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[57] ABSTRACT

Disclosed are novel polypeplides possessing pari or all of
the primary struclural conlormalion and one or more ol the
bialogical propertics of mammalian ervthropowtio (“EP™)
which arc characterized in preferred forms by heing the
product ol procaryelic or evcaryolic host expression of an
cxogenous DINA sequence. Mustratively, genomic DNA,
¢INA aod manulactured DNA scquences coding o parl or
all of the sequence of amino acid residues of TPO or for
analogs thereof are ncorporated into autonomously repli-
cating plasmid or viral vectors cmploved 1o translorm or
transfeet suitable procaryotic or cucarvotic host colls such as
bacteria, veast or vertcbrate cells in eulture. Upon isolation
[rom culture media or cellular Lysates or [ragments, products
ol expression ol the DNA sequences display, e.g., the
immunological propertics and in vitro and in vivo hmlogmal
activities of EPO ol hwnaon ur mookey species vriglis.
Disclosed also are chemically synthesized polvpeptides
shanng the biochemical and immunological propertics ol
LI, Also disclosed are improved methods [or the deleclion
of speeific single stranded polynucleotides in a heterologous
cellular or wiral sample prepared from, c.g., DNA present in
a plasmid or viral-borne <DNA or genomic DNA “library™.

2 Claims, 27 Drawing Sheets
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FIG. 10
1. AATTCTAGAAACCATGAGGGTAATAAAATA
2. CCATTATTTTATTACCCTCATGGTTTCTAG
3. ATGGCTCCGCCGCGTCTGATCTGCGAC
4. CTCGAGTCGCAGATCAGACGCGGCGGAG
5. TCGAGAGTTCTGGAACGTTACCTGCOTG
6. CTTCCAGCAGGTAACGTTCCAGAACT
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGGTGATGTTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTGAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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Fi1G. 11

Xbal
EcoRI 1 3
AATTCTAG AAACCATGAG GGTAATAAAA TAATECGCTCC GCCGRCGTOTH
GATC TTTGGTACTC CCATTATTTT ATTACCEAGE CGGCGCAGAC
2 4

5
ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAGC CTARAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG
6

7 2 11
TGARAACATC ACCACTGGTT GTGCTGAACA CTGTTCTITG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT
8 10

]
Epnl  BamHI
TTACGGTACC G
AATGCCATGG CCTAG

12
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FIG. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGTGCCAGACCCTG

9. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15. AAAGCAGTATCTGGCCTGAGATCTG

lé. GATCCAGATCTCAGGCCAGATACT
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FIG. 14

1. GATCCAGATCTCTGACTACTCTGC
2. ACGCAGCAGAGTAGTCAGAGATCTG
3. TGCGTGCTCTGGGTGCACAGAAAGAGG
4, GATAGCCTCTTTCTGTGCACCCAGAGC
5. CTATCTCTCCGCCGGATGCTGCATCT
6. CAGCAGATGCAGCATCCGGCGGAGA
7. GCTGCACCGCTGCGTACCATCACTG
8. ATCAGCAGTGATGGTACGCAGCGGTG
9. CTGATACCTTCCGCAAACTGTTTCG
10. ATACACGAAACAGTTTGCGGAAGGT
11. TGTATACTCTAACTTCCTGCGTGGTA
12. CAGTTTACCACGCAGGAAGTTAGAGT
13. AACTGAAACTGTATACTGGCGAAGC
14. GGCATGCTTCGCCAGTATACAGTTT
15. ATGCCGTACTGGTGACCGCTAATAG

16. TCGACTATTAGCGGTCACCAGTAC
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FIG. 15

3 5

GGGTGCACAG AAAGAGGCTA TCTCTCCGCC

CCCACGTGTC TTTCTCCGAT AGAGAGGCGEG
4

7 3
CGCTGCGTAC CATCACTGCT GATACCTTCC
GCGACGCATG GTAGTGACGA CTATGGAAGG

8

11

TCTAACTTCC

AGATTGAAGG
12

13
TGCGTGGTAA ACTGAAACTG
ACGCACCATT TGACTTTGAC

15
TACTGGTGAC CGCTAATAG
ATGACCACTG GCGATTATC AGCT
18

5alT
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1. AATTCAAGCTTGGATAARAGAGCT
2. GTGGAGCTCTITTTATCCAAGCTTG
3. CCACCAAGATTGATCTGTGACTC
4. TCTCGAGTCACAGATCAATCTTG
5. GAGAGTTTTGGAAAGATACTTGTTG
6. CTTCCAACAAGTATCTTTCCAAAAC
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGGTGATGTTTTCAGCTTCTTTAG
S. ACCACTGGTTGTGCTGAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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EcoRI HindIIT 1

AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3

AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT

TTTCTCGAGG

5

GGAAAGATAC

CCTTTCTATG
6

9
GTGCTGARACA
CACGACTTGT

TGGTTCTAARC TAGACACTGA GCTCTCAAARA
4

7
TTGTTGGAAG CTAAAGAAGC TGAAAACATC
AACAACCTTC GATTTCTTCG ACTTTTGTAG
8

11 KpnI
CTGTTCITTG AACGAAAACA TTACGGTACC
GACAAGAAAC TTGCTTTTGT AATGCCATGC
12
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FIG. 18

AATTCGGTACCAGACACCAAGGT
GTTAACCTTGGTGTCTGGTACCG
TAACTTCTACGCTTGGAAACGTAT
TTCCATACGTTTCCAAGCGTAGAA
GGAAGTTGGTCAACAAGCAGTTGAAGT
CCAAACTTCAACTGCTTGTTGACCAAC
TTGGCAAGGTTTGGCCTTGTTATCTG
GCTTCAGATAACAAGGCCAARACCTTG
AAGCTGETTTTGAGAGGTGAAGCCT
AACAAGGCTTGACCTCTCAAAACA
TGTTGGTTAACTCTTCTCAACCATGGG
TGGTTCCCATGGTTGAGAAGAGTTAACC
AACCATTGCAATTGCACGTCGAT
CTTTATCGACGTGCAATTGCAA
AARAGCCGTCTCTGGTTTGAGATCTG

GATCCAGATCTCAAACCAGAGACGG
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A ATTCGGTACC AGACACCAAG
GCCATGE TCTGTGGTTC

3
GTTAACTTCT
CAATTGRAGA

AGTTTGGCAA
TCAAACCGTT

CCTTGTTGGT
GGAACAACCA

GATAARGCCG
CTATTTCGGC

2

ACGCTTGGAA
TGECGAACCTT
4

7
GGTTTGGCCT
CCAAACCGGA

8

il
TAACTCTITCT
ATTGAGAAGA

12

15

TCTCTGGTTT

AGAGACCAARA
16

ACGTATGGAA
TGCATACCTT

TGTTATCTGA
ACAATAGACT

CAACCATGGG
GTTGGTACCC
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GAGATCTG

CTCTAGACCTA
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FI1G. 20

i. GATCCAGATCTTTGACTACTTTGTT

2. TCTCAACAAAGTAGTCAAAGATCTG

3, GAGAGCTTTGGGTGCTCAAAAGGAAG

4. ATGGCTTCCTTTTGAGCACCCAAAGC

5, CCATTTCCCCACCAGACGCTGCTT

6. GCAGAAGCAGCGTCTGGTGGGGAA

7. CTGCCGCTCCATTGAGAACCATC

8. CAGTGATGGTTCTCAATGGAGCG

9. ACTGCTGATACCTTCAGAAAGTT

10. GAATAACTTTCTGAAGGTATCAG

11. ATTCAGAGTTTACTCCAACTTCT

12. CTCAAGAAGTTGGAGTAAACTCT

13, TGAGAGGTAAATTGAAGTTGTACAC

14, ACCGGTGTACAACTTCAATTTACCT

15. CGGTGAAGCCTGTAGAACTGGT

16. CTGTCACCAGTTCTACAGGCTTC

17. GACAGATAAGCCCGACTGATAA

18. GTTGTTATCAGTCGGGCTTAT

19, CAACAGTGTAGATGTAACAAAG

20. TCGACTTTGTTACATCTACACT
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TCCAACTTCT
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5
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6

]
CATCACTGCT GATACCTTCA
GTAGTGACGA CTATGGAAGT
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13
TGAGAGGTAA ATTGAAGTTG
ACTCTCCATT TAACTTCAAC
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AGACGCTGCT TCTIGCCGCTC
TCTGCGACGA AGACGGCGAG

11
GAAAGTTATT CAGAGTTTAC
CTTTCAATAA GTCTCAAATG
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13
TACACCGGTG AAGCCTGTAG
ATGTGGCCAC TTCGGACATC
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PRODUCTION OF ERTHROIMOIETIN

This is a continuatioon of application Ser. No. 07457073,
filed Qect. 6, 1992, abandoned, which is a contimation of
application Ser. No. 07/609,741, filed Nov. 6, 19%), now
abandoned, which is a continuation ol application Scr. No.
07:113,179, Lled Oct, 23, 1987, now US, Pal. No, 5,441,
8o, which is a continuation of application Scr. No. 06:675,
298, [iled Now. 30, 1981, now TS, Pal. No. 4,703,008,
which is a contimuation in part of application Ser. No.
06:653,841, filed Scp. 28, 1984, now abandoncd, which is a
cuntinwalion in parl of application Scr. No, 06:582,185, Tled
Feb. 21, 1984, now abandoned, which s a coatinnation in
part of application Ser. No. 06:5601,024, filed Dec. 13, 1983,
now abandoned.

BACKGROUNID

‘The present invention relates geocrally to the manipula-
tion of penelic materials and, more particularly, o recem-
binant procedurcs making possible the production of
polypeptides possessing part or all of the primary structural
conlormalion and/or one or more ol 1he biological properiies
ol natwrally-nccumring ervibropoielin,

AL Manipulation Of Genetic Materials

Genelic malerials may be broadly delined as ithose chemi-
cal substances which program for and guide the manufacture
of constitucots of cells and virnses and dircet the responscs
of cells and wiruses, A long chain polvmeric subslance
known as deoxydbonucleic acid (DNA) comprses 1he
genetic material of all living cclls and virses except for
certain virses which are programmed by ribonucleic acids
{RNA). The repeating unils in DNA polymers are [our
dilfercnl nucleotides, cach of which consists of cither a

purine {adenine or geaminey or a pynmidine {(hymine or

cytosing) hound to a deoxyribose sugar to which a phosphate
group is attached. Attachment of nuclcotides in lincar poly-
meric [orm is by means of [usion of the 3' phosphate of one
nucleotide 0 the 3 ' hydroxyl group of another. Functional
IPNA oceurs in the form of stable double stranded associa-
tions ol single sirands of nucleotides (known as
denxyoligonucleatides), which associations oceur by means
ol hydrogen bonding between purine and pyrimidine hases
[Le.. “complemeniary™ associalions cxisling cither between
adenine {(A) and thymine {T) or guanine () and cyvtosine
{{)] By convention, mucleotides are referred o by the
mames of their consliluent punne or pyrimidine bases, and
the complementary associations of nuclcotides in double
stranded DNA(i.c., A—1 and G—C7) arc referred to a5 “basc
pairs”. Ribonucleic acid is a palynucleotide comprising
adening, guanine, cylosine and wracil (U0, ratbher than
thymine, Dound 11 ribose and @ phosphale group.

Most brielly put, the programming lunction of DNA is
generally ellected through a process wherein specilic DNA

nuelcotide sequences (genesy are “transcribed” into rela- sy

fively unsiable messenger RNA (mRNA) polymoers. "The
mRNA, in turn, serves as 4 template for the formation of
sliruclural, regulatory and calalylic proteins [rom amino
acids, This mRNA *lranslalion” process involves (he opera-

tions of small RNA strands (tRNA) which transport and 50

align individual amino acids along the mRNA strand to
allow [or [ormalion of polypeptides in proper amino acid
sequences, The mRNA "message”, derived rom DNA and
providing the basis for the IRNA supply and aricotation of
any given one of the rwenty amino acids for polypeptide
“gxpression”, (s 0 the form of triplet “codons™—sequential
groupings ol three nucleolide bases. In one scose, the
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formation of a protein s the vltimate form of “expression”
of the programmed genctic message provided hy the nuele-
olide sequence of a pene.

“Promoter” DNA sequences usually “precede’ a gene n
a DNA polymer and provide a site for initiation of the
{ranseripiion into mRNA Resolaior™ DNA scgnences, also
ustally “upstream™ of (Le., preceding) a gene in a given
IDNA polymer, hind proteins that determine the frequency
{or rate) ol ranscriptional initiation. Collectively relerred 1o
as “promoteriregulator” or “control”™ DNA scquence, these
seguences which precede a sclectad gene (or serics of genes)
in a fuoctional DNA polymer cooperate to determine
whether the transcription (and eventual expression) of a
gene will cccur. DNA scquences which “follow™ a gene in
a DNA polymer and provide o sipnal lor lenmination ol the
transcription into mRNA arc rcferred to as transcription
“lerminalor” sequences,

A [ocus ol microbiologmical processing [or the last decade
has heen the attempt to manutacture industrially and phar-
maccutically significant substances using organisms which
either do notl initlally have genelically coded informalion
concerning the desired produet inchuded in their IINA or (in
the case of mammalian cells in eolinre) do nol ordinarily
express a chromosomal gene at appreciable levels, Simply
put, a gene that specifies the structure of a desired polypep-
(de product 15 cither 1solaled Tom a “donor™ orramsm or
chemically synlhesized and then stably introduced inloe
another organism which s preferably a sclf-replicating
vaicellular organism such as bacteria, yeast or mammalian
cells in culwre. Omcee this is done, the exisiing machinery Lor
genc expression in the “transtormed™ or “transfected”
microbial hosl cells operates o construct the desined
product, using the exogenous DNA as a template for tran-
scription of mRNA which is then translated into a contion-
ous sequence ol amine acid residucs.,

The art is rich in patent and literature publications relating
to “recombinant DNA” methodologies for the isolation,
synlhesis, purilication and amplilication ol senelic materials
[or wse 1n the translormation of selecled bosl organisms.
LS. Pat. No. 4,237,224 1o ("ohen, ot al,, for cxample, relates
(o transformation of wnicellular host organisms wilh
“hybrid™ viral or circular plasmid DNA which includes
scleeted exogenous DNA scquences. The procedures of the
Cohen, e al. patend firsl invalve manuaciore of @ dransfor-
mation vector by enzymatically cleaving viral or circular
plasmid DNA (o [orm lincar DNA strands. Sclected [oreign
{"exogenous” or “helerologous™) DNA sirands usually
including sequences coding for desired product are prepared
in lincar form through use of similar enzymes. The lincar
viral ar plasmid DNA s incubated with the [oreign DNA in
the presence ol ligating enzymes capable of ellecting a
restoration process and “hybrid™ vectors are formed which
inelude the selecied exogenous DNA seyment “spliced™ inlo
the viral or circular DNA plasmid.

Transformation of compatible uniccllular host organisms
with ihe hybrid vecior results in the Tormation of mulliple
copies of the exogenous DNA in the host cell population. Tn
some inslanees, the desired resull is simply (he amplificalion
ol ithe lorelpn DNA and the “product”™ barvesied is DNA,
Morc frequently, the goal of transformation is the cxpression
by the host eclls of the exogenous DNA in the torm of large
scale symbhbesis of isolatable quantities of commercially
significam prolein or polypeptide [ragments coded for by the
farcign DNA. Sce also, c.g., UK. at. Nos. 4,264,731 (o
Shine), 4,273,875 (to Manis), 4,293,652 {0 Cohen), and
Luropean Patent Application 093,619, published Nov. 9,
1963,
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The developaent of specific DNA sequences for splicing
into DNA vectors is accomplished by a varicty of
lechniques, depending 10 a1 greal deal on the degree ol
*loreignness”™ of 1he “donor” 1w the projected host and the
size ol the polypeptide o be expresscd inthe hosi. Al the risk
ol over-simplilication, it can be staled that three allernative
principal methods can be employed: (1) the “isolation™ of
double-siranded DNA scquence [rom the penomic DNA of
the donor; {2 the chemical manulaclure of o DNA sequence
providing a code for a polvpeptide of interest; and (3) the in
vitro synthcsis of a double-stranded DNA scquence by
enzyvmalic “reverse lranscription” of mRNA isolated from
domor cells, The lust-mentioned methods which involve
Formation of a DNA =complement” ol mRNA are gencrally
referred to as “cDNA" methods.

Manulaciure of DNA sequences s [requently the method
ol chwice when the entire seguence ol amine ascid residuces
ol the desired polypeplide produet is known, DNA manu-
facturing procedures of co-owned, co-pending U.S. patent
applivation Ser. No. 483,451, by Allon, el al., (liled Apr. 15,
1983 and corresponding 1o PCT USS3700605, published
MNow. 24, 1983 as WOK34053), for cxample, provide a
superior means tor accomplishing such highly desirable
resulls as: providing [or the presence ol allemale codons

commonly lound in genes which are highly expressed in the -

hust vrganism scleeted Tor expression (e, providing yeast
or F. eoli “preference™ codons), avoiding the presence of
untranslated “intron” sequences {(commonly present in
mammalian genomic DNAsequences and mBNA (ranscripls
therenl) which are nol readily processed by procaryolic host
cells; avoiding expression of undesired “leader™ polypeptide
sequences commonly coded for by genomic DNA and
cDNAsequences bul fequently nol readily cleaved ffom the
polypeptide of intorest by bacterial or veast host cclls;

providing for ready inscriivn of the DNA in convenicent as

expression vectors in association with desired promotery
regilator and terminator sequences; and providing for ready
construction ol genes coding lor polypeplide [ragyments and
anilegs of the desired polvpeplides.

