Case 1:05-cv-12237-WGY  Document 313-5  Filed 03/05/2007 Page 1 of 30
Amgen Inc. v. F. Hoffmann-LaRoche LTD et al Doc.

U.S. Patent Apr. 8, 1997 Sheet 20 of 27 5,618,698
FIG. 14

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

l6. TCGACTATTAGCGGTCACCAGTAC
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FIG. 15
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FIG. 16

1. AATTCAAGCTTGGATAAAAGAGCT

2. GTGGAGCTCTTTTATCCAAGCTTG

3. CCACCAAGATTGATCTGTGACTC

4, TCTCGAGTCACAGATCAATCTTG

5. GAGAGTTTTGGAAAGATACTTGTTG

6. CTTCCAACAAGTATCTTTCCAAAAC

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

9. ACCACTGGTTGTGCTGAACACTGTTC

10. CAAAGAACAGTGTTCAGCACAACCA

11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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FIG. 17

EcoRI HindIII 1
AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3
AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT
TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA
4

5 7
GGAAAGATAC TTGTTGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA
6 8

] 11 KpnI BamHT
GTGCTGAACA CTGTTCTTTG AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG CCTAG

12
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FIG. 18

AATTCGGTACCAGACACCAAGGT
GTTAACCTTGGTGTCTGGTACCG
TAACTTCTACGCTTGGAAACGTAT
TTCCATACGTTTCCAAGCGTAGAA
GGAAGTTGGTCAACAAGCAGTTGAAGT
CCAAACTTCAACTGCTTGTTGACCAAC
TTGGCAAGGTTTGGCCTTGTTATCTG
GCTTCAGATAACAAGGCCAAACCTTG
AAGCTGTTTTGAGAGGTGAAGCCT
AACAAGGCTTGACCTCTCAAAACA
TGTTGGTTAACTCTTCTCAACCATGGG
TGGTTCCCATGGTTGAGAAGAGTTAACC
AACCATTGCAATTGCACGTCGAT
CTTTATCGACGTGCAATTGCAA
AAAGCCGTCTCTGGTTTGAGATCTG

GATCCAGATCTCAAACCAGAGACGG
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FIG. 19
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FIG. 20

1. 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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FIG. 21
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TTGTCACATC



Case 1:05-cv-12237-WGY Document 313-5

Filed 03/05/2007 Page 9 of 30

5,618,698

1
PRODUCTION OF ERYTHROPOIETIN

This is a continuation of my U.S. patent application Ser.
No. (Y7/113,179 filed Oct. 23, 1987, and issued as U.S. Pat.
No. 5.441,868 on Aug. 15, 1995, which was 4 continuation
of U.S. patent application Ser. No. 06/675,298 filed Nov. 30,
1984 and issucd as U.S. Pat. No. 4,703,008 on Ocl. 27, 1987,
which was a continuation-in-part of U.S. patent application
Ser. No. 06/655.841, filed Sep. 28, 1984, now abandoned,
which was 4 continuation-in-part of U.S. patent application
Ser. No. 06/582,185, filed Feb. 21, 1984, now abandoncd,
and which was a continuation-in-part of U.S. palent appli-
cation Ser. No. 06/561,024, filed Dec. 13, 1983, now aban-
doned.

BACKGROUND

The present invention relates generally 1o the manipula-
lion of genclic materials and, more particularly, 0 recom-
binant procedures making possible the production of
polypeplides possessing part or all of the primary structural
conformation and/or one or more of the hiological propertics
of naturally-occurring erythropoietin,

A. Manipulation Of Genetic Malerials

Genetic materials may be broadly defined as those chemi-
cal subslances which program for and guide the manufacture
ol constituents of cells and viruses and direct the responscs
ol cells and viruses. A long chain polymeric substance
known as deoxyribonucleic acid (DNA)Y compriscs the
genctic material of all Hving cells and viruses except for
cerlain viruses which arc programmed by ribonucleic acids
(RNA). The repealing units in DNA polymers arc four
different nucleotides, cach ol which consists ol cither a
purine (adenine or guanine) or a pyrimidine (thymine or
cytosine) bound Lo a deoxyribose sugar Lo which a phosphate
group is attached. Attachment of nucleotides in lincar poly-
meric [orm is by means ol {usion of the 5" phosphale of onc
nucicotide to the 3" hydroxyl group of another. Functional
DNA occurs in the {orm of stable double stranded associa-
lions of single strands ol nucleotides (known as decoxyoli-
gonucleotides), which associations occur by means of
hydrogen bonding belween purine and pyrimidine bases
[i.c., “complementary™ associations exisling cither between
adenine (A) and thymine (T) or guanine (G) and cylosine
(C)]. By convention, nucleotides arc referred to by lhe
names ol their constiluent purine or pyrimidine bases, and
the complementary associations of nucleotides in double
stranded DNA (i.c., A-T and G-C) are relerred to as “basc
pairs”. Ribonucleic acid is a polynucleotide comprising
adenine, guanine, cytosine and uracil (U), rather than thym-
ine, bound to ribosc and a phosphate group.

Most briefly put, the programming function of DNA is
generally cffected through a process wherein specific DNA

nucleotide sequences (genes) are “transcribed” into rela- S5

tively unstable messenger RNA (mRNA) polymers. The
mRNA, in turn, serves as a template for the formation of
structural, rcgulatory and catalytic proteins from amino
acids. This mRNA “(ranslation” process involves the opera-
tions of small RNA strands (IRNA) which trangport and
align individual amino acids along the mRNA strand 1o
allow for formation of polypeptides in proper amino acid
sequences The mRNA “message” derived from DNA and
providing the basis for the IRNA supply and oricntation of
any given onc of the twenty amino acids (or polypeplide
“expression” is in the form of triplet “codons”—sequential
groupings of threce nucleotide bases. In one sense, Lthe
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formation of & protein is the ultimate form ol “expression”
ol the programmed genclic message provided by the nucle-
otide scquence of a gene.

“Promoter”™ DNA sequences usually “precede” a genc in
a DNA polymer and provide a site {or initiation of the
transcription into mRNA. “Regulator” DNA sequences, also
usually “upstrcam” of (i.c., preceding) a gene in a given
DNA polymer, bind proteins that determine the [requency
(or rate} of transcriptional initiation. Colleetively referred (0
as “promoter/regulator’ or “control” DNA sequence, these
sequences which precede a selected gene (or serices of genes)
in a functional DNA polymer cooperate o delermine
whether the transcription (and cventual expression) ol a
genc will occur. DNA sequences which “lollow™ a genc in
a DNA polymer and provide a signal for termination of the
transcription into mRNA arc referred o as transcription
“lerminator” sequences.

A Tocus of microbiological processing for the last decade
has been the attempt to manufacture industriaily and phar-
maccutically significant substlances using organisms which
cither do not initially have genetically coded information
concerning the desired producet included in their DNA, or (in
the casc of mammalian cells in culture) do not ordinarily
cxpress a chromosomal gene at appreciable levels. Simply
put, a genc that specifies the structure of a desired polypep-
tide product is cither isolated (rom a “donor” organism or
chemically synthesized and then stably introduced into
another organism which is preferably a sell-replicaling
unicellular organism such as bacteria, yeast or mammalian
cells in culture. Once this is done, the existing machinery for
gene cxpression in the “transformed” or “transfected”
microbial host cells operates Lo construct the desired prod-
uct, using the exogenous DNA as a template for transcription
of mRNA which is then translated into a continuous
scquence ol amino acid residucs.

The art is rich in patent and literature publications relating
to “recombinant DNA” mcthodologies for the isolation,
synthesis, purification and amplification of genctic matcrials
for usc in the transformation of sclected host organisms.
U.S. Pat. No. 4,237,224 (0 Cohen, et al., lor example, relales
lo transformation ol unicellular host organisms with
“hybrid™ viral or circular plasmid DNA which includes
sclected exogenous DNA sequences. The procedurcs of the
Cohen, ct al. patent first involve manufaclure of a translor-
mation vectlor by enzymatically cleaving viral circular plas-
mid DNA to form lincar DNA strands. Sclected lorcign
(“exogenous” or “‘heterologous™) DNA strands usually
including sequences coding for desired product are prepared
in lincar form through usc of similar cnzymes. The lincar
viral or plasmid DNA is incubated with the forcign DNA in
the presence ol ligating enzymes capable of clfecling a
restoralion process and “hybrid” vectors arc lormed which
include the selected exogenous DNA secgment “spliced” into
the viral or circular DNA plasmid.

Transformation of compatible unicellular host organisms
with the hybrid vector results in the formation of multiple
copies of the exogenous DNA in the host cell population. In
some instances, the desired result is simply the amplification
of the foreign DNA and the “product” harvested is DNA.
Note frequently, the goal of transformation is the expression
by the host cells of the exogenous DNA in the form of large
scale synthesis of isolatable quantities of commercially
significant protein or polypeptide [ragments coded lor by the
forcign DNA. Sce also, c.g., U.S. Pal. Nos. 4,264,731 {to
Shinc), 4,273,875 (lo Manis), 4,293,652 (1o Cohen), and
BEuropean Patent Application 093,619, published Nov. 9,
1983.
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The development of specific DNA sequences Tor splicing
into DNA vectors is accomplished by a variely of tech-
niques, depending to a greal deal on the degree of “forcign-
ness” of the “donor’” to the projected host and the size of the
polypeptide to be expressed in the host. At the risk of
over-simplification, it can be stated that three allernalive
principal methods can be cmployed: (1) the “isolation” of
double-stranded DNA seguence {rom the genomic DNA of
the donor; (2) the chemical manufacture of a DNA sequence
providing a code for a polypeptide of interest; and (3) the in
vitro synthesis of a double-stranded DNA scquence by
cnzymatic “reverse transcriplion” of mRNA isolated from
donor cells. The last-mentioned mcthods which involve
formation ol a DNA “complement” of mRNA arc generally
referred o as “¢cDNA™ methods.

Manufacture of DNA scquences is frequently the method
ol choice when the entire sequence of amino acid residucs
ol the desired polypeptide product is known, DNA manu-
lacturing procedures of co-owned, co-pending U.S. patent
application Ser. No. 483,451, by Alton, ct al., (filed Apr. 15,
1983 and corresponding 1o PCT US83/00605, published
Nov. 24, 1983 as WOB83/04053), for cxample, provide a
superior means for accomplishing such highly desirable
results as: providing for the presence of alicrnate codons

commonly found in genes which arc highly expressed in the

host organism sclected for expression (c.g., providing yeast
or E. coli “preference” codons); avoiding the presence of
untranslatcd “intron” sequences (commonly present in
mammalian genomic DNA scquences and mRNA ranscripts
thereol) which are not readily processed by procaryotic host
cells; avoiding expression of undesired ““leader” polypeptide
sequences commonly coded for by genomic DNA and
cDNA sequences but frequently not readily cleaved from the
polypeptide ol interest by bacterial or yeast host cells;
providing for rcady insertion of the DNA in convenient
cxpression vectors in associalion with desired promoter/
regulator and terminator sequences; and providing {or rcady
construction ol genes coding for polypeptide [ragments and
analogs of the desired polypeptides.

When the entire sequence of amino acid residues of the
desired polypeptide is not known, direct manufacture of
DNA scquences is not possible and isolation of DNA
sequences coding for the polypeplide by a ¢cDNA method
becomes the method ol choice despite the potential draw-
backs in easc of assembly of expression veclors capable of
providing high levels of microbial expression relerred 1o
above. Among the standard procedures for isolating cDNA
scquences of inicrest is the preparation of plasmid-borne
cDNA “librarics” derived from reverse transcription of
mRNA abundant in donor cells sclecled as responsible for
high level cxpression of genes (c.g., libraries of cDNA
derived from pituitary cells which cxpress relatively large
quantitics of growth hormone products). Where subslantial
portions ol the polypeptide’s amino acid sequence are
known, labelled, single-stranded DNA probe sequences
duplicating a scquence putatively present in the “target”
¢DNA may be employed in DNA/DNA hybridization pro-
cedures carried oul on cloned copics of the cDNA which
have been denaturcd to single stranded form. [Sec, gencerally,
the disclosure and discussions of the art provided in U.S.
Pal. No. 4,394,443 10 Weissman, ct al. and the recent
dcmonstrations of the use of long oligonucleotide hybrid-
ization probes reported in Wallace, ct al., Nuc. Acids Res., 6,
pp. 3543-3557 (1979), and Reyes, et al.,, PN.A.S. (1.5 A),
79, pp. 3270-3274 (1982), and Jayc, ct al., Nuc. Acids Res.,
11, pp. 2325-2335 (1983). Sec also, U.S. Pat. No. 4,358,535
lo Falkow, ct al., relating Lo DNA/DNA hybridization pro-
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cedures in elfecling diagnosis; published European Patent
Application Nos. 0070685 and 0070687 rclating to Hght-
cmitling labels on single stranded polynucleotide probes;
Davis, ct al., “A Manual for Genetic Engincering, Advanced
Bacterial Genetics”, Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY. (1980) at pp. 55-58 and 174-176,
relating Lo colony and plaque hybridizalion tcchniques; and,
New England Nuclear (Boston, Mass.} brochures for “Gene
Screen” Hybridization Transfer Membrane materials pro-
viding instruction manuals [or the transler and hybridization
ol DNA and RNA, Catalog No. NEF-972 ]

Among the more signficant recent advances in hybridiza-
Lion procedures for the screcning of recombinant clones is
the use of Jabelled mixed synthetic cligonucleotide prebes,
cach ol which is potentially the complele complement of a
specific DNA scquence in the hybridization sample includ-
ing a heterogencous mixture ol single stranded DNAs or
RNAs. These procedures are acknowledged to be especially
uscful in the detection of cDNA clones derived from sources
which provide extremely low amounts of mRNA scquences
for the polypeptide of interest. Briefly put, use of stringent
hybridization conditions directed toward avoidance of non-
specific binding can aliow, c.g., for the autoradiographic
visualization ol a specific cDNA clone upon the event of
hybridization of the largel DNA to that single probe within
the mixture which is its complete complement. See gener-
ally, Wallace, et al., Nuc. Acids Res., 9, pp. 879-897 (1981);
Suggs, cl al. PN.A.S. (U.S.A.), 78, pp. 6613-6617 (1981);
Chwoo, ct al., Nature, 299, pp. 178-180 (1982); Kurachi, ¢t
al., PN.AS (U.S.A), pp. 6461-6464 (1982); Ohkubo, ¢t al.,
PNAS (USA), 80, pp. 2196-2200 (1983); and Kornblihtt,
clal. PNAS. (US.A.), 80, pp. 3218-3222 (1983). In gen-
cral, the mixed probe procedures of Wallace, et al. {1981),
supra, have been expanded upon by various workers 1o the
poinl where reliable results have reportedly been obtained in
a cDNA clone isolation using a 32-member mixed “pool” of
16-basc-long (16-mer) oligonucleotide probes of unilormly,
varying DNA sequences together with a single 11-mer to
clleel a two-site “positive” confirmation of the presence of
cDNA of interest. Sec, Singer-Sam, ct al.,, PN.AS (U.5.A),
80, pp. 802-806 (1983).

The use or genomic DNA isolates is the least common of
the three above-noted methods for developing specific DNA
sequences for use in recombinant procedures. This is espe-
cially true in the area of recombinant procedures directed to
securing microbial expression of mammalian polypeptides
and is due, principally to the complexity of mammalian
genomic DNA. Thus, while reliable procedures exist for
developing phage-borne librarics of genomic DNA of
human and other mammalian specics origins [Sce, e.g.,
Lawn, ct al. Cell, 15, pp. 1157-1174 (1978) rclating 10
procedures lor generating a human genomic library com-
monly referred to as the “Maniatis Library™; Karn, et al.,
PNAS. (USA), 77, pp. 5172-5176 (1980) rclating 10 a
human genomic library based on alternative restriction
endonucleasc fragmentation procedure; and Blatiner, ct al.,
Science, 196, pp. 161-169 (1977) describing construction of
a bovinc genomic library] there have been relatively lew
successful aitempts at use of hybridizalion procedures in
isolating genomic DNA in the absence of extensive fore-
knowledge of amine acid or DNA scquences. As one
cxample, Fiddes, ct al., J. Mol. and App. Genetics, 1, pp.
3-18 (1981) report the successful isolation of a gene coding
for the alpha subunit of the human pituitary glycoprotein
hormones from the Maniatis Library through use of a “full
length” probe including a complete 621 base pair fragment
of a previously-isolated cDNA sequence for the alpha sub-
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unil. As another example, Das, ct al., PN.AS, (U.S.A.), 80,
pp. 15311535 (1983) rcport isolation of human genomic
clones for human HLA-DR using a |75 basc pair synthetic
oligonucleotide. Finally, Anderson, ¢t al., PNAS. (I/.5.A),
60, pp. 6838-6842 (1983) report the isolation of genomic
clonc for bovine pancreatic trypsin inhibitor (BPTI) using a
single prohe 86 basc pairs in length and constructed accord-
ing 1o the known amino acid sequence ol BPTE The authors
note a determination ol poor prospects for isolating mRNA
suitable lor synthesis of a cDNA library due to apparcnt low
levels of mRNAin initially targeted parotid gland and lung
tissuc sources and then address the prospects ol success in
probing a genomic library using a mixture of labelled
probes, stating: “More generally, mixed-sequence oligode-
oxynucleotide probes have been used 1o isolatc protcin
genes of unknown scquence Irom ¢DNA librarics. Such
probes arc typically mixtures of 8-32 oligonuclcatides,
14-17 nucleotides in length, representing every possible
codon combination for a small stretch (5-6 residucs) of
amino acid sequence. Under stringent hybridization condi-
lions that discriminate against incorrectly basc-paired
probes, these mixiures arc capable of locating specific gene
scquences in clone libraries of tow-lo-moderate complexity.
Nevertheless, because of their short length and helerogene-
ily, mixed probes often lack the specificity required for
probing sequences as complex as a mammalian genome.
This makes such a method impractical for the isolation of
mammalian protcin genes when the corresponding mRNAs
arc unavailable.” (Cilalions omitted).

