng concentrationsgdf MDE cand Wi B pegumably yield cells which
produceg, even higher levels of EPO, For pgols which were negative by RIA
methotrexate resistant coBddies § ai ngpgfrord Bhe counterpart cul tures

. . - QD -] .
whi ch were grown in the presence of net hot r exaTe (0.02 uM were again
reassayed in pools for 305 €PO by &R A _El'&ose;c | tures which were not
positive were subcloned a®d®subj2& ed fo=gromtf in fur&her increasing
concentkf ati ons of nethotrexate. Seepw se<ret oLrexate &MIX) sel ecti on was
achi eved by repeated cycl &5 of caid uri n"gat hez8l | s in §he presence of
i ncreasi ng concentrations of gt hof rexal g and selecting for survivors. At
each round, EPO was nmeasiifed i A c:gl_ggeﬁﬁj er nat an% by RIA and by in
vitro biological activity™ The I €vels of netfbPrexate 35 used in each
stepwi $% anplification wem=ez0. 023%/1 0.35%M mad .5 uMi As shown in Tabl e
10 after 1 round of selecBi@n inm 2 ult ATX s 9nificanf I evel s of EPO were

being rel eased into the cy ture grgdia. JABLE 10 40 & _ Level
of -\EPO Rel eased into tﬁegwbdigm ph&d 8 £E8 0. 02 uMnethotrexate in
akpha Sanple Assay nmedi um harvest ~ medi um
harvest 45 4 4 Pool S8 RIAES —1517 Dy m
50 ng/m 4 4 Single Colofy®50 B < g% (9%7) RA
460 ng/mM 55 Exanple 1l .Expregsgon of PO CHO cells - Method 11 DNA
fromthe clone | anbda HEP&813 whs<di ges¥ed W& £n EcoR and the small Rl
fragmeng containing .o 50 P .o

& & 36 483 28

O  Q a2 -

S8 4% <8 5§

5§ 3 £83 28
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t he EPO gene was subcloned into the EcoRl site of the plasm d RK1-4 (See
Exanpl e 10). This DNA 29 EP 0 205 564 Bl (RKFL13) was then used to )
transfect the DHFR-negative CHO celEb%lgjsrs%g%y (wi thout digestion) and the
sel ection and anplification was carried out as described in Exanple 10
above. The RKFL13 DNA was also inserted into CHO cells by protoplast fusion
and mcroinjection. Plasm d RKFL13 has been deposited and is available from
the Americgn Tyge ure (ollection, Rockville, 5 Maryland under Accession

No. ATCC 33989.;TABL,_ g1 L@l ofg Bi® ReldEsew S0 shiRve@ 4§50 S1g8a

0. 02uM net®otrefate in Sanpl e TES 9ATRy Pum™h@rYesT “|%l pha
medi um Bar@est §5 Chpny = R A ng/

42 ng/m (Bool )8 Pool® &5 2B 28 5§ 2B 5%8'5 r.gg

150 ng/m (clong) 3H Thy .- 1.5 U m| 20
Single Colgny @Rl Az - als B -mQ el QO ng/ m
cl one (]"’ C-Z)g[errr'.ig"y S8 s *<943 83 SIS 5.38ungl8

M croi nfec®ed &Rl A ng/ 160 ng/ m
25 pool (DEPO-R) [& @ -Thg S 38 15% ungg S8 & 2l3-- The
preferred &ingl® colony clone has bg¢en deposited and i avai Tlabl e Pi%m the

Arerican Type Cul t urdE30 I8 ecti og|E RockyEl | e, Fryl #A8 und@fs Acca@sgi on
Nunber ATGE CRL$695.~ Bxanpt'e” 12: EXf? essitff of EPLeGerfoHi c cHéhe i%—l
Cell's The §ectgs useggfor g)&pressi§<of the EPOzgeNonmiLec| ongld s pg
(Mellon et@al . ,gsupaP: DNAT rom 36[HSVOR as dBgest ed Bo ¢
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The plasm ds CZ1-3 and CZ2-1 were transfected into COS-1 cells as described
in Exanple 7 and nedi a was harvested and assayed for imunologically . ‘
reactive EPO. Approxi mately 31 ng/ gp godostgé@saas 45 detected in the culture
supernatant from CZ2-1 and 16-31 ng/nml from CZ1-3. Genomic clones HEPOL,
HEPQ2, and HEPO6 can be inserted into COS cells for expression in a simlar
manner . Exanple 13] presgi gr,in ClZ7 apnd wn 33 el ks @nsgruction of = 7
pBPVEPO 50 A pl asrggg- nt ath® t he EPO %HDN® s@quelceSunder 3 he R B
transcriptional control of a frouse m& alg | & hicone§ n ?orﬂ)te‘i“ and linked to
the conplete bovine gapil | onakyirus NA @assprépardd &s @01 lows: pEPOLOf 55

The plasm d SP6/5 w@spurchas fromf-iDrogregg Bidot . ®hi & pl@asm d was
digested to conpletidqn with EgoRl and the 1§40“bp Ecofn f"ragmant from

| anbda- HEPOFL13 was digsert ed DNA ligase. Aresulting plasmd in which
the 5' end of the E@i—"gene VEe nearegf tg tphe QP6 propotgr (gs determ ned
by Bgll and 30 ER, ?205 5. B1 H i 1% & géstign) SwaP t € ned pEPOAOF.

In thisrientati onzlthe Banfl@site ith the BSPE 5 ol §lifgkersis directly
adjacent to the 5 end of the|EPO gerde. pMVEne@ BRY 58ThE pl@snid

pdBPV- MMTneo (342- 124 Law ef@l ., M@ . nd8Celd Hiol 8 389211D- 2115 (1983)),
illustrated in Fi gurg{eB, was™{ff gested to° cofipl Stioh w'th®BanH to pr oduce
two fragments - a | ag frag t -8kb in length containing the BPV genone
and a smal |l er fragmsg -6. 54 in legngth, gontaingng,thg pM-2 origin of
replication and anpiEi | 1in rgkistancd gehe, §t hg ne§ al Bot I orfgi n pronvoter,
the neonycin resistgee genelid@nd 104 t g S§40PpolFadnyFat i®n signal. The
di gested DNA was recifrcul arizgd by DBA I8galle dnd Pl aim & which contai ned
only the 6.8 kb fragggnt wer i denti % ed@by&EC@R &indeBalH Jestrictions
endonucl ease di gest Ty One 3Hth pl ashi *wal t & mell pfrfeo BPV. pEPOL5A 15
‘pPMMIneo BPV was di gagied to Efgrpl etion with Bglll. pEPO49f was digested to
conpl etion with Bang&lSnd Bg and the @appgoxigatgl yo70Q bp, frAagnment
containing the entirg EPO codigag regigon @asgor gar@d By gel gsofation. The
Bgl I | d¥gested @IVMI BPV agdgthe 7@ Hp BEHE BB | | FEPQ f rBgngnt were
ligated and resBltindg plasn ds cont aigi g tife BPOEDNA Wre d deBtified by

col ony hybridi z§tig th &8i gonudte 3 i dg 2@ d%GC%CAECTCSTCCE:CTGTCC)
probe which i s $peTi for” T2 EPO Jene® OF tfe pfashi d§® whi ch®were
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With reference to Tables 2 and 3, the deduced amino acid sequence shown below the nucleotide
sequence is numbered beginning with 1 for the first amino acid of the mature protein. The putative leader

ss peptide is indicated by all caps for the amino acid designations. Cysteine residues in the mature protein are
additionally indicated by SH and potential N-linked glycosylation sites by an asterisk. The amino acids
which are underlined indicate those residues identified by N-terminal protein sequencing or by sequencing
tryptic fragments of EPQ as described in Example 1. Partial underlining indicates residues in the amino acid
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positive by hybridization analysis, one (pEPOL5a) which had the EPO cDNA in
the orientation such that the 5 end of the EPO cDNA was nearest to the

nmet al | ot hi onei n pronoter was identi Eb?% gé" &eibgest ion with EcoRI and Kpnl .

25 pBPV-EPO The plasm d pEPOL5A was 8 BEE¢ o conpletion with BanH to
linearize the plasm d. The plasm d pdBPV- MMTneo(342-12) was al so di gested

t o conpl et isaguenidet &F dBadFHrypii® fragned Gihich Would hatQIEERRtsfmifdd GhambiguddsiBkile cONRRIR4ED
fragment whantttal6ERUFEs, ntbda-HEPGRLE iahe laRoYd-HEPOPR( Hakd BFbn \depdifiedIMB QrecavalBe rgml -
i sol at ed. 3 pi6CADaydsatdilre alutlectitre RObKild3analiant raa gleBsRsion\miintbets JECCAD1ER gETCBEr
and a pl asn0tb2(apBRICERIFS, dspachivelyont ai ned t he BPV fragnent was identified by
col ony hybridi zati on using an ol i gonucl eoti de probe d(P-
CCACACCCGGFA@mtiaé: Gepomip Biedsturesof $19&BPfGege f or t he BPV genone. Di gestion of
pBPV-EPO DNA with Hind Il indicated that the direction of transcription of
t he BPV genontheglative sigessaneposiions of dougindependers gersmic ¢lengs tambde-HERO T, Rctrand @ from
met al | ot h| dheetiaeilly Ahiibrast are Hlystiated HBPWWMRmd(‘%ﬂ'QFM')G % &ks tickpnechling)indicTige the
pl asmi d 85 PO YfBFﬂt/thm\ﬁﬁPe 8784 sqate) (iny Kb) é‘v%lfhPé’Bf"é’"ﬁ PO Eestrighen ierdenucippipecieavage
Cul ture ColS['&Eca§ gipwn If&‘}E WPF °&"‘a' 5% OIS CopRigtaly F??Hembd f'%r'r&h 3“;82#4“3'"9
Expr essi on dﬁffted oxory ﬂ gietio E,@“qgé'éﬂ"’?'