When the entire sequence of amino acid residucs of the
desired polypeplide 1s nol known, direct manulaclure of
DNA sequences 1s nol possible and solation of DNA
sequences coding for the polypeptide by a clINA method
becomes Lhe method of cheice despile the polentisl draw-
backs in ease ol assembly of expression veclors capable of
providing high levels of microbial expression referred to
ahove. Among the standard procedures Tor isolating clINA
sequences of interest is the preparation of plasmid-borne
cDNA “librarics” derived from roverse transeription of
mBENA abundanl in donor cells selecled as responsible lor
high level cxpression of gencs (c.g., librarics of clINA
derived from pituitary cells which express relatively large
quantities of growth hermene products). Where substanlial
portions of the polypeplide’s amino acid sequence are

known, labelled, single-stranded 1DNA probe scquences sy

duplicating a scquence pulatively present nthe #largel™
cDNA may be employed in DNADNA hybridization pro-
cedures carried outl on cloned copies ol the ¢cDNA which
have been denaiured lo single siranded lorm. [See, generally,

the disclosure and diseussions of the art provided in US. a0

Pat. No. 4,394,443 to Weissman, ot al. and the receat
demonstrations ol the use of long oligonucleotide bybrid-
Leation probes reported in Wallace, el al., Nuc. Acids Res., 6.
pp. 35433557 (14979), and Reyes, ct al, BNAS (.54,
79, pp. 3270-3274 (1982), and Jaye, et al., Nue, Acids Res,,
11, pp. 2325-25335 (1983). See also, U.S. Pat. No. 4,358,335
lor Lalkow, ¢l al., relaling lo DNA/DNA hybridization pro-
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cedvures In effecting diagnosts; published Turopean Patent
Application Nos. 0070685 and 0070087 relating to light-
emilling labels on single siranded polynucleotide probes;
Davis, el al., “AManual [or Genetic Engineering, Advanced
Bacicrial (enelies™, Cold Spring Harbor Laboratory, (Cold
Spring Harbor, N.Y. (1980) al pp. 55-58 and 174-176,
relating to colony and plaque hybridization techniques; and,
Mew Lopland Nuclear (Boston, Mass.) brochures Lor “Gene
Screen” [Iybndization Transler Membrane malerials pro-
viding instruction manuals for the transfer and hybridization
of DNA and RNA, Catalog No. NEF-072]

Among the more signlicanl recenl advances in hybridiza-
tion procedures for the sercening of recombinant cloncs is
the use of labelled mixed syathetic oligonucleotide probes,
each ol which is potentially 1he complele complement of a
specilic DNA sequence in the hybridizaiion sample includ-
ing a helerogenons mixiure ol single siranded DNAs or
RNAs. These procedures are acknowledged 1o be espectally
useful in the detsction of cTINA clones derived from sources

i which provide extremely low amovnls ol mBENA sequences

[or the polypepude ol mierest. Brelly pul, vse of sirmgent
hyvbridization conditions dirceted toward avoidance of non-
specific binding can allow, c.g., for the sutoradiographic
visualizalion ol a specilic ¢<DNA clone upon the event of
hybridization of the 1arget DNA (o lhat single probe wilhin
the mixture which is ils complele complemeni. See
generally, Wallace, et al., Nue. Acids Res., 9, pp. 879897
{1981); Suggs, et al. PNAS (USA), 78, pp. 6013-0a17
(1981%; Choo, el al, Nawre, 200, pp. 178-180 (1982);
Kurachi, et al., PN.AS (T7.5.4.), 79, pp. 61616161 (1982);
Ohkubo, ct al., ENAS, (L.S5.A), 80, pp. 2196-2200 (1983);
and Kornblihtt, et al. BAAS. (U.5.A)), 80, pp. 3218-3222
(1983}, In peneral, the mixed probe procedures ol Wallace,
ot al. (1981), supra, have been expanded upon by various
workers 10 the poink where relisble resulls have reporedly
been obtained in a cDNA clone isolation using a 32 member
mixed “pool” of 16-base-long {16-mer) oligomcleotide
probes ol unilormly, varying DNA sequences logelher with
a single 11-mer o ellect a lwo-sile *posilive” conlirmalion
of the prescnce of clINA of interest. Scc, Singer-Sam, ct al.,
PNAS (U.SA), B0, pp. 802805 (1983).

The use ol menomic DNAdsoldies 1s the least common of
the three above-noted methods for developing apecific DNA
sequences lor wse in recombinant procedures, This is espe-
clally true in the ares of recombinant procedures directed 1o
secwring microbial expression of mammalian polypeptides
and s duc, principally o the complexily of mammalian
genomic DNA. Thus, while reliable procedures exist for
developing phage-horoe librarics of genomic DINA of
human and other mammalian species origins [See, e,
Lawn, ct al. Ceff, 15, pp. 1157 1174 (1978} relating to
procedures for goncrating a human genomic library com-
monly refermed 1o as the “Manialis Library™; Karn, el al,
PNAS (USA)Y, 77, pp. 5172-5176 (1980) relating 10 a
human genomic library based on alternative restriction
endomuclease ragmenlation procedure; and Blaliner, el al.,
Science, 196, pp. 161-169 (1977) describing construction of
a bovine penomic library] there have been relatively [ow
successlul allempls al use ol hybridization procedures n
solating genomic DNA o the absenee of cxtensive fore-
koowledge of amino acid or DNA scquences. As onc
example, Tiddes, et al., J. Mof. and App. Genetics, 1, pp.
3-18 (1981) report the successul isolalion ol a gene coding
for the alpha subunit of human pitaitary glycoprotein hor-
mones from the Manpiatis Library throvgh vse of a “tull
length™ probe inchiding a complete 621 base pair fragment
of a previously-isclated ¢DNA scquence [or the alpha sub-
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unit. As another example, Das, et al., PNAS (ITSA), 80,
pp. 1331-1535 (1983) report isolation of human genomic
clones [or human HLA-DME using a 175 base pair syntheiic
oligonucleotide. Finally, Andcrson, ¢t al., PX.AS. (TS.AL).
80, pp. 6838 HH42 (1983) report the isolation of genomic
clone [or bovine pancrealic ypsin inhibitor (BPTT) using a
sinple probe 86 base pairs in lengih and construcled aceord-
ing to the known amino acid sequence of BIFIT The authars
note a determination of poor prospeets tor isolating mRNA
stilable [or synthesis ol a CDNA library due (o apparent low
levels of mRNA 0 inilially bargeted parotid gland and lung
lissue sources and then address the prospecls ol success in
probing a genomic library using a mixtuee of labclled
probes, stating: “More generally, mixed-sequence oligode-

oxvoueleoiide probes have been used 1o Isolale prolein |

genes of unknown sequence from ¢cDNA Hbraries. Sueh
probes are typically mixtures of 8-32 oligonuelcotides,
14-17 nucleotides in lengih, representing every possible
cidlon combination [or a small steetch (5-6 residues) of
amino acid sequence. Under sitingent. hybridization condi-
lions thal discriminale againslt incorreclly basc-paired
probes, these mixtures are capable of locating specifie genc
sequences in clonc hibrares of low-to-moderate complexity.
Nevertheless, because of their shorl length and

heterogencity, mixed probes often lack the specificity

required for probing sequences as complex as a mammalian
genome. This makes such o method impractical for the
isolation of mammalian prolein genes when the comespond-
e mRNAsS are unavailable™ (Ciiaiions omilted).

There thus conlinues to exist 4 need in the arl lor
improved methods for efleciing.ihe rapid and elficient iso-
lation of cDNA eloncs in instances where little is known of
lhe amine acid sequence of the polypepiide coded [or and
where “enriched”™ tissue sources of mRNA are not readily

available Tor wse in consirucling ¢DNA libraries. Swueh -+

mproved methods would be especially uselul il they were
applicable to isolating mammalian genomic clones where
sparsc information is available concerning amino acid
sequences of Lthe polypeplide coded for by Lthe pene soushl.

B. Crytlhropoietin As A Polypeptide Of Toterest

Erythropoicais, the production of red blood cells, occurs
continuously throughout the human lite span to offser ccll
destruction. Cryihropoiesis 13 a very precisely controlled
physiological mechanism enabling sufficient munbers of red
hload cells 1o be available in the blood Tor proper tissuc
oxvgenation, bt not so many that the cells would impede
cireulation. The formaticn of red blood eclls vecurs in the
bone marmow and s under the comiroal ol the hormone,
erylhropolelin,

Lrvthropoietin, an acidic glycoprotein of approximately
34,000 dallon mclecular weighl, may occur in three [omms:
a, [boand asialo, The « and B lorms diller slightly in
carhohvdrate components, but have the same potency, bio-

lowrical activily and molecular weighi. The asialo [orm s an 5y

woor 3 lorm with the temminal carbohydrate (sialic acid)
removed. Ervthropoictin is present in very low concentra-
tions in plasma when the body is io a healtbhy state wherein
lissues receive sullicient oxygenation [rom the existing
number of ervthrocytes. This normal low concentration is
cnough o stimulate e placement of red blood cells which are
lost normally through aging.

The amount ol erythropoietin in the circulation is
increased under conditions of hypoxia when oxyvaen trans-
port by blood cells n the cuculation is redueed, ITvpoxia
may be cansed by loss of large amouats of blood through
hemerthage, destruction of red blood cells by over-exposure
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to radlation, reduction in oxygen intake cue to high altitudes
or prolonged unconsciousncss, or various forms of ancmia.
In respomse o lissves undergeing hypoxic siress, eryihro-
poietin will increase red blood cell production by stimulat-
ing the conversion all primitive precursor cells inthe bone
mamow inlo procrylhroblasts which subscquently mature,
synthesize hemoglohin and arc released into the cireulation
as red blood cells. When the number of red blood cells in
circulation Is greater than needed for normal tissve oxveen
requirements, crythropoictin in circulation is decreascd.
See penerally, "Lesia, ol al., Exp. Hemealol, 8(Supp. 8),
141-152 (1980); Tong, el al, J. Bred Chem., 256021),
12666-12672 (1981); Goldwasser, J. Cell. Phvsiol, 110
(Supp. 1), 133=135 (1982); Finch, Blood, 60(0), 1241-1246
{(1982); Sytowski, et al., Fxp. Hemarol, S(Supp 8). 52-64
{19800 Naughton, Aaa. Clin. Fab. Sei, 13(3), 432438
(L1983); Weiss, et al., Am. J. Ver. Res, 44010),1832-1835
(1983); Tappin, et al, Exp. Hemarol, T1(T), 001000
(1983, Baciu, el al, Ann. NY Acad. Sci, 414, 66-72
(1983); Murphy, et al, Acte. Haemaiologica Faponica,

i} 46(?)', 1380-1396 (1983); Dessypris, ct al., frin J

Heematof,, 56, 295306 (1984); and, Emmanouc], ¢ al,
Am. J. Physéol, 247 (1 Pt 2), F168-76 (1984).

Because erylhropoiclin is essential in the process of red
blood cell [ommation, the hormone bas polenidal uselul
application in both the diagnosis and the treatment of blood
disorders characierized by low or defective red Dlood cell
production. See, generally, Pennathur-Das, et al., Biood,
63(5), 1168 71 (1984 and Haddy, Aaw. Jour Ped. Hematolf
Oneof., 4, 191-196, (1982) relating o erylhropoielin in
possible therapies for sickle cell disease, and Eschbach, et al.
Jo Clin. Invest. TH2), pp. 434-441, (1984), deseribing o
therapeulic remimen [or uremic sheep based on Im vivoe
response 10 ervihropoietin-rich plasma infusions and pro-
posing a dosage of 10 U EPOK per day Tor 15-40 days as
corteclive ol anemia of the type assoclaled with chronic
rcnal faiture. Sce also, Krane, fleary ford flosp. Med. J.,
31(3), 177181 (1983).

It has recenly been estimated that the availability of
crythropoiciin in guaniily wonld allow Tar treatment cach
year ol anemias ol 1,600,000 persons in the Unmiicd Stales
alonc. Sce, ¢.g., Morrison, “Bioprocessing in Space  an
Overview™, pp. 537-571 in The World Biotceh Report 1984,
Volume 2:USA, (Ooline Publications, New York, N.Y.
1954). Reeent studics have provided a basis for projection of
ellicacy ol erylhropoistin therapy in a vanely of disease
states, disorders and states ol hematelogic imegularily:
Vedowaln, el al Act. foemoofl, 71, 211213 (1984) (beta-
thalassemia), Yichinsky, et al, J. Pediagr, 105(1), 15-21
{1984) (cwstic fibrosis); Cotes, ot al., f3rif. J. Obster.
Gyaeacol, Y0(4), 304311 (1983) (pregnancy, menstrial

i disordersy; ITuga, et al., Acie. Pediaorg Scand., 72, 827831

(1983} (early anemia of prematurity); Claus-Walker, e1 al,
Arch. Phys. Med Refiabil., 65, 370-374 (1984} (spinal cord
injury); Dunn, et al, Eur J. Appl. Physiof, 32, 178182
(1984 (space flight); Miller, et al., Brir. J. Haemaiol, 52,
545590 (1952) (acule blood loss), Udupa, ot al, J. Lab.
Clin. Med., 103(4), 574550 and 581-588 {1984); and
Lipschitz, ct al., Blood, 63(3), 302 W (1943) (aging): and
Dainiak, ct al, Caacer, J1(6), 11011106 (1983} and
Schwarle, el al., oluryngol, 109, 269-272 (1983) (various
ncoplastic discase states accompanicd by abnormal
ervthropoicsis).

Prior atlempls 1o oblain ervihropoistin in good yield [rom
plasma or vrine have proven relutively unsuccesslul. Com-
plicated and sophisticated laboratory technigques arc neecs-
sary and generally result in the collection of very small
amounts of impire and unstable extracts containing ervth-
ropolein,
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T1.5. Pat. No. 3,003,753 describes a method for partially
purifying ervthropaietin from sheep blood plasma which
provides low vields of a crude solid cxiract conlaining
crythrapoietin,

Initial auempts 10 isolale ervihropoietin [rom urine
yiclded unsiable, bivlogically inaclive preparations ol the
hormone, T8, Pat. Mo, 3,805,801 describes a miethod of
stabilizing the biological activity of a crude substance con-
laining crythropoictin recovered [rom urine. The resuliing
crude preparation condaining erylhropoielin purporledly
retains 90%: of crythropolctin activity, and is stablc.

Anvther madbod of purilying human erythropoicin from
urne of patienls wilth aplastic ancmia is described in
Mivake, et al.. .J. Biol Chem., Vol 252, No. 15 (Aug. 10.
1977, pp. 555348 35064, This seven-step procedure ineludes
wom exchange chromatography, ethanol precipilation, gel
filtration, and adsorption chromatography, and viclds a purc
crythropoletin preparation with a potency of 70,400 units/
my ol protein in 21% yield.

Us. Pat. Mo, 4307 84) o lakezawa, ot al. describes
methods for preparing “an crythropoictin product™ from
healthy buman urine specimens with weakly basic ion
exchangers and proposes hat the low molecular weight

products obtained “have oo inhibitory elleets™ agaiost crylb- |

ropoiclin.

UK. Patemt Application Noe. 2,085,887 by Sugimoe, el
al., published May 6, 1982, describes a process for the
praduction of hybrid human Tymphoblasioid cells, reparting
production levels ranging from 3 to 420 Units of ervthro-
poictin per ml of suspension ol cells (distribuied inlo the
cultures alicr mammalian host propagation) containing up 1o
107 cclls per ml. At the highest production levels asserted to
have heen obtained, the rate of crythropoictin production

could be caleulated Lo be [rom 40 w about 4,000 Units/L0¢ :

cellsi8 hours in in vilro cullure [ollowing transler of cells
trom in vivo propagation systems. (Sce also the cquivalent
US Pal. No. 4,377.513) Numerous proposals have been
made for isolation of ervthropoietin from tissue sources,
mcluding neoplastic cells, bui the yields have been guile
low. Sce, c.g., Jelkman, ol al, Expt. Hematol, 11(7),
581588 (1983); Tambourin, ct al., PNAS, (T.8A), 50,
6269 6273 (1983); Katsuoka, ct al,, Gasn, 74, 334 341
{1983); Ilagivwara, el al, Blood, 63(1), 828-835 (1981); and
Choppin, ct al., Bload, 64(2), 341-347 (1984).

Other isolation techniques utilized to obtain purificd
erylhropoienin invelve immunologmical procedures, A
polyclonal, serum-derived antibody dirccted against cryth-
ropaictin is developed by injecting an animal, preterably a
ral or rabbit, wilh human erytbropoietin, The injected human
eryvihropoielin is recognized as 2 [oreign antigenic subslance
by the immune sysiem of the animal and clicits production
ol antibodics against the antigen. Dillering cells responding
to stimulation by the antigenic substance produce and

release o eirculation antibodics slighlly dillerent Irom 55

those produced by olher respondmg cells. The aniibody
activity remains in the scrum of the animal when its blood
is extracted. While unpurificd scrum or antibody prepara-
tioms purilied as a serum immunoglobulin G [raction may
then be wsed in assays 0 delect and complex with human
crythropoicting the materials suller fram a major disadvan-
tage. This serum antibody, composed of all the different
antibodies produced by individual cells, is polyclonal in
nature and will complex with components in crude exiracls
olber than erylhropoielin alone.