There thus continues o exist a need in the art for
improved methods for effecting the rapid and eflicient iso-
lation of cDNA clones in instances where little is known of
thc amino acid sequence ol the polypeptide coded for and
where “enriched” tissue sources of mRNA arce not readily
available for use in construcling ¢cDNA librarics. Such
improved methods would be especially useful if they were
applicable to isolating mammalian genomic clones where
sparsc information is available concermning amino acid
sequences of the polypeptide coded for by the gene sought,

B. Erythropoictin As A Polypeptide Of Interest

Erythropoiesis, the production of red blood cells, occurs
continuously throughout the human life span 1o oflsel cell
destruction. Erythropoiesis is a very precisely controlled
physiological mechanism cnabling sufficient numbers of red
blood cells to be available in the blood for proper tissue
oxygenation, but not so many that the cells would impede
circulation. The formation of red blood cells occurs in the
bone marrow and is uander the control of the hormone,
crythropoictin.

Erythropoictin, an acidic glycoprotein of approximately
34,000 dalton molecular weight, may occur in three forms:
o, B and asialo. The a and B forms differ slightly in
carbohydrate components, but have the same polency, bio-
logical activity and molecular weight. The asialo form is an
o or P form with the terminal carbohydrale (sialic acid)
removed. Erythropoielin is presemt in very low concentra-
lions in plasma when the body is in a healthy state wherein
lissucs receive sufficient oxygenation from the existing
number ol crythrocytes. This normal low concentration is
enough Lo stimulate replacement of red blood cells which are
lost normally through aging.

The amount of crythropoietin in the circulation is
increased under conditions of hypoxia when oxygen irans-
port by blood cells in the circulation is reduced. Iypoxia
may be caused by loss of large amounts of hlood through
hemorrhage, destruction of red blood cells by over-exposure
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1o radiation, reduction in oxygen intake duc Lo high altitudes
or prolonged unconsciousness, or various (orms of anemia.
In response to lissucs undergoing hypoxic stress, crythro-
poictin will increase red blood cell production by stimulat-
ing the conversion ol primitive precursor cells in the bone
marrow into procrythroblasts which subsequently malure,
synthesize hemoglobin and are released into the circulation
as red blood cells. When the number of red blood cells in
circulation is greater than needed for normal tissue oxygen
requirements, crythropoictin in circulation is decreased.

Sce generally, Testa, ct al., Exp. Hematol, 8 (Supp. 8),
144-152 (1980); Tong, ct al., J. Biol. Chem., 256(24),
1206612672 (1981); Goldwasser, . Cell  Physiol,
1O(Supp. 1), 133-135 (1982); Finch, Bloed, 60(6),
12411246 (1982); Sylowski, ci al., Exp. ffematol., B(Supp
8), 52-64 (1980} Naughton, Ann. Clin. Lab. Sci., 13(5),
432-438 (1983); Weiss, ct al., Am. J. Ver Res, 44{10),
18321835 (1983); Lappin, et al., Exp. Hematol, 11(7)},
661-666 (1983); Baciu, ct al., Ann. N.Y Acad. Sci., 414,
6672 (1983); Murphy, ct al., Acta. [laematologica
Japonica, 46(7), 1380-1396 {1983); Dessypris, ct al., Brit.
J. Haematol., 56, 295-306 (1984); and, Emmanouel, ct al.,
Am. J. Physiol, 247 (1 Pt 2), F168-76 (1984).

Because erythropoicelin is essential in the process of red
blood cell lormation, the hormone has potential uselul
application in hoth the diagnosis and the treatment of blood
disorders characlerized by low or defective red hlood cell
production. Secc, gencrally, Pennathur-Das, et al., Blood,
63(5), 116871 (1984) and Haddy, Am. Jour. Ped. Hemaiol./
Oncol., 4, 191-196, (1982) rclating o erythropoictin in
possible therapies for sickle cell discase, and Eschbach, et al.
L Clin. Invest., 74(2), pp. 434-441, (1984), describing a
therapeutic regimen for uremic sheep based on in vivoe
responsc to erythropoictin-rich plasma infusions and pro-
posing a dosage of 10 U EPO/kg per day for 15-40 days as
correclive of ancmia of the type associated with chronic
renal failure. Sece also, Krane, Henry Ford Hosp. Med. [,
31(3), 177-181 (1983).

It has rccently been estimated that the availability of
crythropoictin in quantity would allow for trecatment cach
year of ancmias ol 1,600,000 persons in the United States
alone. Sec, c.g., Morrison, “Bioprocessing in Spacc—an
Overview”, pp. 557-571 in The Worid Biotech Report 1984,
Volume 2:USA, (Online Publications, New York, N.Y.
1984). Recent studics have provided a basis for projection of
cfficacy of erythropoictin therapy in a variety of disease
stalcs, disorders and stalcs of hematologic irregularity:
Vedovato, ct al., Acta. Haematol, 71, 211-213 (1984) (bela-
thalasscmia); Vichinsky, et al., J. Pediatr, 105(1), 15-21
(1984) (cystic fibrosis); Colces, et al., Brit. J. Obstet. Gynea-
col, 90(4), 304-311 (1983} (prcgnancy, menstrual disor-
ders); Haga, ct al., Acta. Pediatr. Scand., 72,827-831 (1983)
(earty ancmia of prematurity); Claus-Walker, ¢t al., Arch.
Phys. Med. Rehabil, 65, 370-374 (1984) (spinal cord
injury); Dunn, cl al., Eur J. Appl. Physiol, 52, 178-182
(1984) (spacc Ilight); Miller, ¢t al., Brit. J. Haematol., 52,
545--590 (1982) (acute blood loss); Udupa, ct al., J. Lab.
Clin. Med., 103(4), 574-580 and 581-588 (1984); and
Lipschitz, ct al., Blood, 63(3), 502-509 (1983) (aging); and
Dainiak, ct al., Cancer, 51(6), 1101-1106 (1983) and
Schwartz, et al., Qtolaryngol., 109, 269-272 (1983) (various
neoplastic discase slates accompanicd by abnormal eryth-
Topoicsis).

Prior altcmpts Lo obiain erythropoietin in good yield from
plasma or urinc have proven relatively unsuccessful. Com-
plicated and sophisticated laboratory technigues are neces-
sary and gencrally result in the collection of very small
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amounts of impure and unstable exiracts conlaining eryth-
ropoictin,

U.S. Pat. No. 3,033,753 describes a method for partially
purilying crythropoictin [rom sheep blood plasma which
provides low yiclds of a crude solid extract containing
erythropoietin.

Initial atiempts to isolatc crythropoictin from urine
yiclded unstable, biologically inaclive preparations of the
hormone. U.S. Pat. No. 3,865,801 describes a method of
stabilizing the biological activity of a crude substance con-
taining crythropoietin recovered from urine. The resuliing
crude preparalion containing crythropoictin purportedly
retains 90% of crythropoiclin aclivity, and is stable.

Another method of purilying human erythropoictin [rom
urinc of paticnis wilh aplastic anemia is described in Miy-
ake, ct al., J. Biol Chem., Vol. 252, No. 15 (Aug. 10, 1977),
pp. 5558-5564. This scven-step procedure includes ion
cxchange chromatography, ethanol precipilation, ge! filtra-
tion, and adsorption chromatography, and yiclds a pure
crythropoielin preparation with a potency of 70,400 units/
mg ol protein in 21% vyield.

U.S. Pat. No. 4,397,840 to Takecrzawsa, et al. describes
methods for preparing “an erythropoietin product” Irom
healthy human urine specimens with weakly basic ion
cxchangers and proposes thal the low molecular weight
products obtained “have no inhibitory effects’™ against eryth-
ropoiclin.

U.K. Paient Application No. 2,085,887 by Sugimoto, ct
al., published May 6, 1982, describes a process lor the
production ol hybrid human lymphoblastoid cclis, reporting
production fevels ranging from 3 to 420 Units of erythro-
poiclin per ml of suspension of celis (distributed into the
cultures after mammalian host propagation) conlaining up to
107 cells per ml. At the highest production levels asserted to
have been obtained, the rate ol erythropoictin production
could be ealculated to be from 40 to about 4,000 Units/10°
cells/48 hours in in vitro cullure following transfer of cells
Irom in vivo propagation syslems. {Sce also the cquivalent
U.S. Pat. No. 4,377,513.) Numerous proposals have been
made for isolation ol erythropoictin [rom tissuc sources,
including neoplastic cells, but the yields have been guite
low. Secc, c.g., Jelkman, et al., Expt Hematol, 11(7),
581-588 (1983); Tambourin, ct al., PN.A.S. (U.S.A.), 80,
6269-6273 (1983); Katsuoka, et al,, Gann, 74, 534-541
(1983); Hagiwara, cl al., Blood, 63(4), 828-835 (1984); and
Choppin, ct al., Blood, 64(2), 341-347 (1984).

Other isolation techniques utilized to obtain purified
erythropoietin involve immunological procedurcs. A poly-
clonal, scrum-derived antibody directed against erythropoi-
ctin is developed by injecting an animal, preferably a rat or
rabbit, with human ecrythropoietin. The injected human
crythropoietin is recognized as a foreign antigenic substance
by the immunc system of the animal and elicits production
of antibodies againsl the antigen. Differing cells responding
lo stimulation by the antigenic substance produce and
release into circulation antibodics slightly different from
those produced by other responding cells. The antibody
aclivily remains in the serum of the animal when its blood
is extracted. While unpurified serum or antibody prepara-
lions purificd as a serum immunoglobulin G fraction may
then be used in assays 1o detect and complex with human
erythropoietin, the materials sulfer from a major disadvan-
tage. This scrum antibody, composed of all the different
antibodics produced by individual cells, is polyclonal in
nature and will complex with components in crude extracts
other than erythropoietin alone.
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Of interest Lo the background of the present invention are
recent advances in the art ol developing continuous cultures
of cclls capable of producing a single specics ol antibody
which is specifically immunologically reactive with a single
antigenic determinant of a selecled antigen. See, gencrally,
Chisholm, High Technology, Vol. 3, No. 1, 57-63 (1983).
Attempts have been made to employ cell fusion and hybrid-
ization techniques to develop “monocional”™ antibodics (o
crythropoietin and to employ these antibodies in the isola-
tion and quantilalive deteclion of human erythropoictin. Ag
onc cxample, a report ol the successful development of
mousc-mousc hybridoma cell lines sccreting monocional
aniibodics to human erythropoictin appeared in abstract
form in Lee-Huang, Abstract No. 1463 of Fed. Proc., 41,
520 (1982). As another cxample, a detailed description of
the preparation and usc of a monoclonal, anti-erythropoictin
aniibody appears in Weiss, ct al., PNAS (U.SA), 79,
5465-5469 (1982). Sec also, Sasaki, Biomed. Biochim.
Acta., 42(11/12), S202-8206 (1983), Yanagawa, ct ai,
Blood, 4(2), 357-364 (1984); Yanagawa, ct al., J. Biol,
Chem., 259(5), 2707-2710 (1984); and U.S. Pal. No. 4,465,
624.

Also of interest lo the background of the invention are
reports of the immunological activity of synthetic peptides
which substantially duplicate the amino acid seguence
extant in naturally-occurring proteins, glycoproteins and
nucleoproteins. More specifically, relatively low molecular
weight polypeptides have been shown to participate in
immune reactions which are similar in duration and extent to
the immune reactions of physiologically significant proteins
such as viral antigens, polypeptide hormones, and the like.
[ncluded among the immune reactions of such polypeptides
is the provocation of the formation of specific antibodies in
immunologically active animals. See, e.g., Lerner, ct al,,
Cell, 23,309-310 (1981); Ross, ct al., Nature, 294, 654-656
(1981); Walter, ct al., PNAS. (USA), 77, 5197-5200
(1980); Lerner, el al,, PNAS. (U.S.A.), 78, 3403-3407
(1981); Walter, ct al., PNAS. (USA.), 78, 4882-4886
(1981); Wong, et al., PNAS. (US.A.), 78, 7412-7416
(1981); Green, ct al. Cell, 28, 477-487 (1982); Nigg, ct al.,
PNAS. (US.A), 79, 5322-5326 (1982); Baron, ct al., Cell,
28, 395-404 (1982); Drecesman, ct al., Nature, 295, 158-160
(1982); and Lerner, Scientific American, 248, No. 2, 66-74
(1983). Sec, also, Kaiscr, ¢t al., Science, 223, pp. 249-255
(1984) relating to biological and immunological aclivitics of
synthetic peptides which approximately share sccondary
structures of peplide hormones bul may not share their
primary structural conformation. The above studies refate, of
coursc, to amino acid sequences ol proleins other than
crythropoictin, a substance for which no substantial amino
acid sequence information has been published. In co-owned,
co-pending U.S. patent application Ser. No. 463,724, filed
Fcb. 4, 1983, by ]. Egrie, published Aug. 22, 1984 as
Europecan Patent Application No. 0 116 446, there is
described a mouse-mouse hybridoma ceil line (A.T.C.C. No.
HB8209) which produces a highly specific monoclonal,
anli-crythropoictin  antibody which is also specifically
immunoreactive with a polypeptide comprising the follow-
ing sequence of amino acids: NH,-Ala-Pro-Pro-Arg-Leu-
He-Cys-Asp-Scr-Arg-Val-Leu-Glu- Arg-Tyr-Leu-Leu-Glu-
Ala-Lys-COOH. The polypeptide sequence is onc assigned
to the first twenly amino acid residucs of mature human
crythropoictin isolated according 1o the method of Miyake,
ct al, S Biol. Chem., 252, 5558-5564 (1977) and upon
which amino acid analysis was performed by the gas phase
scquencer {Applied Biosystems, [nc.) according 1o the pro-
cedure of Hewick, M., et al., J. Biol. Chem., 256, 7990-7997
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(1981). Sce, also, Sue, et al., Proc. Nat. Acad. Sci. (USA), 80,
pp. 36513655 (1983) relating to development of polyclonal
antibodies against a synthetic 26-mer based on a diflering
amino acid scquence, and Sytowski, et al., J fmmunol.
Methods, 69, pp. 181186 (1984).

While polyclonal and moneclonal antibodics as described
above provide highly useful malerials for use in immunoas-
says for detection and guantification of erythropoictin and
can be uscful in the allinity purification of crylhropoictin, it
appears unlikely that these materials can readily provide lor
the large scale isolation of guantitics of erythropoictin from
mammalian sources sulficient for further analysis, clinical
lesting and polential wide-ranging therapeutic use of the
subslance in Ircatment of, c.g., chronic kidney discasc
wherein discased tissues fail 1o sustain produclion of cryth-
ropoictin. 1L is consequently projected in Lhe art that the best
prospects [or fully characterizing mammalian erythropoictin
and providing large quantilics ol il lor polential diagnostic
and clinical use involve successlul application of recombi-

nant procedures 1o clfect large scale microbial synthesis of

the compound.

