EP O 411 678 Bl Description FIELD OF THE | NVENTION 5 The present
invention is directed to cloned genes for human erythropoietin that provide
surprisingly high expression |evels, to the expression of said genes and to
the in vitro production of acti veEHGHmTGrB;lt hr opoi eti n. BACKGROUND OF THE
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gl ycopr otgdsRriptidti Ch stinul ates erythrocyte formation in higher organisns.
See, Canot et aI Conmpt. Rend., 143: 384 (1906). As such, EPO is sonetines
referred msLmememvznhonpol eS| s stinmulating factor. The life of human
erythrocytes 1s about 120 days. Thus, about 1/120 of the total erythrocytes
are dest r oy @he gledehtinvieiitioh Baliréctddits tibrad Gends fof Runtaf eryhisspbictinthatprovider su@nsingly, high
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the level of erythrocytes at all tinmes (CGuyton, Textbook of Medi cal
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are produced by the maturation and differentiation of the erythroblasts in
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40 Develop., PartA ; 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 punfmtxon techniques, used
with natural supply sources, are inadequate for the mass production of this compound.

Sugimoto et al,, in U.S. Patent No. 4,377,513 describe one method for the mass production of EFO com-

45  prising the in vivo multiplication of human lymphoblastoid ceils, including Namalwa, BALL-1, NALL~1 TALL-1
and JBL.

The reported praduction 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 been
published. In contrast, the present application provides an enabling disclosure for the mass production of pro-

s teins displaying the biological properties of proteins displaying the biological properties of human EPO. it is
also possible by such techniques to produce proteins which may chemically differ from authentic human EPO,
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 or not chemically identical
thereto.

SUMMARY OF THE INVENTION

The present invention is directed to the cloning of a gene that expresses surprisingly high levels of human
2



has provided satisfactorily potent and stabl e water-sol uble preparations.
- See, ol dwasser, Control Cellular Df. 40 Devel op., PartA; pp 487-494,
"Alan R Liss, Inc., NY. (1981), eweetier&Bi ncorporated herein by reference.
Sheep EPO woul d however, be expect ed to be antigenic in humans. Thus, while
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of a gen
active h%ﬂm B Hefe &Eia%hn&aeﬁ&sssbeﬂu@&e‘immmwt | e expression vectors
for the productlon of EPQ, expression cells, purification schemes and

rel ated BRIEFSESTRIPTASN OEDRAWINGS AND TRBEEY er det ail infra, EPO was obtai ned
in partialTy purified formand was further purified to 5 honbgeneity and
di gesked W Tdbiel 1riyhe base bequegren of aiteE baspeair ot offartamarcEREgendhesef r agnents were -
purifi ed anFiggedllustretesibel detéchiéh of EPQ oRNA inrdwmanifeta! livenmRNAgsi gned based on t hese
sequences aTablejkvsiratesi thecainoBield sequerice gtan ER@meoteisdaduaed frern ﬂ’é@ﬂd%ﬁwﬂ‘!}e\ﬁ onm ¢
l'i brary frolambdarhBPORRT3. | sol at ed an EPO gene. The EPCl_)lq%ene was verified on

t he basis oTabjet3dliupiatesshequeentide sphiende ofthe EPREPNAdHEmbrR- QFl-Wﬂ'PW%s“b‘F"@PE'%ﬂ"h
fragmsht s sidigeseiend the aﬂ?"@@é‘d 61'“"?'1‘\‘%" ?Pdmeeefremo ne was t he
denonst r at eF' Pl ¢ l!ﬁ"?’ﬂ? ti'&f"faBYF Wﬂgﬁ"s g&“%'l?“‘f“r‘fmﬁ?frran
fetal (20. \/95%3 pr epar ed
and scr eene "e e F%’; 'iuﬁéef er screening >
750, 0Q0 rec ﬂ‘f;ﬁs N ht
gp P‘ 9 s SD lyQ c?e%gl analysis of EPO produced in COS-1 cells compared with native
N EPO ;
Table 5 illustrates the nucleotide and amino acid sequence of the EPO clone, lambda-HEPOFLG ;
Table 6 illustrates the nucleotide and amino acid sequence of the EPO clone, lambda-HEPOFLS ;
Table 7 illustrates the nucleotide and amino acid sequence of the EPO clone lambda-HEPOFL.13 ;
40 Figure 7 is a schematic lllustration of the plasmid pRk1-4 ; and
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.

The patent and scientific literature is replete with processes reportedly useful for the production of recom-
binant products. Genenally, these techniques involve the isolation or synthesis of a desired gene sequence,
and the expression of that sequence in either a procaryotic or eucaryotic cell, using techniques commonliy avail-

50 able 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 micro-organism or cell line, for example, bacteria, yeast, mammlian cells such as, COS-1 (monkey
kidney), CHO (Chinese hamster ovary), insect cell lines, and the like, wherein the vector replicates as the micro-
organism or cell line proliferates and from which the vector can be isolated by conventional means. Thus, there

55 s 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 frame,
into an appropriate site in a transfer vector such that translational read-through from a procayotic or eucaryotic
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clones were determned to be full length as judged by conplete coding
sequence and substantial 5-prinme and 3-prine untransl ated sequence. These
CcDNAS have been expressed In both SV-40 virus transforned nonkey cells (the
COS-1 cell line; @uzman, Cell 23EPaaH6r8B1(1981)) and Chi nese hanster
ovary cells (the CHO cell 15 line; Ulaub, G and Chasin, L A Proc. Natl.
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Col I ection, Rockville, Maryland, where it |Is avail abl e under Accession
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is thae base sequence of an 87 base pair exon of a human EPO gene; Figure 1
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Figure 7 is a schematic Illustration of the plasm d pRkl-4 ; and Figure 8
is a schematic Illustration of the plasm d pdBPV-MVIneo (342-12). DETAILED
DESCRI PTI ON 45 The present invention is directed to the cloning of EPO

genes 3&nd to the production of EPO by the in vitro expression of those
genes. The patent and scientific literature is replete with processes
reportedly useful for the production of recom binant products. Generally,

t hese techniques involve the isolation or synthesis of a desired gene
sequence, and the expression of that sequence in either a procaryotic
oreuci?yotic cell, using techniques conmonly avail- so able to the skilled
artisan. Once a given gene has been isolated, purified and inserted into a
transfer vector
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EP 0 411 678 Bl Sanger and Coul son, (23) (1977). The sequence of the region
hybridi zing to the 32-fold degenerate 17 ner in one of the clones is shown
in Table 1. This DNA sequence conere#demBhin an open reading frane, the
nuc- |eotides which could precisely code for the tryptic fragnent used to
deduce the 17 nmer pool of oligonuclectides. Furthernore, analysis of the
DNA sequence i ndi cat ed €hat aﬁe 1% fer Hybri deZing regi on was cont ai ned
within 5 an 87 bp exXdn bounded'by potentlal dpli ce acceptor and donor
sites. Positive confirmation that th cl qjes (designated herein,

| anbda- HEPOL and Ianbda_iEPCQE are om c @l ones has been obt ai ned by
sequenci ng addi ti onal eXons cont ai ni er tryptic fragnment cod- ing
information. 10 Isolatign of EPO c nes Ngrthern Analysis (56) of
human fetal (20 week ol & |iv&r MMNA was Fondugjed using a 95 nt

si ngl e-stran- ded probe“prepared from an-NL3 cl dqne containing a portion of
the 8% bp exon describedjin Taple 1z As i%ll ustigfted in Figure 1, a strong
signal could be detectedln fe NA. THe precise Identification of
this band as 15 EPO MRNA was_pchi eyed byuMsi ng dlhe sane probe to screen a
bact eri ophage | anbda cDNhllbrg y ofhthe f8tal IFlver nRNA (25). Several
hybri di zi ng cl ones were “obtainipd at"a fre uency |of approxinmately 1 positive
per 280, 000 reconbi nantg screeg | et e€|nucl eoti de and deduced
-anino aci d sequencesf or hese £ a- HEP®FL13 and | anbda- HEPOFLS8)
are shown In Tables 5 and 6. T g infgrmation is con- tained
within 594 nt in the 5-Brine B DNA, Fincl udi ng a very hydrophobic
27 amyno acid | eader and 20 T aci d jmature protein. The
identification of the Ngtermug ture rotei A was based on the
N-term nal sequence of Ehe pre ei n Secret®d i n=the ur gne of persons with
apl estic anem a as |IIustrated herein (Takl e 1) and as publ i shed by

Gol dwasser (26), Sue ané Sytkg ki £27), @nd by®Yangawa (21). Wether this
N-terednus (Al a-Pro-Pro-Arg- -|-) represents the actual N-terninusfound on
EPO in circul ation orwhethersge cl gavagegjoccur® in tEe Kidney 25 or urine
is presently unknown. Tke anifp acid sequences %hich gre underlined in
Tables 2 and 3 indicate those° rypthp fr mengswor thg portion of the
N-termnus for which psdteireg quéhge i @3 mE & was obtained. The deduced

ones®(l a

If of the;

am no%¥aci d sequ- ence agrees precisely witlh the ftryptic fragnments which
have been sequenced, comflrnla thag the plsol atgd gene encodes human EPO
30 Structure and Sequenée of Bhe Hufan EP€) GenelThe rel ative positions of
the DNA inserts of four |ndethdent=hunan_EPO'g nom ¢ clones are shown in
Figurg 3. Hybridiza;ionsanalyg s of 8t hesegjcl oneZy DNAs wi th ol i gonucl eoti de
-probes’” and with various probes
3 o = s 3
3 & = < <
“ T & £ & & =<
ke 3 o S &
3 4 3 = a2
—~ 1-- -] bt b
‘5 E 0§ & 3§ 35 =
- =1 & - ko =
S w S @ [ P
> <| < < < =
!
= e = ] o %
® 5 S 2 & = <
- = £ =] = wn|@
s 2 o & = o
55



35 ‘prepared fromthe two classes of EPO cDNA cl ones positioned the EPO
gene within the approximately 3.3 kb regi on shown by the darkened line in
Figure 3. Conpl ete sequence analysis of this region (see Exanple 4) and
conparison with the cDNA cl ones, ePasMi 828B1i n the map of the intron and exon
structure of the EPO gene shown in Figure 4. The EPO gene is divided Into 5
exons. Part of exon 1, all of exons Il, IlIl and IV, and part of exon V,
contain the protein coding information. The remai nder of exons | and V
encode the 5-prinme and the 40 3-prine untranslated sequences respectively.
Tr ansi ent pregsion, @f EFQ.jn CO§ Lells Jo dempnst rake phat., bioliegi cally
active EPOEgouI ?bergﬂoreséoéi [ rﬁa?iglerﬁ\z: 2ro26edl BHGur8 $ust 8nglRCoS cel |
45 expressfon ﬁudl es were conductied (58). The vect L used for tihe
transient s udlcgs pAE023( s ¢ggeri gy i nFEganpl®a5. ThHEs v Bor

cont ai ns th% adé’now‘?g na%?-r Iate‘ﬁsr onﬁt%r Fh° sv4C° ﬁol yad&nyl dt}iton

sequence, a@ SV49 orjgjn of replicafion, SV40 £ahancgy, ang fhe gdenovirus
VA gege. The c i ng el |§§anbdeg-JE- iﬁLlSaSee Bl e 63 Bras Eserted
into the p9':.023(;.‘B) vector, =,downstr am of t he gnow gs maj, | atle. pro-
noter. Thisg newg/ectgr< i's g@ntl fig asgj TFL% ty &&r hours
after trans&ectlfbn of this constru into the str |n of -1 cells

(Horowitz et al, J. 3. ABH. Ce :"; 2‘@473@(1@2

washeds chaglgedsto serum free nedi 4§, and the cel<gs wer.e harvested 48 hrs.
later. The Bevels of B§ easl $f EP Ento_§§e c urefgper

exam ned usgng %quagt%tyﬁv;) radi qi mmgggssay EPO (55 % §1

Tabl e 8, (E&anpl i n@l&ogi cal re ive Eexpr ed.=
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hanst er ovary), Cl127 (nonkey epithelium, 3T3 (nouse fibroblast) Cv-1
(African green nonkey kidney), and 10 the insect cells such as those from
‘Spodopt era frugi perda and Drosopler e41reresmgaster. These alternate prom
oters and/or cell types nmay enable regulation of the timng or |evel of EPO
expression, producing a cell-specific type of EPO or the growth of large
quantities of EPO producing cells under |ess expensive, nore easily con- o
trolled conditions. An exppession systemwhich retains the benefits of
mamel i an expressi onz SRE rBQRr es Igss~t|&e Fo groz 13 Huce a high-level
expregsion cell line Is conpgsed of§angi nsecg cel lgl ige @nd a DNA virus

whi ch reproduces In th,1d celdigl i ne. uTh% virug i$ aZnuil e%tr pol yhedr osi s
virus. It has a doublé‘S’tra Bd cirgulgr PNASgeon of 188 kb. The
nudeocapsid is rod-shapgd and,found packaged in two forns, the non-occluded
form a nmenbrane buddexgigvir Qand an occl uded .form packaged in a protein
crystad in the infectggd_cell_pucl eus. dhege yi r:uses; c@n Be routinely
propagated in in vitre Scel | gulfuré aﬁd re=angan®ble to all routine
ani mal virol ogical 20 jgethqdsg. Thegcefl BulPur® nBdidh i$ typically a :
nutrient salt sol utiorgdnd ofetaE cgl fgseBurf 18 vitrd, virus growth is
initiated when a non-qgclud VII’US (NOV) enters a cell and noves to the
nuceu®® where it repli ges. pllcatlon is nuclear. During the initial
phase (8-18 hrs. post-jinfection) ofgvigalZPappliaty org ngcleocapsids are
assenbl ed in the nucl an :ubseq;perﬁly—: BUD @rcﬁugh:tlﬁ pl asma nenbr ane
as NOVs, spreading theu i.nfec ‘l,on t g ouh mheacedl $ulgur$ I n addition,
some gf the nucl eocap:t@s s equer& (1§ +3 hriks. ?5 =p&t-| nf ecti on)

a

€

C

remain in the nucleus‘_gd are_occl uded in a pro"feln matrix, known as the
pol yhedral i nclusion y (Iﬁ%) This formis not |nfect|ous in cell
culture. The matrix is corrposed of & [Botei PKkrpweg a pdd yrgadrl n, MV 33 kd.