Of interest o the background of the present invention are
recenl advances in the art of developing continuous cultures
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of cells capable of proticing a single species of antibady
which is speeifically immunologically reactive with a single
anligenic delerminani of a selecled anlgen. See, senerally,
Chisholm, High Technofogy, Vol. 3, No. 1, 57-03 (1983).
Attempts have been made to employ cell fusion and hybrid-
fzation lechnigues 1o develop “monoclomal” antibodies 1o
erylhropoietin and 10 employ these antibocies in the isola-
fion and guantiiative detection of human ervihropoicting As
one example, o weport of the sueeessul development of
maouse-mouse hvbridoma cell lines secreting moooclonal
antibodics to human cryvthropoictin appearcd in abstract
[orm m Lee-Tuang, Absirucl No. 1463 o Fed Proc., 11,
5200 (1982). As ancther example, a detailed description of
the preparation and use of a monoclonal, anticrythropolctin
anlibody appears In Weiss, el al., PNAS (TLSA), 79,
54655469 (1982). See also, Sasaki, Bicwned. Biochim.
Acta, 42(1112), K202-8200 (1983); Yanagawa, ¢l al,
Blood, 6K2), 357-364 (1984); Yanaguwa, ¢ al, J. Diof.
Chem., 259(5), 2707-2710 (1984); and U.S. Pat. No. 4,465,

i 624,

Also ol inlerest 1o the background of ihe inventicn are
reports of the immunological activity of svathetic peptides
which substantially duplicate the amino acwd scquence
extant i malurally-occurring profems, glycoproleins and
nucleoproteins. Maore specifically, relatively low molceular
weight polypeptides have been shown to participatc in
immune reactions which are similar in duriion and exient o
the immune reactions ol physiologically signilicant proteins
such as viral antigens, polypeplide hormones, and the Hke.
Included among the immune reactions of such polypeplides
is the provocation of the formation of specific antibodics in
immunologically aclive animals, See, ear., Lemer, el al.,
Cedl, 23, 309=310(1981); Ross, el al., Nufure, 294, 651-656
(1981); Walter, ct al., PNAS. (USA), 77, 5197-5200
{(1980); |croer, ot al, PNAS. (USA), 78, 3403-3407
(1981); Waler, el al,, PNAS. (US.A), 78, 48824886
(1981); Wong, ot al, PNAS (£.5A), 78, 7412-7416
(1981%; Green, e ol Celf, 28, 477-487 (1982); Nigg, ¢ a1,
PN AS{USAD, 79, 5322-5326 (1982); Baron, et al., Cell,
283, 395404 (1982); Drecsman, ct al., Nafure, 295, 158160
(1982%; and Lemer, Scientific American, 248, No. 2, 66-74
(1983}, See, also, Kaiser, el al., Science, 223, pp. 219-355
{1984} rclating to hiclogical and immunological activitics of
synlhelic peptides which approximately share secondary
structures ol peplide hormones bul may oot share their
primary structural conformation. The ahove studics relate, of
course, lo aming acid scquences of proteins other (han
ervthropoietin, a substance for which no substantial amino
acid sequence information has beeo published. In co-owned,
co-pending, US, patent application Ser. No. 463,724, [iled
Feb. 4, 1983, by J. kgric, published Aug. 22, 1984 as
European Patent Application No. 0 116 446, there is
described 2 mouse-mouse hybridoma cell line (A T.C.C, No.
IIB8209) which produces a highly specilic monoclonal,
anti-crvthropoictin antibody which is also specifically
immumorcactive with a polypeplide comprising the follow-
ing sequence of amino acids: NT1,-Ala-Pro-Pro-Arg-Teu-
1e-Cys-Asp-Ser-Arg-Val-Leu-Glu-Arg-'Tyr-Leu-Leu-Glu-
Ala-Lys-COOLL The polypeptide sequence s one assigned
to the first twenty amino acid residues of mature human
crvthropoictin isolated according to the method of Mivake,
el al., J. Biol. Chem.,, 252, 5558-5564 (L977) and wpon
which amino acid analysis was performed by the gas phase
sequencer (Applicd Biosystems, [ne.) according to the pro-
ceduee of Hewick, M., et al,, 7. Bial Chem., 250, TON-T7997
(19817, See, also, Sue, et al., Proc. Nar, Acad. Sci. (U754, 80,
pp. 3651-3655 (1983) relaling lo development of polyelonal
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antibodies against a syathetic 20-mer based on a differing
amino acid sequence, and Sytowski, ct al., J. fmunol
Methods, 69, pp.181-186 (1981).

While polyclonal and monoclenal aniibodies as described
above provide highly uscful materials for use in immunoas-
says Tor derection aml quaniification of erythropeictin and
can be useful in the affinity purification of ervthropoietin, it
appears unlikely that these materials can readily provide for
the large scale isolation of quantities of erythropoietin from
mammalian sovrces sufficient for further analysis, clinical
lesting and poleniial wide-ranging herapeutic use ol the
subslance mm trealmenl of, e.g., chronic kidney disease
wherein discased tissues fail to sustain production of eryth-
ropoicting [ is consequentTy projected inthe an thai. the best,
prospects for fully characterizing mammalian ervthropoietio
and providing large quantitics of it for potential diagnostic
and climical vse fnvolve suceessiul application ol recombi-
nant procedures to effect large scale microhial syuthesis of
the: compound.

While substantial efforts appear to have been made in
attempted isnlation of 1INA sequences coding for buman
and other mammalian species erylhropoieting none appear 1o
hawve been successtul. This is due principally 1o the scarciry
ol ssue sources, espectally human tissuc sources, enriched
m mRNA such as would allow [or construclion of o ¢DNA
library from which 2 DNA scquence coding, for coythropoi-
clin might he isulated by conventional fechnigues. Further,
so little is koown of the continuonts sequence of amino acic
residues of ervthropoletin that it is not possible to construct.
e, long polynucleolide probes readily capable ol reliable
use in DNADNA hybridizalion screening of <DNA and
cspecially gonomic INA librarics. ustratively, the twenty
amino acid sequence employed to generate the above-named
monoclonal anlibody produced by AT.C.C. No, IIBE209
docs not admit to the construction of an unambiguous, 60)
hase oligonucleotide probe in the manner deseribed by
Anderson, et al., supra. Tt is estimated that the bhuman gene
for ervthropoictin may appear as a “single copy gene” within
the human genome and, in any evenl, the genetic malerial
coding [or human eryvlhropoieiin is lkely 1o constilule less
than O.00005% of total human genomie DNA which would
be present in a genomic library.

To date, the most svccesslul of known reported atlempls
at reeombinant-related methods to provide IINA sequences
suilable for use in microbial expression ol isolatable quan-
lities ol mammalian erythropoietin have [allen Lar short of
the goal. As an cxample, Farber, ot al. A flemarof, 11,
Supp. 14, Abstract 107 (1983) report the exirachiom of
mRNA from kidney tissues of phenvlhvdrazine-treated
baboons and the injeetion of the mMRNA into Xenopus Inevis
ooeyles willh the rather ramsilory resull ol n vilro produc-
tion of a mixture of “translation products™ which inchuded
amang them displaying biological propertics of crythropoi-
elin. More recently, Tarber, et al, Blood, 62, No. 5, Supp.
No. 1, Absiract 392, a1 page 1224 (1983} reported the in vitro
translation of human kidncy mRNA by frog oocyies. "The
resullant franslation product mixture was estimaled 1o
inchude on the order of 220 mU of a translation product
having ihe activily ol crythropoictin per microgram of
mjected mRNA, While such levels ol n vilro translation of
cxogenols mRNA eading for erythropoictin were acknowl-
cdged to be quite low (compared cven to the prior reported
levels of baboon mRNA Iranslation inte the sought-lor
product) it was beld that the resuls conflim the human
kidney as a site of eryvthropoictin expression, allowing for
the construction of an enriched human kidoey ¢cDNA libracy
from which the desired aene might be isolated. [See also.
Larber, ClinRes, 31(4), 769A (1983).]
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Since the filing of U8, patent application Ser. Nos,
561,024 and 582,185, there has appeared a single report of
ihe ¢loning and expression of what is asscried 1o have been
human ervthropoictin eDNA in I el Bricfly put, a oumber
of CIINA clones were inscrted Into £, cofi plasmids and
B-laclamase [usion producis were noted lo be Immunoreac-
tive with a menoclonal antibody 10 an unspecilied “epilo-
pcof human ervthropoictin, Sce, [ec-Huang, Proc. Nat
Acad. Sei (1iSA), 81, pp. 27082712 (1984).

BRIEF SUMMARY

The present invention provides, for the first time, nowvel
purilicd and isolated polypepride products having parl or a1l
of the primary structwral conformation (Le., continuous
sequence of amino acid residues) and one or more of the
biological properiies (e.g., Immunological properiies and in
vivo and in vitro hiological activity) of naturallv-occurring
crvthropoictin, including allelic variants thercof. Thesc
polypeptides are also uniquely characlerized by being the
product ol procaryolic or evcarvolic host expression (e,
by bacterial, yeast and mammalian cells in culture) of
exngenous DNA sequences oblained by genomic or cDNA
cloning or by gene synthesis. Products of microbial expres-
slon in verlebrate (oo, mammalian and avian) cells may be
lurther characienzed by [reedom lrom assoclalion wilh
human proteins or other contaminants which may be asso-
ciated with ervthropoictin in its natiral mammalian ccllular
environment or in extracellular lluids such as plasma or
urinc. The products of typical vecast {c.g., Saccaromyees
cerevisiae) or procaryote (c.g., F. colf) host cclls are free of
association with any mammalian proteins, Depending vpen
the host emploved, polvpeptides of the nvention may be
glyeosylated with mammalian or other cucaryolic carbohy-
drates or may be nonglycosylaled. Polypepiides ol the
invention may also include an initial methionine amino acid
residue (al position -1).

Nowel alveoprotein products of the [nvention include
those having a primary structral conformation sufficiently
duplicative ol that ol a nawurally-oceurring (¢4, human)
ervihropolelin o allow possession ol one or more ol the
bialogical propertics thereof and baving an average carbo-
hvdratc compaosition which differs from that of naturally-
oceurring (¢4, human) eryihropoietin,

Vertebrate (e.g., COS-1 and CITO) cells provided by the
preseot invention comprize the first cells cver available
which can be propagaled in viiro continuously and which
upon growth in culture arc capable of producing in the
medium of their growth in cxcess of 100 U (preferably in
excess of 500 U and most prelerably in excess ol 1,000 10
5000 U) ol ervihropoieiin per 107 cells in 48 hours as
determined by radiolimmunoassay.

Also provided by the present invention are synthetic
polypeptides wholly or partially duplicative ol cominueus

5 sequences of crythropoictin amino acid residucs which are

herein for ihe first time clucidated. These sequences, by
virtue of sharing primary, secondary or tertiary structural
and confomational characteristics with naturally-oceuring
ervihropolelin may possess biological activily andsor immu-
nological propertics in commaon with the naturally-nceirring
product such that they may be employed as biologically
active or immunoelogical subsiilutes for ervihropoeielin in
therapeutic and immunological processes, Correspondingly
provided are monoclonal and polyelonal antibodics gener-
ated by standard means which are immunoreactive with such
polypeptides and, preferably, also immunoreactive with
nalurally-occurnng erythropoictin,
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Ilvstrating the present vention are clonsd DNA
sequences of monkey and human species origing and
polypeptide sequences suilably deduced therelrom which
represent, respectively, the primary structural conformation
of erythrepoictins of monkey and human specics origing.

Alsa provided by the present invention are novel hiologi-
cally functional viral and circalar plasmud DNA vectors
incorporating DNA sequences of the invention and micro-
biul (4., bacterial, yeast and mammalian cell) host organ-
sms stably translommed or (ranslecled with such veclorns.
Correspondingly provided by the invention are novel meth-
ods tor the production of uscful polypeptides comprising
cultured growih of such ransformed or ransfected micro-
bial hosts under conditions facilitative of large seale expres-
sivn o the cxogenous, vector-horne DNA seynences and
isolation of the desired polvpeptides from the arowth
medium, cellular lysates or cellular membrane fractions.

Isolation and purification of microbially cxpressed
polypemides provided by 1he invenlion may be by conven-
lional means including, eg., preparative chromalographic
separalions and immunological separations involving mono-
clonal andor polyclonal antibody preparations.

ITaving herein elucidated 1he sequence of amino acid

residues of erythropoicting the preseot invenotion provides for

lhe total and/or partial manfuciure of DNAsequences coding
for ervthropoletin and including such advantageous charac-
leristics as incorporalion of eodons “prelemed” for expres-
sion by selecled non-mammalian hosts, provision of siles [or
cleavage by restriction cndonuelcase cnzymes and provision
of additional initial, terminal or intcrmediate DNA
sequences which facililate construction ol readily expressed
veetors. Correspondingly, the present invention provides for
manufactare (and development by site specific mutagencsis
ol ¢DNA and genomic DNA) of DNA sequences coding [or
micrabial expression of polypeptide analogs or derivatives
ol erythropoicting which differ from naturally-occurring
[orms in lerms of the identily or location of one or more
amino acid residucs (i.c., deletion analogs containing less
than all of the residues specilied lor LPO and/or subsiiluiion
aniless wherein one or more residues specilied are replaced
by other residucs andy/or addition analogs whercin onc or
more amino acid residucs s added 1o a terminal or medial
portion of lhe polypeplide); and which share some or all the
praperties of naturally-occucring forms.

Novel IDNA sequences of the invention include all
sequences uselul in securing expression in procaryolic or
cucarvotic host cells of polypeptide products having at least
a part of the primary structural conformation and one or
more of the biclogical properties of eryihropeielin which are
comprehended by (a) the DNA sequences set out in FTGS.
5 and 6 herein or theilr complementary sirands; (b) DNA
seguences which hybridize (under hybrdization conditions
such as illustrated herein or more stringent conditions) to
DNA sequences delined in (1) or [ragments thereol; and ()
DNAsequences which, but [or the degeneracy ol the penelic
code, would hybridize to IXNA sequences detined in (a) and
() abave. Specifically comprehended in part (b} arc
wenomic DNA sequences encoding allelic variant [orms of
moukey and human ervthropoistin and/or encoding other
mammalian specics of crythropeictin, Specilically compre-
hended hy part (¢} are manufactired DNA sequences encod-
ing EPQ, EPO) fragments and EPO analogs which DDNA
sequences may incorpordle codons lacililaling iranslation of
messenier RNA o non-verlebrate hosts.

Comprehended by the present invention is that class of
polypeptides coded for by porlions of the DNA complenient
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to the top strand human genomic DNA sequence of TIG. 6
hercin, Le., “complementary inverted proteins™ as described
by Iramonlano, ol al., Nucledc Acids Research, 12, pp.
50495059 (1984).

Alsa comprebended by the invention ars pharmacsutical
composilions comprising ¢lTeclive amounts of polypeptide
products of the invention together with suitable diluenis,
adjuvants andfor carricrs which allow for provision of
ervihropotetin therapy, especially io the reaiment ol anemic
disease states and most especially such anemic slales as
attend chronic renal failure.

Polypeptide products ol the invention may be “labelled”
by covalenl association with o deleclable marker subslance
{c.g., rdiclahelled with 251y to provide reagents usetul in
detection and quantification of crythropoictin in solid tissue
and Ouid samples such as blood or urne. DNA products ol
the invention may alse be lubelled wilh delectable markers
(such as radinlabels and non-isolopic Tabels such as biotin
and emploved in DNA bybridization processes to locate the
ervthropoietin gene position andior the position of any
related gene Lamily in the human, monkey and olher mam-
malian species chromosomal map. They can also be wsed lor
identifying the ervthropoictin gene disorders at the DNA
level and used as gene markers for identilying neighboring
genes and their disorders,

As hereinafter deseribed in detail, the present invention
further provides significant improvements in methods for
deteclion ol a specilic single siranded polynucleotide of
unknown sequence in a heterogencous cellular or wviral
sample including multiple single-stranded polynucleotides
where

() & mixturc of labelled single-stranded polynucleotide
probes is prepared having unitormly varying sequences
ol bases, each ol said probes being potentially specili-
cally complementary to a sequence of bases which is
pulatively unigue 1o the polynucleoiide 1o be detecled,

(b) the sample is lixed 1o a solid substrate,

{c) the substrale having the sample lixed therelo is treated
to diminish fitrther binding of polynueleotides thereto
exeepl by way of hybridization o polynnelentides in
said sample,

{d) the treated substratc having the sample fived thereto is
transitorily coniacied with said mixtere of Tabelled
probes uoder conditions facilitative of hybridization
only between lotally complementary polynucleatides,
and,

{e) the specific polynuclentide is detected by monitoring
for the prescnce of a hybridization reaction between it
and a lolally complementary probe witlin said mixlure
of labelled probes, as evideneced by the presence of a
highcr density of labelled material on the substrate at
the locus ol the specilic polynucleotide in comparison
to a background density of labelled material resulling
from non-specific hinding of labelled probes o the
subsiraie.

The procedures are especially effective in situations dic-
laling use of 64, 128, 256, 512, 1024 or more mixed
polynucleotide probes having a lenglh ol 17 (o 20 bases in
DNADNA or RNA/RNA or DNARNA hybridizations.

Az described infra, the above-noted improved procedures
have illusiratively allowed [or the idenlificalion of ¢<DNA
¢lones coding [or ervihropoielin of monkey species orgins
within a library prepared from anemic monkey kidney ccll
mRNA. More specifically, a wmixtore of 128 woiformly
varying 20-mer probes based on amino acid sequence infor-
mation derived [rom scquencing [ractions of human cryth-
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rapoietin was emploved 1w colony hybridization procecdunss
to identify seven “positive” ervthropoletin cONA clones
willin a tedal of 200,000 colonics. Bven more remarkably,
practice of the improved procedurcs of the invention have
allowed tor the rapud isalation of three positive clones from
wilhin g screening of 1,500,000 phage plaques constituling
a human genomic library. This was accomplished through
use of the above-noted mixture of 128 20-mer probes
together with a sceond sct of 128 17-mer probes based on

amino acid analysis of 2 dilferent continuous sequence of

human erythropoiciin.

The above-noled llusiraiive procedures constitute e
first known Instance of the use of multiple mixed oligo-
nuelcotide probes in DNAJDINA hybridization processcs

direcied loward 1solation of mammalian genomic clones and

the [irst known instance of the use of 4 mixiure of more than
32 oligonucleotide probes in the isolation of clINA clones.