DNA pBPV- ESY '\ﬁ/afg om X '°§ P et Yoo o) ’ﬁ"&h? P%o"“g '
o gg%ft [P o e %.mfn%ghf%mg %% z«% A
P d 05i
' e RN

Vi r ol ogy, v I;%bl e'rzba}ﬁerygi Sultufd o‘ﬁécht]u d, &9

medi a was GEBUSHE4, ATEE 4685 ATorRiPs00and REER 40BN G vely\@ 1
[err]-nedi um containing 10% fetal bovine serum was added Forty e| ght hrs.

| at er, tde ecahdiss: \WBRBudtiby HiSlettbrZRfhapd split at a ratio of 1:10 in DME

nmedi um cont ai ni ng 500 Ug/ M AI8 (Southern et al., Ml. Appl. Genet.

1: 327- 41 ( 198thp)traaskiimbtion veddr| vias \wAdE26EVAE) absebdaOoyf Keufman@t bl ViR oue aich, 2:(304 8
resi st ant ¢@B2nTrestryunreofttiieveciosis lsadwadh Figidiavirain kHisyplasmidocontaits Dinbaise Idinyebtbiste
-and gr own watiuctises(DBHR)axPNALgeng thiainis tunder rasseriptienabton@ 1B the Tduencgiels| 25 (Ade) @ajérhiate
washed, 2r @omolend 2prowrepidersite iy idddsted at thé adsooviryscDfeardm Inarsnecspiibe Ghite migkivbd rom
medi a was Bainveuspgiebulivigeane i rredent: kstweerThe Adbmaiortidte pretiotareanil sheVRREEIRtcegingebaranch.
shown to béhp ¥ ieety pelyadepigiidnysitedieli Rsisanhdewesieery framdtheyDHRR tdding osebetep dine al
assay: 55 PIEYRYerderivedspotion 9f p/SiPBESYafPis firm aSYQst (Malpstebel: Gell. 81 €FP (8R1Y apd does

pBPV- EPO aﬁ%f °2 fn dtre Q@@%?@“?"Sﬁﬁ“ﬁ‘%‘f & '%ft'b'tarPP"cat'gfb b‘r 'aamfa%'afd%% fiuprecpt izl Netranod
| . This ¥s%h at 10-q | d ol VFX@% P' of tgd he BPV- EPO. Fol | owi ng
?1 Vet EPdO r1verte o plasm ug aﬁdﬁ%@ A(Sggd byﬂﬁep etion o ne%:f che tw;ﬂvrcbgsﬁ sites in pA£326 p}\(ﬁl)ad

is was accomplished by a partial digestion with Pst1 using a of enzyme such that a subpopulation of

k/'! Imeanzed plasmids are obtained in which only one Pstl1 site was cleaved, followed by treatment with

a 35 Klenow, ligation to recircularize, and screening for deletion of the Pst1 site located 3-prime to the SV40
polyadenylation sequence.

The adenovirus tripartite leader and virus associated genes (VA genes) were inserted into
pAdD26SVpA(3)(d) as illustrated in Fig. 5A. First, pAdD26SVpA(3)(d) was cleaved with Pvull to make a
linear molecule opened within the 3-prime portion of the three elements comprising the tripartite leader.

40 Then, pJAW 43 (Zain et al., Cell, 16: 851 (1979)) was digested with Xho 1, treated with Klenow, digested
with Pvull, and the 140bp fragment containing the second part of the third ieader was isolated by
electrophoresis on an acrylamide gel (6% in Tris borate buffer; Maniatis et al., supra). The 140bp fragment
was then ligated to the Pvull digested pAdD26SVpA(3)(d). The ligation producﬁ?s used to transform E.
coli to tetracycline resistance and colonies were screened using the Grunstein-Hogness procedure employ-

45 ing a 32P labelled probe hybridizing to the 140bp fragment. DNA was prepared from positively hybridizing
colonies to test whether the Pvull site reconstructed was 5-prime or 3-prime of the inserted 140bp DNA
specific to the second and third adenovirus late leaders. The correct orientation of the Pvull site is on the 5-
prime side of the 140bp insert. This plasmid is designated tTPL in Fig. 5A.

The Ava Ii D fragment of SV40 containing the SV40 enhancer sequence was obtained by digesting

50 SV40 DNA with Ava |I, blunting the ends with the Klenow fragment of Pol I, ligating Xho 1 linkers to the
fragments, digesting with Xho 1 to open the Xho 1 site, and isolating the fourth largest (D) fragment by gel
electropharssis. This fragment was then ligated to Xho 1 cut pTPL, yielding the plasmid pCVSVL2-TPL. The
orientation of the V40 D fragment in pCVSVL2-TPL was such that the SV40 late promoter was in the same
orientation as the adenovirus major late promoter.

55 To introduce the adenovirus associated (VA) genes into the pCVSVL2-TPL, first a plasmid pBR322 was
constructed that contained the adenovirus type 2 Hind lll B fragment. Adenovirus type 2 DNA was digested
with Hind Il and the B fragment was isolated by gel electrophoresis. This fragment was inserted into
pBR322 which had previously been digested with Hind lil. After transformation of E. coli to ampicillin
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5 C127 cells were transfected wth 30 ug of pBPV-EPO as descri bed in
Method |. Follow ng transfection and splitting (1:10), fresh nedia was
exchanged every three days. After ppproosisgpBel vy 2 weeks, foci of BPV
transforned cells were apparent. Individual foci were picked separately
into 1 cmwells of a mcrotiter plate, grown to a sub-confluent nonol ayer
and assay edistoe, EEDbents wenteyscreanearfnrurgermrmfﬁ*p Hing Il Bdragroent pad theriagpriae areatationo
Exanpl e 1#es @tqmised boresiription renayee digsstos. w1882 r de tHingrfll Bfcoptpinetye ppr'S YPRE
pl asmi d vHiot 8t B fragueEnt imths ofipstationgdepisietl indt-8Rd i s avail abl e from the Anerj gan
Type Cul t ur ésdiiystraiastin Big, SEREWQIA genes, arq/arnygnienty %htmv o pEEEp GRANG - Aqmé i
39991. sThby dle@a@'mw'md@amwﬂs EpFRY dinkers 4"6\%'93"2'5”” I ‘EOHQ grf'ﬁv PR -
P AY d

2t

‘Wi t h EcoRfragmsnt T%Hﬁﬂ‘fé‘ awég F%EE it V thag i gréyiou
e i S '

i nserte : )

‘Pl VEVSI ’(?ég Ak %a\ﬁ Eﬁd%fesﬁm '°F| 'ﬁésaeg?ﬁesm'? +% I%?ang Pty nbsl (235

Sfil | |’?1k8?5'9§6‘%§$m &9@9%3?&%&@% ovel BFE Y025 i3
l'i gation. ' ! % ér 3 76 %é\( othe?’ﬁfdalfﬂ@g(\(pghég@r fT ent
§re

plasmd meht@ vete YR8 hZSin geheA 6 Polt and
appr oxi mﬁ{h% g‘ngnt; n"fﬁit@d tEJ VQ [dshRIPeg@BIA), @ ﬁibg tﬂé Gﬁ§6de§) Bndvdirhilar fohe
doubl e- ? te&%%dcf RS fvo bR B dites, AWtYe KiHEitdl ByNGuidthsHoghbss Wlrbahing Wt eheonat
perfectlyg ewa mée lafd B ébﬂ&eﬂﬁi:nhl&éﬂ@tidnfbﬂe baryge fragnment of DNA pol ynerase |

and the p0| Yiihb llk@é Pt Gite ih po1023(A) wddaéma¥bd and replaced with an EcoR1 site. p91023fajivas dut to
EcoRl compldiblvith Pst1 and #RRE WAEARCTIEGAGRGMET SHEN TOGABEETIAGCends. EcoR1 linkers
TCTAGAGCT wdré AGATIC TR GLNMRCCAT @6 & (o1028(8). Thslmepdr d1 08%(A WithEcoBh tinkeis gtiacheshat tPhe
pol yl i nkeblumes Pithssite tveasl separdsat Froro runiigatedt linkens an%dimsagnbohomnleml with E¢eB1. and
potyl i nkereligasedori plasmici ROUAZA(BY laatdepitted ByFigyre G wasfeedyprad.t 39 i fiied] agKiaving &
near est t etructves sirollay toendi @R3(AY duewithr asrkspBY sifegn plagen® dhefprpen Rt REjRpPlasmich pHIZA®) | n
whi ch t hehagplsen sippasited anfjin avatiablepfeam, the fieerican STYRR 1l Ctt"sct*%g%ﬁ'ﬂl"?h'\éﬁ}"ﬂw Fene
promot er Aecepianigbp ATEGSPRIBg. The nunber of base pairs which were del eted
bet weerdt he or |6g| nal Kpnl site in plVEVSI and the pol yhedron pronoter was
not det er F¥4T2E.5 The pl ElI VSI BgKp has 55 been deposited with and is avail abl e

fromthe A eul LA EE b REpoROGK Klanbi 3) WEe YlsRd iMBdR"
) lasmid
Accessi on &%;3(5 formmg%#g.rg ﬁ% |vely 8 ug of eac: of the purified DsNA's vsl/as then E:es(r’n :o

30 transfect 5 x 105 COS celis using the DEAE-dextran method (infra). After 12 hrs., the cells were washed and
treated with Chloroquin (0.1mM) for 2 hrs., washed again, and exposed to 10 mi media containing 10% fetal
calf serum for 24 hrs. The media was changed to 4 mi serum free media and harvested 48 hrs. later.

