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PRODUCTION OF ERYTHROPOIETIN"

This is a continuation-in-part of my co-pending

U.S. Paten\ Application Serial Nos. 561,024, filed

5 December 13A 1983, 582,185, filed February 21, 1984, and

655,841, filf̂ d September 28, 1984.

BACKGROUND

10 The present invention relates generally to the

manipulation of genetic materials and, more particularly,

to recombinant procedures making possible the production

of polypeptides possessing part or all of the primary

structural conformation and/or one or more of the biolo-

15 gical properties of naturally-occurring erythropoietin.

A. Manipulation Of Genetic Materials

Genetic materials may be broadly defined as

those chemical substances which program for and guide the

20 manufacture of constituents of cells and viruses and

direct the responses of cells and viruses. A long chain

polymeric substance known as deoxyribonucleic acid (DNA)

comprises the genetic material of all living cells and

viruses except for certain viruses which are programmed

25 by ribonucleic acids (RNA). The repeating units in DNA

polymers are four different nucleotides, each of which

consists of either a purine (adenine or guanine) or a

pyrimidine (thymine or cytosine) bound to a deoxyribose

sugar to which a phosphate group is attached. Attachment

30 of nucleotides in linear polymeric form is by means of"

fusion of the 5' phosphate of one nucleotide to the 3

hydroxyl group of another. Functional DNA occurs in the

form of stable double stranded associations of single

strands of nucleotides (known as deoxyoligonucleotides),
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which associations occur by means of hydrogen bonding

between purine and pyrimidine bases [i.e.,

"complementary" associations existing either between ade-

nine (A) and thymine (T) or guanine (G) and cytosine

5 (C)]. By convention, nucleotides are referred to by the

names of their constituent purine or pyrimidine bases,

and the complementary associations of nucleotides in

double stranded DNA [i.e., A-T and G-C) are referred to

as "base pairs". Ribonucleic acid is a polynucleotide

10 comprising adenine, guanine, cytosine and uracil (U),

rather than thymine, bound to ribose and a phosphate

group .

Most briefly put, the programming function of

DNA is generally effected through a process wherein spe-

15 cific DNA nucleotide sequences (genes) are "transcribed"

into relatively unstable messenger RNA (mRNA) polymers.

The mRNA, in turn, serves as a template for the formation

of structural, regulatory and catalytic proteins from

amino acids. This mRNA "translation" process involves

20 the operations of small RNA strands (tRNA) which

transport and align individual amino acids along the mRNA

strand to allow for formation of pblypeptides in proper

amino acid sequences. The mRNA "message", derived from

DNA and providing the basis for the tRNA supply and

25 orientation of any given one of the twenty amino acids

for polypeptide "expression", is in the form of triplet

"codons" -- sequential groupings of three nucleotide

bases. In one sense, the formation of a protein is the

ultimate form of "expression" of the programmed genetic

30 message provided by the nucleotide sequence of a gene.

"Promoter" DNA sequences usually "precede" a

gene in a DNA polymer and provide a site for initiation

of the transcription into mRNA. "Regulator" DNA sequen-

ces, also usually "upstream" of (i.e., preceding) a gene

35 in a given DNA polymer, bind proteins that determine the

frequency (or rate) of transcriptional initiation.

o
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Collectively referred to as "promoter/regulator" or

"control" DNA sequence, these sequences which precede a

selected gene (or series of genes) in a functional DNA

polymer cooperate to determine whether the transcription

5 (and eventual expression) of a gene will occur. DNA

sequences which "follow" a gene in a DNA polymer and pro-

vide a signal for termination of the transcription into

mRNA are referred to as transcription "terminator"

sequences.

10 A focus of microbiological processing for the

last decade has been the attempt to manufacture

industrially and pharmaceutically significant substances

using organisms which either do not initially have gene-

tically coded information concerning the desired product

15 included in their DNA, or (in the case of mammalian cells

in culture) do not ordinarily express a chromosomal gene

at appreciable levels. Simply put, a gene that specifies

the structure of a desired polypeptide product is either

isolated from a "donor" organism or chemically synthe-

20 sized and then stably introduced into another organism

which is preferably a self-replicating unicellular orga-

nism such as bacteria, yeast or mammalian cells in

culture. Once this is done, the existing machinery for

gene expression in the "transformed" or "transfected"

25 microbial host cells operates to construct the desired

product, using the exogenous DNA as a template for

transcription of mRNA which is then translated into a

continuous sequence of amino acid residues.

The art is rich in patent and literature publi-

30 cations relating to "recombinant DNA" methodologies for

the isolation, synthesis, purification and amplification

of genetic materials for use in the transformation of

selected host organisms. U.S. Letters Patent

No. 4,237,224 to Cohen, et al., for example, relates to

35 transformation of unicellular host organisms with

"hybrid" viral or circular plasmid DNA which includes
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selected exogenous DNA sequences. The procedures of the

Cohen, et al. patent first involve manufacture of a

transformation vector by enzymatically cleaving viral or

circular plasmid DNA to form linear DNA strands.

5 Selected foreign ("exogenous" or "heterologous" ) DNA

strands usually including sequences coding for desired

product are prepared in linear form through use of simi-

lar enzymes. The linear viral or plasmid DNA is incu-

bated with the foreign DNA in the presence of ligating

10 enzymes capable of effecting a restoration process and

"hybrid" vectors are formed which include the selected

exogenous DNA segment "spliced" into the viral or cir-

cular DNA plasmid.

Transformation of compatible unicellular host

15 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. More frequently, the goal of

20 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 fragments coded for by the foreign DNA.

See also, e.g., U.S. Letters Patent Nos. A,264,731 (to

25 Shine), A,273,875 (to Manis), 4,293,652 (to Cohen), and

European Patent Application 093,619, published November

9, 1983.

The development of specific DNA sequences for

splicing into DNA vectors is accomplished by a variety of

30 techniques, depending to a great deal on the degree of

" foreignness" 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 alternative principal methods can be employed: (l)

35 the "isolation" of double-stranded DNA sequence from the

genomic DNA of the donor; (2) the chemical manufacture of
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a DNA sequence providing a code for a polypeptide of

interest; and (3) the in vitro synthesis of a double-

stranded DNA sequence by enzymatic "reverse transcrip-

tion" of mRNA isolated from donor cells. The

5 last-mentioned methods which involve formation of a DNA

"complement" of mRNA are generally referred to as "cDNA"

methods.

Manufacture of DNA sequences is frequently the

method of choice when the entire sequence of amino acid

10 residues of the desired polypeptide product is known.

DNA manufacturing procedures of co-owned, co-pending

U.S. Patent Application Serial No. 483,451, by Alton, et

al., [filed April 15, 1983 and corresponding to PCT

US83/006Q5, published November 24, 1983 as W083/04053),

15 for example, provide a superior means for accomplishing

such highly desirable results as: providing for the pre-

sence of alternate codons commonly found in genes which

are highly expressed in the host organism selected for

expression (e.g., providing yeast or E.coli "preference"

20 codons); avoiding the presence of untranslated "intron"

sequences (commonly present in mammalian genomic DNA

sequences and mRNA transcripts thereof) which are not

readily processed by procaryotic host cells; avoiding

expression of undesired "leader" polypeptide sequences

25 commonly coded for by genomic DNA and cDNA sequences but

frequently not readily cleaved from the polypeptide of

interest by bacterial or yeast host cells; providing for

ready insertion of the DNA in convenient expression vec-

tors in association with desired promoter/regulator and

30 terminator sequences; and providing for ready construc-

tion of genes coding for polypeptide fragments and ana-

logs of the desired polypeptides.

When the entire sequence of amino acid residues

of the desired polypeptide is not known, direct manufac-

35 ture of DNA sequences is not possible and isolation of

DNA sequences coding for the polypeptide by a cDNA method
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becomes the method of choice despite the potential

drawbacks in ease of assembly of expression vectors

capable of providing high levels of microbial expression

referred to above. Among the standard procedures for

5 isolating cDNA sequences of interest is the preparation

of plasmid-borne cONA "libraries" derived from reverse

transcription of mRNA abundant in donor cells selected as

responsible for high level expression of genes (e.g.,

libraries of cDNA derived from pituitary cells which

10 express relatively large quantities of growth hormone

products). Where substantial portions of the polypep-

tide's amino acid sequence are known, labelled, single-

stranded DNA probe sequences duplicating a sequence

putatively present in the "target" cDNA may be employed

15 in DNA/DNA hybridization procedures carried out on cloned

copies of the cDNA which have been denatured to single

stranded form. [see, generally, the disclosure and

discussions of the art provided in U.S. Patent No.

4,394,443 to Weissman, et al. and the recent demonstra-

20 tions of the use of long oligonucleotide hybridization

probes reported in Wallace, et al., Nuc .Acids Res. , 6_,

pp. 3543-3557 (1979), and Reyes, e*t al. , P.N.A.5.

(U.S.A. ), 79, pp. 3270-3274 (1982), and Jaye, et al.,

Nuc.Acids Res. , U_, pp. 2325-2335 (1983). See also, U.S.

25 Patent No. 4,358,535 to Falkow, et al., relating to

DNA/DNA hybridization procedures in effecting diagnosis;

published European Patent Application Nos. 0070685 and

0070687 relating to light-emitting labels on single

stranded polynucleotide probes; Davis, et al., "A Manual

30 for Genetic Engineering, Advanced Bacterial Genetics",

Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.

(1980) at pp. 55-58 and 174-176, relating to colony and'

plaque hybridization techniques; and, New England Nuclear

(Boston, Mass.) brochures for "Gene Screen" Hybridization

35 Transfer Membrane materials providing instruction manuals

for the transfer and hybridization of DNA and RNA,

Catalog No. NEF-972.J
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Among the more signficant recent advances in

hybridization procedures for the screening of recombinant

clones is the use of labelled mixed synthetic oligo-

nucleotide probes, each of which is potentially the

5 complete complement of a specific DNA sequence in the

hybridization sample including a heterogenous mixture of

single stranded DNAs or RNAs. These procedures are

acknowledged to be especially useful in the detection of

cDNA clones derived from sources which provide extremely

10 low amounts of mRNA sequences for the polypeptide of

interest. Briefly put, use of stringent hybridization

conditions directed toward avoidance of non-specific

binding can allow, e.g., for the autoradiographic

visualization of a specific cDNA clone upon the event of

15 hybridization of the target DNA to that single probe

within the mixture which is its complete complement. See

generally, Wallace, et al., Nuc .Acids Res., 9_, pp.

879-897 (1981); Suggs, et al. P.N.A.S. (U.S.A.), 78, pp.

6613-6617 (1981); Choo, et al., Nature, 299, pp. 178-180

20 (1982); Kurachi, et al., P.N.A.S. (U.S.A.), 79,

pp. 6461-6464 (1982); Ohkubo, et al., P.N.A.S. (U.S.A.),

8p_, pp. 2196-2200 (1983); and Kornblihtt, et al.

P.N.A.S. (U.S.A.), 80, pp. 3218-3222 (1983). In general,

the mixed probe procedures of Wallace, et al. (1981),

25 supra, have been expanded upon by various workers to the

point where reliable results have reportedly been

^a_obtained in a cDNA clone isolation using a 32-member

mixed "pool" of 16-base-long (16-mer) oligonucleotide

probes of uniformly, varying DNA sequences together with

30 a single 11-mer to effect a two-site "positive" confir-

mation of the presence of cDNA of interest. See,

Singer-Sam, et al., P.N.A.S. (U.S.A.), 80, pp. 802-806,

(1983) .

The use of genomic DNA isolates is the least

35 common of the three above-noted methods for developing
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specific ONA sequences for use in recombinant procedures.

This is especially true in the area of recombinant proce-

dures directed to securing microbial expression of mam-

malian polypeptides and is due, principally to the

5 complexity of mammalian genomic DNA. Thus, while

reliable procedures exist for developing phage-borne

libraries of genomic DNA of human and other mammalian

species origins [See, e.g., Lawn, et al. Cell, 15,

pp. 1157-1174 (1978) relating to procedures for

10 generating a human genomic library commonly referred to

as the "Maniatis Library11; Karn, et al., P.N .A .S.

(U.S.A.), Jit PP- 5172-5176 (1980) relating to a human

genomic library based on alternative restriction endo-

nuclease fragmentation procedure; and Blattner, et al.,

15 Science, 196, pp. 161-169 (1977) describing construction

of a bovine genomic library] there have been relatively

few successful attempts at use of hybridization proce-

dures in isolating genomic DNA in the absence of exten-

sive foreknowledge of amino acid or DNA sequences. As

20 one example, Fiddes, et al. , J.Mol. and App .Genetics, 1_,

pp. 3-18 (1981) report the successful isolation of a gene

A, ^coding for the alpha subunit of tlfe human pituitary gly-

coprotein hormones from the Maniatis Library through use

of a "full length" probe including a complete 621 base

25 pair fragment of a previously-isolated cDNA sequence for

the alpha subunit. As another example, Das, et al.,

P.N.A.S. (U.S.A. ), 80, pp. 1531-1535 (1983) report isola-

tion of human genomic clones for human HLA-DR using a 175

base pair synthetic oligonucleotide. Finally, Anderson,

30 et al., P.N.A.S. (U.S.A.), 80, pp. 6838-6842 (1983)

report the isolation of genomic clone for bovine

pancreatic trypsin inhibitor (BPTI) using a single probe

86 base pairs in length and constructed according to the

known amino acid sequence of BPTI. The authors note a

35 determination of poor prospects for isolating mRNA

suitable for synthesis of a cDNA library due to apparent

a
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low levels of mRNA in initially targeted parotid gland

and lung tissue sources and then address the prospects of

success in probing a genomic library using a mixture of

labelled probes, stating: "More generally, mixed-

5 sequence oligodeoxynucleotide probes have been used to

isolate protein genes of unknown sequence from cDNA

libraries. Such probes are typically mixtures of 8-32

oligonucleotides, 14-17 nucleotides in length, repre-

senting every possible codon combination for a small

10 stretch (5-6 residues) of amino acid sequence. Under

stringent hybridization conditions that discriminate

against incorrectly base-paired probes, these mixtures

are capable of locating specific gene sequences in clone

libraries of low-to-moderate complexity. Nevertheless,

15 because of their short length and heterogeneity, 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

protein genes when the corresponding mRNAs are

20 unavailable." (Citations omitted).

There thus continues to exist a need in the art

for improved methods for effecting- the rapid and effi-

cient isolation of cDNA clones in instances where little

is known of the amino acid sequence of the polypeptide

25 coded for and where "enriched" tissue sources of mRNA are

not readily available for use in constructing cDNA

libraries. Such improved methods would be especially

useful if they were applicable to isolating mammalian

genomic clones where sparse information is available con-

30 cerning amino acid sequences of the polypeptide coded for

by the gene sought.

B. Erythropoietin As A Polypeptide Of Interest

Erythropoiesis, the production of red blood

35 cells, occurs continuously throughout the human life span

to offset cell destruction. Erythropoiesis is a very
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precisely controlled physiological mechanism enabling

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

5 of red blood cells occurs in the bone marrow and is under

the control of the hormone, erythropoietin.

Erythropoietin, an acidic glycoprotein of

approximately 34,000 dalton molecular weight, may occur

in three forms: a, 6 and asialo. The a and 8 forms

10 differ slightly in carbohydrate components, but have the

same potency, biological activity and molecular weight.

The asialo form is an a or 8 form with the terminal car-

bohydrate (sialic acid) removed. Erythropoietin is pre-

sent in "very low concentrations in plasma when the body

15 is in a healthy state wherein tissues receive sufficient

oxygenation from the existing number of erythrocytes.

This normal low concentration is enough to stimulate

replacement of red blood cells which are lost normally

through aging.

20 The amount of erythropoietin in the circulation

is increased under conditions of hypoxia when oxygen

transport by blood cells in the circulation is reduced.

Hypoxia may be caused by loss of large amounts of blood

through hemorrhage, destruction of red blood cells by

25 over-exposure to radiation, reduction in oxygen intake

due to high altitudes or prolonged unconsciousness, or

various forms of anemia. In response to tissues

undergoing hypoxic stress, erythropoietin will increase

red blood cell production by stimulating the conversion

30 of primitive precursor cells in the bone marrow into pro-

erythroblasts which subsequently mature, synthesize

hemoglobin and are released into the circulation as red

blood cells. When the number of red blood cells in cir-

culation is greater than needed for normal tissue oxygen

35 requirements, erythropoietin in circulation is decreased.

See generally, Testa, et al., Exp.Hematol.,

8(Supp. 8), 144-152 (19803; Tong, et al., J.Biol.Chem.,
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256(24), 12666-12672 (1981); Goldwasser, J .Cell .Physiol.,

llOCSupp. 1), 133-135 (1982); Finch, Blood, 60(6),

A*£U241-1246 (1982); Sytowski, et al., Exp^.Hematol. , 8(5upp

01/L&1, 52-64 C1980): Naughton, Ann .Clin .Lab .Sci . , 13(5),

5 432-438 1J983)- Weiss, et al., Am . J . Vet. Res . ,

#/Oi44(10), 1832^1835- (1983); Lappin, et al., Exp .Hematol. ,

11(7), 661-666 (1983); Baciu, et al., Ann.N.Y.Acad.Sci.,

414, 66-72 (1983); Murphy, et al., Acta.Haematologica

Japonica, 46(7), 1380-1396 (1983); Dessypris, et al.,

10 Brit.J.Haematol., 56, 295-306 (1984); and, Emmanouel, et

al., Am.J.Physiol., 247 (1 Pt 2), F168-76 (1984).

Because erythropoietin is essential in the pro-

cess of red blood cell formation, the hormone has poten-

tial useful application in both the diagnosis and the

15 treatment of blood disorders characterized by low or

defective red blood cell production. See, generally,

Pennathur-Das, et al., Blood, 63(5), 1168-71 (1984) and

Haddy, Am.Jour.Ped.Hematol./Oncol., £, 191-196, (1982)

relating to erythropoietin in possible therapies for

20 sickle cell disease, and Eschbach, et al. J.Clin. Invest. ,

74(2), pp. 434-441, (1984), describing a therapeutic

regimen for uremic sheep based on \Ln_ vivo response to

erythropoietin-rich plasma infusions and proposing a

dosage of 10 U EPO/kg per day for 15-40 days as correc-

25 tive of anemia of the type associated with chronic renal

failure. See also, Krane, Henry Ford Hosp.Med.J., 31(3),

177-181 (1983).