Numerous aspects and advantages ol the invention will be
apparent lo those skilled in the ant wpon consideration ol the
following detailed deseripion which provides iTlusirations
ol the praciice of the invention in its presently proforred
cmhodiments,

Referenee is made to FIGS. 1 through 21, whercin:

TTG. 11s 4 graphic representation of 2 radioimmunoassay
analysis of products of the invention,

KIG. 2 shows vector pDSVI.-MEE.

TIG. 3 shows vector PSVeIIuLPO.

TIG, 4 shows vector pDSVL-gIIuLPO,

KIGS. 5A, 5B and 5C {colleetively relemed 1o as FI( 5)
show the sequence of monkey LIMO ¢cDNA and (he encoded
EPO.

I'1GS, 64, 613, 6C, 6D and 6L {collectively relerred 1o as
[IG. 8) show the sequence of buman genomic LPO DNA
and the encoded ERO.

KIG. 7 shows the sequence of the ECEI() gene.

TIG. 8 shows the sequence of 1he SCEPO gene.

FIG. @ shows a comparizon of the buman and monkey
EPO polypeplides.

TIG. 10 shows the CCEPO section 1 oligonucleotides.

FIG. 11 shows scction 1 of the BECEPO genc.

I'1GL 12 shows the BCEPO section 2 oligonucleolides,

TIG. 13 shows section 2 ol the BCTEPO gene.

KIG. 14 shows the ECEPO scetion 3 oligonuicleotides.

TIG. 15 shows section 3 ol the BCEPO gene.

TIG. 16 shows the SCEPO section 1 oligonucleotides.

KIG. 17 shows section 1 of the SCEPO gene.

FIGH 18 shows the SCEPO section 2 oligonucleotides.

TIG. 19 shows section 2 of the SCEPO gene.

FIG. 20 shows the SCEPO scetion 3 oligonucleotides.

111G, 21 shows the section 3 ol the SCLPO gene.

RETAILER RDESCRIPTION

According (o the present invention, DNA sequences
encoding pat or all of the polypeptide sequence of buman

and monkey species crylhropoietin (herealler, al Umes, 55

*LPOTY have been isolaled and charactenzed. uriher, the
monkey and human origin DNA has been made the subject
of cuearyntic and procarvotic cxpression providing isolat-
able guantities of polypeplides displaving biological (e.o.,

immunological) propertics of naturally-occucring EPO as s;

well as both in vivo and in vitro hiclogical activitics of EPO.

The DNA of monkey species origins was izolated from a
cDINA library consiructed with mRNA derived from kidney
tissue of a monkey in a chemically induced anemic state and
whose serom was Immnneologically determined o lnclode
high levels of TP compared to normal monkey serum. The
solation of the desired ¢cDNA clones conlaining LI'O cncod-
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g DNA was accomplished throvgh use of DNATDNA
colony hyhridization employing a pool of 128 mixed,
radiolabelled, 20-mer cligenucleotide probes and invelved
the rapid sercening of 200,000 colonics. Design of the
oligonuelcotide probes was bascd on amino acid scquence
informalion provided by ensymatic [ragmenlation and
sequencinr a small sample of human LPO,

The DNA of human species origing was isolated from a
human genomic DNA library, The isoladon of clones ¢on-
laining, LPO-encoding DNA was accomplished through
BDNAINA plague hybridization emploving the above-noted
ponl of 128 mixed 20-mer oligonucleotide prohes and a
second pool of 128 radiolabelled 17-mer probes whose
sequences were based on amino acids sequenee information
ublained from a differend ceymatic human EPO Tragment.

Posilive colonies and plagques were verified by means of
dideoxy sequencing of clonal IDNA using a subsct of 16
sequences within the pool of 20-mer probes and scleeted
clones were subjected 1o nucleotide sequence analysis

* resulting in deduction ol pomary structural conlormation of

ihe EPO polypeptides encoded therchy, The dedoeed
polypeptide sequences displayed a high degree of homology
to each other and to a partial sequence generated by amino
acid analysis ol human LPO [ragments.

Aselected posilive monkey ¢cDNA clone and a selecled
positive luman genomic clone wers each serted o a
“shuille™ DNA veclor which was amplificd in £, ceff and
cmployed 1o ranslect mammalian cells in culture, Cullured
growth of transfeeted host cells resulted in culture medium
supcrnatant preparations cstimated to contain as much as
3000 mU of CPO per ml of cullure Ouid.

The following examples are presented by way of ilhis-
tration of the [nvention and are specifically directed to
procedures carricd oul prior o identilication ol LPO cocod-
ing monkey cDNA clones and human genomic clones, to
procedures resulting in such identification, and to the
sequencing, development of expression syslems and immu-
nological verificalion of TPO expression in such systems.

Morc particularly, Examplc 1 is dirccted to amino acid
sequencing o human EPO [ragmenls and consituction ol
mixlures ol radiolabelled probes based on Lhe resulls of this
sequencing, Example 2 is generally dirceted to procedures
involved in the identilication of posiive monkey ¢DNA
clones and thus provides information concerning animal
treatment and preliminary radioimmunoassay (IR1A) analy-
s1% al animal sera. Example 3 1s dirceted fodhe preparalion
of the cDNA library, colooy hybridization screening and
verification of positive cloncs, TINA sequencing of a posi-
live ¢DNA clone and the generaiion of monkey LEPO
polypeptide primary structural conformation {amino acid
sequence) information. Example 4 is dirccted to procedures
involved in the identilication of positive human prenomic
¢lones and thus provides information concerning 1he source
of the genomic library, plaque hybridization procedures and
verificalion of posilive clones. Example 5 s dirceled 1o DNA
sequencing of a positive genomic clone and the generation
of human EP polypeplide amino acid sequenee informa-
lion including a comparison thereol 1o the monkey LPO
sequence information. Example 6 is dirccted to procedures
for construction of a vector incorparating EPO-cnending
DNA derived [rom a posilive monkey ¢cDNA clone, the use
ol the vecwor [or ransfection ol COS-1 cells and cultured
growth of the transfected cclls. Example 7 is dirccted to
proceduces for construction of a vector ncarporating LPO-
encoding DNA derived from a positive human genomic
¢lone, the use of the veclor [or translection of COS-1 cells
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and the cultured growth of the transtected cells, Bxample 8
is directed to Immunoassay procedures performed on media
supermatants oblained [rom the cullured growih ol trans-
fected cells according to Examples 6 and 7. Example 9 is
dirceted to in vitro and in vivo biological activity of micro-
bially expressed LPO of Bxamples 6 and 7.

Lxample 10 is directed to a development of manimalian
host expression systems for monkey species EPO ¢cDNA and
human specics genomic DNA involving Chinese hamsier
ovary (“CLIO™) cells and 1o 1he immunological and biologi-
cal activitics of products of these expression systoms as well
as characterization of such products. Example 11 is dirccted
1o the preparation of manulfaclured genes encoding human
speeics EPO and EPO analogs, which genes include a
number ol preference eodons Tor expression in £ coff and
veast bost cells, and to expression systems based thereon.
Cxample 12 relates to the immunological and binlogical
activily profiles ol expression products of the systems of
Lxample 11.

LXAMPLLE 1

AL TTuman BPO Tragment Amino Acid Sequencing
ITuman BPO was isolated [rom vrine and subjected 1o

tryptie digestion resulling in the development and isalation |

of 17 disercie fragmenis in quamiiiics approximaling
100-150 picomoles.

Fragments were arbitrarily assigned numbers and werc
analy zed Tor amimy acid sequence by microscquence anasly-
sis using a gas phase sequencer (Applied Biosystems) o
provide (he sequence information sct out in ‘Lable 1, below,
wlherein single lelter codes are emploved and “ X designaics
a residuc which was not unambiguously determined.

TABLLE L

Fragnienl No, Soquence Axlysis Resull

Tda A-P-P-R
L4 G-K-L-K
19 A-L-G-A-O-K
115 :
Tia
s
12
125 Y-L-L-E-A-K
T2t L-[--D-5-R
T2ak LYTGEACR
1z7 L-1-1=A-D-1- 1R
T FeAT-5- 1P -A- A M- A AP -
150 L-A-L-2-1- 110X A-L-H-X-5- L
N-TH-I-T-¥-P
E V-3-5-N-F-L-R
T33 SI-T-T-L-T-R
155 VN-I-Y-A-W-K
T38 G- ATV 3-3-00-P-W-

L-PL--L-H-VED-K

B, Design and Construction ol Oligonucleotide Probe
Mixtures

The amino acid sequences set out in Tahle T were
reviewed in the contexl of the degencracy ol the genciic
code Lor ihe purpose ol ascerlaining whether mixed probe
procedures could be applied to DNA/DNA hyvhridization
procedures on cDNA and/or genomic DNA librarics. This
analysis revealed thal within Fragmenl No. T35 there existed
a series ol 7 amino acid residues { Val-Asn-Phe-Tyr-Ala-Trp-
1ys) which could be uniquely characterized as encoded for
by one of 128 possible DNA sequences spanning 20 base
pairs. A first set of 128 20-mer oligonucleotides was there-
[ore synlhesized by slandard phosphoamidile methods (Sce,

30

o
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e.g., Beavcage, et al, Terrahedron Lefiers, pp.
1859-1862 (1981) on a sold support according to the
sequence sel oul in ‘Lable 10, below,

2

Leiey

TABLE II
Eesidoe - Val - A=n Phe Iyr &la Trp Lys
3! CAR TIG ARG ATG CGA ACC TT - §'
T A A A T
) =)
Z <

Further apalysis revealed that within [ragment No, T38
there existed a series of 6 amino acid residoes (Glo-Pro-
Trp-Glu-Pro-Leu) on the basis of which there could be
prepared a pool of 128 mixed olignucleotide 17-mer probes
as set out in Table T, below.

TABLE III
Residus - Gln Freo Trp Glu Pro Len
3! GIT GGA BT CTT 33A 3a - 5
C T C. T A
&) G
c c

Migonuclentide probes were Tabelled ai the 5 end with
gamma-""P-ATP 75008000 Ci‘mmole (ICN} using T,
polynucleotide kinase (NEN).

EXAMPIE 2
A. Monkey ‘lrcatment Procedurcs
Female Cynomolgus monkeys Macaen  fuscionlarias
253 kg, 1.5-2 years old) were treated subcitancously
with a pH 7.0 sohition of phenylhydrazine bydrochloride at
a dosage level ol 125 mgfdke on days 1, 3 and 5. 'The
hematocnl was monitered prior o each injection. On day 7,
or whenever the hematoerit level fell below 25% of the
initial level, serum and kidneys were harvested atter admin-
fstration of 25 mekys doses of ketamine hydrochloride,
Harvested materials were immediately frozen in liguid nitro-
gen and stored a1 =F0° .

B. RIA [or LPO

Radinimmunoassay procedurcs applicd tor quantitative
detection of EIP(O in samples were conducted aceording to
the [ollewing procedures:

An crythropoictin standard or uoknown sample was incu-
bated together with antiscrum for two hours at 37° (2. After
the two hour incubation, the sample (ubes were cooled on
ice, P I-labelled eryihropoielin was added, and 1he whes
were incubated at 0°C. for at least 15 more hours. Each assay
tube contained 500 gl ol incubation mixlure consisting ol 50

&l of diluted immune sera, 10,000 cpm of 23]

cryihropoiciin, 5 gl rasylol and 0-250 gl of cither EPO
slandard or vnkoown sample, with PBS containing 0.1%
BSA making up the remaining volume. 'The antiscrum uscd
was the sceond test bleed of a rabhit immunized with a 1%
pure preparation of human vrinary ervihropoieting The final
antiscrum dilution on the assay was adjusted so that the
antibody-bound "**I-EPO did oot cxeced 1020 of the
inpul lotal counts. In general, this comesponded (o a linal
antimerum dilution of from 1.50,000 10 1: 100,000,

The antibody-bound = [crythropoictin was precipitated
by the addition of 150 gl Staph A After a 40 min. ncubation,
the samples were centrifuged and the pellets were washed
two Wmes with 0.75 ml 10 mM Trs-11C1 pll 8.2 containing
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0.15M NaCl, 2 mM EDTA, and 0105% Triton X-100, The
washed pellets woere counted in a gamma counter 1o deter-
mine (he percent ol "> [-ervihropoielin bound. Counts beund
by pre-immune sera were sublracied ffom all final values 1o
currecet for nonspeciic precipitation. The erythropoictin con-
lent of the unknown samples was delermined by comparison
to the standard curve.

The ghove procedure was applicd © mookey scrum
oblained in Part A, above, as well as 1o (e vntreated monkey
scrum. Normal scrum levels were assayed to cootain
approximately 36 mU:m] while treated monkey serum con-
lained from 1000 (o 1700 mUsml.

EXAMPLE 3

A Monkey ¢cDNA Library Construclion Messenger RNA

was solaled rom normal and anemic monkey kidneys by
the guanidinium thiocyanale procedure of Chingwin, ot al.,
Biochemisiry, 18, p. 5294 (1979) and poly (AY" mRNA was
purificd by two runs of oligofd I')-cellulose column chroma-
lopraphy as described at pp. 197-198 in Manialis, ¢ al.,
“Muoleewlar Cloning, A Laboratory Manual”™ (Cold Springs
Harbor Lahoratory, (nld Spring Harbor, NJOY., 1982). "The
cDINA library was constructed according o o modilication
ol the general procedores ol Okavama, et al., Mol and Cell.
Hind, 2, pp. 161170 (1982). The key lealures ol the
presenily preferred procedures were as [ollows: (1) pUCS
was uscd as the sole veetor, cut with Pstl and then tailed with
oligo d1 ol 60-80 bases in lengil; () 1linell digestion was
used 1o remaove the oligo JT Lail rom one end ol the vector;
{3) first strand syotheais and oligo AG tailing was carricd out
according to the published procedure; (4) BamHI digestion
was employed 1o remove 1he oligo dG 1ail rom one end of
lhe vector; and (5) replacement ol 1he RNA sirand by DNA
was in lhe  prescenece ol dwo linkers

(GATCTAAAGACCGTCCCCCCOCC and

ACGGTCTTTA) [n a three-fold molar excess over the oligo ™

dG laled vecior

B. Colony Iybridization Procedures Vor Screening Mon-
kew cDNA Library

Translomed £, coff were spread oul at a density ol S000
colonies per 10610 ¢m plale on nuirent plales conlaining S0
micrograms/ml Ampieillin. GeoeScreen filters (New
England Nuclear Catalog No. NEF-972) were pre-wet on a
BIII-CAM plate (Bacto brain beart infusion 37 gL,
Casaminn acids 2 g/, and agar 15 g1, containing 300
micrograms/ml Chloramphcnieol) and were used to lift the
colonies o the plale The colonies were prown in the same
medium for 12 hours or longer to amplify the plasmid copy
numbers. The amplificd colonies (colony side wp) were
treated by serially placing the filters over 2 pieces of
Whatman 3 MM paper satirated with cach of the following
solutions:

(1) 50 mM glucose—25 mM '1ris-11C1 (pl1 8.0)—10 mM

EIZTA (pH 8.0} for five minutes;

(2) 0.5 M NaOH [or (en minules; and

{3) 1.0 M Tris-HC1 {pH 7.5) Tor ihree minules.

The filters were then air dried in a vacuum over at §0° C.
[or two hours.

The [illers were then subjecied (o Proteinase K direstion

through treatment with a solution containing 30 micrograms; 50

ml of the protcase cnzyme in Buffer K [0.IM Tris-HCL (pH
8.0)—0.15M NaCl—10 mM EDTA (pII 8.2) -0.2% SDS].
Specilically, 3 ml ol the solution was added 10 each [er and
the digestion was allowed to procced at 55° . for 30
mimites, after which the solution was remove,

The filters were then treated with 4 ml of a prehybridiza-
tion buller (5x85PL—0.5% SDS—100 microgramsiml 85

il
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E. coli DNA—35xBIPF). The prehybridization weatment was
carrigel our ar 55° C., generally for 4 houss or longer. after
which the prebivbridization buller was remuoved.

The hybridizalion process was camied outin the [ollowing
manner, To each [ilter was added 3 ml ol hybridizalion buller
(5xSS5PE—0.5% SDS—100 micrograms/ml yeast IRNA)
containing 0.025 picomoles of each of the 128 probe
sequences of Table 1T (the total mixture being designated the
LIV mixiure) and the Oliers were maintained al 48° C. [or
20 houwrs. This lemperaiure was 2° C. less than the lowesl ol
the caleulated dissociation temperatires (1d) determined for
any of the probes.

Following hybridization, the [iers were washed (hree
times for ten minutes on a shaker with 6<88C -(1.1% SDS
al room lemperature and washed two o dhree limes with
6—S8SC—1% SDS at the hybridization emperame (487
C).

Autoradiography of the [llers revealed seven positive
¢lones amony the 200,000 colonies screened.

Initial sequence analysis of one of the putative monkey
¢DNA clones (desigmated clone 83) deposited with 1he
American Type Culture Collection, 12301 Parklivwn Drive,
Rockwille, Md., under deposit Acecssion No. A NC.C 67545
un Oer. 20, 1987 was performed Tor verilication purposes by
a modification of the procedure of Wallace, ct al., (Gene, 10,
pp. 2126 (1981). Trietly, plasmid DNA from monkey
CONA clone 83 was lincarized by digestion with Leolkl and
denatured by heating in a boiling water bath. The nueleotide
sequence was determined by the dideoxy methad of Sanger,
elal, PNAS (TRSAD, 71, pp. 51635167 (L977). Asubsel
ol the LPV mixiure of probes consisting of 16 sequences
was used as a primer tor the scquencing rcactions.