Each PIB is approx.ma‘&d y 1;-,ngn|n c§ r’@te§ cénd‘ftkﬁereﬂ cah e as many as 100

PIBs per nucleus. ghere is_clearly & of ead alg ofg pcﬁ yh;pdrg n produced | ate
in the infection i&gsasﬁ h as &50/§ofutcﬁalu ca | J arg prdtein. 30 .
Because the PI B plays rolg in the in vitro repl calioh ycle, the

pol yhedrin gene can be §ie| et fromthe virus chronbsone with no effect on
In vitro viabili ty I n} usi nfhe vm ug asg arg expr essigpn wegt or, we have
repl aged the pol yh.edr; gen ggodl ng i dh v&’th?tﬁ?e foor & gig DNA to be
expressed, placingit under {he corr-tr%J t§1e olg/heéj §1 p§r onoter. This
results In a non- Pl B £ ni n@gl rus héhota/pél 'Ehl $ Systén Igas been utilized
by several researchers|the npst noted beithg Perthodk & & . %and Smith et 35
al . Pennock et al. (GEdpory@i® ReH@ck, Charles Shoemaker, and Lois K
MIler® Mlecular and {Cel | ol ogy<’3 $B4.3 p.g 3%04@6) ghaye meported on the
hi gh | evel expressi on: a terﬁ‘éé p?ot‘éel rﬁ Egaﬁ agt ogl dase when pl aced
under the control of tjhe polyhedri'n pribna ers Ahother® ngcl §r pol yhedr osi s
vi rus-derived express-ﬁ' v “@r ha§ be“aen reﬁsem ed b St et al. (Gale E
Snith,,Max D. Summers J. Fraser, Iecul ar “and C&1 | °Bi ol ogy, May 16,
1983, pp 2156- 2165) . = °‘ ha.gé denonstrated the effectiveness of their
vector through the expr eSS| o of humaig By nteer er gn. yThe swn- thesized

productwas found to Ig)g(;l yc Iat & ad §ecr:et@’d rom i aseet cells, as
0=.
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woul d be expect ed. arrpl nodi&f | Gat |-on§ t§ tBe @ a§m d contai ni ng
t he Ausographs cali f ca n ea:r:§ol )ghedr o se..V| r:us“’(Ae."NPH’) pol yhedr on
gene are described whi ch alTow th easy insérti‘on”of “t h& EPO gene into the
plasmd so that it may

H

55



be under the transcriptional control of the polyhedrin pronoter. The
resulting DNA is co-transfected with Intact 45 chronosone DNA fromw | d
type ACNPV into insect cells. A genetic reconbination event results in the
rep- | acenent of the AcNPVC pol ynEBP#H &faBe region with the DNA fromthe
plasm d. The resulting reconbinant virus can be identified anongst the
viral prcafgyaibCoulsén, BSPASAS TR setlentd @ tHONDioh RELAGARFS B2 foltebdnelal AR ter i S
reconbi najb opthe dksnes IEleAGwWr iR TAAEE trhi® DNA Gedubiive Contaidalvithin a® ot RRAMS Farte) e masluce
EPO.  Exangdtides which &did pro¢iaélpsotié forthe tiypididgmént deéd Raddudd the 1786 pdostOigonueRbtldss, ar e
gi ven i n Hurreifdre, andifisofthe DUA Béjuer(cniatedltfat (he'd 2rherdipblidiZihg JegiomwaskedntéindtSstain

cel | s)s. Rm®@o6pexen, Hourtde bygorsitics Slicd decdptdakiclohd siks. | N Exanpl e 11 was purified
by convent i. Besitive @nfinnationaiiat thesethemeianed{designated hedsin, lafibea-HEPGIL dnd AmBUBRERCR) ark
sugar s prEPQagehomiccidneshagbyeneplainedhiyisequencing aditioyal exbnisontaintng othwl eypticfiegntentard-hods
[ (i) Rei ringdhfagmafigst hods in Enzynol. 50 : 244-249 (Methanolysis) and (ii)
Takenoto, H et al., Anal. Biochem 145: 245 (1985) (pyridyl am nation,
t oget Mer lgglation oHERO SENALIoNessi al i ¢ aci d determination)]. 55 The results

obt ai ned by each of these nmethods were in excellent agreenent. Several
det er m nat i Nertherévnalysis{p@ offwman fetal (@) wrek gld}iver MRYAWSH 97 %é?}%%fe%\?éﬁ"l?l?s’s"a“'
wher ei n_I¥IegPrBbarapeise Bundn itd clogs CoptaRng aAMian ofifiePEORAIPIAPDed RTbied e Tjstatrd of

. i ‘;;%u i i ificati is ba
i' Hex (%E Eﬁgﬁo was ac| 1:\?9!? ;%s]:':g t%eCI z\taénqtg;;:be t%lé?g;n a t?a%:teno%ﬁ tTZrdng%; c tﬁ lb?'fa:yh ';Lf ﬂIan;asl

Gal act os iver mRNA (25). Several hybridizing clones were obtained at a frequency of approximately 1 positive per
%: (.% binants screened. The complete nucleotide and deduced amino acid sequences for these clones

0.5 N AcElbREEFSR Y dhd firbib-HEPOFLE) are shown in Tables 5 and 6. The EPO coding informatjon is cin- L0

Fucose tained within 594 nt in the 5-prime half of the cDNA, including a very hydrophobic 27 amino a@ léader and

N- Acety | ORd B lamima GtidMature protein. ' 0.1 1t s

not ewor t hy {iRaben niok e RitermPULrinethanlre! pRRE wab Hadtk 3 Bk XleRlndiSeQRAsd dithe\ET €

repr oducigadtsin Seafefid rixle drine of etttk Wi laplastit SRR M @NSratR hbred $TaBik 15; WtPds pablhedS| S.

The pr es ay@oidahsseH(26),Suy hridlByROHsRII 2N lafEby Yara@a (285 Whétker his®-teriiins @laHro-BlolArgik ed

gl ycosy! al-jrepieseiits the sctual -tefrhifius folidonBPOSTOItation or Whdthen kohth cl@hvwagOctylirein the Ridwey s

furthes iondiread pebelitly ulldoWiRAGE anal ysi s of the glycoprotein follow ng

di gest i on o0Fhet dménogacld sequenteewirichaird inderlined inRablesdridi3aridicate shosd tryptic fragments or the

gl ycosi di rogiaz ¢fithed-teiminup for which pratein seflusintedntprmgtico way ekidinied. The desluceld amino adid sequ-

N- 1 i nked ence dgrdey precisely with the liyptigfragments whichthayerbsen setiyenced|ronfisningthet thedsolated genendo

F N-gl ycosresiasumep BBOnp| ecul ar wei ght of the protein was further reduced 20

upon #ibsequent di gestion with neuraninidase, as deternined by SDS-PAGE

anal ysi s.Stuglugiand Seauenge gidhe Human EPOGeRs; of the purified reconbi nant EPO was

assayed by s‘peerelg&te Qggtiogi of%e Wirslée% of faEu)lS deependent human EPO genomic clones are shown in
Figure 3. Hybridization analysis of these cloned DNAs with oligonucleotide probes and with various probes
35  prepared from the two classes of EPO cDNA clones positioned the EPO gene within the approximately 3.3 kb
region shown by the darkened line in Figure 3. Complete sequence analysis of this region (see Example 4)
and comparison with the cDNA clones, resulted in the map of the intron and exon structure of the EPO gene
shown in Figure 4. The EPO gene is divided into 5 exons. Part of exon I, all of exons I, il and IV, and part of
exon V, contain the protein coding information. The remainder of exons 1 and V encode the 5-prime and the
40 3-prime untranslated sequences respectively.

Transient Expression of EPO in COS Cells

To demaonstrate that bioclogically active EPO could be expressed in an in vitro cell culture system, COS cell

45  expression studies were conducted (58). The vector used for the fransient studies, p91023(B), is described in
Example 5. This vector contains the adenovirus major [ate promoter, an SV40 polyadenylation sequence, an
SV40 origin of replication, SV40 enhancer, and the adenovirus VA gene. The ¢cDNA insert in lambda-HE-
POFL13 (see Table 6) was inserted into the p91023(B) vector, downstream of the adenovirus major late pro-
moter. This new vector is identified as pPTFL13.

50 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 level of release of EPO into the culture supernatant was then examined using a
quantitative radioimmuncoassay for EPQO (55). As shown in Table 8, (Example 6) immunclogically reactive EFO
was expressed. The biological activity of the EPO produced from COS-1 cells was also examined. In a separate

55  experiment, the vector containing EPO cDNA from lambda-HEPOFL13 was transfected into COS-1 cells and
media harvested as described supra. EPO in the media was then quantified by the either oftwo in vitro biclogical
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
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Hematol . 11; 649 (1983) (spleen cell proliferation bioassay) with protein
determ nations cal cul at ed based upon am no acid conpositional data. Upon
mul tiple determ nations, the in viBROM3pEAYic activity of the purified
recom binant EPO was cal cul ated to be greater than 200, 000 units/ng
protein. Jdne BRWRSLaH BlotiAg, Lsing\a@SlydidhallaREEFGEHEELAY, the EPD pRdcued byHS dirnsiiotiil0
uni t s/ ng. oPpsme-pilyacrylbfide galwhichvsciidntal t thghe? hativd BFO pHeiarddHOmihaiian uiihe Exdnipii s).
obser ved. Thusghe extent of Qly¢asylatipt §itAOSH producad FEPOatay by simiiéa dethat efndtivieEPDeV, Am
Cini cal Lalbifefot vectohéadontaifing pther pomolefs/dah plso be uged in QS calis byinrother mamrodligreorv ed
for the redentticreslist Exauples ¢f sichther irgmatdneusefuligthe piactige f-this ivention include $N4@eariyt | ng
t 0 conpar endlateprgngtersthegnausemetsliathiqnaingene prometer, the reomeater fayndin the longjieringl fepeats
char act er pasien esmampealiag retraiysasi %mﬁcuukss hhadreraenemanciereed qiers. Bramplesnf other

reported Pe¥ PRt useiln he pragtices fhisfventionin yeaph mepmaljag aells such apGH@{Shinese
85/ 02610 TSEFEH" P‘?ﬁ'écp1§'0("IPﬂ‘FFt¥ eihyefiym), 3 (§‘°E§9rf P’@Eiﬁ!’rﬁ&’r‘r@f"&%‘rﬁb%?ﬂ monkpy kidney), and
sugar afial {einsecigelissu ?‘P?—&f" nafegrele of

zero for PEEgdorsy "F?)'F‘a’?\‘f-" o gE radugigg a cell-specific
acet yl gal ? gg% gergé‘fwb"f f? %@ ﬁ%?ﬁﬁ Bhe ?)'#esﬁf’é?gﬁvﬁ T S ni e
i ndi cat es vSRch 'ré?ams"zﬁe%eﬂér S’Qx edsibr 1t @ .ﬁr&é &%Jm‘ém pro-
reportgd %ﬁ%gﬁb&bﬁ %Z n & e :éﬁmp{yﬁ %g% ﬁ%ﬁ ces in_
CHO- pr 0dugiaQey vi |§a ﬁd&l‘éﬁ bi Vifu b@%m{db@ mﬁ
si gni fi capy, TRNtlicleSdapsiiii fddhiped an @Rﬁ%ﬁ %ﬁHEbHﬁH the Rbn- dfél'ﬁl0§ﬁe
N-acet yl ggddasd irisdhdaR ocdhad ﬁmnsad@%a intel pRdleiPEHRstel el nfbdifd c&lemreué/eneaérmeus of
hexoses aggh beSoulilel @épagdtedZia th Wi irisBet céIl Uit A aff antenddblRKE 8ll rglitné atinial Firdicaieal
Fur t hes momethods|Tehe lBéiaits@Media is fypicalipa hittient salt edlutiohandaDR Yetal detserumbed
CHO- der i ved In e wins gawth iGRi@talfwheha son-ovdedet vias (MEY) elters dicellant mgvesed thé mudedso
i ts char awhere & splicatesy Rymicasiph ia huctear. Paring the injtial Phase 8- 18l heeg pastinfestion)ar virakappliegion,
produced tmrlepdresigrraprasssraiieddn thy mglewsrapd sibsequenty BUR thonghdhe tidsma slembrec: MOV enes
40 of t hesnieadivgthe infeation threugithe eal] cuitrey lo adilition. isprae of the pyialegeappidsauhseaventlf (18 + hrs.
manmal # anPespiaiestion) repeihi jie nu¢lens andigre pesiuded inp protejymefrixiaownrschepelybedrab inclugian ve
i ngr edi enbafy (AIB)- 'B‘Fs fWLﬁ@é‘"fe‘H'é‘ﬁfé'?ﬂ“ EHYee- Tthe eralgisls aemnosasiof 3 peleip kiown s RolYhesENg
treat ed, MW33 kel Fragh RJP is-anproximately himmdmdisgmatanand thegs gan Bees g15pe9s(100. Plgs P?'\W‘i'%}'s of
the acti th%'eagﬁﬂgrﬁ?ttdFﬂﬁftpéﬁdeW ‘P’?d"B%’ lRfRip g drpchRe YR @Syl ARRS R IR Slltieran
orvet erl n ;ﬁ unt of actL S m, ne tten(a1 ng
u Vi (¢! cle, ¥ d e
oy Fol g a,h%:;,,%i‘ﬁ,zneﬁ Ef Al %:%g g%& ﬂﬂwﬂz’éﬁaﬁt bl i
anem a as Im(‘a ,{oﬁ ' v <hé s e ;'ect | ve

amount  of s\éﬁfb rQQ'B n dﬁllz Ebylddvérdl Ir rs tﬁUm s jbémﬁ ﬁerﬁkgckc&’-ylsandgﬁﬁh et
Eschbagh gtpeRhock ethi. (Grbdory D. PEAHBEK CharlZébhoéﬁéice én‘&&é& K. Milt® mﬁkﬁla\fendil?@ y e

-adm ni st egLd, 3094 Navéfw&r&da;ﬁ)tﬁéﬁl@fléﬁteﬁprbﬁlohbﬁbﬁmwrdt&ﬁ\ idaseCwiten laced
Pr ef er abl yndeft ithe polyh&ih fomoted 0 t he Dbl oodstream o the manmal  bei ng

treated. |t Anbthérnlishear suvdédrosisaipysrdeved bxpebstioh viebtorhas tdéh priesedtet By Sriith efdl.i(GdldELL

t he pr ef esmnitiMaoD!Stimmels and 8 ¥ FrsisérhMélénalacand diell BiolngybBMayn1$, 1983 ipc2ii56-8(B5). They
‘Wi |l e ot have gssstztad theoeflettimenessodf theie vdeldOthrogtinthe exppressionsdf bunsan Baigtetfdnen. Phersgn-or

subst ant i thesized pradustves faynd inbe glymsylwgzndﬁm@ insert gslioaswauldpe expecteg. In Example

phar maceut4 ausifidationgtn the plapmis congmining ph ugiesr paivhedresis M (ASNBYent

i nvent i onPolYhedrep gege arg desstited whicn aliphythe gasy ingerian °U§%E"%g% [nfodhe plasmid sp thatdt rmav

protein, Beundes &?é'abﬁ-i"g‘lf’t"‘i‘ab%ﬂﬂ“°' Pfd HE?""W"P’H“

R e ey
e

wth the . Q,J(}L Le erl ousto
recipi e”t sof L??EELIXH ih Ee %32 Z%RI b Y EXEIR%b idZaNY
agentssoan&,_@,t) 8{cay 3’1-@%51){\(, g)c pep’u

Recombinant EPO produced in CHO cells as in Example 11 was purified by conventional column
chromatographic methods. The relative amounts of sugars present in the glycoprotein were analyzed by two
independent methods [{f) Reinhold, Methods in Enzymol. 50 : 244-249 (Methanolysis) and (ii) Takemoto, H. et
al., Anal. Biochem. 146 : 245 (1985) (pyridyl amination, together with independent sialic acid determination)).

55  The results obtained by each of these methods were in excellent agreement. Several determinations were thus
made, ylelding the following average values wherein N-acetylglucosamine is, for comparative purposes, given
avalueof 1:
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~are known to be inconpatible. The fornul ations nmay conveniently be

" presented in unit dosage formand nay be prepared by any of the nethods
wel | known in the art of pharmacy. Al nethods include the step of bringing
12 EP 0 411 678 Bl Into associ &PiddM16MBlacti ve ingredient with the
carrier which constitutes one or nore accessory ingredients. In general,

the formulations are pr red by uniforny andi Qi L g into . .. .
associ ation the acti \rg"ﬁ'ﬁgredl ent with liquid %%—Mm@%’gm vi ded

solid carri¥racetybelucospmineen, if necessary, shaping the product into

~ the .desiredgbgpgptati | on. 5 Forrmul ations suitable fiqu.parenteral
adm ni stration con %nt |y conprise sterile aqueous sol utions %T t he
active ingredi ent @ fe€8Puti ons which are preferably isotonic *?h the

bl ood of the reC|]5aanOSSuch formul ati ons may be conveniently pr&pdred by
di ssol vi ng ﬁﬂhbdtﬁihhuﬁahﬂﬂﬁedaeﬂ& in water to produce an aqueous sol ution,
and renderi sai d solution sterile may be presented in derE mul ti-dose
cont ai flers,- S'Psg‘xanpl e seal ed anpoules or vials. 10 PO cDNA as used
“herein incl ¥etdsetirdgridactosERLNEDNA gene preceded by an WBG codon and EPQ
CDNA coding for allelic vari ations of EPO protei n One al | eI e is

il lustrated ab t

I Q ﬁy a2t Iev Eco py al S

der i Va;;' Vi tf 2I'h res E? nel | @?hg %Cfn h
The mat- ey cp Bégflalgg &ﬁ THe' ﬁceo?@tf‘ﬁ a ‘W L
the sequepcen AGE S i ?on &B B&hé’ vJ. v %&H&:&\g at he
nunber " 1lgegl fol[ ﬁﬂ#d"of‘ﬂl garﬁcﬁ'\?di‘ﬁgﬁ ycopro-
Met . Al a. Pfei?ls E’én%tﬂéﬁzymep Mlﬂﬁbuﬁé’é‘fﬁﬂ fécxﬁ’d’rﬁe@ﬁt@ﬁh oi Qas% ef rbd

under sjpang@ion gubdbquehtai eéﬁesﬁmnemamaaseoae,deiemnehlbylso@m@ea&iys.@hI ch is set
forth in then | a@livity 6tthe pliified FecambilRRtEPOGES bivajed B the ethad 4@ RrySta|ExXpE

made i n t Hemgidl.oa ceusteB3){splech cull ibliferatioh hicatsayjiwihaprdidinditemhinatoistalcaidted babed@iporl he
I nvent i onamiAd acld compesitionalidates Upahenultiplp detarsinakions) thel tnyiteageciie huivity of thewglrifiad eecom-
uncor r ect bigent EP@ was/srivolbted torbe gregtethani200,000uniis/maeprotein. Tie @vepdge ivalue wasiictherapgee,
etc., #s vfigbout 875400-3¢M,000 yniis/mg: protein.MorRYIVPEES Hisharhandd00,000| havd aigoibeen abperyed.
CGenoni ¢ Clknigvive(petyogsherajc mouse agspy)Kazeband Ereiev Amy ClinieahhablRci. Mol Bep. 81 (18EDNivyires

wi t h apl agetivity retigeelsarvedferdhg reepmbipant mialgdal wes ip g rpeedfi0dokdy (M yake, etal ., J.
Bi ol . Chem M '?'5‘2’95!95!9 °€'3! 9'&'%?&"8‘6 in chappeterizatien Rppanter abpyayy Hesharpederization for

el i m nat efl 5 atﬂ"i’“@&t"ﬁ\é‘*{t"ep&fte%@""ﬁ t'°“?‘8 ptent Appligatiop Bublication

i nact i Yat &° ITh r e %%Hyﬁs E"bF‘?%{‘(:a%"'
tionation 1| t 0 95%
ﬂ° ? ’F gg% ?:e,nagzn "rﬁ% e
The posi t 98— ed b %‘an ducibl

£l ectraphgy a?ﬁ(ma%glglsal r){iﬁé %o m
peaks. Thgm H@(ﬁseg Mﬁ an%&terized by the presence of O-linked glycosylatlon Furthennore. the high speci-

fic acllvity of the above-described CHO-derived recombinant EPO of this invention may be directly related to
its characteristic glycosylation pattern.