Production of immunologically active EPO was quantified by a radioimmunoassay as described by

: Sherwood and Goldwasser (55). The antibody was provided by Dr. Judith Sherwood. The iodinated tracer

— 35 was prepared from the homogeneous EPO described in Example 1. The sensitivity of the assay is
approximately 1ng/ml. The results are shown below in Table 8.

TABLE 8
40 LEVEL OF EPO RELEASED
VECTOR INTQ THE MEDIA (na/ml)
pDPTFLL3 330
4 pPTFLE 31

PTFL13 has been deposited and is available from the American Type Culture Collection, Rockville,
Maryland under Accession No. ATCC 39990.

50
Example 7

EPO cDNA (lambda-HEPOFL13) was inserted into the p91023(B) vector and was transfected into COS-
1 cells and harvested as described above (Example 6) except that the chioroquin treatment was omitted.

55 In vitro biologically active EPO was measured using either a colony forming assay with mouse fetal liver
colls as a source of CFU-E or a 3H-thymidine uptake assay using spleen celis from phenylhydrazine
injected mice. The sensitivities of these assays are approximately 25 mUnits/ml. in vivo biologically active
EPO was measured using either the hypoxic mouse or starved rat method. The sensitivity of these assays
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32 EP 0 205 564 Bl pl VEVNI was -digested to conpletion with Kpnl and Pstl
to produce two fragnents. The |arger fragrrent whi ch contained the plasmd ,
origin of replication and the 3 r% .pl yhedron gene was prepared by
gel isolation (fragment A). pl VEVSI was dr gested to conpletion with

Pstl and Kpn to produce two 5 fragrrents and the smaller fragment, which
cont ai ned ish@pRaMYEL A0 MUIEIN Bo RERBDWEY detdttdtif 8itep bishy Atk modk Sonattier) mbisl Thy

gel i sol at resiilis(of ERQ etRissad)by clREEFGRANL3 dhe sHodn Bolovein daild1® Rhdren the dctioylesIbpbribd grase

to form t hexprasedph astsing ughg\dDdBinBeptép Mllantitail ERO ¢Togblei ns) @& aptandaral | y del et ed
pol yhedron gene into which a polylinker has been inserted and al so contains
a Notl site (replacing the destroyed EcoRl site) and a Sfil site which
flank the pol yhedron gene regr on. 10m pIVEVSI BGKpNI was digested to
conpl etio ) AL~ 4 .
fragnment f1
gene in the ori ent ation 15 such that the 5' end of the EPO gene i s nearest
to the pbl yhedr oh&g8a8¥noter and the 3' end of tASHNIERdIron gene were

identified by drcﬂestron with Bglll. One of these pI asm’ds in the
orientation descREBed above was desi gnated pI ion of EPO In
I nsect CElls 20 am)unts of the pIVEPO de by

transfor ng th strain JMLO1-tgl . was i sol ated by
cl eared ysat e elééﬂ gg Egﬁﬁﬁr atis and Fri ts% Col d SYfPhg Harbor Manual)
and further purr? & centrifugation | d- type/ ogr apha
californica polyhedrosis virus (AcNPV) strain L-1 DNA was prepared by
phenol extraction of virus particles and subsequent CsC purification of
the 25 I akamphdA: sO$ eSRclylaRIdBRIAcANREI Lot EROIromaosaces ect ed i nt o Spodopt er a
frugi perda cells TPLB-SF-2T (Vaughn et "al., I'n vitro Vol. B, pp. 213-17
(11977) usi ng 18hAg 6fERT releagal aeiha medis biaCEs et iransfeqeddeith(ERO(lamBad-HEFOFA M) cDNA
M1 ler, 19iA7he veasr eagdB)pisalrs) wb aetrdphoresdngy e d0%aBB$ dednalitl polyactylapiide gel and
W | d- type leditBtvanBditedatn chitrbCelivigseafapqn | (VB atel.cPrems dld. Atire Spil HEA 36:450 d1979)). The

i ncubat edl fiter @Fs @olfed with anteERO. aribndy e gescribat imTablechs washed ahchreprobadewithd AidkstEPCh 30
expr essi onprtint Te fiberivas aderadinarapbes ferdwd faypreativgyromagenenuaRtia was axgribatin Bxgmple,
vitro bi ol beitheil betpeesdape Berafsr dodination fane; §)i wesg plapiropfforessisesnFgga|6). Markers used
condi t i onelCHed* P pathigrefaelpdpsermanektER AP dgeumy GBI i tre was

concentrated to 6Q0m 35 Hsr ng 10, 000 nol ecul ar wei ght cutoff
ul trafi P8 r 5f3mslg 9 n&iﬁﬁm& R&li¢h as a MIIrpore [err] fitted with 5 sq. ft.

e R R S T S

SOd;' um pho (/@td% adenylation sequence was isolated
- 35 (fragment A). The remaining fragments were obtained from the vector p91023(A) (supra) as follows: p91023-
(A) was digested with Pst | at the single Pst | site near to the adenovirus promoter to linearize the plasmid
and either ligated to synthetic Pst | to EcoRIl converters and recircularized (creating the sites Pst | - EcoRI -
Pst | at the original Pst | site; 91023(B") or treated with the large fragment of DNA polymerase | to destroy
the Pst | sites and ligated to a synthetic EcoRl linker and recircularized (creating an EcoRI site at the
40 original Pst | site; 91023(B). Each of the two resulting plasmids 91023(B) and 91023(B") were digested with
Xba and EcoRl to produce two fragments (F and G). By joining fragment F from p81023(B) and fragment G
from p91023(B') and fragment G from p91023(B) and fragment F from p91023(B') two new plasmids were
created which contained either an EcoRI - Pst | site or a Pst | < EcoRlI site at the original Pst | site. The
plasmid containing the Pst | - EcoRl site where the Pst | site is closest to the adenovirus major late
45 promaoter was termed p91023(C).

The vector p91023(C) was digested with Xhol to completion and the resulting linearized DNA with sticky
ends was blunted by an end filling reaction with the large fragment of E. coli of DNA polymerase |. To this
DNA was ligated a 340 bp Hind Ili - EcoRI fragment containing the 8V40 enhancer prepared as follows:

The Hind 1ll - Pvu 1l fragment from SV40 which contains the SV40 origin or replication and the enhancer

50 was inserted into the plasmid ¢ lac (Little et al., Mol. Biol. Med. 1:473-488 (1983)). The c lac vector was
prepared by digesting ¢ lac DNA with BamHi, filling in the sticky ends with the large fragment of DNA
polymerase | and digesting the DNA with Hind lil. The resulting plasmid (c SVHPlac) regenerated the
BamHi site by ligation to the Pvu Il blunt end. The EcoRI - Hind HI fragment was prepared from ¢ SVHPlac
and ligated to the EcoRl - Hind Il fragment of PSVOd (Mellon et al., supra) which contained the plasmid

55 origin of replication and the resulting plasmid pSVHPOd was selected. The 340 bp EcoRI - Hind Il fragment
of PSVHPOd containing the SV40 originfenhancer was then prepared, blunted at both ends with the large
fragment of DNA polymerase |, and ligated to the Xho1 digested, blunted p91023(c) vector described
above. The resulting plasmid (p91023 (C)/Xho/blunt plus EcoRI/Hind Hibiunt SV40 origin plus enhancer) in
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and diafiltered condition nedia contained 2.5ng of EPO in 380ng of total
protein. The EPO solution was further concentrated to 186m and the
precipitated proteins were renpvedEPY 205gs8igiiugati on at 110, 000 xg 40 for
30 minutes. The supernatant which contained EPO (2.0ng) was adjusted to
pH5.5 wth 50% acetic acid, allowed to stir at 4 C for 30 mnutes and the
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35 used in each stepwise amplification were 0.02 uM, 0.1 uM, and .5 uM. As shown in Table 10 after 1 round

of selection in .02 uM MTX significant levels of EPO were being released into the culture media.

IABLE 10
%0 Level of EPQ Released jinto the Media
Alpha 0.02 uM methotrexate in alpha
Sample Assay medium harvest medium harvest
s 4 4 Pool RIA 17 ng/ml ' 50 ng/ml
4 4 Single
Colony
50 Clone
(.02=7) RIA 460 ng/ml

55 Example 11: Expression of EPC in CHO celis - Method 1I

DNA from the clone lambda HEPOFL13 was digested with EcoRI and the small Rl fragment containing
the EPO gene was subcloned into the EcoRl site of the plasmid RK1-4 (See Example 10). This DNA
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pre, sio clopg is pSVOd (Mellon et 4al., supra DNA from
Su.mmr S us EpSV%'E)qN Q%ﬂ:troﬁw:trﬁ I Ill% dd]\zi the large fragment of DNA polymerase |.