. Monkey CPO ¢DNA Sequencing Nucleolide sequence
analysis of clooe 83 was carried out by the procedures of
Messing, Methods in Enzymology, 101, pp. 2078 (1983).
Sel out in Table IV is 4 preliminary resliction map analysis
of the approximately 1600 basc pair EcoRI/HindIl cloned
fragment of clonc 83. Approximate locations of restriction
endonuclease enzyme recognilion siles are provided in terms
of numher of hases 3' to the Ecol?l site at the 3" end of the
fragment. Nucleotide scquencing was carricd our by
sequencing individuval resirdciion [ragments with the inent
of matching overlapping fragments. Torexample, an overlap
of sequenee imlomuation provided by analysis of nucleolides
in a restrclion fragment designated C113 (SavdA al ~1117
Smal at ~324) and the reverse order scquencing of a
[ragment desinated C73 (Aol al -424DBs(CIT al -203).

TABLE IV

Rusiriction Doeyrw

LRevognilion Silk Approsirake Localion(s)

LeoRT 1
SaniA m
Smnl 180
BaEIL 203
Smisl 3zd
Epnl an
Rizal AT
Alurl X
Pall i)
Alul L300
Hpal 46
Alul L
il 4irl
Prull flld
Alul Gis
Aldul Tl
Alul Tad
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TABLE IV-continucd

Res.riclion Tineyme

Recognition Site Appioxivate |oestion(s)

Raal I
N | BT
AT Ed 1
Al 0i7
Nueal S40
SandA 114
Alul 10072
Al 1ms
Alul 1223
Ll 14001
Rl 1245

1 134
HindIIT 144%
Adul 1450
LlipJ 1L 1585

Scquencing ol approximately 1342 basc pairs (within i
region spanoing the Sau3A sitc 3to the EcoRT site and the
HindIl! site) and analysis of all possible rcading frames has
allowed [or the developmeni of DNA and amine acid
sequence information set out in TIG. 5, comprising portions
5A, 58 and 5C. In the Figure, the putative initial amion acid
residue of the amino lerminal of mature TPO (as verilied by
correlation to the previously mentioned secquence analvsis of
lwenly aminn ferminal residues) is designaled by the
numeral +1. The presence of a methionine-specilying A1G
codon {designated =27) “upstream™ of the Initial amino
terminal alanine residuc as the first residue designated for
the amino acid sequence ol the malure prolein is indicalive
of the likelihood that EPO s initially cxpressed in the
cytoplasm in a precursor form including a 27 amino acid
“leader” region which is excised prior o entry ol mature
LPO [nto circolation, Potential plycosylation sites within the
polypeptide are designated by asicrisks. The estimated
molecular weighi of the translated region was delerming 1o
be 21,117 daltons and the MW, of the 163 residues of the
polypeptide consliluting malure monkey FRO was deter-
mined 1o be 18,236 dallons.

The polypeptide scquence of FIG. 3 may readily he
sthjeeted to analvsis for the presence of highly hvdrophilic
regions andfor secondary conlormational characterstics
indicative of potentially highly imomnogenic regions by,
.., the methods of Hopp, el al, BAAS (ELSA), 78, pp.
38243828 (1981) and Kyte et al., JMolBiol, 137, pp.
105-132 (1982) andsor Chou, ct al., Biochein, 13, pp.
222-245 (1974) and Advances in Enzymology, 47, pp. 4547
{1978). Compuler-assisted amalysis according Lo the Topp,
ct al. methad s available by means of & program designated
PEPR Refcrenece Section 6.7 made available by
Intelbigenetics. Ine., 124 Universily Avenuve, Palo Allo,
Calil.

EXAMPLE 4

A. Human Genomic Tibrary

A ChdA phage-borne human fetal Tiver genomic Tibrary
prepared according to the procedures of Lawy, et al., Cell,
18, pp. 333-343 (1979) was obtained and maintained for use
m a plague hybridizalion assay.

B. Plague Ilvbridization Procedures [or Screening
TTaman Geonomic Library

Phage particles were lysed and the DNAs were fixed on
filters (30000 placues per filter) acoording to the procedunss
of Woo, Methods In Fnzymalogy, 68, pp. 389-395 (1979)
cacepl [or the use of GeneSereen Plus filicrs (New Ungland
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Nuclear Catalog No, NEF-972) and NZYAM plates (NaCl,
5 g MgCl-0H,0, 2 2; NZ-Aminc A, log; ¥east extract, 5 23
casamine acids, 2 g; mallose; 2 g and agar, 15 g per liter).

The air-dried filters were baked at 80° €. for 1 hour and
then digested with Proteinase K as described in Example 3,
Parl B. Prehybridization was carried oul wilh a 1M NaCl—
1% SDS buller lor 55° C. [or 41 hours or more, alter which
the buffer was removed. Hybridization and post-
hyvbridization washings were carricd out as described in
Lxample 3, Part B. Both the mixiure of 128 20-mer probes
desiyoated EPV and the mixture of 128 17-mer probes of
Tahle NI {designaled the EPQ mixiure) were employed.
TT¥bridization was carried out at 48° C. using the TPV probe
mixture. EPO probe mixture hybridization was cacricd out at
46 C—4 deyrees below the lowest calculaled 1d lor
members of the mixture. Removal of the bybridized probe
for rehyvhridization was accomplishcd by boiling with
188C—0.1% SDS for two minutes. Auloradiography ol
the fliers revealed hree positive clones (reactive with both
probe mixtures) among the 1,500,000 phage plagues
sereened. Verification ol the posiiive clones as being EP()-
encoding was obtained through DNA sequencing and elec-
ron micrographic visvalization ol heleroduplex [ormalion
wilh the monkey cDNA ol Uxample 3. This procedure also
gave ovidence of multiple introns io the genomic DNA
sequence.

LEXAMPLL 5

Nucleotide sequence analysis of one of the posilive clones
{designated LhTI deposied with 1he American Type Cullure
Collection, 12301 Parklawn 1rive, Rockville, Md., under
depusit. Aceession Noo ANCLCL 40387 on Ol 20, 1987
was carried out and results obtained to date are set out in
TIG. 6, comprising portions 6A, 613 6, 60 and 6LC.

In F1G. 6, the initial continuons DYNA scquence designates
a top strand of 620 bases n what (s apparently an untrans-
lated sequence immediately preceding a translated portion of
the human LPO gene. More specilically, the sequence
appears Lo comprise the 5 end ol the gene which leads up o
atranslated IINA region coding tor the first tour amino acids
(—27 through —24) of a leader sequence (*presequence™).
Tour base pairs in the sequence prior o thal encoding the
beginning of the leader have not vet heen unambiguously
determined and are therelire designaied by an =X There
then follows an ntron of ahout 639 base pairs (439 base
pairs of which have been sequenced and the remaining 200
base pairs ol which are designated *1.5.”) und immediately
preceding a eodon for glutamic acid which has beon desig-
nated as residue —23 of the translated polvpeptide. The exon
sequence immediately following is seen 10 code [or aminge
acid residues through an alanine residue (designated as the
+1 residue of the amino acid sequence of mahure human
LPO) 1o the codon specilying hreonine at position +26,
wherenpon there follows a second intron coosisting of 250
bascs as specilically designaicd. Following this inlron is an
eX0n sequence Lor amino acid residues 27 through 55 and
thereafter a third intron comprising 612 basc pairs com-
mences. The subscquent exon codes for residucs 36 through
115 of human BEPO and there then commences a lourth

5 intron of 134 bascs as specified. Following the fourth intron

is an exon coding for residue Nos. 116 through 166 and a
“stop” codon (TGA). Tinally, TIG. 6 identilies a sequence of
508 hase pairs in what appears t be an untranslated ¥ region
ol 1he human EPO gene, twa base pairs ol which (X™) have
nol vel been unambiguously sequenced,

FIG. 6 thus serves to identify the primary struictural
conlormation (amino a¢id scquence) of malure human LPO
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as including 166 specified aming acid residues (estimated
M.W.=18,399). Also revealed in the Tigure is the DNA
sequence coding for a 27 residuc leader sequenee along with
5 and 3 DNA scquences which may he sigoificant to
promoterioperator functions of the human gene operon.
Sites [or polential glyeesylalion of the maiure human PO
polypeplide are designated in the Tigure by asterisks. I1 is
worthy of note that the specific amino acid sequence of FIG.
6 likely constitutes that of a naturally occurring allelic form
ol human ervihropeielin. Support for Lhis posidon is [und
i the resulis ol continued cfforls al scoquencing ol urinary
solales of human crythropoicin which provided the linding
that a significant numbcr of erythropoictin molecules therein
have & methionine at residuc 126 as opposcd o a serinc as
shown in lhe Tigure,

TIG. 9, below, illustrates the extent of polypeptide
sequence homology hetween human and monkey EPROL Tn
the upper conlinuous line ol the ligure, single leiler desio-
nalions are emploved 1o represent lbe deduced (ranslaled
polypeptide sequences of human EPO commencing with
residue =27 and the lower continvous line shows the
deduied polypeplide sequence ol monkey BPO commenc-
ing al assigoed residuc owmber =27, Asterisks are crnploved
1o highlight the sequence homologies, [Lshould be noted that

the deduced human and monkey LPO sequences reveal an -

“additional” lysine (K) residuc at (human) position 116.
Cross-telerence 1o LG, & indicates that this residue is al the
margin of a putative mRNA splice junction in the genomic
scquence. Presence of the lysine residuc in the buman
polypemide sequence was lurther verilied by sequencing of
a ¢DNA human sequence clone prepared lrom mRNA
isolated from COS-1 cells transformed with the buman
genomic DNA in Example 7, inlra.

CEXAMPLE &

The expression system selected for initial attempts at
microbial svnthesis of isolatable quantities of PO polypep-
lide malenal coded Lot by ihe monkey cDNA provided by
the procedures of Bxample 3 was one involving manimalian
host cells {i.c., COS-1 cells, ALC.C No, CRI-1630). The
cells were (ranslected with 4 “shutlle” vector capable of
aulonomous replication in E. coli host (by virnue ol the
presence of pBR322-derived DWNA) and the mammalian
twsts by virtue of dhe presence ol SV40 virus-derived
DNA).

Morc speeifically, an cxpression vector was constriicted
according 1o 1he following procedures. The plasmid clone 83
provided n Bxample 3 was amplified n & cofi and the
approximately 1.4 kb monkey EPO-cncoding DNA was
solated by LeoR1 and 1indII digestion. Separalely isolaled
was an approximately 4.0 kb, Hindll:Sall fragment from
pBR322. An approximately 30 bp, EcoR1/Sall “linker”frag-
menl wus obtained [rom M13mpld R DNA (P and L
Laboratories). This linker included, in sedes, an LceoRI

sticky end, followed by Sstl, Smal, BamHI and Xbal ree- 53

ognitiom siles and a 8all siicky cnd. The above three
fragments were ligated to provide an approximately 5.4 kb
mlermediale plasmid (*pLRS™) wherein the LPO DNA was
Napked on one side by o “bank” ol uselul restriction endo-
nuelcase recognition sites. pERS was then digested with
HindII and Sall w0 yicld the EPO DNA and the Ecolll to
Sall (M13mpl0) linker. The 1.4 kb fragment was ligated with
an approximalely 4.0 kb DBamlIII'Sall of pBR322 and
another M13mp10 Hind[1;BamHI RE fragment linker also
having approximately 30 bp, The M13 linker fragment was
characterized by a TTindITl sticky end, followed by Pstl, Sall.
Xbal re¢ognition sites and a Bamlll sticky ¢nd. The ligation
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product was, agawn, a vseful intermediate plasmid (“pBR-
LPO™ including the TPO TINA flanked oo both sides by
banks of restriction site,

The vector chosen [or expression ol the PO DNA in
COS-1 cells (“pDSVLL") had previously been constructed Lo
allow Tor seleetion amd aulonemons replication in £ eoli
These characteristics are provided by the origin of replica-
tion and Ampicillin resistance gene DNA sequences present
in the rerion spanning nucleotides 2448 through 4362 of
pBR322. 'This sequence was siruclurally modilied by the
addition of a linker providing a Hindlll recognition imme-
diately adjacent nucleotide 2448 prior to incorporation into
the vector. Among 1he selected vector’s other uselul prop-
crtics was the capacity to autonomously replicate in C0%-1
cells and the presence of @ viral promoter sequence Tnne-
tional in mammalian cells. These characteristics are pro-
vided by the origin of replication DNA sequence and “late
gene” viral promoler DNA scquence present in the 342 bp
sequence spanning nucleotide numbers 5171 through 270 ol

T the $V40 genome. A unique restriction sitc {BamHI) was

provided in the vector and immediately adjacent Lhe viral
promater sequence through use ol a commercially available
linker sequence (Collaborative Rescarch). Also incorporated
in the vector was o 237 hase pair scquence (derivad as
nuclentide numbers 2353 through 2770 of SV40) coutaining
the “late gene” viral mRNA polvadenylation signal
{commonly referred 10 as a lranscriplion erminator), This
fragment was positioned n the vector in the proper oricn-
tation vis-a-vis the “late gene™ viral promoter via the unique
Bamlll site. Alsor present in the veclor wias anolher mam-
malian gene at 4 localion nol malerial 10 polential ranscrip-
tion of a geoc inserted at the unigque BamH]I site, between the
viryl promoter and terminator sequences. [The mammaliso
gene comprised an approximately 2,500 hp mouse dihydro-
[olate reductase (DHFR) minigene isolaled [rom plasmid
pMG-l as in Gasser, ol al, PNAS (L8540, 79, pp.
63326320, (1982). ] Again, the major operative components
of plasmid pDSV1] comprisc nucleotides 2448 through
1362 of pBR322 along wilh nuclestides 5171 through 270
(342bp) and 2533 through 2770 (237hp) of SV40 INA.

Following procedures described, e.g.., in Maniatis, et al.,
supra, the LPO-encoding DNA was isolaled [rom plasmid
pBR-EP( as a BamHI fragment and ligated into plasmid
p1?SV11 cut with BamHI. Restriction cozyme analysis was
emploved (e conlinm insertion of the CPO gene in the comrect
orientation n two of the resuling cloned vectors (duplicate
vectors H and [). Sce FIG. 2, illustrating plasmid plDSVI -
MKE. Victors with EPG genes in the wrong oricnialion
(vectors T, X, and () were saved for use as negative controls
in trapslection experiments designed o delermine EPO
expression levels in hosls translormed wilth veclors having
EI*) IINA in the correct orientation.

Yeclors H, L, F, X aod 5 were combioed wilh carricr
DNA (mouse Tiver and spleen DNA) were employed 1o
transfect duplicate 60 mm plates by calcium phosphate
microprecipitate methods. Duplicate 60 mm plates were also
ranslected with carrier DNA as @ “mock” translormalion
ncgative control. After five days all culture media were
tested tor the preseoce of polypeptides posscssing the imm-
nological properies of nalurally-occurring PO,

EXAMPILE 7
AL Imitial LI Lxpression System [nvoelving COS-1 Cells
The system selected for imtial attempts at microbial

svnthesis of isolatable quantities of human TPO polypeptide
malerial coded for by the human senomic DNA LPO clone,
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also Involved expression in mamumalian host cells {ie..
COS-1 cells, AT.C.C. No. CRI-1630). The human TPO
gene was lirst sub-cloned into a “shuitle” vecor which is
capable of autonomous replication in hoth F.. coli hosts (by
virtue of the prescnee of pBR322 derived DNA) and in the
mammalian cell line COS-1 (by virlue ol the presence of
SVA0 virus derived DNA). The shuitle vector, conlaining the
EPO gene, was then transtected into COS-1 cells. EPQO
polypeptide material was produced in the transfected cells
and secreled inlo the cell cullure media,

Morc speeifically, an cxpression vector was constriicted
according Lo the [ollowing procedures. DNA isolaled [rom
lambda clone ALEL containing (he buman genomic CPO
gene, was digested with BamHIL and HindlIIl restriction
cndonucleases, and a 3.6 Kh DNA fragmeat known to
conlain the entire CPO gene was isolated. This fragment was
mixed and ligated with the Dbacterial plasmid pUCR
{Bethesda Rescarch Laboratories, Ine)) which had been
similarly digested, creating the intermediate plasmid
“pUCH-HubE™, providing a convenicat sowree of this restric-
{lion [Tagment.

The vector chosen for expression ol the TPO DNA in
COS-1 cells (pSVASED) had previously been consiructed,
Plasmid pSV45ET contained DINA scquences allowing
sclection and aulonomous replicallon in £ cofi. These
charactcristics arc provided by the origin of replication and
Ampicillin resislance gene DNA sequences present in (he
repion spaning nucleolides 2448 through 4362 ol ibe
bacterial plasmid pBR322. "This scquence was structurally
madificd by the addition of a linker providiog a HindIIl
recognilion sile immedislely adjacent 10 nucleolide 2448,
Plasmid pSV4SLL was also capable ol auonomous replica-
fion in (CO8-1 cells. This characieristic was provided by a
342 bp fragment containing the SV40 virus origin of repli-
cation (nueleotide oumbers 5171 through 2700, This frag-
menl had been moedilied by ihe addiion of a nker providing
an LeoRI recopnition sile adjacent 1o nucleotide 270 and a
linker providing a $all rccognition site adjacent nucleotide
5171, A 1061 bp tragment of V40 was also present in this
vector (nucleotide numbers 1711 1hrough 2772 plus 4 linker
providing a Sall recognition site next to nucleotide number
2772). Wilhin this [ragmenl was an omigque BamHI recog-
nition sequence. In summary, plasmid pSV4SECL contained
unicue BamHI and HindII recogaition sitcs, allowing nser-
tiom ol the human PO gene, sequences allowing replicalion
and selection in £, cofi, and sequences allowing replicalion
in (7051 eclls.