It has recently been estimated that the availa-

bility of erythropoietin in quantity would allow for

30 treatment each year of anemias of 1,600,000 persons in

the United States alone. See, e.g., Morrison,

"Bioprocessing in Space -- an Overview", pp. 557-571 in.

The World Biotech Report 1984, Volume 2:USA, (Online

Publications, New York, N.Y. 1984). Recent studies have

35 provided a basis for projection of efficacy of erythro-
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poietin therapy in a variety of disease states, disorders

and states of hematologic irregularity: Vedovato, et

al., Acta.Haematol, 71_, 211-213 (1984)

(beta-thalassemia); Vichinsky, et al., J.Pediatr.,

5 105(1), 15-21 (1984) (cystic fibrosis); Cotes, et al.,

Brit.J.Obstet.Gyneacol., 90(4), 304-311 (1983)

(pregnancy, menstrual disorders); Haga, et al.,

Acta.Pediatr.Scand., 72, 827-831 (1983) (early anemia of

prematurity); Claus-Walker, et al.,

10 Arch.Phys.Med.Rehabil., 65, 370-374 (1984) (spinal cord

injury); Dunn, et al., Eur.J.Appl.Physiol., 52, 178-182

(1984) (space flight); Miller, et al., Brit.J.Haematol.,

52_, 545-590 (1982) (acute blood loss); Udupa, et al.,

J.Lab.Clin.Med. , 103(4), 574-580 and 581-588 (1984); and

15 Lipschitz, et al., Blood, 63(3), 502-509 (1983) (aging);

and Dainiak, et al., Cancer, 51(6), 1101-1106 (1983) and

Schwartz, et al., Otolaryngol., 109, 269-272 (1983)

(various neoplastic disease states accompanied by abnor-

mal erythropoiesis).

20 Prior attempts to obtain erythropoietin in good

yield from plasma or urine have proven relatively unsuc-

cessful. Complicated and sophisticated laboratory tech-

niques are necessary and generally result in the

collection of very small amounts of impure and unstable

25 extracts containing erythropoietin.

U.S. Letters Patent No. 3,033,753 describes a

method for partially purifying erythropoietin from sheep

blood plasma which provides low yields of a crude solid

extract containing erythropoietin.

30 Initial attempts to isolate erythropoietin from

urine yielded unstable, biologically inactive prepara-

tions of the hormone. U.S. Letters Patent No. 3,865,801

describes a method of stabilizing the biological activity

of a crude substance containing erythropoietin recovered

35 from urine. The resulting crude preparation containing

erythropoietin purportedly retains 90% of erythropoietin

activity, and is stable.

V-
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Another method of purifying human erythropoietin

from urine of patients with aplastic anemia is described

in Miyake, et al., J.Biol.Chem. , Vol. 252, No. 15 (August

10, 1977), pp. 5558-5564. This seven-step procedure

5 includes ion exchange chromatography, ethanol precipita-

tion, gel filtration, and adsorption chromatography, and

yields a pure erythropoietin preparation with a potency

of 70,400 units/mg of protein in 21% yield.

U.S. Letters Patent No. 4,397,840 to Takezawa,

10 et al. describes methods for preparing "an erythropoietin

product" from healthy human urine specimens with weakly

basic ion exchangers and proposes that the low molecular

^tAweight products obtained "have no inhibitory effects1'

against -erythropoietin.

15 U.K. Patent Application No. 2,085,887 by

Sugimoto, et al., published May 6, 1982, describes a pro-

cess for the production of hybrid human lymphoblastoid

cells, reporting production levels ranging from 3 to 420

Units of erythropoietin per ml of suspension of cells

(distributed into the cultures after mammalian host propaga-

tionj containing up to 10 cells per ml. At the highest pro-

duction levels asserted to have been obtained, the rate

of erythropoietin production could be calculated to be

from 40 to about 4,000 Units/106 cells/48 hours in in_

25 vitro culture following transfer of cells from _in vivo

propagation systems. (See also the equivalent U.S.

Letters Patent No. 4,377,513.) Numerous proposals have

been made for isolation of erythropoietin from tissue

sources, including neoplastic cells, but the yields have

30 been quite low. See, e.g., Jelkman, et al.,

Expt.Hematol. , 11(7), 581-588 (1983); Tambourin, et al.,

P.N.A.S. (U.S.A. ), 80, 6269-6273 (1983); Katsuoka, et

al., Gann, 74, 534-541 (1983); Hagiwara, et al., Blood,

63(4), 828-835 (1984); and Choppin, et al. , Blood, 64(2) ,

35 341-347 (1984).

Other isolation techniques utilized to obtain

purified erythropoietin involve immunological procedures.
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A polyclonal, serum-derived antibody directed against

erythropoietin is developed by injecting an animal, pre-

ferably a rat or rabbit, with human erythropoietin. The

injected human erythropoietin is recognized as a foreign

5 antigenic substance by the immune system of the animal

and elicits production of antibodies against the antigen.

Differing cells responding to stimulation by the antige-

nic substance produce and release into circulation anti-

bodies slightly different from those produced by other

10 responding cells. The antibody activity remains in the

serum of the animal when its blood is extracted. While

unpurified serum or antibody preparations purified as a

serum immunoglobulin G fraction may then be used in

assays to detect and complex with human erythropoietin,

15 the materials suffer from a major disadvantage. This

serum antibody, composed of all the different antibodies

produced by individual cells, is polyclonal in nature and

will complex with components in crude extracts other than

erythropoietin alone.

20 Of interest to the background of the present

invention are recent advances in the art of developing

continuous cultures of cells capable of producing a

single species of antibody which is specifically immuno-

logically reactive with a single antigenic determinant of

25 a selected antigen. See, generally, Chisholm, High

Technology, Vol. 3, No. 1, 57-63 (1983). Attempts have

been made to employ cell fusion and hybridization tech-

niques to develop "monoclonal" antibodies to erythro-

poietin and to employ these antibodies in the isolation

30 and quantitative detection of human erythropoietin. As

one example, a report of the successful development of

mouse-mouse hybridoma cell lines secreting monoclonal

antibodies to human erythropoietin appeared in abstract

form in Lee-Huang, Abstract No. 1463 of Fed.Proc. , 41,

35 520 (1982]. As another example, a detailed description
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of the preparation and use of a monoclonal, anti-

erythropoietin antibody appears in Weiss, et al.,

P.N.A.5. (U.S.A.), 79, 5465-5469 (1982). See also,

Sasaki, Biomed.Biochim.Acta., 42(11/12), S202-S206

5 (1983); Yanagawa, et al., Blood, 64(2), 357-364 (1984);

Yanagawa, et al., J.Biol.Chem., 259(5), 2707-2710 (1984);

and U.S. Letters Patent No. 4,465,624.

Also of interest to the background of the inven-

tion are reports of the immunological activity of synthe-

10 tic peptides which substantially duplicate the amino acid

sequence 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 simi-

15 lar in duration and extent to the immune reactions of

physiologically significant proteins such as viral anti-

gens, polypeptide hormones, and the like. Included among

the immune reactions of such polypeptides is the provoca-

tion of the formation of specific antibodies in

20 immunologically active animals. See, e.g., Lerner, et

al., Cell, 23., 309-310 (1981); Ross, et al., Nature, 294,

654-656 (1981); Walter, et al., P.N.A.S. (U.S.A.), 77>

5197-5200 (1980); Lerner, et al., P.N.A.S. (U.S.A.), 2§»

3403-3407 (1981); Walter, et al., P.N.A.S. (U.S.A.), ;78_,

25 4882-4886 (1981); Wong, et al. , P.N.A.S. (U.S.A.), 28_,

7412-7416 (1981); Green, et al . Cell, 2_8, 477-487 (1982);

Nigg, et al., P.N.A.S. (U.S.A.), 79., 5322-5326 (1982);

Baron, et al., Cell, 28, 395-404 (1982); Dreesman, et

al., Nature, 29 5, 158-160 (1982); and Lerner, Scientific

30 American, 248, No. 2, 66-74 (1983). See, also, Kaiser,

et al., Science, 223, pp. 249-255 (1984) relating to

biological and immunological activities of synthetic pep-

tides which approximately share secondary structures of

peptide hormones but may not share their primary struc-

35 tural conformation. The above studies relate, of course,

to amino acid sequences of proteins other than erythro-

\(
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poietin, a substance for which no substantial amino acid

sequence information has been published. In co-owned,

co-pending U.S. Patent Application Serial No. 463,724,

filed February 4, 1983, by J. Egrie, published August 22,

5 1984 as European Patent Application No. 0 116 446, there

is described a mouse-mouse hybridoma cell line

(A.T.C.C. No. HB8209) which produces a highly specific

monoclonal, anti-erythropoietin antibody which is also

specifically immunoreactive with a polypeptide comprising

10 the following sequence of amino acids:

NH2-Ala-Pro-Pro-Arg-Leu-Ile-Cys-Asp-Ser-Arg-Val-Leu-

Glu-Arg-Tyr-Leu-Leu-Glu-Ala-Lys-CQOH.

The polypeptide sequence is one assigned to the first

twenty amino acid residues of mature human erythropoietin

15 isolated according to the method of Miyake, et al.,

J.Biol.Chem., 252, 5558-5564 (1977) and upon which amino

acid analysis was performed by the gas phase sequencer

[Applied Biosystems, Inc.) according to the procedure of

Hewick, M., et al., J.Biol.Chem., 256, 7990-7997 (1981).

20 See, also, Sue, et al., Proc. Nat. Acad. Sci. (USA), 80,

pp. 3651-3655 (1983) relating to development of polyclo-

nal antibodies against a synthetic' 26-mer based on a dif-

fering amino acid sequence, and Sytowski, et al.,

J.Immunol. Methods, 69, pp.181-186 (1984).

25 While polyclonal and monoclonal antibodies as

described above provide highly useful materials for use

in immunoassays for detection and quantification of

erythropoietin and can be useful in the affinity purifi-

cation of erythropoietin, it appears unlikely that these

30 materials can readily provide for the large scale isola-

tion of quantities of erythropoietin from mammalian sour-

ces sufficient for further analysis, clinical testing and

potential wide-ranging therapeutic use of the substance'

in treatment of, e.g., chronic kidney disease wherein

35 diseased tissues fail to sustain production of erythro-

poietin. It is consequently projected in the art that.
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the best prospects for fully characterizing mammalian

erythropoietin and providing large quantities of it for

potential diagnostic and clinical use involve successful

application of recombinant procedures to effect large

5 scale microbial synthesis of the compound.

While substantial efforts appear to have been

made in attempted isolation of DNA sequences coding for

human and other mammalian species erythropoietin, none

appear to have been successful. This is due principally

10 to the scarcity of tissue sources, especially human

tissue sources, enriched in mRNA such as would allow for

construction of a cDNA library from which a DNA sequence

coding for erythropoietin might be isolated by conven-

tional techniques. Further, so little is known of the

15 continuous sequence of amino acid residues of erythro-

poietin that it is not possible to construct, e.g., long

polynucleotide probes readily capable of reliable use in

ONA/DNA hybridization screening of cDNA and especially

genomic DNA libraries. Illustratively, the twenty amino

20 acid sequence employed to generate the above-named

monoclonal antibody produced by A.T.C.C. No. HB8209 does

not admit to the construction of ah unambiguous, 60 base

oligonucleotide probe in the manner described by

Anderson, et al., supra. It is estimated that the human

25 gene for erythropoietin may appear as a "single copy

gene" within the human genome and, in any event, the

genetic material coding for human erythropoietin is

likely to constitute less than 0.00005% of total human

genomic DNA which would be present in a genomic library.

30 To date, the most successful of known reported

attempts at recombinant-related methods to provide DNA

sequences suitable for use in microbial expression of

isolatable quantities of mammalian erythropoietin have '•'

fallen far short of the goal. As an example, Farber, et

35 al. Exp.Hematol. , U.. Supp. U , Abstract 101 (1983)

report the extraction of mRNA from kidney tissues of
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phenylhydrazine-treated baboons and the injection of the

mRNA into Xenopus laevis oocytes with the rather tran-

sitory result of _in_ vitro production of a mixture of

"translation products11 which included among them

5 displaying biological properties of erythropoietin. More

recently, Farber, et al., Blood, 62, No. 5, Supp. No. 1,

Abstract 392, at page 122a (1983) reported the in vitro

translation of human kidney mRNA by frog oocytes. The

resultant translation product mixture was estimated to

10 include on the order of 220 mil of a translation product

having the activity of erythropoietin per microgram of

injected mRNA. While such levels of _in_ vitro translation

of exogenous mRNA coding for erythropoietin were

acknowledged to be quite low (compared even to the prior

15 reported levels of baboon mRNA translation into the

sought-for product) it was held that the results confirm

the human kidney as a site of erythropoietin expression,

allowing for the construction of an enriched human kidney

cDNA library from which the desired gene might be iso-

20 lated. [See also, Farber, Clin.Res., 31(4), 769A

(1983)J

Since the filing of U.S.'Patent Application

Serial Nos. 561,024 and 582,185, there has appeared a

single report of the cloning and expression of what is

25 asserted to have been human erythropoietin cDNA in

E .coli. Briefly put, a number of cDNA clones were

inserted into E.coli plasmids and 0-lactamase fusion pro-

ducts were noted to be immunoreactive with a monoclonal

antibody to an unspecified "epitope" of human erythro-

30 poietin. See, Lee-Huang, Proc. Nat. Acad. Sci. (USA),

81., pp. 2708-2712 (1984).

BRIEF SUMMARY

35 The present invention provides, for the first

time, novel purified and isolated polypeptide products
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having part or all of the primary structural conformation

(i.e., continuous sequence of amino acid residues) and

one or more of the biological properties (e.g., immunolo-

gical properties and in_ vivo and _i_n_ vitro biological

5 activity) of naturally-occurring erythropoietin,

including allelic variants thereof. These polypeptides

are also uniquely characterized by being the product of

procaryotic or eucaryotic host expression (e.g., by bac-

terial, yeast and mammalian cells in culture) of exoge-

10 nous DNA sequences obtained by genomic or cDNA cloning or

by gene synthesis. Products of microbial expression in

vertebrate (e.g., mammalian and avian) cells may be

further characterized by freedom from association with

human proteins or other contaminants which may be asso-

15 ciated with erythropoietin in its natural mammalian

cellular environment or in extracellular fluids such as

plasma or urine. The products of typical yeast (e.g.,

Saccaromyces cerevisiae) or procaryote (e.g., E.coli)

host cells are free of association with any mammalian

20 proteins. Depending upon the host employed, polypeptides

of the invention may be glycosylated with mammalian or

other eucaryotic carbohydrates or may be non-

glycosylated. Polypeptides of the invention may also

include an initial methionine amino acid residue (at

25 position -1).

Novel glycoprotein products of the invention

include those having a primary structural conformation

sufficiently duplicative of that of a naturally-occurring

(e.g., human) erythropoietin to allow possession of one

30 or more of the biological properties thereof and having

an average carbohydrate composition which differs from

that of naturally-occurring (e.g., human) erythropoietin.

Vertebrate (e.g., COS-1 and CHO) cells provided

by the present invention comprise the first cells ever

35 available which can be propagated if2 vitro continuously

and which upon growth in culture are capable of producing

~)x:
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in the medium of their growth in excess of 100U

(preferably in excess of 500U and most preferably in

excess of 1,000 to 5,000U) of erythropoietin per

10 cells in 48 hours as determined by radioimmunoassay.

5 Also provided by the present invention are

synthetic polypeptides wholly or partially duplicative of

continuous sequences of erythropoietin amino acid resi-

dues which are herein for the first time elucidated.

These sequences, by virtue of sharing primary, secondary

10 or tertiary structural and conformational characteristics

with naturally-occurring erythropoietin may possess

biological activity and/or immunological properties in

common with the naturally-occurring product such that

they may be employed as biologically active or immunolo-

15 gical substitutes for erythropoietin in therapeutic and

immunological processes. Correspondingly provided are

monoclonal and polyclonal antibodies generated by stan-

dard means which are immunoreactive with such polypep-

tides and, preferably, also immunoreactive with

20 naturally-occurring erythropoietin.

Illustrating the present invention are cloned

DNA sequences of monkey and human species origins and

polypeptide sequences suitably deduced therefrom which

represent, respectively, the primary structural confor-

25 mation of erythropoietins of monkey and human species

origins.

Also provided by the present invention are novel

biologically functional viral and circular plasmid DNA

vectors incorporating DNA sequences of the invention and

30 microbial (e.g., bacterial, yeast and mammalian cell)

host organisms stably transformed or transfected with

such vectors. Correspondingly provided by the invention

are novel methods for the production of useful polypep-

tides comprising cultured growth of such transformed or

35 transfected microbial hosts under conditions facilitative

of large scale expression of the exogenous, vector-borne
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DNA sequences and isolation of the desired polypeptides

from the growth medium, cellular lysates or cellular

membrane fractions.

Isolation and purification of microbially

5 expressed polypeptides provided by the invention may be

by conventional means including, e.g., preparative chro-

matographic separations and immunological separations

involving monoclonal and/or polyclonal antibody prepara-

tions .

10 Having herein elucidated the sequence of amino

acid residues of erythropoietin, the present invention

provides for the total and/or partial manfucture of DNA

sequences coding for erythropoietin and including such

advantageous characteristics as incorporation of codons

15 "preferred" for expression by selected non-mammalian

hosts, provision of sites for cleavage by restriction

endonuclease enzymes and provision of additional initial,

terminal or intermediate DNA sequences which facilitate

construction of readily expressed vectors. Corres-

20 pondingly, the present invention provides for manufacture

(and development by site specific mutagenesis of cDNA and

genomic DNA) of DNA sequences coding for microbial

expression of polypeptide analogs or derivatives of

erythropoietin which differ from naturally-occurring

25 forms in terms of the identity or location of one or more

amino acid residues (i.e., deletion analogs containing

less than all of the residues specified for EPO and/or

substitution analogs wherein one or more residues spe-

cified are replaced by other residues and/or addition

30 analogs wherein one or more amino acid residues is added

to a terminal or medial portion of the polypeptide); and

which share some or all the properties of naturally-

occurring forms.