While substantial cfTorts appear lo have been made in
atlempted isolation of DNA scquences coding for human
and othcr mammalian species erythropoiclin, none appear Lo
have been successful. This is due principally Lo the scarcily
ol tissue sources, especially human tissue sources, enriched
in mRNA such as would allow for construction of a cDNA
library from which a DNA scquence coding for crythropoi-
ctin might be isolated by conventional techniques. Further,

so little is known ol the continuous sequence of amino acid 4

residues of erythropoietin that it is not possible o construct,
c.g8., tong polynucleotide probes readily capable ol relinble
usc in DNA/DNA hybridizaiion screening of ¢DNA and
cspecially genomic DNA libraries. Uiustratively, the twenty
amino acid sequence employed to generate the above-named
monoclonal antibody produced by A T.C.C. No. HB§209
does not admit to the construction of an unambiguous, 60
base oligonucleotide probe in the manner described by
Anderson, et al., supra. It is estimated thal the human gene
for erythropoictin may appear as a “‘single copy gene” within
the human genome and, in any cvent, the genctic material
coding for human erythropoietin is likely to conslitulc icss
than 0.00005% of total human genomic DNA which would
bc present in a genomic library,

To dale, the most successful of known reported attempts
at recombinant-related methods to provide DNA sequences
suitable lor use in microbial expression of isolalable quan-
tities of mammalian erythropoictin have fallen far short of
the goal. As an cxample, Farber, et al. Exp. Hematol., 11.

Supp. 14, Abstract 101 (1983} report the exlraction of :

mRNA from kidney tissucs of phenylhydrazine-treated
baboens and the injection of the mMRNA into Xenopus laevis
oocytes with the rather transitory result of in vitro produc-
tion of a mixture of “lranslation products” which included
among them displaying biological properties of erythropoi-
ctin. More recently, Farber, ¢t al., Blood, 62, No. 5, Supp.
No. 1, Abstract 392, at page 122a (1983) reported the in vilro
lranslation of human kidncy mRNA by frog cocyies. The
resullant translation product mixturc was cstimated 1o
include on the erder of 220 mU of a lranslation product
having the activity of crythropoictin per microgram of
injected mRNA, While such levels of in vitro translation of
exogenous mRNA coding for crythropoiclin were acknowl-
edged to be quite low (compared cven to the prior reported
levels of baboon mRNA translation into the sought-for
product) it was held that the results conflirm the human
kidney as a site of crythropoiclin expression, allowing for
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the construction ol an enriched human kidncy cDNA library
from which the desired gene might be isolated. [See also,
Farber, Clin. Res., 31(4), 769A (1983) |

Since the filing of U.S. palent applicalion Ser. Nos.
561,024 and 582,185, there has appeared  single report of
the cloning and expression of what is asseried to have been
human erythropaoietin cDNA in E. coli. Briefly pul, a number
of ¢DNA clones were inserted into E. coli plasmids and
B-lactamase lusion products were noted (o be immunoreae-
live with a monoclonal antibody to an unspecilicd “cpitope”
ol human erythropoictin. Scc, Lee-Huang, Proc. Nat. Acad.
Sci. (USA), 81, pp. 2708-2712 (1984).

BRIEF SUMMARY

The present invention provides, for the first time, novel
purified and isolated polypeptide products having part or alt
of the primary siructural conformation {i.c., continuous
scquence ol amino acid residues) and one or more of the
biological propertics (e.g., immunological propertics and in
vivo and in vitro biological activity) ol naturally-occurring
crythropoictin, including allelic variants thercol. These
polypeptides arc also uniquely characterized by heing Lhe
product of procaryotic or cucaryotic host cxpression (e.g..
by bacterial, ycast and mammalian cells in culture) of
exogenous DNA scquences obtained by genomic or cDNA
cloning or by gene synthesis. Products of microbial cxpres-
sion in vertebrate (c.g., mammalian and avian) cclls may be
lurther characterized by freedom [(rom asseciation with
human proteins or other contaminants which may be asso-
cialed with crythropoictin in its natural mammalian cellular
cnvironment or in cxiracellular fluids such as plasma or
urine. The products of typical yeast (e.g., Saccaromyces
cerevisiae) or procaryote {c.g., E. coli) host cells are frec of
associalion with any mammalian protcins. Depending upon
the host employed, polypeptides of the invention may bhe
glycosylated with mammaiian or other cucaryolic carbohy-
drates or may be non-glycosylated. Polypeptides of the
invention may also include an initial methionine amino acid
residuc position -1),

Nove! glycoprotein products of the invention include
those having a primary structural conlormation sufficiently
duplicalive of that of a nalurally-occurring (c.g., human)
crythropoictin to allow possession of one or more ol the
biological propertics thereof and having an average carbo-
hydrate compositicn which differs from that of naturally-
occurring (c.g., human) crythropoictin,

Vertebrate (e.g., COS-1 and CHO) cells provided by the
present invention cornprisc the first cells cver available
which can be propagated in vitro continuously and which
upon growth in cullurc are capable of producing in the
medium of their growth in excess of 100U (preferably in
cxcess of 500U and most preferably in excess of 1,000 to
5,000U) of erythropoictin per 10° cells in 48 hours as
determined by radioimmunoassay.

Also provided by the present invention are synthetic
polypeptides wholly or partially duplicative of continuous
scquences of crythropoictlin amino acid residues which are
herein for the first time clucidated. These scquences, by
virtuc ol sharing primary, secondary or lertiary structural
and conformational characteristics with naturally-occurring
crythropoietin may possess biological activily andfor immu-
nological propertics in common with the naturally-occurring
product such that they may be employed as biologically
active or immunological substitutes for crythropoietin in
therapeutic and immunological processes. Correspondingly
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provided arc monoclonal and polyclonal antibodies gener-
aled by standard means which arc immunoreactive with such
polypeptides and, preferably, also immunorcactive wilh
naturally-occurring erythropoietin.

[Hustraling the present invention arc cloned DNA
scquences of monkcy and human species origins and
polypeptide sequences suilably deduced therefrom which
represent, respectively, the primary structural conformation
of crythropoiclins ol monkey and human specics origins.

Also provided by the presenl invention are novel biologi-
cally functional vital and circular plasmid DNA veclors
incorporating DNA sequences ol the invention and micro-
bial (c.g., bacterial, ycast and mammalian ccll) hosl organ-
isms stably transformed or transfected with such vectors.
Correspondingly provided by the invention arc nevel meth-
ods for the production ol usclul polypeptides comprising
cultured growth of such transformed or transfected micro-
bial hosts under conditions (acilitative of large scale cxpres-
sion of the cxogenous, vector-borne DNA-scquences and
isolation ol the desired polypeptides (rom the growth
medium, ccllular lysates or cellular membrance {ractions.

Isolation and purification of microbially expressed
polypeptides provided by the invention may be by conven-
tional means including, c.g., preparative chromatographic
scparations and immunological scparations involving mono-
clonal and/or polyclonal antibody preparations.

Having herein clucidaled the secquence of amino acid
residues ol erythropoictin, the present invention provides for
the tolal and/or partial manfucturc of DNA sequences coding
[or crythropoictin and including such advantagcous charac-
teristics as incorporation of codons “preferred” lor expres-
sion by sclected non-mammalian hosts, provision of sites for
cleavage by restriction endonuclease enzymes and provision
of additional initial, terminal or
sequences which facilitate construction ol readily expressed
veclors. Correspondingly, the present invention provides for
manulacture {and development by sile specific mutagenesis
of cDNA and genomic DNA) of DNA sequences coding for
microbial expression of polypeptide analogs or derivalives
of crythropoictin which differ from naturally-occurring
forms in terms of the identity or location of one or more
amino acid residues (i.c., deletion analogs containing less
than all of the residues specified for EPO and/or substitution
analogs wherein one or more residues specified are replaced
by other residucs and/or addition analogs wherein one or
more amine acid residucs is added 1o a terminal or medial
portion ol the polypeptide); and which share some or all the
propertics of nalurally-occurring [orms.

Novel DNA scquences of the invention include all
scquences usciul in securing cxpression in procaryolic or
cucaryotic host cclls of polypeptide products having at least
a part of the primary structural conformation and one or
morc ol the biological propertics of erylhropoictin which arc
comprehended by: {a) the DNA sequences set out in FIGS.
5 and 6 hercin or their complementary strands; (b) DNA
sequences which hybridize {(under hybridization conditions
such as illustrated hercin or more stringent conditions) (o
DNA sequences defined in (a) or fragments thereof; and (c)
DNA sequences which, but for the degencracy of the genetic
code, would hybridize 1o DNA scquences defined in (a) and
(b) above. Specifically comprchended in part {b) arc
genomic DNA scquences encoding allelic variant forms ol
monkey and human crythropoiclin and/or cncoding other
mammalian specics of crythropoietin. Specifically compre-
hended by part (¢) are manufactured DNA sequences cncod-
ing EPO, EPO [ragments and EPO analogs which DNA

intermediatc  DNA
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scquences may incorporate codons facilitating translation off
messenger RNA in non-vertebrale hosts.

Comprechended by the present invention is that class of
polypeptides coded lor by portions of the DNA complement
to the top strand human genomic DNA sequence of FIG. 6
herein, i.c., “complementary inveried proteins’ as described
by Tramontano, ct al., Nucleic Acids Research, 12, pp.
5049-5059 (1984).

Also comprchended by the invention are pharmaccutical
compositions comprising clfective amounts of polypeptide
products of the invenlion together with suitable diluents,
adjuvants and/or carricrs which allow [or provision of
crythropoictin therapy, especially in the treatment of anemic
discase states and most cspecially such anemic slales as
atlend chronic renal failure.

Polypeptide products of the invention may be “labeiled”
by covalent association with a delectabic marker subslance
{c.g., radiolabelled with **°1) (o provide reagents uscful in
delection and quantification of erythropoiclin in solid tissuc
and fluid samples such as blood or urinc. DNA products of
the invention may also be labelled with detectable markers
(such as radiolabels and non-isotopic labels such as biotin)
and cmployed in DNA hybridization processes Lo locate the
crythropoietin gene posttion and/or the position of any
related gene family in the human, monkey and other mam-
malian species chromosomal map. They can also be used for
identifying the crythropoictin gene disorders at the DNA
level and used as gene markers [or identifying neighboring
genes and their disorders.

As hereinalier described in detail, the present invention
further provides significanl improvements in methods for
detection of a specific single stranded polynuclcotide of
unknown scquence in a heterogencous ccliular or viral
sample including multiple singic-stranded polynucleoiides
where

{a) a mixture of labelled single-stranded polynucleotide
probes is preparcd having uniformly varying sequences of
bascs, cach of sald probes being potentially specifically
complementary to a sequence of bases which is putatively
unique to the polynucleotide to be detected,

(b) the sampie is fixed to a solid substrate,

(c) the substrate having the sampic fixed thercto is treated
to diminish {urther binding ol polynucicotides thereto except
by way of hybridization o polynuclectides in said samplc,

(d) the treated substrale having the sample fixed thereto is
transitorily contacted with said mixture of labelled probes
under conditions facilitative of hybridization only between
totally complementary polynucleotides, and,

(c) the specific polynucleotide is detected by monitoring
[or the presence of a hybridization reaction belween il and
a lotally complementary probe within said mixlure of
labelied probes, as cvidenced by the presence of a higher
density of labelled material on the substrate at the locus ol
the specific polynuclcotide in comparison o a background
density ol labelled material resulting from non-specific
binding ol labelled probes to the substrate.

The procedures are especially cffective in siluations dic-
tating usc ol 64, 128, 256, 512, 1024 or morc mixed
polynucleotide probes having a length of 17 1o 20 bases in
DNA/DNA or RNA/RNA or DNA/RNA hybridizations.

As described infra, the above-noted improved procedures
have illustratively allowed for the identification of cDNA
clones coding for erythropoiclin of monkey specics origins
within a library prepared from anemic monkey kidney cell
mRNA. More specifically, a mixture of 128 uniformly
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varying 20-mer probes based on amino acid sequence infor-
mation derived from scquencing f(ractions of human cryth-
ropoiclin was employed in colony hybridization procedures
lo identify scven “‘positive” erythropoictin ¢cDNA clones
within a tolal of 200,000 colonies. Even more remarkably,
practice ol the improved procedures of the invention have
allowed for the rapid isolation of three positive clones rom
within & screening of 1,500,000 phage plaques constituling
a human genomic library. This was accomplished through
usc of the above-noted mixture of 128 20-mer probes
logether with a second set of 128 17-mer probes hased on

amino acid analysis ol a dillerent continuous sequence of

human crythropoictin.

The above-noted illustrative procedures constituie the
first known instance of the use of muliple mixed oligo-
nucleolide probes in DNA/DNA hybridization processes
dirccied toward isolation of mammalian genomic clones and
the first known instance of the use of a mixture of more than
32 oligonucleotide probes in the isolation of cDNA cloncs.

Numecrous aspeets and advantages of the invention will be
apparent o those skilled in the art upon consideration of the
lollowing delailed description which provides illustrations
of the practice of the invention in its presentiy preferred
cmbodiments.

Relerence is made to FIGS. 1 through 21, wherein:

FIG. 1 s a graphic representation of a radicimmunoassay
analysis of products of the invention;

FIG. 2 shows vector pDSVL-MKE.

FIG. 3 shows vector pSVgHuEPQO.

FIG. 4 shows veclor pDSVL-gHuEPO.

FIGS. 5A, 5B and 5C (collectively referred to as FIG. §)
show the sequence of monkey EPO ¢cDNA and the encoded
EPO.

FIGS. 6A, 6B, 6C, 6D and 6E (colicctively referred 10 as
FIG. 6) show the sequence of human genomic EPO DNA
and the encoded EPQ.

FIG. 7 shows the sequence of the ECEPO gene.

FIG. 8 shows the scquence of the SCEPO gene.

FIG. 9 shows a comparison of the human and monkey
EPO polypeptides.

FIG. 10 shows the ECEPO scction 1 oligonucleotides.

FIG. 11 shows scction 1 of the ECEPO gene.

FIG. 12 shows the ECEPO scction 2 oligonucieotides.

FIG. 13 shows section 2 of the ECEPO genc.

FIG. 14 shows the ECEPO scction 3 oligonucleotides.

FIG. 15 shows section 3 of the ECEPO genc.

FIG. 16 shows the SCEPO scction 1 oligonucleotides.

FIG. 17 shows section 1 of the SCEPO gene.

FIG. 18 shows the SCEPO scction 2 oligonucicotides.

FIG. 19 shows scction 2 of the SCEPO gene.

FIG. 20 shows the SCEPO scction 3 oligonucleotides.

FIG. 21 shows the section 3 of the SCEPO gene.

DETAILED DESCRIPTION

According to the present invention, DNA sequences
cncading part or ail of the polypeptide sequence ol human
and monkey spccics crythropoictin ¢hereafler, at times,
“EPQ") have been isolaled and characterized. Further, the
monkey and human origin DNA has been made the subject
of cucaryotic and procaryolic cxpression providing isolat-
able quantities ol polypeptides displaying biological (e.g.,
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immunological) propertics ol naturally-occurring EPO as
well as both in vivo and in vitro biological activilies of EPO.

The DNA of monkey specics origing was isolated [rom a
¢DNA library constructed with mRNA derived from kidaey
tissuc of a monkey in a chemically induced ancmic state and
whosc serum was immunologically determined Lo include
high levels of EPO compared to normal monkey scrum, The
isolation of the desired cDNA clones containing EPO encod-
ing DNA was accomplished (hrough use of DNA/DNA
colony hybridization employing a pool of 128 mixcd, radio-
labelled, 20-mer oligonucleotide probes and involved the
rapid screening ol 200,000 colonics. Design of the oligo-
nucleolide probes was based on amino acid sequence inlor-
mation provided by enzymatic {ragmentation and sequcnc-
ing a small sample of human EPO.

The DNA of human species origing was isolated Irom a
human genomic DNA library. The isolation of clones con-
taining EPQO-cncoding DNA was accomplished through
DNA/DNA plaque hybridization employing the above-noted
poal ol 128 mixed 20-mer oligonucleotide probes and a
sccond pool of 128 radiolabelled 17-mer probes whose
sequences were based on amino acids sequence information
obtaincd from a different enzymatic human EPO fragment.

Positive colenics and plaques were verified by means of
dideoxy scquencing of clonal DNA using a subsct of 16
scquences within the pool of 20-mer probes and selected
cloncs were subjecled to nucleolide sequence  analysis
resulting in deduction ol primary structural conformation ol
the EPO polypeptides encoded thereby. The deduced
polypeptide sequences displayed a high degree of homology
10 cach other and to a partial scquence generated by amino
acid analysis of human EPO fragments.

A sclected positive monkey ¢cDNA clone and a selected
posilive human genomic clone were each inserted in a
“shuttle” DNA vector which was amplified in F. coli and
cmployed to transfccl mammalian cells in culture. Cultured
growth ol transfected host cells resulted in culture medium
supcrnalani preparations cstimated (o contain as much as
3000 mU of EPO per m! ol culture fluid.