T order i inser the EPCY gene into pSVASEL plasmid
PUCS-TIUE was digested with BamTIT and TTindIT restric-
tion endonucleases and the 5.6 kb TPO encoding DNA
[ragment 1solaled. pSV4SLL was also digested with BamlIl
and INindIIl and the major 2513 bp [ragmenl izolated
{preserving all neeessary functions). These fragments were
mixed and ligated, creating the final veetor “pSVgHuEP(™”.
{See, TIG. 3.) This veclor was propagaled in E. coli and
veetor DDNA isolated. Restriction enzyme analysis was
cnployed 1o canfirm inserion of the EPCY pene.

Plasmid pSVelluLPO DNA was used Lo express human

EPO polypeptide material in (CO8-1 eclls. Maore specifically, 50

PSVeHUEPD IDDNA was combincd with carricr DNA and
tramslected into (riplicate 60 mm plates of COS-1 cells, As
a control, carrier DNA alome was also wansfecled imo
CO8-1 cells. Cell culture media were sampled five and
seven days later and tested for the presence of polypeptides
possessing the immunological properties of naturally occur-
ring human LIO.
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B Second LPO Lxpression System Involving COS-1
Cells

Still another system was designed to provide improved
production of human EPO polypeptide material coded by the
buman genomic DNA CPO clone in COS-1 cells (AT.C.C.
No. CRI-1650).

In the immediaiely preceding system, CPO was expressed
in COS-1 cells using ils own promoter which is within the
5.6 Kb BamHI to HindIIl restriction fragment. [n the fol-
lowing consiruciion, the LPO gene is altered so thal 11 is
expressed vsing the SV40 Lale promoler.

More specifically, the cloned 3.6 Kh BamHI to Hindlll
menomic human PO resiriclion ragmenl was modilied by
the following procedures, Plasmid pUCS-ITuE, as described
ahove, was cleaved with BamHI and with BstEII restriction
endonucleases. BstEIL eleaves within tbe 5.6 Kb EPO geoc
at a position which Is 44 base pairs 5 to the initlating ATG
coding for the pre-peptide and approximatcly 680 base pairs
3' lo the indlII resiriction sile. The approximatcly 4900
base pair fragment was isolated. A syothetic linker DNA
fragment, cootaining Sall and Bstbll sticky cnds and an
nternal BamIIl recognilion site was synthesized and purl-
lied. The two [ragments were mixed and Hgated wilh plas-
mid pBR322 which had been cut with Sall and BamHI to
produce the intermediate plasmid pBRelIE. The renomic
human EPO gene can be isolated therefrom as a 4900 base
pait BamHI digestion Mragmoeni carmying the complete siruc-
tural pene with a single ATG 44 base pairs 3 1o BamlIl sile
adjaccot the amino terminal coding region.

This Tragmen was isolaicd and inscericd as o BamHI
[ragment into BamHI ¢leaved expressicn veelor plasmid
pSVI (described in Example 6). The resulting plasmid,
psVLgHuEPO, as illustrated i FIG. 4, was uscd to cxpress
LPO polypepiide matenal from COS-1 cells, as described in
Examples 6 and TA.

CXAMPLL 8

Cullure media [rom growlh ol the six (ranslecled COS-1
culturcs of Example 6 were analyzed by radioimmunoassay
aceording (o 1he procedures set [orth in Bxample 2, Parl B,
Lach sample was assaved a1 250, 125, 50, and 25 microliter
aliguot levels. Supernatants from growth of eclls mock
iranslected or transfecied with vectors having incorreet ERCG
gene origntation were unambiguously neaative for CPO
immunorcacivily. For cach sample of (he two supematanls
derived [rom growlh ol COS-1 cells translected wilh veclors
{H and L.} baving the EPO DNA in the correct oricntation,
the % inhihition of "*I-EI(O binding to antibody ranged
from 72 1o 88%, which places all values at the wp ol the
standard curve, The exact concemration of LPO in the
culture supernatant could not then relighly be estimated. A
quile conservialive estimale ol 300 mU/ml was made,
however, from the value calculation of the largest aliquot
size¢ (250 microliler).

Areprescnlative cullnre Muid sceording 1o Example 6 and
five and seven day culture Huids obtained according to
Lxample 7A were lesled nlhe RIA in order 10 compare
activily of recombinanl monkey and human EPO matlerials
to a naturally-oceurring human B standard and the results
arc sct out in graphic form in FIG. L Bricfly, the results
expeciedly revealed that the recombinanl menkey CPO
signilicantly compeled [or ani-human BPO antibody
although it was not able to complctely inhibit binding under
the test conditions. The maximum percent inhibition values
for recombinant human TPO, however, closely approxi-
miled those ol the human LI standard. "Uhe parallel nalure
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of the dose response curves suggests immuonological identiry
of the sequences {epitopes) in common. Prior estimates of
monkey LPO o culiure Quids were re-evaluated al these
higher dilution levels and were found to range from 2.91 o
3.12 U/ml. Estimatcd buman EPO production levels were
corrgspondingly sel al 392 mUsml [or the lve-day prowth
sample and 567 mU/ml [or the seven day prowth sumple.
Hstimated monkey EPO production levels in the Example
7B expression system were on the same order or better.

EXAMPLE 9

Cullure Tuids prepared according lo Examples 6 and 7
were subjected (o an in vilre assay lor EPO activily accord-
ing to the procedure of Goldwasser, ot al., Erdocrianiogy,
97, 2, pp. 315 323 (1975). Estimated monkey EPO valucs
Lor culivre Huids tesicd ranged [rom 3.2 10 4.2 U/ml. [uman
LPO culture Huids were also active i this In vitro assay and.
turther, this activity could be newtralized by anti-EPCr anti-
body. The recombinant monkey EPO culture fluids accord-
g 1o Cxample 6 were also subjected Lo an assay [or in vivo
biological activity according to the goneral procedures of
Coles, ot al, NMafeee, 191, ppo 10651067 (1961) and
Hammiond, ¢l al, Are. MY Acad Sei, 149, pp. 516527
{1968) and aclivily levels ranged [tom 0.94 o 1.24 Usiml,

EXAMPLL 10

In 1he previous examples, recombinam monkey or human
EPD material was produced from veetors used to transfeet
C08-1 cells. These veetors replicate in COS-1 colls duc to
the presence of $Y40 1 antigen wilhin the cell and an SV40
origin of replication on the vectors. Though these vectors
produce useful quantitics of EI(O in (208-1 cells, expression

is anly transicnt (7 to 14 days) duc to the cventual loss of the 33

veclor, Additionally, only o small percentame ol COS-1
beeame productively transfeeted with the vectors. The
presenl example describes cxpression syslems cmploying
Chinese hamster avary (CHOY ITHERT ealls and the seleet-
able marker, DIITR. [Tor discussion of relaled expression
systems, scc UK. Pat, No. 4,399,216 and Ewropcan Patcat
Applications 117038, 1170539 and 117060, all published
Auy, 29, 1984.]

CIIO DIITR™ cells (DuX-B11) CIIO K1 cells, Urlaub, el
al., Proc. Nat. Acad. Sci. (U534}, Vol. 77, 4461 (1980) lack
lhe enzyme dibydrololate reduclase (DIITR) due 10 mula-
{ioms in (he struclural genes and therelore require the pres-
ence of glyvcine, hypoxaothine, and thymidine in the culture
media. Plasmids pDSVI-MEE (Example 6) or plISVI-
aHuEIO (Example 7B) were transteeted along with earricr
DNAinwe CIIO DIIFR™ cells arowing in media conlaining
hypoxanthine, thymidine, and glyeine in 6 mm culturc
plates, Plasmid pSYgHuEPO (Example 7A) was mixed wilh
the plasmid pMG2 comiaining a mouse dihydrofolate redue-
lase gene cloned inlo the baclerial plasmid veclor pBR322
{per (vasscr, ot al., supra.) The plasmid mixture and carricr
DNA wus lranslected into CII0 DIITR™ cells, {Cells which
acquire one plasmid will generally alse acquire a second
plasmid). After thres days, the cells were dispersed by
trypsinization ioto several TOO mm culture plaics o muedia
lacking hypoxanthine and 1hymidine, Only those cells which
have been stably translormed wilh the DIITR pene, and
therehy the B gone, survive in this media. After 7 21
days, colonies of surviving ¢ells became apparenl. These
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transformant colanies, atter dispersion by trypsinization can
be continvously propagated in media lacking hypoxanthine
and thymidine, crealing oew el sirains (e.g. CHO pDSV-
MELPO, CIIO pSVglIuEPO, CTIO-pDSVL-glIuLPO).

Culture fluids from the above ccll strains woere tested in
the RIA for the prescoce of recombinant monkey or human
LPO. Media lor sirain CIIO pDSVL-MEKLPO contained
EIM) with immunological propertics lilke that obtained from
COS-1 cells transteeted with plasmid pDSVI-MEEPO. A
epresentative 65 hour cullure Quid contained monkey LIPO
at 0.60 Usiml.

Culture thuids from CHO pSVgHuEPO and CHO
pIISVL-gHUEPO contained reeombinant human EICY with
immunolygical propertivs like that obtained with COS-1
cells transfected with plasmid pSVeITuLPO or pDSVI-
gIIUEPO. A representative 3 day cullure [uid [rom CIIO
pSYeHUERO contained 2.99 U/ml of buman EPO and a 5.5
day sample rom CIIO pDSVL-gIIuEPO had 18.2 Timl of
human EP( as mcasured by the RTA.

The quantity of EPO produced by the eell strains
described above can he incrcased by gene amplitication
miviny new cell sirains of greater productivity, The enzyvme
dihydrofolate reductase {DHFR) which is the product coded
for by the DITTR gene can be nhibited by the drug meth-
wirexate (MTX). More specifically, cells propagaled in
media lucking hypoxanthine and thymidine are mhibiled or
killed by MTX. Under the appropriate conditions, (c.g.,
minimal concentrations of M IX) cells resistant ta and ablc
lo grow in MTX can be oblained. "These cells are found to
be resistent to MTX due to an amplification of the oumber
of their DHER genes, resulting in increased production of
DHER enzyme. The sueviving cells can, in tuen, be treated
wilh ncreasing concenirations ol MTX, resulling i cell
strains containing greater numbers of DYHFR genes. “Pas-
senger genes” (e.z, EPOY cared on the expression veclor
along with the IYHFR gene or iransfarmued wilh the DHER
gene are [requently lound also o be increased in their gene
copy number.

As examples of practice ol this amplificalion syslem, cell
sirain CHO ISV -MEE was sabjected o increasing MTX
concentrations (0 nM, 30 nM and 100 nM). Representative
63-howr culture media samples from cach amplification step
were assayed by RIA und delemmined (o contain 0060, 2.45
and 6.10 Uml, respeciively, Cell sitan CIIO pDSVL-
¢ITuCEPO was subjected to a series of lncreasing MTX
conceatrations of 30 oM, 50 oM, 100 oM, 200 oM, 1 ub,
and 5 4M MTX. A representative 3-day culture media
sample [rom the 100 oM MTX step contained human EPO
at 30894124 u/ml as judged by RIA. Representative 48 hour
cullural medivm samples [tom the 100 oM and 1 M MTX
sleps comtained, respectively, human EPCY a1 466 and 1352
Uiml as judged by RIA (average ol iriplicate assays). In
these procedures, 1:x10% cells were plated in 5 ml of media
in 60 mm culiure dishes. Twenly-lour hours laler the media
were removed and replaced with 5 ml ol serum-lree media
thigh ghicose DMEM supplemented with 0.1 mM non-
essentia] amiow acids and [-glulamioe). EPO was allowed 1o
aceumulate [or 48 howrs in the serum-Iree media. The media
wis collected lor RIA assay and the cells were irypsinized
and counted. The average RIA valucs of 467 U/ml and 1352
Uml lor cells grown al 100 oM and 1 M MTX,
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respectively, provided actual vields of 2335 Udlate and
6750 Usplate. The average cell numbers per plate wers
1.94x10% and 3.12x10% colls, respectively. The elfective
praduction rates for these cullure condilions were thus 1264
and 2167 Ur10® cellsi48 hours.

‘The cells in the cultures described immediately above arc
a genelically helerogeneous populaiion. Standard screemng
procedures are heing cmploved n an attempt to isolate
aenetically homogeneous clones with the highest production
capacily. See, Scetion A, Parl. 2, af “Points 1o Consider in the
Characterization ol Cell Lines Used 10 Produce Biologics™,
Jun. 1, 1984, Oftice of Biologics Rescarch Review, Centor
tor Drugs and Hiclogies, U.S. Food and 1drug Administra-
liom.

The productivity of the LPO producing CIIO cell bnes
described shove can be improved by appropriate ecll culture
teehniques. ‘The propagation of mammalian cells in culture
generally requires the presconce of scrum in the prowth
media. Amethod for production of ervthropoietin from CT10
cells in media that docs not contain scrum greatly facilitates
the purification of erythropoictio trom the culture medium.
The method described below is capable ol economically
producing erythropoictin In serum-free media in large quan-
tities sufficient for production.

Strain CHO pDSVIE-gHuEPQO cells, grown in standard
cell culture condilions, are vsed Lo seed spinner cell cullure
flasks. The cclls are propagated as a suspension ecll line in
the spinner cell culture Dask in media consisting ol a 50—35(0)
mixture ul high glucose DMEM and Ham’s F12 supple-
mented with 5% fetal call serum, L-glulamine, Penicillin
and Streptomycin, 005 mM noo-cssential amino acids and

the appropriale concentralion ol metholrexale. Suspension

cell culture allows the LIYO-producing €110 cells 10 be
expanded easily to large volumes. CTTO cells, grown in
suspension, are used to sced roller bottles at an initial
seeding density of 1.5¢107 viable cells per 850 em® roller
boltle in 200 ml of media, The cells are allowed o grow (o
conflucncy as an adhercot cell line over a three-day period.
The media used for this phase ol the growth s the same as
nsed Tor growth in suspension. Al the end of the three-day
arowlh period, the serum conlaining media is removed and
replaced with 100 m1 of scrum-free media; S0—50 mixturc
of high wlucoss DMEM and [Tam’s T'12 supplemenled with
0.05 mM non-cssenlial amine acids and L-glutamine, The
roller bottles are retwrned to the roller bottle incubator for a
perind of 1-3 hours and the media again is removed and
replaced with 100 ml of tresh serum-free media. The 1-3
hour incubation of the serum-lree media reduces the con-
centration of contaminating scrum proteins. The roller
boliles are relumed Lo the incubator for seven days during
which crythropoietin aceumulaies in the serum-free culinre
media. Al the end ol the seven-day production phase, the
conditioned media is removed and replaced with fresh
serum-Iree medivm [or o second production cvele, As an
example ol the practice of this production syslem, a repre-
sentative seven-day, serum-free media sample contained
human erythropoictin al 33922400 Udnl as judged by the
RIA. Based om an estimated cell density of 0.9 o 1.8x10°
cellsiem?, each 850 cm® roller bottle contained rom 0.75 1o
1.5%10" cells and thus the rate of production of EIX) in the
7-day, 100 ml cullure was 750 10 1470 Us10° cellsi48 hours.
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Colture fluids from cell strain CIIO pDSVL-MECPO
carried in 10 nM MTX were subjected to RIA In witro amd
n vivo ERO activity assays. The conditioned media sunple
contwined 41.2z1.4 Uml of MKEPC as measured by the
RIA, 41.220.064 U/ml as measured by the in vitro biological
activity assay and 42 .55 Liml as measiweed by the 1o vivo
biological aciivity assay. Amino acid sequencing of
polypepiide products revealed 1he presence ol TPO
products, a principle specics having 3 residucs of the
“leader” sequence adjacent the pulalive amino terminal
alanine. Whether this iz the resull ol incorrecl membrane
processing of the polvpeptide in CHO eclls or refleets a
dillerence in struclure of the amine lemminws of monkey
LPO vis-a-vis human CPO; 1s presently vnknown.

Culture fluids from cell strain CTIO pDSVI-gTTUEPO
were subjected 1o the three assays. A 5.5 day sample
conlained reeombinanl human EPO in the moedia al a level
of 18.2 Tsml by RIA assay, 15.824.0 Urml by In vitro assay
and 16.8+3.0 Usml by in vivo assay.

Culture fluid from CIIO pDSVL-¢IIVEPO cells prepared
amplified by stepwise 100 oM MTX were subjected to the
three assays. A 3.0 day sample conlained recombinani
human EPO at a level of 3089129 Uiml by RIA, 25824715
Liml by in vitro assay, and 2040+160 Usml by in vivo assay.
Amino acid scquencing, ol this producl reveals an aming
terminal corresponding to that designated in TTIG. 6.

Cell conditioned media from CITO cells transfected with
plasmid pDSVL-MKE in 10 oM MTX were pooled, and the
MTX dialyzed oul over several days, resuliing in media with
an EPO sctivity of 221251 U1 (EPO-COM). T delenming
the in vivo ellfeet of the EPO-CCM upon hemaltoernt levels
in normal Balb/C mice, the following cxperiment was con-
dacted. Cell conditinned media from untransfeeted CHO
cells (CCM) and LPO-CCM were adjusted with PRS. CCM
wais used Lor 1he control group (3 mice) and two dose levels
of EPO-COCM—4 units per injection and 44 units per
injection—were employed lor the experimental groups (2
micesgroup). Over the cowrse of 3 weeks, the seven mice
were mnjecled intrapertoncally, 3 times per week, Aller the
cighth injection, average hemaioerdl values Lor the control
group wore determined o be 30.4%.; for the 4U group,
55.1%; and, for the 44U group, 67.9%.

Mammalian cell expression products may be readily
recovered in substantially purified form from culture media
using HPLO () emploving ao cthanol gradient, preferably
at pH7.