The biologically active EPO produced by the procaryotic or eucaryotic expression of the cloned EPO genes

40 ofthe presentinvention can be used for the in vivo treatment of mammalian species by physicians and/or veteri-
narians. 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 acfivity of the active EPO, and ultimately will be decided
by the attending physician or veterinarian. Such amount of active EPO was determined by the attending physi-
cian is also refemred to herein as an "EPO treatment effective” amount. For example, in the treatment of induced

45  hypoproliferative anemia associated with chronic renal failure in sheep, 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. 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 being treated.

50 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 EPO

. protein, as above described, together with one or more pharmaceutically acceptable carriers therefor and
optionally other therapeutic ingredients. The camrier(s) must be "acceptable" in the sense of being compatible

&5  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 known to be incompatible. The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. All methods include the step of bringing
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approximately 53% acetonitrile and represented approxi mtely 40% of the
protein subjected to reverse phase - HPLC. Fractions containing EPO were
evaporated to 100 Id, adjusted toEPB4TI&@8®It h armoni um bi car bonat e di gest ed
. to conpletion with 2% TPCK-treated trypsin (Wrthington) for 18 hrs. at 37

deg. The b WioGatidh tHeSkdve Thgd@ent Wififle SRl FREHEndtifite’s BN Aidreloata Son) Hitrbdichts. In
descri be%mvt&fomﬁt.waksébardmﬁa.fsmﬁmd ithdenybRRgiiy o abddbialién teactivegredient

moNi t Or edyitr\Glid carfiPor AteRivRRE kdid WiRkers 6 Wath GhddheH] if heceBaR shalpiby a6 produafiato the

subj ect eddedirddsiinlixtioho N-term nal am no acid sequence anal ysis (59) using an
Appl i ed Bl ofymurtiohs Andié forkBbndragiminshatoe cahespisaticbmprise Stardie squejous selutioasof the

obt ai ned autiee ingnadiint with eclutions Widb lampreferablydsoBnic Adsh thesleadiobtbelrebipiendi Sucisfommuletions \wo

of these mayhptconvehieriy pepdred hyaliseolvrigssligractive ingreginnt firowdter toirodyke groaguedue salytion
probes. Fangrrendedingsseid seluiion steviiamapde pepantetin unki of rpitislose containers. fer %semia!% seglpd

t hr ough Sandoplesiarlvialss 2 and 3), a 17 mer _of 32 fold degener é
TTCCAM@CGTA@M@NA amvsed heralg ingludes gy "@2@ E'%Q’@P BhRrpgRderd bymn AT Godon and EPO!

gg:,:l %ﬁ af Péarbﬂ SHRRQ prots ‘fli’i?) qgiﬁgn :alt:ées 2 ‘??g"’ % Th?e @Pg t;rotei;
VaI T r - dagludas the bre 'S:a‘?frF d e A ‘ﬁ'e‘iee% B'Q - "Zfl_d
Tﬁ\CAC‘g%' e °6ﬁ§%‘4“ e %Ff:ﬁﬁl%f erhégt t‘”%’""’ prgin pith 'c:;‘gg |st‘f:“f“§::°°of
the I €tci SR 1 0 1rkhd Lok 6€ Brel¥Rl ifveh R Shd b sadpet NE
5-pri me & heeﬁ Jg" o ﬂﬁﬁﬁdmﬁtﬁ& Q;%Qﬁ%.ﬁ‘% i dameféﬁ%mﬁs)
and gammBge Rk |t|(c|N?d’¥p Rt RE InventiblE AIPRRSdrd tﬁr@s a6 bipkested ildeglebeCelsius

ol i gonuc| glatelRBonéated. The mmmcaeqeﬂmafaog 3 QRIQolfisk, ofigFSthte, Skc), BOITLE]. A ingkels. 55
A humgh genomic DNA library in bacteriophage |anbda (Lawn et al., 22) was

screened peAMreEg nodification of the in situ anplification procedure
originally described by Wo et al., (47) (1978). Approximately 3.5 x [err]
phages weBEampleailedbtiah ofa Ghaosit Cigneadf EBO00 phage per 150 mm petri di sh (NZCYM
medi a) and i ncubated at 37 deg. until the plaques were visible, but small
(appr axi nat EPY vis Burifiey froniftheeuring bl faliéntsgwitiit aplastigcagemip epsentisfly as deserjbied pravieusly3

EP 0 411 ®hekeatal.JBiolGlieme?52: HRSS (JOE)paceptivat thp phengliseatment wasslimipgtedand pigced o
menbr anesbv(ﬂﬁé\ﬂeﬁng;&m? degdor § ain. todnagtiveig dersapinidpse,\The finahsiep inthe BWEPé'g‘ “"ﬁrﬁ“’ r es h
NZCYM pl afagation qraC-f Vydag HBLGgofupn {The Repgeations Graup) "&P&Pfﬂ §F°P

for a 10 'Hfysracetisasid {FFA) ovey; 190 F'P"?“FFPOT"W”S‘“&}%

(pH 8%- &eqvpmaeg;s fi F‘Ee&;er o macngol Ef 5}@ b ;:;ﬁ “ﬂvﬁ{;ﬁt
0 ,a US nate

hrs., t heaplpl_[g"

cel | ul ar 1 ﬁ '}Z%/ éﬁe evaporalsd o1

wth a i%ﬁst S oete o L %Ed wqul asa '8 nin
probe Lo Lh&nJnldrbe Won se 5!%&&'[) ﬁ(?\ﬁfé“re \9@ Grl‘leér'dﬂvﬁ dMlE dli%'a to N-terminal
Prehybr i digigshcldQEqubhds Shdlysis sii§ sn Applled 6§sﬂﬁﬁs Mbdel 4%0%5 S5 3B jubnataR THBSHquLM

chl ori de, gnklls sMid¥a BfetinidRine ma')ible@ ahd BeAd \desétibecherdi Sulfa NG of these tryptic fragments

were chosen for synthesis of oligonuclectide probes. From the sequence, Val-Asn-Phe-Tyr-Ala-Trp-Lys {amino
acids 46 through 52 in Tables 2 and 3), a 17 mer of 32 fold degeneracy

® TTCCANGCGTAGAAGTT
and an 18 mer of 128 fold degeneracy

45 CCANGCGTAGAAGTTNAC
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 14 mers, each 32-fold degenerate

50 TACACCTAACTTCCT and TACACCTAACTTCTT

which differ at the first position of the leucine codon were prepared. The aoligonucleotides 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 oligonuclectides varied between 1000 and 3000 Ci/mmole oligcnuclectide.
55 A human genomic DNA library in bacteriophage lambda (Lawn et al., 22) was screened using a modification
of the in situ amplification procedure originally described by Woo et al., (47) (1978). Approximately 3.5 x 105
phages were plated at a density of 6000 phage per 150 mm petri dish (NZCYM media) and incubated at 37
deg. until the plaques were visible, but small (approximately 0.5 mm). After chilling at 4 deg. for 1 hr., duplicate
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and 10 mM EDTA. The [err]-labeled 17 nmer was then added ata concentration
of 0.1 pnol/m and hybridization was carried out at 48 deg. for 72 hrs..

Fol |l owi ng hybridization the filters were washed extensively in 2 x SSC 10
(0.3M NaCl - 0.03M Na citrate, pHEPQ441638®Im t enperature and then for 1 hr.
in 3 MTMACI - 10 mm[err] (pH 6.8) at roomtenperature and from5 to 15
mn. at tiegichydstheGiaged pabibmé @Erp Gardtettbcto nBPMENtrdids MNeW EhgitndNucRa atiUilubsiad €
si gnal s wevemigtiet &0deg bnffies NEGYIVplatestiEe Altrowerel inapidengtingd Whd ndutiiizel By fdasig iriang
screen. Timamipesdhtoh o thin filesf6.5piNabH-- 1 BiNaCiRadlo.5 M TROEH 8) -0f M RaCl FetdcileRFoidving

r escr eenevdhcium liskingatid0aleg fan 2ihrsg terfiterfiaéré washed inG xISEC®5% [SDS lfor @ Ihr. @A e BdliulaANO
filters adulirisdnéhelilr suridce was reniveedbip gentle dcrdppiag with Flvet tissiia.dihks s@sppinaredudeti the Aatkner
for pl at i ground bitddingdf the grcbetoitherfiltdrs Theilters vae titka sicsed lpidHOL40d prekybddizet fdr fravh 4 to
hybri di za® hrsat fhdegs h3 M tetrarpsthyemmonium ghloride (10 nikb NaRSwi{pHy6.8)u$ © Perthiadty;, 8;5%,SDSt he
probe wasanddRBMERTA, ThaPliabeled 17 1per whs thenadded at S epnednisation pfiOdepmiotiml ap@hyhiidizationt
room terrp\";‘l‘sa‘l"{!FF‘é"“&ﬂ'd“tdﬁ% fori7R s Follpydng hybridization ithe dilers wers wasghed extegisively ni2e SB¢ ner
pr obe.™ Twi§ & "?‘?!‘F ?@Be'ﬂ'fe&!‘q therrfprclehr. dp 3 MJMACHNIQ mm HaP@mne

of these §Hﬁ§ ?ﬁé‘gerﬁﬂ“ e’@["@t‘,}rm?tg'é% “te'gt i on
with Sau3®™® e B e
ghgegagl Cmﬂﬁl E’s‘?%; sﬁpﬂéé %ﬂ"?ﬁ ﬁ%’m f°"

frame dm &rﬁe m m 4@““@@51}“ rﬁ:ﬂﬁfauﬁf %??Zr bed

herei n. |ﬂ$srr819brﬁﬁgéﬁ§§€e§ Withthe48 th rde Yl‘ﬁ pefidd tldi2 edt
(87 nt) o dhb YiHiesé phabd(@&dignaBSRrein BMEE HEPD1 Eﬁl esttd HE a&

spl i ce acgsnad info™13 (2 DNABSLuBIRE Qﬁaly@ﬂhslﬁd th€@dRkFchiih djﬁﬁl 48 Hlethdd-oF San Cg:.ﬂ-) 25
Exanplze 2son)\s) t16%n). ThéWlesttie Seqiénck kHaaedubst sftino béiy @queitd Wne oped rﬁalniﬂm'&mf %t al

| i ver mRNértheEFEYbiRadrientiiuideriNediidh) 416 8bsbibediherdin. K860 sequtdcea didlgiven ih oRer

wer e el eclettars ;3kbn3equélced (B7 biPard Givehdn upperchbe(Sedidchcds Whickdgréeatith bonsensimRplite4dcbp-H6 78
Bl [err] tor(a)and donor (d) sites are underiined. (See Table 4.)

25 Example 2 : Northern Analysis of Human Fetal Liver mRNA

§ ug of human fetal liver mRNA (prepared from a 20 week old fetal liver) and adult liver mRNA were electro
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[err] 5 EP O 411 678 B1 Wth reference to Tables 2 and 3, the deduced
.am no acid sequence shown bel omt he nucl eoti de sequence is nunbered
~beginning with 1 for the first arepootiagidBiof the mature protein. The
putative | eader peptide is indi- cated by all caps for the am no acid
designations. Cysteine residues in the mature protein are additionally
indi- cated by SH and potential N-linked glycosylation sites by an
asterisk. The am no acids which are underlined 5 i ndi cate those residues
identified by N-termi nal protein sequencing or by sequencing tryptic
fragnents of EPO as described in Exanple 1. Partial underlining indicates
residues in the amno acid sequence of certain tryptic fragnents which
coul d not be determ ned unanbi guously. The cDNA cl ones | anbda- HEPOFLG,

| anbda- HE- PCOFL8 and | anbda- HEPOFL13 have been deposited and are avail abl e
fromthe Anerican Type Culture Col- |ection, Rockville, Mryland as
Accesg on Nunbers ATCC 40156, ATCC 40152 and ATCC 40153, respectively. 10
Exanpl e 4: Genom c Strycturegof the EPOJL*ne Thesrel gtiv@ sizes and
positions of four inde@enden gendyic cl@ness (| anbdalrHERDL, 2, 3, and 6)

fromthe Haell /Al ul uligbra&yg are illustrate Y. the,oxerl apping lines in
Figure 3. The thickéheg8 ffeed @it EEs tthed us%tio §5§ of the EPO gene.
Ascal & (in Kb) and the3pd§id iforsSd= novdh § e3t3iFt Eod.&@ndonucl ease cl eavage
sites are shown. The TERGT Cord dignBg tha @& deng §a§ conpl etely
sequenced from bot h"}tga@gs%,t’fﬁii’nﬁ“ feected aX B & | Bake 911 generated series
of deletions througtE2Bisg=d (%'{g SEBChaI i g EdpresEntiation of five exons
coding for EPO nRNAigz§'=;s§g\n: i$3H glre 2.3 Taile%érﬁegi §e®-prime boundary of
exon Pis present|yd@EndEs ST 1§ BES B @dEng DoBt Boy of the exons are
darkened. The conpl §@endiglectide $E§t._re.r§§éo§ S gegi én is shown in Table
4. The 20 known Iirgig ’agé’p%iﬁ e%ﬁgaj EdplEneag e® By % he solid vertical
bars. Genonic cl one§ F@hgE EEPDL, tgrﬁ)%ﬁ %@%Ea da- HEPO3 and | anbda
HEPOB jave been depdst B&igands ate PH AT Dl r@rg t HegAer itan Type Cul ture
Col | ection, Rockvil % EMhEWE.dhdk ass 283 iDnE NaribegsEAECCEI0. 154, ATCC
40155, ATCC 40150, and5ATES 401315 8spettEVvBIg.328 § Bxarple 5
Construction of Vectr SR bj Eﬁggg@ﬁogngtﬁ 0§ gect or~ was
pAdD26SVpA(3) described P Kaufgag 28 8.8 h@l‘gmeglgBii)l 2 2 1304 (1982).
The stsucture of thig getg(f{-gsgslin: SEMos 54 Bréefdy2this plasnid
contains a nouse di dgcﬁ’ﬁlgat:.;e dedofabed ( R & gene Fhat |s under
transcriptional contgof §)§ 3 e pd@goEiTus @ tARY 68 late pro- 30
moter. A 5-prime spl cE38t% $si @fgal ¥ g nStHes aBeBo mus DNA and a
3-prime splice site, dgrﬁ &t ¢ er%agiM@gg)gl\éi g gede®is present
bet wee the Ad2 maj g czﬁgﬁjrg)ng)t Gzl G £ :cﬁdgqg@quence. The SV40
early pol yadenyl ati dh siﬁt_.,:f_ﬁu Qeu<§§lo§\r§tﬁe§r§fﬁoﬁ1 ¢ DHFR codi ng
sequence. The procarycﬁiigg.g § 38825 8.9 gg £8 $3