The {ollowing cxamples arc presented by way of illus-
tration ol the invention and are specifically dirccted Lo
proccdures carried out prior to identification of EPO cncod-
ing monkcy ¢cDNA clones and human genomic clones, (o
procedures resulting in such identification, and to the
sequencing, development of cxpression syslems and immu-
nological verification of EPO expression in such systems.

More particularly, Examplc 1 is directed to amino acid
scquencing of human EPO fragments and construction of
mixtures of radiolabelled probes based on the resulls of this
sequencing. Example 2 is gencrally directed to procedures
involved in the identification ol posilive monkecy cDNA
clones and thus provides information concerning animal
trealment and preliminary radioimmunoassay (RIA) analy-
sis ol animal scra. Example 3 is directed Lo the preparation
ol thc ¢cDNA library, colony hybridization screening and
verification of posilive clones, DNA scquencing of 4 posi-
tive ¢cDNA clonc and the generation of monkey EPO
polypeptide primary structural conformation (amino acid
scguence) information. Examplc 4 is dirceted to procedures
involved in the identification of positive human genomic
clones and thus provides inlormation concerning the source
of the genomic library, plague hybridization procedures and
verification of positive clenes. Example 5 is direcled to DNA
scquencing of a posilive genomic clone and the gencration
of human EPO polypeptide amino acid secquence informa-
tion including a comparison thercofl Lo the monkey EPO
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sequence information. Example 6 is directed to procedurcs
for construction ol a vector incorporating EPO-cncoding
DNA derived [fom a posilive monkey cDNA clone, the use
of the vector for translection of COS-1 cells and cultured
growth ol the translected cells. Example 7 is dirccled Lo
procedures for consiruction ol a vector incorporating EPO-
encoding DNA derived [rom a positive human genomic
clone, the use of the vector [or transleetion of COS-1 cells
and the cultured growth of the transfccted cells. Example 8
is directed to immunoassay procedures perlormed on media
supernatants obtained from the cultured growth of (rans-
fected cells according to Example 6 and 7. Example 9 is
directed to in vitro and in vivo biological aclivity ol micro-
bially expressed EPO of Examples 6 and 7.

Example 10 is directed to a development of mammalian
host expression systems for monkey specics EPO ¢cDNA and
human specics genomic DNA involving Chinese hamster
ovary (“CHO™) cells and to the immunological and biologi-
cal activities ol products of these cxpression systems as well
as characterization of such products. Example t1 is dirccted
to the preparation of manulactured genes encoding human
specics EPO and EPO analogs, which genes include a
number of prelerence codons for cxpression in E. coli and
yeast host cells, and to cxpression systems bascd thercon.
Example 12 relates to the immunological and biological

activity profiles ol expression products of the systems ol

Example 11.

EXAMPLE 1

A. Human EPO Fragment Amino Acid Sequencing

Human EPO was isolated from urinc and subjecled Lo
tryptic digestion resulting in the development and isolation
of 17 discrete [ragments in quantilics approximating
100-150 picomoles.

Fragments were arbitrarily assigned numbers and were
analyzcd (or amino acid sequence by microsequence analy-
sis using a gas phase scquencer (Applied Biosysiems) Lo
provide the scquence information set out in Table I, below,
whercein single letler codes are employed and “X” designales
a residue which was nol unambiguously determined.

TABLE |
Frag-
ment
No. Sequence Analysis Resull
Tda A—P—P—R
Tdb G--K—L—K
19 A—T--G - A-—-Q—-K
T13 V—L—LE—R
Ti6 A V--8—G—L—R
B L—F--R
T2 K—L—F—R
T25 Y—L—L—H—A—K
T26a L-—I—C-—D--8—R
T26b L—Y—T—G—E—A—C—R
27 [—[—T—A—D—T—F—R

128 E--A—Il—8—P—P—D—A—A—M—A-A—P-I—R
; L Xl T TG X Ak cHoX -8 L
NOE-X-D T

T3 VoY S N_F-L—R
133 S L—T—T—[—1—R

T35 VNl Y—A -W-K

T38 G-Q-A—L—L-V-X-8§ S-Q-P—W-—

E—P -l —Q—L—H-V—D-K
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B. Design and Construction of Oligonucleotide
Probc Mixtures

The amino acid sequences sct out in Table | were
reviewed in the context of the degeneracy ol the genctic
code lor the purpose ol ascertaining whether mixed probe
procedures couid be applied to DNA/DNA hybridization
procedures on cDNA and/or genomic DNA librarics. This
analysis revealed that within Fragment No. T35 there existed
a scries of 7 amino acid residues (Val-Asn-Phe-Tyr-Ala-Trp-
Lys) which could be uniquely characterized as encoded for
by onc of 128 possible DNA scquences spanning 20 base
pairs. A first set of 128 20-mer oligonucicolides was there-
fore synthesized by standard phosphoamidite methods (See,
c.g., Beaucage, ct al., Tetrahedron Letters, 22, pp.
1859-1862 (1981) on a solid support according to the
sequence scl oul in Table 11, below.

TABLE 11
Residue - Val - As Phe Tyr Al Top Ly
3 CAA TIG AAG ATG CGA ACC T -5
T A A A T
G G
C C

Further analysis revealed that within fragment No. T38
there existed a serics of 6 amino acid residues (Gln-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 oul in Table [, below.

TABLE 111
Residue Gin  Pro Trp Gl Pro Leu
3 GTT GGA ACC CIT GGA GA - §
Cc T C T A
G G
C C

Oligonuclcotide probes were labelied at the 5" end with
gamma—"P-ATP, 7500-8000 Ci/mmole (ICN) using T,
polynucicotide kinase (NEN).

EXAMPLE 2

A. Monkey Treatment Procedures

Female Cynomolgus monkeys Macaca fascicularias
(2.5-3 kg, 1.5-2 years old} were treated subcutancously
with a pH 7.0 solution ol phenylhydrazine hydrochloride at
a dosage level of 12.5 mg/kg on days 1, 3 and 5. The
hematocrit was menitored prior Lo each injection. On day 7,
or whenever the hematocrit level fell below 25% of the
initial level, scrum and kidneys were harvesied afier admin-
istration of 25 mg/kg doses of ketaminc hydrochloride.
Harvested materials were immediately frozen in liquid nitro-
gen and stored at —70° C.

B. RIA Jor EPO

Radioimmunoassay procedures applied for quantitative
detection of EPO in samples were conducted according to
the following procedures:

An crythropoiclin standard or unknown sample was incu-
bated logether with antiserum for two hours at 37° C. Alter
the two hour incubation, the sample tubes were cooled on
ice, and 'l labelled crythropoictin was added, the tubes
were incubated at 0° C. for at least 15 more hours. Each
assay (ubc contained 500 pl of incubation mixlure consisting
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ol 50 ul of diluted immune scra, 10,000 cpm of '*I-
erythropoietin, 5 pl trasylel and 0-250 ul of cither EPO
standard or unknown sample, with PBS containing 0.1%
BSA making up the remaining voiume. The antiscrum uscd
was the sccond Lest bleed of a rabbit immunized with a 1%
pure preparation of human urinary crythropoictin. The final
antiscrum dilution on the assay was adjusicd so thal the
antibody-bound '"1-EPO did not cxceed 10-20% ol the
input total counts. In general, this corresponded (o & final
antiserum dilution of from 1:50,000 to 1:100,000.

The antibody-bound ***l-crythropoictin was precipitated
by the addition of 150 ul Staph A. Alter 2 40 min. incubation,
the samples were centrifuged and the pellets were washed
lwo times with 0.75 ml 10 mM Tris-1ICl pH 8.2 containing
0.15M NaCl, 2 mM EDTA, and 0.05% Triton X-100. The
washed pellets were counted in a gamma counter 1o deter-
mine the percent of ' **I-eryLhropoictin bound. Counts bound
by pre-immune sera were subtracted from all final values to
correct for nonspecific precipitation. The erythropoictin con-
tent of the unknown samples was determined by comparison
to the standard curve.

The above procedure was applicd to monkey scrum
oblained in Part A, above, as well as Lo the untreated monkey
scrum. Normal scrum icvels were assayed to contain
approximately 36 mU/m! while treated monkey serum con-
tained from 1000 to 1700 mU/mil.

EXAMPLE 3

A. Monkey ¢DNA Library Constructlion

Messenger RNA was isolaled from normal and ancmic
monkey kidneys by the guanidinium thiocyanate procedure
ol Chirgwin, ct al., Biochemistry, 18, p. 5294 (1979) and
poly (A)" mRNA was purificd by two runs of oligo(dT)-
cellulose column chromatography as described al pp.
197-198 in Maniatis, ¢t al., “Molecular Cloning, A Labo-
ratory Manual” (Cold Springs Harbor Laboratory, Celd
Springs Harbor, N.Y., 1982). The ¢cDNA library was con-
structed according to a modification of the general proce-
durcs ol Okayama, ct al., Mol and Cell. Biol, 2, pp.
161-170 (1982). The key features of the presently preferred
proccdures were as lollows: (1) pUCS8 was used as the sole
veclor, cul with Pstl and then tailed with oligo dT of 60-80
bascs in length; {2) Hinell digestion was used to remove the
oligo dT 1ail from onc end of the vector: (3) first strand
synthesis and oligo dG tailing was carried out according to
the published procedure; (4) BamHI digestion was
employed 1o remove the oligo dG tail from onc end of the
vecetor; and (5) replacement of the RNA strand by DNA was
in the presence of two linkers (GATCTAAAGACCGTC-
CCCCCCCC and ACGGTCTTTA) in a three-fold molar
cxcess over the oligo dG tailed vector.

B. Colony Hybridization Procedurcs For Screening
Monkey cDNA Library

Translormed E. coli were spread out at a density of 9000
colonics per 10x10 cm plate on nutrient plales containing 56
micrograms/ml  Ampicillin.  GeneScreen  fillers  {New
England Nuclear Catalog No. NEF-972) were pre-wel on a
BHI-CAM plaic (Bacto brain heart infusion 37 g/L,
Casamino acids 2 g/l. and agar 15 g/L., containing 500
micrograms/ml Chloramphenicol) and were used to lilt the
colonics ofl the plate. The colonies were grown in Lhe same
medium for 12 hours or longer Lo amplify the plasmid copy
numbers. The amplified colonies (colony side up) were
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treated by scrially placing the fillers over 2 pieces of
Whatman 3 MM paper saturated with cach of the following
solutions:

{1) 50 mM glucose—25 mM Tris-HCI (pfI 8.0)—10 mM
EDTA (pH 8.0) for five minules;

(2) 0.5M NaOH for ten minules; and

(3) 1.0M Tris-HC1 (pl] 7.5) for three minulcs.

The (ilters were then air dried in a vacuum over at 80° C.
lor two hours.

The filters were then subjected 1o Proteinase K digestion
through trealmenlt with a solution containing S0 micrograms/
ml of the protease enzyme in Buffer K [0.1M Tris-HCI (pH
8.0)0—0.15M NaCl—10 mM EDTA (pi 8.2)—0.2% SDS].
Specifically, 5 ml of the solution was added to each filter and
the digestion was allowed 1o proceed al 55° C. for 30
minutes, afler which the solution was removed.

The filiers were then treated with 4 ml of a prehybridiza-
tion buffer (5xSSPE—0.5% SDS—100 micrograms/ml SS
£. coli DNA—5xBFP). The prehybridization treatment was
carricd out at 55° C., generally for 4 hours or longer, alter
which the prehybridization bufler was removed.

The hybridization process was carricd out in the Tollowing
manner. To each filter was added 3 ml of hybridization bulfer
(3xSSPE—0.5% SDS—100 micrograms/m] yeast 1IRNA)
containing 0.025 picomoles of cach ol the 128 probe
sequences of Table [ (the total mixture heing designated the
EPV mixturc) and the filters were maintained at 48° C. for
20 hours. This temperaturc was 2° C. less than the lowest of
the calculaied dissociation lemperatures (Td) determined lor
any of the probes.

Following hybridization, the filters were washed three
times for ten minutes on a shaker with 6x8SC—0.1% SDS
al room lemperature and washed two Lo three times with
6x8SC—1% SDS at the hybridization temperature (48° C.).

Autoradiography of the filters revealed seven posilive
clones among the 200,000 colonies screened.

Initial sequence analysis of onc of the pulalive monkcy
cDNA clones (designated clone 83 deposited with the
American Type Culture Coliection, 12301 Parklawn Drive,
Rockville, Md., under deposit accession No. A T.C.C. 67545
on Oct. 20, 1987) was performed [or verification purposes
by a modification of the procedure of Wallace, el al., Gene,
16, pp. 21-26 (1981). Briclly, plasmid DNA {rom monkey
cDNA clone 83 was lincarized by digestion with EcoRI and
denatured by heating in a boiling water bath. The nucleotide
scquence was determined by the didcoxy method of Sanger,
clal, PNAS. (USA), 74, pp. 5463-5467 (1977). A subset
ol the EPV mixture of probes consisting of 16 scquences
was uscd as a primer for the sequencing rcactions,

C. Monkey EPO ¢cDNA Scguencing

Nucleotide sequence analysis ol clone 83 was carried out
by the procedures of Messing, Methods in Erzymelogy, 101,
pp. 20-78 (1983). Sct ocut in Table IV is a preliminary
restriction map analysis of the approximately 1600 base pair
EcoRI/HindIll cloned [ragment of clonc 83. Approximate
locations of restriction endonuclease enzyme recognilion
sites arc provided in terms of number of hases 3" to the
tcoRlI site at the 5" ¢nd of the fragment. Nucleotide sequenc-
ing was carried out by sequencing individual restriction
fragments with the intent of malching overlapping frag-
menls. For cxample, an overlap of scquence information
provided by analysis of nucleotides in a restriction fragment
designated C113 (Sau3A at ~111/Smal at ~324) and the
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reverse order scquencing of a [ragment designated C73
{Alul at ~424/BStEIl al ~203).

TABLE 1V

Restriction Enzyme

Recognition Site Approximate Location(s)

LcoRI 1
SaudA 111
Smal 180
Bstlill 203
Smal 324
Kpnl 371
Rsal 372
Alul 424
Pstl 426
Alul 430
Hpal 466
Alul 546
Pstl 601
Pvull 604
Alul 605
Alul 782
Alul 788
Rsal 792
Pstl 807
Alul 841
Alul 927
Neol 946
Sau3dA 1014
Alul 1072
Alul 1115
Alul 1223
Psil 1301
Rsal 1343
Alul 1384
Hindlll 1449
Alul 1450
HindIli 1585

Sequencing ol approximately 1342 base pairs (within the
region spanning the Sau3A site 3' o the EcoRl sile and the
Hindlll sile) and analysis of all possible rcading frames has
allowed for the devclopment of DNA and amino acid
sequence information sct out in FIG. 5, comprising porlions
SA, 5B, and 5C. In the Figure, the pulative initial amino acid
residue of the amino lerminal of maturc EPO (as verified by
corrclation 1o the previously mentioned scquence analysis of
twenly amino icrminal residucs) is designated by the
numeral +1. The presence of a methionine-specifying ATG
codon (designated —27) “‘upstream” of the initial amino
terminal alanine residue as the first residue designated for
the amino acid scquence of the mature protein is indicative
of the likclihood that EPO is initially expressed in the
cytoplasm in a precursor lorm including a 27 amino acid
“leader” region which is excised prior to cntry of malure
EPO into circulation. Potential glycosylation sites within the
polypeptide arc designated by aslerisks. The ecstimated
molecular weight of the translaied region was determine (o
be 21,117 daltons and the M.W. of the [65 residues of the
polypeptide constituting maturc monkey EPO was deter-
mined to be 18,236 daltons.

The polypeptide sequence of FIG. § may readily be
subjccled 1o analysis [or the presence of highly hydrophilic
regions and/or sccondary conlormational characteristics
indicative ol potentially highly immunogenic regions by,
¢.g., the methods of Hopp, ¢t al., PN.AS. (U.S.A), 78, pp.
3824-3828 (1981) and Kytc et al.,, /. Mol. Biol, 157, pp.
105-132 (1982) and/or Chou, ct al., Biochem., 13, pp.
222-245(1974) and Advances in Enzymology, 47, pp. 45-47
{1978). Computer-assisted analysis according Lo the Hopp,
et al. method is available by means ol a program designated
PEP Reference Scction 6.7 made available by Intelligenct-
ics, Inc., 124 Universily Avenue, Palo Alto, Calif.
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EXAMPLE 4

A. Human Genomic Library

A Ch4A phage-borne human [etal liver genomic library
prepared according o the procedures ol Lawn, ct al., Cell,
supra was oblaincd and maintained {or usc in a plaque
hybridization assay.