A preliminary atlempl was made 10 characlerze reeom-
binant glycoprotein products from cooditioned medium of
(208-1 and CHO cell expression of the human EPO gene in
comparison to human urinary EP( isolates using both
Weslern blot analysis and SOS-PAGLE. These studies indi-
cated that the CHO-produced EP¢) material had o somewhat
higher molecular weight (han the COS-1 expression preduct
which, in tum, was slightly Targer than the pooled sonrce
human vrinary exiract. All products were somewhat hetero-
geneots. Natraminidase cnzyme treatment to remove sialic
acid resulled m COS-1 and CIIO recombinant products of
approximalely equal molecular welght which were both
nonetheless larger than the resulting asiale buman wrinary
extraet. Endoglyeosidase Foeneyme (BEC 3.2.1) treatment of
the recombinant CITO product and the urinary extract prod-
vel (1o tolally remove carbohydrate [rom both)y resulied in
substantially homogencous products having cssentially
identical molecular weighl characteristics.
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Purified lwman vrinary TPO and a recombinant, CII0
cell-produced, EPO according to the invention were sub-
Jecled 10 cartbobydrale analysis according lo the procedure of
Ledeen, et al. Methods in Enzvmology, 83(Pari ), 139-191
{1982) as mudificd through use ol he hydrolysis procedores
ol Nesser, ol al., Anal. Biochem., 142, 58-67 (1984). Lxperi-
mentally determined carbobydrate constitution valucs
{expressed as molar ratios of carbohydrate in the produet)
for the urinary isolate were as follows: Ilexoses, 1.73;
N-acctylghicosamine, 1; N-acctylocuraminic acid, 0.93;
Fueose, (; and N-acelyl-zalaciosamine, 0. Comresponding
values lor the recombinant product (derived [rom CIIO
PISVL-gHUERO 3-day culture media sl 100 oM MTX)
wore as Lollows: Hexoses, 15.0% N-acetylglucosamine, 1;
N-acetyincuraminic acid, 0.998; Fucosc, (4 and

N-acctvlgalactosamine, (0. "These findings arc consistent with

lhe Western blot and SDS-PAGE analysis described above.

Glyveaprotein products provided by the preseat invention
arc thus comprehensive of products having a primary struc-
lural conlormation sulliciently duplicaiive ol lhal ol a
naturally-nccurring erythropoietin to allow possession of
one or more of the biological properties thergof and having
an average carhohyvdratc composition which difters from
that of naturally-occurring erylhropoieiin,

LXAMPLL 11

The present example relates (o the tolal maoulaciure by
assembly of nucleotide bases of two struetural genes cncod-
ing the human species LPO sequence ol TIG. 6 and
Incorporaling, respectively “prelemed” codons lor expres-
sion in £ el and yeast (S.eerevisiae) cells. Also deseribed
is the construction of penes cocoding analogs ol human
LPO. Tiriefly stated, the protocol emploved was generally as
set out in the previously noted disclosure of Alton, et al.

{WO 83/04053). The grenes were desipned Lor inilial assem-

bly of componcnt oligonucleotides into multiple duplexcs
which, in turn, were assembled into throe discrete scotions.,
These sections were designed [or ready amplilication and,
upon removal [rom the amplilication sysiem, could be
assembled scquentially or through a multiple fragment liga-
Lion in suilable expression veclie

TIGS. 10 through 15 and 7 below ilustrate the design and
assembly of a maoufactured gene encoding 2 human B
translation prodoct Tacking any leader or preseguence but
including an Initial methionine resichie at position =1.
Morcocver, the gene incorporaied in substanlial parl £ cofi
prelerence codons and the construclion was iherelore
referred to as the “ECEO™ gene.

More particularty, FIG. 10 illustrates oligonucleotides
employed 0 generate the Section 1 ol the LCEPO gene
cncoding amino terminal residucs of the human specics
polypeptide. Oligonueleotides were assembled into
duplexes (L and 2, 3 and 4, e1¢)) and the duplexes were then
ligated o provide CCLPO Section 1 as in IIG. 11, Note that

the assembled scotion includes respective terminal Ecoll sy

and BamH1 sticky ends, ihal “downsiream™ ol the Feoll
sticky end is a Xbal restriction enzyme recognition site; and
that *upstream™ ol the Bamlll sticky ¢nd 1s 4 Kpnl recoy-
nilion site. Secltien 1 could readily be amplilied vsing the
M13 phage vector emploved for verification of scquence of
the scetion. Some difficultics were cocountered in isolating
the section as an XbalKpnl [ragment [rom RIF DNA gen-
eraled in E. coli, likely due 10 methylation of the Kpnl
recognition site hascs within the host. Single-stranded phage
DNA was therefore isolated and rendeced into double-
stranded form in vitro by primer extension and the desired
double-siranded [ragment was (herealler readily isolated.

il
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LCEPO gene Sections 2 and 3 (TIGS. 13 and 15) were
constructed o a similar manner from the nligonucleotides of
LIGS. 12 and 14 respectively. Lach section was amolificd in
the M 13 vector employed for sequence verification and was
isolated from phage DNA. As s apparcot from Flés, 13,
LCTLPO Section 2 was conslrucled with LeoRI and BamlID
sticky ends and could be isolaled as a KpnlBelI [ragment.
Similarly, ECEPCO Section 3 was preparcd with BamHI and
Sall sticky ends and could be isolated from phage RE DNA
as a BellsSall fagment. The three sections thus prepared
can readily be assembled inlo a coniinuous DNA sequence
(I'1C. 7) encoding the enlire human specics LPO palypep-
tide with an amino terminal methionine eodon (ATG) for 7.
cofi translation initiatinn. Note also that “upstrcam™ of the
milial ATG is 4 senes of base pairs substantially duplicaling
the ribosome binding site sequence ol the highly expressed
OMDP-f gene of £ eofl.

Any suilable cxpression vecior may be crnploved fo carry
the CCTPO. The particular vector chosen for expression of
the CCEPO gene as the “temperature sensitive™ plasmid
pCIMS36—a derivatlive ol plasmid pCLM414 (ATC.C.
40076)—us described in co-pending U.S. patent applicalion
Ser. No. 636,727, filed Aug. 6, 1984, (Publishcd EPO
Application No. 736490y by Charles T Morris. More
specilically, pCTMS536 was digested with Xbul and IlindIII;
the large fragment was isolated and emploved in a two-part
Tigatinn with the ECERO gene. Scetions 1 (XDbaliKpnl), 2
(KpnI/Belll) and 3 (BIl/Sall) had previously heen
assembled in the correct order in M 13 and the EPO gene was
solated therelrom as a single Xbal1lindIl [ragmend. This
fragment inchuded a portion of the polylinker from M13 mp?
phage spanning the Sall to Hindl1 sites therein. Contral of
expression in the resvlling expression plasmid, p536, was by
means ol a lambda PL promoter, which itsell may be under
control of the (-, repressor gene (such as provided in Jo
cofi strain K12AHLm).

The manulaclured BCLEPO gene above may be variously
madificd to cneode crythropoictin analogs such as | Aso?,
des-Pro® (hrough 1e%]hEPO and [Llis hEPO, as described
below,

A, [Asn®, des-Pro® lhrough Ile*]hbPO

Plasmid 530 carrying the CCLPO manufactured gene of
FIG. 7 as a Xbal 1o HindlII insert was digested with Hindlll
and Xhol. The latter endonuclease culs the LCEPO gene al
a wnique, O hase pair recognition site spanning the last basc
ol 1he codon encoding Asp® through ihe second base of the
Arg™™ codon, A XbalXhol ~linker” sequence was manulac-
tured having the following scquence:

Xbal +. 2 7 g g

Me< Rla Asn Cys Asp
5'-CTAC ATC CCT AAT TCC CAc-3'
3'-TAC CGA TTA ACG OTG AGIT-5'

XhoI

The XbalXhol linker and the XbhoI TlindIII ECLPO gene
sequence fragment were inserted into the large fragment
resulling [rom Xbal and ITndIII digestion ol plasmid
pCTMS20—a derivative of plasmid pCTM41d (A T.C.C.
40076)—as described in co-pending U.S. patent applicalion
Ser. No, 636,727, liled Aug. 6, 1984, by Charles 1 Momis,
to generate a plasmid-borne DNA scquence encoding £ colé
expression of the Met™ [om ol the desired analog.

B. [ITis7JaLPO

Plasmid 330 was digested with indIII and Xhol as n
part A above, A Xbal/Xhol linker was manufactured having
the lollowing sequence:



Case 1:05-cv-12237-WGY Document 485-2

Filed 06/11/2007 Page 54 of 57

5955422

31

Ebal +1 =z K 4 ) ] 7 & 4
3'=CTAG ATG GOT CCG CCA COCGT COTG ATC CAT GAC-3'
3'-TAC OGR GGC GGT 5CL GAC TAG GTRA OTG AGTI-G&'

The linker and the Xhol IIndOI TCLPO sequence [rag-
menl were then inserted into pCIMS26 1o generale a
plasmid-borne INA sequence encoding £ eoll expression
of the Met™ form of the desired analog.

Construclion ol o manulaclured gene ("SCLEPO™) incor-

porating veast prefercoce codons s as described in the
tollowing HIGS. 16 through 21 and 8. As was the casc with
the ECEPO grene, the entire consiruetion involved fommation
of three scts of oligonucleotides (FIGS. 18, 18 and 20) which

were Tormed inlo duplexes and assembled into seetions

{TTGS. 17, 19 and 21). Note that syathesiz was facilitated in
part by use of some sub-optimal codons in hoth the SCEPO
and LCLPO consiruciions, ic., oligonucleolides 7-12 of
Seclion 1 ol both genes were identical, as were oligonucle-
otides 1 6 of Scction 2 in cach genc.

The assembled SCEPO seeiions were sequenced in M13
and Sections 1, 2 and 3 were isolatable from the phage as
[TindITLKpal, KpolDelll, and Balll:Sall fragments.

The preseotly preferred expression system Tor SCEPO

gene producds s a seeretion system hased on S.cerenisioe
a-factor secretion, as described in copending ULS. patent
application Ser. No. 487,753, filed Apr. 22, 1953, by Grant
AL Biller, published Qcl. 31, 1984 as Luropean Palent
Application ¥ 123,294, Hricfly put, the svstem involves
constructions whercin DNA cnending the leader sequence of
the yeast e-Lactor pene product is positioned immedialely 5
1o the coding region ol the exogenous rene 10 be expressed.
As aresult, the gene product ranslated Tocludes a leader or
signal sequence which is “processed off” by an endogenovs

Xhe

3

yeast enzyme in the course of secretion of the remainder of -~

the product. Because the construction makes use ol the
a-lactor translation initiation (A1G) codon, lbere was oo
necd to provide such a codon at the —1 position of the
SCLEPO gene. As may be noted from TFIG. 8, the alanine {(+1)
encoding sequence is preceded by a linker sequence allow-
ing for dircet insertion into a plasmid including the DNA for
the first 80 residues ol the e-lactor leader Tollowing the
a-factor promoter. The specific preferred construetion for
SCLPO gene expression iovolved a four-part ligation
mcluding the above-noted SCLIMO seetion [ragmenis and the
large fragment of HindIT1:5a1T digestion of plasmid peC3.
From the resulting plasmid pal3:5CEPO, the o-factor
promeder and leader sequence and SCEPO gene were 1so-
lated by digestion with BamlIIl and ligated into BamlIII
digested plasmid pYE to form cxpression plasmid pYE/
SCEPO. EXAMPLE 12

The present example relates W expression ol recombinant
products of the manufacturcd ECEPO and SCEPO genes
within the expression systems of Example 11.

In use of the expression svslem designed [or use ol E. colt
host cells, plasmid p336 of Example 11 was transformed
into AM7 2. coli cells previous]y transformed with a suitable
plasmid, pMWI, harboring a C,y- gene. Cultures ol cells in

LB broth (Ampicillin 30 gg/ml and kanamyecin 5 g/l 4

preferably with T mM MeS0) were maintained @1 28° (.
and upon growth of cells in culture o 0N, CPO
expression was induced by raising the culture temperature to
42° €, Cells grown o aboul 40 O.D. provided LIYO pro-
duction (as estimaled by gel) of aboul 5 mgiOD liler.
Cells were harvested, lysed, broken with French Press
{ 10,000 psi) and trealed with Lysozyme and NI-40 delergent.

4
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The pellsl resuling [rom 24,000 xz centrilupalion was
solubilized with guanidine IIC1 and subjected 10 [urther
purificadion ina single step by means ol O, (Vydac) Reverse
Phase IPLC (LIOLL (-804, S0 mM NI Ae, pll 4.5).
Protein sequencing revealed the product to be greater than
93%, pure and the products obtained revealed two different
aming wrminals, A—P—P—R. . . and P—P—R. . . n a
rclative quantitative ratio of about 3 to 1. This latter obscr-
vation of hCLPO and [des Ala” ThEPO producls indicates thal
amine lerminal “processing™ within the host cells serves 1o
remove the terminal methionine and in some instances the
initlal alanine. Radiohmmunvassay activily Tor the isolales
was at a level of 150,000 to 1o0,000 Uimg, in vitmo assay
activity was al a level of 30,000 10 62,000 Uimg; and in vivo

=1

L assay aclivily ranged from about 120 o 720 U/myg. {(CL,

human urinary isolatc standard of 70000 Usmg in cach
assay.) I'he dosc responsc eurve for the recombinant product
i the 1 vive assay dillersd markedly [rom thal of the
human vrinary LPO stundard.

The EPG analog plasmids formed in parts A and B of
Lxample 11 were each translormed into pMW 1 -ranslformed
AMT E. ecofi cells and the cells were cullured as above,
Purificd isolates were tested in both RIA and in witro assays.
RIA and in vilry assay valoes for [Asn™ des-Pro2 through
TIe"JWEPQ expression products were approximately 11,000
Uimy and 6,000 Uimg protein, respectively, while the assay
values [or [[1s7ThEPO were about 41,000 Usmg and 14,000
Uimg protein, respoctively, indicating that the analog prod-
ucts were from one-fourth to one-tenth as “active™ as the
“parent” expression product in the assays.

In the cxpression system designed for use of S.cerevisiae
host cclls, plasmid pYE/SCEPD was transtormed into tao
dillerent strains, YSDP4 (menolype o pepd-3 irpl) and RKSL
{genotype o pepd-3 wpl). Translonmed YSDP4 hosts were
grown in 81 medium (Mcthods in Yeast Genctics, Cold
Spring Harbor Tabormory, Cold Sprina Harbor, NJY., p. 62
(1983) supplemented with casamino acids at 0.5%, pIT 6.5
al 30° C. Media harvesied when the cells had been grown to
36 0.1 contained LI"O products al levels ol about 244 Uiml
{97 w2700 liter by RIA)Y Transformed RKS1 cclls grown to
cither 6.5 .13 or 600 0.1 provided media with EPO
coneenlrations of about 80-90 U/ml (34 #p/0D liter by
RIA)Y. Preliminary analvses reveal significant heterogencity
in products produced by the expression system, likely to be

o due Lo varlations iIn glveosylalion of proteins expressed, and

relatively high manoose content of the associated carbohy-
drale.

Plasmids PoC3 and pYD in IIBLOL1 £, coff cells were
deposited in accordance with the Rules of Practice of the
U5, Patent Ollice on Sep. 27, 1984, with (he American Type
Culture Collecion, 12301 Parklawn Drive, Rockville, Md.,
under doposit mimbers AT 39881 and AL, 39882,
respectively. Plasmids pCEMS26 in AM7 cells, pOFMS36 in
IMI03 cells, and pMWIL in JM103 cells were likewise
deposited on Now, 21, 1984 a5 ACTCLC. 39932, 39934, and
30433, respectively. Sacoftaromvees cerevisige strains
YSPD4 and RE81 were deposiled on Nov, 21, 1984 as
AT.CC 20734 and 20733, respectively.

It should be readily apparent from consideration of the
above Hlustrative examples that mumercvs exceptionally
valuahle products and processes are provided by the present
invention in ils many aspecls.
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Polypeptides provided by the invention are conspicuously
usctul materials, whether they arc microbially cxpresscd
products or synlhetic products, the primary, secondary or
lertiary siructural conformation of which was [irst made
knowen by the presenl imvention.

As previously indicaicd, recombinani-produced and syn-
thetic prochicts of the invention share, to varying degrees.
the in vilro biologieal aciivily ol LIO 1solates [rom natural
sources and consequently are projecled o have uldily as

suhstitutes for EPO isolates in cultire media emploved for

arowth of crythropoictic cells in culture. Similarly, to the
exlent thal polypeplide products of the invention share the in
vivo activily ol natvral EPO isolates they are conspicuously
suilalile Tor nse in erythropaictin therapy procedures prac-
ticed oo mammals, including humans, to develop any or all
of the effects herefore attributed in vivo o CPO. e.g..
stimulation ol reticulocyle response, development ol Lerro-
kinetic ellects (such as plasma ron wmover elects and
marrow transit time ctfcets), crythrocyte mass changes,
stimulation of hemoglobin O synthesis (sce, Eschbach, ¢t al.,
supra) and, as indicaled in Lxample 10, increasing hemat-
nerit levels in mammals. Included within the elass of
humans freatable with produets of the invention are paticnts
generally requiring blood transfusions and including trawma

victims, surgical patients, renal disease patients including -

dialysis patients, and pallenls with a vancely of blood com-
position allecting disorders, such as hemophilia, sickle cell
discase, physiologic ancmias, and the like. The minimiza-
tion of the need [or translusion therapy throuph use of CPO
therapy can be expecied to resull in reduced traosmission of
infections agents. Products of the invention, by virme of
their production by recombimant methids, are cxpeeted 10 e
free of pyrogens, natiral nhilitory substances, and the like,
and are thus likely to provide enbanced overall sffectiveness

0 therapeulic processes vis-a-vis nalurally derived products,

Erythropoictin therapy with products of the present inven-
tion Is also cxpected to be usetul in the cnhancement of
oxygen carrying capacily ol individuals encountering
hypoxic environmenial condilions and possibly in providing
beneflcial cardiovascular cffeets.