© § £83Z 22 538§ 38§-95-38-54%

S 2588 3 & S<ekE 9.5 3 °
Z: EZ53 w2 gE8sgE8gseER8 R
- .
80

55

17



derived section of pAdD26SVpA(3) is frompSvQd (Mellon et al., Cell, 27:
279 (1981)) and does not contain the pBR322 sequences known to inhibit
replication in manmmalian cells (Lusky et al., Nature, 293: 79 (1981)). 35
pAdD26SVpA(3) was converted to pl EPAM1pBBIVL2 as illustrated in Fig. 5A
pAdD26SVpA(3) was con- verted to plasm d pAdD26SVpA(3)(d) by the deletion

of one of pHofeged VR 0/8% dgarabd BinaldBhyBé\GdPRRIIMAHERRY to ditticlluldSkSusing i Hekiod BEsbrian
partial det@rTeil,28: 781(198HcA dingiSitfabided pfbBE Whd tReNGYepared o 3 W 1 StdmpPlath Bittairthg the
subpopul ahéeaiustfatddiinTRblei17THé phthér Wi &20 ridr GerivBd FinTtBskaind tryydlic fdynetay the BRgidas171
site was mergpeobe.dhe frolie waispidpoyd ds prReibusly descitbed by Adldersent all, PIgRE, (50)11984) except that,
recir cal afianving digestiorswithéenai (whjic!f ppaduckel ke desirad grbbelofss nBlarigth centiining 74 aof @dingsdand e
t o t he Sve@e)pibé snil ragmentwas purifiéd frogwsitpM13 templalilbg clacheatagraphy o asephpasd G1d@ cdheand e r
and vi r usin@3NdePH 8@ MyNaf@SThe filler was hglgidizedto epproxisnatelydsck iChepm qh B DROSHP T 183. @d)
as il | ust ¢&qegewhshedtin@ x SS& at B deg: andpaptBbBNpHdYS vithAn intensifyirgsareen Awingilh maxken |
to make amRNAeEIR0G (iadighdbydserred was niiranadiecet ipps. (Figuisd)-t i on of the three
el emerf®s conprising the tripartite | eader. Then, pJAWA43 (Zain et al.,
Cel |, 16: Eme@igwl gested with Xho 1, treated with Kl enow,

di ested th Pvul | 140b fra rrent containin art
o:‘ gt he th:Mrd\ ’Ft' X B%TH’B ieg I %‘F EtF”YeéFRe"B“e"b 9{)
8 proceu

rep re usin
(6%in, Trgaﬁe cﬂj‘lfgéb herm f‘vvas
( 1 oB d fi llowmg

then 11 i" ’ %%
Ezfxfa%wé&;eéé S *%ﬁgﬁaw i

3. Jab! a ivel o] U
[err] lab @idmeqaﬁa Pisbithhed e @entical tb eoMQw Honbe, LA 8. T%M@%ﬂ@ﬁ-m ed
from pgsi ﬁﬂtr’éﬁgldiedfé)!@&hdihZr'eﬂﬁre@&ﬁé&%ﬁﬁer‘b&hetleﬁﬁk TR 8Jd[A8 FegioRi8 reépiedented BP uppst dade
reconstr ugiesl was S5-prinme or 3-prinme of the inserted 140 bp DNA specific to
the second and third adenovi- rus late | eaders. The correct orientation of
the Pvull site is on the 5-prine side of the 140 bp Insert. This plasmd is
designated tTPL in Fig. 5A. The Ava Il D fragnment of SV40 containing the
SV40 emhancer sequence was obtained by digesting SV40 DNA with Ava 11
blunting the ends with the Kl enow fragnment of Pol 1, ligating Xho 1 |inkers
to the fragnents, 55 digesting with Xho 1 to open the Xho 1 site, and
isolating the fourth largest (D) fragment by gel el ectrophoresis. This
fragment was then ligated to Xho 1 cut pTPL, yielding the plasmd
pCVSVI®-TPL. The orientation of the SV40 D fragnent in pCVSVL2- TPL was such
that the SV40 | ate pronoter was in the sane orientation as the adenovirus
maj or |ate pronmoter. 25 EP 0 411 678 Bl To introduce the adenovirus
associated (VA) genes into the pCVSVL2-TPL, first a plasm d pBR322 was
constrycted that contained the adenovirus type 2 Hnd Il B fragnent.
Adenovirus type 2 DNA was digested with Hind 11l and the B fragnent was
i sol ated by gel electrophoresis. This fragnent was inserted into pBR322
whi ch had previously been digested with Hnd Ill. After transformation of
E. coli to anpicillin resistence, recom

40
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5 bi nants were screened for insertion of the Hind IIl B fragnent and the
inserted orientation was determ ned by restriction enzyne digestion.

pBR322- Ad Hind Il B contains tIgpoadesré®irus type 2 Hind IIl B fragnent in
the orientation depicted in Fig. 5B. As illustrated in Fig. 5B, the VA
genes are conveniently obtained fromplasnmid pBR322 - Ad Hind Il B by

digestion with Hpa |, adding EcoRIlinkers and digestion with EcoRl, .

foll owed by recovery of the 1.4 kb fragnent. 10 The fragnent havi ng EcoRl
sticky ends is then ligated into the EcCORl site of PTL, previously digested
with EcoRI. After transformng E. coli HB101l and selecting for tetracycline
resi stance, colonies were screened by filter hybridization to DNA specific
for the VA genes, DNA vas prepay ed frompositively hylridi zi;ngecl gnes and
characteri zed by-r-ﬁst r£gti org g@o%ﬁeagggl @gt{r, org e Y&l Eing pl asni d
i's demgnate% p91023. As illustrated in Fig. 5C, the two EcoRl sites In
p91023 were &enoy byaegutti ng 91028 to g£enpl @t on Wiy h 1.‘5@. EcaFg,

generétl ng two DP\I?rag-r‘rgnts Uﬁsejadet%? ki? gnd e ot A&t abolf® 1. *Rb. The

| atterfragmept coptai ned t heVA e s of. bot hefy agngmt s vuac,efllled
in using theg Kl e-ﬁ frggrrent oggol‘lzgd %g t\NESEragmz:hts F& e t?hén ligated
t oget her. %I asm~d p9l 023(A), cong @i ni ng,t he é? genp angd si my ar to
p91028%, but eIeteﬂfcg het)m:EcoﬁQE S|taes ideftIfie@ddy F2

G unst ei n- Hogness %cree ing wth thg vVa gepe fragnent,, andaky COdg
ventional restriction 3&te andlfysiss 520 8§ TEEsingl® PsER si t%3i n
p01023(A) wa$ renuved apd replaced wth an,EcoRl, S|ter91QZ,3(a)=m/as cutto
com pleti ong,vmthEDstl-*gnd tregg ed _wE:th rzhg Kl eirtﬁ)w f Egymen® Sof Bl to
generdte flugh ends. EcoRl linpkers were |jgated fo the blupted Rstl site of
p91023(A). The |irgear $EL023(AG wigl Ec@E |i@Ers &tF ach®& at T He bl unted
Peltl site was separated from unI igated linkers and digestgd to ggnpletion
with EcoRl, @and r@ilgaEgd A gljas@gls_ p9]§)§3(B);zgs dﬂm ctegd n Rigure 5C
was rggoverezi and identified as hayi ng a structure gl Iar_uto p91023(A),

25 but V\nthean EG‘JORI %gte Inu@ ace: @<f orgé SiB& Plagm d
p91023( B) ha§ beerg, deposi t ed ar]d i's aval I abI e fromt he American Type

Cul ture Collecti off, Rcﬁ:Bw Il ez Hvary &nd 0ACC€;§§I on ﬂl‘imbez SATCE g§9754.
Exanpl e 6: 30 The” CDNA crone Iarrb a- EPCFL6 and Iargbda_ EPOFL13;
Exanplse 3) were Ht'sert%d i nteo Sthe ok snip §91@§fﬁ B)2 £ ming PPER § and
PPTFL13, rspectlveﬁy B ug of Seach of the purified DNA S vvas then _used to
transfect [err] C&S celfs usi 5E8 t eI BEAE-B xtraﬁt;matgcgj (iBfa) 28iter 12
hrs., the cells ware washed and treated with Chl oroquin (0.1, M) _for 2
hrs., washed again, arfiifexpos@g to & m HBdi aZPnt aje ng §®0fed @ calf
serum®or 24 hrs. uThe “€di a was changed to 4 n1 serumfree di a_and
harvest ed 48uhrs. ﬂ atex.- 35_-..5.§ Pr.e ct| Bgiﬁmunélfgl cgl y a;pt;;l ve EPO
was quantlfl gd byﬁ radr oi mmnoassay as descrl ed b er- wood and

Gol dwasser (85). The @fi body.‘.'\bas pE&Vi dFEbY I8 JUQE% SE& woo@lg The

i odinated trgcer was of Ep- ar ed" fromthe hom)geneous O described in

T,

) = O
Exanpl € 1. The ser&ltlwg y of dtthe a-§§ay i$3appeoki mgdy 134p/ 2 gThe
resul ts are shown gpel sW’in Table 8. 40 o ae
TABLE 8 LEVEL OZEPOﬁLEASEE?}/EGTEE sé Eé Eg 3¢ <&
| NTO THE h/EDlA(@/mP)"- .
2e 23 % §¥ 3¢ -5% rE 5%
s a8 =3 TRE] 23 SE << <3 <3
3
E )
] 2 2 < EET) o =< - 3 = 2 <
5 EE £3 2§ E§ 353 3§ 35 Z3
g “ W <2 s Q -2 - < =S > D i
% ¢ 3 .28 3§ 3§ &5 3E g8 «8
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[err] - 330 45 31 PTFL13 has been
deposited and is available fromthe American Type Culture Collection,

" Rockville, Maryland 50 under Accession No. ATCC 39990. Exanple 7: EPO cDNA
(1 anbda- HEPOFL13) was I nserted i rBP041h87811023(B) vector and was
transfected into COS-1 55 cells and harvested as descri bed above (Exanple
6) except that the chloroquin treatment was omtted. In vitro biologically:
active EPO was neasured using either a col ony form ng assay with nouse
fetal liver calls as assoirce of aCF& EdHr & BHtI% i n8 uptake assay using
spl een cells from phenylhydr azi ng i & ededim fe. SThemsepsitivities of these
assayg are appr oxi mat el y, &5 nmni gs/ g . :1 ;yl vg bm)l ogl cgl |y active EPO was
26 EP 0 411 678 Bl ngagured uging elg heg "t &e ig/p(ﬁu cghouse or starved
rat method. The sensitivity of tWes& assay$ i8 afFpr i n? ately 100 nUr . No
activity was detected inn@ ther assay from nock condition nedia. The
results of EPO exp- ressed by cl gne EPG:ng, are shown bglow in Table 9

wher ei;n the activities rgported greuexg sgedgl nuunl 3/31 using a

comerci al, quantified EPQ (Toyofo, Inq;) oS 8 st:gano@rd“ 5 EPO Excreted

from COS Cal | s Transfect ed w th a‘ype I°° EFg) chAf,‘!LO 2 2 Assay
Activity RIA g & 32 4 Ro0@ 3§ ng/ M CFU-E
2 0.5 Un [err]*"rﬁ'y ¢ & 4 & 8 Sa o 3.1 1.8 Un
.15 15 hypoxi ¢ nppse 1 um
starved rat = O o o a4 a o Mni, Exanpl e 8: SDS
Pol yacryl am de Gel Anal ygsi,s of E§>O Brop C& Cell ¢ 202188 ng of EPO rel eased
into the nedia of COS cepfss trangfeg,tezgwig h EPOX | &frbd®- HEPOFL13) cDNA in
the vector 91023(B) (supra) was gl e&r@hcﬁ espd @n &5 10% SDS Laenili
pol yadPyl ani de gel and eﬂgctrotr%nsﬂ’er-ureﬁ td m?a‘trcﬁelﬁul ose paper (Towbin
et al., Proc. Nati. Acs® °Sci. USA P: %359 (1979)).2The filter was pr obed
wi th anti-EPO antibody gswedescribed in Table 8, washed, ang, reprobed with
1251-staph A protein. Th-e:fl | tergwag 23, aytojadlographgd for two days.
Nat i ve,chonpgeneous EPO was: descrgbeﬂ, i1 B@nmpBe 8 efthir Fefore (I ane B)
- 38 2 ¢ & & 3 & § & 3
- Q J an o0 2] @ L) o ]
= 3] & a ] [ L < Lt =]
z2 £8 2 2§ S 3§ 5 3
8—t<u & a3 13 3] < 9 - ] 3
30 w38
-t ]
2 5 8 8 8¢ 3 8% 3
Z 28 ® 2 ¢ 2 » 2 & g 3
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~or after-iodination (lane C) were el ectrophoresed (see Figure 6). Markers

- used Included [err] nethlonine |abelled, serumal bumn (68,000 d) and

oval bum n (45,000 d). Exanple 9: EP04tI6IEBI on of RK1-4 30 The Bam HI - Pvul |
fragnent fromthe plasm d PSV2DHFR ( Subramani et al., Mdl. Cell. Biol. 1:
854-864 (1981)) containing the Sv40 earl yregi on pronoteradjacenttothe nouse
di hydrofol ate redsyct aze (PHFR) gene, an SV40 enhancer, the small t antigen- .
intron, and the $v40 fol ydedg atk & sed@@nce 345 isd Jtea 8§ agnent A).
“The remaini ng frdynenis wre" bt af Med ¥ rom t Hed™ Vectd™ P91623(A) (supra) as
‘foll ows: p91023(,§) wag 3% digested with Pst | @t the ginglg.Pst | site
.near to the adenovirug prpm# & tHH inegrgze t-_%g plaghgd ang&ither ligated
- to synthetic Pst | to EcoRl converters and recircularized (creating the
sites Pst | - EcoRl - gPst$| te t heeorigisnal Psg & Siteey; 91023(B') or
treated with the largd frigp® FEDNA BEyntrdSe | &SdestT& the Pst |
sites#and ligated to & syhthetic EcoRl linker and recircularized (creating
an EcoRl site at the &ri dé nas f{stgg sité;?QlO% ). h ofahe two
resulting plasmds 91@23 ) “and g1 23(B )"'vvere I gested w th Xba and EcoR
to 40 produce two fragmentg £F &g G . 38y joifkng fr@nent JE from pol
023(B) and fragnment Gyfrem p9¥023{B' ) ardPfra t GPfPom p®+023(B) and
fragméht F from p91028( B'§) twe newepl aswigls wes @ create@d wheeh cont ai ned
either an EcoRl - Pstgl §t&8 &8st I&S Ecod Bs1teBad thel&iginal Pst |
site. The plasm d congai g ag, t,he Pst | -, .FCORlI_site re the, Pst | site is
closest to the adenovgrugﬁ%gr I?;ge prsrgter glgs tegrgd pgﬁgé3(C). The
vect or, p91023(C) was digested with Xhol to conpletion and the resulting
linearized DNA with sgicky 45a e@j§ vas3 @ unk Sy a' @nd 28 i ng reaction
with the large fragnegt §f E. &ofl“of ORA pofyhErase™™ To TR s DNA was
ligated a 340 bp H ndZl | g Eco§| B 8anmeng ont & B ng gr% SV49 :nhancer
prepared as follows: ghegH ndg | B < PvurR fr&Rent #8rom SW& which

cont aizas the SV40 oridi ngof r&pl kcati onwand th_e:enhafaggr wased Nserted into
the plasmid clac (Little et al., «\8l. BP@. M3S 1:4£FE488(d883)). The ¢

| acvect orwas prep- ared digesting c La ith BagpH, fiJling in the
sticky end with the Iirg?fra&eégofgﬁgp% Wra 5&3502_%1'5'1 di gesting
the DNAwith Hng 1118 TBe re8ulting plasm d (cSVHPI a regenerated the
BanH #ite by ligatioh t8 thegPvB &l bl 3@ ead 5The E®R -ZH nd |11
fragment was pregaredsfr&m cSWHPMFaE and® 19 gdf &%t o tRé* EcoR ©- Hind |11
fragment of pSVCH (Mellon et al . & Zupr ag i chwgont a'gr;.'ed t hegpl asmi d origin
of replication and thg rgsul t @ng+ap asnmi<€ @PSVHRAE wasEdel ect¢® The 340 bp