The EPO genomic clone lambda-HEPO3 was digested to completion with EcoRI and Hind Ill and the 4.0 kb
fragment containing the EPO gene was isolated and blunted as above. The nucleotide sequence of this
fragment from the Hind Ill site to a region just beyond the polyadenylation signal is shown in Figure 4 and
Table 4. The EPO gene fragment was inserted into the pSVOd plasmid fragment and correctly constructed
40 recombinants in both orientations were isolated and verified. The plasmid CZ2-1 has the EPO gene in
orientation "a" (i.e. with the §' end of EPO nearest to the SV40 origin) and the plasmid CZ1-3 is in the
opposite orientation (orientation "b").
The plasmids CZ1-3 and CZ2-1 were transfected into COS-1 celis as described in Example 7 and
media was harvested and assayed for immunologically reactive EPO. Approximately 31 ng/ml of EPO was
45 detected in the culture supernatant from CZ2-1 and 16-31 ng/ml from CZ1-3.
Genomic clones HEPO1, HEPO2, and HEPOB can be inserted into COS celis for expression in a similar
manner.

Example 13: Expression in C127 and in 3T3 Cells Construction of pBPVEPO

50
A plasmid containing the EPO c¢cDNA segquence under the transcriptional control of a mouse metal-
lothionein promoter and linked to the complete bovine papilloma virus DNA was prepared as follows:

pEPO49f
55
The plasmid SP6/5 was purchased from Promega Biotec. This plasmid was digested to completion with
EcoR1 and the 1340 bp EcoR1 fragment from lambda-HEPOFL13 was inserted by DNA ligase. A resulting
plasmid in which the 5' end of the EPQ gene was nearest to the SP6 promoter (as determined by Bgll and
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The plasmid pEPO15A was digested to completion with BamHi to Imeanze the plasmid. The plasmid

pdBPV-MMTneo(342-12) was also digested to completion with BamH! to producs two fragments of 6.5 and

8kb . The 8kb fragment which contained the entire Bovine Papilloma Virus genome, was gel isolated.

30 pEPO15a/BamH! and the 8kb BamHI fragment were ligated together and a plasmid (pBPV-EPQO) which

contained the BPV fragment was identified by colony hybridization using an oligonuclectide probe d(P-

CCACACCCGGTACACA-OH) which is specific for the BPV genome. Digestion of pBPV-EPO DNA with Hind

Il indicated that the direction of transcription of the BPV genome was the same as the direction of

o transcription from the metaliothionein promoter (as in pdBPV-MMTneo(342-12) see Figure 8). The plasmid

AN 35 pdBPV-MMTneo(342-12) is available from the American Type Culture Collection, Rockville, Maryland under
Accession No. ATCC 37224,

Expression

40 The following methods were used to express EPO.

Method !

DNA pBPV-EPO was prepared and approximately 25 ug was used to transfect “1x 10 C127 (Lowy et
4 al., J. of Virol. 26:291-98 (1978)) CHO cells using standard calcium phosphate precipitation techniques
(Grahm et al., Virology, 52:456-67 (1973)). Five hrs. after transfection, the transfection media was removed.
the cells were glycerol shocked, washed, and fresh a-medium containing 10% fetal bovine serum was
added. Forty-sight hrs. later, the cells were trypsinized and split at a ratio of 1:10 in DME medium -
containing 500 ug/m! G418 (Southern et al., Mol. Appl Genet. 1:327-41 (1982)) and the cells were incubated
so for two-three weeks. G418 resistant colonies were then isolated individually into microtiter wells and grown
until sub-confluent in the prsence of G418. The cells were then washed, fresh media containing 10% fetal
bovine serum was added and the media was harvested 24 hours later. The conditioned media was tested
and shown to be positive for EPO by radicimmunoassay and by in vitro biological assay:

55 Method ﬂ

G127 or 3T3 cells were cotransfected with 25ug of pBPV-EPO and 2ug of pSV2neo (Southern et al.,
supra) as described in Method 1. This is approximately at 10-fold molar excess of the pBPV-EPO. Following
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_ was inserted by blunt end ligation. The resultant plasmid is termad pIVEVNL.

25

pIVEVSI

plIVEV was digested with Smal to linearise the plasmid and a single Sfil linker
30 GGGCCCCAGGGGCCC
CCCGGGGTCCCCGGG

\/ was inserted by blunt end ligation. The resultant plasmid was termed pIVEVSL
35
pIVEVSIBgKp

The plasmid pIVEVSI| was digested with Kpnl to linearize the plasmid and approximatsly 0 to 100 bp

were removed from each end by digestion with the double-stranded exonuclease Bal 31. Any resulting ends

40 which were not perfectly blunt were blunted using the large fragment of DNA polymerase | and the
polylinker

Xho I I

© ‘_aqj,zj JESSRT lclaz nI
AGATCTCGAGAATTCTAGATCGATGGTAC

TCTAGAGCTCTTAAGATCTAGCTACCATGG

s0 was inserted by blunt end ligation. The polylinker was inserted in both orientations. A plasmid in which the
polylinker is oriented such that the Bglll site within the polylinker is nearest to the polyhedron gene
promoter is termed pIVEVSIBgKp. A plasmid in which the Kpnl site within the polylinker is nearest to the
polyhedron gene promoter is termed pIVEVSIKpBg. The number of base pairs which were deleted between
the original Kpnl site in pIVEVSI and the polyhedron promoter was not determined. The plEIVSIBgKp has

56 been deposited with and is available from the American Type Culture Collection, Rockville, Maryland under
Accession No. ATCC 39988.

pIEVSIBgKpNI
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Example 16: Purification gf EPO

rég?dmun'oé’sgaypa%

. COS-cell conditioned media (121) with EPO concentrations up to 200ug/litre was concentrated to 800ml
N 35 using 10,000 molecular weight cutoff ultrafiltration membranes, such as a Millipore Pellican® fitted with 5
sq. ft. of membrane. Assays were performed by RIA as described in Example 6. The retentate from the
ultrafiltration was diafiltered against 4ml. of 10mM sodium phosphate buffered at pH7.0. The concentrated
and diafiltered condition media contained 2.5mg of EPO in 380mg of total protein. The EPOQ solution was
further concentrated to 188ml and the precipitated proteins were removed by centrifugation at 110,000 xg
40 for 30 minutes.

The supernatant which contained EPO (2.0mg) was adjusted to pH5.5 with 50% acetic acid, allowed to

stir at 4° C for 30 minutes and the precipitate removed by centrifugation at 13,000 xg for 30 minutes.

Carbonylmethyl Sepharose Chromatography

45
' The supernatant from the centrifugation (20ml) containing 200ug of EPO (24mg total protein) was
applied to a column packed with CM-Sepharose (20mi) equilibrated in 10mM sodium acetate pH5.5,
washed with 40m! of the same buffer. EPO which bound to the CM-Sepharose was eluted with a 100ml
gradient of NaU(0-1) in 10mM sodium phosphate pH5.5. The fractions containing EPO (total of 50ug in 2mg
50 of total proteins) were pooled and concentrated to 2ml using Amicon YM10 ultrafiltration membrane.

Reverse phase-HPLC

The concentrated fractions from CM-Sepharose containing the EPO was further purified by reverse

s5 phase-HPLC using Vydac C-4 column. The EPO was applied onto the column equilibrated in 10% solvent B
(Solvent A was 0.1% CF3COzH in water; solvent B was 0.1% CF3COzH in CFaCN) at flow rate of 1mi/min.
The column was washed with 10%B for 10 minutes and the EPO was eluted with linear gradient of B (10-
70% in 60 minutes). The fractions containing EPO were pooled ("40ug of EPQO in 120ug of total proteins)
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10. The cell line of claim 9 wherein said manmmalian cells are 3T3, C127 or -
CHO cells. 35 EP 0 205 564 Bl 11. A cDNA sequence encoding the 1-166
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Claims
- 35
1. A DNA sequence encoding human erythropoietin comprising the nucleotide sequence as set forth in
Table 4 from the sequence ATG encoding the initial Met, through AGA encoding the terminal Arg.

2. A vector comprising the DNA sequence of claim 1.
40
3. A mammalian host cell transformed with the vector of claim 2.

4. A recombinant DNA vector comprising a genomic DNA clone having a nucleotide sequence as shown
in Table 4.
45
6. A mammalian cell line transformed with the vector of claim 4.

6. The csll line of claim 5 wherein said mammalian cells are CHO cells.

50 7. A DNA sequence encoding the aminc acid sequence 1-166 of erythropoistin as shown in Table 3, said
DNA sequence comprising nucleotide "ggtc" which is 50 nucleotides upstream of the ATG codon
encoding -27 Met through nucleotides TGA following the AGA codon encoding 166 Arg.

8. A recombinant DNA vector ccmprising a heterologous promoter and the cDNA sequence of claim 7.

55

8. A mammalian cell line transfcrmed with the vector of claim 8.

10. The call line of claim 9 whergin said mammalian cells are 3T3, C127 or CHO celis.

35
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: Claims

1. A DNA sequence encoding human erythropoietin comprising the nucleotide sequence as set forth in
Table 4 from the sequence ATG encoding the initial Met, through AGA encading the terminal Arg.

2, A vector comprising the DNA sequence of claim 1.
40
3. A mammalian host cell transformed with the vector of claim 2.

4. A recombinant DNA vector comprising a genomic DNA clone having a nucleotide sequence as shown
in Table 4.
45
5. A mammalian cell line transformed with the vector of claim 4,

6. The cell line of claim § wherein said mammalian cells are CHO cells.

50 7. A DNA sequence encoding the amino acid sequence 1-166 of erythropoietin as shown in Table 3, said
DNA sequence comprising nuclectide "ggic" which is 50 nucleotides upstream of the ATG codon
encoding -27 Met through nucleotides TGA following the AGA codon encoding 166 Arg.

