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sequence inzormation. Example 6 is direcied w procedures
for construclion al g veclor incomporating RPG-coceuding
DNA derived Mo a posilive monkey ¢DNA clone. the use
of the veclor Tor translection of CQOS-1 ¢ells and cultured
gromih ol the translected celis, Sxample 7 s direcled w
procedures for constraction ol a veelor incorporating EPO-
cneoding DNA derived tom a4 positive human genamic
Clone, the use of Lhe vecior Tor tansleetion of COS5-1 cclis
and e cubivred growth ol the ransiccled eells. Bxample 8
is directed w immunoassay procedures peslorrmed o media
sipermidanty abgined om e enliurad growth of naos-
fected colls according o Example 6 and 7. Example 9 s
direered 0 I vitro and 1n vive beotopical activity of micro-
blally capressed EPCHof Examples 6 ang 7.

Baample 10 s dirceted 0 a development of mammalian
host expressicn systems Tor monkey specics EPO ¢DNA and
fumen specics genomic IINA imvolving Chinese hamster
ovary C'CHO  eelis and e Lthe immunalogical and bialogs-
cal setvitics of prococts ol these oxpression syslems as well

o]

iy characlemization of such praduets, Example i s directed -

W othe prepargtion el manulactured penes eneoding human
specias LPO and EPO anulogs, which genes {nclude a
number of preference codons for expression in £ codf and
vieusL host celis, and Lo eapression syswemms based theoeon,
Lxampie 12 relines 1o the immunalogical and hinlogical
activity prodiles ol expression products of the systems of
Lxampic 11

EXAMPLE i

AL Humar EPO Fragment Amino Acid Seguencing

Human EIMY was tsolated tvom urine and subjecled o
trypuic digestion tesulting in the developmenl and isolation
al 17 diserete  [ragments 10 Quintilics  approximating
190-130 picomales.

Frugments were arbilranly assigned rumbers and were
amilyyed for amine acld sequence ay microseguence analy-
sis using & pas phuse sequencer (Applied Biosystems) o
provide the sequence informaiion sel out in Table [ below,
wherein single ietler codzs are cmployed end X7 designales
a residue which was nol unarnbigoously determined
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B. Desipn and Construetion of Oligorucleotide
Prohe Mixinres

‘lac amino acid sequences scl oout mo lable | were
reviewed in the contex: of the cepeneracy of the geneiic
code lor the purpose ol ascertaining whether mixed probe
procedures couid be zpplicd 10 DNAMNA hybridization
provedures an cNINA gndfor penotmce DNA dibomoes Ths
aralysis reveated shat within Frapmem Ne. T35 the:e cxisued
aseres of 7 amino acid residoes i Val-Asn-Phe-Tyr-Ala-Trp-
Lysy which vould be uniquely characicrized as encoded for
by one of 128 possibic IINA scyuences spanning 20 hase
paits, A sl sel ol 128 20-mer oligonucicolides was there-
fore synthesived by slandard phosphearidile methods (See.
Beaucage, e al. Terrahedron Lewers. 22, ppo
18533- 1862 (19811 on a sulid suppen sccerding to the
seguency sel eul in lable N, below.

oo
4

TARLE I
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Furthar anacysis revealed that within fragiment No. T3R
lhere existed a series of 6 amine acid residues (Gon-Tree
Trp-Cilu-Pre-Leuy on che basis ol which there could be
prepared a pool ol 128 mixed olignucleolide ©7-mer probes
a5 get oul in Table [L below.

TABLLE T

Fesidee - Gin L*rov E:]_ o Pro [.ou
GIT GGA ACC CT0 Goa GA S
C I L oA
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Oligomuclenide orobes were labelizd @othe 3 end with
gamma—a"'P—ATP, 75008000 Cymimole (ICNy using T.
palynacicotide kinasc INENY,

EXAMPLE 2

A, Monkey Trewtmem Proccdures

Female Cynomolgos monkeys Mucaca  fascicularias
[2.5-3 Ke. 1.3-2 years oid} were treated subcutancously
with & pH 7.4 solulion of phenyihydrasine hydroechlonide at
a dosage level of 125 mp/kg on days |, 3 and 5. The
hematoerit was menitored prior W zack injection. Ona day 7,
ar whertever (he hematocrit fevel e}l below 25% of Lhe
initiz! level, serum and kidneys were harvesied after admin-
istration of 25 mgfkg deses o keamire hvdrocklodde.
Harvested materials were immediately frozen in liguid nitro-
gen and stoner al A L

B RIA lor P}

Radioimmunoassay procedures appiiced for quaniiative
detcetion of EPOY in samples were condueed scconding to
the Toliowing procedures:

An crythropeictin slandard or unknoiwn sample was incu-
halcd Logelher with antiserom Tor two hoars at 377 C. Aler
the twe hour incubatior, the sample Wwhes were cocled on
ice, and "1 labelled ervthropaictin was added, the tubes
were incunated at (1 C. lor wt least 15 mote hours. Each
assay tabe contained 00 pl of incuhation mixture consisting
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of 56 W of dioed immune sera. TOUKD oo of 7T
crylarapoicing, 3 pl trasyle! and 02350 al of cithcr EPO
stanidanil or unknown sample, with PBS conaining (114
BSA making up the remaining volume. The antiscrum uscd
was Ihe second wel bleed of a rahbit immurized with a 1%
pure preparidion of hutan urinary ervtheepeicting The dnal
artiserum dilution on the gssay wus adjusied so thal the
aitibocy-boumd 7TLEPO did new cxceed 10 205 of the
i otal caunts. In general, this corrgshonded 1o & final
antiserum dilutioa of e LS0,G00 w 11806000,

Tae ansibody-bound *l-crythropoictin was precipilzled
aw the gddition o 130 uf Stapa AL Aler a <0 min. incabation,
the samples were comrifuged avd the pellels were washed
twar Linzes with 075 ml 10 meST Tris-THCH pH B2 conaining
0156 NaCl, 2 mM BRTA, and (105% Triton X-100. The
washed pellets were counled in 3 gamma counter 1o deser
mine the pereen: of ' Eerylhropeielin hounc. Courts bound
by pre-immure sera were $ubtracied from all final values us
correct tor nonspeclic precipitation. The erythropoictin con
e o) the unknown samples was delermined by comparison
o the standard curve.

Thz above procedure was applied 1w monkey serum
oblained in Par, A, above, as well as to the unircated monkey
serum. Normwl serum ievels were assaved 10 conlain
approximiely 36 mUAn while treated monkey seum con-
tzincd fromn 1000w [ 700 mU/ml.

LXAMPLE 3

A Munkey ¢DNA Lihtzry Consiraclion

Messenger RNA was isolated {rom pormal and anemic
monkey kidneys by the paunidiniun thincyanale provedure
af Chirgwin, o ai.. Biochendsers T8 po 5794 (19790 and
poly ‘A1 mRNA was punficd by two ruas of olivodT)-
cellulose ¢olumm chromatography  as deseribed at pp.
197 193 1o Maniatis, et al.. "Molecular Cloning, A Labo-
rawory. Manual” (Cold Springs Harbor Laboralory. Cotd
Springs Harhor, NUY., [982] The ¢DNA hbrary was con-
structed according te a modification of the general proce-
dures of Okayama. ct al. Mol and Cell. Bisl, 2, pp.
161-170 119871 The key femures of the presently preferred
procedures were as loifows: (1) plOR was used as the sufe
veclor, cul witk Psif and then wdled with oligo d1 ol 60-30
Rases in iength: 2) Hinell dipestion was used wo remuve the
olipe dT il Mom one end of the veeter; (37 first strand
synthesis and vligo diG tailing was carmied oul according 1o
the published  procedurs: (4) Bamlll  digestion  was
caploved 1o remove the oligo dG il rom ooe end of the
vecor: and {37 replucernent ol the RNA strand hy DNA way
in the prescnee of twa linkers (GATCTAAAGACCGTC-
COCCCCCT and ACGGICTITAY in a three-lold malar
exeess over the oligo dU (ailed veetor,

B. Colony Hybridivation Procedures Fer Sereening
Muonkes clXNA [ibrary

Tramslormed . coli were spread out an a density ai 9000
culonies per TG cnz plate on nulrient plales containing 59
microgramsfml - Ampicilin.  GeneSereci fillers {New
Enplanc Nuclear Cataiog No. NEF-972) were pre-wel um
BHI.CAM plaic (Bacte brain hearl inlusion 37 g/l
Casamino acids 2 g/l and agar |3 p/l., containing 500
microzransfml Lhloramphenicols und were used 1o lift the

colenics @ the plate. The colonies werg grown in the same ¢

sedivst for 12 hours or longer w amplily the plasmid copy
numhess. The amplified columies {colony side up) were

i
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treated by serially placing the fillers over 2 pleces of
Whaat-nan 2 MM paper saturated with each of the foilowing
solutiomns:

{13 30 mA glucose 25 mM Imis HICUopEL Ho0) - 10 mb
ENTA [oH 8.01 for fve minutes;

(20 B.58M NaOH lor ten minules. and

(2 JOM Tris-HCL (pld 7.5) Tar theee riinates,

The (liers were then airdoicd in a vacuwm over at 807 C.
lor Lwa hours.

The ltlers ware ther subjected o Proteinase K digestion
throvgh treatment witl: a solulion eomzinie g 58 micrograms?
ml a1 protease cnzyme in Buifor K O Tris-1OCT ipH
Ri—0 158 NeCl o (0 mM LIYIA (pll 85.23—0.2¢ 5DS].
Specincaliv, 5 mlof e salzion wes added G cach Glizeand
the digestion was allowed o provecd al 357 C. {or 30
minutzs, aler which the solulion was removed.

The flers were then ueated witk: 4wt of ¢ prehvbridiza-
den uller (5x85PE—0.3% SDS 100 mictoprainshin] 88
E. enli DNA—S=RFP} The prehybricizalion toalment was
carried out at. 357 O, generaay oo 4 hours or longer, slher
which lhe prehybridizaten buller was romoved.

The hybridization process was carried out Tnzhe [allowing
marmer. To cach filter was added 3 ml of hybhridization bulicr
(IxSEPE—0.5% D& - 100 mucrograms/m] veast IRNAY
comlating (025 picomuoeles of cack ol the IZ8 probe
scquerces of Table [T{he total misture being designated (he
EPV mixture) and the riliers were maintaired al 487 O [or
20 howrs. This temperature was 2° O legs than the lowest of
ke enleulaled dissaciztion wemperatures (1) determined (or
arly of the probes,

Following kybridizavion, (ne fidlers were wasked three
times For ten mumles on g shaker with 6xSSC—0.1% 8508
AL ToOm wemperalure and washed (wo 16 three Umes with
= S5C - 160 SIS al the hybridization temperawre (487 C).

Autoradivgraphy of the filters reveasled seven posilive
clones among the 2000000 colonics scroened.

Initial sequence analvais ol ore ol the pulative monkey
¢DNA clones (designated clone B3 deposites]l with the
American Type Culiure Collection, 12301 Parklawn Drive,
Rociville, Mc., under deposit aceessiom Mo, A T.C.CL 67545
on O, 20, 1987) was performed lor verileation purposcs
hv 4 modifeation of the procedure of Wallace, et al., (Feae,
Iy 21-26 {1981), Rriclly, plasmid DNA {tom monkey
CONA clune 83 was lincarized by digestion witl: LeoRT
denatured by healing it a boiling witer bath, The nuc entide
seguenee was deterrmined by wne dideoxy method of Sanger.
clal, PAAS (L5A G 4, pp. 54635467 119770, A suhse
ol the EPY mixture ol grobes consisting o 10 scquences
was used as 4 primer for the sequencing rezctions.