B. Plaquc Hybridization Procedures For Screening
Human Genomic Library

Phage particles were lysed and the DNAs were fixed on
{ilters (50.000 plaques per filter) according to the procedures
ol Woo, Methods In Enzymology, 68, pp. 389-395 (1979)
cxcept for the use of GeneScreen Plus filters (New England
Nuclear Catalog No. NEF-972) and NZYAM plates (NaCl,
5 g; MgCl,—6H,0, 2 g; NZ-Aminc A, 10 g; ycast extract,
5 g casamino acids, 2 g; maliose; 2 g; and agar, 15 g per
liter).

The air-dricd fillers were baked at 80° C. for 1 hour and
then digested with Proteinase K as described in Example 3,
Part B. Prchybridization was carried out with a 1M NaCl—
1% SDS buller for 55° C. for 4 hours or more, after which
the bulicr was removed. Hybridization and post-hybridiza-
tion washings were carricd out as described in Example 3,
Part B. Both the mixturc of 128 20-mer probes designated
EPY and the mixlure of 128 17-mer probes of Table III
(designated the EPQ mixture) were employed. Hybridiza-
tion was carried oul at 48° C. using the EPV probe mixture.
EPQ probe mixture hybridization was carricd out at 46°
C.—4 degrecs below the lowest calculated Td for members
of the mixture. Removal of the hybridized probe for rehy-
bridization was accomplished by boiling with 1xSSC—
0.1% SDS for two minules. Autoradiography of the filters
revealed three positive clones (reaclive with both probe
mixtures) among the 1,500,000 phage plaques screened.
Verification of the positive clones as being EPO-encoding
was obtlained through DNA sequencing and electron micro-
graphic visualizalion ol heteroduplex formation with the
monkcy cDNA ol Example 3. This procedure also gave
cvidence ol mulliple introns in the genomic DNA sequence.

EXAMPLE 5

Nucleotide sequence analysis of one of the positive cloncs
{designated AhE], deposited with the American Type Cul-
ture Coliection, 12301 Parklawn drive, Rockville, Md.,
under deposit accession No. A T.C.C. 40381 on Oct. 20,
1987) was carricd out and results obtained 1o date arc sct out
in FIG. 6, comprising portions 6A, 6B, 6C, 6D, and 6E.

In FIG. 6, the initial continuous DNA sequence designaltes
a top strand of 620 bases in what is apparcntly an untrans-
laicd sequence immediately preceding a translated portion of
the human EPO gene. More specifically, the sequence
appears Lo comprisc the 5' end of the gene which leads up to
a translated DNA region coding for the first four amino acids
{—27 through —24) of a lcader sequence (“presequence’).
Four base pairs in the scquence prior 1o that encoding the
beginning of the lcader have nol yel been unambiguously
determined and arc therelore designated by an “X". There
then follows an intron of about 639 base pairs (439 basc
pairs of which have been scquenced and the remaining 200
basc pairs ol which arc designated “1.S."”) and immediatcly
preceding a codon for glutamic acid which has been desig-
nated as residue —23 of the translated potypeptide. The cxon
sequence immediately following is seen to code for amino
acid residues through an alanine residue (designated as the
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+1 residuc of the amino acid sequence of mature human
EPQ) to the codon specilying threonine at position +26,
whereupon there follows a sccond intron consisting of 256
bascs as specifically designaled. Following this intron is an
exon scquence for amino acid residues 27 through 55 and
thereafter a third intron comprising 612 base pairs com-
mences. The subsequent exon codes for residues 56 through
115 ol human EPO and there then commences a lourth
inlron of 134 bases as specified. Following the fourth intron
is an exon coding for residue Nos. 116 through 166 and a
“stop” codon (TGA). Finally, FIG. 6 identifies a scquence of
568 basc pairs in what appears to be an untranslated 3' region
of the human EPO gene, two basc pairs of which (*X™") have
not yet been unambiguously scquenced.

FIG. 6 thus serves o identily the primary structural
conformatien {amino acid sequence) of mature human EPO
as including 166 specified amino acid residues (estimaled
M.W.=18.399). Also revealed in the Figure is the DNA
scquence coding for a 27 residue leader sequence along with

5 and 3' DNA sequences which may be significant to 2

promoter/operator functions of the human genc operon.
Sites for potential glycosylation of the mature human EPO
polypeptide arc designaled in the Figure by asterisks. 1t is
worthy ol note that the specific amino acid sequence of FIG.
6 likcly constitules that of a naturally occurring allelic form
of human erythropoictin. Support lor this position is found
in the results of continued eflorts at sequencing of urinary
isolates ol human crythropoietin which provided the finding
that a significanl number of erythropoictin molecules therein
have a methionine al residue 126 as opposced to a serinc as
shown in the Figurc.

FIG. 9, bclow, illustrates the extent of polypeptide
scquence homology between human and monkey EPQ. In
the upper continuous line of the Figure, single lctter desig-

natiens arc cmployed Lo represent the deduced translated -

polypeptide sequences ol human EPO commencing with
residuc ~27 and the lower continuous linc shows the
deduced polypeptide sequence of monkey EPO commenc-
ing at assigned residuc number 27, Asterisks arc employed
1o highlight the sequence homologices. It should be noted that
the deduced human and monkey EPO sequences reveal an
“additional” lysine (K) residuc at (human) position 116.
Cross-reference 10 FIG. 6 indicates that this residuc is at the
margin of a putative mRNA splice junction in the genomic
scquence. Presence of the lysine residue in the human
polypeptide scquence was [urther verified by sequencing of
a ¢DNA human seguence clone prepared from mRNA
isolated from COS-1 cells transformed with the human
genomic DNA in Example 7, infra.

EXAMPLE 6

The cxpression systemn selected [or initial altempts al
microbial synthesis ol isolalable quantities of EPO polypep-
tide material coded [or by the monkey ¢DNA provided by
the procedures of Example 3 was one involving mammalian
host cells (i.c., COS-1 cells, A T.C.C. No. CRL-1650}. The
cells were transfected with a “shuttle” vector capable of
aulonomous replication in E. celi host (by virtue of the
presence of pBR322-derived DNA) and the mammalian
hosts (by virtuc of the presence of SV40 virus-derived
DNA).

More specifically, an cxpression vectlor was constructed
according (o the following procedures. The plasmid clone 83
provided in Examplc 3 was amplified in E. coli and the
approximatcly 1.4 kb monkey EPO-cncoding DNA was
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isolaled by EcoRT and HindlIl digestion. Scparatcly isolated
was an approximately 4.0 kb, HindllI/Sall lragment from
pBR322. An approximately 30 bp, EcoRI/Sall “linker”
fragment was obtained (fom M13mpl0 RF DNA (P and L
Laboratorics). This linker included, in scrics, an EcoRI
sticky end, followed by Sstl, Smal, BamH! and Xbal rec-
ognilion sites and a Sall sticky cnd. The above three
fragments were ligated Lo provide an approximately 5.4 kb
intermediate plasmid (“pERS”) wherein the EPO DNA was
{lanked on one side by a “bank™ of useful restriction endo-
nuclease recognition sites. pERS was then digested with
HindHI and Sall w yicld the EPO DNA and the EcoRl 1o
Sall (M13mpl10) linker. The 1.4 kb fragment was ligated
with an approximatcly 4.0 kb BamHI/Sall of pBR322 and
another M 13mp10 Hind[lI/BamHI RF fragment linker also
having approximately 30 bp. The M13 linker fragment was
characterized by a NindIII sticky cnd, followed by Pstl, Sall,
Xbal recognition sites and a Bam! sticky end. The ligation
product was, again, a useful intermediate plasmid (“pBR-
EPO”) including the EPO DNA flanked on both sides by
hanks of restriction site.

The veclor chosen for expression of the EPO DNA in
COS-1 celis ("pDSVL1") had previously been constructed
to altow for selection and aulenomous replication in E. coli.
These characteristics are provided by the origin of replica-
tion and Ampicillin resistance gene DNA sequences present
in the region spanning nucleotides 2448 through 4362 of
pBR322. This scquence was structurally maodified by the
addition of a linker providing a HindIll rccognition imme-
diatcly adjacent nucleotide 2448 prior to incorporation into
the vector. Among the selecled vector’s other useful prop-
crtics was the capacity to aulonomously replicale in COS-1
cclls and the presence of a viral promoter sequence func-
tional in mammalian cclls. These characteristics are pro-
vided by the origin of replication DNA scquence and “late
gene” viral promoter DNA sequence present in the 342 bp
scquence spanning nucleotide numbers 5171 through 270 of
the SV40 genome. A unique restriction site (BamHI) was
provided in the vector and immediately adjacent the viral
promoter scquence through use of a commercially available
linker sequence (Collaborative Rescarch). Also incorporated
in the vector was a 237 base pair sequence (derived as
nucleotide numbers 2553 through 2770 ol SV40} containing
the “late gene” viral mRNA polyadenylation signal {com-
monly referred (o as a transcription terminator). This [rag-
ment was positioned in the veclor in the proper oricntation
vis-a-vis the *“lalc gene” viral promoter via the unique
BamHI site. Also present in the vector was another mam-
malian gene at a location not material to polential transcrip-
tion of a gene inserted at the unique Bamil site, between the
viral promoter and terminator sequences. }The mammalian
gene comprised an approximately 2,500 bp mouse dihydro-
lolate reductase (DHFR) minigene isolated from plasmid
pMG-1 as in Gasser, ¢t al.,, PNAS. (USA), 79, pp.
6522-6526, (1982).| Again, the major operative components
ol plasmid pDSVLI comprisc nucicotides 2448 through
4362 of pBR322 along with nucleotides 5171 through 270
(342 bp) and 2553 through 2770 (237 bp} of SV4{) DNA.

Foliowing procedures described, c.g., in Maniatis, ct al,,
supra, the EPO-cncoding DNA was isolated from plasmid
pBR-EPO as a BamHI fragment and ligated into plasmid
pDSVLI cut with BamHI Restriction enzyme analysis was
employed to confirm insertion of the EPO gene in the correct
oricntation in twe ol the resulting cloned vectors (duplicate
veclors H and L). Sce FIG. 2, illustrating ptasmid pDSVL-
MKE. Vectors with EPO genes in the wrong orientation
(veclors F, X and G) were saved for usc as negative controls
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in transfection experiments designed to determine EPO
cxpression levels in hosts transformed with vectors having
EPO DNA in the correcl orientation.

Vectors H, L, F, X and G were combined with carrier
DNA (mouse liver and splecn DNA}) were employed to
transfect duplicatc 60 mm plates by calcium phosphate
microprecipitate methods. Duplicate 60 mm plates were also
transfecled with carrier DNA as a “mock” transformaltion
negative control. Afler five days all cullure media were
tested for the presence of polypeptides possessing the immu-
nological propertics ol naturally-occurring EPO.

EXAMPLE 7

A. Inital EPO Expression Sysicm Involving COS-1
Cells

The system seclected for initial altempts at microbial
synthesis of isolatablc guantitics of human EPO polypeptide
malterial coded for by the human genomic DNA EPO clone,
also involved cxpression in mammalian host cells (i,
COS-1 cells, AT.C.C. No. CRL-1650). The human EPO
gene was first sub-cloned into a “shuttle” vector which is
capable of autonomous replication in both E. coli hosts {by
virtue of the presence of pBR322 derived DNA) and in the
mammalian ccll line COS-1 (by virtuc ol thc presence of
SV40 virus derived DNA). The shuttle vector, containing the
EPO gene, was then transfected into COS-1 cells, EPO
polypeptide material was produced in the transfectled cells
and sccreted into the cell culture media.

More specifically, an cxpression veclor was consiructed
according to the following procedures. DNA isolaled from
lambda clone AhEl, containing the human genomic EPO
gene, was digested with BamH] and HindHI restriction
endenucleases, and a 5.6 Kb DNA fragment known o
contain the entire EPO gene was isolated. This {ragment was
mixed and ligated with the bacterial plasmid pUCS
(Bethesda Rescarch Laboraiorics, Inc.) which had been
similarly digested, creating the intermediate  plasmid
“pUCE-HuE", providing a convenienlt source of this restric-
tion fragment.

The veclor chosen for cxpression of the EPO DNA in
COS-1 cells (pSV4SEt) had previously been constructed.
Plasmid pSV4SE! containcd DNA scquences allowing
sclection and autonomous replication in E. coli. These
characteristics are provided by the origin of replication and
Ampicillin resistancc gene DNA sequences present in the
region spanning nuclcotides 2448 through 4362 of the
bacterial plasmid pBR322. This sequence was siructurally
modified by the addition of a linker providing a Hindlll
recognition site immediately adjacent 1o nucleotide 2448.
Plasmid pSV4SEt was also capable of autonomous replica-
tion in COS-1 cells. This characteristic was provided by a
342 bp fragment conlaining the SV40 virus origin of repli-
cation {nucleotide numbers 5171 through 270). This frag-
ment had been modified by the addition of a linker providing
an EcoRlI recognition site adjacent to nuclectide 270 and a
linker providing a Sall recognition silc adjacent nuclcotide
5171. A 1061 bp fragment of SV40 was also present in Lhis
veetor (nuclcotide numbers 1711 through 2772 plus a linker
providing a Sall rccognition site next to nucleotide number
2772). Within this [ragmenl was an unique BamHI recog-
nition scquence. [n summary, plasmid pSV4SEt contained
unique BamHI and Hindlll recognition sites, allowing inser-
tion ol the human EPO gene, scquences allowing replication
and selection in E. coli, and sequences allowing replication
in COS-1 cells.

)

20

35

40

50

55

60

65

24

In order to insert the EPO gene into pSV4SEL, plasmid
pUC8-HuE was digested with BamH] and HindlI restric-
tion endonucleascs and the 5.6 kb EPO encoding DNA
fragment isolated. pSV4SEL was also digested with BamHI
and Hindlll and the major 2513 bp {ragment isolated {pre-
scrving all nccessary [unctions). These fragments were
mixed and ligated, creating the final vector “pSVgHuEPO",
(See, FIG. 3.) This veclor was propagated in E. coli and
vector DNA isolated. Restriction enzyme analysis was
employed to confirm inscrtion of the EPO genc.

Plasmid pSVgHuUEPO DNA was uscd (o express human
EPO polypeptide matcrial in COS-1 cells. More specifically,
pSVgHUEPO DNA was combined with carrier DNA and
transfected into triplicate 60 mm plates of COS-1 cells. As
a control, carrier DNA alone was also transfecied into
COS-1 cells. Cell culture media were sampled five and
scven days later and tested for the presence ol polypeptides
possessing the immunological propertics of naturally occur-
ring human EPO.

B. Second EPO Expression System Involving
COS-1 Cells

Still another system was designed to provide improved
production of human EPO polypeptide material coded by the
human genomic DNA EPO cione in COS-1 cells (A T.C.C.
No. CRL-1650).

In the immediately preceding system, EPO was expressed
in COS-1 cells using its own promoler which is within the
5.6 Kb BamHI 10 Hindlll resiriction fragment. In the fol-
lowing construction, the EPO genc is altered so that it is
cxpressed using the SV40 late promoler.

More specifically, the cloned 5.6 Kb BamHI to Hindll}
genomic human EPO restriction [ragment was modificd by
the following proccdures. Plasmid pUCS-HuE, as described
above, was cicaved with BamHI and with BStEII restriction
cndonuclcases. BslEIl clcaves within the 5.6 Kb EPO gene
at a position which is 44 basc pairs 5' 1o the initiating ATG
coding for the pre-pepiide and approximately 680 basc pairs
3" to the Hindlll restriction sitc. The approximalely 4900
base pair fragment was isolated. A synthetic linker DNA
fragment, containing Sall and BstEll sticky cnds and an
internal BamHI recognition site was synthesized and puri-
fied. The 1two fragments were mixed and ligated with plas-
mid pBR322 which had been cul with Sall and BamH! 0
producc the intermediate plasmid pBRgHE. The genomic
human EPO gene can be isolated thercfrom as a 4900 basc
pair BamHI digestion fragment carrying the complete struc-
tural gene with a single ATG 44 basc pairs 3' to BamHI site
adjacent the amino terminal coding region.

This fragment was isolated and inscrted as a BamHI
fragment into BamHI clcaved cxpression vector plasmid
pDSVLI (described in Example 6). The resulling plasmid,
pSVLgHUEPQ, as illustrated in FIG. 4, was used Lo cxpress
EPQO polypeptide material from COS-1 cells, as described in
Examples 6 and 7A.

EXAMPLE &

Culture media from growth ol the six transfected COS-1
cultures of Example 6 were analyzed by radioimmunoassay
according to the procedures sct forth in Example 2, Part B.
Each sample was assayed at 250, 125, 50, and 25 microliter
aliguot levels. Supernatants from growth of cells mock
transfected or transfected with vectors having incorrect EPO
gene oricnlation were unambiguously negative for EPO
immunorcactivity. For each sample of the two supernatants
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derived from growth of COS- | cells transfected with vectors
{H and L) having the EPO DNA in the correct oricntation,
the % inhibition of '**I-EPQ binding to antibody ranged
from 72 to 88%, which places all values at the lop of the
standard curve. The exacl concentration of EPO in the
culiture supernatant could not then reliably be estimated. A
quitc conservative estimate of 300 mU/ml was madc, how-
ever, from the value calculation of the largest aliquot size
(250 microliter).