8. A recombinant DNA vector comprising a heterologous promoter and the cDNA sequence of claim 7.

55

8. A mammalian cell line transformed with the vector of claim 8.

10. The cell line of claim 9 wherein said mammalian cells are 3T3, C127 or CHO cells.
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2. vecteur conprenant |a sequence -d' ADN selon | a revendication 1. 3.
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17. A method of claims 14, 15 or 18 wherein the host cells are mammalian cells.

18. A method of claim 17 whersin the mammalian host cells are COS, CHO, C127 or 3T3 cells.
35
19. A method of claim 17 wherein the mammalian cells are 3T3 cells.

20. A method of claim 17 wherein the mammalian cells are Chinese hamster ovary (CHO) celis.

40 21. A method of claim 17 wherein said DNA sequence is contained in a vector aiso containing bovine
papilloma virus DNA.

22. A method for the production of a pharmaceutical composition of human erythropoistin comprising:
(a) culturing in a suitable medium sucaryotic host cells transformed with a DNA sequence encoding
45 human erythropoistin selected from the group consisting of: the DNA of Table 3; the DNA of Table
4; and the DNA of Table 4 comprising nucleotide "GGTC" fifty nucleotides upstream of the ATG
codon encoding -27 Met through nucleotides TGA following the AGA codon encoding the 186 Arg
and the DNA of Table 4 comprising the ATG codon encoding -27 Met through nucleotides TGA
following the AGA codon encoding the 166 Arg, said sequences operatively linked to an expression
50 control sequence;
{b) separating the human erythropoietin so produced from the cslls and the medium; and
(c) formulating said erythropoietin in conjunction with a pharmaceutically acceptable vehicle.

Claims for the following Coniracting State: AT
55
1. A method of producing a human cDNA clone which expresses biologically active erythropoietin
comprising:
(a) digesting purified erythropoistin protein with trypsin;
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de papi | | omegy fudiSotiRes bigdireadlof 1 AT 6okl BndBdifd @Y Mt @Rough HitROTIRETTGA I félloRing the
phar maceut i oakga 6baéi shetingRed /gl ne humei ne, conprenant: (a) la culture dans
un mlieu approprie de ceI | ules h6tes eucaryotes transfornees avec une
séquence d. ADNhetrod aditcldgn® Ll wherdili yat bONID Gdqubnica cenbatingi the 16168 amiire  aladh Seduenagr fupe
formd par |'oNhogbieti s used, said BN emipriSng thé Adodbrael of Teblecsafitomithe GCL' cAdIN egitoding

"t abl eau 4 coher skaamdugh the AGE lcokbh ieatedindgdIBT @¥6 Arg.nquant e nucl dot f des en anont du
codon ATG codant pour |a ndthionine -27 jusqu' aux nucl eotides TGA sui vant

| e codon AGATheomthad ofpsaim 4|whareigiariNAeseq@BcectncediBNhecaminogdsiddepdersoguongs et | e
codon AT¥G co@HAy ﬁgdﬂyﬁtfateai"r@hi3oiﬁiu??é 27 jusquaux nucl dotides TGA suivant le

codon AGA codant pour argi nine 166, |esdites seqsuences dt ant i Vs de
mani ere abt i A @efod @ﬂc{ﬁ’éi‘ﬁ?@" Qb hypaR; graffrgpoigyn comprising jfable medium

Byg

eucaryotic host cells containing a DNA sequence as shown in Table tp operatwe linked to an
expression control sequence, and separating the erythropoietin so produced from the cells and the

30 medium.

7. A method of claim 8 whersin the nucleotide sequence as set forth in Table 4 from the sequence ATG
encoding the initial Met, through AGA encoding the terminal Arg is used.

— a5 8. A method of claim 2 or 6 wherein the culture medium contains fetal serum.
9. A method of claims 2, 6 or 8 whersin the host cells are mammalian cells,

10. A method of claim 9 wherein the mammalian host ceils are COS, CHO, C127 or 3T3 cells.

40
11, A method of claim ¢ wherein the mammalian cells are 3T3 cells.

12. A method of claim 9 wherein the mammalian cells are Chinese hamster ovary (CHO) cells.

45 13. A method of claim 9 wherein said DNA sequence is contained in a vector also containing bovine
papilloma virus DNA.

14. A method for the production of a pharmaceutical composition of human erythropoietin comprising:
(a) culturing in a suitable medium eucaryotic host cells transformed with a DNA sequence encoding
50 human erythropoietin selected from the group consisting of: the DNA of Table 3; the DNA of Table
4; and the DNA of Table 4 comprising nucleotide "GGTC" fifty nucleotides upstream of the ATG
codon encoding -27 Met through nuclectides TGA following the AGA codon encoding the 166 Arg
and the DNA of Table 4 comprising the ATG codon encoding -27 Met through nucleotides TGA
following the AGA codon encoding the 166 Arg, said sequences operatively linked to an expression
56 control sequence;
(b) separating the human erythropoietin so produced from the cells and the medium; and
(c) formulating said erythropoietin in conjunction with a pharmaceutically acceptable vehicle.
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(b) la separation de |"drythropol eti ne humai ne ainsi produite des cellules -
et du mlieu; et (c) la fornulation de ladite drythropolftine en

conbi nai son avec un vehicul e acceptepbi gge‘pﬁi[, nt de vue pharmaceuti que. 35
Revendi cati ons pour |'Etat contractan RP8ERL: AT 1. Procedd de
production d' un clone d" ADNc humai n qui exprifre une drythropol etine

bi ol ogi quemevdndrationée, conprenant: (a) l|la digestion d' une proteine

erythropoTetine purifide avec |la trypsine: 40 (b) 1" obtention d' un |

ensenbl e dd. stdess d'ADN icont LABLHEPSENRINAGING YsmpréhaR (LEGRAE &b REEHESs selon
ani nes des friagabieat ¢ dery pisierce ATEcOM poir B rhétiedn@p GnitlaR)? la (s6duehc® AGIAI dabiake Bour
d' une bi®l i otllatyipine taimiAdN du genone hunai n avec | es sondes

d' ol i gonucl eotides de |'6tape (b); (d) la selection de clones qui

s' hybri den® apeteur|congprenantde ssquence ¢'ADM gelemie syenditation ¢l ones pour 45

determ ner si_ce sont des clones de |'Mythropletine, (e) |"identification
d' un cl one3dallinpste e BaMFere Frasformép aver dpectput)selon 1 Yevpridigation 2sat i on du cl one
de |' et dhe (e\ie our cribler une bibliotheque d' ADNc prdparee a partir de
foie de foétd C'E (FE( T regambng rompyenapt us Sfope, AABN gnomiayn avadiainp séaugnce dopusiéttidene
a partir de I%8°BedPYBt feque d' ADNc de foie de foetus 50 de |'dtape

(f). 2. Prpcede.de production, d drythyopol dti ne humai ne, conprenant |a

cul ture,gaﬁ's l')grqeen‘fﬁ""ﬁae"ﬁ L ?rFHa'Bé’r%%lﬁe?ﬂ'%%ecﬁgisé?"@dﬁvaPW'@s4'contenant une
sequence dg AR} l&. . ent s |le tableau 3 |ide de manjer
active a u%e%ﬁ%ﬁ@a&gggmﬁﬁe{"?%dfcgtmﬁ%e%%p%qé’glﬁc{%s,%?egtcafd?s g%’B%\'P'B‘?Bfeo?‘?de@s cslules

| " eryt hropoTeti ne ainsi 55 produite des cellules et du mlieu. 3.

Procede sef,orsshanéd RINIEREt IO 12sddtdhee EGHLS lamhBE1- TGRSR c;gléiéfyif&gfﬁhegﬁur
| a sequence & AsiclRgusAEd MASN da aflGe hucldbie ¥h @Ot]u%ﬁ B¢ n @L Bs orfandPdfédo
est utilisde,aTGasbdér® ps@ 4l edGidnAe AAMNusRIN ARRBided GGA Ruivant le codon AGA codant pour
AT 111111 Yarginind keel 11 11 1)1 | EP 0 205 564 Bl nucl eotide "ggtc" qui
est 50 nucl eotides en anont du codon ATG codant pour |a ndthionlne -27
jusqu' aux &udleetadridiN BGAMISAS solriptenkrt uB QEEILIACASIEIBIBRB ot (D Bdqubncd dPDN NBIod & -
4. Procede sedvemdidationi7evendi cation 2 dans | equel une s6quence. d' ADNc codant
pour |a sdquence d'acides 5 am nes 1-166 de |'erythropoietine est
utilisde, 9 edionée piieirederpramiine tranafosnde aeacdevedigurisalbd is sayeriiceiiop8i s | e codon
GCC codant_ pour,|'alanine 1 jusqu' au codon AGA codant pour |'arginine 166.
5. Procede'% 519 qeliplgirg Selofip Fexendigation 9 fiansslaqualipjesdites sellulse demarrift sames catlilont
pour |a*sequ W& ¥GHks amines de tete Met Q@ y ... Leu Ay solon |le
tableau 3 ‘ﬁ.StSééJute}xclel dﬁﬂlﬁ\lc c]bgant pour la séquence d'acides aminés 1-166 de I'érythropoiétine, ledit ADNc
comprenant la séquence du tableau 3 depuis le codon GCC codant pour I'alanine 1 jusqu'au codon

AGA codant pour I'arginine 1686.
N~ 35

12. Séquence d'ADNCc selon la revendication 11 comprenant en outre une séquence d'ADN codant pour la

séquence d'acides aminés de tdte Met Gly ... Leu Gly selon le tableau 3.