C. Mankey FPO cDNA Seguencing

Nuclootide scoucnce analysis ol clone 83 was carticed out
by the procedures of Messing. Metkods in Fazvenalogy 101,
pp. 20 78 (1983 Sot cwt in Tabte 1% 1y a prehmnary
restricling map anatysts of Ihe gpproximately 1600 bass pair
FeoRUHIndI cloned fragment of clone 82, Approximate
locatiany of restriction erdonuclease ensyme recegnition
sites are provided in erms of nuther ai hises 37w the
ticoR 1 site atthe 3 cnd al the Dagrent, Nucieotide segienc-
ing was carried om by sequeneing individiasl Tesiricion
Itagmenls with the inert of matching cverlapping frag
menls, For exampie, an overlap of scguense nlormalion
pravided by analysis of ruclentides ina restriclion [ragment
designated Cr:3 (Sau3A at —111/8mai at -324) and the
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reverse order sequenicing ol & Iragment designawed 73
{ALU] w ~424/851E1 al ~200),

TABLE TV
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i3 Approximuie locoionis
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HindIli

Sequencing ol approximately 342 base pairs (wilhin the

region spanning the SaudA sitc 27 o the EcoR] site wnd the
Hindlll site) ind anaivsis of all possible reading frames has
allowed for the development of DNA and amine acid
sequence informalion set out in FIG. 8, comprising porlions
5A, 5B and 5C. Inthe Figure, 1he puiative initial amino acid
residue of the aming terminal of mature EPO {as verified by
corrclaiion 10 the previously mentioned sequence analysis of
wenly dmine lerminal residucs) s designated by e
numeral +1. The presenec of a methioning-specilying ATG
cadon (designated =27 upstream”™ of the initial amino
wermingl alanine residuz as the first residue designaned for
the amine acid sequence of the mature protein is indicalive
ol the likelihond that EPC is initiably expressed in the
cylopiasm in a precurser lorm including a 27 amino acid
“leader” region which 1s eacised prior to eniry o) malure
EPOQ into cireulation. Potenlial glycusvlation sites within the
polvpeptide are desipnated by asterisks. The cstimated
moleculur weighs of the translaled region was determine Lo
he 21,17 daltons and the MW o) the 165 residues of the
polvpeptide constituting mature monkey EPO was deter-
mined to be 18.230 daltons.

Tac polypeplide sequence of FIG. 5 may readily he
subjecied 1w aralysis Tor the presence of highly hydrophilic
regions and/or sceondary conformational  characleristics
indientivie of potenttally Righly immunogenic regions by,
¢.g., he methads of [opp, e al.. PNAS (GL5.A), 78, po.
3824 3R2R (19810 and Kyte ot al.. £ Mol Biol, 157, pp.
05 132 1982y andfor Chou, ct al.. Siechem., 13, pp.
222 245 (1974 and Advances w Enovmelogy, 47, pp. 43 47
{1978, Computer assisted analvsis according W the Hopp,
el al. moethoed s available By means ol a program designated
PEP Rererence Section 6.7 made available hy Intclligenct-

ies, 11e., 124 University Avenue. Palo A, Calilt

B
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EXAMPTE 4

A, Human Genomus Library

A Ch4A phage bome hurnan letal Bver genomic library
prepared accorcéing to the procedures of Lawn, ot al., Cedl,
supra was oblained and maintained for use in a plague
hybricization assay.

B. Plague Hybodizetion Procedures For Sercering
Human Genomic Library

Pluyge particlos were Dvsed and he DNAs woere fied on
fiiLers (30,000 plagues per filter) according w the procedures
al' Woo, Methods In Evzymology, 68, pp. 3R9-345 (1979
except lor the use of Genesercen Pluy [ilters INew Lngland
Nuclear Catalup Mo, NEF-972) and NZ£YAM plates {Nall,
S MeCl OlLO, 2 g, NZ-Amine AL 10 g veas, exlracl,
5 g casamino acids, 2 g2 malwse: 2 o) and agan, 13 g per
litet).

The atr dried Nllers were baked at 307 C. for | hour and
then digested with Proteinase K as desemibed in Exampic 3,
Part B. Prehyhedization was carried oot wilh a IM NaCl—
8 SD8 bulfer for 337 C. for & hours or more, afler which
lhe buffer wes removed. Hybridization and post-hybridiza-
lion washings were camried mn as deseribed in Example 3,
Part B, Both the mixture of 128 20-mer probhes designatcd
EPV and the mixlure of 128 17-mer probes of Table III
{designated the EPQ) mixtuee) were empioyed. Hybridiza-
ticm was carried cul at 487 C, using Lhe EPV probe mixture.
EPQ probe mixture hybridization was carried out at 46°
[I.—4 deprees helow the lowest calculated Td for members
ol the mmixlure. Removal of the hvbridized probe [or rehy-
hridivaion wus accomplished by hoiling with 1x880'—
{15 5DS (or two minutes. Autoradiopraphy of the fltcrs
reveanled three positive clones Treaclive with both probe
mixlures) among the 1,300,000 phape plagques screencd.
Yerification of the positive clones as beirg LPO-cncodinp
was ublaimed tarough DN A sequencing and electron micro-
eraphic visuziization of helereduplex formation with the
monkey cDMA ol Example 3. This procedure alsp gave
evidenee of multiple introns in the genomic DNA seguence.

EXAMPLE 5

Nucleotide sequence analysis of one of the positive clones
(desiznuled LhE], dopesited with the Amercan 'Type Cul-
ture Colicction. 12301 Patklawn drive, Rockville, MG,
under deposit seeession No. A T.C.C. 40381 on Qcl. 20,
19871 was camied vut and resuits obtained Lo dale are sct out
i FI1G. 6, comprising portions 6A, 68, 6C, 6D, and 612,

In1'1G. 6, the initial continuous DN A sequence designates
#wep sirand of 620 bascs in what s apparcnlly an untrans-
laicd scquenee immediately preceding a translaled portion of
the human FPO gone. More specifically, the scquence
apnears Lo camprise the 3' end of the gene which leads up o
a lrarslated DMA reginn coding for the first four amino acids
{ 27 through 24} of a leader sequence [Tpresequence” )
Four base pairs in lhe scyuence prior o that encading the
hegirning of the leade: have not yel been unambigoously
determined and are therelore designated hy an X7 There
then fallows ar intron of about 639 base pairs (439 base
pairs o which have been sequenced and the remaiaing 2000
buse pairs ol which are designated “1.5.7) and 1mmed:ately
preceding 4 cadon [or glulamic acid which has been desig
nated as residue —23 of the translaled polypeatide. The exon
sequenee immediately following ‘g seen 1o code for aming
acid residues throuph an alanine residue (designated as Lhe

Page 3 of 15
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=1 residue of the amb ocid saguence of meature haman
EPO) 1o the codan specilying threomine w posilion =26,
whercupon twre lollows a scognd intren consisting ol 256
hases as speccally designaed, Following this intron is an
exom sequence for amino acid residues 27 througa 55 and
thereafier a third intror. comprising 612 base paivs com-
nicnces. The subsequent cran codes for residucs 56 Lrough
FA of qumen EPC and there (en commenees @ lourth
intron ol 134 fases uy speciied. Following the lourth iniron
is an exon codding (o7 residue Nos. 6 tirough 166 and o

“sten’” codon "TGAG Finally, FIG. & identifies a sequence of

SbH pase pates mwhat appesrs (o e an untranslated 3 region
of the humar BP0 gene. wwa base pairs of which (X} have
not vet been cnambieuolsly sequeneed.

FIG. & thur serves lo identily the primary suractural
confprmation (aming scid sequenced) of matue hoaoan EPG
as inc uding 166 specificd aming acid residucs {estiinalcd
MW 18399 Also reveaied in the Figure is the DNA
seguenee coding for o 27 residue leader scquence alonp with
3 oand ¥
promalerfoperzlor funclions ol ke human gene cperoit.
Sites ler potential glyeosylalion of the matare human 1LPQ
palypeptide are vesignated in the Sigure by aslerisks. 1L is
worihy of nnte that the specilic wininn acid sequence of FIG.
6 likely constities (hat of 8 nawrally necerring aticlic form
ol uwman ervthropuicun. Suppant Tor this position is found
in the resulls of continued efforts al sequencing of urinary
isulates ol kummim erviaropoictin which provided the finding
thal & significant number ol erythropoicsin molecuics therein
have a methionine al residue 126 as opposed 10 2 aerine as
showr n the FHaure.

FIG. 9, below, illustrmes (he extent of palypeplide
sequence homolopy hetween human and monkey PO [n
the Lpper comtinuous line of e Figure, single lotter desig-
natiens are empioyed 10 represent the deduced translaed
polypeplide sequences of human EPO commenging wilh
residic --27 and Lhe lower cortinuous line shows the
dedoced palypepide suguence of monkey EPO commen-
ing at assigned residue mamber —27. Asterisks are employed
to highlight the sequenee homologies. T shon d be noled tha
ihe deduced humar anc monkey BPO sequences teveal an
“additional”™ Iysine (K residuc al (human) positiom 116,
Crogs-reterence [ FIG. 6 indicates that this tesidue is at the
margin of a puative mRNA splice junction in the genomic
spquence. Presence of the ysine residue in the human

palypeptide seeucnce was Murther verilivd by sequencing of

o ¢DNA human sequence clone prepared from mRNA
isolaied from COS-1 eells rans’ormed witk the human
gemomic IINA i Examgle 7 ialva

EXAMPLE &

The expression svstem selected for initial alempts a
mictodal syathesis ol isnlatable guantitics of EPCI polypep
tide material coded Tor by the monkes cDNA provided by
the procedures of Exumnpic 3 was one invalving mammalian
huost zelis {ue. COS- 1 celis, AT.C.C No. CRL- 1650 "The
ceils were translected with a “shuttle” vecwor capanle of
dulonemous redlication in & ool host iby virlue of the
presence of pBRIZ1-derived DNAY and the mammalian
kosls (by virtue of the presence o SVAO virus derved
DINAL

More speeilicay, au expression voclor was conslructed
according (o the Jolluwing procedures, The plasmid cione 834
provided in Example 3 was amplified i F. coli snd the
aporoziviacly 1.4 kb monkey EPOD-cncuding DNA was

DNA sequences which may be signifdcam o 2

n
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isolatcd by EcaRT and {lindll digestion. Sepurately isolacd
wiis s approximately S0 kb HindliT/Sal fragment from
pBR3ZZ An approximately 30 bp, LicoRLSall “linker”
lragmen: war oblained Irom M13mp 10 RE DNA (P and L
Luborstodes). This linker inciuded, in seorics, ar lcoR|
sticky el To'lowed oy Solb, Smel, BamM! and Xhal rec-
ognilion sites and & Sall sticky el The above hree
Iragments were ligated (o provide an approaimatey 5.4 kb
intermediale pba<mid MpLRST) wherein (e EPO DM A was
flanked on one side by a “bank™ of wsefu’ rosiriclion endo
nuelease recagniton sies, pERS was then digesicc with
ThncHT and Sz21T w0 yield the EPO DNA wid the FeaRl o
Sail (Midmplh linker "The 1.4 <h fragment was Heawd
with an approsimalely 4.0 kb BamlISall of pBR 322 amd
another MI3mp 10 Hind [IBamHI RE frammen linker also
having approximately Sty bp. The M13 linker lragment was
characterizcd by a WindiI sucky end, lollow od by Pstl, Sall,
Abad reeognition sites and & Bamill sticky end. The ligation
prochizt wak, wgain, ooasehin! intermediate plasmid ©pBR-
FPO™1 including the EPO DNA flunked on boih sides by
hanks of restriction sile.