Novel DNA sequences of the invention include all

35 sequences useful in securing expression in procaryotic or

eucaryotic host cells of polypeptide products having at



- 22 -

least a part of the primary structural conformation and

one or more of the biological properties of erythro-

poietin which, are comprehended by: (a) the DNA sequences

Afl, set out in/[Tables V—and V~I herein or their complementary

5 strands; (b) DNA sequences which hybridize (under hybri-

dization conditions such as illustrated herein or more

stringent conditions) to DNA sequences defined in (a) or

fragments thereof; and (c) DNA sequences which, but for

the degeneracy of the genetic code, would hybridize to

10 DNA sequences defined in (a) and (b) above. Specifically

comprehended in part (b) are genomic DNA sequences

encoding allelic variant forms of monkey and human

erythropoietin and/or encoding other mammalian species of

erythropoietin. Specifically comprehended by part (c)

15 are manufactured DNA sequences encoding EPO, EPO

fragments and EPO analogs which DNA sequences may incor-

porate codons facilitating translation of messenger RNA

in non-vertebrate hosts.

Comprehended by the present invention is that

20 class of polypeptides coded for by portions of the DNA

complement to the top strand human genomic DNA sequence

/JU^-or^Tablo VI-herein, i.e., 'complementary inverted pro-

teins" as described by Tramontano, et al., Nucleic Acids

Research, 12_, pp. 5049-5059 (1984).

25 Also comprehended by the invention are phar-

maceutical compositions comprising effective amounts of

polypeptide products of the invention together with

suitable diluents, adjuvants and/or carriers which allow

for provision of erythropoietin therapy, especially in

30 the treatment of anemic disease states and most espe-

cially such anemic states as attend chronic renal

failure.

Polypeptide products of the invention may be

"labelled" by covalent association with a detectable

35 marker substance (e.g., radiolabelled with I) to pro-

vide reagents useful in detection and quantification of
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erythropoietin in solid tissue and fluid samples such as

blood or urine. DNA products of the invention may also

be labelled with detectable markers (such as radiolabels

and non-isotopic labels such as biotin) and employed in

5 DNA hybridization processes to locate the erythropoietin

gene position and/or the position of any related gene

family in the human, monkey and other mammalian species

chromosomal map. They can also be used for identifying

the erythropoietin gene disorders at the DNA level and

10 used as gene markers for identifying neighboring genes

and their disorders.

As hereinafter described in detail, the present

invention further provides significant improvements in

methods for detection of a specific single stranded poly-

15 nucleotide of unknown sequence in a heterogeneous cellu-

lar or viral sample including multiple single-stranded

polynucleotides where

(a) a mixture of labelled single-stranded poly-

nucleotide probes is prepared having uniformly varying

20 sequences of bases, each of said probes being potentially

specifically complementary to a sequence of bases which

is putatively unique to the polynucleotide to be

detected,

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

25 (c) the substrate having the sample fixed

thereto is treated to diminish further binding of poly-

nucleotides thereto except by way of hybridization to

polynucleotides in said sample,

(d) the treated substrate having the sample

30 fixed thereto is transitorily contacted with said mixture

of labelled probes under conditions facilitative of

hybridization only between totally complementary poly-

nucleotides, and,

(e) the specific polynucleotide is detected by

35 monitoring for the presence of a hybridization reaction

between it and a totally complementary probe within said
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mixture of labelled probes, as evidenced by the presence

of a higher density of labelled material on the substrate

at the locus of the specific polynucleotide in comparison

to a background density of labelled material resulting

5 from non-specific binding of labelled probes to the

substrate.

The procedures are especially effective in

situations dictating use of 64, 128, 256, 512, 1024 or

more mixed polynucleotide probes having a length of 17 to

10 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 iden-

tification of cDNA clones coding for erythropoietin of

monkey species origins within a library prepared from

15 anemic monkey kidney cell mRNA. More specifically, a

mixture of 128 uniformly varying 20-mer probes based on

amino acid sequence information derived from sequencing

fractions of human erythropoietin was employed in colony

hybridization procedures to identify seven "positive"

20 erythropoietin cDNA clones within a total of 200,000

colonies. Even more remarkably, practice of the improved

procedures of the invention have allowed for the rapid

isolation of three positive clones from within a

screening of 1,500,000 phage plaques constituting a human

25 genomic library. This was accomplished through use of

the above-noted mixture of 128 20-mer probes together

with a second set of 128 17-mer probes based on amino

acid analysis of a different continuous sequence of human

erythropoietin.

30 The above-noted illustrative procedures consti-

tute the first known instance of the use of multiple .

mixed oligonucleotide probes in DNA/DNA hybridization

processes directed toward isolation of mammalian genomic

clones and the first known instance of the use of a mix-

35 ture of more than 32 oligonucleotide probes in the isola-

tion of cDNA clones.
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Numerous aspects and advantages of the invention

will be apparent to those skilled in the art upon

consideration of the following detailed description which

provides illustrations of the practice of the invention

in its presently preferred embodiments.

DETAILED DESCRIPTION

According to the present invention, DNA

10 sequences encoding part or all of the polypeptide

sequence of human and monkey species erythropoietin

(hereafter, at times, "EPO11) have been isolated and

characterized. Further, the monkey and human origin DNA

has been made the subject of eucaryotic and procaryotic

15 expression providing isolatable quantities of polypep-

tides displaying biological (e.g., immunological) proper-

ties of naturally-occurring EPO as well as both _in_ vivo

and i_n_ vitro biological activities of EPO.

The DNA of monkey species origins was isolated

20 from a cDNA library constructed with mRNA derived from

kidney tissue of a monkey in a chemically induced anemic

state and whose serum was immunoldgically determined to

include high levels of EPO compared to normal monkey

serum. The isolation of the desired cDNA clones con-

25 taining EPO encoding DNA was accomplished through use of

DNA/DNA colony hybridization employing a pool of 128

mixed, radiolabelled, 20-mer oligonucleotide probes and

involved the rapid screening of 200,000 colonies. Design

of the oligonucleotide probes was based on amino acid

30 sequence information provided by enzymatic fragmentation

and sequencing a small sample of human EPO.

The DNA of human species origins was isolated

from a human genomic DNA library. The isolation of

clones containing EPO-encoding DNA was accomplished

35 through DNA/DNA plaque hybridization employing the above-

noted pool of 128 mixed 20-mer oligonucleotide probes and
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a second pool of 128 radiolabelled 17-mer probes whose

sequences were based on amino acids sequence information

obtained from a different enzymatic human EPO fragment.

Positive colonies and plaques were verified by

5 means of dideoxy sequencing of clonal DNA using a subset

of 16 sequences within the pool of 20-mer probes and

selected clones were subjected to nucleotide sequence

analysis resulting in deduction of primary structural

conformation of the EPO polypeptides encoded thereby.

10 The deduced polypeptide sequences displayed a high degree

of homology to each other and to a partial sequence

generated by amino acid analysis of human EPO fragments.

A selected positive monkey cDNA clone and a

selected positive human genomic clone were each inserted

15 in a "shuttle" DNA vector which was amplified in E .coli

and employed to transfect mammalian cells in culture.

Cultured growth of transfected host cells resulted in

culture medium supernatant preparations estimated to con-

tain as much as 3000 mil of EPO per ml of culture fluid.

20 The following examples are presented by way of

illustration of the invention and are specifically

directed to procedures carried out: prior to iden-

tification of EPO encoding monkey cDNA clones and human

genomic clones, to procedures resulting in such iden-

25 tification, and to the sequencing, development of

expression systems and immunological verification of EPO

expression in such systems.

More particularly, Example 1 is directed to

amino acid sequencing of human EPO fragments and con-

30 struction of mixtures of radiolabelled probes based on

the results of this sequencing. Example 2 is generally

directed to procedures involved in the identification of

positive monkey cDNA clones and thus provides information

concerning animal treatment and preliminary radioim-

35 munoassay (RIAj analysis of animal sera. Example 3 is

directed to the preparation of the cDNA library, colony
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hybridization screening and verification of positive

clones, DNA sequencing of a positive cDNA clone and the

generation of monkey EPO polypeptide primary structural

conformation (amino acid sequence] information. Example

5 A is directed to procedures involved in the iden-

tification of positive human genomic clones and thus pro-

vides information concerning the source of the genomic

library, plaque hybridization procedures and verification

of positive clones. Example 5 is directed to DNA

10 sequencing of a positive genomic clone and the generation

of human EPO polypeptide amino acid sequence information

including a comparison thereof to the monkey EPO sequence

information. Example 6 is directed to procedures for

construction of a vector incorporating EPO-encoding DNA

15 derived from a positive monkey cDNA clone, the use of the

vector for transfection of COS-1 cells and cultured

growth of the transfected cells. Example 7 is directed

to procedures for construction of a vector incorporating

EPO-encoding DNA derived from a positive human genomic

20 clone, the use of the vector for transfection of COS-1

cells and the cultured growth of the transfected cells.

Example 8 is directed to immunoassay procedures performed

on media supernatants obtained from the cultured growth

/^A-of transfected cells according to Example? 6 and 7.

25 Example 9 is directed to _in_ vitro and i£i vivo biological

activity of microbially expressed EPO of Examples 6 and

7.

Example 10 is directed to a development of mam-

malian host expression systems for monkey species EPO

30 cDNA and human species genomic DNA involving Chinese

hamster ovary ("CHO") cells and to the immunological and

biological activities of products of these expression'

systems as well as characterization of such products.

Example 11 is directed to the preparation of manufactured

35 genes encoding human species EPO and EPO analogs, which

genes include a number of preference codons for
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expression in E.coli and yeast host cells, and to

expression systems based thereon. Example 12 relates to

the immunological and biological activity profiles of

expression products of the systems of Example 11.

5

EXAMPLE 1

A. Human EPO Fragment Amino Acid Sequencing

Human EPO was isolated from urine and subjected

10 to tryptic digestion resulting in the development and

isolation of 17 discrete fragments in quantities approxi-

mating 100-150 picomoles.

Fragments were arbitrarily assigned numbers and

were analyzed for amino acid sequence by microsequence

15 analysis using a gas phase sequencer (Applied Biosystems]

to provide the sequence information set out in Table I,

below, wherein single letter codes are employed and "X"

designates a residue which was not unambiguously deter-

mined.

20

25

30

35
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TABLE I

Fragment No, Sequence Analysis Result

10

15

20

T4a

T4b

T9

T13

T16

T18

T21

T25

T26a

T26b

T27

T28

T30

T31

T33

T35

T38

A-P-

G-K-

A-L-

V-L-

A-V-

L-F-

K-L-

Y-L-

L-I-

L-Y-

T-I-

E-A-

E-A-

N-

V-Y-

S-L-

V-N-

G-Q-

p _

-P-R

-L-K

•G-A

•E-R

•S-G

•R

• F-R

•L-E

C-D

T-G

T-A

I-S.

E-X-

E-X-

S-N-

T-T-

F-Y-

A-L-

P-L-

-Q-K

-L-R

-A-K

-S-R

-E-A-

-D-T-

.p.p.

-I-T-

-I-T-

-F-L-

•L-L-

• A-W-

•1-V-

•Q-L-

• C-R

• F-R

,Q_A-A-M-A-A-P-L-R

T-G-X-A-E-H-X-S-L:

V-P

R

R

K

X-S-S-Q-P-W-

H-V-D-K
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B. Design and Construction of

Oligonucleotide Probe Mixtures

The amino acid sequences set out in Table I were

reviewed in the context of the degeneracy of the genetic

5 code for the purpose of ascertaining whether mixed probe

procedures could be applied to DNA/DNA hybridization pro-

cedures on cDNA and/or genomic DNA libraries. This ana-

lysis revealed that within Fragment No. T35 there existed

a series of 7 amino acid residues

10 (Val-Asn-Phe-Tyr-Ala-Trp-Lys) which could be uniquely

characterized as encoded for by one of 128 possible DNA

sequences spanning 20 base pairs. A first set of 128

20-mer oligonucleotides was therefore synthesized by

standard phosphoamidite methods (See, e.g., Beaucage, et

15 al., Tetrahedron Letters, 2_2, pp. 1859-1862 (1981) on a

solid support according to the sequence set out in Table

II, below.

20

35

Residue

3'

- Val

CAA
T
G
C

- Asn

TTG
A

Phe

AAG
A

TABLE

Tyr

ATG
A

II

Ala

CGA
T
G
C

Trp

ACC

Lys

TT - 5'
T A A A T
G G

25

Further analysis revealed that within fragment

No. T38 there existed a series 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

30 17-mer probes as set out in Table III, below.

Residue

3'

- Gin

GTT
C

Pro

GGA
T
G
C

Trp

ACC

TABLE

Glu

CTT
C

III

Pro

GGA
T
G
C

Leu

GA
A

- 5'
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Oligonucleotide probes were labelled at the 5'

end with gamma - 32P-ATP, 7500-8000 Ci/mmole (ICN) using

T polynucleotide kinase (NEN).

E-X-AMPLE 2

A. Monkey Treatment Procedures afid HIA Analysi-s-

Female Cynomolgus monkeys Macaca fascicularias

[2.5-3 kg, 1.5-2 years old) were treated subcutaneously

10 with a pH 7.0 solution of phenylhydrazine hydrochloride

at a dosage level of 12.5 mg/kg on days 1, 3 and 5. The

hematocrit was monitored prior to each injection. On day

7, or whenever the hematocrit level fell below 25% of the

initial level, serum and kidneys were harvested after

15 administration of 25 mg/kg doses of ketamine hydroch-

loride. Harvested materials were immediately frozen in

liquid nitrogen and stored at -70*C.

B. RIA for EPO

20 Radioimmunoassay procedures applied for quan-

titative detection of EPO in samples were conducted

according to the following procedures:

An erythropoietin standard or unknown sample was

incubated together with antiserum for two hours at 37*C.

25 After the two hour incubation, the sample tubes were
I O C

cooled on ice, I-labelled erythropoietin was added,

and the tubes were incubated at 0*C for at least 15 more

hours. Each assay tube contained 500 \il of incubation

mixture consisting of 50 yl of diluted immune sera,

30 10,000 cpm of l25I-erythropoietin, 5 ul trasylol and

0-250 yl of either EPO standard or unknown sample, with

PBS containing 0.1% BSA making up the remaining volume.

The antiserum used was the second test bleed of a rabbit

35

72-



- 32 -

immunized with a 1% pure preparation of human urinary

erythropoietin. The final antiserum dilution on the
125assay was adjusted so that the antibody-bound I-EPO

did not exceed 10-20% of the input total counts. In

5 general, this corresponded to a final antiserum dilution

of from 1:50,000 to 1:100,000.
125

The antibody-bound I-erythropoietin was pre-

cipitated by the addition of 150 \xl Staph A. After a 40

min. incubation, the samples were centrifuged and the

10 pellets were washed two times with 0.75 ml 10 mM Tris-HCl

pH 8.2 containing 0.15M NaCl, 2mM EDTA, and 0.0556 Triton

X-100. The washed pellets were counted in a gamma

counter to determine the percent of I-erythropoietin

bound. Counts bound by pre-immune sera were subtracted

15 from all final values to correct for nonspecific precipi-

tation. The erythropoietin content of the unknown

samples was determined by comparison to the standard

curve.

The above procedure was applied to monkey serum

20 obtained in Part A, above, as well as to the untreated

monkey serum. Normal serum levels were assayed to con-

tain approximately 36 mil/ml while 'treated monkey serum

contained from 1000 to 1700 mil/ml.

25 EXAMPLE 3

A. Monkey cDNA Library Construction

Messenger RNA was isolated from normal and ane-

mic monkey kidneys by the guanidinium thiocyanate proce-

30 dure of Chirgwin, et al., Biochemistry, 18, p. 5294

(1979) and poly (A)+ mRNA was purified by two runs of

oligo(dT )-cellulose column chromatography as described at

pp. 197-198 in Maniatis, et al., "Molecular Cloning, A

Laboratory Manual" (Cold Springs Harbor Laboratory, Cold

n fejk. Spring^; Harbor, N.Y., 1982). The cDNA library was con-

y^ structed according to a modification of the general pro-
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cedures of Okayama, et al., Mol. and Cell. Biol., 2_,

pp. 161-170 (1982). The key features of the presently

preferred procedures were as follows: (1) pUC8 was used

as the sole vector, cut with PstI and then tailed with

5 oligo dT of 60-80 bases in length; (2) Hindi digestion

was used to remove the oligo dT tail from one 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 to remove the oligo dG tail

10 from one end of the vector; and (5) replacement of the

RNA strand by DNA was in the presence of two linkers

(GATCTAAAGACCGTCCCCCCCCC and ACGGTCTTTA) in a three-fold

molar excess over the oligo dG tailed vector.

15 B. Colony Hybridization Procedures For

Screening Monkey cDNA Library

Transformed E .coli were spread out at a density

of 9000 colonies per 10 x 10 cm plate on nutrient plates

containing 50 micrograms/ml Ampicillin. GeneScreen

20 filters (New England Nuclear Catalog No. NEF-972) were

pre-wet on a BHI-CAM plate (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 lift the

colonies off the plate. The colonies were grown in the

25 same medium for 12 hours or longer to amplify the plasmid

copy numbers. The amplified colonies (colony side up)

were treated by serially placing the filters over 2

pieces of Whatman 3 MM paper saturated with each of the

following solutions:

30 (1) 50 mM glucose - 25 mM Tris-HCl (pH 8.0) -

10 mM EDTA (pH 8.0) for five minutes;

(2) 0.5 M NaOH for ten minutes; and

(3) -1.0 M Tris-HCl (pH 7.5) for three minutes.

The filters were then air dried in a vacuum over

35 at 80'C for two hours.

The filters were then subjected to Proteinase K
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digestion through treatment with a solution containing 50

micrograms/ml of the protease enzyme in Buffer K [o.lM

Tris-HCl (pH 8.0) - 0.15M NaCl - 10 mM EDTA (pH 8.2)

-0.2% SDs]. Specifically, 5 ml of the solution was added

5 to each filter and the digestion was allowed to proceed

at 55*C for 30 minutes, after which the solution was

removed.

The filters were then treated with A ml of a

prehybridization buffer (5 x SSPE - 0.5* SDS - 100

10 micrograms/ml SS E.coli DNA - 5 x BFP). The prehybridi-

zation treatment was carried out at 55*C, generally for 4

hours or longer, after which the prehybridization buffer

was removed.

The hybridization process was carried out in the

15 following manner. To each filter was added 3 ml of

hybridization buffer (5 x SSPE - 0.5* SDS - 100

micrograms/ml yeast tRNA) containing 0.025 picomoles of

each of the 128 probe sequences of Table II (the total

mixture being designated the EPV mixture) and the filters

20 were maintained at 48*0 for 20 hours. This temperature

was 2*C less than the lowest of the calculated disso-

ciation temperatures (Td) determined for any of the pro-

bes .

Following hybridization, the filters were washed

25 three times for ten minutes on a shaker with 6 x SSC

-0.1% SDS at room temperature and washed two to three

times with 6 x SSC - 1% SDS at the hybridization tem-

perature (48*0).