13. Procédé de production d'un clone d'ADNc humain qui exprime une érythropoiétine biologiquement

40 active, comprenant:

(a) la digestion d’'une protéine érythropoiétine purifiée avec la trypsine;

(b) I'obtention d'un enssmble de sondes d'oligonucléotides basées sur la séquence d'acides aminés

des fragments trypsiques produits & |'étape (a);

(c) le criblage d'une bibliothéque d'ADN du génome humain avec les sondes d'oligonucléotides de
45 I'étape (b);

(d) la sélection de clones qui s'hybrident avec les sondes et le ségquencgage des clones pour

déterminer si ce sont des clones de I'érythropoiétine;

(e) l'identification d'un clone de I'érythropoiétine de I'étape (d);

(f) l'utilisation du clone de I'étape (e) pour cribler une bibliothéque d'ADNc préparée & partir de foie
50 de foetus humain; et

() la sélection d'un clone de 'érythropoiétine & partir de la bibliothéque d'ADNc de foie de foetus

de I'étape (f).

14. Procédé de production d'érythropoiétine humaine, comprenant la culture dans un milieu approprié de

56 cellules hGtes eucaryotes contenant une séquence d'ADN telle que représentde dans le tableau 3 lise
de maniére active & une séquence de contrble d'expression, et la séparation de I'érythropoiétine ainsi

produite des cellules et du milisu.
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6. Proc~d6 de production d'erythropol eti ne humai ne conprenant la culture
dans un mlieu approprie de cellules h8tes eucaryotes contenant une
s6équence d' ADN tell e que representgeodosses 81t abl eau 4 |ide de nmaniere
active a une sequence de contr8l e d' expression, et |a separation de

| " rythropoTetine ainsi produite des cellules et du mlieu. 15 7. Proced6
sel on | a révemckdé de ipdudond d'érythiopejéfiob hlimainedepmpreoant dheculture idensi utergilistodppreplicede

tabl eau 4 degslliles hotpssGepmstes comenant sioel sdarense diADNdelimmu raprdseniée;dans Ip dableay Adépu' a - |-

AGA codant peumanierapaciiand Hes sgvantads eonedie d'exrrassian: et la sépagitiondeg@pdhsorstinerainsh
revendi cat i opfodritpgesgelipios st Uiyl 1 e nilieu de cuI ture contient du serum
foetal .#9. Procede solon | os revendi cations 2, ou 8 dans |e

cel | uldes A&t Bracéde) prlonda eevendicatign L ould dapsipguellp 5""9‘239 Qujure 9?'198'&?85%%%'? &?taf a
t 9 d | | | [ ] ul h8t
o Ul s apebiogasolon g HEicens 5§ Toriut Thsthoe Sopdied Bes, ek 21 pasColiopagey

| equel Ies CBFPT és de nann1fere sont des cellules 3T3. 30 12. Procede
sal on 1'% revendicat i e

cel | ul es a? F?rocede ssdon :T:I‘aeven h nog‘\lleq% %%gl,ulfg L&%r %Crg A 804 s%ﬁte?é %E'Ifulegéés
revendlcatlo ans 1Tequel |adite sequence d' ADN est contenue dans un

vecteur cqat Iﬁ&%ﬁé sél’dﬁasJevé*glcétloﬁa‘%aqgle%pfeé EAARBY def H-l'a?nnn@)é' Rt d39 colies §¥s0cede de

prepar ggi on une conposition pharmaceuti que d' erythropoTeti ne hunmaine,
conprenanty, fddsdd seidnUh teNErRicaBRS7 Uihs THqlidl 48 CBIRIYS AP FriamilSre G6Ht kit QMU &sire de
eucaryot es ty.meef MneBeH@Vec une sequence d' ADN codant pour

| " eryt hropoTlti ne humai ne choisie dans | e groupe fornme par |'ADN du tabl eau
3, |' ADN du rredabie sdlondia @dveddichfi 10 Liabsalbu@hladith sEQusptectIADN estecontartds elats areveti@BT C'
ci nquanbe 40:ontenantaussﬂdcl'mtdedmsillmviambmﬁn.du codon ATG codant pour |a

_rret hi oni ne -27 jusqu' aux nucl eotides TGA suivant |e codon AGA codant pour

| " ar gi ni n82.1Me¢:édd dd préxPidtiehd'tnalspracesitiah rhemaraticuatd érwthrepgiting hamang sermprenabur | a
met hi oni ne - 272 lasytiradansnue IMdist i ageroprtEie seliulpa MOtep coueantas iramalomsaR BYeCp WS
1" argi ni ne 166%aupree @i ADAScodBY peh E&rwthrepqiiine hingring cheisiordians da groupetierid par (AR du
sequenc® de c RIS P ARNcurpkiany 4 'ADNS du tabloau ¢ Gymaranastdp spclfofids, "GETC" cinquante

| * dryt hr opol et”F‘?’F@“‘l’ﬂirPéfl %“bf"h&?d" IASHLFIOP@" o 'Eéﬂefhi?f“é% -t luRgy Ay pyaqlides{TGA.)

la formnul at i oﬁ“' (Ell ?W ?'Plﬁ%1§§‘et% dhéﬁb 8lh4 6’\:2@ 9@& E :§d e

accept abl e du
fUr hunmanes Ef 9H'P%é & kst?ﬂfeé'i;e[s eWé '8?15 d%Il"“an'ere aFaY) ”"ezfeﬂf’éa%ses Cf']

Nukl eot” dse- agifa % b 87 e bOCloRI S0 GG UEN2 ATG,
bi s ei nschl i e%jh&%ﬁgﬁé‘n erg{%} OEPO %tm@eﬁc %ﬂs&eené&&ﬁ {;E@durpom@‘é 2.
Vektor, der dig nz nad Anspruch

\’; 35 Revendications pour I'Etat contractant suivant: AT

1. Procédé de production d'un clone d'ADNc humain qui exprnme une érythropoiétine biologiquement
active, comprenant:
(a) la digestion d'une protéine érythropoiétine purifiée avec la trypsine;
40 (b} I'obtention d'un ensemble de sondes d'oligonuciéotides basées sur la séquence d'acides aminés
des fragments trypsiques produits a ['étape (a);
(c) le criblage d'une bibliothéque d’ADN du génome humain avec les sondes d'oligonucléotides de
I'étape (b);
(d} la sélection de clones qui s'hybrident avec les sondes et le séquengage des clones pour
45 déterminer si ce sont des clones de I'érythropiétine;
(e) I'identification d'un clone de I'érythropolétine de I'étape (d);
(f) Futilisation du clone de I'étape (g) pour cribler une bibliotheque d’ADNc préparée 2 partir de foie
de foetus humain; et '
() la sélection d'un clone de I'érythropoiétine & partir de ia bibliothéque d'ADNc de foie de foetus
50 de I'étape (f).

2. Procédé de production d'érythropoiétine humaine, comprenant la culture dans un milieu approprié de
cellules hétes eucaryotes contenant une séquence d'ADN telle que représentée dans le tableau 3 liée
de manidre active 2 une séquence de contrdle d'expression, et la séparation de ['érythropoiétine ainsi

§5 produite des cellules et du milieu.

3. Procédé selon la revendication 2 dans lequel une séquence d'ADN codant pour la séquence d'acides
aminés 1-166 de I'érythropoiétine selon le fableau 3 est utilisée, ladite séquence d’ADN comprenant ie

: A




3. Sauger-Wrtszelle, die mt dem-Vektor nach Anspruch 2 transformert ist.:
4 C L M s * EP O 205 564 Bl 4. Rekonbi nanter DNA-Vektor, der
ei nen genom schen DNA-Klon nmit ein sequenz genaR Tabel l e 4
enthalt. 5. Sauger-Zellinie, die m p@"éé\%gﬁi@{j nach Anspruch 4
transformert !st. 6 6. Zellinie nach Anspruch 5, worin die Sauger-Zellen

CHO- Zel | en sidutléotide "GP o @ECSTZ nucBbiRied bR aMbiR dDNAcBAS ATE SSRRUSHZ lalmdfidhiné0B7 .
Erythropoi et ijgsqgentiitisante| e sdivird Bictddn AGARDEINt sbuerafdiie Se81uenz das Nukl eoti d-
"ggtc", das 50 Nukl eotlde stromaufwarts des fU Mt -27 10 kodi er enden
Codons ATGA! Srocéltd selopilasednlicatioh 2 @insdejvel Nk kdzoéncel@RDNEFvderi bhild séqubhe daited Ur
Arg 166 &odi eamindel ¢11660da tnytik@aistine qyeutiiissd. ledReADDKBom@ertastiia Slydenbie i @SIeautiadepuis
ei nen het er olloguion FEG pesiacirpounidiainee! jofhlay Seiquadi cadart poulaginioctes7 ent hal t. 15
9. Sauger-Zellinie, die mt dem Vektor nach Anspruch 8 transformert ist.
10. Zel | i nf-e Ateeédd miﬁ (pegndigationd dars ledue! e gémruence ldIABN @Bt pouClkZBquenmart'acides
CHO Zel | en si3finés getéteiMet G!YDNF@@!}ER!Q‘MG tablpay fesk utitiée Ani nosaur esequenz 1-166
von Erythropoi etin kodiert, wobel die cDNA die Sequenz aus Tabelle 3 von
dem fUr Al% Proceef ¢ MAUSHPRCHRYroRisting, humaisp cemprpiasy Fp@wred@m rUmiliay @ppogesé de
kodi er enden éBH‘l?ﬁ h t@?ﬁ'@g‘gﬂt&? gontenant upariAL 33%9(1%%‘?1‘% R4 roRisptircdRna e tabigae 4 lide
wei terhin e| % qﬁl éﬁcll.ﬁ%ﬂetde qo@ prgsgsiop et lazagparatlon de 'érythropoiétine ainsi
Ami nosayy e- L EHGEIPSTEY B Leu Ay gemjA Tabel | e 3 kod| ert. 13.