The vecwor chosen for expression of the BPO DNA in
COS-1 cells ¢pDEVLITY had previeusly been consiracted
to allew [or seiection arul auonnmous replication in & coff.
These characierstics are provided by the origin of replica
tion and Ampic:llin resistance gene DNA seguences present
in (hz region spanning rucleotides 244K through 4362 of
pBR3Z2 This sequence weas streeturuliv modified By the
addition of a Enker previding a [Endll] recognition imme-
dite’y adjacert nucleoiice 244 prior to incorporatio: inta
the vector. Among the selecled vector's olher usciul prop-
oriics was thi cupacity 1o avtenomously replicate in COS-]
colls and the presence of 4 viral promoter scguence func-
tional in marmnalian cells. These characteristics are pro-
vided by the origin of replication IPNA seyuence and “late
ecne’” viral promoler DNA sequence present in the 342 bp
sequence spanning ancleoiide numbers 5171 through 270 of
{he SV40 perome. A nique restriction sile (Baml ) was
provided in the veclor und immediately zdjacent the viral
promater scquence throsgh wse of 2 commersiaily available
linker seuence (Collaborative Researchl Alseincorporated
in the veetor was o 237 base pair sequence [derived as
nuclevside nrgbers 2553 Lhrough 2770 ol SV40) contzining
the “late gene™ vitd mBRNA polyadenylation signal tcom-
manly relerred 1o as a ranseription erminatord, Tais Mrag-
men: wads positioned i she veclor in the proper olicnLation
vis-a-vis the “late gere” vira! promoler viz the unigue
Baml! site. Also present in Lthe vector was anether mam-
Teatliar genc a:d location ne: material to poleniyl ranserip-
ton ol a gene inseried il he unigue BumEll site, betwcen the
viral protmolers and feminaton sequemeses, [ The mammalisn
gene cemprised an approximately 2,500 bp ownse dilivdio-
lalate reductase (IIFR) minigene isolaed from plasmid
pMG 1 as in Gasser, oo al, PNAL {(USAL 79, pp.
65220526, {1982). | Aguin, the major operative components
ol plasmid pDSVLI comprise mucleolides 2448 through
4362 0 pPBRI22 along with nucleolides 3171 through 270
(342 hp) and 2553 through 25704337 bp ol SVAt DNA,

Foliowing procedures described, oo, in Muniatis, el al.,
supra, the LPO-cneoding IINA was isolated from plasmid
PBR-EPO as a BamHI ragment and ligated inw plasmid
SV cul with BamHI Restrictivn enzyme analysis was
emploved w eonfirm ingeriion of the EPCQ gone in the correct
aricntetion in twe ol the resulting clored veclors fdup:icale
veelows Hoand L) See FIG. 2, illusirating prasmid pDSVL-
MKE. Veclors with EPO genes i the wreng onienlulion
tveclors F, X and G) were saved Tor use as negative conlrols
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in transfccion experiments designed o determine EPO
cxpression levels in hosis transformed with veciors having
EPO DNA inthe cormect pricntainm.

woeeors HLLL T, X and G were combined with carrier
IXMNA (mouse Dver and spleen DNAJ were emploved (o
trans feet duplicawe a0 e pletes by caleium phosphase
microprecipiiale methods Thiplicate B mm phacs were also
transfecied with carrier DNA as 2 “mock” irunslormalion
nepative conteod, Afler Bve days all cauliure media were
iested for the presence of polypentides possessing the immu-
nedogical propenies of natrally -occurring EPQL

LXAMPLE 7

A Inilinl EPQY Expresgion Syvstem fnvoiving COS |
Celis

The system se'cewed Tor intial anemipis o microbial
svnthesis of isnlatabic quantitics of humar. EPO polypepiide
matcnal coded for by the human genomic DA EPO clone,
aiso involved expression inomammalian host cells (e,
COSs- 1 ocells, ATCC Moo CRL-1650). The heman BEPO
gene was (irst sub-ciored inlo a “shultle” vector which is
capable of aulonomous repiicalion in both £, cofl hoss (by
virtue of the presence of pBR3IZ2 derived DINAY and in the
mammaliar cell tine COS-1 (hy virtoe of the presence of
SVA0 virus derived PN AT The sbintle vectoar, coulaimng, the
PO} gene, was then uznslecled into COS-1 cells EPQ
polypeplide macenial was produced in the transtected cells
and seereled e the eell culture media.

More spevifically, an expression voelor was construcicd
aceoreing 1o the followinrg procedures. DNA isolated from
tamhda clong AhLI, conlaining the humezn genomic EMO
wene, was digesied with BamH| and Hindill resteietion

cndonucieases. and a 56 Kb DNA fragmem known o a.

contain the eniire BP0 pene was isolated. This fragment was
mixed gnd ligaled with the bacterial plasmid pUCE
(Bethesda Research Laboraiories, [oc) wivell had heen
simila-ly  digesicd, crealing the imermediate plasmid
“pUJCE-HUE™. providing a coavenient saurce of Ly restnic-
tion fragment.

The veetor chosen [ur expression ol the EPO DNA in
COS-| cells [pSVASFL} had previously been construcizl.
Plasiitt pSV48Er contained DNA seqaences allowing
sclection and aulonomous replicaltiva in & cofi. These
characteristics are provided by the origin of replication and
Aumpicillin resisiance genc DINA sequences present in the
region snanaing nuclestides 2448 throagh 4362 of the
bucterial plasmid pBR322. Thais sequence was sirucurally
modified by the addition of a linker providing a4 Hindlll
recognition siic inmediately adjacent (o nucleotide 2448,
Mlasmid pSVASEL was also capable al’ awonomous replica-
uom in COS-7 cells. This characteristic was provided by 2
342 bp fragment conlaining the SV40 vincs arigin of repli-

cation: {nucleotide numbers 3171 through 270), This lrag- =

et hgd been modilied my 1 addition of 2 linker providing
an EcoRI reeognition site adjacert e nucleobde 270 and &
linker providing a Sall recognition site adjacent nucleotide
31700 A 1061 bp fragment of SV40 was zlso presen: in (his
veetor {nucicotide numbers V711 through 2772 plus a linker
providing a Sall recogrilion sile next 0 nuclentide number
270, Withir this Iragment wes én unique BamHI recog-
nitien sequence. [n summary. plasmid pSV4SEL contained
unigue BamHI and HindlE recosnition sites, allowing inser-
aon ol the Buman EPO gene, scquences allowing, realicasion
aid selection 11 £, eofi, and sequences allowing replication
in COS-1 cells.
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In order 1o insent the EPO gene inlo pSV4SEL p asmid
plUICE - Ul was dipesien with RammHD and Hind resirie-
tics andonucicases and the 5.0 kb EPO cncoding DNA
fragment isolated. pSVASEL was also dipesied witk Bunl 1T
and Hindill and the major 25135 bp [ragment 1s0laled (pre-
serving all necosgary funcions). These Tapmenls were
mixed and ligated, creating the final vecler "pSYgHULPO™
(Sce, FIG, 30 This veowr was propagated in £ eeff and
vieclor DNA soialed, Resimotior eneyme asalysis was
cmptoved 1o conflinm insertion o the PO gene.

Plesmitl piVeHuliPO IINA was used G cxpress human
PO polypentide ruster.al in COS | eells. More specifically,
pEVEHUEPD DNA was combined with carrier DNA and
rransfecied o wripiicate 60 mm plates of COS-1 zelis. As
docomral, caier DNAC alone was abso ansfoeted oo
COS5-4 cotls. Cell culture modiz were sampled fve and
scven cays lalsr and esicd for Lhe oresence ol polypeplides
possessing the immunologicul propertics of maunly oceur-
ring humezn BPO.

B. Sceond LPO Lxpression Svstem Invelving
COS-1 Cells

Sl ancther sysiem was designed to provide improved
production ol human LPO polypeptide material coded by the
kuman genomic DNA EPO clone in COS-3 calls (A TC.C
No. CRL-i6531).

In the immediaiely preceding system, VPO was exprossed
in COS-1 ceils using ns own promeler which is within the
5.6 Kb BamHl w Hindlll resiriciion fragment. Jo the Tol-
wwing consiruetion, the EPO gone i allered so thal it s
expressed using the SV late promoler,

Mome specifically. the cloned 5.6 Kb BamIl o Hindll}
genomic human EPOQ restnetion ragment was modiiicd by
the following procedures. Plasmid pUCS-NuE. as desenbed
above, was cleaved wilh BumHT and with ByEIT restricuon
endonucteases. BsIEL cleaves within the 3.6 Kb EPO gene
al & position which iy 42 base pairs §' 10 the initating ATG
coding [ur the pro-peptide and approximately 680 base pairs
3w the Hiodll] restriction sie. The approximately 4900
basc pair fragment was isolated. A synthetic linker DNA
[ragment, contziniug Sall and BslkBH sticky ends and an
interna: BamHI recognition stte was synthesized and puri-
fied. I'he two fragments were mixed and lpated with plas
mid pBR322 whichk had heen cul with Sall and Bartll 10
pracuce the intermediate plasmid pBReliE. The genomic
humean EPO gene can be iselawed thesefrom qy 8 49700 base
pair BamiHl digestion Mragment can ving the complete struc-
wral gene with a single ATG 44 base pairs 3 1o Baml 1] site
adjucenl the =miae werminadl coding region.,

This frugmenl was isolaed and ioserted as a0 BamHi
fragment inte Bamlll cleaved exprossion vector ptasmid
pDSVLIL (described in Exampic 6). The resuliting plasmid,
pSVLpHuEPO, as illusiraled in F1G. 4, was asced 1o oxpross
LPO polypeptide materia from COS-1 cells, as descrbed in
Examplcs 6 ard 74,

EXAMPLE 8

Culiure media from growth of the six transfected CQOS-1
cutres of Bxample & were analyzed by radioimmuneassay
according o the procedures scl forth in Example 2. Pan B.
Lach sample was assayed al 280, 125, 50, and 23 microlier
aliquotl Tevels, Supernatants from growth of cells mnck
transiecied artranslected with vectors having incorreel LPO
pene oricntation were unambigtously negative Tor EPO
immunareactivily. For cack samp.e of the (w0 supernaianis

Page 5 of 15
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derivec from growtl of COS8- 1 cells ansiceled with vectors
{11 and L) having e BP0 DNA s the correet oricatation,
the % inhibilion of "**[-EPG binding 10 antibndy tanged
from 72 1y 88%:, which places all values at tie wp ol Lhe
stimderd curve. The exsel concentration of EPQ in Lhe
cutlice supemmatant covld not then relishly be estimaled A
quize ponseryicive eslimace of 3048 mU/ml was made. now
aver, trom the value caleulztion of the largess aliquol sive
{250 micrsliler).