A representative culture fluid according to Example E and
five and scven day culture fluids oblained according (o
Example 7A were lesied in the RIA in order 1o comparc
aclivity ol rccombinant monkey and human EPO malerials
to a naturally-occurring human EPO standard and the results
are sct oul in graphic form in FIG. 1. Briefly, the resulls
expectedly revealed that the recombinant monkey EPO
significantly competed for anti-human EPQ antibody
although it was not able 1o completely inhibit binding under
the test conditions. The maximum pereent inhibition values
for rccombinant human EPO, howcver, closcly approxi-
mated those of the human EPO standard. The parallel nature
ol the dose respensc curves suggests immunological identity
of the sequences (epitopes) in common. Prior estimales ol
monkcy EPO in culiure Nuids were re-evaluated al thesc
higher dilution levels and were found to range from 2.91 10
3.12 U/ml. Estimated human EPO production levels were
correspondingly sct at 392 mU/ml for the five-day growth
sampic and 567 mU/ml for the scven day growth sample.
Estimated monkey EPO production [evels in the Example
7B expression system were on Lhe same order or better.

EXAMPLE 9

Culturce fluids prepared according 1o Examples 6 and 7
were subjected o an in vitro assay for EPO aclivity accord-
ing to the procedure of Goldwasser, ¢t al., Endocrinology,
97, 2, pp. 315-323 (1975). Estimated monkey EPO valucs
for culture fiuids tested ranged from 3.2 10 4.3 U/ml. Human
EPO culture fluids were also active in this in vitro assay and,
lurther, this activity could be neutralized by anti-EPO anti-
body. The recombinant monkey EPO culture fluids accord-
ing to Exampic 6 were also subjected Lo an assay for in vivo
biological activity according to the gencral procedures of
Colcs, ct al., Nature, 191, pp. 1065-1067 (1961) and Ham-
mond, ct al., Ann. N.Y. Acad. Sci., 149, pp. 516-527 (1968)
and activity levels ranged from 0.94 1o 1.24 U/ml.

EXAMPLE 10

In the previous exampies, recombinant monkey or human
EPO malerial was produced [rom vectors used to transfect
COS-1 cells. These vectors replicate in COS-1 cells due Lo
the presence of SV40 T antigen within the cell and an SV40
origin ol replication on the vectors. Though these veclors
producc usclul quantitics ol EPO in COS-1 cells, cxpression
is only transicnt (7 to 14 days) due to the eventual loss of the
veetor. Additionally, only a small percentage of COS-1
beccame productively transfected with the vectors. The
present example describes expression systems employing
Chinesc hamster ovary (CHO) DHFR cells and the sclect-
able marker, DHFR. [For discussion ol rclated cxpression
sysiems, sec U.S. Pat. No. 4,399,216 and Europcan Patent
Applications 117058, 117039 and 117060, all published
Aug. 29, 1984 ]

CHO DHFR™ cclis {DuX-B11) CHO K1 cells, Urlaub, et
al., Proc. Nat. Acad. Sci. (U.S.A.), Vol. 77, 4461 (1980} lack
the enzyme dihydrofolate reductase (DHFR) duc to muta-
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tions in the structural genes and therclore reguire the pres-
cnce ol glycine, hypoxanthine, and thymidine in the cutture
media. Plasmids pDSVL-MKE (Example 6} or pDSVL-
gHuEPO (Example 7B} were transfected along with carrier
DNA into CHO DHFR ccells growing in media conlaining
hypoxanthine, thymidine, and glycine in 60 mm culture
plates. Plasmid pSVgHUEPO (Examplc 7A) was mixed with
the plasmid pMG2 containing a mouse dihydrofolate reduc-
tasc genc cloned into the bacterial plasmid vector pBR322
{per Gasser, ct al., supra.) The plasmid mixture and carrier
DNA was transfecled into CHO DHFR' cells. (Cells which
acquirc onc plasmid will generally also acquire a second
plasmid). Alter three days, the cells were dispersed by
Lrypsinization into several 100 mm culture plates in media
lacking hypoxanthine and thymidine. Only those cells which
have been stably transformed with the DHFR gene, and
thereby the EPO gene, survive in this media. After 7-21
days, colonics ol surviving cclls became apparent. These
transformant colonics, afler dispersion by (rypsinization can
be conlinuously propagated in media lacking hypoxanthine
and thymidine, creating new cell strains (e.g., CHO pDSVL-
MkKEPQ, CHO pSVgHuEPQO, CHO-pDSVL-gHuEPO).

Culture Nuids from the above cell strains were lested in
the RIA for the presence of recombinant monkey or human
EPO. Media lor strain CHO pDSVL-MKEPO contained
EPO with immunological propertics like that obtained from
COS-1 cells translected with plasmid pDSVL-MKEPO. A
representalive 65 hour culture fluid contained monkey EPO
at .60 U/ml.

Culture fluids from CHO pSVgHuEPO and CHO
pDSVL-gHuEPO contained recombinant human EPO with
immunological properties like Lhat obtained with COS-1
cells transfecled with plasmid pSVgHuUEPO or pDSVL-
gHUEPO. A representalive 3 day culture fluid from CHO
pSVgHuEPQO contained 2.99 U/ml of human EPO and a 5.5
day sample from CHO pDSVL-gHuEPO had 18.2 U/ml of
human EPQO as mecasurcd by the RIA.

The guantity of EPO produced by the cell strains
described above can bhe increased by gene amplilication
giving new cell strains of greater productivity. The enzyme
dihydrololate reductase (DHFR) which is the product coded
for by the DHFR gene can be inhibited by the drug meth-
otrexate {(MTX). Morc specifically, cells propagated in
media lacking hypoxanthine and thymidine are inhibited or
killed by MTX. Under the appropriale conditions, (c.g.,
minimal concentrations ol MTX) cells resistant to and able
to grow in MTX can be obtained. These cells are found to
be resistent to MTX duc to an amplification of the number
ol their DHFR genes, resulting in incrcased production of
DHFER enzyme. The surviving cells can, in turn, be treated
with increasing concentrations of MTX, resulling in cell
strains containing greater naumbers of DHFR genes. “Pas-
senger genes” (c.g., EPO) carried on the expression veclor
along with the DHFR gene or transformed with the DHFR
gene are (requently found also to be increased in their gene
copy number.

As cxamples of practice of this amplification system, cell
strain CHO pDSVL-MKE was subjected o increasing MTX
concentrations {0 nM, 30 nM and 100 nM). Representative
65-hour culture media samples [rom cach amplilication step
were assayed by RIA and determined to contain 0.60, 2.45
and 6.10 U/ml, respectively. Cell strain CHO pDSVL.-
gHUEPO was subjected to a scries of increasing MTX
concentrations of 30 nM, 50 nM, 100 nM, 200 nM, 1 uuM,
and 5 pM MTX. A representative 3-day culture media
sample from the 100 nM MTX step contained human EPO
at 3089+129 u/ml as judged by RIA. Representative 48 hour
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cultural medium samples from the 100 aM and 1 uM MTX
steps contained, respectively, human EPO at 466 and 1352
U/ml as judged by RIA (avcrage of triplicate assays). In
these procedures, 1x10° cells were plated in 5 mi of media
in 60 mm culture dishes. Twenly-four hours later the media
were removed and replaced with 5 ml ol serum-{rece media
(high glucosc DMEM supplemented with 0.1 mM non-
cssential amino acids and L-glutamine). EPO was allowed to
accumulate [or 48 hours in the serum-free media. The media
was collected for assay and the cclls were Lrypsinized and
counicd. The average RIA values of 467 U/ml and 1352
U/ml for cclls grown at 100 nM and 1 gM MTX, respee-
tively, provided actual yields ol 2335 U/plate and 6750
U/plate. The average cell numbers per plale were 1.94x10°
and 312x10° cclls, respectively. The effective production
rales for these culture conditions were thus 1264 and 2167
U/10% cells/48 hours.

The cells in the cultures described immediately above are
a genetically heterogencous population. Standard screening
procedures arc being employed in an altempl Lo isolate
genetically homogencous clones with the highest production
capacity. See, Scction A, Part 2, of "Points to Consider in the
Characlerizalion of Cell Lines Used to Produce Biologics™,
Jun. |, 1984, Office of Biologics Rescarch Review, Center
for Drugs and Biologics, U.S. Food and Drug Administra-
tion.

The productivity of the EPO producing CHO cell lines
described above can be improved by appropriate cell culture
techniques. The propagation ol mammalian cells in culture
generally requires the presence of serum in the growth
media. A method for production of erythropoietin [rom CHO
cclls in media thal does not contain serum greatly facilitates
the purification of crythropoietin [rom the culture medium,
The method described below is capable of economically
producing erythropoictin in scrum-free media in large quan-
tities sufficient lor production.

Strain CHO pDSVL-gHuEPO cells, grown in standard
cell culture conditions, are used 1o seed spinner cell culture
flasks. The cells are propagated as a suspension cell line in
the spinner cell culiure flask in media consisting of a 50-50
mixture of high glucose DMEM and Ham’s F12 supple-
mented with 5% fetal call serum, L-glutamine, Penicillin
and Streptomycin, (.05 mM non-cssential amino acids and
the appropriate concentration ol methotrexate. Suspension
ccll cuhwure allows the EPO-producing CHO cclls 10 be
expanded casily to large volumes. CHO cells, grown in
suspension, arc used to seed roller bottles at an initial
sceding density of 1.5x107 viable cells per 850 cm?® roller
bottle in 200 mi of media. The cclls are allowed to grow o
conflucncy as an adherent cell line over a three-day period.
The media used for this phase of the growth is the same as
used for growth in suspension. At the cnd of the three-day
growth period, the scrum containing media is removed and
replaced with 100 ml of serum-free media; 50-50 mixture of
high glucose DMEM and Ham’s F12 supplemented with
0.05 mM non-essenlial amino acids and L-glulamine. The
roller bottles are returned 1o the roller bottle incubator for a
period of 1-3 hours and the media again is removed and
replaced with 100 ml of [resh serum-free media. The 1-3
hour incubation of the scrum-free media reduces the con-
centration ol conlaminating scrum proteins. The roller
bottles arc returned to the incubator for seven days during
which erythropoietin accumulates in the serum-free culture
media. Al the end of the seven-day production phasc, the
conditioncd media is removed and replaced with f{resh
serum-[reec medium lor a sccond produclion cycle. As an
cxample of the practice of this production system, a repre-
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senlative seven-day, scrum-frec media sample contained
human crythropoietin at 38924409 U/m! as judged by the
RIA. Bascd on an estimated cell density of 0.9 1o 1.8x10°
cells/cm?, cach 850 cm” roler boltle contained frem 0.75 to
1.5x10" cclls and thus the rate of production of EPQ in the
7-day, 100 mi culture was 750 1o 1470 U/10° cells/48 hours.

Culwure fluids from cell strain CHO pDSVL-MKEPO
carricd in 10 nM MTX were subjected to RIA in vitro and
in vivo EPQ aclivity assays. The conditioned media sample
contained 41.2x1.4 Ufml of MKEPO as mcasured by the
RIA, 41.240.064 U/ml as measured by the in vitro biological
activily assay and 42.5+5 U/ml as mecasured by the in vivo
biological activity assay. Amino acid scquencing of
polypeptide preducts reveated the presence of EPO prod-
ucts, a principle specics having 3 residucs ol the “leader”
sequence adjacent the putalive amino terminal alanine.
Whether this is the result of incorrect membrane processing
ol the polypeptide in CHO cells or reflects a diflerence in
structure of the am+no terminus of monkey EPO vis-a-vis
human EPO, is preseatly unknown.

Culture fluids from cell strain CHO pDSVL-gHUEPO
were subjected to the three assays. A 5.5 day sample
contained recombinant human EPO in the media al a ievel
ol 18.2 U/m! by RIA assay, 15.8x4.6 U/ml by in vilro assay
and 16.82£3.0 U/ml by in vivo assay.

Culture fluid from CHO pDSVL-gHuEPO cclls prepared
amplificd by siecpwise 100 nM MTX were subjected to the
three assays. A 3.0 day sample contained recombinant
human EPO at a level of 3089+129 U/ml by RIA, 2589+71.5
U/ml by in vitro assay, and 2040+160 U/ml by in vivo assay.
Amino acid scquencing ol this product reveals an amino
terminal corresponding to that designated in FIG. 6.

Ccll conditioned media from CHO cells-transfected with
plasmid pDSVL-MKE in 10 nM MTX were pooled, and the
MTX dialyzed out over several days, resulting in media with
an EPO activity of 22115.1U/ml (EPO-CCM}. To delermine
the in vivo cffect of the EPO-CCM upon hematocrit levels
in normal Balb/C mice, the following experimeni was con-
ducted. Cell conditioned media [rom untransfecled CHO
cclls (CCM) and EPO-CCM were adjusted with PBS. CCM
was used for the control group (3 mice) and two dosc levels
of EPO-CCM-4 unils per injection and 44 unils per injec-
tion—wecre employed [or the experimental groups (2 mice/
group). Over the course of 5 wecks, the seven mice were
injected intraperitoneally, times per week. After the cighth
injection, average hematocrit values for the control group
were determined to be 50.4%; for the 4U group, 55.1%; and,
for the 44U group, 67.9%.

Mammalian cell expression products may be readily
recovered in substantially purified [orm from culture media
using HPLC (C,) employing an cthanol gradient, preferably
al pH 7.

A preliminary altempt was made to characterize recom-
binant glycoprotein products from conditioned medium of
COS-1 and CHO cell expression of the human EPO gene in
comparison to human urinary EPO isolales using both
Western blot analysis and SDS-PAGE. These studies indi-
cated that the CHO-produced EPO material had a somewhat
higher molecular weight than the COS-1 expression product
which, in turn, was slightly larger than the pooled source
human urinary extracl. All products were somewhat hetero-
geneous. Neuraminidase enzyme trealment 1o remove sialic
acid resulted in COS-1 and CHO recombinant products of
approximalely equal molecular weight which were both
nonctheless larger than the resulting asialo human urinary
extract. Endoglycosidase F enzyme (EC 3.2.1} treatment of
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the recombinant CHO product and the urinary extract prod-
uct {to tolally remove carbohydrate from both) resulted in
subslantially homogencous producls having cssentially
identical molecular weight characteristics.

Purified human urinary EPO and a recombinant, CHO
cell-produced, EPO according (o the invenlion were sub-
jecied to carbohydrate analysis according Lo the procedure ol
Ledeen, el al. Methods in Enzvmology, 83(Part D), 139-191
(1982) as modificd through use of the hydrolysis procedures
ol Nesscr, et al., Anal. Biochem., 142, 58-67 (1984). Experi-
mentally  determined  carbohydrale  constitution  values
(cxpressed as molar ratios of carbohydrate in the product)
for the urinary isolale were as follows: Hexoses, 1.73;
N-acetylglucosamine, [; N-acctylncuraminic acid, 0.93;
Fucose, 0; and N-acetylgalactosamine, 0. Corresponding
values for the recombinant product (derived from CHO
pDSVL-gHuEPO 3-day culure media at 100 nM MTX)
were as follows: Hexoses, 15.09; N-acetylglucosamine, |;
N-acetyineuraminic acid, 0.998; Fucosc, 0; and N-acctylga-
lactosaminc, 0. These findings are consistent with the West-
crn blot and SDS-PAGE analysis described above.

Glycoprolein products provided by the present invention
arc thus comprehensive of products having a primary struc-
tural conlormation sufficiently duplicative of that of a natu-
rally-occurring erythropoictin o allow posscssion of one or
morc of the biological propertics thercol and having an
average carbohydrate composition which dilfers from that of
naturally-occurring erythropoictin.

EXAMPLE 1]

The present example relates to the total manufacture by
asscmbly of nucleolide bascs of two struclural genes encod-
ing the human species EPO sequence of FIG. 6 and incor-
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poraling, respectively “preferred” codons for cxpression in

E. coli and yeast (S. cerevisiae) cclls. Also described is the
construction of genes encoding analogs of human EPO.
Bricfly staled, the protocol employed was generally as sct
out in the previously noted disclosure of Alton, et al. (WO
83/04053). The genes were designed for initial assembly of
component oligonucleotides inte mulliple duplexes which,
in lurn, were assembled into three discrele sections. These
scctions were designed for ready amplification and, upon
removal (rom the amplification system, could be assembled
scquentially or through a multiple {ragment ligation in a
suitable expression vector.