EcoRl - Hind Il fraggeng of HSVHREM coptai ning.the ZY40 orjgi n/ enhancer

was tH&n. prepared, bi4int®d at<boffengs>@ th B¢ largesfraggpnt of DNA
pol ymerase 1, 55 arffl 1 ggat e% to the Xhol digested, ﬁunt ed p91023(c)

vector described abov®. She r&suBt@ng pf &nmi d X§91023ED) / XtpEbl unt pl us
EcoRI/Hind I11/blunt SV40 origi n”pfus énffanceM)<in wWhi®h tSorientation of
the Hapd |1 - EcoRl fgaggent asgsuch thg@ thg BanH asgte v& ghin that
fragnment was nearest td tHhe VAZgerie® was = & ned=pES1052 <The \gasm' d pES1C6

was digested with Barg Hl;a:and fvui.lg and ?ESO«\M.:tJQ Pvulley al ongesand t he BanHl
27 5 @ B <3 <3 - Pl
] (7] B0
“ Y = 0 < RL) e e - &
45 €3 Ew b € — » < o«
o @ ag el QO g QQ < Q =0
:-J“ g g‘ - ] Q0 <« L)
i‘a £ g =2 O sp - ) ‘?.5 35
] s g [ o L) < O S O (L )
b S S8 qu 3 ~g e
50 v 3 2 =8 ~-38 33 S5 S8
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EP 0 411 678 Bl - Pvull fragment containing the adenovirus major |late
..promoter (fragnent B) and the Pvull fragnment containing the plasmd
~resistance gene (tetracycline resistance) and other sequences (fragment O
were isolated. Frag- nents A B afRo@11@881 i gated and the resulting
~plasmd shown in Figure 7 was isolated and terned RK1-4. Plasm d RK1-4 has
~ been deposited with the dAmaT_l c hLyp% %t ure Col I'ection, Rockville,
Maryl and, where It 5 |q;a Accessi on Nunber ATCC 39940.
-Exanpl e 10: Expression 514 O|n el 's-Method I DNA (20 ug) fromthe
plasm d pPTFL13 descri bed_abhove ggxarrpl 6) was digested with the
restrigtion 10 endonucledge C @B to Lglaaearhzi the plasmd and was |igated
to Cla l-digested DNA fromthe plasmd pAdD2€S\’/P(A) 1 (2 ug) which contains
an intact dihydrofol ate reduct aseu( DHF) o gen riven by an adenovi rus nmj or
- late pronpter (Kaufman an@& $harp¢8NbI =and ‘;] Bi ol . 1 1304- 1319 (1982)).
~This |igated DNA was used QL9 trans ect FR—negatl ve CHO cells (DUKX-BII,
Chasi f?L. A. and U laub G >( 980)5 £¢421§ J220) and followi ng growh
for two days, cells whi ch™i Pcor porated at | e&s¥ one DHFR gene were sel ected
in al pha nedia 15 | ackingfucl egg% des ge@d s | emented with 10% di al yzed
fetal bovine serum Follo®i%g gréw h f&r"two:- eks In selective nedia,
col oni gs were renmoved fromd he Of i nals @l at gs, pool ed into groups of
10- 10d” col oni es per pool , Sr@pl ate and<g$own"t:9 confluence in al pha nedia
I acki ng nucl eotides. The gypernafgnt ngdia fromthe pools grown prior to
met hotrexate sel ection we:%asszqu f o €PO &FRIA Pool s whi ch showed
positive EPO production were grown in the pres%nce of nethotrexate (0.02
uM angl then subcl oned ang %:easshﬁed BH® 203Gka 4 4.02-7, a single
" ‘subci oned fromthe EPO O 3 pool , ~Fel edsﬁes 460 ng/ mM EPO into nedia
- containing 0.02 uM MIX (Ta@e 103@ EPOHCEa 4o4;,02-7 is the cell line of
.choi ce for EPO producti on®ahd ha-subeeni"dﬁposﬁ'téd wi t h_t heAnmeri can Type
Culture Coll ection as Accessi on dnber A,T.EC CRL§695 Cyr rent ly, this clone
i s beizAg subjected to stefEse 2Becti &Bin BIEreasi n% concentrations of
MIX, and will presumably |eI d cg Is h pro- duce &ven higher |evels of
EPQO. For pools which vveneu ga i Yy ggl ﬁré'c&hotrexate resi stant col onies
25 obtained fromthe count er part cultures WHi€h were“grown in the presence
of nethotrexate (0.02 uM3vigre adf n r €a8sayedsin poold for EPO by RIA.
Those %ul tures which were®idt pogPti ve™®re Sibcl oned 3and subj ected to
growh in further |ncreasu.§ coru:entrat-uons gf nmet hot Eexate. St epw se
“nmethotrexate (MrX) sel ectidh wasS Bchi eed rgEJpeat ed cycles of culturing
the cells in the pre- senge,of ingreasid concentrati ons of nethotrexate
.and sglecting for survivogs At §Qch r d, B was 30 measured in the
culture supematant by RIA and by in vitro bi ﬁlf)gl cal activity. The levels
of nmethotrexate used in ef& stedh@ se l'ifgation were 0.02 uM 0.1 uM
and .5 uM As shown In TaBI® 10 ®after ¥ ouné fof selection in .02 uM MIX
significant |evels of EPOuwwere begng redasednto the culture nedia. TABLE

10 Lewgl of EPO Rel eased #r# o t heS9vedi . ph& & 0. 02 uM net hot sexat e
i'n al pha o T e
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. Sample Assay medi um har vest medi um harvest 40

. 4 4 -Pool Rl A 17 ng/m 50 ng/mM 4 4
Single Colony Clone (.02-7) R £popa4116788B1 -

460 ng/ mM Exanple 11: Expression of EPOin CHO cells -Method Il 50 DNA from
the clone | anbda HEPOFL13 was digested with EcoRI and the small R fragnment .
contai ning the EPO gene was subcloned Into the EcoRl site of the plasmd ~ -~ -
" RK1-4 (See Exanple 10). This DNA (RKFL13) was then used to transfect the
DHFR-negative CHO cells directly (w thout digestion) and the sel ection and
~anpl |f|catf_on #as @ri ed: gut aqutescrlatxed e xanpd.e 18 wbovs. ~$he RKFL13

DNA fas al%o | gser ted i NH3CHO T &IE s BF Pr 08 GBasE Fusi oms #nd- a|F
m croinj ecéh onu Plgspid 55 RKFLI 3 has been dep05| ted and is aagai | abl e
fromthe Amerigan Eyfe OR Eure Cgiid ect 0B, RecEVi | 1% ) I\/arg/Eand fader
Accession No. ATCC 39989. 28 - EP 0 411 678 B Leve? of EPO Relleased into
the Media £ 22 .55 =22 zgdlphae sig
0. 02IM methot ré,xat é’Fﬂ Sa’nﬁl e Ve <<  Ass@y 9edi und Bar vese al pha
medi um ha¥vesg Colwgy g g 3lg FBA =g e 3 M slg
42 mg/m % poo) 1ES = SPool -'-#{: 38 S8 it = Gio
150 ng/m *#(cl8ne) Jarr] s o alss - e 1. m Siggle
Col opy BIA o é:.. 58 qﬁfﬁ)ng/rﬂicl odE. 02@ B) &r] J&rr]
g 5.9 Uy, Mcraqipjected R® o M ng/n
160 ng/ m @oola‘ (DEP® 1) d&rr] [ lﬁ] 18U ns S 38 & o -- 20
The preferged g ngle,col any clongihas heen depgsited a s avajl.able from
the American T¥pe7GEt ur & Gol | ecti®n, E;(ﬁkw 48, Mgg ‘gnderz 8ccessi on
Nunbe® ATCC CRL8695 26 , Exanple}l2: reSS| gn of EP nomc._Clone in
COS-1 Cel | e €9 32 = >. %51 25 a gy
- é 3 g Q9 ufc U e < < <O 1 2] oo
23 - =2
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The vector used for expression of the EPO genom c clone is pSvVQd (Mellon et

“al supra).
blunted with the | arge
| anbda- HEPC3 was di gest
kb fragnment 30 contai ni

The nucl eoti de sequence of this fragnent fromthe Hnd |11
j ust beyond the pol yadenyl ati on si gnal

DNA from pSVOD was digested to conpletion with Hnd Il and
fragnent of DNA polynerase | . The EPO genonic cl one
ed to comBP4108788t h ECoRI and Hind 11l and the 4.0

ng the EPO gene was isol ated and blunted as above.
site to a region
is showmn in Figure 4 and Tabl e 4.

The EPO gene fragnent was inserted into the pSvVQd plasm d fragnent and

correctly constructed r

verifiged. The plasmd CZ2-1 has the EPO gene in orientation
end of EPO neagrgst ta& &
the opposite orientatidg (o €f atio "I&') £
CzZ2-1 were transfected,into

the 5

was harvested and ass
31 ng4gM of EPO was d
16-31 ng/m from CZ1- 3

inserted into COS cel IHE
EXpI’eSSI on in Cl27 and.. i

cont ai ni ng the EPO cD€
~nmouse et al | ot hi onei n g
virus DNA was prepared
pur chased from Pronega.

EcoRl and the 1340 bp %
DNA |i gase. A resulting
was néarest to the SP&

di gestion) was terned §
PSP6/5 pol ylinkeris di%
pMMIneo BPV 55 The
Bi ol . 2110-2115 (1%#

conpl et | onwi t h BanHl to_d

cont ai ni ng the BPV gerg
containing the p ari

pl ago

econbi nants in both orientations were isol at ed and
"a" (i.e. with
SV4Q, orj gi.n) .and the plagm d CZ1- 3 isin

35 & -Tha pLasnids CZ1-3 and
-1 celd s-vasudescrg eg | @ Bfanple 7 and nedia
%nmnolwglatal“l y Zr e§ct veSEPD. Approxi matel y
the cul tur & super—na?anb f&om CZ2-1 and

gd forf
Ected |

wCGenonke: cl ones HEPOL, HEPQ2, and HEPO6 can be
Efor eXfressiqgn iy g simlar ~mepner. 40 Exanple 13:
Ln 3T3ukel |'s Gonsk r get t’:on_,of upBEVEPO A plasmd
[Ssequenfe undert e tjalgsc‘r‘l pEi odlal econtrol of a

Lonot ek uand I |a’nké'd o Ehel cou;pl Bt e=bOV| ne papill oma
gs fol . 45 pEPO¢9F=-Th§ pPasti dSSP615 was
Bi ot ec-uThl s plasmd was digested to conpletion with

HoRI  f &lkgnent o rom lanpda_ HEPOFL13 was inserted by
,_pl as- g| m:jd |°n |eh ghed5' eneng of the EPO gene
gronot 82 (as d’etgmeneé bg Bl |1 Sand Hind 111

EPO49Fzjd N thlas @’Ié.‘ht&tlgn gth BgnHI site in the
Bctly acent3t&tie & &ndSof Bt hg EPO gene.
d pdBRV- mirneo (342-12) (Law et al., Mol.
8)), iFlustratged In Figure 8 was d| gegted to
Rr oducgtanof rag;rrenst s"I agar gef E-ag ~8kb in length
ge ands& snal Iqerf"ra &, 2~635 ge En Eength,

gin of Jeplicdti@n g BP 5 431 B783B1 and

o

and Cel |

anpi cillin resistancg 3jgne, 2 &g net ald oghi gnein gr offot &r ot hga neomnycin
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~pol yaden'yl ation signal. The digested DNA was recircul arized by DNA |igase
—..and plasm ds which contained only the 6.8 kb fragnment were identified by

+-EcoR "and BanmH restrictions endogrcémazend gesti on. One such plasm d was

 appr oxi

ternmed pmmifneo BPV. 5 pEPOL5a .pMMIneo BPV was di gested to conpletion with

Bglll. pEP fceth BBRL £chabAnd RIRESLhi ke éd&e:ﬁé@ﬂd JclleotﬁQQLqm‘é‘e
&x ﬁﬁ e azld%ahé Bt Bkléﬁr&géaﬁvﬁ%

prepar ed for thd b b tesidiaforB WybleinélieigiRs Yy ey aamnsn fai/ 00

bp BanH /cagb ws Hdf JoRBIEEIMINEE 8ydosyBériditetytinatBrisk [ The biido a&.mcdareqm fkdi NQ

the EBO Ghdidate\0RESrebidlRE dbrtiicatby Nitermihl priYein Selehekigonby sequendiigiryptit fragments of EPO

ol i gonuclagaéschiied thrExbripte {-Aditial Uridefiitiglidicates rqaidadaan méranmifo dcki sequandelor certhin fryptid1 €

- EPO gene . frafhenitsvhich lcausdmiotiBe deffenmibledwmérmbiguocsyl TheeDNX cloyds ldntbda-HEPOIFLE6 Atraldd$1ES ,

- one ( pEP®EUFES andtantida-HEPORLNS hdvbGen BBAsitad ahdare avaliabletfiatnitierAnsrican TypecGulture €ol6'

5 end of t hestid¢tPRyckNDE/ Marpland aedgcession Nimberst TG HOM56,AT0C #015DardNICC #0158, sespablively f | ed

by digestion with EcoRI and Kpnl 15 pBPV- EPO The plasm d pEPOL5A was
di gest ed ExampiehiBen pureof e PP Gepe | | neari ze the plasm d. The plasmd
pdBPV- MMTneo( 342- 1 was al so digested to conpletion with BanHI to roduce

t f "9 ’ﬂ?t“’ Ees and) pasitions of f?lﬁ" '"dFH@dﬁ»"t ﬂ.ﬂ“’f“fcé 13 ?'ﬂ@ frqm,
e\rl:?l r(raagrren Wﬂ% Fﬁ%tp'g %Fugﬂ nedfj g °'h(ra1d
gt

f
the 8fb 4 e ani n s' w&“’"vmu ch
con. f;@%“?%f “gé ‘ dﬁ“f% "

dnl?i Ef&e dlonl bﬁ% aﬁme t h

i
‘5{5%@?%@?
t he BPV %H&P& the | d@fRerfd

di rectg Orim Sbn 1kt @8t S adh eldn P Weffeate S‘ytﬁ?w@nemamnm@cmmma@a iahﬁo%l' on
of transqigrbb,iffbde-PEPES ard AbBRHERdsMhVY HIBEdeBosREPINR bR avdilatie frdh (RERR: éA-e&M

(342-12) cufste CoIBMOR, ROMtwile] MEryRhAS Kesbs MR MYRNED40168 473 20158, ATOY 30156,3he
fromthe A%aemom,rreéBwﬁehCul ture Col | ection, Rockville, Mryland under

Accessi on No. ATCC 37224. Expression 30 The fol | ow ng met hods were used to
expr egs ERanpldet Grostruition 86/ector p1@ASA) pBPV- EPO was prepared and approxi mately
25 ug was used to transfect ~[err] Cl127 (Lowy et al., Jh of Virol.

26: 291- 98( 1UPSphsi@raiop ebdtar was pAdp263VipA(Fh desciinal &Y Kenfmanoss phade Gell 8idl-2 ¥4 on
t echni qudtP8RFherfiruaiyre gf this vegior is skayn in Big SA4Byigllys this(piasrpid epntains a/gouse dihydsafqiale

t r ansf ectredypiase;(REHR)CANA penetthas j§ upder fransqrintionalesapipbef theradenaviass|2dAdR) maj 1“9 &%r ol

shock&d, '%9595‘ Hegrprime.splige siie j§ ingicated)in {he i‘@ﬁ‘i"ﬁ‘l’sr\‘?'\'fga"f@/% ?"E'teaFP"cBG% HE"" fremefhas

dded. Edpmynog 9eqp.dS pre 'L‘té’the?"rf@’ A2 majo rpé°"l° F?“Pe Jf'e
?at ?o of dsg:? J%’(Il # s% \m'j%ge%
Mol . Applg .
twottfgod %Ess véﬁefa"z@ ] dop[a/eéﬁ'ﬂé' . @s' %J”f
I nto m crghddtSias 502%% pAS) RIEY tht HeletiondY e%Piﬂ n 268VpA(3) This was

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

linearized plasmids are obtained in which only one Pst1 site was cleaved, followed by treatment with Kienow,

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

The adenovirus fripartite leader and virus associated genes (VA genes) were inserted into
pPAdD26SVpA(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. Then, pJAW
43 (Zain et al., Cell, 16 : 851 (1979)) was digested with Xho 1, treated with Klenow, digested with Pvuil, and

45 the 140 bp fragment containing the second part of the third leader was isolated by electrophoresis on an
acrylamide gel (6% in Tris borate buffer ; Maniatis et al., supra). The 140 bp fragment was then ligated to the
Pvull digested pAdD26SVpA(3)(d). The ligation product was used to transform E., coli to tetracycline resistance
and colonies were screened using the Grunstein-Hogness procedure employing a 22P jabelled probe hybridi-
zing to the 140 bp fragment. DNA was prepared from positively hybridizing colonies to test whether the Pvull

5  site reconstructed was 5-prime or 3-prime of the inserted 140 bp DNA specific to the second and third adenovi-
rus late leaders. The correct orlentation of the Pvuli site is on the 5-prime side of the 140 bp insert. This plasmid
is designated tTPL in Fig. 5A.