Arepresenzative cullure fuic according 1o Lxampie E und
five and seven day ewlwre fleids obldined according
Fxwmpe 7 wern esied i the RIA in order o compare
aotivity of recomibinanl monkes and hentan EPO watenals
to o nataraliyv-occurming hurman EPC sumdiard and e resulis
dre se oul o graphic form in FIG. L Boiclly. the resulis
cipecledly revealed hat the recombinant monkey EPO
stamficantly  compeled for anti-human EPO antibody
a.thouzh © was not able Lo completeiy inhiai bindine under
the 128t conditians. The magicwrn sercen. inhibitinr value,
dur recombinany fwman EPO, however, closely approsi-
mited those of the human PO standard. Tae parallel natere
of thz duse respanse curves suggests immutologival (dentity
ol the sequences (epitapes) i commar. Prior estimales of
menkey EPOQ in culture Muids were re-evaivaled al 1hese
higher c:dunon levels and were found to range from 291 1o
312 Urml Estimacgd human EPO production lovels were
correspondingly set at 392 mUMmi for the Sive day growlhk
sampie and 567 mU/ml for the seven day growih sample,
Eslimaicd moracy EPO aroducien levels in the Lxample
T3 expression svsiem ware on he same orler or beller.

EXAMPLE ¢

Cu'ture Muits preparct according o Exanmies 6 and 7
were subjeetcd w an IR vilra assay Tor PO acivily wocerd-
ing te the procedure of Goldwasser, ot al.. Eadocrinetoyy,
9%, 2, pp. 215323 01975 Estimaned morkey GPO values
for calture duids tested ranged from 3.2 10 4.7 Liml Humam
EPC cilturs (1aids were also active in this n vitro assay and,
lurther, this activity could be neutmalized »y anti-EPO anti-
hady. The recombinant morkey EPO culware fluids aceord-
ing lo Exampic 6 were slxo subjccled o an assay for in vivo
biolegical welivity secording o the eeneral procedures of
Codes. e al., Natwre, 191, pp. 1063 1067 (19610 and Ham
mond. ctal, Ann NF Avad. Ser, 149, pp. 316-527 (1908
and activity levels ranged from 094 w0 124 U/ml.

EXAMFPLE 10

In the previous exampics, recombinant monkey or iuman
EPO malerial was prodaced from veclors used o ransfect
COS- 1 cells, Thase veetors repliceie in COS-1 cells due 1o
the presence of SV40 T artigen within the cell and =n V40
origia ol replication on the veclors. Thoush these vectors
produce usclul quantivics o EPO in COS-1 colls, expressinm
wony ransient (7 e 14 dayvst doe o the eveatual Jass of te
veclon Additionuily, vnly 4 small perecatege o COS-1
became produetively wasfected witk the vectors. The
present example deseribes cxprossion syslems cmploying
Chinisz hamsles ovary (CHO) DHFR - cells and the seicel-
able marker, DHFR  [Fur discussion ol relaed expression
systems, see U8 Pa.. No. 4309276 and Luropean Patent
Apoiicadons JTT058. 117059 and 117060, all published
Aug, 23 1984

CHO DUIFR™ celis (DuX-B11) CHO K ceils, Urlauh. et
al. Frew Nat, Aeed. Sed, (005 A Yol 77,446t (19800 lack
the covyme dibydrofolate reductzse (DIFR) due to nwta-
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tions o the sirsetural genes and therefare fequire the pres-
cnee ol glycine, hypoxaathine, and thy midire in the cnbure
madia. Piasmids pDSvL-MkL (Lxample 6) or pDSVL-
gHlPO (Examole 7B were wransfecied aiong with carrer
DNA into CHO DHFR - colls growing in media conaining
hypoxanthing, “hymidine. and plycine in 60 mm cuiture
plates. Plesmic pS¥gHUEPO (Example 7A) was mised with
she plastuid pNIG2 contzining o roouse dihsdrololate redue-
tase gene clonod inwe (e baclerial plusmid veelnr pRR322
iper Gasser. ot al. supis) The plasmid mexiure and carmier
DINA was trungleeled into CHO DITFR cells. (Cells whick
acguire one plusmid will generaliv also acquire a sccond
plasmid). Afer three days, Lhe cells were dispersed by
rrypsimizalion ‘oo several [0 e culiure plales in media
lacking hvpoxanthine and thymiding, Gnly those ceils which
hisve been stably wransivrmoed with the DIEFR gene. and
lkereny the BPO gene. survive in this media. Afe: 7-21
days. colonies ol surviving colls neccame apparent. These
tranglormunt eolonies, afier dispersion by imppsinivatior can
he continuously propagstad in media lacking hypoxcmbine
and thymidine, creating new cell strains (e.g., CHO aDS VI -
MEEPO, CHO a8 VeHul:PO, CHUO-pDSVL- el TuEPO).

Culwre fluids from the ahowve cell sirains were wsied in
the RIA [or the presence of regnmbinant monkey or Guman
ErQ. Media lor sirain CHO pDSVE-MEKEPO contained
FPO with immunningical propertics like that oblained lram
COS-1 cclls ranslected with plasmid pDSVI-MEFPO, A
represemative 63 hour cutire fuid contaimad monkey CPO
at .60 Ul

Culwre fluids fram CIHO pSVelWERPO and CHO
PSSV gl TubEPO conlained reeomainant human EPO wilh
immenological propertes like Ll vbigined with COS-1
cells transiecled with plasmid pSVaHuEPO or 2DSYVL
gHUbBEPO. A representatise 3 day culture fluid from CHG
pAaVeHulPO contained 2.99 Uil of human FPO and a 3.3
day sampic from CHO pRSV]-gHUEPS had 18.2 Uiml of
human EPO as measurcd by the R1A.

The guantity of EPO produced hy the cell sirains
deseribed above can be increased by gence amplification
giving nuew cell straing of greaer productivity, The ensyme
dibvdroloiate reductase (DHFR) which ix the product coded
for by the DHFR genc czn be inhibiwed by e drug melk
mrexate {MTX: More specifically, cells propuagaled in
mediz lacking hyposunthine and thymidine £oc inhibied or
killed by MTX. Under the appropriale condidons. e.g.,
minimal concenirations ol MTX) cells resistanl to and able
o oo in MIX can be oblained, These cells ane found 1o
he resisient o MTX i o ao amplification of te nunbe
of their DHER genes, resulting in increased production of
DIIFR enzyme The surviving cells can, in wrn. be treated
wilth increasing concentrations of MTX. nesulting in ccll
sirains containing gregter numbers of DEHFR aenes, “Pay-
senger penes” (e, EFO) curice on the expression veclar
ulony with the DHEFR gere or transformed with the DHFR
gene ane (raquenily found also o he increased in their gens
copy number.

As cxamples of praclice ol this amplilication system. cell
strzin CHO pDSVL-MEFE was subjected 1o increasing MTX
concentutions J0 M, 30 nM and 100 nM]. Representaiive
65-hour culture media samples hom cach amplilicalion siep
were assaved by RIA and determinad (o coniain (165, 2 45
and G610 Uiml, respectively. Cell strain CHO plSY -
gluliPO was subjected 10 a series ol increasing MTX
concentraions o 30 nX. 50 ny, 100 nM, 200 nd, 1 paM,
and 5 opM MTX. A representative 3-day culture media
sample fror tie 10 aM MTX step contained human EPO
al 30892 | 29 w'mt ay judeed by RIA Reproesemative 28 hour
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cirlterst mediim samples from the 108 oM and | pd] MTX
sieps conlained, respeetively, human EPCr at 466 anc 1352
Lim! 2s cudeed by RIA {average af iriplicale assevs) In
Lhese procedutes, I t0" celiv wore plated in 3 ml of media
in G0 mm calwre dishes. Twenty-fonr howrs later the mcdia
were removed and replaced wilk 2 ml of serum-free media
ihigh plucose DMLEM supplemented with €1 mM non-
cssential amino acids and L-gluiamine). EPO was allowed o
accumulaic Tor 48 hours in the serum-free media. The media

wite vollected for assay and ke cetls were rypsintzed and

caunwed. The averspe RIA vaues ol 467 Wml and 1322
LiVml for celis srown at 100 nb and 1 gy MTX, respoe-
tvely, provided actial vields o 2335 Ulniate and 0730
Ufplate. The sverage coll numbers per plate were 1.34x10°
und 302%107 cells, respectively, The clective produciion
mates fur these cellure condinions were thus 1264 and 2167
L7 cells/18 hours.

The cells in the culiures deseribed immediaiely above arc
a genctically beicragencous population. Standard screening
arocedures are being emploved noan allempt e solale
acncticaily homopencous clons: wilh the highest production
cupacizy. See, Sceton A, Parl 2, ol Points te Consider in the
Charseterization ol Col Lines Used 10 Procuce Biolopics™,
Jun. . 1984, Oilice of Biologics Rescarch Review, Conler
for Drags and Biologics, 7.8, Fand and Drug Administra-
RI31 R

The preductivity of the EPO producing CHO cell lines
deserbed ahove can be immroved by appropriate cell culure
technigues The propagal:on al mammalian cells tn enlore
egencrally requires the presence of serum o the growth
med:a. A method for production of erylhropoictin (rom CHO
cells in media thal does nol contain serum graally factliiates
the purilication ef crylhropoielin [rom the colture medium.
The method daseribed below 15 capabie of gconomnically
producing erylivopoictin in serum-lree media in large guan-
titles sulficicnt for production.

Strain CHO pDSVL - oHuBEPO cells. arown in s:andard
cell cullure conditdons, are used W seed spinner cell culivre
Nasks. The celis are propagated as 4 suspension cell line in
the spinner cell culture fask in media consisting of a 50-50
wiadure al hiph glocose DMEM and Hame's 12 sopple-
menwed wilh 3% {cwl call seoum, L-glularmue, Penicillin
and Surepiomyein, 0005 mb pon-essential amino acids and
the apprapriate conceniration of methouresate, Suspension
celt cobwre atiows the EPO-producing CHO cells 1o be
cxpanded cuasily to larac volumes. CHO cells, grown in
suspernsion, arz used to secd roller kBoulles at an initial
sceding densitv of 1.5x10° viable cells per 850 o roller
bottle i 200 el of mediz, The cells are allowed Lo grow w
conflncney as an adhereni cell Hine over a three-day pesind.
The media wscd (o this phase of the growla is the same asg
used for growth in suspension. At the cnd of the three-day
crowih pertod. the serum containing media is removed and
replaced with 100 ml of scrum- free media: 20-50 mixiure of
high plucose DMEM and Namr’s F12 suoplemented with
.05 mAT non-essential aming geids and T-glulamine, The
roller holtles are returned 10 the toller hottle incubalor for a
period of 3-3 hours and Lhe media again is remosed and
replaced wilth 1000 ml af (resh seum-frec media The 1-3
hour imeubation of the serum- [tee media reduces the con-
centration of contaminating  serum proteins, The roller
hollles grc retumed to the incubalor lor scven days during
which eryvibropoietin accumulates in the serum-ree cullute
media. Al the end of the seven-day production phase, the
concitionad media 15 removec and replaced with fresh
serum-lree mediom for a sccond produclion cycle. As an
example of the pracitee of 1this araductien system, a repee-
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senlalive seven-day, scrunritee mediz sample contained
hurnar: crythropoictin ai 3892=409 Uiml as judged v the
RiA. Based on an estimated ceil density of (09 10 1.8x1(°
cellsfem®. cach 850 em” rolier bolle contained from 0.75 w
1.5x10% ¢ells und thus the tale of production of TIPOY in the
T-duy. (00 mut culiure was 750 10 12270 17 OF cellsf4s hours.