Ver f ahr en Ul ddgdeS efh laullggengicﬂlgé 6.d ”Ens%g ol 1§ Qe%n CDNA ?%f,ﬂ% °" ‘g?‘?ﬁ’f‘ tl%m

aktives Er yt EQBNYE
Eryt hr opol et |u[,\% g St el n m t rypsraért]h' Ehﬁt?aﬁe g 'ar "' er@"ﬁ

von A i gonukl eoti dsonden auf Basis der Am nosauresequenz der | n Schrl tt (a)
erzeugt @n 4.1 YRickRGRRA a6 \3EAIRIMNS ou(6°dandMd§leRb MilBi abeéun&}u EEISH s SRARMoSigh en

DNA- Bank mt den Qi gonukl eoti dsonden aus Schritt (b), (d) Ausw-hlen von
‘Kl onen, di®e ®rcétisesoianes Fovbidialiots 2| 6r@aNg duidCieduRN 166 H8ARE EHdted SontKied NR)lulddNdeZ U
besti nmen, olmasimiierkr yt hr opoi et i n- Kl one sind, 35 (e) lIdentifizieren

ei nes Erythropoietin-Klons aus Schritt (d), (f) Verwenden des Kl ons aus
‘Schri tt 25 e10. Progédilesior im revendicatiorDNAarBaauke! lediceliulre S6tasidmmanmifats svhicdes kelibles COS,
hergestel |t WPde7i0e8T3. und (g) Auswi hl en ei nes Erythropoietin-Kl ons aus
der f6tal e1n Leber cDNA-Bank von Schritt (f).

1. Procédé selon la revendication 9 dans lequel Ies celiules de mammifére sont des cellules 3T3.

30 12. Procédé selon la revendication 8 dans lequel les cellules de mammifére sont des cellules d'ovaire de
hamster chinois (CHO).

13. Procédé selon la revendication 9 dans lequel ladite séquence d'ADN est contenue dans un vecteur
contenant aussi de I'ADN de papillomavirus bovin,
3s
' 14. Procédé de préparation d'une composition pharmaceutique d'érythropoitine humaine, comprenant:

(a) la culture dans un milieu approprié de cellules hdtes eucaryotes transformdes avec une
séquence d'ADN codant pour I'érythropo’étine humaine choisie dans le groupe formé par I'ADN du
tableau 3, I'ADN du tableau 4 et I'ADN du tableau 4 comprenant le nucléotide "GGTC" cinquante

40 nucléotides en amont du codon ATG codant pour la méthionine -27 jusqu'aux nucléotides TGA
suivant le codon AGA codant pour I'arginine 166 et I'ADN du tableau 4 comprenant le codon ATG
codant pour la méthionine -27 jusqu'aux nucléotides TGA suivant le codon AGA codant pour
I'arginine 166, lesdites séquences étant liées de manigre active & une séquence de contrdle
d'expression;

45 (b} 1a séparation de I'érythropoiétine humaine ainsi produite des cellules st du milieu; et
(c) ia formulation de ladite érythropoigtine en combinaison avec un véhicule acceptable du point de
vue pharmacsutique.

s0 Anspriiche
1. DNA-Sequenz, die flir humanes Erythropoietin kodiert, welche die in Tabelle 4 dargestslite Nukleotidse-
quenz von der flir das initiale Met kodierenden Sequenz ATG, bis einschlieBlich dem flUr das terminale
Arg kodierenden AGA umfaft.
55

2. Vektior, der die DNA-Sequenz nach Anspruch 1 enthélt.

3. Sduger-Wirtszelle, die mit dem Vektor nach Anspruch 2 transformiert ist.
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40 14. Verfahren zur Herstellung von humanem Eryt hropoietin, unfassend das
Kul tivieren von eukaryonti sches Wrtszellen in einem geei gneten Medium die
el ne DNA- Sequenz gemaB Tabel | e 3 egpliypddsagag pyel che operativ mit einer
Expr essi onskontrol | sequenz verkni pft ist, und das Abtrennen des so
erzeugten Erythropoi etins von den Zellen und dem Medium 45 15. Verfahren
zur Her st el.| BakpmbinantdrUbNaRtoErdet lenerp gbretmisahen uPN/AKise mit elees N(ulle@tndsqqmnememéh
eukar yont i schigwmlleN ertigitel | en i n ei nem geei gneten Medium die el ne
DNA- Sequenz gemAB Tabel l e 4 enthalten, welche operativ mt einer
Expr essi orfs k Sugeotdlisiecdienit dere Veldapich Ansgruch diva@nsiRgionstr ennen des so
erzeugt én Eryt hropoi etins von den Zellen und dem Medium 50 16. Verfahren
nach AnspréicReling gl finsprgeh fupiindieBduortAelen FHAUFAURR ¥t al es Ser um ent hal t . 17
Verfahren nach Anspruch 14, 15 oder 16, vvor n d| Wrtsze a@f UI% {}&é
iort,
ir

sind. 18. 7‘c/e|‘:’f“é15f’P‘E!+‘i"4'1é'éf’nquf‘l‘:? ‘??a‘I A ) C‘j‘ pio _27
CHO, Cl127 odé(PbeB § P '°“E999'9er ) P d %‘ﬁ Z,mr
di e Saulfer ze[F48e 1@ r{’éf e'%h"e’%?#% e?c':’h ns it e £ n d i e
Sauger zel l en ﬂﬁr?‘n‘ esﬂ@ R "er-Ovari en (CHO) Zell en si nd 41

DiILIL LLLLI Q,g{}ﬁ . BRG
Anspr uch 147 wb fen rowggédﬁgh%%ﬂergﬁem el&?grr?ﬁ g%t aA ?ﬁgfﬁéﬁﬁgr auch

Bovi ne apl | PSMRY Virus DNA enthalt. 22. Verfahren zur Herstel | ung ei ner

phar mazeutd S%?%@r-ﬂﬂiﬁ@rm?mﬁ@én? VEKbr AR ARSI @ Fakekothigh @ROI etin, 5

unf assend: Kul'ti1vieren von eukaryontischen Wrtszellen in ei nem

geei gnet enoMeglididRack Afpiitt o, Roiedis $4dgerbanerpamas Clrz7y bller CPOIZliensingodi er enden
DNA- Sequenz transform ert sind, ausgewghit aus der G uppe, bestehend aus:
der DNAgaun. toduebddgens, diel@r dBMWirsureEaduend ©166 vam erythepoiBidkoelies, ichbialid EDNA die
wet'che di e Nskduert dusl Fabe@ST @n detdnifizAlg 1 Kotidranden Chelos GCG roisLdinschiiefiicidem VCArg VBG
- 27 kodi er endmtivroddés CSAGONGA drihilt. bis einschliejlich den Nukleotiden
TG, die demfO Arg 166 kodi erenden AGA Codon f ol enthdlt und der DNA
aus Tabel |18 4DNAwB4quere desh A@prupibt!l.- 2B ity évmeDN% owst PrRL weichec i | 49 -
i ch de® NukAmispsagierieaiemeaugnzeMel &n - heu QY geﬂ@éakﬂaﬁé?%ﬂﬂen AGA Codon foI gen
enthalt, wobei die Sequenzen operativ nmit elner [ 6SS I onsk ntr

ver knupft i Nerfahqeb)zuwwﬁﬂwene"zfésm%fﬁ“@?hféwg?é“éﬁ"%& M ‘E'i?'[’ 83 é‘ft Iev"bn
den Zellen uﬁ’&"ﬂ@ﬁ\‘f%(%fﬁ e 'p,ta if(ﬁl fljeren des Erythropoietins

I n Ver bi ndung 3{@ ojetin: %s Y{,ﬁ'@
Pat ent affspr Uch A HE; e8| élﬁp %P %f fn z@/ pAlﬁﬁ*losauresequenz der in
us

Ol ,“s hren zur

nuk
Herstel | ung ei eﬁ ﬁﬁﬁﬁ Ba-ﬂ‘ﬁz @fh@l@ﬂhﬁ&oﬁdﬁ#&eh\éé‘&smrm (b),
Erythropoi eti Nig uswéhlen dEE ? die aniid BSREA AybritiSibrel QUnt dGIBNHEEN BET1GINB] Gk &M
Erythr OpOI eti rlb firfthér. Bb §8 Erythfo¥dletinikione sind,
N (e) Identifizieren eines Erythropoietin-Klons aus Schritt (d),
{/ Verwenden des Klons aus Schritt (8) zum Mustern einer cDNA-Bank, die aus humaner f&taler
Leber hergestellt worden ist, und
(g) Auswihlen eines Erythropoistin-Klons aus der fétalen Leber cDNA-Bank von Schritt (f).

:‘

40 14. Verfahren zur Herstellung von humanem Erythropoietin, umfassend das Kultivieren von eukaryontisches
Wirtszellen in einem geeigneten Medium, die eine DNA-Sequenz gemiB Tabelle 3 enthalten, welchse
operativ mit einer Expressionskontrolisequenz verkniipft ist, und das Abtrennen des so erzeugten
Erythropoietins von den Zellen und dem Medium.