FIGS. 10 through 15 and 17 illustraic the design and
assembly ol a manufactured gene encoding a human EPO
translalion product lacking any leader or presequence but
including an initial mecthionine residuc at position —1.
Morcocver, the genc incorporated in substantial part E. coli
preference codons and the construction was therefore
referred to as the “ECEPQ” gene.

Morc particularly, FIG. 10 iilustrales oligonucleolides
employed to generate the Scction | of the ECEPO gene
encading amino terminal residues of the human species
polypeptide.  Oligonucleotides  were  asscmbled  into
duplexes (1 and 2, 3 and 4, ctc.) and the duplexes were then
ligated to provide ECEPO Scction 1 as in FIG. 11, Notc that
the assembled scction includes respeclive terminal EcoRI
and BamH]1 sticky ends, that “downstrcam™ of thc EcoR]
sticky end 1s a Xbal restriction enzyme recognition site; and
that “upstrcam” ol the BamH]{ sticky end is a Kpnl recog-
nilion sile. Scction | could readily be amplified using the
M13 phage vector employed [or verification of sequence of
the scetion. Some difficuliies were encountered in isolating
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the section as an Xbal/Kpnl fragment from RF DNA gen-
crated in E. cofi, likely due to methylation of the Kpnl
recognition sile bases within the host. Single-stranded phage
DNA was therefore isolated and rendered into double-
stranded form in vitro by primer extension and the desired
double-stranded fragment was thereafter readily isolated.

ECEPO gene Sections 2 and 3 (FIGS. 13 and 15} were
construcled in a similar manner from the oligonucleotides of
FIGS. 12 and 14, respectively. Each section was amplificd in
the M 13 vector employed for scquence verification and was
isolated Irom phage DNA. As is apparent from FIG. 13, X1,
ECEPO Scction 2 was construcled with EcoRI and BamHI
sticky ends and could be isolated as a Kpnl/Bgll fragment.
Similarly, ECEPO Scction 3 was prepared with BamHI and
Sall sticky ends and could be isolated from phage RF DNA
as a Bglll/Sall fragment. The three sections thus prepared
can readily be assembled into a continuous DNA scquence
(FIG. 7) encoding the entire human species EPO polypep-
lide with an amino terminal methionine codon (ATG) for E.
coli translation initiation. Note also that “upstream’” ol the
initial ATG is a series of basc pairs substantially duplicating
the ribosome binding site sequence of the highly expressed
OMP-I gene of E. coli.

Any suitable expression vector may be employed to carry
the ECEPO. The particular vector chosen for expression of
the ECEPQ gene as the “temperalure sensitive” plasmid
pCEM536—a derivative of plasmid pCFM414 (A T.C.C.
40076)—as described in co-pending U.S. patent applicalion
Ser. No. 636,727, {iled Aug. 6, 1984 (Published EPO Appli-
cation No. 136,490), by Charies F. Morris. More specifically,
pCFM336 was digested with Xbal and HindlIll; the large
fragment was isolated and employed in a iwo-part ligation
with thc ECEPO gene. Sections | (Xhal/Kpal), 2 (Kpnl/
Bglll) and 3 (Bglll/Sall) had previously been assembiced in
the correct order in M13 and the EPO gene was isolated
therefrom as a single Xbal/HindIll fragment. This fragment
included a portion of the polylinker from M13 mp9 phage
spanning the Sali to Hindlll sites therein. Control of expres-
sion in the resulling expression plasmid, p536, was by
means of a lambda P, promoter, which itscll may be under
control ol the Cy5, repressor gene (such as provided in E.
coli strain K12AHturp).

The manufactured ECEPO gene above may he variously
modified 1o encode erythropoietin analogs such as [Asn?,
des Pro® through [1c®]hEPO and [His’[hEPQ, as described
below.

A. lAsn?, des Pro” through [le®}hEPO

Plasmid 536 carrying the ECEPO manufaciured gene of
FIG. 7 as a Xbal to Hindlll insert was digested with HindllI
and Xhol. The latter endonucicase cuts the ECEPO gene al
a unique, 6 basc pair recognition sile spanning the last base
of the codon encoding Asp® through the sccond base of the
Arg'? codon. A Xbal/Xhol “linker” sequence was manufac-
tured having the following sequence:

Xhal t 2 7 8 9
Met Ala  Asn Cys  Asp

5-CTAG ATG GCT AAT TGC GACY

3-TAC CGA TTA ACG CTG AGCT-Y

Xiol

The Xbal/Xhol linker and the Xhol/Hindlll ECEPO gene
scquence fragmenl were inseried into the large fragment
resulting from Xbal and Hindlll digestion of plasmid
pCEM526—a derivative of plasmid pCFM414 (A T.C.C.
40076)—as described in co-pending U.S. patent application
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Ser. No. 636,727, filed Aug. 6, 1984, by Charles F. Morris,
1o generate a plasmid-borne DNA sequence encoding E. coli
expression ol the Met™' form of the desired analog.

B. [His’|hEPO

Plasmid 536 was digested with HindlIll and Xhol as in
part A above. A Xbal/Xhol linker was manufactured having
the following scquence:

Xhal o2 3 4 5 6 7 8 9 Xhol
Met Ala Pro Pro Arg Leuw ile His  Asp
S-CUAGATG GCTCCG CCA CGT CTG ATC CAT GAC-3

3.TAC CGAGGC GGT GCA

The linker and the Xhol/Hindlll ECEPO sequence frag-
ment were then inseried into pCFMS26 to gencrate a plas-
mid-horne DNA sequence cncoding E. coli expression of the
Met ' form of the desired analog.

Construction of a manufaciured gene (“SCEPQ”) incor-
poraling yeast prefercnce codons is as described in the
following FIGS. 16 through 21 and 8. As was the casc with
thc ECEPO gene, the entire construction involved formation
of three sets ol oligonucleotides (FIGS. 16, 18 and 20) which
were formed into duplexes and assembled inlo sections
(FIGS. 17, 19 and 21). Note that synthcsis was facilitated in
parl by usc of some sub-optimal codons in both the SCEPO
and ECEPOQO constructions, i.c., oligonucleotides 7-12 of
Section 1 of both genes were identical, as were oligonucie-
otides 1-6 of Section 2 in cach gene.

The asscmbled SCEPO scclions were sequenced in M13
and Sections 1, 2 and 3 werce isolatable Irom the phage as
Hindlll/Kpal, Kpnl/Bglll, and Bglll/Sall fragments.

The presently preferred expression system for SCEPO
gene products is a secretion sysiem based on S. cerevisiae
¢-factor sccretion, as described in co-pending ULS. patent
application Secr, No. 487,753, filed Apr. 22, 1983, by Grant
A. Bilter, published Oct. 1984 as European Patent Applica-
tion 0 123,294, Bricfly put, the system involves construc-
tions whercin DNA encoding the leader sequence of the
yeast s-factor gene product is posilioned immediately 3" to
the coding region of the exogenous genc to be expressed. As
a result, the gene product translated includes a leader or
signal sequence which is “processed ofl”" by an cndogenous
ycast cnzyme in the coursc of sceretion of the remainder of
the product. Because the construction makes usc of the
a-lactor lranstation initiation (ATG) codon, therc was no
nced to provide such a codon at the —1 position of the
SCEPO gene. As may be noted from FiG. 8, the alanine (+1)
cncoding sequence is preceded by a linker sequence allow-
ing lor direct insertion into a plasmid including the DNA for
the first 80 residucs of the s-factor leader [ollowing the
o-lactor promoter. The specific preferred construction for
SCEPO gene cxpression involved a [our-part ligation
including the above-noted SCEPO scction fragments and the
large fragment of HindIll/Sall digestion of plasmid paC3.
From the resulting plasmid paC3/SCEPO, the o-lactor
promoter and leader sequence and SCEPO gene were iso-
lated by digestion with BamHI and ligated into BamHI
digesled plasmid pYE 1o form cxpression plasmid pYE/
SCEPO.

EXAMPLE 12

The present example relales o expression of recombinant
products of the manufactured ECEPO and SCEPO genes
within the expression systems of Example 11.

GAC TAG GTA CIG AGCT-Y
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In usc ol the expression sysiem designed for use ol E. coli
host cells, plasmid p536 of Example 11 was transformed
into AM7 E. coli cells previously transformed with a suitable
plasmid, pMW [, harboring a C 4, gene. Cultures ol cells in
LB broth (Ampicillin 50 pg/ml and kanamycin 5 pg/ml,
preferably with 10 mM MgSO,) were maintained at 28° C.
and upon growth of cells in culiure 1o O.D.4=0.1, EPO
cxpression was induced by raising the culture temperature to
42° C. Ccells grown to aboul 40 O.D. provided EPO pro-
duction {as eslimated by gel) of aboul 5 mg/OD liter.

Cells were harvested, lysed, broken with French Press
(10,000 psi) and trealed with lysozyme and NP-40 detergent.
The pellet resulting from 24,000xg centrifugation was solu-
bilized with guanidine HCI and subjected o further purifi-
cation in a single step by means ol C, (Vydac) Reverse
Phase HPLC (ELOH, 0-80%, 50 mM NH, Ac, pli 4.5).
Protein sequencing revealed the product 1o be greater than
95% pure and the products obtained revealed two different
amino lerminals, A-P-P-R . . . and P-P-R . . . in a rclative
quantitative ratio of about 3 1o 1. This latler observation of
hEPO and |des Ala'}hEPO products indicates that amino
terminal ““processing” within the host cells serves to remove
the terminal methionine and in some instances the initial
alaninc. Radioimmunoassay activity lor the isolales was at
a level of 150,000 to 160,000 U/mg; in vitro assay activity
was at a level ol 30,000 to 62,000 U/mg; and in vivo assay
activity ranged from about 120 to 720 U/mg. (C[., human
urinary isolate standard of 70,000 U/mg in cach assay.) The
dose response curve for the recombinant product in the in
vivo assay differcd markedly [rom that of the human urinary
EPO standard.

The EPO analog plasmids formed in paris A and B of
Example 11 were cach transformed into pMW I-transformed
AM7 E. coli cells and the cells were cultured as above.
Purified isolates were Lested in both RIA and in vitro assays.
RIA and in vitro assay valucs for |Asn®, des-Pro” through
11c®|hEPO expression products were approximately 11,000
U/mg and 6,000 U/mg protein, respectively, while the assay
values for [His”ThEPO were aboul 41,000 U/mg and 14,000
U/mg protein, respectively, indicating that the analog prod-
ucts were from one-fourth (o one-lenth as “active”™ as the
“parenl” cxpression product in the assays.

In the expression system designed for usc of §. cerevisiae
host cclls, plasmid pYE/SCEPO was transformed into two
different strains, YSDP4 {(genotype o pep4-3 trpl) and
RK81 (genolype oo pepd-3 trpl). Transformed YSDP4
hosts were grown in SD medium (Methods in Yeast Genel-
ics, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., p. 62 (1983) supplemented with casamino acids at
0.5%, pH 6.5 at 30° C. Media harvested when the cells had
been grown to 36 O.D. conlained EPO products at levels of
about 244 U/ml (97 pg/OD liter by RIA}). Translormed
RK81 cells grown Lo cither 6.5 O.D. or 60 O.D. provided
media with EPO concentrations of about 80-90 U/ml (34
1g/OD liter by RIA). Preliminary analyscs reveal significant
heterogenceily in products produced by the expression sys-
tem, likely to be duc to varialions in glycosylation of
proteins expressed, and relatively high mannose conient of
the associated carbohydrate.

Plasmids PoC3 and pYE in HB101 E. coli cells were
deposited in accordance with the Rules of Practice of the
U.S. Patent Office on Sep. 27, 1984, with the American Type
Culture Collection, 12301 Parklawn Drive, Rockville, Md.,
under deposit numbers A T.C.C. 39881 and A.T.C.C. 39882,
respectively. Plasmids pCEMS26 in AM7 cells, pCEMS536 in
IM103 cells, and pMW! in JMI103 ccils were likewise
deposited on Nov. 21, 1984 as A'T.C.C. 39932, 39934, and
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38933, respectively.  Saccharomyces cerevisiae sirains
YSPD4 and RKE1 were deposited on Nov. 21, 1984 as
AT.C.C. 20734 and 20733, respectively.

It should be readily apparent from consideration of the
above illustrative cxamples that numerous exceptionally
valuable products and processes are provided by the present
inveniion in ity many aspects.

Polypeptides provided by the invention are conspicuously
usclul malerials, whether they arc microbially cxpressed
products or synthetic products. the primary, sccondary or
tertiary structural conformation of which was first made
known by the present invention.

As previously indicated, recombinant-produced and syn-
thetic products ol the invention share, 1o varying degrees,
the in vitro biological activity of EPO isolates from natural
sources and conscquently arc projecled (o have uiility as
substitutes for EPQ isolates in cullure media employed (ot
growth of erythropoictic cells in culture. Similarly, to the
cxtent that polypeptide products of the invention share the in
vivo aclivily of natural EPO isolates they are conspicuously
suitable for use in erythropoictin therapy procedures prac-
ticed on mammals, including humans, 10 develop any or all
of the effects herelore attributed in vivo to EPO, c.g.,
stimulation of rcticulocyte response, development of ferro-
kinctic effects {such as plasma iron wrnover elfects and
marrow transit time eclfects), crythrocyie mass changes,
stimulation of hemoglobin C synthesis {sce, Eschbach, et al.,
supra) and, as indicaled in Example 10, increasing hemat-
ocrit levels in mammals. Included within the class of
humans (reatable with products of the invention arc paticnts
generally requiring blood transfusions and including trauma
viclims, surgical paticnts, renal discase patients including
dialysis patients, and palients with a varicty of bioed com-
position alfecting disorders, such as hemophilia, sickle cell
discasc, physiologic anemias, and the like. The minimiza-
tion ol the need flor transfusion therapy through use of EPQO
therapy can be expected (o result in reduced transmission of
infectious agents. Products of the invention, by virtue of
their production by recombinant methods, arc expected Lo be
frec of pyrogens, natural inhibitory substanccs, and the like,
and arc thus likely to provide enhanced overall elfectiveness
in therapeultic processes vis-a-vis naturally derived products.
Erythropoictin therapy with products of the present inven-
licn is also cxpected Lo be uscful in the enhancement of
oxygen carrying capacity of individuals encountering
hypoxic environmental conditions and possibly in providing
beneficial cardiovascular effects,

A preferred methed for administration of pelypeplide
products of the invention is by parenteral (e.g., IV, IM, SC,
or IP) routes and the compositions administered would
ordinarily include therapeutically effective amounts of prod-
uct in combinalion with acceplable diluents, carriers and/or
adjuvants. Preliminary pharmacokinetic studies indicate a
longer hall-life in vivo for monkey EPO products when
administcred IM rather than V. Effective dosages arc
expecled to vary substantially depending upon the condition
treated but therapeutic doses are presently expected Lo be in
the range of 0.1 (~7U) 1o 100 (~7000U) pg/ke body weight
of the active material. Standard diluents such as human
serum albumin arc contemplaled for pharmaceutical com-
positions ol the invention, as are standard carriers such as
saline.