Culwre fluids from cell swain CHO pDSVL-MEEPQG
varricd i 10 nM MTX were sobjeewed o REA i vivro and
in vivo EPQ activily assays. The conditioned media sampae
costtained 412414 U/ml of MKCPO as measured hy the
RIA 41,210,064 Uil as mcasurcd by ihe in vilro biological
activily assay and 42, Li/ml g5 measered by the in vivn
hiological activity assay. Amino acid scguencing of
palypepude praducls reveaicd 1he prosence of EPQO prod-
ucls. @ principle species naving 3 residues ol the “lzader™
sequenee adjacent the puiative smine terminal alanine.
Whether this i he resalt of ineomrecl moemhrane processing
ol (he polypepude in CHO celis or reflects 4 diflecenee in
slructire of the am=no werminus of monkey BEPO vis-a-vis
humar. P, 5 presently unknowr.

Culwre fuids from cell serate CHO pDSVE-gHUBEPO
were suhjecied wothe three assays. A 53 day sampic
contained recombinant human BPO in the mediz at a fovel
ul 182 Limt by RIA assay, 158 4.4 Liiml by in vitze assay
and 16.823.0 Utml by in vivo assay,

Culure flud from CHO pDSYL-eHuEPO cells prepared
amplificd by slepwise TOD adM MTEX were subjecied w the
throe assavs. A 2.0 day sampe contamed recomhbinant
kumar. CPO at a level of 30809=120 timl by RIA. 2589+71.5
LU/ml by in vitro assay. and Z040=160 U/l by in vivo assay.
Amine acid sequencing of s prodict reveals an aming
terming] correspending o that designated in FIG. 6.

Cell conditioned mediz from CHO eells-transiveted with
plasmid pDSVL-MKE in 10 nM MTX were pooled. and the
MTX dialyzed cut pver several days. mesulling in media with
an HPO aclivily of 22125 1 1W/m1 (EPCHCO M), To deterniae
the it vivo eflect of the EPO-CCM upon acmalocrit levels
in normal Balh/C mice. the following experiment was con-
doctzd, Cell comditioned media o uniransiceted CHO
cells (COMD and FPO-COM were adjusted with PRS, CCM
was used for the conlrei group (3 mice) and twu dosc levels
of EPO-UCM--4 units per inject:on and 44 unils per injec-
tion—were emploved Far the experimental groups {2 mice/
group). Over Lthe course of 5 woeks. the seven mice were
injected inraperitonealy, limes per week, Aler the cighth
ingjection. averaze hematocril valees for the conlral group
were determined to be 50.4%: for the 40U group, 35,1 % and,
Tar the 44U group, 67.9%.

Mammalian ccll expression products may be readily
recovered in substantially purificd fotm fram culiure media
using HPLC tC,) emptoving an cihanol gradient, preierably
dl pH v

A prelinunary altemp. was mads w characterize recom
binant zlycoprotein products (rom conditioned redium of
COS- 1 and CHO cell exoression of the miman FPRC pene in
comparison (o human urinary EPO iseiales using both
Wiesiern blol anulvsis und SDS-PAGE, These sludies indi-
caled that the CHO-produced FPG material had a somewhat
higher motccutar weight than the COS-T expression aroduct
which. in tura. was slickly larger (than the pooled source
human unmnary extracl. All producis were somewhit hesero-
geneous. Negramimidase enzyvme treatment 1o temve siadic
acid resulted in €OS8-1 and CHO recombinant produocts of
appreximately egual molecular weight which were both
nonctheless larger than the resulting asiaio humar urinary
cutract, Hndeglveosidase B enzyme (LIC 3.2.1) treatment of
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the recombina:l CHO product and the urnary extract prod-
uel fto tolally remowve carhohydraie from hoky resalted in
substactielly  humogereous preducts Eaving  cxseniially
identical moleculur weight charceleristics.

Purilied Twrnen crinary PO and & recombinan.. CHQ
celi-produced, HPOY acconding o e iovention were sub-
lecied 1o carbuhvdrale analysis according 1o (e procedare ol
Ledeen. o al. Meihods in Ensvmeloge 83(Fan 10, 139 19
CI9R21as modilied throngh use of the hydeolysis procedures
ol Meswer ol el Aaad. Buwichenr, 122, 38-97 119823 lixperi-
menlally  determined  carbohydrate  cornstilntinn values
fexpressed gy molar rzzios of curbohydrals in the rroduct)
lor e urinury iselale were as Jollows: Hexoses, 1,73
Nogcaryighicesemine, 0 N oaceyincuraminic acid, £.93;
Fucose. (1 and N-acerylgalacwsamine. U Corresponding,
vibuzs for the recombinant prococt (denived from CFD
pSVL-gHULPG 3-day celwre media av 100 uM MTX
were as follows: Hexoses, 1509 N-acetvlelucosamine, !
N-acelylneuraminic acid, 0.99E; Fecose. 0 and N-zeetylga
luclosaming, 0. These firdings are consistent with the Weasi-
ern bivt and SD85-PAGE analveis describaed abose.

G yeapralemn products provided by the present invention
are thus comprehensive of products having g primary struc-
lirdi conlormaion sulleisnly duplicative of thal of a nau-
rally-ovcarring erylthropoictin 1o 2llow possession of one or
more of the bialopical preperlics lhercol and having an
avergge carboivdrile composition which differs fromr that ol
nalurally-occurring erythropoictin.

EXAMILLE 1)

I'he present exampiz relaes to the izl manufaclure by
awsetnhly of nucleotile beses of two strucleral genes encod-
ing ihe human speeies FPO sequence of FIG. 6 and incor-
pemalirg, respectively “preferrad” codons for expression in
LD cedd and yoast (8. cerevisige ) cells, Also described s the
consruclion of genes ercwding analogs of humsn ERO.
Brigfly slaled, the protocol smploved was gonerally as set
out in the previausiy noted disclasurs of Alton, cL al. (W{)
83/04053). The genss were designed for initial assernbly af
component oligonucleotides inte mueliiple cuplexes which,
in wra, were assenbled imo three diserele sections. These
sections were dosigned for ready amplification and, upon
removal from the amplification system. could be asse:ubled
sequentially or through o malliple fragmen: ligalion in a
suitanle expression vector

FIGS, 10 throagh 15 and 17 Nusirate the design and
assembly of a manulfaciured gene encoding a homan PO
iramslation product lacking any leader or presuguence but
including an irilial methicnine residue al position —1.
Moreocver, he pene incorporaled in subsiantiul par I celd
prefererce cocons and Lhe gonstruction was  Lhereione
refermed Lo as tha "ECEPGT genc.

More particulariy, FIG. 10 ilusirales oligomucleotides
erapluoyed Lo gencrate the Seenon 1 ol the HCEPO gene
encading aming werming? residues of e kuman species
pulypeptide.  Oligeauclentides were gssembled  into
duplexes (1 and 2. 3 amd 4, ere.} and Lhe dupickes were then
ligated o provids ECEPO Scction 1 s in FICG 11, Kowe that
the assembled szction ircludes respective tenminal 1eaR1
and BamHl sicky ends, that “downsirean”™ ol the EcuRl
sucky end 15 a Xbal restiction enryme recepnition site: aml
thal “wpstrcam™ of the BarnkI sticky end is a Kpu! recag-
milion sile. Section tocould readily be amplificd using the
Mi3 phage vecior emploved lar verification of sequence of
the seedon. Some difiiculies were engoumered in isolating
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the section as an Xbhal/Kpnl feogment [rom RE DNA gen-
crated in Focodi, likely due 10 methyladon of the Kpnl
Tecneniton site hases within the host. Single-siranded phage
RNA was thereiore iselabia and rendered inwo doubie
stranded om0 vitre by primer catension and she desired
double-stranded fragmenl was therealicr readily isolated.

ECEPD gence Scciions 2 and 2 (FIGS. 13 and 15y were
constreoted i1 d similar mznner from the ofipenucleotides of
FIGS. 12 ardd 14, respeetivelv, Bach seetion was amplified in
e M2 vecto cinployed Tor see uence veriffeanion and was
isolaied lrom phage DNAL As Doapparent Tom FIC, 13, X1,
ECEPD Scetion 2 was constructed with LicrRI and BamHI
sticky ends aod could be isolated as o Kpnl/Rgll frapmenl.
Similatly, ECEPO Scction 3 was menared with Bambl] and
Sall sucky ends and could be isolated from pnage REF DNA
as o Balll3a:1 fragment. The three sectiens thus prepared
can readily be assernbled fzuo o continuous DNA segagroe
(TG 7) eneocing, the colire huna specics BPO polvpep-
Litde with an amino terminal methionine conlen (AT for B
cofl ranslation iniliation. Nole also U “upstearn™ ol the
imtia ATG is & serdes of hase pairs substuntaily dudl.cating
the ribosome binding site sequence ol the Righly expressed
OMTP [ pene o & endi

Any suilable cxpression vecin nay be crployed o carry
the ECEPG. The particalar veclor chosen for expression of
the BCEPO gene as the “iemperatare sersitive™ plasmid
pCEMAS3D a derivalive of plasmic pUlM4i4 (A TC.C
JINT61—as descrbed in co-pending LS, palent application
Ser. B 636,527 filed Aup. 6, 1484 (Punlished EPO Appi
caion No. 136,490), by Chartes B Morris, More speuifically,
PCEME36 was digested with Xhbal and Hird[I: the large
[mgment was isolated and employed in g two-pan ligation
with the ECEPC gene. Scctions | (XhaliKpal). 2 1Kprlf
Bgllh and 2 (Bglll/Sall) had previously beea assembied in
the correct order in M3 and the EPO gene was isolated
thereltom as a single Xhal/Hindl [} fragmen. 'Vhis irapment
included a pottion ol the polylinker rom M13 mn9 phage
spanning the Sati to Hind[T sites therein. Control of axpras-
sion in the resulling expression plaseid, p536, was hy
maans ol a Larbda P, promoter, which isell may be under
control of the Co; repmussor gene (such @ provided in &,
cofl sirain K| 2AHrp).

The manufzelired ECLEPO pere above may be vanousiy
modificd 10 encede ervtbropoictin analogs such as | Asn®,
des Pro® theough [eP|bEPO and THis ThEPQ, as éesoribed
helow,

A LAsn™ des Pro” through e hEPO

Plusmid 536 carrying the LCEPO manulactured geac of
FFIGE 7 a5 o Xbal w Hind] inserl was digested witk Hindl(l
and Xhol The Lader endonuclease cuts the BCEPO gone ai
a unigue., 6 base pair recosnition site spaneing the last base
ol the codan eronding Asp® throuah the sceend base ol the
Arp'” eodon. A Xbal/Xhol “linker” sequence was manulac-
tured having the following sequence:

L 42 = § @

Mur Ae A Uys Asp
FUTAGAIG GO AATD G0 GAL 3
FTAL CGA TTA ACG CTG AGCL' S

Kool

Thie XtmliXhol Hnker amel 1he XaoUHindIT ECEPO gene
sequenice [Tagmenl were insered inlo U lurge (ragrent
rosulting fram Xhal zod NindIIT digestion of plasmid
POFMS26—a derivative of plasmid pUFMAT4 (A TCC.
40076)—as described ir co-pending U.S. patent application
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Ser. No. 036,727, tiled Aug. 6, (984, by Chatles T'. Maris,
w pererate a plastid-horac DNA scquence encoding . coli
capression ol the Met - Torm o Lthe desired analog.

B. |His’ LEPO
Plasmid 336 was dipesied witk HindIH and Xhel as in

it & abwove. A XhaléXhol finke: was manulactured having
the 1ol luwing scyuencs:

Xhal -2 K B b £ ! H G Xhed

__ Mot Al Pro Prooo oA len M= His A

SOt AG GUICCG COA COT7 CTG ATC OAT LAl
PUIAC COAGHE GGT GCA GAD TAG GTA CTG AGCE-S

The linker and the Xkol/HindIT RCEFO sequencye frag-
inent were ther inserled inte pCEMS26 10 gencrawe a plas-
mid-norme DNA sequenes ercanding £ enfl expression ol the
Met ! omm of tre desited analug.