Autoradiography of the filters revealed seven

30 positive clones among the 200,000 colonies screened.

Initial sequence analysis of̂ -Siie .of the putative

monkey cDNA clones (designated clone 83LTwas performed ;

for verification purposes by a modification of the proce-

dure of Wallace, et al., Gene, _16, pp. 21-26 (1981).

35 Briefly, plasmid DNA from monkey cDNA clone 83 was

linearized by digestion with EcoRI and denatured by
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heating in a boiling water bath. The nucleotide sequence

was determined by the dideoxy method of Sanger, et al.,

P.N.A.5. (U.S.A. ) , 74_, pp. 5463-5467 (1977). A subset of

the EPV mixture of probes consisting of 16 sequences was

5 used as a primer for the sequencing reactions.

C. Monkey EPO cDNA Sequencing

Nucleotide sequence analysis of clone 83 was

carried out by the procedures of Messing, Methods i_n_

10 Enzymoloqy, 101, pp. 20-78 (1983). Set out in Table IV

is a preliminary restriction map analysis of the approxi-

mately 1600 base pair EcoRI/Hindlll cloned fragment of

clone 83. Approximate locations of restriction endo-

nuclease enzyme recognition sites are provided in terms

15 of number of bases 3' to the EcoRI site at the 5f end of

the fragment. Nucleotide sequencing was carried out by

sequencing individual restriction fragments with the

intent of matching overlapping fragments. For example,

an overlap of sequence information provided by analysis

20 of nucleotides in a restriction fragment designated C113

(Sau3A at ~111/Smal at ~324) and the reverse order

sequencing of a fragment designated C73 (Alul at

~424/BstEII at -203).

25

30

35
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T 7707c

10

15

20

25

30

35

Restriction Enzyme

Recognition Site

EcoRI

Sau3A

Smal

BstEII

Smal

Kpnl

Rsal

Alul

PstI

AILII

Hpal

Alul

PstI

PvuII

Alul

Alul

Alul

Rsal

PstI

Alul

Alul

Ncol

Sau3A

Alul

Alul

Alul

PstI

Rsal

Alul

Hindlll

Alul

Hindlll

TABLE IV

Approximate Location(s)

1

111

180

203

324

371

372

424

426

430

466

546

601

604

605

782

788

792

807

841

927

946

1014

1072

1115

1223

1301

1343

1384

1449

1450

1585

n,7
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Sequencing of approximately 1342 base pairs

(within the region spanning the Sau3A site 3' to the

EcoRI site and the Hindlll site) and analysis of all

possible reading frames has allowed for the development

„ 5J"!^^^^^%^S^^M^^^n set out in

A a~ ̂ Tlble V. In the T-tfblo i the putative initial amino acid

residue of the aminoterminal of mature EPO (as verified

by correlation to the previously mentioned sequence ana-

lysis of twenty amino terminal residues) is designated by

10 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 sequence of the mature pro-

tein is- indicative of the likelihood that EPO is ini-

15 tially expressed in the cytoplasm in a precursor form

including a 27 amino acid "leader" region which is

excised prior to entry of mature EPO into circulation.

Potential glycosylation sites within the polypeptide are

designated by asterisks. The estimated molecular weight

20 of the translated region was determine to be 21,117

daltons and the M.W. of the 165 residues of the polypep-

tide constituting mature monkey EPO was determined to be

18,236 daltons.

25

35
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f
, <^The polypeptide sequence of^'Pablc V-may readily

be subjected to analysis for the presence of highly

hydrophilic regions and/or secondary conformational

characteristics indicative of potentially highly immuno-

5 genie regions by, e.g., the methods of Hopp, et al.,

P.N.A.S. [U.S.A. ) , 78, pp. 3824-3828 (1981) and Kyte et

al., J.Mol.Biol., 157, pp. 105-132 (1982) and/or Chou, et

al., Biochem. , L3, pp. 222-245 (1974) and Advances in_

Enzymology, 47, pp. 45-47 (1978). Computer-assisted ana-

10 lysis according to the Hopp, et al. method is available

by means of a program designated PEP Reference Section

6.7 made available by Intelligenetics, Inc., 124

University Avenue, Palo Alto, California.

15 EXAMPLE 4

A. Human Genomic Library

A Ch4A phage-borne human fetal liver genomic

library prepared according to the procedures of Lawn, et

l Cll^/iShTVg.' 513-DH? (1979) was obtained and main-

tained for use in a plaque hybridization assay.

B. Plaque Hybridization Procedures For

Screening Human Genomic Library

25 Phage particles were lysed and the DNAs were

fixed on filters (50,000 plaques per filter) according to

the procedures of Woo, Methods _l£ Enzymology, 68, pp.

389-395 (1979) except for the use of GeneScreen Plus

^^filters (New England Nuclear Catalog No. NEF-97/7 and

30 NZYAM plates (NaCl, 5g; MgCl2-6H20, 2 g; NZ-Amine A, 10g;

yeast extract, 5g; casamino acids, 2 g; maltose; 2g? and

agar, 15g per liter ).

The air-dried filters were baked at 80'C for 1

hour and then digested with Proteinase K as described in

35 Example 3, Part B. Prehybridization was carried out with

a 1M NaCl - 1% SDS buffer for 55-C for 4 hours or more,
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after which the buffer was removed. Hybridization and

post-hybridization washings were carried out as described

in Example 3, Part B. Both the mixture of 128 20-mer

probes designated EPV and the mixture of 128 17-mer pro-

5 bes of Table III (designated the EPQ mixture) were

employed. Hybridization was carried out at 48*C using

the EPV probe mixture. EPQ probe mixture hybridization

was carried out at 46*C -- 4 degrees below the lowest

calculated Td for members of the mixture. Removal of the

10 hybridized probe for rehybridization was accomplished by

boiling with 1 x SSC - 0.156 SDS for two minutes.

Autoradiography of the filters revealed three positive

clones (reactive with both probe mixtures) among the

1,500,000 phage plaques screened. Verification of the

15 positive clones as being EPO-encoding was obtained

through DNA sequencing and electron micrographic visuali-

zation of heteroduplex formation with the monkey cDNA of

Example 3. This procedure also gave evidence of multiple

introns in the genomic DNA sequence.

20

EXAMPLE 5

Nucleotide sequence^ aaalysis of one of the posi-

X ^ tive clones (designated X|g$a/Owas. carried JOJJ,̂  ̂ ancj^xesu^s

-'^'^-25 obtained to date are set out in,* Table' VI.

30

35



T
A

B
L

E
 

V
I

A
A

G
C

T
T

C
T

G
G

G
C

T
T

C
C

A
G

A
C

C
C

A
G

C
T

A
C

T
T

T
G

C
G

G
A

A
C

T
C

A
G

C
A

A
C

C
C

A
G

G
C

A
T

C
T

C
T

G
A

G
T

C
IX

Je
G

C
C

C
A

A
G

A
C

C
G

G
G

A
T

G
C

C
C

C
C

C
A

G
G

G
G

A
G

G
T

G
^C

G
G

G
A

G
C

C
C

A
G

C
C

T
T

T
C

C
^f

i^
rf

A
G

C
A

C
G

C
T

C
C

G
C

C
A

G
T

C
C

C

A
A

G
G

G
T

G
C

G
C

A
A

C
C

G
G

C
T

G
C

A
C

T
C

C
C

G
T

^C
C

G
^G

A
C

pS
^T

G
G

G
C

C
C

G
G

G
A

G
C

A
G

C
C

C
C

C
A

T
G

A
C

C
C

A
C

A
C

G
C

A
C

G
T

C
T

G
C

A
G

C
A

G
C

C
C

C
G

C
T

C
A

C
G

^J
^t

^G
G

S
^A

G
hC

T
C

A
A

C
C

C
A

G
G

C
G

T
C

C
T

G
C

C
C

C
T

G
C

T
C

T
G

A
C

C
C

C
G

G

G
T

G
G

C
C

C
C

T
A

C
C

C
J^

P
G

G
C

G
A

C
C

C
C

T
C

A
C

G
C

A
C

A
C

A
G

C
C

T
C

T
C

C
C

C
C

A
C

C
C

C
C

A
C

C
C

G
C

G
C

A
C

G
C

A
C

A
C

A
T

G

iT
A

A
C

A
G

C
C

C
C

G
A

C
C

C
C

C
G

G
C

C
A

G
A

G
C

C
G

X
A

G
A

G
T

C
C

C
T

G
G

G
C

C
A

C
C

C
C

G
G

C
C

G
C

T
C

G
C

C
T

G
C

C
G

C
T

G

C
G

C
C

G
C

A
C

C
G

C
G

C
T

G
T

C
C

T
C

C
C

G
G

A
G

C
C

G
G

A
C

C
G

G
G

G
C

C
A

C
C

G
C

G
C

C
C

X
G

C
T

C
T

G
C

T
C

C
G

A
C

A
C

C
G

C
G

C
C

C

C
T

T
G

G
A

C
A

G
C

C
G

C
C

C
T

C
T

C
C

T
C

T
A

G
G

C
C

C
G

T
G

G
G

G
C

T
G

G
C

C
C

T
G

C
A

C
C

G
C

C
G

A
G

C
T

T
C

C
C

G
G

G
A

T
G

A
G

G
X

X

-2
7 

-2
4

M
e

t 
G

ly
 

V
a

l 
H

is
C

C
C

G
G

T
G

A
C

C
G

G
C

G
C

G
C

C
C

C
A

A
G

T
C

G
C

T
G

A
G

G
G

A
C

C
C

C
G

G
C

C
A

A
G

C
G

C
G

G
A

G
 

A
T

G
 

G
G

G
 

G
TG

 
C

A
C

 
G

G
T

G
A

G
T

A
C

T
C

G
C

G
G

G
C

T
G

G
G

C
G

C
T

C
C

C
G

G
C

G
G

C
C

G
G

G
T

T
C

C
T

G
T

T
T

G
A

G
C

G
G

G
G

A
T

T
T

A
G

C
G

C
C

C
C

G
G

C
T



T
A

B
LE

 
V

I 
(c

o
n

t'
d

.)

A
TT

G
G

C
C

A
A

G
A

G
G

TG
G

C
TG

G
G

TT
C

A
A

G
G

A
C

C
G

G
C

G
A

C
TT

G
TC

A
A

G
G

A
C

C
C

C
G

G
A

A
G

G
G

G
G

A
G

G
G

G
G

J^
re

tT
G

G
C

A
G

C
C

TC
C

A
C

G
TG

C
C

G
C

G
G

G
G

A
C

TT
G

G
G

G
G

A
G

TT
C

TT
G

G
G

G
A

TG
G

C
A

A
A

A
A

C
C

TG
G

J^
eT

G
TT

G
A

G
G

G
G

C
A

C
A

G
T

T
T

G
G

G
G

T
T

G
G

G
G

A
G

G
A

G
G

T
T

T
G

G
G

G
T

T
C

T
G

C
T

G
T

G
C

A
G

T
T

G
T

G
T

C
G

J^
P

tfT
cA

G
T

G
T

C
T

C
G

tl.
S

.]

TT
G

C
A

C
A

C
G

C
A

C
A

G
A

TC
A

A
TA

A
G

C
C

A
G

A
ffi

G
A

G
C

A
C

C
TG

A
G

TG
C

T^
G

TA
TG

G
TT

G
G

G
A

C
A

G
G

A
A

G
G

A
C

G
A

G

C
TG

G
G

G
C

A
G

A
G

A
C

G
TG

G
G

G
A

TG
A

A
G

G
A

A
I

X
A

C
A

G
C

C
A

C
C

C
T

T
C

T
C

C
C

C
C

C
C

C
G

C
C

T
G

A
C

T
C

T

-2
0

u 
C

y
V

>
P

ro
\A

la
 

T
rp

 
L

e
u

 
T

rp
 

L
e

u
 
L

e
u

 
L

e
u

 
S

e
r 

L
e

u
C

A
G

C
C

T
G

G
C

T
A

T
C

T
G

T
T

C
J.

A
e"

' 
A

A
 

T
G

4
 C

C
Ty

G
C

C
 

TG
G

 C
T
G

 T
G

G
 C

T
T

 
C

T
C

 C
T
G

 T
C

C
 C

T
G

-1
0 

^
^

^ 
-1

 
+

1
L

e
u 

S
ej

^C
eu

 
P

ro
 

L
e

u
 

G
ly

 
L

e
u

 
P

ro
 

V
a

l 
L

e
u

 
G

ly
 

A
la

 
P

ro
 

P
ro

 
A

rg
 

L
e

u
 

lie
 

C
ys

CT
(

rC
G
 
C
T
C
 
C
C
T
 
C
T
G
 
G
G
C
 
C
T
C
 
C

A
 
G
T
C
 
C
T
G
 
G
G
C
 
G
C
C
 
C
C
A
 
C
C
A
 
C
G
C
 
C
T
C
 
A
T
C
 
T
G
T

1
0
 

2
0
 

*
A
s
p
 
S
e
r
 
A
r
g
 
V
a
l
 
L
e
u
 
G
l
u
 
A
r
g
 
T
y
r
 
L
e
u
 
L
e
u
 
G
l
u
 
A
l
a
 
L
y
s
 
G
l
u
 
A
l
a
 
G
l
u
 
A
s
n
 
H
e

G
A
C
 
A
G
C
 
C
G
A
 
G
T
C
 
C
T
G
 
G
A
G
 
A
G
G
 
T
A
C
 
C
T
C
 
T
T
G
 
G
A
G
 
G
C
C
 
A
A
G
 
G
A
G
 
G
C
C
 
G
A
G
 
A
A
T
 
A
T
C

2
6

T
h
r

A
C
G
 
G
T
G
A
G
A
C
C
C
C
T
T
C
C
C
C
A
G
C
A
C
A
T
T
C
C
A
C
A
G
A
A
C
T
C
A
C
G
C
T
C
A
G
G
G
C
T
T
C
A
G
G
G
A
A
C
T
C
C
T
C
C
C
A
G
A
T

C
C
A
G
G
A
A
C
C
T
G
G
C
A
C
T
T
G
G
T
T
T
G
G
G
G
T
G
G
A
G
T
T
G
G
G
A
A
G
C
T
A
G
A
C
A
C
T
G
C
C
C
C
C
C
T
A
C
A
T
A
A
G
A
A
T
A
A
G
T
C



T
A
B
L
E
 
V
I
 
(
c
o
n
t
'
d
.
)

T
G
G
T
G
G
C
C
C
C
A
A
A
C
C
A
T
A
C
C
T
G
A
A
A
C
T
A
G
G
C
A
A
G
G
A
G
C
A
A
A
G
C
C
A
G
C
A
G
A
T
C
C
T
A
C
G
C
C
T
G
T
G
G
G
C
C
A
G
G
G

C
C
A
G
A
G
C
C
T
T
C
A
G
G
G
A
C
C
C
T
T
G
A
C
T
C
C
C
C
G
G
G
C
T
G
T
G
T
G
C
A
T
T
T
C
A
G

2
7
 

^
T
h
r
 
GL
y-
"C
fy
s
 A
l
a
 
G
l
u

A
C
O
-
C
G
C
 
T
G
T
 
G
C
T
 
G
A
A

H
i
s
 
C
y
s
 
S
e
r
 
L
e
u
 
A
s
n
 
G
l
u
 
A
s
n

C
A
C
 
T
G
C
 
A
G
C
 
T
T
G
 
A
A
T
 
G
A
G
 
AA
-F

5
0
 

55
A
l
a
 
T
r
p
 
L
y
s
 
A
r
g
 
M
e
t
 
G
l
u

G
C
C
 
T
G
G
 
A
A
G
 
A
G
G
 
A
T
G
 
G
A
G

V
a
l
 
P
r
o
 f
l
k
S
^
 T
h
r
 
L
y
s
 
V
a
l
 
A
s
n
 
P
h
e
 
T
y
r

G
T
C
 
CC
fl
 G
A
C
 
A
C
C
 
A
A
A
 
G
T
T
 
A
A
T
 
T
T
C
 
T
A
T

T
T
T
T
T
T
T
T
T
T
T
T
C
C
T
T
T
C
T
T
T
T
G
G
A
G
A
A
T
C
T
C
A
T
T

T
G

C
G

A
G

C
C

T
G

A
T

U
^K

^A
T

G
A

A
A

G
G

G
A

^A
T

G
A

T
C

G
G

G
G

G
A

A
A

G
G

T
A

A
A

A
T

G
G

A
G

C
A

G
C

A
G

A
G

A
T

G
A

G
G

C
T

C
T
G
G
G
C
G
C
A
G
A
G
G
C
T
C
A
C
G
T
C
T
A
T
A
W
T
C
C
C
A
G
G
C
T
G
A
G
A
T
G
G
C
C
G
A
G
A
T
G
G
G
A
G
A
A
T
T
G
C
T
T
G
A
G
C
C
C
T

U
i

G
G
A
G
T
T
T
C
A
G
A
C
C
A
A
C
C
T
A
G
G
C
A
G
C
A
T
A
G
T
G
A
G
A
T
C
C
C
C
C
A
T
C
T
C
T
A
C
A
A
A
C
A
T
T
T
A
A
A
A
A
A
A
T
T
A
G
T
C
A
G

G
T
G
A
A
G
T
G
G
T
G
C
A
T
G
G
T
G
G
T
A
G
T
C
C
C
A
G
A
T
A
T
T
T
G
G
A
A
G
G
C
T
G
A
G
G
C
G
G
G
A
G
G
A
T
C
G
C
T
T
G
A
G
C
C
C
A
G
G
A
A

T
T
T
G
A
G
G
C
T
G
C
A
G
T
G
A
G
C
T
G
T
G
A
T
C
A
C
A
C
C
A
C
T
G
C
A
C
T
C
C
A
G
C
C
T
C
A
G
T
G
A
C
A
G
A
G
T
G
A
G
G
C
C
C
T
G
T
C
T
C
A



T
A
B
L
E
 
V
I
 
(
c
o
n
t
'
d
.
 )

A
A
A
A
A
G
A
A
A
A
G
A
A
A
A
A
A
G
A
A
A
A
A
T
A
A
T
G
A
G
G
G
C
T
G
T
A
T
G
G
A
A
T
A
C
A
T
T
C
A
T
T
A
T
T
C
A
T
T
C
A
C
T
C
A
C
J
-
&
A
C
T

C
A
C
T
C
A
T
T
C
A
T
T
C
A
T
T
C
A
T
T
C
A
T
T
C
4
A
C
A
A
G
T
C
T
T
A
T
T
G
C
A
T
A
C
C
T
T
C
T
G
T
"