Adjuvant malerials suitable for usc in compositions of the
invention include compounds independently noted for eryth-
ropoiclic stimutatory cifects, such as testoslerones, progeni-
Lor cell stimulators, insulin-like growth factor, prostaglan-
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dins, scrolonin, cyclic AMP, prolactin and triiodothyrenine,
as well as agents generally employed in treatment of aplastic
ancmia, such as methenolene, stanozolol and nandrolonc
[scc, c.g.. Rescgotli, ct al., Panminerva Medica., 23,
243-248 (1981); McGonigle, ct al., Kidney hu, 25(2),
437-444 (1984); Pavlovic-Kantera, ct al., Expt. Hematol.,
8(Supp. B), 283-291 (1980), and Kurly, FEBS Letters,
1da(1}, 105-108 (1982)]. Also contemplated as adjuvants
arc substances reported to enhance the effects of, or syner-
gize, erythropoictin or asialo-EPQ, such as the adrenergic
agonists, thyroid hormones, androgens and BPA [sce, Dunn,
“Current Conceplts in Erythropoiesis™, John Wiley and Sons
(Chichesler, England, 1983); Weiland, ct al., Blui, 4433,
173175 (1982); Kalmanti, Kidney fnr., 22, 383-391 (1982);
Shahidi, New. Eng. J. Med., 289, 72-80 (1973); Fisher, et al.,
Steroids, 30(6), 833-845 (1977); Urahc, ct al., J. Exp. Med,,
149, 1314-1325 (1979); and Billat, ct al., Expr. Hemalol.,
1001}, 133-140 (1982)] as well as the classes of compounds
designaled “hepatic erylhropoictic lactors” |sce, Naughton,
ct al., Acta. Haemat., 69, 171-179 (1983)] and “crythrotro-
pins” [as described by Congote, ct al. in Absiract 364,
Proceedings 7th International Congress of Endocrinology
(Quebec City, Quebec, Jul. 1-7, 1984); Congote, Biochem.
Biophys. Res. Comm., 115(2), 447-483 (1983) and Congolc,
Anal. Biochem., 140, 428-433 (1984)] and “crylhrogenins™
[as described in Rothman, et al., J. Surg. Oncol, 20,
105-108 (1982)]. Preliminary screenings designed o mea-
sure erylhropoiclic responses ol ex-hypoxic polycythemic
mice pre-treated with cither 5-a-dihydrotestosteronce or nan-
drolonc and then given erythropeictin of the present inven-
lion have gencrated cquivocal results,
Diagnostic uses of polypeptides of the invention arc
similarly cxtensive and include usc in labelled and unla-
belled forms in a varicly ol immunoassay technigues includ-
ing RIA’s, ELISA’s and the like, as well as a varicty of in
vitro and in vivo activity assays. Sec, ¢.g.. Dunn, et al., Expt.
Hematol., 11(7), 590-600 (1983); Gibson, ct al., Pathology,
16, 155-156 (1984); Krystal, Expr. Hematol, 11(7),
649-660 (1983); Saito, ct al., Jap. J. Med., 23(1), 16-21
(1984); Nathan, ct al., New Eng. J Med., 308(9), 520-522
(1983); and various relerences pertaining (o assays referred
Lo therein. Polypeptides of the invention, including synthetic
peptides comprising sequences ol residucs of EPO first
rcvealed herein, also provide highly useful pure malerials for
generating polyclonal antibodices and “banks™ of monoclonal
antibedics specific for dilfering continuous and discontinu-
ous cpitopes of EPO. As one cxample, preliminary analysis
of the amino acid sequences of FIG. 6 in the contexl of
hydropathicity according to Hopp, ct al., PN.A.S. (U.5.A.),
78, pp. 3824-3828 (1981) and of sccondary structures
according to Chou, ct al., Ann. Rev. Biochem., 47, p. 251
(1978) revealed that synthetic peplides duplicalive of con-
tinuous scquences of residues spanning positions 41-57
inclusive, 116-118 inclusive and 144-166 inclusive are
likely to produce a highly antigenic response and gencrate
usclul monoclonal and polyclonal antibodics immunoreac-
tive with both the synthetic peptide and the entire protein.
Such antibodics arc expected to be uscful in the detection
and allinity purification of EPO and EPO-related products.
Iustratively, the following (hree synthetic peplides were
prepared:
(1) hEPO 41-57, V-P-D-T-K-V-N-F-Y-A-W-K-R-M-E-
V-G;

(2} hEPO 116-128, K-E-A-[-S-P-P-D-A-A-S-A-A;

{3) hEPO 144-166, V-Y-S-N-F-L-R-G-K-L-K-L-Y-T-G-
E-A-C-R-T-G-D-R. Preliminary immunization studies
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cmploying the above-noied polypeptides have revealed
a rclatively weak positive responsc 1o hEPO 41-57, no
appreciable response 1o hEPO 116-128, and a strong
posilive resopnse to hEPO [44-166, as mcasured by
capacily ol rabbit serum antibodies (0 immunoprecipi-
tate "**1-tabelled humarn urinary EPG isolates. Prelimi-
nary in vivo aclivity studics on the three peptides
revealed no significant activity either alone or in com-
bination.

While the deduced sequences ol amino acid residucs of
mammalian EPO provided by the illustrative examples
cssentially defing the primary structural conformation of
mature EPQ, it will be understood that the specific sequence
ol 165 amino acid residues ol monkey specics EPO in FIG.
5 and the 166 residucs ol human species EPO in FIG. 6 do
not limit the scope of uscful polypeptides provided by the
invention. Comprehended by the present invention are those
various naturally-occurring allelic forms of EPO which past
rescarch into biologically active mammalian polypeplides

such as human vy interferon indicates are likely 1o exisl. 2

(Compare, c.g., the human immunc interferon specics
reported Lo have an arginine residuc at position No. 140 in
EPO published application 0 077 670 and Lhe species
reporied 1o have glutamine at posilion No. 140 in Gray, el
al., Nature, 295, pp. 503-508 (1982). Both specics arc
characterized as constituting “mature” human v interferon
sequences.) Allelic Torms of mature EPO polypeptides may
vary from cach other and from the sequences of FIGS. § and
FIG. 6 in terms of length of scquence and/or in terms of
deletions, substitutions, insertions or additions of amino
acids in the scquence, with conscquent potential variations
in the capacity for glycosylation. As noted previously, onc
putative allelic form ol human species EPO is belicved Lo
include a methionine residuc at position 126. Expectedly,
naturally-occurring aliclic ferms of EPO-cncoding DNA
genomic and cDNA sequences are also likely to occur which
code for the above-noted types of allelic polypeptides or
simply employ differing codons [or designation of the same
polypcptides as specified.

In addition Lo naturally-occurring allelic forms of mature
EPQ, the present invention also embraces other “EPO prod-
ucts” such as polypeplide analogs of EPO and fragments ol
“mature” EPO. Following the procedures of the above-noted
published application by Alton, et al. (WO/83/04053) onc
may rcadily design and manufacture genes coding for micro-
bial cxpression of polypeplides having primary conforma-
tions which dilfer from that herein specified for mature EPO
in terms ol the identity or location of onc or more residucs
(e.g., substilutions, lcrminal and intermediate additions and
deletions}. Alternately, modifications ol cDNA and genomic
EPO genes may be readily accomplished by well-known
site-directed mulagenesis techniques and employed to gen-
crate analogs and derivatives of EPO. Such EPO products
would sharc at least one of the biological properties of EPO
but may differ in others. As cxamples, projected EPO
products ol the invention include those which are foreshort-
encd by c.g., deletions [Ash?, des-Pro? through 1le®]hEPO,
{des-Thr'® through Arg'°°|hEPO and “A27-55hEPO™, the
latter having the residucs coded for by an entire exon
deleted; or which arc more stable to hydrolysis (and, there-
fore, may have morc pronounced or Jonger lasting eflects
than naturally-occurring EPO); or which have been altercd
Lo delele onc or more polential sites [or glycosylation (which
may resull in higher activitics [or yeast-produced products);
or which have onc or more cysiein residues deleted or
replaced by, e.g., histidine or serine residues (such as the
analog [His”|hEPQO} and are potentially morc casily isolaled
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in active form from microbial systems; or which have onc or
more tyrosine residucs replaced by phenylalanine (such as
the analogs | Phe'*JhEPOQ, [Phe**1hEPO, and [Phc’ 7 |hEPO)
and may bind morc or less readily Lo EPO rcceptors on largel
cclis. Also comprehended are polypeptide (ragments dupli-
cating only a part ol the continuous amino acid secquence or
sccondary conlormations within mature EPO, which frag-
ments may possess one aclivity ol EPO (c.g., receptor
binding) and not others (c.g., erythropoictic activity). Espe-
cially significant in this regard arc those potential [ragments
of EPO which are clucidated upon consideration of the
human genomic DNA sequence of FIG. 6, i.c., “fragments™
of the 1otal continuous EPO sequence which are delineated
by intron scquences and which may constitule distinet
“domains” of biological activity. It is noteworthy that the
abscnce ol in vivo activily for any one or more ol the “EPQO
products” of the invention is not wholly preclusive ol
therapeutic utility (sce, Weiland, et al., supra) or ol utility in
other conlexts, such as in EPO assays or EPO antagonism.
Amiagonisis ol crythropoictin may be quite useful in treat-
ment of polycythemias or cases of overproduction ol EPO
|sce, c.g., Adamson, Hosp. Practice, 18(12), 49-57 (1983),
and Hellmann, ct al., Clin. Lab. Haemat., 5, 335-342
(1983)}.

According o another aspect of the present invention, the
cloncd DNA sequences described herein which cncode
human and monkey EPO polypeplides are conspicucusly
valuable for the information which they provide concerning
the amino acid sequence of mammalian crythropoietin
which has hercloforc been unavailable despite decades of
analytical processing of isolates ol naturally-occurring prod-
ucts. The DNA sequences are also conspicuously valuable as
products uscful in cffecting the large scale microbial syn-
thesis of erthropoietin by a varicly ol recombinant tech-
niques. Put another way, DNA scquences provided by the
invention arc uscful in generating new and useful vital and
circular plasmid DNA vectors, new and useful transformed
and Lransfccted micrebial procaryotic and cucaryolic host
cells (including bacterial and yeast cclis and mammalian
cclls grown in culture), and new and uscful methods for
cultured growth ol such microbial hosl cells capable of
expression of EPO and EPO products. DNA sequences of
the invention are also conspicuously suitable materials for
usc as labelled probes in isolating EPO and related protein
cncoding cDNA and genomic DNA sequences of mamma-
lian speccies other than human and monkey specics herein
specifically illustrated. The extent to which DNA sequences
of the invention will have use in various alternative methods
of protein synthesis {c.g., in insect cells) or in genetic
therapy in humans and other mammals cannot yet be cal-
culated. DNA sequences of the inventlion arc expected to be
uscful in developing transgenic mammalian specics which
may scrve as eucaryotic “hosts” for production of erythro-
poictin and erythropoictin products in quantily. Sce, gener-
ally, Palmiter, et al., Science, 222(4625), 809-814 (1983).

Viewed in this light, thercfore, the specific disclosures ol
the illustrative cxamples arc clearly not intended to bc
limiting upon the scope of the present invention and numer-
ous modifications and variations arc expecied to occur to
those skilled in the art. As one example, while DNA
sequences provided by the illustrative cxamples include
cDNA and genomic DNA scquences, because this applica-
tion provides amino acid sequence information cssential to
manufacturec of DNA sequence, the invention aiso compre-
hends such manufactured DNA sequences as may be con-
structed based on knowledge of EPO amino acid sequences.
These may code for EPO (as in Example 12} as well as for
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EPG fragments and EPO polypeplide analogs (i.c., “EPO
Products”) which may sharc one or more biological prop-
criics ol naturally-occurring EPO but not share others (or
possecss others to different degrees).

DNA scquences provided by the present invention arc
thus seen Lo comprehend all DNA scquences suitable for use
in sccuring expression in a procaryolic or cucaryotic host
cell of a polypeplide product having at least a part of the
primary structural conformation and onc or more of the
biological properties of crythropoictin, and sclected from
among: (a) the DNA sequences sct oul in FIGS. § and 6; (b)
DNA scquences which hybridizc 10 the DNA scquences
defined in {a) or [ragments thercof: and (c) DNA scguences
which, but for the degeneracy of the genctic code, would
hybridizc 1o the DNA sequences defined in (a) and (h). It is
noteworthly in this regard, lor cxample, that existing allelic
monkey and human BEPO gene sequences and other mam-
malian specics gene sequences arc expeeted Lo hybridize to
the sequences of FIGS. 5 and 6 or Lo {ragments thercof,
Further, but for the degeneracy of the genclic code, the
SCEPO and ECEPO genes and the manufactured or
mutagenized ¢cDNA or genomic DNA sequences encoding
various EPO (ragments and analogs would also hybridize to
the above-mentioned DNA sequences. Such hybridizations
could readily be carried oul under the hybridization condi-
tions described herein with respect to the initial isolation of
the monkey and human EPO-cencoding DNA or more strin-
gent conditions, if desired o reduce background hybridiza-
tion.

In a like manncer, while the above examples illustrate the
invention ol microbial expression of EPO products in the
context of mammalian cell expression of DNA inscried in a
hybrid vector of baclerial plasmid and viral genomic origins,
a wide variely of expression systems are within the contem-
plation of the invention. Conspicuously comprechended are
cxpression systems involving veclors ol homogencous ori-
gins applied to a varicty of bacterial, yeast and mammalian
cclls in culture as well as Lo cxpression systems not involv-
ing vectors such as calcium phosphale translcction of cells).
ln this regard, it will be understood that expression of, ¢.g.,
monkey origin DNA in monkey hosl celis in cullure and

human host celis in culture, aclually conslilute instances of

“exogenous’” DNA cxpression inasmuch as the EPO DNA
whosc high level expression is sought would not have its
origins in the genome of the host. Expression systems of the
invention further contemplale these practices resulting in

cyloplasmic formation of EPO products and accumulation of

glycosylated and non-glycosylaled EPO products in host cell
cyloplasm or membranes (c.g., accumulation in baclerial
periplasmic spaces) or in culture medium supernatants as
above illustraled, or in rather uncommon systems such as 2
aeruginosa cxpression sysiems {(described in Gray, ct al.,
Biotechnology, 2, pp. 161-163 (1984)).

Improved hybridization methodologics of the invention,
whilc illustratively applicd above to DNA/DNA hybridiza-
tion screenings arc cqually applicable to RNA/RNA and
RNA/DNA screening. Mixed probe lechniques as herein
illustrated gencrally constitule a number of improvements in
hybridization processes allowing for more rapid and rcliable
polynucicolide isolations. These many individual processing
improvements include: improved colony transfer and main-
lenance procedures; usc of nylon-based filters such as Gene-
Screen and GeneScreen Plus 1o allow reprobing with same
filters and repeated use of the filter, applicalion of novel
prolease Lrcalments [compared, ¢.g., 10 Taub, ct al. Anal
Biochem., 126, pp. 222-230 (1982)]; usc of very low
individual concentrations (on the order of 0.025 picomolc)
ol a large number of mixed probes (c.g., numbers in cxcess
ol 32); and, performing hybridization and posi-hybridization
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steps under stringent lemperaturcs closely approaching (i.c.,
within 4° C. and prelerably within 2° C. away from) the
lowest calculated dissocation temperature of any of the
mixcd probes employed. These improvements combine Lo
provide results which could not be expected to attend their
usc. This is amply illustrated by the fact that mixed probe
procedures involving 4 times the number of probes cver
before reported to have heen successlully used in even
cDNA screens on messenger RNA species of relatively low
abundancy were successfully applicd to the isolation of &
unigue scquence gene in a genomic library scrcening ol
1,500,000 phage plaques. This fcat was accomplished essen-
lially concurrenily with the publication of the considerced
opinion of Anderson, et al., supra, thal mixed probe screcn-
ing methods were . . . impractical for isolation o mam-
malian protein genes when corresponding RNA’s arc
unavailable.

What is claimed is:

1. A process [or the preparation of an in vivo biologically
active crythropoiclin product comprising the sicps of:

(a) growing, under suitable nutrient conditions, host cells
transformed or transfccted with an isolaled DNA
scquence sciected from the group consisting of (1) the
DNA sequences sct out in FIGS. 5 and 6, (2) the prolein
coding scquences set out in FIGS. 5§ and 6, and (3) DNA
sequences which hybridize under stringent conditions
Lo the DNA sequences defined in (1) and (2) or their
complementary strands; and

(b} isolating said crythropoictin product therefrom.

2. A process for the preparation of an in vivo biologically
active erythropoictin product comprising the steps of trans-
forming or translecting a host cell with an isolated DNA
scquence encoding the mature erythropoiclin amino acid
sequence of FIG. 6 and isolating said crythropoietin product
from said hosl cell or the medium of its growth.

3. The process according 1o ¢laim 1 or 2 whercein said host
cells arc mammalian cells.

4. A process for the production of a glycosylated eryth-
ropoictin polypeplide having the in vivo biological property
of causing hone marrow cells o incrcase production of
reticulocytes and red blood cells comprising the sieps of:

a) growing, under suitable nutrient condilions, vertebrate
cells comprising promoter DNA, other than human
crylhropoietin promoter DNA, operatively linked to
DNA cncoding the mature erythropoictin amino acid
scquence of FIG. 6; and

b} isolating said glycosylated crythropoiclin polypeplide
expressed by said cells.

5. The process of claim 4 wherein said promoler DNA is

viral promoter DNA.

6. A process lor the production of a glycosylated eryth-
ropoictin polypeptide having the in vivo biological property
of causing bonc marrow cclis (o incrcasc production of
reticulocyles and red blood cells comprising the steps ol

a) growing, under suitable nutricnt conditions, vericbrate
cells comprising amplificd DNA encoding the mature
crylthropoietin amino acid sequence of FIG. 6; and

b) isolating said glycosylated crythropoiclin polypeplide
expressed by said cells.

7. The process of claim 6 wherein said veriehrate cells

further comprise amplificd marker gene DNA.

8. The process of claim 7 wherein said amplified marker
gene DNA is Dihydrofolate reductase {DHFR) gene DNA.

9. The process according to claims 2, 4 and 6 wherein said
cclls arc mammalian cells,
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