Construction of a manufutured gene (CSCEPO™ incor-
poraling, veasl prelerenee codons s as o
following FIGS. 16 theough 21 and 8. As voas the case with
the LCEPO gere, the entire construction ins olved lotmation
of Lhree sels ol ofigonuccoudes (F1GS. 16, 18 und 20 which

were formed imo duplexes and assembled inlo sections .

sserited in the

(FIGS. 17,39 ard 210, Note thay syuthoesis was facifilated in

narl By use af some sub-oplimal codons in both the SCEPO
and LCEPC constructions, Lo, oligonueleoiides 712 of
Section 1 of both gencs were identeal, as were vligoaucie-
otides 1-6 of Seetion 2 in cach geng.

The assermiizd SCEPO seclicns were sequenced in M13
amid Sectioms G2 and 3 were 1solatable from the phage as
ITinélllkpnl, KpnlfRglll, and BelllfSall fragments.

The presenily preferred capression system lor SCLPG

genc products oy 2 secrollon syslent based on 5. cerevisiae 33

o-lacior seerct:on, as described in co-peading U.S. patent
application Ser No. 487753, filed Apr. 22, 1983, by Grant
A, Rilter, published Gt 1984 s« Borepear Patent Applica
don 0 123294 Brietly put, the svslem involves consiruge
tions whercin DNA encoding the leader sequence of the
vicus s-facton gens product is positioned Iimmediacly 5 w0
the coding region ol the cxogenous gone 1 be exprossed. As
a resuil. the pene produc: lrans.aled includes @ leuder or

vedst cazyme i the course of seerelion o the remainder of
the product. Becavse the consiruclion mikes use of Lhe
w-lacor lransiation initiadon (AXUG} codon, there wis no
necd o provide such a codor at the -1 posilion of e
SCEPO gene. As may be noted Fom FIG. 8, the alanine (+1)
cacocing sequence is preceded by linker sequence allow-
ing lor direct insertion into a plasmid including the DNA fof
the drst B0 residucs of the s-factor leador lollowing, the
a-factor promoter. 'The speeific preterred consttuction lor
SCEPO gene coxpression involved a lour-part lipalion
including the shove-noted SCEPO seclion {ragments and the
large fragment of Hindl1T/Sall d:gestion of plasmid paC3.
Irom the resulling plasmid polC3/SCEPO. the o lactor
promoter and leader seguence and SCEPO gene were iso-
lawed by digestion with Banblb snd lpated inte Bamlll
digested plasmid pYE to forrn cxpressior. plasmid pYE!
SCEPO.

EXAMPLE 12
The present example relates w cxpression of recombinant

products of the manufac.ured ECEPO and SCEPO genes
within the expression systems vl Exaple 11

45

50

55

40

h]

32

In se ol the expression system designed for use ol £ el
host ce:ls. plasmuid p336 of Exarple 11 was wansiormed
imo AMT E celicells proviously transformed with a suitable
plasirid. pMW 1, harboring a €, ., vene. Cutlures ol cells in
[.B broth (Ampicillin 56 pgfml and konamvein 5 ug/ml,
preicrably with 0 mM MpSO,) were mainiained o 287 C.
and upen growth ab cells in colture 1o Q.0 01, FPO
exprission was induced by aising the coltar: wemperalure 1o
43 . Ceils grown 1o about 40 O.D. provided LPD pro-
duciion (s estimated by gell of aboul 53 me/OD Tier

Cells wiere harvested, Tvsed, beoken with brenei Pross
[TOLO00 psi) and wrealed with Ivsozyme and NP 200 dcierecnl
The pellel resuliing from 24 000, g centrilugation was solu.
bilived with guaridine HCL and subjected w further posici-
catiom it a single siep hy means of €, (Vydac) Reverse
Phasc HPL.C (EIOH. 0-RB0%, S0 mM NH.oAc pii 45,
Protein sequencing revealed the product Lo be greater than
93% soure and the products obtlained revealed two S&ilerent
winingy lernonals, A-P-P-R .. 0 and P-P-R . oo relative
quantzative radio of about 2 10 ¢ This latter vbservation of
nLPO and |des Ala' hEPO products indicales ther amine
lerminal “processing” within the hest eclls serves i remove
the terminal methioning and in some inswnees e inital
alanine, Radioirmmnnoassay aciivity lor the isolates was al
a level of 150,000 to 180,000 Ufme. in viiro assay aclivily
was At a level of 30,000t 62,000 Limg, and in vivo assay
dctivity ranged from abow 120 10 720 Utmyg. (1, human
urinary isolale siandard of TO000 Tl in cuch asssvy The
gosc respanse curve lor the recombinant product in 1Be in
vivo assay differed markedly from that of the human urinary
EPQ) standard.

The BPO aralog plasmids formed in pats A and B of
Example 11 were cach transformed into pMW 1-truns [ormeid
AMT . coli cells and the cells were cultured as ahove.
IPurilicd isolates were tested in both RIA and in vitro assays.
RIA and in vitro assay values ler [Asn®. deos-Pro® thraugh
e hEPO expression products were apprasimately 11,000
Uifme and 6,000 Ufmp protein, respectively, while the assay
values for [His'ThEPD were about 21000 U/mg and 14,000
Uy protein, respechively, indicating hat the analog prixd-
ucts were from pne-lfourth oo ure-tenth as “aclive” as the
“parenl” expression product o Lhe assiys.

In the expression svstem designed Tor use of X cerevisiae
host cells, plasmid pYE/SCEPO wus tmumsformed inwe lwo
dilfcreny siratos. YA3DP4 (peaotvpe o pepd-3 mpl) end
RKE] {genoype go pepd-3 pl) Taoslumed YSDPY
hosts were grown in 8D medium {Methods in Yeast Genet-
ics. Cold Spring Harbor Laboriwory, Co'd Spring [larbor.
N.Y., no 62 {19R3) suppiemented with casaming actds al
8.5%. pH 0.5 at 307 . Media harvesled when the oclls had
been grown to 30 O.D. conlained EPQ products at levels of
shout 2d4a Lyml (97 pg/OD liter by BIAG Translormed
RKE&] cells grown o cither 6.3 Q010 or 60 Q.00 provided
media with EFO concentrauons of about 80-90 U/ml (34
pefOI liter by RIA). Preliminary analyses reveal sigmficant
heleregeneity in products produced by (e expression sys
tem, itkely w o be due wovarialions inoglycosslalion ol
proleins expressed. and reiatively high mannose conient ol
the associated carbohvdrale.

Masmids PeC3 and pYE in 1IBID1 £, cofi cells were
deposited in aecordance with {the Rules of Practice of the
L5, Patent Odfice on Scp. 24 1984, with the American ivpe
Culture Collection, 13301 Parkiawn Diive, Rockville, Md..
under deposil numbers A T.C.C. 3988 and A1.C.C. 39882,
respectively. Plasmids pCEMS26 in AM7 cells, pCliM53nin
IMICE cells, and pMWI an JMI03 celis were likewise
depuosited on Ko, 21, 1984 g5 ACTC.C 39932, 39934, and
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3924, respeciively.  SucchAaramyies  cereviciae  siraims
¥SPD4 and RKED were deposited on Nov. 25, 1984 as
AT 20734 and 233, respectively,

I should be readily apparent from eorsideration of the
ahove illusirative examples that munieraus exeeplionally
vaiuable products and processes are provided by the nresent
TWVEIION N L8 Many d-peels.

Polyacplides provided by the invention are conspic aously
usclal malerials, whether they are microhially expressed
products or synthetic products, tw privuy, sceandory or
wridty structieral eostflomation of whick swas fisst made
anuwr hy Lhe proseal invemion,

A previous v indicaled, recombinant.produced and syn-
thetic prodicts of e invemion share, 0 varying cegrees.
Cie i vitmo Diclogical sciivity of FPO fsolales [rom nawral
seurees and canseoguely are proecled Lo have utility as
subsiitules for KPO isolaies in cullure media emiploved lor
growlh ol erythropoiclic cells in culture. Similarly, w the
cxteat baat palypeptide products ol the invention share Lhe in
vivo aclivity of natural EPO isolaies they arg conspicuously
suttable Tor use in erythropoielin therapy procedures prac
ticed on mammaels, inciuding humans, 1o deselop any or all
i (he elfecis qercfore wtribuled in vivo o EPO, SR
similation ol retealoeyie response. develepment of femo.
kinclic effects (such as olasma iron wreoser cleels and
marrew  lransit dme clcels). ervilrocyie mass changes,
stimulation o Miemeyglobin C syniaesis £sce. Fschbuch. oL al.,
supral aml gs indicated in Bxzmple 10, nereasing homat-
oerit levels in mammals, Included witkin the class of
humany treaianle with products ol the invertion are palicals
seneraly requinng Moed ansfusions and including travma
victimns, surgical paticnis. rensi discase paients including
diclvsis paticrts, and palizms with 2 variety of Biood com-
position aflecting disorders, such as hemopl:liag, vickle cell
discase, physiohwgic ancmias. ard the like. The minimiza-
tion ol the need for lranslusion therapy through use of EFQ
therapy can he axpecled io resuit in reduced lransmission of
infectious ageris. Products of the inventior, by vinue of
thit produetion by recombinant methods, arc expected Lo be
[ree of pyrogeas, nauwa! inhibinry substances, and Lthe ke,
and zre thus Likely o provide eohanced overa 1 ellectiveness
in therapeutic progesses vis-a-vis raturally derived pooducts,
Hrythrupoiclin terapy with products of the present inven-
tion iy ulso expecied Lo be wselul in the enbancement off
Oxyger carrying capaciiy ol individuals encountering
hypoxic covironmenmal conditions and possibiy in providing
beaciicial carcinvascular effects.

A preferred method Jor administratinn ol polypeptide
products of the invention is by parenteral (e.g., BV, IM. SC.
or 1P routes and the compositions administered would
oriinerily incivde therapeutically efeclive amounts ol prod-
uct in combinaiiz with acceplabie diluents, catriers andfor
adjuvan:s. Prelminary pharmacokinelic sludies indicaw a

longer hall-iile in vive for monkey PO products when

adrnisiered BM rather than 1V, Litective dosages are
expeeied w0 vary sutsuntally depernding wpon the condition
treated bt therapeutie deses are presently expeeted Lo be in
the renge of (R (-TU) 1 100 - T000LY pa/ke body weight
ul the active material. Swandard dilients such as humsn
serunt albumin are contemplaled for pharmacewical com-
positions ol the inventien. as are standard caricrs such as
saline.