The Ava Il D fragment of SV40 containing the SV40 enhancer sequence was obtained by digesting SV40
DNA with Ava ll, blunting the ends with the Klenow fragment of Pal |, ligating Xho 1 linkers to the fragments,

55  digesting with Xho 1 to open the Xho 1 site, and isolating the fourth largest (D) fragment by gel electrophoresis.
This fragment was then ligated to Xho 1 cut pTPL, yielding the plasmid pCVSVL2-TPL. The crientation of the
8V40 D fragment in pCVSVL2-TPL was such that the SV40 late promoter was in the same orientation as the
adenovirus major late promoter.
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prsence of (418. The cells were then washed, fresh nedia containing 10%
fetal bovine serumwas added and the nedi a was harvested 24 hours | ater.
The conditioned nedia was tested and shown to be positive for EPO by

radi oi mmunoassay and by in vitro FPO46Y67881 assay. 45 Method 11 C127 or3T3
cell swere cotransfected with 25 ug of pBPV-EPO and 2ug of pSV2neo (Southern

etal ., suprfg infSdubtohe bdenbVitud dxsddritdaqih)lgenel HicSthé SCVAIVRD-PRU, AR £p1asmif pBRE2E valsd
nol ar  excebstruttbd hiteoREBMd- i fdendvils 1362 Hind I 8TakiRént. Adbhovitus Bipe 2 DA wak aigasbdr e
IS the sawthH Il dndifl Bedmbnt wakisbiated Bylgel diet@ophéredid. Shivedgmettmwasméed o pmﬁda 30
ug of pBRuhidaMad grevicielp Baeh bigebtadwith/HintMOAter transfbrm@tidn BEE. baliadarhphuillini résibteRte] rebdm-
spl i t ta nopiahts weid)screéred &dn insartitin®f thaHiné HIE Teagoerd avMBY iisetted arientakivy was dkdneined by
appr oxi neesticjfiorPenzaEdigestioo.pBR8Z2 —\HirdrihB sentdins themdenodfub typeHied il Bi@grasnt in the

| ndi vi duadrieftatioh depinted ipFigl68d separately into 1 cmwells of a mcrotiter

pl ate, grownhs ligstrated inlfige T the Ya geneserecsbrypeientip phtained éram eldsrhicd pBRE2D- Ad Hind |iitB/byor
ant i geni cdigegtionwith tiga 1. ediey BepRyliekarsendiligestio gith EcoRifollpwad by rgpenpdi thik 4 khStagment
Expr ed&i ofheifraomens baving EspRl sticky prds g then ligated intoshe EogRiFitef AH- Wmﬁlyégﬁﬁt?j’ wibct or
pl VEV has %Bbﬁ w&geﬁl’\'ﬁaﬂ"glﬁp ér "t"ﬁ@s‘ﬂﬁ'é’ﬁ @Qﬁ' sqreened e

Col | ect i cﬂr’ %w Pﬁﬂa ﬁ&l’eﬁg ' '"We?/ﬂ‘@t or

was m)dlf‘féc .,

IlnearkzeEmE (PgETTY le t se
= KIspowiag %ofp o%é% n

g dD
| and a s "1' emusm

een Br8

end | gatwa Bioh &h las dga R

di gest ed g ¢ $\aéhtitied by Eilfs wﬁHt

GGGCCCCAQ@%‘Q@ vvas | nserte y I"unt en at on The

resul tiant  phesdigh Pé@&ein%@mQ(ANéé%ved aha repiabedwiiPAFEEER site. p91023(a) was cut to com-
pletion with Psti and treated with the Klenow fragment of poll to generate flush ends. EcoRl linkers were ligated
to the blunted Pstl site of p91023(A). The linear p91023(A), with EcoRl linkers attached at the blunted Pst site
was separated from unligated linkers and digested to completion with EcoRl, and religated. A plasmid,
p91023(B) as depicted in Figure 5C was recovered, and identified as having a structure simifar to p81023(A),

25 butwith an EcoRl site in place of the former Pstl site. Plasmid p91023(B) has been depaosited and is available

from the American Type Culture Collection, Rockville, Maryland as Accession Number ATCC 39754.

Example 6 :

30 The cDNA clones (lambda-EPOFL6 and lambda-EPOFL13 ; Example 3) were inserted into the plasmid
p91023(B) forming PPTFLE and PPTFL13, rspectively. 8 ug of each of the purified DNA’s was then used to
transfect 5 x 10% COS cells using the DEAE-dextran method (infra). After 12 hrs., the cells were washed and
treated with Chloroquin (0.1 mM) for 2 hrs., washed again, and exposed to 10 ml media containing 10% fetal

_ calf serum for 24 hrs. The media was changed to 4 m! serum free media and harvested 48 hrs. later.

- a5 Production of immunologically active EPO was quantified by a radioimmunoassay as described by Sher-
wood and Goldwasser (65). The antibody was provided by Dr. Judith Sherwood. The iodinated tracer was prep-
ared from the homogeneous EPO described in Example 1. The sensitivity of the assay is approximately 1 ng/ml.
The results are shown below in Table 8.

40 TARLE §
- : LEVEL OF EPO RELEASED
VECTOR INTO THE ME0iad (nag/=l)
pPTITL13 330
45
oPTTrLE 31

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

Example 7 :

EPO cDNA (lambda-HEPOFL13) was inserted into the p91023(B) vector and was transfected into COS-1
&§5  cells and harvested as described above (Example 6) except that the chloroguin treatment was omitted.
In vitro biologically active EPO was measured using either a colony forming assay with mouse fetal liver
cells as a source of CFU-E or a 3H-thymidine uptake assay using spleen cells from phenylhydrazine injected
mice. The sensifivities of these assays are approximately 25 mUnits/ml. In vivo biologically active EPO was
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..The plasm d pl VEVSI was digested with Kpnl to linearize the plasmd and
approximately 0 to 100 bp were renoved from each end by digestion with the
~doubl e-stranded exonucl ease Bal IposngreBasul ting ends which were not

“-perfectly blunt were blunted using the |arge fragnment of DNA pol ynerase |

~and the po lln S gs%% nﬁ%ﬁ% o'?t ase assays is appro m-'
TC_I_AGAGCE@%% A&%@M‘ % ﬁettﬁ?%’sgﬁg; lock ko BilionFiedia. The Alsliaf EP

- polyli nk?e@se%?el&d@%ﬁbh aleShAAbB oW A BiHeRiAShe abtivlbFrEErtel drdlexphabsel Intul‘iﬁlml
_polylin Gémglzﬁm%b.%ﬂt nfire® Brd (rajobb, M) Bk biandatd € Wi thin the polylinker is

. hearegt to the pol yhedron gene pronoter 40 Is terned pl VEVSI BgKp. A plasmd
in which the Kpnl site within the polylinkeris nearest to the polyhedron
.gelne p&olr)mter S terned pI VEVSI KpBgIBgﬁﬁ—Eunber of base pairs Whl ch were

el ete s2 h

prorrlotglr w?s not determ ned The pl E VSI Bng has been deposi ted W|th and is
avai lable fromt rican Type Culture Coll ggti Rockvi |l e, Maryl and
under Accession %CC 39988. 45 pl EVSI Bng%%"“b%Nl was di gestgd to
conpletion withgganl and Patl to produce twpobragnemgsel The |arger fragnent
~ whi ch cont ai ned GFNE-QDI asmd origin of repliegation.san@d/ahe 3' end of the

pol yhedron gene I-Wrepared by gel 50 i sdkati bn8 (¥4mbnent A).

pl VEV&| BgKp was l’d’w&%‘coml etion withlpstl and’ to produce two
fragnents and tIf& 4 &A% ragnent, which c®ntai ned Y48t pol yhedron gene
I|2rormter and the poI yI i nker was prepared by gel isolation (fragnent B).

r agnent | & ; lcsEa © formthe new plasmd

pl VEV;, F%"&% 8 iflad G Al Y h Ilg;d pol yhedron gene into

whi ch”a pO' cEU?Q Pohéléasbcﬁﬁtﬂ tHe AR 8ih bESh SRS tah oLtk BP O fantbdPEPORI1BEEDNA in
(replaci ggvt §(bf QRS wizeRBropfdried o 10%8DBLAdmipolyryiktideldel hielt rduaRsfer-

pol yhedr qiy i9Rircteii & (Powbin®i al., ProERiaf), Addd] SE.ATSARYS : pasUIEFa)R ITvEEl waBEieped  was
di gested vﬁtmarmmlaaﬁuoms\ub&hbeﬁwﬂﬂehcwabndama fepfobédwith Phlatph Al pratett. THe@itet 340 bp
EcoRl 2sf r agomaédriphsa focnddlys. NaiRehbricyendass ERtwasidestribeRlincExampls 1, etthet befare §zge Bhe
EPO gene ot ditetidtihativni(lenelG) tvere Becioporeséib$ee Figure BlaWarkérs wadineiided i@metRiohinpdabelieds
. near est sérem piblyih ¢68;000d)pndevebemin #3@0QAdHle 3' end of the pol yhedron gene were

identified by digestion with Bglll. One of these plasnmds in the
ori ent at Ewampicd:Qongimdion iRk -4nas desi gnat ed pl VEPO

The Bam Hi-Pvull fragment from the plasmid PSV2DHFR (Subramani et al., Mol, Cell. Biol. 1: 854-864
(1981)) containing the SV40 early region promoter adjacent to the mouse dihydrofolate reductase (DHFR) gene,
an SV40 enhancer, the small t antigen intron, and the SV40 polyadenylation sequence was isolated (fragment
A). The remaining fragments were obtained from the vector p91023(A) (supra) as follows : p91023(A) was

35 digested with Pst | at the single Pst | site near to the adenovirus promoter to linearize the plasmid and either

- ligated to synthetic Pst | to EcoR! 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 EcoRl site at the original Pst | site ;

91023(B). Each of the two resulting plasmids 91023(B) and 81023(B’) were digested with Xba and EcoRt to

4 produce two fragments (F and G). By joining fragment F from p91023(B) and fragment G from p91023(B’) and

fragment G from p91023(B) and fragment F from p81023(B’) two new plasmids were created which contained

either an EcoRl - Pst | site or a Pst 1 - EcoRl site at the original Pst | site. The plasmid containing the Pst | -
EcoRl site where the Pst | site is closest to the adenovirus major late promoter was termed p81023(C).

The vector p81023(C) was digested with Xhol to completion and the resuiting linearized DNA with sticky

45  ends was blunted by an end filling reaction with the large fragment of E. coli of DNA polymerase I. To this DNA

was ligated a 340 bp Hind lli EcoR{ fragment containing the SV40 enhancer prepared as follows :

The Hind Ili - Pvu [l fragment from SV40 which contains the SV40 origin of replication and the enhancer
was inserted into the plasmid ¢ lac (Little et al., Mol. Biol. Med. 1 : 473-488 (1983)). The c lac vector was prep-
ared by digesting ¢ lac DNA with BamHl, filling in the sticky end with the large fragment of DNA polymerase |

so  and digesting the DNA with Hind lll. The resulting plasmid (cSVHPIaC) regenerated the BamH| site by ligation
to the Pvu Il blunt end. The EcoR! — Hind Il fragment was prepared from cSVHPlac and ligated to the EcoRl
— Hind 11l fragment of pSVOd (Mellon et al., supra) which contained the plasmid origin of replication and the
resulting plasmid PSVHPOd was selected. The 340 bp EcoRl — Hind lil fragment of PSVHPQd containing the
SV40 originfenhancer was then prepared, blunted at both ends with the large fragment of DNA polymerase |,
55 and ligated to the Xhol digested, blunted p91023(c) vector described above. The resulting plasmid
(p91023(C)/Xho/blunt plus EcoRI/Hind II/blunt SV40 origin plus enhancer) in which the orientation of the Hind
1l - EcoRlI fragment was such that the BamHI site within that fragment was nearest to the VA gene was termed
pES105. The plasmid pES105 was digested with Bam Hl and Pvull and also with Pvull alone and the BamHi
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" Expression of EPOin insect CELLs 10 Large anobunts of the pl VEPO pl asmid

~~were made by transformng the E. coli strain JM01-tgl. The plasm d DNA was

- . isolated by cleared |ysate technique (Maniatis and Fritsch, Cold Spring
~.Harbor Manual ) and further purifi eEP ®4116€8381 centrifugation. WIld-type

. Aut ographa californica pol yhedrosis virus (AcNPV) strain L-1 DNA was

 prepared bpvwphR§fdnt @ktanfkg tHeQleneViny st fatdRérhdte? liagmensh aaaleia&ﬁﬂmsgme%:ammg
- purificat teplathid rd3Rtarte gdhe E¥cycihe res:stanceﬂiﬂ%eﬁééﬁue%gdﬁﬁn {618 isolated. Frag-
cot r ansf eiefts Al Bard CoR6rd Ggttediand thé FHUIRR pASMIE Shdwh il Figurs Dlasddoldtednd RimatriALs. |
~I'n Vitro Vrbmid RK1-Bhas biés debésited Riththe Ahériogh Tyb&C@ileColisBtidhREJRVAR] Rarlia st | oNn
procedarem(a?aihbleundambcédsloh Numbet 87CE) 300ktr each plate of cells being
. cotransfected, lug of wild-type AcNPV DNA and 10 ug of pl VEPO were used.
- The pl at eExameelol Bxanéssiorof ERD it WO tell-Methéd Idays. The supernatant was then
harvested and EPO expression in the supematant was confirmed by
r adi oi mmunod2NA20 ug)dromythe plasinid pPIFLIB desstiied abova §Example Bwds digagtdwiiBhe restriction
Puri f i Wat pedenygeagepCladi(a linedripe the rtsmid and vasrdidated {o1C1a )i-digestad PIAOfrom the plasmid
concent r aPAIRZESYRIAY142 %Uh'e@"l‘tﬁiﬂ?@ infstdihydrafolatereductess (RHFRYgrye drivenibyian gdenoving9 0
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appl i ez 30btaihenl framdhelcounterpatteiimibs whitH wefd\drdwiiattad mesande dfmdtholrextil (0.02 i) e@gdim 10
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purified % anificant levels ph RO yere bging Aplpgsed intothe ety fredigsn e EPO was appl i ed
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“water;,solvent B was O. 1%[err] at f:‘-"léa;eé-ﬁ-é-ge of 1 m/ m n. The col umm 45
“was washed with 10% B Lewe IR0 : : psMediged with |inear

‘gradient of B (10-70%in 60 m n ?ﬁg Theofégqm Qgghggé@ér]gi Ebghuere
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| yophi |l i zed EPO was reconstituted in 0.1 MIris-HCl at pH 7.5 contai ni ng
0. 15 MpNaClé¢ @nd®acdchr oR&Rogr apk@ddngsml he reverse phase SlAPRE/Mhe fractions

. cont ai ni ng trle Iin were pool ed and anal yzed by SDS- pol yac-

Coleony

Clone _ ;
“ (.02-7) RIA - 'f 460 ng/ml

Example 11 : Expression of EPO in CHO cells — Method Il

80 DNA from the clone lambda HEPOFL13 was digested with EcoRl and the small Rl fragment containing the
EPO gene was subcloned into the EcoRI site of the plasmid RK1-4 (See Example 10). This DNA (RKFL13)
was then used to transfect the DHFR-negative CHO cells directly (without digestion) and the selection and
amplification was carried out as described in Example 10 above.