T
C
A
G
C
T
T
G
G
T
G
C
T
T
G
G

G
G
C
T
G
C
T
G
A
G
G
G
G
C
A
G
G
A
G
G
G
A
G
A
G
G
6
T
G
A
I

5
6
 

6
0

V
a
l
 
G
l
y
 
G
i
n
 
G
i
n
 
A
l
a
 
V
a
l
 
G
l

G
T
C
 
G
G
G
 
C
A
G
 
C
A
G
 
G
C
C
 
G
T
A
 
GA

A
C
T
C
C
C
A
G
A
G
T
C
C
A
C
T
C
C
C
T
G
T
A
G

70
V
a
L
^
T
r
p
X
G
l
n
 
G
l
y
 
L
e
u
 
A
l
a
 
L
e
u
 
L
e
u
 
S
e
r
 
G
l
u
 
A
l
a

fC
 
T
G
G
 I
CA
G
 
G
G
C
 
C
T
G
 
G
C
C
 
C
T
G
 
C
T
G
 
T
C
G
 
G
A
A
 
G
C
T

*
 

9
0

>u
 
V
a
l
 
A
s
n
 
S
e
r
 
S
e
r
 
G
i
n
 
P
r
o
 
T
r
p
 
G
l
u
 
P
r
o
 
L
e
u

"G
 
G
T
C
 
A
A
C
 
T
C
T
 
T
C
C
 
C
A
G
 
C
C
G
 
T
G
G
 
G
A
G
 
C
C
C
 
C
T
G

1
0
0

fi
n
 
L
e
u
 
H
i
s
 
V
a
l
 
A
s
p
 
L
y
s
 
Al
a"
 V̂

al
 
S
e
r
 
G
l
y
 
L
e
u
 
A
r
g
 
S
e
r
 
L
e
u
 
T
h
r
 
T
h
r
 
L
e
u
 
L
e
u

C
A
G
 
C
T
G
 
C
A
T
 
G
T
G
 
G
A
T
 
A
A
A
 
G
C
C
 
G
T
C
 
A
G
T
 
G
G
C
 
C
T
T
 
C
G
C
 
A
G
C
 
C
T
C
 
A
C
C
 
A
C
T
 
C
T
G
 
C
T
T

V
a
l
 
L
e
u
 
A
r
g
 
Gl

G
T
C
 
C
T
G
 
C

CT
\

1
1
0
 

1
1
5

A
r
g
 
A
l
a
 
L
e
u
 
G
l
y
 
A
l
a
 
G
i
n

C
G
G
 
G
C
T
 
C
T
G
 
G
G
A
 
G
C
C
 
C
A
G
 
G
T
G
A
G
T
A
G
G
A
G
C
G
G
A
C
A
C
T
T
C
T
G
C
T
T
G
C
C
C
T
T
T
C
T
G
T
A
A
G
A
A
G
G
G
G
A

G
A
A
G
G
G
T
C
T
T
G
C
T
A
A
G
G
A
G
T
A
C
A
G
G
A
A
C
T
G
T
C
C
G
T
A
T
T
C
C
T
T
C
C
C
T
T
T
C
T
G
T
G
G
C
A
C
T
G
C
A
G
C
G
A
C
C
T
C
C
T

G
T
T
T
T
C
T
C
C
T
T
G
G
C
A
G

1
1
6
 

1
2
0

L
y
s
 
G
l
u
 
A
l
a
 
H
e
 
S
e
r
 
P
r
o
 
P
r
o
 
A
s
p
 
A
l
a
 
A
l
a
 
S
e
r
 
A
l
a
 
A
l
a

A
A
G
 
G
A
A
 
G
C
C
 
A
T
C
 
T
C
C
 
C
C
T
 
C
C
A
 
G
A
T
 
G
C
G
 
G
C
C
 
T
C
A
 
G
C
T
 
G
C
T



T
A

B
L

E
 

V
I 

(
c

o
n

t'
d

.)

1
3
0
 

1
A
0

P
r
o
 
L
e
u
 
A
r
g
 
T
h
r
 
li
e
 
T
h
r
 
A
l
a
 
A
s
p
 
T
h
r
 
P
h
e
 
A
r
g
 
L
y
s
 
L
e
u
 
P
h
e
 
A
r
g
 
V
a
l

C
C
A
 
C
T
C
 
C
G
A
 
A
C
A
 
A
T
C
 
A
C
T
 
G
C
T
 
G
A
C
 
A
C
T
 
T
T
C
 
C
G
C
 
A
A
A
 
C
T
C
 
T
T
C
 
C
G
A
 
G
T
C

TC
C

1
5

0 
1

6
0

A
s

n 
P

h
e 

L
e

u 
A

rg
 

G
ly

 
L

y
s 

L
e

u 
L

y
s 

L
e

u 
T

y
r 

T
h

r 
G

ly
 

G
lu

 
A

Jr
S

^C
ys

 
A

rg
 

T
h

r 
G

ly
A

A
T

 
T

T
C

 
C

TC
 

C
G

G
 

G
G

A
 

A
A

G
 

C
T

G
 J

W
VG

. 
C

T
G

 
T

A
C

 
A

C
A

 
G

G
G

 
G

A
^^

G
C

C
 

TG
C

 
A

G
G

 
A

C
A

 
G

G
G

16
6

A
sp

 
A

rg
 

O
P

 
/"

""
 

~
~

\ 
\ 

/
^

\a
C

T
G

G
G

C
A

>f
cT

ji£
tfC

C
A

C
C

T
C

C
C

T
C

A
C

C
A

A
C

A
T

G
A
C
 
A
G
A
 
T
G
A
 
C
C
A
G
G
T
G
T
G
T
C
C
A
C

T
G
C
T
T
G
T
G
C
C
A
C
A

C
C
C
T
C
C
C
C
C
G
C
C
A
C
T
C
C
T
G
A
A
C
C
C
C
G
T
l

i
C
4
C
T
C
A
G
C
T
C
A
G
C
G
C
C
A
G
C
C
T
G
T
C
C
C
A
T
G
G
A
C
A
C
T
C
C

A
G
T
G
C
C
A
G
C
A
A
T
G
A
C
A
T
C
^
P
C
A
G
G
G
G
C
C
A
/
G
A
G
G
A
A
C
T
G
T
C
C
A
G
A
G
A
G
C
A
A
C
T
C
T
G
A
G
A
T
C
T
A
A
G
G
A
T
G
T
C
A
C

A
G
G
G
C
C
f
t
A
C
M
G
A
A
G
G
G
C
C
C
A
G
A
G
C
A
G
G
A
A
G
C
A
T
T
C
A
G
A
G
A
G
C
A
G
C
T
T
T
A
A
A
C
T
C
A
G
G
G
A
C
A
G
A
G
C
C
A
T
G
C

T
G
G
G
A
A
G
A
C
G
C
C
T
G
A
G
C
T
C
A
C
T
C
G
G
C
A
C
C
C
T
G
C
A
A
A
A
T
T
T
G
A
T
G
C
C
A
G
G
A
C
A
C
G
C
T
T
T
G
G
A
G
G
C
G
A
T
T
T
A
C

C
T
G
T
T
T
T
C
G
C
A
C
C
T
A
C
C
A
T
C
A
G
G
G
A
C
A
G
G
A
T
G
A
C
C
T
G
G
A
G
A
A
C
T
T
A
G
G
T
G
G
C
A
A
G
C
T
G
T
G
A
C
T
T
C
T
C
C
A
G
G

T
C
T
C
A
C
G
G
G
C
A
T
G
G
G
C
A
C
T
C
C
C
T
T
G
G
T
G
G
C
A
A
G
A
G
C
C
C
C
C
T
T
G
A
C
A
C
C
G
G
G
G
T
G
G
T
G
G
G
A
A
C
C
A
T
G
A
A
G
A
C

A
X
G
A
T
X
G
G
G
G
C
T
G
G
C
C
T
C
T
G
G
C
T
C
T
C
A
T
G
G
G
G
T
C
C
A
A
G
T
T
T
T
G
T
G
T
A
T
T
C
T
C
A
A
C
C
T
A
T
T
G
A
C
A
G
A
C
T
G
A
A

A
C
A
C
A
A
T
A
T
G
A
C



- 48 -

Inĵ F-able VI, the initial continuous DNA

sequence designates a top strand of 620 bases in what is

apparently an untranslated sequence immediately preceding

a translated portion of the human EPO gene. More speci-

5 fically, the sequence appears to comprise 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

leader sequence ("presequence" ). Four base pairs in the

sequence prior to that encoding the beginning of the

10 leader have not yet been unambiguously determined and are

therefore designated by an "X". There then follows an

intron of about 639 base pairs (439 base pairs of which

have been sequenced and the remaining 200 base pairs of

which are designated "LZ?S.") and immediately preceding a

for ̂ gTutamine which has been designated as residue

-23 of the translated polypeptide. The exon sequence

immediately following is seen to code for amino acid

residues through an alanine residue (designated as the +1

residue of the amino acid sequence of mature human EPO)

20 to the codon specifying threonine at position +26,

whereupon there follows a second intron consisting of 256

bases as specifically designated. Following this intron

is an exon sequence for amino acid residues 27 through 55

and thereafter a third intron comprising 612 base pairs

25 commences. The subsequent exon codes for residues 56

through 115 of human EPO and there then commences a

fourth intron of 134 bases as specified. Following the

fourth intron is an exon coding for residue Nos .

. through 166 and a "stop" codon (TGA). Fina 1 ^

30 identifies a sequence of 568 base pairs in what appears

to be an untranslated 3' region of the human EPO gene,

two base pairs of which ("X") have not yet been unam- ;

biguousl y^,e q ue nc e d .

fyjS- TaBle--¥-i thus serves to identify the primary

35 structural conformation (amino acid sequence) of mature

human EPO as including 166 specified amino acid residues
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(estimated M.W. = 18,399). Also revealed in the Table is

the DNA sequence coding for a 27 residue leader sequence

along with 5' and 3' DNA sequences which may be signifi-

cant to promoter/operator functions of the human gene

operon. Sites for potential glycosylation ofoJJhe mature

EPO polypeptide are designated in thê -̂ rfrte by

asterisks. It is wprthy gf note that the specific amino

Ai^\acid sequence of T*b#e-Ji5tf- likely constitutes that of a

naturally occurring allelic form of human erythropoietin.

10 Support for this position is found in the results of con-

tinued efforts at sequencing of urinary isolates of human

erythropoietin which provided the finding, that a signifi-

cant number of erythropoietin molecules n̂er̂ rfv have a

me th ion ing' at residue 126 as opposed to a serine as shown

in the Tabled a

£[c*- i-a-M-e—V-H-, below, illustrates the extent of

polypeptide sequence homology between human•and^monkey

In the upper continuous line of thê f&S-i-e, single

letter designations are employed to represent the deduced

20 translated polypeptide sequences of human EPO commencing

with residue -27 and the lower continuous line shows the

deduced polypeptide sequence of monkey EPO commencing at

assigned residue number -27. Asterisks are employed to

highlight the sequence homologies. It should be noted

25 that the deduced human and monkey EPO sequences reveal an

"additional" lysine. (K) re-sidue at (human) position 116.

^(^UCross-reference to/T-av 1 e V±~ indicates that this residue

is at the margin of a putative mRNA splice junction in

the genomic sequence. Presence of the lysine residue in

30 the human polypeptide sequence was further verified by

sequencing of a cONA human sequence clone prepared from

mRNA isolated from COS-1 cells transformed with the human

genomic ONA in Example 7, infra.

35
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EXAMPLE 6

The expression system selected for initial

attempts at microbial synthesis of isolatable quantities

5 of EPO polypeptide material coded for by the monkey cDNA

provided by the procedures of Example 3 was one involving

mammalian host cells (i.e., COS-1 cells, A.T.C.C. No.

CRL-1650). The cells were transfected with a "shuttle11

vector capable of autonomous replication in E .coli host

10 (by virtue of the presence of pBR322-derived DNA) and the

mammalian hosts (by virtue of the presence of SV40 virus-

derived DNA).

More specifically, an expression vector was

constructed according to the following procedures. The

15 plasmid .clone 83 provided in Example 3 was amplified in

E.coli and the approximately 1.4kb monkey EPO-encoding

DNA was isolated by EcoRI and Hindlll digestion.

Separately isolated was an approximately 4.0 kb,

Hindlll/Sall fragment from pBR322. An approximately 30

20 bp, EcoRI/Sall "linker" fragment was obtained from

Ml3mplO RF DNA (P and L Laboratories). This linker

included, in series, an EcoRI sticky end, followed by

SstI, Smal, BamHI and Xbal recognition sites and a Sail

sticky end. The above three fragments were ligated to

25 provide an approximately 5.4 kb intermediate plasmid

("pERS") wherein the EPO DNA was flanked on one side by a

"bank" of useful restriction endonuclease recognition

sites. pERS was then digested with Hindlll and Sail to

yield the EPO DNA and the Ec_oRI to Sa^I (Ml3mplO) linker.

30 The 1.4 kb fragment was ligated with an approximately 4.0

kb BamHI/Sall of pBR322 and another Ml3mpl0 Hindlll/BamHI

RF fragment linker also having approximately 30 bp. The

M13 linker fragment was characterized by a Hindlll sticky

end, followed by PstI, Sail, Xbal recognition sites and a

35 BamHI sticky end. The ligation product was, again, a

useful intermediate plasmid ("pBR-EPO") including the EPO

DNA flanked on both sides by banks of restriction site.



- 52 -

The vector chosen for expression of the EPO DNA

in COS-1 cells ("pDSVLl") had previously been constructed

to allow for selection and autonomous replication in

E.coli. These characteristics are provided by the origin

5 of replication and Ampicillin resistance gene DNA sequen-

ces present in the region spanning nucleotides 2448

through 4362 of pBR322. This sequence was structurally

modified by the addition of a linker providing a Hindlll

recognition immediately adjacent nucleotide 2448 prior to

10 incorporation into the vector. Among the selected vec-

tor's other useful properties was the capacity to autono-

mously replicate in COS-1 cells and the presence of a

viral promoter sequence functional in mammalian cells.

These characteristics are provided by the origin of

15 replication DNA sequence and "late gene" viral promoter

DNA sequence present in the 342 bp sequence 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

20 sequence through use of a commercially available linker

sequence (Collaborative Research). Also incorporated in

the vector was a 237 base pair sequence (derived as

nucleotide numbers 2553 through 2770 of SV40) containing

the "late gene" viral mRNA polyadenylation signal

25 (commonly referred to as a transcription terminator).

This fragment was positioned in the vector in the proper

orientation vis-a-vis the "late gene" viral promoter via

the unique BamHI site. Also present in the vector was

another mammalian gene at a location not material to

30 potential transcription of a gene inserted at the unique

BamHI site, between the viral promoter and terminator

sequences. [The mammalian gene comprised an approxima-

tely 2,500 bp mouse dihydrofolate reductase (DHFR) mini-

gene isolated from plasmid pMG-1 as in Gasser, et al.,

35 P.N.A.S. (U.S.A.), 79, pp. 6522-6526, (1982).3 Again,
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the major operative components of plasmid pDSVLl comprise

nucleotides 2448 through 4362 of pBR322 along with

nucleotides 5171 through 270 (342bp) and 2553 through

2770 (237bp3 of SV40 DNA.

5 Following procedures described, e.g., in

Maniatis, et al., supra, the EPO-encoding DNA was iso-

lated from plasmid pBR-EPO as a BamHI fragment and

ligated into plasmid pDSVLl cut with BamHI. Restriction

enzyme analysis was employed to confirm insertion of the

10 EPO gene in the correct orientation in two of the

resulting cloned vectors (duplicate vectors H and L).

See Figure 2, illustrating plasmid pDSVL-MkE. Vectars.

/M O>- with EPO genes in the wrong orientatioryi were saved for

use as negative controls in transfection experiments

15 designed to determine EPO expression levels in hosts

transformed with vectors having EPO DNA in the correct

or ientat ion.

Vectors H, L, F, X and G were combined with

carrier DNA (mouse liver and spleen DNA) were employed to

20 transfect duplicate 60mm plates by calcium phosphate

microprecipitate methods. Duplicate 60 mm plates were

also transfected with carrier DNA'as a "mock" transfor-

mation negative control. After five days all culture

media were tested for the presence of polypeptides

25 possessing the immunological properties of naturally-

occurring EPO.

EXAMPLE 7

30 A. Initial EPO Expression System

Involving COS-1 Cells

The system selected for initial attempts at

microbial synthesis of isolatable quantities of human-EPO

polypeptide material coded for by the human genomic DNA

35 EPO clone, also involved expression in mammalian host

cells (i.e., COS-1 cells, A.T.C.C. No. CRL-1650). The
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human EPO gene was first sub-cloned into a "shuttle11 vec-

tor which is capable of autonomous replication in both

E.coli hosts Cby virtue of the presence of pBR322 derived

DNA) and in the mammalian cell line COS-1 (by virtue of

5 the 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 transfected cells and secreted into the cell

culture media.

10 More specifically, an expression vector was

constructed according to the following procedures. DNA

isolated from lambda clone XhEl, containing the human

genomic EPO gene, was digested with BamHI and Hindlll

restriction endonucleases, and a 5.6 Kb DNA fragment

15 known to contain the entire EPO gene was isolated. This

fragment was mixed and ligated with the bacterial plasmid

pUC8 (6ethesda Research Laboratories, Inc.) which had

been similarly digested, creating the intermediate

plasmid "pUC8-HuE", providing a convenient source of this

20 restriction fragment.

The vector chosen for expression of the EPO DNA

in COS-1 cells (pSV4SEt) had previously been constructed.

Plasmid pSV4SEt contained DNA sequences allowing selec-

tion and autonomous replication in E.coli . These charac-

25 teristics are provided by the origin of replication and

Ampicillin resistance gene DNA sequences present in the

region spanning nucleotides 2448 through 4362 of the bac-

terial plasmid pBR322. This sequence was structurally

modified by the addition of a linker providing a Hindi11

30 recognition site immediately adjacent to nucleotide 2448.