Adjuvant malerials suitahle for use in camposilions of the
mveniton inclide compounds independently noted Tor ervth
wpeetic siimutatory elfeets, sueh ag estosierones, progeni-
tor eell stimulators, insulin-like growth facior, prosaglan-

a0
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dins, serolonin, eyelic AMP prolactin and iriivdothyronine,
as well as agents generally emploved in Lreatnen of aplastic
ancmia. such as malicnolene, sannzolol and nandrolone
[see, cg., Resepottic ¢l al., Panminerva Medien, 23,
243-228 (19810 MeGonigle, ot ol Kidrey e, 2502
437444 [1983): Pavlovie Kantera, et gl Expr Hemutil.
®Supp R, 2B 200 (1980 amd Kaurle, FEBY letters,
Ida('1, 105 108 (19821 Also contemplaed as adjvants
are substances reported W enharce the efivets ol or syrer-
iz, crylhropyiatin or asialo- PO, sueh ax the adrenergic
agomists, thyroid immones. andragens and BPA Jsee. Dunn,
“Curren: Conczpts in Frvihropoiesis”, Johr Wiley ard Suns
{Chichester. Faglmd, 19821 Wolland, o o, Aiug, 44(3),
173175 019820 Kaimanii, Kedae dae, 220383 390 (19821,
Shehidi, New. Fng, S Med., 289, 7280052 Fishaer, e al.,
Stavesidy, 3006), ¥33-845 {1977); Urahe, et al.. J. FKxp. Med.,
148, 5304 1225 (1979 and Billat, ¢ k., Expr. Hemiaiof,,
10013, 133 140079823 as well as the classes of compounds.
designaled “hepatic ervthropoict:c faciors™ [see. Noughion,
erab Aeta Haemar, 090 171=179 (19R3] und “cryv:hrowo-
pins” fag described hy Congote. o o in Ahsiracl 36d,
Proceedings b Intemationz! Congress of Endocrnoiogy
Wriebee Ciry, Quehec, Jul, 1-7, 19847, Conpoete. furchem.
Biophxs, Rey, Comor, TLIS02), 447483 (1987 and Corgolc,
Anal, Biochen., 140, 425-133 (1984]] anc “erylhragening”
[2s deseribed in Rotmman, ol ul., & Swrg Oneol. 20,
105--108 (1982)]. Preliminary scroonings designed e mea-
suie civlimtopoieie Tesponses ol sx-hypoxic polvey themic
mice pre-{reated with either S-a-dihyibolesiosterone ot nan-
drolune and then given erythropoiclin of the present itven-
tion have gencraled couvocal rosdits,

Diagnostic uses of polypepiides of the invention are
simnlarly exiensive and include use in labelled and unla-
helled forms in 2 varicty ol imnunosssay wehnigues iaclud-
ing RIA's, CLISA's and the liks, a5 well as a vaticty of in
vitro and 1n vivo activity assays, Sec, cop.. Duann, el al.. Fpr.
Hematol, 1107). 390600 (19831 Gibson. ot al . Parhelogy.
16, (35-156 (981 Krysial, Lxpt. Hemarol, 1107,
649-660 (1983 Saito, o1 al.. Jup. S Med.. 2301}, L6 21
(1984); Nathan, et al., New kng. J. Med, JOR(M), 520.522
(1983); amd vareus references pertaining (o assays relerred
1o therein. Polypeptides of the ipvertion, including synthetic
peplides compesing sequences of residues ol PO firs
revealed herein, also provide highly usalul pure materials for
generaling polvelonal autibodics and “hanks™ of munoclonal
antibedics specific Tor differing continuous and disenntinu-
ous epilopes of EPO. As one example, preliminary anzlysis
ul she amiro zeid sequences of FIG, 6 in the conlexd of
hydropathicity accosding 1 Hopp. ct al, PNAS (07540,
78, pp. 3824-3828 (1981) and of sconadary strichires
accrrding y Chou, ol al.. Ann. Rev. Biochem, 47, p. 251
(1978} revealed that synthelic peptides dunlicative o’ con-
linaous scquences of residues spanning positiuns 41-57
inclusive, 116--218 inclusive and 144 166 inclusise are
likely to produce a highly anligenic response and pencrale
usclul monoclonal and polyclonal antibodics immunorea
tive with hoth 1the synthetic peptide and the entire protein,
Such antibadics are expecled o be usein] in the dsteciion
ancl wllinty punfication of EPO and BPO-retaicd preducis.
Mustratively, the [ollowing thres svnthetic peplides were
preparcid:
(17 REPC 41 57, V-P-D-T-K-V-N-TI" ¥-A-W-K-K-M-E-
V-G

(2VhEPO 116128, K-BE-A-1-S-P-P-D-4 A-S-ACA;

(3 bEPO 144 166, V-Y-8-N-F-1-K-G-K-L-K-L Y- T (5-
L-A-C-R-T-G-D-R. Prelimirary immunizadon siudies
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craploving Lhe aboyve-noled polypeplides kave revealed
a relatively weak positive responsc o hiPO 41-57, no
appreciable Tesponse 0 hEPO i 16-128, and & strong
posilive Tesopnse o hLPO 143166, as measured by
capacily of rabbil serum antibodies ¢ inumunaprecipl
Late "1 iabelled harmas arinary EPG isolates. Prelimi-
nary in vive activity siudies on the three peplides
revesled re significan) aelivisy eithes alome ar i com-
bitaion.

While the deduced seguences of amino acid residucs ol
mammalian EPCY provided by Lthe illusiaative cxampics
essenidaily define the primary siroctural conformation of
mature EPO, it will be understocd thas the spacific sequence
al 163 arine acid sesiducs ol monkey species PO in FIG.
S and the 166 residucs of human specics EPG i FIG. 6 do
rol limit the scope of uselul pulvpeptides provided by the
invention. Comprehended by the present invemivm are those
vaticews nalural v-uccuning atlelic Torms of EPO which past
rescarch into hinlogically acuve mammalian polvpeplides
such as human v interleron indicates are likely o exisl
(Cumpure, g, the kuman fmmune irlerferon speeics
repetied e hase an argiming residug al posiion Mo, 1414 in
EPC published appbezion O 077 670 and the spoeics
reporied 1o have glulamine al pesition Moo 130 in Gray, el
al . Nature, 293 op. S03-508 (1982). Bath sprcics are
characterized as constituling “matare”™ human v inerferon
sequerces. ) Allelic Tonns of mawse EPO polypeplices may
vary (rom cach olher and Itom the sequences ol FIGS. 5 and
FIG. 6 in lorms of lengln of sequence andfor 1mterms of
deletions, subsiitutions, nserlions or additons of amino
acids in the seguence, with conscquent poiental variations
in he capactiv Tor glyeosylation. As noted previoosly, one
putative allelic form of human specics TPO 15 belicved Lo
include a methinnine residue al position 126 Expectedly,
nziuralty-occurring alichic forms of EPO-creoding DNA
genemic and cDNA sequenees ane 2lso likely W occur which
code {or the above-voled 1ypes o aileiw polypeptides ot
simply cmploy differing codons [or desipnation of the same
polvpeptides as speciticd.

In additien (o nawrally-cccurtong allelic forms of malure
EPQ. the preseat invention alsn embraces other "FPO prod-
ucts™ seeh as polvpeptide analogs of EPO and fragments of
“maiure” PG Fallowing the procedures of the above-noted
published appiication by Allon. ot al. (WOWEIDA033) onc
may readizy design anc manuiaciure pencs coding For micra-
bia) cxpression of pulypeptides having primary conorma-
tins which dilfer from that herein specified for mature EPO
in teres ol the :dentity or fwcation of voe or more wsiducs
te.g., subsliwtions, erminal and incermeciate addilions and

deleiens). Alernaiety, modificaions of cDNA wid wenomie: s

EPMG genes mav be readily accompiished by well-known
site-directed mutagencsis technigues and emploved w gen-
crale znalogs dnd derivzuves of EPO. Such EPOD produecs
would share ai izast one of the bological propedics of PO

but may differ in others. As cxamples. projectec BEPO :

products vl the invention include those wiich are foreshort-
ened by v, deletions [Ash?, des-Pro” through [e®hEPD.
{des-The'™ twough Arg ™ hEPD and “A27-553hEPD”, the
laite~ having the residues coded for by an enlive cxom
deleted: or which are more stable w hydrelysis {and, there-
tore. magy have more pronounced or longer lasting eilects
Lhar natirady-occuesing BPOY). or which have heen altered
Lo delete une ar more poleniial siles For glyeosylation iwhich
may tesulin higher aciivities [or yeasi-produced products):
or owhich have one or wote cyvsiein residues delewed or
replaced by, c.p., hisliding or sering residves {such as the
znalog [His” WP aml are potentially more casily isalaled
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i active form from microbial sysiems; or which have one ur
more tyrosine resqdoes replaced by phenylalanine Csuch as
the analogs |Phe ™ [nliPCO, [Phe™ tEPD, and [Phe! 7 2EPGH
and may bind more or less readily Lo TPO receprory on Largel
cells, Also comprehended are poly peplide Tsgments dupli

cating only 4 part of the cominuous aminn acid sequence or
secondary conlormationys within mature EPQ, which frag.
mETls may possess one aclivity o FPO (e, receplor
binding) and not others (c.g., ervthropoiesic aclivityy, Espo-
cially sipnilican: in this regard are those pelentid Tagments
of LPO whick are clucidaied upon consideration of the
aumar. geaomic DNA sequenee of FIG. 6, i.c., “fragments”
of the wotal continuous EPCY sequence whick ere dettneated
by inlrorn sequences and which may constitwie distinel
“domains” of biological zetivity. It is noteworthy <hat the
absence ol i vivo activily Tor any ane or mere al 1he YEPO
produets” ol she invention is not wheily preclusive ol
therapedtic uliily (see, Weiland. o al, suma) o af wiility in
olher contexts. such as in EPQ assays or EPO antagonism.
Antagomsts of crvibropoietin may be quite uselul in weal
menl o polyeythemias or cases of overproduction ol EPQ
[sce. o.q., Adzmson, Hosp. Pructize, 18(12, 1U-5T7 [19K3],
and Hellmann, ¢t al., Chn lab Hgemar, 3, 335.342
{19835,

Acontding 1o anodher aspeel of the present inveraon, the
claned DNA seguences deseribed herein which encode
human and monkey EPOD polypeplides are conspicuousiy
vitleable for the inlormativn which they provide coneerning
the amine acid sequence of mammalian ervihropotatin
which nas heretalore heen unavailable despite decades ol
analytical processing of isolatey of naluraliv-occurring proc-
ucts. The DNA seguences mie dlso conspieuously vialuuhle as
products uscful in cilecing the lurpe scale microblal syn-
thesis of erthropolelin by a varicty of recombinant lech-
rigues. Put another way., DNA seguences provided by the
invention are uselel in generating new and vseiul vital and
circular plasmid INA veoiors, new and useful translormed
and lransfected microbial procarvotic and cucaryolic host
celts fincluding bacleriz]l and yeast celis and marmmalian
cells grown in culwrel, and new and vseful methods tor
culured growth of such microbial host cells capable of
expression of TPO and EPO producis. DNA sequences ol
the invention are also conspicuocsly suitzble materials for
usc a5 labelled arohes in isolating EPO and related protein
enciding ¢cDNA and penomic IXNA sequences of marmma-
{ian species vther than human and monkey specics herein
specifically llusirated. The extent to which DNA sequences
ol the invention will have use in variows altermative methods
ol protein syrthesis {c.g.. in insccl ceils) or in genctic
therapy 1o bumans and ciber marmmals cannotl yet be cal-
culaled. DNA sequences of the invention arc expected to be
usclul in developing lransgenic mammalian species which
may serve ds cuacarvolic “hosts” for production ol erythro
puictin and crythropoictin producis in gquartity. See. genor-
ally, Palmiter, ot al., Medence, 22204625). 800-814 (1983).