The RKFL13 DNA was also inserted into CHO cells by protoplast fusion and microinjection. Plasmid

§6  RKFL13 has been deposited and is available from the American Type Culture Collection, Rockville, Maryland
under Accession No, ATCC 39989,



rylam de (10%  gel electrophoresis (Laneli, UK , Nature). The pool ed
fractions of EPO contained 15.5 ug of 50 EPO in 25 ug of total protein.
The invention has been descri bed EpodetezgeB1 i ncl uding the preferred

enbodi ments thereof. It will, however, be appreciated that those skilled
artisans may nmake nodifications and i nprovenents upon consi deration of the
speci fication and drawi ngs set fort Ig-;hgg_-ei,m, W t hout departing fromthe
spirit and scope of this inventj on as_Sef ort1=i 2 t he _appende

A 3= 12119 = e ¥y
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The vector used for expression of the EPO genomic clone is pSVOd (Mellon et al., supra). DNA from
pSVOD was digested to completion with Hind 11l and blunted with the large fragment of DNA polymerase |. The
EPO genomic clone lambda-HEPO3 was digested to completion with EcoRl and Hind lil and the 4.0 kb fragment
30 containing the EPO gene was isolated and blunted as above. The nucleotide sequence of this fragment from
the Hind 1l site to a region just beyond the polyadenylation sighal is shown in Figure 4 and Table 4. The EPO
gene fragment was inserted into the pSVOd plasmid fragment and comrectly constructed recombinants in both
orientations were isolated and verified. The plasmid CZ2-1 has the EPO gene in orientation "a” (i.e. with the
5’ end of EPO nearest to the SV40 origin) and the plasmid CZ1-3 is in the opposite orientation (orientation "b").
35  The plasmids C21-3 and CZ2-1 were transfected into COS-1 cells as described in Example 7 and media
was harvested and assayed for immunologically reactive EPO. Approximately 31 ng/ml of EPO was detected
in the culture supernatant from CZ2-1 and 16-31 ng/ml from CZ1-3.
Genomic clones HEPO1, HEPO2, and HEPO6 can be inserted into COS cells for expression in a simifar

WRTAY

manner.
40 .
Example 13 : Expression in C127 and in 3T3 Cells Construction of pBPVEPO
A plasmid containing the EPO ¢cDNA sequence under the franscriptional control of a mouse metalliothionein
promoter and linked to the complete bovine papilloma virus DNA was prepared as follows :
45

pEPOAYF

The plasmid SP6/5 was purchased from Promega Biotec. This piasmid was digested to completion with
EcoRt and the 1340 bp EcoRl fragment from lambda-HEPOFL13 was inserted by DNA ligase. A resulting plas-
s0  mid in which the 5° end of the EPO gene was nearest to the SP6 promoter (as determined by Bgll and Hind Il
digestion) was termed pEPO49F. In this orfentation, the BamHl site in the PSP6/5 polylinker is directly adjacent
to the &’ end of the EPO gene.

pMMTneo BPV

The plasmid pdBPV-mmTneo (342-12) (Law et al., Mol. and Cell Biol. 3 : 2110-2115 (1983)), illustrated in
Figure 8, was digested to completion with BamHl to produce two fragments — a large fragment ~8 kb in length
containing the BPV genome and a smaller fragment, ~6.5 kb in length, containing the pML2 origin of replication
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o ( ) Thefollowlng methods were used to express EPO.

. -Method L.

S 35 DNA pBPV-EPO was prepared and approximately 25 ug was used to transfect ~1 x 108 C127 (Lowy et
' al., J. of Virol. 26 : 291-98 (1978)) CHO cells using standard calcium phosphate precipitation techniques (Grahm
etal., Virolog: » Virology, 52 : 456-67 (1973)). Five hrs. after transfaction, the transfection media was removed, the cells
were glycerol shocked, washed, and fresh a-medium containing 10% fetal bovine serum was added. Forty-eight
hrs. later, the cells were trypsinized and split at a ratio of 1 : 10 in DME medium containing 500 ug/ml G418
40 (Southem etal., Mol. Appl. Genet. 1 : 327-41 (1982)) and the cells were incubated 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 radioimmunoassay and by in vitro biclogical assay.

Method |i

€127 or 3T3 cells were cotransfected with 25 ug of pBPV-EPO and 2 ug of pSV2neo (Southern etal., supra)
as described in Method 1. This is approximately at 10-fold molar excess of the pBPV-EPO. Following transfec-
s0 tion, the procedure is the same as in Method I.

Method il
C127 cells were transfected with 30 ug of pBPV-EPO as described in Method I. Following fransfection and
55  splitting (1 : 10), fresh media was exchanged every three days. After approximately 2 weeks, foci of BPV trans-

formed cells were apparent. Individual focl were picked separately into 1 cm wells of a microtiter plate, grown
toa sub-confluent monolayer and assayed for EPO activity or antigenicity in the conditioned media.
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Cont r act i ngpiBE@wesdigesied wirSmdPk lindzise thibldsiid dnli a sihdik siillinkeSE 1. Reconbi nant
DNA pl asm d vector containing cDNA encodi ng human EPO of cl one | anbda
HEPOFI2d3 25 (ATCC 40153). 2. A nesseddcmaceecctr ansformed with the transfer
vector of claim1. 3. The cell ofccdeaceT2CcCcebe6ei n said mamualian cell is a
3T3, Cl127 or CHO cell. 4. A mammalian cell containing a plasm d which

cont ai ns wasdnsertediby Buriend ligatiop e rdsdiant plasmid svairepned ptYEVBle cDNA sequence of

Tabl e 3 coding for human EPO. 30 5. The cell of claim4, wherein said
cell 2% pNEMBTBEIP 3T3 cell. 6. The cell of claim5, wherein said EPODNA is

under transcriptional control of a nouse netall othlonein Prormter.
The plasmid pIVEVSI was digested with Kpnl to linearize the plasmid and approximately 0 to 100 bp were

removed from each end by digestion with the double-stranded exonuclease Bal 31. Any resulting ends which
were not perfectly blunt were blunted using the large fragment of DNA polymerase | and the polylinker

30
~Fho I _ Xbal
Bgl'T b
gl T Igg_g'g% :ClaI KpnI
| AGATCTCGAGAATTCTAGATCGATGGTAC
35 TCTAGAGCTCTTAAGATCTAGCTACCATGG

was inserted by blunt end ligation. The polylinker was inserted in both arlentations. A plasmid in which the
polylinker is oriented such that the Bglll site within the polylinker is nearest to the polyhedron gene promoter

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

PIEVSIBgKpN1

pIVEVNI was digested to completian with Kpnl and Psti to preduce two fragments. The larger fragment,
which contained the plasmid origin of repiication and the 3’ end of the polyhedron gene was prepared by gel
s0 isolation (fragment A). pIVEVSIBgKp was digested to completion with pstl and Kpn to produce two fragments
and the smaller fragment, which contained the polyhedron gene promoter and the polylinker was prepared by
gel isolation {fragment B). Fragment A and B were then joined by DNA ligase to form the new plasmid pIVEV-
SIBgKpNI which contains a partially deleted polyhedron gene into which a polylinker has been inserted and
alsc contains a Notl site {replacing the destrcyed EcoRI site) and a Sfil site which flank the polyhedron gene
85  region.
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7. The cel I of cI aim 5 wherein said cell contains a pl asmi d corrprl si ng
“"DNAf r om dePV- MMTheo (342-12) (ATCC 37224). 35 B. Reconbi nant human
~erythropoietin characterized by the presence of O linked glycosilation,
_obtainable by the steps of (a) CUFP 011 RI8Bh a suitabl e nmedium CHO cells
containing a DNA sequence encodi ng human erythropoietin said DNA sequence
.operativel )é]\}gp@ked to an expression control sequence and 40 (b)
fécovering and separating the EPO fromthe cells and the nmedium 9. ' _
-Recofibi nant’  hpiviensi BGKHNI wa digedted Ito dcdmpletiot with) E¢oRI © lliddarize3he pllamidaad te n340tp EyoRn
=gl ycosi | at iagm¢gafrdnelambdadiBPOPLI3Nasigseited: BaamidsldontaifiagtheEROgené in the oventation such that
- eryt hr opoi dhe 51 embaf thedEPOpehois baestithd polyhedmmprbmoterandthb @' end gi temdyhédadn gene were
‘patt ern coridentified by digestisnowitheHgit Onecof thebapladnddsdi the oflentationalescsibddmbove was designated
N acetyl gl piMEPine (Nacgic) of 1.4: 1, specifically galactose: Nacglc =
00.9: 1 and mannose : Nacgl c 0.5: 1. 11. Reconbi nant human erythropoietin
accordi ng W&!ﬁar acterized by the presence of N

acetyl g# act osani ne. so Clains for the followi ng Contrating States ;
1. A mammal | alfressmounsefhepiyF ﬁ‘é glagpid pramade 2 Eansirming e o mﬂa’?ﬂ 'Bm!&sm'd

encodi n hLHWaEF’@a@P b%?'?ﬁ‘i%’ 'Ysé%‘ifﬁ""i‘fﬁlbﬁ—"fﬂ Ig; Sgring blarbar and
cl ai m 1g wiPephied fy GGl gentfg iYpq Juiggrap e H;g),s §lfn;“‘°‘3
A namm!jrj%aﬁvaf fepa P F'ﬁ’ LT E Y p
“papillo [ %,F‘é)
2 pThe cel ?i'}; acﬁ ks Ot i Pa %.1‘-?’1-”
of claim 4 Whenel i sgh ’ AR b éﬁs.& gse
met al | ot hi gﬂgéng, o0 & Fakii dymmg,,i&oﬁf,,asgg&gau czy A, Tsai,
M -J., gai, E.C, CatteralTl, Proc. Natl. - Acad.

Sci. U. S. A Ekampié #5:Punficiibn® EFS) NEI chior, WB. and VonHi ppel, P.H Proc.
Nat| Acad. Soc. U STA"/0; Z298-302 ( 1973) 49) Orosz, J.M and Wtm's, J.G
- Bi opol yner s 160s-¢di@dnditibAéH njelfd (121) &ith EPO concbhbatidhe deto200yg/lifve @ kolidenBRdda61800Imi B.
‘Proc. Natl ulingdo,008eroleculareiphtAutofB(ltrafifi@Rn-nethiianés] 88083s dMillipded Peilicarfitted\with 5 sq. ft.
"Coussengs lof memiasriel Asshys wkretperfdombd by RIA ds desdBbed/in Example B retentits froimctie ultdafiltration
Yar den, Y.  wasdistitered agrinsii4 . of 160M sedion phpephate bufferddahpHVE . The onoenivitedand disfilfegd |

Wi tt]e, H.condiienmedi esntdined2.5img of FROBIERHS of otdbprofeiniEire P scbion was figtherzancentaied )
to 186 ml and the precipitated proteins were removed by centrifugation at 110,000 xg for 30 minutes.

The supematant which contained EPO (2.0 mg) was adjusted to pH 5.5 with 50% acetic acid, aliowed to
30 ... stir at 4°C for 30 minutes and the precipitate removed by centrifugation at 13,000 xg for 30 minutes.

. Carbonyimethyl Sepharose Chromatography

The supernatant from the cenfrifugation (20 mi) containing 200 ug of EPO (24 mg total protein) was applied

35 to a column packed with CM-Sepharose {20 mi) equilibrated in 10 mM sodium acetate pH 5.5, washed with 40

ml of the same buffer. EPO which bouind to the CM-Sepharose was eluted with a 100 mi gradient of NaU(0-1)

in 10 mM sodium phosphate pH 5.5. The fractions contalning EPO (total of 50 ug in 2 mg of total proteins) were
pooled and concentrated to 2 ml using Amicon YM10 ultrafiliration membrane.

4 Reverse phase-HPLC

The concentrated fractions from CM-Sepharose containing the EPO was further purified by reverse phase-
HPLC using Vydac C-4 column. The EPO was applied onto the column equilibrated in 10% solvent B (Solvent
A was 0.1% CF;CO,H in water ; solvent B was 0.1% CF3;CO,H in CF;CN) at flow rate of 1 mi/min. The column

45 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 (~40 ug of EPO in 120 ug of total proteins) and Iyophilized. The
lyophilized EPO was reconstituted in 0.1 M Tris-HC! at pH 7.5 containing 0.15 M NaCl and rechromatographed
on the reverse phase HPLC. The fractions containing the EPO were pooled and analyzed by SDS-polyac-

: rylamide (10%) gel electrophoresis (Lameli, U.K., Nature). The pooled fractions of EPO contained 15.5 ug of
s0 EPOin 25 ug of total protein.

The invention has been described in detall, including the preferred embodiments thereof. it will, however,
be appreciated that those skilled artisans may make modifications and improvements upon consideration of
the specification and drawings set forth herein, without departing from the spirit and scope of this invention as
set forth in the appended claims.
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‘1. A mammalian cell transforned with a transfer vector containing cDNA
~encodi ng human EPO of clone |anbda HEPOFL13 (ATCC 40153). 2. The cell of
claim1, wherein said mamal i an ogﬂd,‘l.'\%@s T3, C117 or CHO cell. 55 3.
A mammal ian cell containing a plasm c? contains the entire bovine

h DNA and the CDNA s f Table 3 codi h EPQ -
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~characterized by the presence of N acetyl gal actosam ne. 20

Patent an$glr0che Pat ent anspruche for fol gende Vertragsstaaten: BE, CH DE,
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2.A mammalxan cell transformed with the transfer vector of claim 1.
3. The cell of claim 2, wherein said mammalian cell is a 3T3, C127 or CHO cell.
4. A mammalian cell containing a plasmid which contains the entire bovine papilloma virus DNA and the
cDNA sequence of Table 3 coding for human EPO.
30 5. The cell of claim 4, wherein said cell is a C127 or 3T3 cell.
6. The cel! of claim 5, wherein said EPO DNA is under transcriptional control of a mouse metallothionein
promoter.
7. The cell of claim 5, wherein said cell contains a plasmid comprising DNA from pdBPV-MMTneo (342-12)
- {ATCC 37224).
35 8. Recombinant human erythropoietin characterized by the presence of O-linked glycosilation, obtainable
by the steps of

(8) culturing in a suitable medium CHO celis containing a DNA sequence encoding human erythropoietin
said DNA sequence operatively linked to an expression control sequence and
40 (b) recovering and separating the EPO from the cells and the medium.

9, Recombinant human erythropoietin according to claim 8, characterized by a glycosilation pattem com-
prising fucose.
10. Recombinant human erythropoietin according to claim 9, characterized by a glycosilation pattern com-
45  prising relative molar levels of hexoses to N-acetylglucosamine (Nacgic) of 1.4 : 1, specifically galactose
Nacglc = 0.9 : 1 and mannose : Nacglc=0.5: 1. Tooreme
11. Recombinant human erythropoietin according to claim 9 or 10, characterized by the presence of N-
acetylgalactosamine.

50 Claims for the following Contrating States : AT

1. A mammalian cell transformed with a transfer vector containing cDNA encoding human EPO of clene
lambda HEPOFLI3 (ATCC 40153).
2. The cell of claim 1, wherein said mammalian cell is a 373, C117 or CHO cell,
55 3. A mammalian cell containing a plasmid which contains the entire bovine papilloma virus DNA and the
cDNA sequence of Table 3 coding for human EPO.
4. The cell of claim 3 wherein said cell is a C117 or 3T3 cell.
5. The cell of claim 4 wherein said EPO DNA is under transcriptional control of a mouse metallothionein
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4. Sflugerzelle, die ein Plasmd enthilt, des-die gesante
.. Ri nder-Papi | | omavi rus DNA und di e fur humanes EPO kodi er ende cDNA- Sequenz
gemal & Tabelle 3 enthalt. 30 5. Zelle nach Anspruch 4, worn die Zelle
el ne C127- oder 3T3-Zelle Ist. 6. ERA41B6FRHh Anspruch 5, worin die EPO DNA
unter transkriptlonal er Kontrolle ehnes Maus- Mt al | ot hbo- nei npronotors .
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el ner Expr edA-Fisajessingrrile PrunvgiiehMayes, E.L.V., Whitte dt.¥atgoffeld, M.t and Seabusgld.H. Nature
Gewi nnen undAABEEHEPE4les EPO von den Zell en und dam Medium 9.
Rekonbi nant é@’?ﬁi’ﬁ‘hﬁé’@"ﬁq Wﬂvm BFquqﬂ&@hZ%%r(@éﬁ 8 gekennzel chnet durch
ein d%kosi 5P 45“’@4)um‘ aft 45 10. Rekombi nant es

humanes Ery @Ré?ﬁﬂ%’ thnet durch ein

d ykosi | i ef - n, . von n zu
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Vertragsstaat : AT 1 SaugerZ'e'I"I"E""d'l‘e_rTTt ei nem1T nsf er vekt or
transfornert ist, der for humanes EPO des Kl ons Lanbda HEPOFL13 (ATCC
40153)z0kodiafmienda cDNA enthilt; 6S 2. Zelle nach Anspruch 1, worin die
Sl ugerzell e aine 3T3-, Cl127- oder CHO-Zelle ist. 3. Saugerzelle, die ein

Pl asni d eGlainas for tikcfeliciviag GeatradtingRitatde t BEAGH, 0By BR| 6B 9T AL WNL, 8Ee f M
humanes EPO kodl er ende cDNA- Sequenz gemaB Tabelle 3 enthAlL 4. Zelle nach
Anspruch 3, 1vRecpmbirantDNPeplésmidoecter catdining abtidrenddidg Hedah EPO st clondambdalHEPDELBL _
111 12311{ATCC#A1531 1111 EP 0 411 678 B1 5. Zelle nach Anspruch 4, wornin

di e EPO DNAZ2yhmapmalian eal iransfarhesiwith éhe tipsfer vedtdr of csimbs  Maus- Met al | ot hl o-
3. The cell of claim 2, wherein said mammalian cell is a 3T3, C127 or CHO cell.