Plasmid pSV4SEt was also capable of autonomous replica-

tion in COS-1 cells. This characteristic was provided by

a 342 bp fragment containing the SV40 virus origin of

replication (nucleotide numbers 5171 through 270). This

35 fragment had been modified by the addition of a linker

j% C\ providing an -&O&R4- recognition site adjacent to
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\LJ nucleotide 270 and a linker providing a-̂ &a-H: recognition

site adjacent nucleotide 5171. A 1061 bp fragment of

SV40 was also present in this vector (nucleotide numbers

P- 1711 through 2772 plus a linker providing a gaTJr- recogni-

5 tion site next to nucleotide number 2772). Within this

fragment was an unique BamHI recognition sequence. In

summary, plasmid pSV4SEt contained unique BamHI and

Hindlll recognition sites, allowing insertion of the

human EPO gene, sequences allowing replication and selec-

10 tion in E.coli, and sequences allowing replication in

COS-1 cells.

In order to insert the EP0/£ene into pSV4SEt,
Dam ft/

#_plasmid pUC8-HuE was digested with BamH-1 and Hindlll

restriction endonucleases and the 5.6 kb EPO encoding DNA,

.^-fragment isolated. pSV4SEt was also digested with BamHI-

and Hindlll and the major 2513 bp fragment isolated

(preserving all necessary functions). These fragments

were mixed and ligated, creating the final vector

"pSVgHuEPO". (See, Figure 3.) This vector was propa-

20 gated in E.coli and vector DNA isolated. Restriction

enzyme analysis was employed to confirm insertion of the

EPO gene.

Plasmid pSVgHuEPO DNA was used to express human

EPO polypeptide material in COS-1 cells. More specifi-

25 cally, 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 transfected into

COS-1 cells. Cell culture media were sampled five and

seven days later and tested for the presence of polypep-

30 tides possessing the immunological properties of

naturally occurring human EPO.

B. Second EPO Expression System

Involving COS-1 Cells

35 Still another system was designed to provide

improved production of human EPO polypeptide material

U-7
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coded by the human genomic DNA EPO clone 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 promoter which is

5 within the 5.6 Kb BamHI to Hindlll restriction fragment.

In the following construction, the EPO gene is altered so

that it is expressed using the SV40 late promoter.

More specifically, the cloned 5.6 Kb BamHI to

Hindlll genomic human EPO restriction fragment was

10 modified by the following procedures. Plasmid pUC8-HuE,

as described above, was cleaved with j3a_mHI and with

BstEII restriction endonucleases. BstEII cleaves within

the 5.6 Kb EPO gene at a position which is 44 base pairs

5' to the initiating ATG coding for the pre-peptide and

15 approximately 680 base pairs 3* to the Hindlll restric-

tion site. The approximately 4900 base pair fragment was

isolated. A synthetic linker DNA fragment, containing

Sail and BstEII sticky ends and an internal BamHI

recognition site was synthesized and purified. The two

20 fragments were mixed and ligated with plasmid pBR322

which had been cut with Sail and BamHI to produce the

intermediate plasmid pBRgHE. The genomic human EPO gene

can be isolated therefrom as a 4900 base pair BamHI

digestion fragment carrying the complete structural gene

25 with a single ATG 44 base pairs 3' to âniHI site adjacent

the amino terminal coding region.

This fragment was isolated and inserted as a

BamHI fragment into BamHI cleaved expression vector

plasmid pDSVLl (described in Example 6). The resulting

30 plasmid, pSVLgHuEPO, as illustrated in Figure 4, was used

to express EPO polypeptide material from COS-1 cells, as

described in Examples 6 and 7A.

EXAMPLE 8

35

Culture media from growth of the six transfected

COS-1 cultures of Example 6 were analyzed by radioim-
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munoassay according to the procedures set forth in

Example 2, Part B. Each sample was assayed at 250, 125,

50, and 25 microliter aliquot levels. Supernatants from

growth of cells mock transfected or transfected with vec-

5 tors having incorrect EPO gene orientation were unam-

biguously negative for EPO immunoreactivity. For each

sample of the two supernatants derived from growth of

COS-1 cells transfected with vectors (H and L) having the

EPO DNA in the correct orientation, the % inhibition of
19 5

10 1ZJI-EP0 binding to antibody ranged from 72 to 88S6, which

places all values at the top of the standard curve. The

exact concentration of EPO in the culture supernatant

could not then reliably be estimated. A quite conser-

vative estimate of 300 mU/ml was made, however, from the

15 value calculation of the largest aliquot size (250

microliter).

A representative culture fluid according to

Example 6 and five and seven day culture fluids obtained

according to Example 7A were tested in the RIA in order

20 to compare activity of recombinant monkey and human EPO

materials to a naturally-occurring human EPO standard and

the results are set out in graphic' form in Figure 1.

Briefly, the results expectedly revealed that the recom-

binant monkey EPO significantly competed for anti-human

25 EPO antibody although it was not able to completely inhi-

bit binding under the test conditions. The maximum per-

cent inhibition values for recombinant human EPO,

however, closely approximated those of the human EPO

standard. The parallel nature of the dose response

30 curves suggests immunological identity of the sequences

(epitopes) in common. Prior estimates of monkey EPO in,

culture fluids were re-evaluated at these higher dilution

levels and were found to range from 2.91 to 3.12 U/ml.

Estimated human EPO production levels were correspon-

35 dingly set at 392 mU/ml for the five-day growth sample
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and 567 mil/ml for the seven day growth sample. Estimated

monkey EPO production levels in the Example 7B expression

system were on the same order or better.

5 EXAMPLE 9

Culture fluids prepared according to Examples 6

and 7 were subjected to an i_n vitro assay for EPO acti-

vity according to the procedure of Goldwasser, et al.,

10 Endocrinology, 97, 2, pp. 315-323 (1975). Estimated

monkey EPO values for culture fluids tested ranged from

3.2 to A.3 U/ml. Human EPO culture fluids were also

active in this Jjn vitro assay and, further, this activity

could be neutralized by anti-EPO antibody. The recom-

15 binant monkey EPO culture fluids according to Example 6

were also subjected to an assay for _in_ vivo biological

activity according to the general procedures of Cotes, et

al., Nature, 191, pp. 1065-1067 (1961) and Hammond, et

al., Ann.N.Y.Acad.Sci., 149, pp. 516-527 (1968) and acti-

20 vity levels ranged from 0.94 to 1.24 U/ml.

EXAMPLE 10 '

In the previous examples, recombinant monkey or

25 human EPO material was produced from vectors used to

transfect COS-1 cells. These vectors replicate in COS-1

cells due to the presence of 5V40 T antigen within the

cell and an SV40 origin of replication on the vectors.

Though these vectors produce useful quantities of EPO in

30 COS-1 cells, expression is only transient (7 to 14 days)
due to the eventual loss of the vector. Additionally, •

only a small percentage of COS-1 became productively

transfected with the vectors. The present example

describes expression systems employing Chinese hamster

35 ovary (CHO) DHFR" cells and the selectable marker, DHFR.

[For discussion of related expression systems, see
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U.S. Letters Patent No. 4,399,216 and European Patent

Applications 117058, 117059 and 117060, all published

August 29, 1984.]

CHO DHFR" cells (DuX-Bll) CHO Kl cells, Urlaub,

5 et al., Proc. Nat. Acad. Sci. [U.S.A.), Vol. 77, 4461

(1980) lack the enzyme dihydrofolate reductase (DHFR) due

to mutations in the structural genes and therefore

require the presence of glycine, hypoxanthine, and thymi-

dine in the culture media. Plasmids pDSVL-MkE (Example

10 6) or pDSVL-gHuEPO (Example 7B) were transfected along

with carrier DNA into CHO DHFR" cells growing in media

containing hypoxanthine, thymidine, and glycine in 60 mm

culture plates. Plasmid pSVgHuEPO (Example 7A) was mixed

with the.plasmid pMG2 containing a mouse dihydrofolate

15 reductase gene cloned into the bacterial plasmid vector

pBR322 (per Gasser, et al. , supra.) The plasmid mixture

and carrier DNA was transfected into CHO DHFR" cells.

(Cells which acquire one plasmid will generally also

acquire a second plasmid). After three days, the cells

20 were dispersed by trypsinization into several 100 mm

culture plates in media lacking hypoxanthine and thymi-

dine. Only those cells which have been stably trans-

formed with the DHFR gene, and thereby the EPO gene,

survive in this media. After 7-21 days, colonies of sur-

25 viving cells became apparent. These transformant colo-

nies, after dispersion by trypsinization can be

continuously propagated in media lacking hypoxanthine and

thymidine, creating new cell strains (e.g., CHO

pDSVL-MkEPO, CHO pSVgHuEPO, CHO-pDSVL-gHuEPO).

30 Culture fluids from the above cell strains were

tested in the RIA for the presence of recombinant monkey

or human EPO. Media for strain CHO pDSVL-MkEPO contained

EPO with immunological properties like that obtained from

COS-1 cells transfected with plasmid pDSVL-MkEPO. A

35 representative 65 hour culture fluid contained monkey EPO

at 0.60 U/ml.
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Culture fluids from CHO pSVgHuEPO and CHO

pDSVL-gHuEPO contained recombinant human EPO with immuno-

logical properties like that obtained with COS-1 cells

transfected with plasmid pSVgHuEPO or pDSVL-gHuEPO. A

5 representative 3 day culture fluid from CHO pSVgHuEPO

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 EPO as

measured by the RIA.

The quantity of EPO produced by the cell strains

10 described above can be increased by gene amplification

giving new cell strains of greater productivity. The

enzyme dihydrofolate reductase (DHFR) which is the pro-

duct coded for by the DHFR gene can be inhibited by the

drug methotrexate (MTX). More specifically, cells propa-

15 gated in media lacking hypoxanthine and thymidine are

inhibited or killed by MTX. Under the appropriate con-

ditions, (e.g., minimal concentrations of MTX) cells

resistant to and able to grow in MTX can be obtained.

These cells are found to be resistent to MTX due to an

20 amplification of the number of their DHFR genes, result-

ing in increased production of DHFR enzyme. The sur-

viving cells can, in turn, be treated with increasing

concentrations of MTX, resulting in cell strains con-

taining greater numbers of DHFR genes. "Passenger genes"

25 (e.g., EPO) carried on the expression vector along with

the DHFR gene or transformed with the DHFR gene are fre-

quently found also to be increased in their gene copy

number.

As examples of practice of this amplification

30 system, cell strain CHO pDSVL-MkE was subjected to

increasing MTX concentrations (0 nM, 30 nM and 100 nM).

Representative 65-hour culture media samples from each

amplification step were assayed by RIA and determined to

contain 0.60, 2.45 and 6.10 U/ml, respectively. Cell

35 strain CHO pDSVL-gHuEPO was subjected to a series of

increasing MTX concentrations of 30 nM, 50 nM, 100 nM,
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200 nM, 1 yM, and 5 yM 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 cultural medium samples from the

5 100 nM and 1 yM MTX steps contained, respectively, human

EPO at 466 and 1352 U/ml as judged by RIA (average of

triplicate assays). In these procedures, 1 x 10 cells

were plated in 5 ml of media in 60 mm culture dishes.

Twenty-four hours later the media were removed and

10 replaced with 5 ml of serum-free media (high glucose DMEM

supplemented with 0.1 mM non-essential amino acids and

L-glutamine). EPO was allowed to accumulate for 48 hours

in the serum-free media. The media was collected for RIA

assay and the cells were trypsinized and counted. The

15 average RIA values of 467 U/ml and 1352 U/ml for cells

grown at 100 nM and 1 yM MTX, respectively, provided

actual yields of 2335 U/plate and 6750 U/plate. The

average cell numbers per plate were 1.94 x 10 and

3.12 x 10 cells, respectively. The effective production

20 rates for these culture conditions' were thus 1264 and

2167 U/106 cells/48 hours.

The cells in the cultures described immediately

above are a genetically heterogeneous population.

Standard screening procedures are being employed in an

ttempt to isolate genetically homogeneous clones with

the highest production capacity. See, Section A, Part 2,

of "Points to Consider in the Characterization of Cell

Lines Used to Produce Biologies11, June 1, 1984, Office of

Biologies Research Review, Center for Drugs and

30 Biologies, U.S. Food and Drug Administration.

The productivity of the EPO producing CHO cell

lines described above can be improved by appropriate cell

culture techniques. The propagation of mammalian cells

in culture generally requires the presence of serum in

35 the growth media. A method for production of erythro-

poietin from CHO cells in media that does not contain

1
1
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serum greatly facilitates the purification of erythro-

poietin from the culture medium. The method described

below is capable of economically producing erythropoietin

in serum-free media in large quantities sufficient for

5 production.

Strain CHO pDSVL-gHuEPO cells, grown in standard

cell culture conditions, are used to seed spinner cell

culture flasks. The cells are propagated as a suspension

cell line in the spinner cell culture flask in media con-

10 sisting of a 50-50 mixture of high glucose DMEM and Ham's

F12 supplemented with 5% fetal calf serum, L-gluta-

mine, Penicillin and Streptomycin, 0.05 mM non-essential

amino acids and the appropriate concentration of metho-

trexate. Suspension cell culture allows the EPO-produc-

15 ing CHO cells to be expanded easily to large volumes.

CHO cells, grown in suspension, are used to seed roller

bottles at an initial seeding density of 1.5 x 10 viable

cells per 850 cm roller bottle in 200 ml of media. The

cells are allowed to grow to confluency as an adherent

20 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 end of the 'three-day growth

period, the serum containing media is removed and

replaced with 100 ml of serum-free media; 50-50 mixture

25 of high glucose DMEM and Ham's F12 supplemented with 0.05

mM non-essential amino acids and L-glutamine. The

roller bottles are returned to the roller bottle incuba-

tor for a period of 1-3 hours and the media again is

removed and replaced with 100 ml of fresh serum-free

30 media. The 1-3 hour incubation of the serum-free media

reduces the concentration of contaminating serum pro-

teins. The roller bottles are returned to the incubator

for seven days during which erythropoietin accumulates in

the serum-free culture media. At the end of the seven-
/ 35 day production phase, the conditioned media is removed

and replaced with fresh serum-free medium for a second
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production cycle. As an example of the practice of this

production system, a representative seven-day, serum-free

media sample contained human erythropoietin at 3892+409

U/ml as judged by the RIA. Based on an estimated cell

5 density of 0.9 to 1.8 x 10 cells/cm2, each 850

cm roller bottle contained from 0.75 to 1.5 x 10 cells

and thus the rate of production of EPO in the 7-day, 100

ml culture was 750 to 1470 U/106 cells/48 hours.

Culture fluids from cell strain CHO pDSVL-MkEPO

10 carried in 10 nM MTX were subjected to RIA _in_ vitro and

ill viv° E P u activity assays. The conditioned media

sample contained 41.2 + 1.4 U/ml of MkEPO as measured by

the RIA, 41.2 + 0.064 U/ml as measured by the in. vitro

biological activity assay and 42.5 ± 5 U/ml as measured

15 by the _in_ vivo biological activity assay. Amino acid

sequencing of polypeptide products revealed the presence

of EPO products, a principle species having 3 residues of

the "leader" sequence adjacent the putative amino ter-

minal alanine. Whether this is the result of incorrect

20^T m-enibrarrc processing of the polypeptide in CHO cells or

reflects a difference in structure of the amino terminus

of monkey EPO vis-a-vis human EPO, is presently unknown.

Culture fluids from cell strain CHO pDSVL-gHuEPO

were subjected to the three assays. A 5.5 day sample

25 contained recombinant human EPO in the media at a level

of 18.2 U/ml by RIA assay, 15.8 + 4.6 U/ml by _in_ vitro

assay and 16.8 + 3.0 U/ml by _in_ vivo assay.

Culture fluid from CHO pDSVL-gHuEPO cells pre-

pared amplified by stepwise 100 nM MTX were subjected to

30 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 sequencing of this product

reveals an amino- terminal corresponding to that

5dX designated inyTaPle V-frr

Cell conditioned media from CHO cells trans-

fected with plasmid pDSVL-MkE in 10 nM MTX were pooled,
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and the MTX dialyzed out over several days, resulting in

media with an EPO activity of 221 + 5.1 U/ml [EPO-CCM).

To determine the _in_ vivo effect of the EPO-CCM upon hema-

tocrit levels in normal Balb/C mice, the following

5 experiment was conducted. Cell conditioned media from

untransfected CHO cells (CCM) and EPO-CCM were adjusted

with PBS. CCM was used for the control group (3 mice)

and two dose levels of EPO-CCM -- 4 units per injection

and 44 units per injection -- were employed for the

10 experimental groups (2 mice/group). Over the course of 5

weeks, the seven mice were injected intraperitoneally, 3

times per week. After the eighth injection, average

hematocrit values for the control group were determined

to be 50..456; for the 4U group, 55.156; and, for the 44U

15 group, 67.9%.

Mammalian cell expression products may be

readily recovered in substantially purified form from

culture media using HPLC (C.) employing an ethanol gra-

dient, preferably at pH7.

20 A preliminary attempt was made to characterize

recombinant glycoprotein products from conditioned medium of

COS-1 and CHO cell expression of the human EPO gene in

comparison to human urinary EPO isolates using both

Western blot analysis and SDS-PAGE. These studies indi-

25 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 extract. All products were somewhat

heterogeneous. Neuraminidase enzyme treatment to remove

30O sialic acid resulted in COS-1 and CHO -rscombln&n\ pro-

ducts of approximately equal molecular weight which were

both nonetheless larger than the resulting asialo human

urinary extract. Endoglycosidase F enzyme (EC 3.2.1)'

treatment of the recombinant CHO product and the urinary

35 extract product (to totally remove carbohydrate from

v*--% Y *



- 65 -

both) resulted in substantially homogeneous products

having essentially identical molecular weight charac-

teristics.

Purified human urinary EPO and a recombinant,

5 CHO cell-produced, EPO according to the invention were

subjected to carbohydrate analysis according to the pro-

cedure of Ledeen, et al. Methods in Enzymology,

83(Part D), 139-191 (1982) as modified through use of the

hydrolysis procedures of Nesser, et al., Anal.Biochem.,

10 142, 58-67 (1984). Experimentally determined car-

bohydrate constitution values (expressed as molar ratios

of carbohydrate in the product) for the urinary isolate

were as follows: Hexoses, 1.73; N-acetylglucosamine, 1;

N-acetylneuraminic acid, 0.93; Fucose, 0; and N-acetyl-

15 galactosamine, 0. Corresponding values for the recom-

binant product (derived from CHO pDSVL-gHuEPO 3-day

culture media at 100 nM MTX) were as follows: Hexoses,

15.09; N-acetylglucosamine, 1; N-acetylneuraminic acid,

0.998; Fucose, 0; and N-acetylgalactosamine, 0. These

20 findings are consistent with the Western blot and

SDS-PAGE analysis described above.