A prelerred method lor admindsiration ol polypeptide
praducts of the invention is by parenteral (e.g.. IV, IM, 5C,
or [’y routes and the compositions administered would
ordinarily include therapeutically clTective amonnts ol priod-
uct in combination with acceptable diluents, carriers and:or
adjuvants, Prelimimary pharmacokinetic studics indicate a
lomger hall-lile 1o vivo lor mookey LPO products when
administered LM rather than 1V, Effective dosages arc
cxpected to vary substantially depending upon the condition
reated but therapeutic doses are presently expected 1o be in
the range ol 0.1 (~7U) 10 100 (~7000U) ggr'ky body weight
of the active material. Standard dilucots such as buman
serum albumin are contemplaled for pharmaceutical com-
positions of the iuvention, as are standard carriers such as
saling,

Adinvant malerials suilable for use in compositions ol the
invention include compounds independently noted for ervth-
ropoiclic stmulalory cllcets, such as wesloslcrones, progeni-
lor cell stimulalors, insulin-like growih lacloer,
prostaglandins, scrotonin, cvelic AMIP, prolactin and
triiodothyronine, as well as agents gencrally emploved in
ireatment of aplastic anemia, such as methenolene, stano-
zolol and nandrolone [see, e.4., Reseygonli, el al., Panmineria
Medica, 23,, 243-248 (1981); McGonigle, ot al., Kidaey Inr.,
23¢7), 437444 (1984); Paviovic-Kantera, et al., Expf.
MTemaroal, S(Supp. 8), 283291 (1980, and Kwtz, FERS
Letters, 14a(1), 105-108 (L982)]. Also conlemplaled as
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adjuvants are substances reported to enhancs the effects of,
or synergize, crythropoictin or asialo-EPO, such as the
adrenergic agomsls, thyroid hormones, androgens and BPA
[see. Dunn, “Cument Concepls in Lrylhropoiesis®, Joho
Wilcy amd Sons (Chichesier, England, 1983); Weiland, i a1,
Blui, 44(3). 173-175 (1982); Kalmanti, Kidney Int., 22,
383 391 (19%2); Shahidi, New. fng. 1. Med., 289, 72 80
(1973); Fisher, ct al., Srersids, 3006), 833-845 (1977);
Urabe, et al., J. Exp. Med, 149, 1314-1325 (1979); and
Billat, ct al., Fxpt. ematol, 1001), 133140 (1982} ] as wcll
as the classes of compounds desinaled “hepatic eryihro-
poielic laclors” [see, Naughton, el al., ActeHaemar,, 69,
171179 (1983)] and “erythrotropins” [as described by
Congote, ct al. in Abstract 304, Proccedings 7th Interna-
tional Congress ol Dndocrinology (Quebec Clly, Quebec,
Jul. 17, 1984Y, Congole, Miochem. Biopfvs. Res. Cennn,
115(2), 447483 (1953) and Congole, Apal. Biochem., 140,
428-433 (1984)] and “crythrogening™ |as described in
Rothman, ct al., J. Sarg Onacof, 20, 105 108 (1982},
Prelimimary screenings designed 1o measure eryihropedetic
responses of ex-hypoxic polveythemic mice pre-treated with
cither 5-a-dihvdrotestosterone or nandrolonc and theo given
ervihropoietin ol the present invention have generaled
equivocal resulls.

Diagnostic uscs of polypeptides of the ioveotion arc
similarly extensive and include use in labelled and wola-
belled forms in a varety of imnmaoassay technicues includ-
ing RIATs, BLISA™s and the Tike, as well as a varicly ol in
vitre and in vive aclivily assavs. Sce, ¢.g., Dunn, ¢l al., Expe.
{lemarol, 11(7), 390-600 (1983); Gibson, ct al., Pathology,
16, 155 156 (1984); Krystal, fapf. Hematol, 1107),
819-660 (1963); Sailo, el ul, Jap. J. Med,, 23(1), 16-21
{1984); Nathan, ct al., New fing. J. Med., 308(Y), 520522
(1983); and various references pertaining to assays reterred
Lo therein. Polypeptides ol the invention, including syntheiic
peptides comprising sequences of residves of TPO first
revealed herein, also provide highly uscelul pure materals lor
gencraling polyclonal antibodics and “banks™ of monoclonal
antibodics spocific for differing continuous and discontiou-
ous epilopes ol EPO. As one example, preliminary analysis
ol the amine acid sequences of TFIG. 7 in the conlexl of
hvdropathicity aceording o Hopp, ct al,, VAN (U.85A),
T8, pp. 38243528 (1981) and of sccondary strucrures
according 1w Chou, el al., Anr. Rev Blochem, 47, p. 251
(1978} revealed that synthetic peptides duplicative of con-
linuous scquences of residucs spanning  posilions 41-57
mclusive, 116—128 inclusive and 1344156 nclusive are
likely to produce a highly antigenic response and gencrate
uselul monoeclonal and polvelenal anlibodies immunoreac-
live wilh both the synthetic peplide and the eniire protein.
Such antibodics arc expected to be usctul in the deteetion
and affinity purification of EPO and EPO-related products.

IHustratively, the folowing three synthetic peptides were
preparcd:

(€8] hOPOD 41-57, V-P-D-T-K-V-N-F-¥-A-W-K-
AMEV(H

(8] WEPO 116128, K-F-A--3-P-P-TFA-A-8-A-A

(%) WEPTT 144 1RA, LT SR L E D L1 6 2 () DR R )

T-G-L-A-C-R-1-G-D- R

Preliminary immunization studies employing the above-
noted polypeptides have revealed a relatively weak posiiive
response 1o hEPO 41-57, no appreciable response to hERO
116-128, and a strong positive response o hEPO 144-160,
as measured by capacity of rabbit serum antibodies to
immunoprecipitate " -labelled human vrinary LPO iso-
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lates, Preliminary in vivo activity studies on the three
peptides revealed no significant activity either alone or in
combination.

While the deduced sequences of amino acid residues of
mammalian EIX} provided by the illustrative cxamples
gssenlially deline the primary siructural conlormation of
mature LPO, it will be understood that the specilic sequence
of 165 amino acid residucs of monkey speeics EPO in FIG.
15 and the 1066 residucs of human species EPO in FIG. 6 do
not limil the scope of wselul polypeplides provided by the
mveniiom. Comprehended by the presenl invention are those
various naturally-occurtiny allelic forms of LPO which past
rescarch into biologically active mammalian polypeptides
stuch as human ¥ interferon indicates arc likely to exist.

{Compure, ey, the human immune interleron species |

reported 0 have an arginine residue at position No. 140 in
EPO published application (0 077 670 and the specics
reporled 10 have glutamine at position No. 140 in Gray, el
al, Natwre, 295, pp. 503308 (19872). Bolh species are
characicrized as constiluting *mature™ human y inierleron
seguences.) Allelic forms of mature LPO polypeplides may
vary from cach other and from the scquences of FIGS. 5 and
6 in terms of length of sequence andsor in terms of deletions.
subsiilulions, inserions or addiitons of amino aclds m lhe
scauence, with conscquent potential variations in the capac-
ity tor glvcosylation. As noted previously, onc putative
allelic [orm of human species PO is believed 1o include a
methionine residue al positon 126, Lxpeciedly, naturally-
oceurring allelic fomms of EPO-encoding IPNA penomic and
cDNA scquences are alse likely 1o occur which code Lor the
above-noted types of allelic polypeptides or simply employ
dillering codons Lor designation ol the same polypeplides as
specilied.

In addition to naturally-oceurring allelic forms of maturc

EPQ, the prescnt invention also embraces other “EPO prod- 22

uets” such as polypepiide analogs of BPO and [ragments of
“maturc™ EPPQ. Following the procedures of the above-noted
published application by Alton, et al. {(WO/R304053) one
may readily design and manufacture penes coding for micro-
bial expression of polypeptides having primary conforma-
{iems which diller [rom thal herein specilied Lor matvre PO
n lerms of the 1deniity or location of one or more residues
{c.g., substitutions, terminal and intermediate additions and
deletions). Alternately, modiications of cDNA and genomic
LPO genes may be readiy accomplished by well-known
site-dirccted mutagenesis techniques and emploved to gen-
erate analogs and derivalives of EPOL Such EPO products
would share at least one of the biological properties of TP
but may ditfer in others. As cxamples, projected EPO
products ol the invention include these which are loreshort-
encd by ¢.g., deletions [Asn® daes-Pro? through 1e®Thb10,
[des-Thr'™ through Arg'““ThEPO and “AZ7-5ShEPO™, the
latter having the residues coded [or by an entire exon
deleted; or which are more stable 1o hydrolysis (and.

theretore, may have more pronounced or longer lasting 33

clTevts than naturally-occurring EPOY; or which have been
altered to delete one or more potential sites for glycosylation
{which may resull in higher aclivities lor yeast-produced
products); or which have one or more cyslein residues
deleted or replaced by, ¢.g., histidine or serine residucs (such
as the analog [His”ThE()) and are potentially more casily
isolated in active [orm [Tom microbial systems; or which
have one or more (yrosine residues replaced by phenylala-
ninc (such as the analogs [Phe'*ThERO, [Phe " ThEPO, and
[Ple=*1hbPOY and may bind mers o less readily 1 TPO
receptors on target cells. Also comprehended are polypep-
ide [rammenis duplicating only a part of the conlinuous
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amino acid sequencs or secondary conformations within
maturc EPC, which fragments may possess onc activity of
LPO (e.g., receplor bmding) and nol olbers {e.g., eryihro-
poietic activity). Dspecially signilicant in this regard are
those podential fragments of ERPO which are elncidated npon
consideration of (he human genomic DNA sequence of 11G,
6, L., “fragments™ of the wtal continuous EPCOY sequence
which arc delincated by intron sequences and which may
constitute distinet “domains” of binlogical activity, It is
notcworthy that the absence of in vivo activity for any onc
or more of the “CPO products™ of the invenlion s ool wholly
preclusive ol therapeutic wility (see, Weiland, el al., supra)
or ol uliTity in other conlexis, such as in EPO assays or EPO
anlagomsm. Anlagonists ol cryllrepoiciin may be quile
uscful in treatment of polveythemias or cases of overpro-
duction of EPO [sce, ¢.g., Adamson, f{osp. Practice, 18(12),
49-57 (1983), and TTellmann, et al., Clin. Tab. Haemar, 5,
335342 (1983)).

According 1o another aspect of 1he present invenlion, the
cloned DNA sequences described herein which encode
human and monkey EPO polypeptides are conspicuonsly
valuable for the mformalion which they provide concerning
the amino acid scquence of mammalian crythropoictin
which has heretofore been unavailable despitc decades of
analylical processing of isolates ol maturally-occurring prod-
ucts. The IINA scquences are also conspicuously valuable as
products useful in cffecting the large scale microbial syn-
thesis of erthropoielin by a4 variely ol recombinant tech-
piques. Pul another way, DNA sequences provided by the
invention are usclul in generaling new and usclul viral and
circular plasmid DNA veclors, new and uselul translormed
and transfected microbial procaryotic and cucarvotic host
cells (including baclerial and yeasl cells and mammalian
cells grown in cullure), and new and uselul methods lor
cultured growth of such microbial host cclls capable of
cxpressinn of EPC and EPO products. DNA sequences of
the invention are also conspicuously suilable malerials lor
use as labelled probes in isolating EPO and related protein
cncading cDNA and genomic DNA sequences o mamma-
lian species other than human and monkey species herein
specifically illustrated. The extent to which DNA scquences
ol the invenlion will have use 1n variows allemalive meibods
ol protein synlhesis (e, in insect cells) or in genelic
therapy in humans and other mammals cannot vet he cal-
culated, DNA sequences of (he invention are expecled 1o be
uselul in developing transgenic mammalian species which
may scrve as cucaryotic “hosts™ for production of erythro-
poicting and erythropoiclin producis in quaniily. Sce,
generally, Palmiter, et al., Science, 222(4623), 809814
{1983).

Viewed o (his light, therelore, the specilic disclosures ol
the illustrative cxamples arc clearly not intended to be
limiting upon the scope of the present invention and numer-
ous modilications and variations are expecied 0 oceur 1o
those skilled in the an. As one example, while DNA
sequences provided by the ilustrative examples include
¢IINA and genomic DNA sequences, becanse This applica-
tion provides amino acid sequence nformation essential to
manulaciure of DNA scquence, the invention also compre-
hends such manulactured DNA sequences as may be con-

o structed based on knowledge of EIX) amino acid scquences.

These may code for EI* (as in Example 12) as well as tor
LPO [ragments and TPO polypeptide analogs (ie., “CPO
Products™) which may share one or more biological prop-
ertics of naturally-oceurring EPQ but not sharc others {or
possess others o differsnt degrees).

DNA sequences provided by the present invention are
thus scen o comprehiend all DNA scquences suitable Lor use
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I SECUriny eXpression in a procalyatic of sucacyotic host
cell of a polypeptide product having at least a part of the
prmary siructural conlomation and one or more of the
biological propertics of crythropoictin, and scleeted from
amang: {a) the DNA scquences sct out in FIGS. 5 and 6; (b)
DNA sequences which hybodize o the DNA sequences
delined in (1) or fragments thereol; and {¢) DNA sequences
which, but for the degencracy of the genctic code, would
hybridize to the DNA sequences defined in (a) and (b). Itis
noteworthly in this regard, lor example, 1hat exisiing allelic
mimkey and human EPO gene sequences and other mam-
malian specics gene sequences are expecled 1o hybridize 1o
the sequences of FIGS. § and 6 or to fragments thercof.
Further, but for the degeneracy of the genctic code, the
SCLPO and CCCEPO senes and (he manulactured or
mutagenized ¢cDNA or penomic DNA sequences encoding
various EPO fragments and analogs would also hybridize to
the above-mentioned DNA sequences. Such hybridizations
could readily be carded oul vnder the hybrdizaion condi-
fions deseribed herein with respeet 1o the mitial dsolation of
the monkey and human LIPO-cncoding DNA or more sirin-
gent conditions, if desired to reduce background hybridiza-
tion.

In 4 like manner, while the above examples illusirale the
invention of microbial cxpression of EPQ products in the
context of mammalian cell expression of DNA inserted in a
hybrid vecior of bacterial plasmid and viral genomic origins,
a wide vadely ol expression sysiems are within Lhe conlem-
plation afl the invention. Conspicuously comprehended are
capression syslems involving veclors ol homogencous ori-
2ins applicd to a varicty of bacterial, yeast and mammalain
cells in culture as well as 1o expression syslems nol invely-
g veclors (such as caleium phosphale transfection ol cells).
In this regard, it will be understood that expression of, c.g.,
monkey origin DNA in monkey host cclls in culture and
humun host cells in culre, actually constitule insiances of
“exogenous™ DNA expression inasmuch as the EPO DNA
whose high Tevel expression s songhi. wonld niot have dis
origins in the genome of the host. Lxpression systems of the
invention further contemplate these practices resulting in
cyloplasmic lormation of LPO products and accumulaiion of
glycosylaled and non-glyeosylaled TPO products in host cell
cytoplasm or membrancs {c.g., accumulation in bacterial
periplasmic spaces) or in culture medivm supernatants as
above illusirated, or in rather vncommon sysiems such as
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Paeruginosy expression systems (described in Gray, et al,,
Biotechnology, 2, pp. 101165 (1934)).

Improved hybridizalion methodologies of the invention,
while illusiratively applied above 1o DNA/DNA hybridiza-
fion sereenings are cqually applicable 10 RNA/RNA and
RNADNA screenming. Mixed probe technigues as herein
Mtustrated generally constitute a number of improvements in
hyvbridization processes allowing for more rapid and reliable
polyaucleotide isolations. These many individual processing,
improvements include: improved colony transfer and main-
lenance procedures; use of nylon-based [llers such as Gene-
Screen and GeneScreen Plus (o allow reprobing with same
filters and repeated use of the filter, application of nowvel
protcase trcatments [compared, e.g., to Taub, er al
Anel Riochem., 126, pp. 222-330 (1982)]; use of very low
individual concentrations (on the order of (LO025 picomale)
of a large number of mixed probes (¢, numbers in cxcess
of 32); and, performing hybridization and post-h¥bridization
steps under stringent temperahires closcly approaching (l.c.,
within 1° €. and prelerably within 2° C. away [rom) the
lowest caleulated dissocation temperature of any of the
mixed probes emploved. These Improvements combine to
provide results which could not be expected 10 witend their
usee, This is amply illusirated by the Gact thal mixed probe
procedures nvolving 4 times the number ol probes ever
belore reporied 1o have been swecesslully used im even
c¢DINA scrcens on messenger RNA specics of relatively low
abundancy were successlully applied (o the solation ol a
unlgque sequence gene noa genomic library screening of
1,300,000 phage plaques. This feat was accomplished cssen-
tially concurrently with the publication of the considered
opinion of Anderson, el al,, supra, that mixed probe screen-
ing methods were ¥, . impractical lor isolation of mam-
malian prolein genes when eomesponding RNA’s are
unavatlable.

What is claimed is:

1. A phammaceutical composilion comprising a lherapeu-
tcally ellective amount of human eryibropoketn and a
pharmaccutically acceptable dilucnt, adjuvant or carricr,
wherein said crythropoictio is purified from mammalian
cells grown in cullure.

2. A pharmaceutically-acceptable preparation containiog
a therapentically efleetive amouni of erylhropoictin wherein
human serum albumin is mixed with said ervthropoietin.