45 15. Verfahren zur Herstellung von humanem Erythropoietin, umfassend das Kultivieren von eukaryontisches
Wirtszellen in einem geeigneten Medium, die eine DNA-Sequenz gem#8 Tabelle 4 enthaiten, welche
operativ mit einer Expressionskontrolisequenz verknlpft ist, und das Abtrennen des so erzeugten
Erythropoistins von den Zellen und dem Medium.

50 16. Verfahren nach Anspruch 14 oder 15, worin das Kulturmedium f&tales Serum enthét.

17. Verfahren nach Anspruch 14, 15 ader 18, worin die Wirtszellen Sdugerzellen sind.
18. Verfahren nach Anspruch 17, worin die Sauger-Wirtszellen COS, CHO, C127 oder 3T3 Zellen sind.
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19. Verfahren nach Anspruch 17, worin die Sdugerzellen 3T3 Zellen sind.

20. Verfahren nach Anspruch 17, worin die Sdugerzellen Chinesischer-Hamster-Ovarien (CHO) Zsllen sind.
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(b) Herstellen einer G uppe von O gonukl eoti dsonden auf Basis der

Am nosgur esequenz der in Schritt (a) erzeugten tryptischen Fragnente, (c)
Must ern ei ner humanen genoni schen %% 11 den A igonukl eoti dsonden aus
Schritt (b), 25 (d) Auswghl en"von one di e an di e Sonden

hybri di si eren, und Sequenzi eren der Klone, umzu bestinmen, ob sie
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aus Schritt (Pepillon(afVirud/BNAertiltn. des Kl ons aus Schritt (e) zum Mustern einer
cDNA- Bank, die aus humaner f6taler Leber hergestellt worden ist, und 30
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geei gnet en MedP4 r@ﬁ%ﬁr&h@m@mmﬁs@ U ENA-SequamzRramsiorelottsing, ausgelvihit aum den@limpae
operativ mt eP$s p: 86 Phifh ays iabelle B4 dep NG Ays Tabelk ypd deriDNA aus fighelitad welche
Abt rennen des 98 Nukleglite, {QGTCEdlinfaig N%Pé%@ﬁﬁmpfwéﬂ%@s%maa@n kgtligrgnden AfieiCations
Medi um 3. Verf r‘?f"é ; degny ﬂ&"ﬁ Ay gip i d§mellif ArapGE- kadiprgaden AGAr Gasian dalgen,
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d
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CDNA- SequEskEantBdonBRSIeL ¢ rrdgn\-,gy &4t adli € Anmi nosaur esequenz 1-166 von
Er yt hr opoi et |nn kpodl ert Oileéwobel ra?gla(%NA di e Sequenz aus Tabelle 3 von dem

flr Ala 1 kodbhRRdan HertbMihg Fileshens@ichas HoNRIKIohS; NieH @xBIcG skn é&vgeslg@throponetm
kodi er emden GaderrtAfasesich~l t. 45 5. Verfahren nach Anspruch 4, worin el ne
DNA- Sequenz veyvisnthedn wh geteinigel Ghghrdpaietitreeid\mitTopan €- Leader sequenz Met
Ay ... Leu G gese®nTeseldnepd vérodiigendkisotlisonsi@r fualBag déUAmibREsrbRblend Govan
humanem Er yt hr¥shai (e} éresugtamiratisbercFrabeentKul ti vi eren von eukaryontisches 50
Wrtszel | en i ncleviystom ginee higmeseregendriisbhemPNAIBank eiitien OfdénuBlectidsondergmssthrittahel | e
‘4 ent hat®t en, We) duswéhignevontKlonemidie ai dire Sor@srp hybgdisi@ers ko Bequbriziseq weniionse bk n@pf t
ist, und das ASFiwmRTesh %!Re%fY@@P@?ﬂz'él?%W Er yt hr opoi eti ns von den Zellen und
dem Medi um 7. (eNgsnfifizioren qings Enithiapeisipkions s Sasitti@). di e Nukl eot | dsequenz gend|
Tabell e 4 von aé/le"”le@?e"djﬁ Kf°ﬂ? P‘i‘saﬁ" ”‘M?i 2ugi, Mustern |oigl @NArReain dScdis dwmansT (Stater s
kcdi erenden AGA verwendet wird. 8.
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enthal t. é Her te von hu hro é | Lo L3l

pa it e ascKultivigren von puikaryontischies
EP 0 205 64We|5t§ I ﬂn{z Léch DZI’A- t??agz gem iB 'll‘ Eéﬁleﬁ c?I;alten welche
W rtszellen O%QHW% Cine? 'Expro nskontrollsequenz verknlpft ist, und das Abtrennen des so erzeugten

35 Erythropoietins von den Zellen und dem Medium.

3. Verfahren nach Anspruch 2, worin sine DNA-Sequenz verwendet wird, die fiir die Aminos&uresequenz
1-166 von Erythropoietin gem&8 Tabelle 3 kodiert, wobei die DNA-Sequenz das Nukleotid "ggtc"”, das
50 Nukleotide stromaufwérts des flir Met -27 kodierenden Codons ATG ist, bis einschiieflich den

40 Nukleotiden TGA enthilt, die dem flir Arg 166 kodierenden Codon AGA folgen.

4. Verfahren nach Anspruch 2, worin eine cDNA-Sequenz verwendet wird, die flr die Aminoséuresequenz
1-166 von Erythropoietin kodiert, wobei die cDNA die Sequenz aus Tabelle 3 von dem flr Ala 1
kodierenden Codon GCC bis einschlielich dem flir Arg 166 kodierenden Codon AGA enthiit.

45

8. Verfahren nach Anspruch 4, worin sine DNA-Sequenz verwendst wird, weiche fiir dis Aminosiure-

Leadersequenz Met Gly ... Leu Gly gem&B Tabelle 3 kodiert.

6. Verfahren zur Herstellung von humanem Erythropoietin, umfassend das Kultivieren von eukaryontisches

50 Wirtszellen in einem geeigneten Medium, die eine DNA-Sequenz gemif Tabelle 4 enthaiten, weiche

operativ mit einer Expressionskontrollsequenz verknlpft ist, und das Abtrennen des so erzeugten
Erythropoistins von den Zellen und dem Medium.,

7. Verfahren nach Anspruch 6, worin die Nukleotidsequenz gemés Tabelle 4 von der filr das initiale Met
55 kodierenden Sequenz ATG bis einschlieflich dem flir das terminale Arg kadierenden AGA verwendst
wird.

8. Verfahren nach Anspruch 2 oder 6, worin das Kulturmedrum féitales Serum enthilit.
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10. Verfahren nach Anspruch 9, worin die Sauger-Wrtszellen COS, CHO C127
odor 3T3 Zellen sind. 5 11. Verfahren nach Anspruch 9, worin die .
Sauger zel i en 3T3 Zellen sind. 12. ¥piffmBrsge glach Anspruch 9, worin die
Sauger zel | en Chi nesi scher-Hanster-Ovarien (CHO Zellen sind. 13. Verfahren
nach Anspruch 9, worin die DNA-Sequenz in einem Vektor enthalten ist, der
auch Bovi rée Y@fahren ngeh pnsnrusivé, 6/6de® whild dieWirtszdlien Siliderzelle firmhr en zur

Her st el | ung ei ner pharnazeuti schen Zusammenset zung von humanem

Er yt hr opoi 18t Verfahigirhiagh daspeiich paorirdlie Stiuder Wistszol ey CQSu leHPY G127 ioder HEh Zalien we,dze| len

in einem geei gneten Medi un}‘ die mt einer fO 15 humanes
Er yt hr opoi'dt VertaRigenash dpspess E)l\W—"Sé'&@éWffzﬁ'PaﬁE?f Gien @'l‘ct si nd, ausgewahit aus

der Grupp best ehend aus: der DNA aus Tabelle 3, der DNA aus_Tabelle 4 und
der a2 Y%B’P'I‘ pach) Anspeuc Bavogin die Rgvgeesiien &h""mﬁ"@"*"f‘m*’f‘?ﬁoﬁ'&" Q) sher giad.

st romauf 7 kodi.er n ATG Codo bi s nschj i ef lich
den_ Nuk), odf1 SR ;zhcﬁle g o AP SR EBE e T UFeA GBI, P poue
ent hal t und daeor BUs ‘l e 4, wel che das fUr Met -27 kodi erende ATG

166 kodi eren quenzen oper

ei ner Expressign Feh Qloh Se%m%c%ﬁr\Kﬂ fidn .ﬁ' 'ivf%&‘i Ngid Gt iﬁ’e r
erzeugtgn hU”ﬂﬂﬁaneEVEY}t SRR RddlePRdeh N uéh€ ﬁéfbn’rh@ & BudferHittus W &r;fpi
Formul i eren deagstbield RisO8R IDRIAI 20§ TabRIIeVA labH NI/AS TEbdile GIUREH DRAUR7Wie £ “Bicne
vertragli chen ddeNuklia "@ST63 Qunddy KiikieBiie2oraRitwarts des fir Met -27 kodierenden ATG Codons
bis einschlielich den Nukleotiden TGA, die dem fir Arg 166 kodierenden AGA Codon folgen,
enthilt und der DNA aus Tabelle 4, weiche das flir Met -27 kodierende ATG Codon bis einschlieg-
20 lich den Nukleotiden TGA, die dem flir Arg 166 kodierenden AGA Codon folgen, enthilt, wobsei die
Sequenzen operativ mit einer Expressionskontrollsequenz verkniipft sind;
(b) Abtrennen des so erzeugten humanen Erythropoietins von den Zellen und dem Medium; und
(c) Formulieren des Erythropoistins in Verbindung mit einem pharmazeutisch vertréiglichen Vehikel.
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