Glycoprotein products provided by the present

invention are thus comprehensive of products having a

primary structural conformation sufficiently duplicative

25 of that of a naturally-occurring erythropoietin to allow

possession of one or more of the biological properties

thereof and having an average carbohydrate composition

which differs from that of naturally-occurring erythro-

poietin.

30 EXAMPLE 11

The present example relates to the total manu-

facture by assembly of nucleotide bases of two stouctural

ft genes encoding the human species EPO sequence of^Table-Y-I

35 and incorporating, respectively "preferred" codons for

expression in E .coli and yeast (S.cerevisiae) cells.
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Also described is the construction of genes encoding ana-

logs of human EPO. Briefly stated, the protocol employed

was generally as set out in the previously noted disclo-

sure of Alton, et al. (WO 83/04053). The genes were

5 designed for initial assembly of component oligonucleoti-

des into multiple duplexes which, in turn, were assembled

into three discrete sections. These sections were

designed for ready amplification and, upon removal from

the amplification system, could be assembled sequentially

10 or through a multiple fragment ligation in a suitable

expression ̂ vector „ U)-JLJA/K / i< $"7

<//j
f ^? Yabres VIII through XEV below illustrate the

design and assembly of a manufactured gene encoding a

human EPO translation product lacking any leader or pre-

15 sequence but including an initial methionine residue at

position -1. Moreoever, the gene incorporated in

substantial part E .coli preference codons and the

construction was therefore referred to as the "ECEPO"

gene.

20

25

30

35
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10

15

20

25

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

TABLE VIII

ECEPO SECTION 1 QLIGONUCLEOTIDES

AATTCTAGAAACCATGAGGGTAATAAAATA

CCATTATTTTATTACi:CTCATGGTTTCTAG

ATGGCTCCGCCGCGT :TGATCTGCGAC

CTCGAGTCGCAGATC\GACGCGGCGGAG

TCGAGAGTTCTGGAA:GTTACCTGCTG

CTTCCAGCAGGTAAC

GAAGCTAAAGAAGCT

5TTCCAGAACT

;AAAACATC

GTGGTGATGTTTTCAI5CTTCTTTAG

ACCACTGGTTGTGCTttAACACTGTTC

CAAAGAACAGTGTTCAGCACAACCA

TTTGAACGAAAACATT1ACGGTACCG

GATCCGGTA<fCGTAAT'£TTT\TCGTT

ECEPC

Xba_I
EcoRI I , 3
AATTCTAG AAACCATGAG GGTAATAAAA TAWTGGCTCC GCCGCGTCTG

GATC TTTGGTACTC CCATTPTTTT ATTACCiGAGG CGGCGCAGAC

ATCTGCGACfT CGAGAGTTCT GGA/.CGTTAC CTGCTGJGAAG CTAAAGAAGC
TAGACGCTGA GCTCtTCAAGA CCTTGCAATG GACGACCTTCI GATTTCTTCGr(

8

Kpnl BamHI
TTACGGTACC G
AATGCCATGG CCTAG

12

CTTCj

11
TGAAAACATC hcCACTGGTT GTGC
ACTTTTGTAG TGGTGpCCAA CACCiACTTGT GACAAGAAAC] TTGCTTTTGT

TGAACA CTGTTCh"TTG AACGAAAACA

10
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TABLE X
ECEPO SECTION 2 OLIGONUCLEOTIDES

10

1

2

3

4,

5,

6.

7.

8.

9.

10.

11.

12.

15 13.

14.

15.

16.

AATTCGGTACCAGACADCAAGGT

GTTAACCTTGGTGTCTGGTACCG

TAACTTCTACGCTTGGAAACGTAT

TTCCATACGTTTCCAAGCGTAGAA

GGAAGTTGGTCAACAAGCAGTTGAAGT

CCAAACTTCAACTGCPGTTGACCAAC

TTGGCAGQarCTGG(i(CTGC\TGAGCG

\GTGCaAGACCCTGGCCTCf

. i . _ — •_ I ^ _ / _ _ — _ L. ^/~. _. f\ fa f^ f* n

GCAGTGCCTGGCCAjCGCAGTACA

CTGCTGGTAAACTaCTCTCAGCCGT

TTCCCACGGCTGApGGAGTTTACCA

GGGAACCGCTGCApCTGCATGTTGAC

GCTTTGTCAACAjGCAGCTGCAGCGG

AAAGCAGTATCTGGCCTGAGATCTG

GATCCAGATCTQAGGCCAGATACT

20

25
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TABLE XII

10

1

2,

3,

4.

5.

6.

7.

9

10

11

15 12,

13,

14.

15,

16.

20

ECEPO SECTION 3

GATCCAGATCTCTGACTAOTCTGC

ACGCAGCAGAGTAGTCAGAGATCTG

TGCGTGCTCTGGGTGCACAGAAAGAGG

GATAGCCTCTTTCTGTGCTACCCAGAGC

CTATCTCTCCGCCGGATJGCTGCATCT

CAGCAGATGCWATJKJGGCG^AGA

GCTGCACOGCTGJZ'GTATCAT.CACTG

ATCAGCAGTG/TGGTAJC£C(AGCGGTG

ATACACGAAACAGTTLTGCGGAAGGT

TGTATACTCTAACTT1CCTGCGTGGTA

CAGTTTACCACGCAQGAAGTTAGAGT

AACTGAAACTGTATACTGGCGAAGC

GGCATGCTTCGCCPJGTATACAGTTT

ATGCCGTACTGGTffiACCGCTAATAG

TCGACTATTAGCOGTCACCAGTAC

c

25



1 -

10

BamHI Bglll
GA TCCAGATCTCTG

GTCTAGAGAC

ACTACTCTGC [rGCGTGCTCT
TGATGAGACG ACGC^AG"

GGATGCTGCA TCT.|
CCTACGACGT AG

GCAAACTGTT
CGTTTGACAA

10

TATACTGGCG
ATATGACCGC

15

ECEPO SECTION 3

TGCACAG AAAGAGG):TA TCTCTCCGCC
£GTGTC TTTCTCCGAT AOAGAGGCGG

• 1 , 9
CTGCGTAC CATCACTGpT GATACCTTCC
GACGCATG GTAGTGACGA CTPITGGAAGG

8

TCGtTGTATAC
AGCACATA[TG

TCTAACTTCC TGCGTGGTA;
/AGATTGAAGG ACGCACCAT

12

12
ACTGAAACTG
TGAC[TTTGAC

AAGC
TTCG

L5
TACTGGTGAC
ATGACCACTG

16

CGCTAATAG
GCGATTATC

Sail

AGCT

20

25
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TABLE/XIV

ECEPqf GENE

-1 1
Xbal / MetAla

CTAG AAACCATGAG GGTA^TAAAA TAATGGCTCC GCCGCGTCTG
TTTGGTACTC CCATfATTTT ATTACCGAGG CGGCGCAGAC

10

ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

TGAAAACATC ACCACTGGTT GTGfcTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

TTACGGTACC AGACACCAAG GOAACTTCT ACGCTTGGAA ACGTATGGAA
AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACCTT TGCATACCTT

GTTGGTCAAC AAGCAGTTGA
CAACCAGTTG TTCGTCAACT

AG/TTTGGCAG GGTCTGGCAC TGCTGAGCGA
TQAAACCGTC CCAGACCGTG ACGACTCGCT

15

GGCTGTACTG CGTGGtfcjGG
CCGACATGAC GCACCGQTCj

AACCGCTGCA GCTG0A,
TTGGCGACGTU:GAC|T

GTT

"GAC
:TGGT AAACTCCTCT CAGCCGTGGG
UCCA TTTGAGGAGA GTCGGCACCC

^AAGCAG TATCTGGCCT GAGATCTCTG
;TCGTC ATAGACCGGA CTCTAGAGAC

ACTACTCTGC TGCGTGCTCT/GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA/CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

20 GGATGCTGCA TCTGCTGCAC
CCTACGACGT AGACGACGT/

CGCTGCGTAC CATCACTGCT GATACCTTCC
GCGACGCATG GTAGTGACGA CTATGGAAGG

25

GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATAfTG AGATTGAAGG ACGCACCATT TGACTTTGAC

Sail
TATACTGGCG AAGCATGtCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTAC/GGC ATGACCACTG GCGATTATCA GCT
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particularly,̂ -Xa-fê -e VIII illustrates oligo-

nucleotides employed to generate the Section 1 of the

ECEPO gene encoding amino terminal residues of the human

species polypeptide. Oligonucleotides were assembled

5 into duplexes (1_ and 2, 2 a n d iL» etc.) and the dupl

then ligated to provide ECEPO Section 1 as i n ̂ r̂if

Note that the assembled section includes respective

terminal EcoRI and BamHI sticky ends, that "downstream"

of the EcoRI sticky end is a Xbal restriction enzyme

10 recognition site; and that "upstream" of the BamHI sticky

end is a Kpnl recognition site. Section 1 could readily

be amplified using the M13 phage vector employed for

verification of sequence of the section. Some dif-

ficulties were encountered in isolating the section as an

15 Xbal/Kpnl fragment from RF DNA generated in E.coli,

likely due to methylation of the Kpnl recognition site

bases within the host. Single-stranded phage DNA was

therefore isolated and rendered into double-stranded form

by primer extension and the desired double-

es XI and XIII-j

<?•

^.stranded fragment was thereafter

• ECEPO gene Sections 2 and 3

were constructed Av\ a similar rof^Hiej from the oligo-

^Lnucleotides of Mbl/es X~̂ and XII, respectively. Each

section was amplified in the M13 vector employed for

sequence verification, and was-^isolated from phage DNA.

is apparent frottr T-dftjle XI, ECEPO Section 2 was con-

structed with EcoRI and BamHI sticky ends and could be

isolated as a Kpnl/Bglll fragment. Similarly, ECEPO

Section 3 was prepared with BamHI and Sail sticky ends

30 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 sequence ̂ faBle XlVt

encoding the entire human species EPO polypeptide with an

amino terminal methionine codon (ATG) for E.coli transla-

35 tion initiation. Note also that "upstream" of the ini-

tial ATG is a series of base pairs substantially
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duplicating the ribosome binding site sequence of the

highly expressed OMP-f gene of E .coli.

Any suitable expression vector may be employed

to carry the ECEPO. The particular vector chosen for

5 expression of the ECEPO gene as the "temperature sen-

sitive" plasmid pCFM536 -- a derivative of plasmid

PCFM414 (A.T.C.C. 40076) -- as described in co-pending

U c P Q t pn i Unn 1 i PQ r i nn ^ ft T* i Q 1 Nlr̂  £\^\ £\ i / i T T 1 £* ri u 11 n 11 Q r• O • n cl L. C ' f*\* /yjh* M +• -*• *̂"A* L«, J_ LJ I.I y^ C .L 4* G\ _L J/i w ».^»O -^ W •% / / r* -^ I X X C *-J n U U U O t

fA^i 6, 19 84 »/j by Charles F. Morris. More specifically,

10 pCFM536 was digested with Xbal and Hindlll; the large

fragment was isolated and employed in a two-part ligation

with the ECEPO gene. Sections 1 (Xbal/Kpnl), 2

(Kpnl/Bglll) and 3 (Bglll/Sall) had previously been

assembled in the correct order in M13 and the EPO gene

15 was isolated therefrom as a single Xbal/Hindlll fragment.

This fragment included a portion of the polylinker from

M13 mp9 phage spanning the Sail to Hindlll sites therein.

Control of expression in the resulting expression

plasmid, p536, was by means of a lambda P. promoter,

20 which itself may be under control of the ̂ TQ^-I repressor

gene (such as provided in E.coli strain K12AHtrp).

The manufactured ECEPO gene above may be

variously modified to encode erythropoietin analogs such

as [Asn2, des-Pro2 through Ile6lhEP0 and [His73hEPO, as

25 described below.

A. [Asn2, des-Pro2 through Ile6]hEP0

536 carrying the ECEPO manufactured gene

a Xbal to Hindlll insert was digested

with Hindlll and Xhol. The latter endonuclease cuts the

ECEPO gene at a unique, 6 base pair recognition site

spanning the last base of the codon encoding Asp through

the second base of the Arg10 codon. A Xbal/Xhol "linker11

sequence was manufactured having the following sequence:

35



- 75 -

Xbal + 1 2 7 8 9
Met Ala Asn Cys Asp Xhol

5'-CTAG ATG GCT AAT TGC GAC-3*
3'-TAC CGA TTA ACG CTG AGCT-5*

The Xba_I/Xh_oI linker and the Xhol/Hindlll ECEPO

5 gene sequence fragment were inserted into the large

fragment resulting from Xb_a_l and Hindlll digestion of

plasmid pCFM526 -- a derivative of plasmid pCFM414

(A.T.C.C. 40076) -- as described in co-pending

U.S. Patent Application Serial No. 636,727, filed August

10 6, 1984, by Charles F. Morris, to generate a plasmid-

borne DNA sequence encoding E.coli expression of the

Met" form of the desired analog.

B. [His7]hEP0

15 Plasmid 536 was digested with Hindlll and Xhol

as in part A above. A Xbal/Xhol linker was manufactured

having the following sequence:

Xbal + 1 2 3 4 5 6 7 8 9 Xhol
Met Ala Pro Pro Arg Leu H e His Asp

20 5'-CTAG ATG GCT CCG CCA CGT CTG ATC CAT GAC-3'
3'-TAC CGA GGC GGT GCA GAC TAG GTA CTG AGCT-5'

The linker and the Xhol/Hindlll ECEPO sequence

fragment were then inserted into pCFM526 to generate a

plasmid-borne DNA sequence encoding E.coli expression of

25 the Met" form of the desired analog.

Construction of a manufactured gene ("SCEPO")
^^ ^1 Jk/ ̂ ^ O O i ^^ 1^ ̂ h i ^^ r^ ̂ \ ̂ s /^ ̂ \. ^N ^\ /"H s\ ̂ % ̂  /I T ̂  ^\ ̂  /H cj c ̂  ̂  1 i^ Ck ̂ i 1 n

I I y J $ y/"4 ̂  j0 Jr Jrr^lji jns^vf **TV /x T ? ^ UcoLl lUcu i l l

fo l lowing/ ITmi les 1 XV LIiraugTi~XXT". As was the case

wi th the ECEPO gene, the e n t i r e const ruct ion^ invo lveyd . j

<\ format ion of three sets of o l i g o n u c l e o t i d e s (-T/able-s-—X-Y-,.

\, X-VIj—and XIX) which wera/formed i n i o djapJexes and

a#_assembled i n t o sections/f ê -srb 1 es--X-V-L-,—X-V-i-ti—and XX )~ Note

tha t synthes is was f a c i l i t a t e d in par t by use of some

sub-opt imal codons in both the SCEPO and ECEPO cons t ruc -

35
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tions, i.e., oligonucleotides 7-12 of Section 1 of both

genes were identical, as were oligonucleotides 1-6 of

Section 2 in each gene.

10

15

20

25

30
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TABLE XV

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11 .

15 12.

10

SCEPO SECTION 1 OLIGONUCLEOTIDES

AATTCAAGCTTGGATAAAAGAGCT

GTGGAGCTCTTTTATCCAAGCTTG

CCACCAAGATTGATCTGTGACTC

TCTCGAGTCACAGATCAA'TCTTG

I

GAGAGTTTTGGAAAGATACTTGTTG

CTTCCAACAAGTATCTT/TCCAAAAC

GAAGCTAAAGAAGCTGAAAACATC

GTGGTGATGTTTTCAGCTTCTTTAG

ACCACTGGTTGTGCT(EAACACTGTTC
CAAAGAACAGTGTTC GCACAACCA

TTTGAACGAAAACATTACGGTACCG

GATCCGGTACCGJAAJTGTTTTCGTT

20

SCEPO SECTION 1

EcoRI riindlll 1_
AATTCA AGCTTGGATA

GT TCGAACCTAT
2

fABLE XVI.

AAAGAGCTpC ACCAAGATTG ATCTGTGACT CJGAGAGTTTT
TTTCTCGAGG TGpTTCTAAC TAGACACTGA GCTCTJCAAAA

-AAG CT̂GGAAAGATAC TTGTTG
CCTTTCTATC AACAACCTTC

6

7
AAAGAAGC TGAAAACATC hCCACTGGTT

GATTTCTTCG ACTTTTGTAG TGGTGiACCAA

9_ • n_ Kpnl BamHI
GTGCTGAA"CA CTGTTC[TTTG A'ACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGAAATJ] TTGCTTTTGT AATGCCATGG CCTAG

! 12
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TABLE XVII

10

1.

2.

3.

4.

5.

6.

7.

9.

10.

11.

15 12.

13.

14.

15.

16.

20

SCEPO SECTION 2 OLIGONUCLEOTIDES

AATTCGGTACCAGACACCAAGGT

GTTAACCTTGGTGTCTQGTACCG

TAACTTCTACGCTTGGAAACGTAT

TTCCATACGTTTCCAAJGCGTAGAA

GGAAGTTGGTCAACAAGCAGTTGAAGT

CCAAACTTCAACTGCFTTGTTGACCAAC

TTGGCAAGGTTTGGCFCTXGTTATCTG

GCTTCAGATAACAA/GCCAAACCTTG

AAGCTGTT/TGA'GAba'CAAGCCT

TGTTGGTTAACTCTTCTCAACCATGGG

TGGTTCCCATGGTITGAGAAGAGTTAACC

AACCATTGCAAT11GCACGTCGAT

CTTTATCGACGTffiCAATTGCAA

AAAGCCGTCTCTJGGTTTGAGATCTG

GATCCAGATCTCAAACCAGAGACGG

25
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TABL^ XVIII

S C E P / S E C T I O N 2

EcoRI
Kpnl

1
A ATTCGGTACC AGACACCAAC

GCCATGG TCTGTGGTT/
2_

GTITAACTTCA ACGCTTGG/A ACGTATHGAA GTTGGTCAAC AAGCTGTTGA
CAATTGfyVGA 7GCGAA~S,(/TT TGCATACCTTJ CAACCAGTTG TTCGACAACT

JCCT TGTTATCTG^ AGCTGTTTTG AGAGGTCAAG
GA ACAATAGACT TCGJACAAAAC TCTCCAGTTC
"^ ' 10

CCJ

_
CCT|TGTTGGT TA^CTCTTCT CAACCATGGG h_ACCATTGCA ATTGCACGTC

TGGAACAAJCCA AT/TGAGAAGA GTTGGTACCC TTGGT^ACGT TAACGTGCAG
1 ' 12 14

GATpAAGCCG/TCTCTGGTTT GAGATCTG
15 CTATTTcfcGC/ AGAGACCAAA CTCTAGACCTA G

16

20

25
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10

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

15 12.