Yiewed in s light, therefore, the specilic disclosures of
the illustrative cxamples are clearly not iatended to be
limitircg upon the scope of the present invertion and aumer-
ous modifications and variations are ecxpecied o occur Lo
thosz skilled in the art. As one cxample. while DNA
sequenees provided by the illustrative examples include
cDM A ana penomic DNA sequences. hecause this anplica-
von provides umine acid sequence imformation essential to
manuacture of DA scquence. the invenlion aiso compre-
hends such muenulacured DNA seyuences as may be cone
strueted based on knowledee of EPO amine acid sequences.
These may code for LPC {as in lixample 12} as well as for
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EPO fragmems and EPO polypeplide anaogs (ic. “TPO
Produuts™ whieh may <hare one or more biclogical prop-
ertics al nsiarsiy-oveurring BPC bul net share othess or
possess phers o dilferan degrees),

DN seguences provided by the present invention arc
thus seen o comprehiendd all DNA sauences suitahle for use
in secunng exorcssion in & proceryolic oo cucarvolic hos
cell of 4 paiypeplide product having al least o pars of the
primary straeturs! comfermnation and one or more ol the
Mologival properties o crvthropoiedn, and selected from
amoeng: g e JXNA seguences set oulin FIGS. 5 and & ()
DN A seguences which hybridiee 1o the DNA sequenees
cefinec in ¢a) vr [ragmens thereo!l; und (0] DNA sequences
which. bul lor the degeneracy ol the genstic code, would
hyhridize 1o the DA sequenecs duﬁmd i ta) and (RIS
tateworlhly intis regard. Tor cxample. tha: existing allelic
muonkey and auman EPO gene scquences zmd other mam-
malian species gene sonuences we ex e v hvbrdize 1o
the sequences of FIGS 5 and 6 or o iragments thereol

Funber. but ior the degencracy of the eenclic code, the
SCEPOY and HCEPO - genes and Lhe manutacwred or

mulegenized CINA or genomic DNA sequenees ercoding
vasous EPO lragments and anadops would also hybrdize to
the sbove-memioned DNA sequences. Such hybricizcions
eocld readily e earried cul wader the hybridization condi

tions described herein with respect o the inital isalation of
the monkey and human EPO-cneocing PNA or more strin-
genl conditions, # desirzd to reduee background hy bridica-
Lo,

Ir a tike manner, while the zhove exanples itlusaate the
imventinn of microbial expreysion of EPO products in the
cortex. of mammaiian cell expression of DNA inserled in a
hiybe.d vecton o hacierind plasmid end viral genomic origins,
a wide varicly of exprossion syalems are within e contem-
alation of the invenuon. Conameuously comprehended arc
expression syslems involving veclers af homogencous ori-
gins applivd o2 varicly of haeerial, yeast and mamewaiian
cells in culture as wek B 1o eXPression sysieims no invols-
ing veclars such as caluium phosplale runsicotion of cebls).
In th-s repard. it will be undersiood (hat expression ol. eg.,
monkey origin DNA in monkey host cells in cultare and
human host cels in cultare, actally constiluie instances of
“exogocnous” DMA expression dnastuch as the EPO DNA
whoae Bigh level expression is sought wouald not have ils
origins in the genwme of the host. Exprossion svsiems of the
inventian further contemplale these practices resulling in
cyioplasmic formalion of EPQ producs aad seeumulation of
gycosylated and non-giveosylaled EPQ products in host cell
c_\wopl(tam or membranes (s.g., accunialation in buaclerial
wrinlasmic spaces) or in cullure mcdivm supermaants as
above illustraled. or in rather uncommon systems el as 22
derieinesa cxoression syslerns (described n Gray, ol al.,
Biotechnologe 2, pp. 161-165 (19843

Imnproved hyvhridizuion methodologics of the investion,
while itlustratively spplicd above o DINA/DNA hybridiza-
tinn screcnings arc cqualiy applicable 1o RNA/RNA and
RNA/DINA sereening. Mised probe lechnigues as herein
illustrated generaity constiluie a number of improvements in
hyvbridization proceases alivwing for more rapid and reliahle
polyruclentide isalations. "These ruzny individaal processing
improvements include: improved colony wansler and main-
wenznee srocedures: use of nyion based Hitess such as Gene-
Sereer wnd GeneSereen: Plus 1o allow reprohing with same
liers and repeaied use of the filler, application of novel
proledse lreatments [compared, c.g., 10 ‘laub. ¢f al. Awed,
Riockem., 126, pp. 222 230 (19823 use of very low
individual concentrations o e order ol 0025 picomale)
of a lurge number ol mixed probes (o.e., numbers in excess
ol 321; and. performing hy bridizativn and post-hybridization
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sleps nndes SIrngenl Lemperaltres ploxdy approaching (i.c.,
within 2 C. zod preferably witlin 27 € away iram) she
lowest catculated dissocuion lemperaiure of any ol tie
mixed probues ermployed, These improvernents combine 1o
provice sesalls which coudd not be expecled w0 attend their
use. TEis s amply illastrated by the Jacl that mized probe
procederes invalving 4 tinws the number of probes ever
hoiore wported o h.m heen successlully used ‘noeven
cIINA sereens v messenger RNA species of relatively low
ahundancy were successiullv appliecd w the isolation of o
LU scquence gene i genomic library sereoning ol
SO0 phage plagues. This feal was .:IL-L.UI,'lph:\hud CANET-
tally concurreaily with the nubl:cation o the considered
apinion of Aademson, o1 al, sapre, thal mised probe screen-
ing motlwnds were < impractical for jcolation of mam
maliar protein gencs when correspoading RNATs arc
unavailahle,
Whit 1w eliined is:
1A peocess for the preparion of an in vive bologicully
active erylhropeictin product comptising the sleps o
{a] growing, ueder suilanle pulrent conditions. host celis
transformed  or transdvcied with dn isolawed DNA
seguence sciccled Itom the gronp consisting ol ©1) the
DNA sequences st oulin FIGS. 5 and 6. (2) the prowein
cading sequences setoutin FIGS, Sand 6, and +3) DNA
sequences which hybridize under stringert cond:tions
W the DMA sequences defined in (1) and {27 or Lheir
campicmentary sirands; and

{b) 1solaling szid ervthrpoictin procuct thereiom.

2 A prucess for the preparation ol an in vive hiologically
aclive crythropoielin product comprizing the sleps ol rans.
forming or vensfecting a host cell with gn isolaled DNA
seguence encoding the muure ervthropoicie: mmine acid
sequence af FIG. 6 and rsolating suid erylhropoictin product
Itiom said host cell or the medium af its growlh,

3. The process aceording 10 claim 1 or 2 wherein szid host
cells are mammalian cells.

4. A orueess for the production of & glycosylated eryth-
ropoictin polypeptide having the ir vivo biviogicat property
of causing bore marraw cells W inerease production of
relicwueyles ard red hlood celis comprising the sleps of:

al growing, under sutlable munen: conditions. veriohrae

cells comprising promoter DNA, othiet than Burmean
ervthropoiciin promotcr DNAL operatively linked tn
LINA encoding the mature crythropoietin aming acid
soquenee of FIG, 6: and

h} isolating suid glycosylaed erythropoictin polypeptide

cxpressed by said cells

5. The provess of claim 4 wherein said promoter DNA I
viral promater TYNA,

6. A process Tor the praduction of a glycosyialed eryth-
Topoiclin porvpepiide having the in vivo biological propeny
of causmg bone marrow cells 10 increase production wf
tetculocyles and red blood cells comprising the steps ol

a) growing, under suilable rutrienl condil:ons, yverebrale

cells comprising arpiifed %A encading the mature
crvlhropnietin amiro aeid sequence of FIG, 6, and

b isolating said glveosylated wvibropaietin polyvpeptide
cxprossed by said cells.

7. The process ol claim 6 wherein sadd vertebrate ceils
funther comprise ampliiied marker gene DNA,

8. The process of claizn 7 whersin saidl amplilied marker
gene DNA Is Dihydrololaie reductase {PIER) gene DNA,

9. The process secording toclaims 2, 4 ané & wherzin said
colls arz mammalian cells
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PATENTNO. : 5,618,698 R
DATED © Aprl 8, 1997
INVENTOR(S) © £ iuen Lin

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
comected as shown below:

In Abstract, page 1, line 15, "end” should be - and -,

In Other Publicaitons, page 2, column 1, line 10-11, "EMBO J. (7)" should be - EMBQ J,, 5(7) -.
In Other Publications, page 3, column 2, fine 61, "Ttransported” should be - Transported -,

In Other Publications, page 4, column 2, line 31, "Blochem"™ should be - Biochem -,

In Other Publications, page 7, column 1, line 22, "Melior" should be - Mellor -,

In Other Publications, page 7, column 2, line 45, "structure of ¢7-subunit” should be -structure of
a-subunit-. : :

In Other Publications, page 9, column 2, line 54, "Anal. Blochem" should be - Anal. Biochem -.

In Other Publications, page 10, column i, line 1, "Tramontario et al." should be - Tramontano et
Al :

In the Figures, Figure 5C, line 18
TG EGTEEGGAAGCAGEECEGTAGRGETGEAGC TEGHATGUGAG T GAGAACCETGARGAC

ahould be
GTETGETGEGGAAGCAGGG UGG TAGGEETGGAGC TGEGATGCGACTEACGAACCETHARGAC

In the Figures, FIG, 13, line 4, "GTTGGTCAAC" should be -GTTGGTCAAC-
CAACCACTIG CAACCAGTTG

In the Figures, F1G. 18, line 9, "AAGCTGTTITTGAGAGGTGAAGCCT" should be -
AAGCTGTTITGAGAGGTCAAGCCT-

Column 1, line 63, "sequences The mRNA" should be - sequences. The mRNA -,
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It is certified that srror appears in the above-indentified patent and that said Letters Patent is hereby
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Column 2, line 60, "Note frequently” should be - More frequently -.

Celumn 4, line 30, "(U.S.A.), pp. 6461-6464" should be - (U.S.A.), 79, pp. 6461-6464 -.
Column 4, line 64, "of the human" should be - of haman -.

Column 5, line 5, "60, pp. 6838-6842" should be - 80, pp. 6838-6842 -,

Column 8, line 20, "Blood, 4(2)" should be - Blood, 64(2) -.

Column 10, line 41, "residue position -1),* should be - residue (at position -1} -.

Column 11, line 11, "functional vital and circular" should be - funciional viral and circular -.
Column 15, line 12, "Example 6 and 7" should be - Tixamples 6 and 7 -.

Column 16, line 65, "added, the tubes" should be - added, and the tubes -.

Column 17, lins 45, "(2) Hincll" should be ~ {2) Hinell -.

Columm 21, line 32, "FIG. 9, below" should be - FIG, 9, -.

Column 23, line 61, "providing a Sall recogpition™ should be - providing a Sall recognition -.
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Coiumn 25, line 10, "Examgple E" should be - Example 6 -.

Column 26, line 64, "14aM" should be - 1M -,

Column 27, line 9, "collected for assay® should be - collected for RIA assay -.
Column 27, line 14, "and 312x10%ells" should be - 3.12 x 10° cells -.

Column 28, hine 19, "the am+no terminus" should be - the amine terminus -.
Column 28, fine 33, CHQ cells-transfected should be - cells transfected -.
" Column 28, line 46, “intraperitoneally, times" should be - intraperitoneally, 3 imes -,
Column 29, line 48, "17 illustrate” should be - 7 illustrate -.
Column 30, line 11, "FIG. 13, XI" should be - FIG. 13 -.
Colummn 31, line 38, "Oct. 1984" should be - Oct. 31, 1984 -,
Column 31, line 41, "yeast s-factor” should be - ycast a-factor -.
Column 31, linc 52, "the s-factor" should be - the o-factor -.
Column 34, line 54, "116-118" should be - 116-128 -,
Column 35, line 4, "resopnse” should be - response -,

Columm 35, line 57, "[Ash®" should be - {Asn® -, Sigﬂ@d and Sealed this
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