4. A mammalian cell containing a plasmid which contains the entire bovine papilloma virus DNA and the
cDNA sequence of Table 3 coding for human EPO.
30 5. The cell of claim 4, wherein said cell is a C127 or 3T3 cell.
6. The cell of claim 5, wherein sald EPO DNA is under transcriptional contro! of a mouse metaliothionein
promoter.
7. The cell of claim 5, wherein sald cell contains a plasmid comprising DNA from pdBPV-MMTneo (342-12)
- (ATCC 37224).
35 8. Recombinant human erythropoletin characterized by the presence of O-linked glycosilation, obtainable
-by the steps of

(@ culturing in a suitable medium CHO cells containing a DNA sequence encoding human erythropoietin
said DNA sequence operatively linked to an expression control sequence and
40 (b) recovering and separating the EPO from the cells and the medium.

8. Recombinant human erythropoietin according to claim 8, characterized by a glycosilation pattern com-
prising fucose.
10. Recombinant human erythropoietin according to claim 9, characterized by a glycosilation pattern com-
45  prising relative molar ievels of hexoses to N-acetylglucosamine (Nacglc) of 1.4 : 1, specifically galactose :
Nacglc = 0.9 : 1 and mannose : Nacglc=0.5: 1. :
11. Recombinant human erythropoietin according to claim 9 or 10, characterized by the presence of N-
acetylgalactosamine.

s0  Claims for the following Contrating States : AT

1. A mammalian cell transformed with a fransfer vector containing cDNA encoding human EPO of clone
lambda HEPOFLI3 (ATCC 40153).
2. The cell of claim 1, wherein said mammalian cell is a 3T3, C117 or CHO cell.
55 3. A mammalian cell containing a plasmid which contains the entire bovine papilloma virus DNA and the
cDNA sequence of Table 3 coding for human EPO.
4. The cell of claim 3 wherein said cell is a C117 or 3T3 cell.
§. The cell of claim 4 wherein said EPO DNA is under transcriptional control of a mouse metallothionsin
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- hei n_prormtoré ist. 6. Zelle nach Anspruch 4, worin die Zelle ein Plasmd
~enthi I_t, das DNA aus pdBPV- MMIneo (342-12) (ATCC 37224) enthalt. s 7.
...Merfahren zur Herstellung von rekepbisppsysem humanem Eryt hropol etl n, das die

. Overknupfte @ykosi. lierung enthilt, gSkennzel chnet durch die Schritte:

(a) Kultivieren von CHO Zellen, die sine fO humanes Erythropoietin
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© dem Medi UgRzeBpy the&épafet en nach Anspruch 7, worin das Erythropoletin durch eh
- G-ykosilierungsnuster gekennzel chnet bst des Fucose unfaSt. 15 9.

 Ver f ahr enaacuiniing Mraiitab. meaRinl OMOckRIEs dofitsihifig HPRA sdquencelercodingSiuman erythropoietin

“d ykosi | I er ungeImni RGuefciopavatiely inkeeio ah sipressierscontad seuenee andl ar e Mengen von

- Hexosen zy) N-rAevénnh ghd separating the ERB g the cellsand thelmediym. | nsbesonder e Gal ac- toss
.7 Nacgbc = 0,9: 1 und Mannose: Nacglc = 0,5: 1 enthilt. 10. Verfahren nach
"Anspruch 8 ecdethdd acasiinigrto clairs 7Ewheteinrtogaytropoietivl cheancterized by gliicepitetionatten ganh

N Acet y| -priging icasesani n gekennzel chnet tst. 20 Revendi cati ons Revendi cati ons
pour | es Et 8¢Msthedacooring rrlaim & uhereinthe ewthmiet@ﬁ,chmteﬁm,bves',v"qs“fth%ﬂw’"* NL,
SE 25 1. brlsiog eslptive molan levelsiof hexares fq Depretyialicesemin DACIEISN 1 41 dntresicallygRIagiate n

pour 1% EPcEiBF IR 8 nnesea NagglemSid- du cl one | anbda HEPOFL13 (ATCC. 4Q153) .

BT ol Mol b e o s s B S o s bt )
revendi cAPYAeI4Ctosamings | | 4| e sdon | a revendication 2, dans |aquelle la

(r:]el lule de mamm fere est une cellule 3T3, Cl127 ou 30 OHC (ovaire de
anster chingis)..4 Cellule de marmifire contenant un plasm de qui

cont i &ht Iﬂtﬁ'%ﬂ'gc%?r‘f)eet du virus du papillone bovin et Ig sequencg ADNc du

‘tabl eau 3pgofandoriHe ) folgRRud PorvhldstienT! BEIDH, BEMER,EB, IF,.L1,Q), hu| sE sel on | a

- revendi cation 4, dans laquelle la cellule est une cellule C127 ou 3T3. 6.
Cel l ul e sel qnrdi@mbifantsn BNA FHids@ilivéktor, AR fir hatdded ERO bes/ibhsCLalba HEPOFL13 (ATCC

- (6ryt bk o 6d) kétereras EDNYORMEEONL T ~ e de trans- 3s cription d' un pronoteur

et al .ot hborfsangerte, FRiltidem Transféiedktodhazh sadpaich 1 Bansfenrdenidétcat i on 5, dans

| aquel | e | a3czlid ndck Atsphich 2 niorindle $ugsrzdliel einedN3p Ca2Taeder CHADMeiist.su de

pdi PV- MMTn e . Sabdetzel Jiie €A PGS 8tiaRAdes-die gesamietRinderRapilaniayicustihaindhdie fir humanes

r econbi naBRQ kadizreads GNASIsquqragentad Tphelisdentéitde gl ycosil ation de |iai son 0,

pou- sant eBrZellotack Ausprugng, worndieZelpelne € Tsder Hpeligist40
6. Zelle nach Anspruch 5, worin die EPO DNA unter transkriptionaler Kontrolle eines Maus-Metaliothio-

neinpromotors ist.
7. Zelle nach Anspruch 5, worin die Zelle ein Plasmid enthait, das DNA aus pdBPV-MMTneo (342-12)
(ATCC 37224) enthiilt. .
35 . 8. Rekombinantes humanes Erythropoietin, gekennzeichnet durch das Vorhandensein von O-verknipfter
Glykosilierung, erhéltlich durch die Schritte :

(@ Kultivieren von CHO-Zellen, die eine fiir humanes Erythropoietin kodierende DNA-Sequenz enthalten,
in einem geelgneten Medium, wobei die DNA-Sequenz operativ mit einer Expressions-kontrolisequenz
40 verkniipft ist, und
(b)  Gewinnen und Abtrennen des EPO von den Zellen und dem Medium.

9. Rekombinantes humanes Erythropoletin nach Anspruch 8 gekennzeichnet durch ein Glykosilierungs-
muster, das Fucose umfat
45 10. Rekombinantes humanes Erythropoietin nach Anspruch 9 gekennzeichnet durch ein Glykosilierungs-
muster, das relative molare Mengen von Hexosen zu N-Acetylglucosamin (Nacgic) von 1,4 : 1, insbesondere
Galactose : Nacgic = 0,9 : 1 und Mannose : Nacglc = 0,5 : 1 enthalt.
11. Rekombinantes humanes Erythropoietin nach Anspruch 9 ader 10, gekennzeichnet durch das Vorhan-
densein von N-Acetylgalactosamin. '

Patentanspriiche fiir folgenden Vertragsstaat : AT

1. Saugerzelle, die mit einem Transfervektor transformiert ist, der fiir humanes EPO des Klons Lambda
HEPOFL13 (ATCC 40153) kodierende cDNA enthait.
55 2. Zelle nach Anspruch 1, worin die S3ugerzelle eine 3T3-, C127- oder CHO-Zelle ist.
3. Saugerzelle, die ein Plasmid enthalt, das die gesamte Rinder-Papillomavirus DNA und die fiir humanes
EPO kodierende cDNA-Sequenz gemaR Tabelle 3 enthait.
4. Zelle nach Anspruch 3, worin die Zelle eine C127- oder 3T3-Zelle ist.
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'a) mettre en.culture dans un nilieu approprie des cellules de OHC (ovalre
. de hanster chinols) contenant une s6quence ADN codant pour

I"irythropoTl etine humai ne, cette shquence ADN 6tant |l ee de fagon ope-
‘rante A une s6quence de control e dEROBIEEIEBON et b) recupbrer et s6parer
L."EPO (6rythropol Ttine) A partir des cellules et du mlieu. 45 9.

" Erythropdi et 5Ngud1hHeR ARGricP 4 Whnh Bid BPO DA ARy irﬁsl(rl?tYoﬁQﬂ-' l&ﬂ&dhé) Qyn& méR R Ghdd-S ee.".f‘:_'_"

par un schimrofiBollig¢Co- silatton conprenant hcose. Eryt hr opoet'l rie
hunai ne recoghzelandch AR 4] Worih QI6SAE SRPlasiid Sntha&.adaacﬁuﬁrah§ EaBHWMmo @abezm
de gly- cogircebrag «amapnr enant des rapports nolaires relatifs d' hexoses sur
- N- ac6t ys gl uc@swtatizen 2uNaggeiang vae rekondbinaitem HimaneM Ea/HIpOktin Gas PRl CredritG sfte Blykosi-
Nacgi c de i@niag edthalt] getiennasichnetdurchidie $dhatgl:c de 0,5: 1. 11. ErythropoT6ti ne
humal ne reconbi nante selon | a revendication 9 ou 10, caractdrisde par |la
prhsence dg) N Gudtblesen yerl GHQ-Zellamidie @ine Re manadesExythropuistipkadierchdeHINK-Senoerizieatbditamt
sui vant: AT 55inginerCgédigntten Mediumawnbei die DNA-Semibroropéretivinali eirlecExpeestienskontialisequenz
transfeet conteraiinftist us®Nc codant pour |' EPO (ryt hropol ~l i ne) humal ne du
cdone | anbih HEwdymen uil Abenoen dpp EBQ)von gen Zellep uod demdadivm. | a r evendi cation 1,
dans laquolle |la cellule de manm fere est une cellule 3T3, Cl27 ou 36 * |
11111111 | SPaVerabramnaeh Anspryaiy7, W°""desE'¥tEf°P?wtm dugoh °"*G'yk°s'Em'Esw§rw<8"fB&°hmc

(ovaire desh P‘é’Fe‘(‘,'PfF |s). 3. Cell |ﬁ manmi f bre contenant un

qul corff'|e t 1 '@P ﬂ\f "H'd’gs ?F@ 'ﬁ%‘g&ﬁ“ "9 %’

du tabl ea 3 undManmsﬁ c?llf { ‘:k Ve 1.4 4 EIPWF'@ éf'onS
I di :

L e L %‘* ncHl e ok chd T doidn 400 B H*féﬁ%%"%g’e@?’
(erythrgpole |%?3 est sous contrile de trans- cription d un pronoteur

nﬁtallothlonelne de souris. 6. Cellule solon |a revendi catbon 4, dans
-laquel | e | ReveRblcatighscONt i ent un pl asm de conprenant |' ADN i ssu de
pdBPV- MMTneo (342-12) (ATCC 37224). 7. Proc6d6 pour |a production de
I " dr yt hr opRréveqbiicaifons\poat ke EtAS aoMttdetintsSs e BE (cH, DEYFR.0oS, 1T Aalj o) NIgsEi al -
10 son 20, caract6rise par |es 6tapes consistant A a) nmettre en culture
dans un m | i duVvespr dpplagmidiade IADN|redoebingh® caotétait BWBNe eodelit poaIEPOr (érythropaiéting)
cont enant humaine du clone lambda HEPOFL13 (ATCC 40153).
2. Cellule de mammifére transformée par le vecteur de transfert de la revendication 1.
3. Cellule selon la revendication 2, dans laquelle la cellule de mammifére est une cellule 3T3, C127 ou
3  OHC (ovaire de hamster chinois).
4. Cellule de mammifére contenant un plasmide qui contient 'ADN complet du virus du papillome bovin et
la séquence ADNc du tableau 3 codant pour I'EPO (érythropoiétine) humaine.
. §. Cellule selon la revendication 4, dans laquelle ia cellule est une cellule C127 ou 3T3.
_ 6. Cellule selon la revendication 5, dans laquelle 'ADN d'EPO (érythropoiétine) est sous contréle de trans-
35 cription d'un promoteur métallothiondine de souris.
7. Cellule selon la revendication 5, dans laquelle la cellule contient un plasmide comprenant I'ADN issu
de pdBPV-MMTneo (342-12} (ATCCD 37224).
- 8. Erythropoiétine humaine recombinante caractérisée par la présence de glycosilation de liaison 0, pou-
vant étre obtenue par les étapes consistant & :

40
a) mettre en culture dans un milieu approprié des cellules de OHC (ovaire de hamster chinois) contenant
une séquence ADN codant pour I'érythropoiétine humaine, cette séquence ADN é&tant liée de fagon opé-
rante & une séquence de contrble d’expression et
b) récupérer et séparer 'EPO (érythropoiétine) & partir des cellules et du milie.
45

9. Erythropoiétine humaine recombinante selon la revendieatlon 8, caractérisée par un schéma de glyco- =

silation comprenant le fucose.
10. Erythropotétine humaine recombinante selon Ia revendlcatlon 9, caractérisée par un schéma de gly-
cosilation. comprenant des rapports molaires relatifs d’hexoses sur N-acétylglucosamine (Nacgic) de 1,4: 1,
s0  notamment de galactose sur Nacglc de 0,2 : 1 et de mannose sur Nacglc de 0,5 : 1.
11. Erythropoiétine humaine recombinante selon la revendication 8 ou 10, caractérisée par la présence
de N-acétylgalactosamine.

Revendications pour ’Etat contractant suivant ;: AT
&5
1. Cellule de mammifére transformée par le vecteur de transfert contenant 'ADNc codant pour 'EPO
(Srythropoiétine) humaine du clone lambda HEPOFL13 (ATCC 40153).
2. Cellule selon la revendication 1, dans laquelle |2 cellule de mammifére est une cellule 3T3, C127 ou
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11 7. Procédé pour [a production de I'érythropoiétine humaine recombinante contenant la glycosilation de liai-

10  son O, caractérisé par les étapes consistant a

a) mettre en culture dans un mitieu approprié des cellules de OHC (ovaire de hamster chinois) contenant
une séquence ADN codant pour I'érythropolétine humaine, cette séquence d'ADN étant liée de fagon
opérante & une séquence de conirle d'expression et

15 b) récupérer et séparer 'EPO (érythropoiétine) a partir des cellules et du milieu.

8. Procédé selon la revendication 7, dans lequel I'érythropoiétine est caractérisée par le schéma de gly-
cosilation comprenant le fucose.
9. Procédé selon la revendication 8, dans lequel Pérythropoiétine est caractérisée par un schéma de gly-
20 cosilation comprenant des rapports molaires relatifs d’hexoses sur N-acétylglucosamine (Nacgic) de 1,4: 1,
notamment galactose : Nacglc égal 4 0,9 : 1 eemannose : Nacglc égal 20,5: 1.
10. Procédé selon la revendication 8 ou 9, dans lequel I'érythropoiétine est caractérisée par la présence
de N-acétylgalactosamine.
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