13.

14.

15.

16.

20 17.

18.

19.

20.

SCEPO

TABLE XIX

ECTION 3 OLIGONUCLEOTIDES

GATCCAGATCWTGACTACTTTGTT

TCTCAACAAAGT1AGTCAAAGATCTG

GAGAGCTTTGGQTGCTCAAAAGGAAG

ATGGCTTCCTTTTGAGCACCCAAAGC

CCATTTCCCCACCAGACGCTGCTT

GCAGAAGCAGCGfCTGGTGGGGAA

CTGCCGCTCCATTGAGAACCATC

CAGTGATGGTTC1CAATGGAGCG

ACTGCTGATACCTTCAGAAAGTT

GAATA^CT^TCTG^AGGTATCAG

ATTCAGAdTTTACTC^AACTTCT

CTCA*G)\AGJJGGAGTAA>CTCT

TGAGAGGTAAATTGAAGTTGTACAC

ACCGGTGTACAACTTCAATTTACCT

CGGTGAAGCCTGTAGAACTGGT

CTGTCACCAGTTCTACAGGCTTC

GACAGATAAGCCCGACTGATAA

GTTGTTATCAGTCEGGCTTAT

CAACAGTGTAGATQTAACAAAG

TCGACTTTGTTACATCTACACT

25
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TABL

BamH I B£U I l_
GATC CAGATCTTTG ACTACTTTGT

GTCTAGAAAC TGATGAAACA
2

PAGAGCTTT
TXTfcGAAA

1 I 1
GGGTGCTCAA AAGGAAGfcCA TTTgCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT Ay\AyGGGGTGG TCTGCGACGA AGACGGCGAG

4 / 6

10

15

2
CATTGAGAAC
GTAACTCTTG

TCCAACTTCT
AGGTTGAAGA

AACTGGT
TTGACCA

ATGTAACAAA
TACATTGTTT

20

SCEPO SECTION 3

GATACCTTCA
TATGGAAGT

10

CATCRCTGCT
GTAGTGAClGA

GAAAGTTh
CTTTCAAT

TT

GAAGTTG
TAKCXXCAAC

14

AGATAAGtCC GACTGATAA^
"^JTATTO/GGG

' 1 8

AA

TACACCGGTG
ATGTGGC~CA|C

19
AACAGTGTAG

U
CAGAGTTTAC
GITCTCAAATG

12

AAGCCTGTAG
TTCGGACATC

16

CTGACTATTG TTGfTCACATC

20

25
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HindllI
AGCTTGGATA

ACCTAT

-1 +1
ArgAla

AAAGAGCTCC
TTTCTCGAGG

TABLE XXI

SCEPO GENE

ACCAAGA]
TGGTTCT

ATCTGTGACT
TAGACACTGA

CGAGAGTTTT
GCTCTCAAAA

GGAAAGATAC TTGTTGGAAG CTAAAG/AAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA

GTGCTGAACA CTGTTCTTTG AACGAAjAACA TTACGGTACC AGACACCAAG
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG TCTGTGGTTC

10 GTTAACTTCT ACGCTTGGAA ACGTA/TGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCAT7ACCTT CAACCAGTTG TTCGACAACT

AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAAJTAGACT TCGACAAAAC TCTCCAGTTC

15

CCTTGTTGGT
GGAACAACCA

GATAAAGCCG
CTATTTCGGC

TAACTCTTCT
ATTGAGAAGA

CAAi
GTT

iCATGGG
5GTACCC

AACCATTGCA
TTGGTAACGT

ATTGCACGTC
TAACGTGCAG

TCTCtSGTT/ G
AGAGACCAW

ATCTTTG ACTACTTTGT TGAGAGCTTT
TCTA^AAAC TGATGAAACA ACTCTCGAAA

GGGTGCTCAA AA^AAGtC^_JfTCCBCACC
CCCACGAGTT TTCCTTCkfiT A/AAGGGGTGG

AGACGCTGCT
TCTGCGACGA

TCTGCCGCTC
AGACGGCGAG

20 CATTGAGAAC CATCACTGCT/GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA/CTATGGAAGT CTTTCAATAA GTCTCAAATG

TCCAACTTCT TGAGAGGTJ
AGGTTGAAGA ACTCTCCAtT

ATTGAAGTTG TACACCGGTG AAGCCTGTAG
TAACTTCAAC ATGTGGCCAC TTCGGACATC

25

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTQfGGG CTGACTATTG TTGTCACATC

Sail
ATGTAACAAA G
TACATTGTTT CAGC
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The assembled SCEPO sections were sequenced in

M13 and Sections 1, 2 and 3 were isolatable from the

phage as Hindlll/Kpnl, KpnI/Bglll, and Bqlll/Sall frag-

ments.

5 The presently preferred expression system for

SCEPO gene products is a secretion system based on

S.cerevisiae a-factor secretion, as described in co-

pending U.S. Patent Application Serial No. 487,753, filed

April 22, 1983, by Grant A. Bitter, published October 31,

10 1984 as European Patent Application 0 123,294. Briefly

put, the system involves constructions wherein DNA

encoding the leader sequence of the yeast a-factor gene

product is positioned immediately 5' to the coding region

of the exogenous gene to be expressed. As a result, the

15 gene product translated includes a leader or signal

sequence which is "processed off" by an endogenous yeast

enzyme in the course of secretion of the remainder of the

product. Because the construction makes use of the ct-

factor translation initiation (ATG) codon, there was no

20 need to provide such a codon at the'-1 position of the

yV ^SCEPO gene. As may be noted from/T-a&ie—XXI-, the alanine

** (+1) encoding sequence is preceded by a linker sequence

allowing for direct insertion into a plasmid including

the DNA for the first 80 residues of the a-factor leader

25 following the a-factor promoter. The specific preferred

construction for SCEPO gene expression involved a four-

part ligation including the above-noted SCEPO section

fragments and the. large fragment of Hindlll/Sall

digestion of plasmid potC3. From the resulting plasmid

30 paC3/SCEP0, the a-factor promoter and leader sequence and

SCEPO gene were isolated by digestion with BamHI and

ligated into BamHI digested plasmid pYE to form

expression plasmid pYE/SCEPO.

35 EXAMPLE 12

The present example relates to expression of
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recombinant products of the manufactured ECEPO and SCEPO

genes within the expression systems of Example 11.

In use of the expression system designed for use

of E.coli host cells, plasmid p536 of Example 11 was

5 transformed into AM7 E .coli cells previously transformed

with a suitable plasmid, pMWl, harboring a Cjg57 gene.

Cultures of cells in l_8 broth (Ampicillin 50 ug/ml and

kanamycin 5 yg/ml, preferably with 10 mM MgSO.) were

maintained at 28*C and upon growth of cells in culture to

10 O.D.,QQ = 0.1, EPO expression was induced by raising the

culture temperature to 42'C. Cells grown to about 40

0.0. provided EPO production (as estimated by gel) of

about 5 mg/OD liter.

Cells were harvested, lysed, broken with French

15 Press (10,000 psi) and treated with lysozyme and NP-40

detergent. The pellet resulting from 24,000 xg centrifu-

gation was solubilized with guanidine HC1 and subjected

to further purification in a single step by means of

Ch (Vydac) Reverse Phase HPLC (EtOH, 0-80%, 50 mM NH4Ac,

20 pH 4.5). Protein sequencing revealed the product to be

greater than 95% pure and the products obtained revealed

two different amino terminals, A-P-P-R... and P-P-R... in

a relative quantitative ratio of about 3 to 1. This

latter observation of hEPO and [des Ala ]hEPO products

25 indicates that amino terminal "processing" within the

host cells serves to remove the terminal methionine and

in some instances the initial alanine. Radioimmunoassay

activity for the isolates was at a level of 150,000 to

160,000 U/mg; _in_ vitro assay activity was at a level of

30 30,000 to 62,000 U/mg; and _in_ vivo assay activity ranged

from about 120 to 720 U/mg. (Cf., human urinary isolate

standard of 70,000 U/mg in each assay.) The dose response

curve for the recombinant product in the _in_ vivo assay

differed markedly from that of the human urinary EPO

35 standard.
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The EPO analog plasmids formed in parts A and B

of Example 11 were each transformed into pMWl-transforrned

AM7 E.coli cells and the cells were cultured as above.

Purified isolates were tested in both RIA and ijn vitro

5 assays. RIA and _in_ vitro assay values for LAsn ,

des-Pro through lie ] hEPO expression products were

approximately 11,000 U/mg and 6,000 U/mg protein, respec-

tively, while the assay values for [His ] hEPO were about

41,000 U/mg and 14,000 U/mg protein, respectively, indi-

10 eating that the analog products were from one-fourth to

one-tenth as "active1' as the "parent" expression product

in the assays.

In the expression system designed for use of

S.cerev'isiae host cells, plasmid pYE/SCEPO was trans-

15 formed into two different strains, YSDP4 (genotype a

pep4-3 trpl) and RK81 (genotype aot pep4-3 trpl).

Transformed YSDP4 hosts were grown in SD medium (Methods

in Yeast Genetics, Cold Spring Harbor Laboratory, Cold

Spring Harbor, N.Y., p. 62 (1983) supplemented with casa-

20 mino acids at 0.5%, pH 6.5 at 30'C. Media harvested when

the cells had been grown to 36 O.D. contained EPO pro-

ducts at levels of about 244 U/ml" (97 ug/OD liter by

RIA). Transformed RK81 cells grown to either 6.5 O.D. or

60 O.D. provided media with EPO concentrations of about

25 80-90 U/ml (34 ug/OD liter by RIA). Preliminary analyses

reveal significant heterogeneity in products produced by

the expression system, likely to be due to variations in

glycosylation of proteins expressed, and relatively high

mannose content of the associated carbohydrate.

30 Plasmids PctC3 and pYE in HB101 E.coli cells were

deposited in accordance with the Rules of Practice of the

U.S. Patent Office on September 27, 1984, with the

American Type Culture Collection, 12301 Parklawn Drive,

Rockville, Maryland, under deposit numbers A.T.C.C. 39881

35 and A.T.C.C. 39882, respectively. Plasmids pCFM526 in

AM7 cells, pCFM536 in JM1O3 cells, and pMWl in JM103
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cells were J.ikewis£ deposited on November 21, 1984 as

^A.T.C.C. 3/932, 3?934, and 3^933, respectively.

Saccharomyces cerevisiae strains YSPD4 and RK81 were

deposited on November 21, 1984 as A.T.C.C. 20734 and

5 20733, respectively.

It should be readily apparent from consideration

of the above illustrative examples that numerous excep-

tionally valuable products and processes are provided by

the present invention in its many aspects.

10 Polypeptides provided by the invention are

conspicuously useful materials, whether they are micro-

bially expressed products or synthetic products, the pri-

mary, secondary or tertiary structural conformation of

which was first made known by the present invention.

15 As previously indicated, recombinant-produced

and synthetic products of the invention share, to varying

degrees, the _i_n vitro biological activity of EPO isolates

from natural sources and consequently are projected to

have utility as substitutes for EPO isolates in culture

20 media employed for growth of erythropoietic cells in

culture. Similarly, to the extent that polypeptide pro-

ducts of the invention share the l£L vivo activity of

natural EPO isolates they are conspicuously suitable for

use in erythropoietin therapy procedures practiced on

25 mammals, including humans, to develop any or all of the

effects herefore attributed _̂n_ vivo to EPO, e.g., stimu-

lation of reticulocyte response, development of ferroki-

netic effects (such as plasma iron turnover effects and

marrow transit time effects), erythrocyte mass changes,

30 stimulation of hemoglobin C synthesis (see, Eschbach, et

al., supra) and, as indicated in Example 10, increasing

hematocrit levels in mammals. Included within the class

of humans treatable with products of the invention are

patients generally requiring blood transfusions and

35 including trauma victims, surgical patients, renal

disease patients including dialysis patients, and
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patients with a variety of blood composition affecting

disorders, such as hemophilia, sickle cell disease, phy-

siologic anemias, and the like. The minimization of the

need for transfusion therapy through use of EPO therapy

5 can be expected to result in reduced transmission of

infectious agents. Products of the invention, by virtue

of their production by recombinant methods, are expected

to be free of pyrogens, natural inhibitory substances,

and the like, and are thus likely to provide enhanced

10 overall effectiveness in therapeutic processes vis-a-vis

naturally derived products. Erythropoietin therapy with

products of the present invention is also expected to be

useful in the enhancement of oxygen carrying capacity of

individuals encountering hypoxic environmental conditions

15 and possibly in providing beneficial cardiovascular

effects.

A preferred method for administration of poly-

peptide products of the invention is by parenteral (e.g.,

IV, IM, SC, or IP) routes and the compositions admi-

20 nistered would ordinarily include therapeutically

effective amounts of product in combination with accep-

table diluents, carriers and/or adjuvants. Preliminary

pharmacokinetic studies indicate a longer half-life in

vivo for monkey EPO products when administered IM rather

25 than IV. Effective dosages are expected to vary substan-

tially depending upon the condition treated but thera-

peutic doses are presently expected to be in the range of

0.1 (~7U) to 100 O7000U] yg/kg body weight of the active

material. Standard diluents such as human serum albumin

30 are contemplated for pharmaceutical compositions of the

invention, as are standard carriers such as saline.

Adjuvant materials suitable for use in com-

positions of the invention include compounds indepen-

dently noted for erythropoietic stimulatory effects, such

35 as testosterones, progenitor cell stimulators,

insulin-like growth factor, prostaglandins, serotonin,
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cyclic AMP, prolactin and triiodothyronine, as well as

agents generally employed in treatment of aplastic ane-

mia, such as methenolene, stanozolol and nandrolone [see,

e.g., Resegotti, et al., Panminerva Medica, 23,, 243-248

5 (1981); McGonigle, et al., Kidney Int., 25(2), 437-444

(1984); Pavlovic-Kantera, et al., Expt.Hematol., 8(Supp.

£2, 283-291 (1980); and Kurtz, FEBS Letters, 14a(l)t

105-108 (1982)]. Also contemplated as adjuvants are

substances reported to enhance the effects of, or

10 synergize, erythropoietin or asialo-EPO, such as the

adrenergic agonists, thyroid hormones, androgens and BPA

[see, Dunn, "Current Concepts in Erythropoiesis" , John

Wiley and Sons (Chichester, England, 1983); Weiland, et

al., Bllit, 44(3) , 173-175 (1982); Kalmanti, Kidney Int. ,

15 2_2, 383-391 (1982); Shahidi, New .Eng. J .Med., 289, 72-80

(1973); Fisher, et al., Steroids, 30(6), 833-845 (1977);

Urabe, et al., J.Exp.Med., 149, 1314-1325 (1979); and

Billat, et al., Expt .Hematol., 10(1), 133-140 (1982)1 as

well as the classes of compounds designated "hepatic

20 erythropoietic factors" [see, Naughton, et al.,

Acta.Haemat., 69_, 171-179 (1983)1 and "erythrotropins"

[as described by Congote, et al. 'in Abstract 364,

Proceedings 7th International Congress of Endocrinology

(Quebec City, Quebec, July 1-7, 1984); Congote,

25 Biochem.Biophys.Res.Comm., 115(2), 447-483 (1983) and

Congote, Anal.Biochem., 140, 428-433 (1984)1 and

"erythrogenins" [as described in Rothman, et al.,

J.Surg.Oncol., 20, 105-108 (1982)1. Preliminary

screenings designed to measure erythropoietic responses

30 of ex-hypoxic polycythemic mice pre-treated with either

5-a-dihydrotestosterone or nandrolone and then given

erythropoietin of the present invention have generated

equivocal results.

Diagnostic uses of polypeptides of the invention

35 are /SLmLLa$Ly extensive and include use in labelled and

// fr- u-n 1 ab 11 od forms in a variety of immunoassay techniques
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including RIA's, ELISA'S and the like, as well as a

variety of _in_ vitro and _in_ vivo activity assays. See,

e.g., Ounn, et al., Expt.Hematol., 11(7), 590-600 (1983);

Gibson, et al., Pathology, 16, 155-156 (1984); Krystal,

5 Expt.Hematol. , 11(7), 649-660 (1983); Saito, et al.,

Jap.J.Med., 23(1), 16-21 (1984); Nathan, et al.,

New Eng.J.Med., 308(9), 520-522 (1983); and various

references pertaining to assays referred to therein.

Polypeptides of the invention, including synthetic pep-

10 tides comprising sequences of residues of EPO first

revealed herein, also provide highly useful pure

materials for generating polyclonal antibodies and

"banks" of monoclonal antibodies specific for differing

continuous and discontinuous epitopes of EPO. As one

15 example, preliminary analysis of the amino acid sequences

/jp ̂  o nfT-afei-e--Vi- in the context of hydropathicity according to

Hopp, et al., P.N.A.S. (U.S.A.), 78, pp. 3824-3828

(1981) and of secondary structures according to Chou, et

al., Ann .Rev.Biochem., 47, p. 251 (1978) revealed that

20 synthetic peptides duplicative of continuous sequences of

/ / j^Lresidues spanning posit ions 41-57 inc lus ive , 116-lrb&

inclusive and 144-166 inclusive are likely to produce a

highly antigenic response and generate useful monoclonal

and polyclonal antibodies immunoreactive with both the

25 synthetic peptide and the entire protein. Such antibo-

dies are expected to be useful in the detection and affi-

nity purification of EPO and EPO-related products.

Illustratively, the following three synthetic

peptides were prepared:

30

(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-I-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-

35 T-G-E-A-C-R-T-G-D-R.
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Preliminary immunization studies employing the above-

noted polypeptides have revealed a relatively weak posi-

tive response to hEPO 41-57, no appreciable response to

hEPO 116-128, and a strong positive Tcoopnoc- to hEPO

5 144-166, as measured by capacity of rabbit serum antibo-
19 5

dies to immunoprecipitate I-labelled human urinary EPO

isolates. Preliminary _iri vivo activity studies on the

three peptides revealed no significant activity either

alone or in combination.

10 While the deduced sequences of amino acid resi-

dues of mammalian EPO provided by the illustrative

examples essentially define the primary structural con-

formation of mature EPO, it will be understood that the

specific sequence of 163 amino acid residues of monkey

Q species EPO in/t-Taple V' and the 166 residues of human spe-

cies EPO i n/| T ate 1 bi VI do not limit the scope of useful

polypeptides provided by the invention. Comprehended by

the present invention are those various naturally-

occurring allelic forms of EPO which past research into

20 biologically active mammalian polypeptides such as human

Y interferon indicates are likely to exist. (Compare,

e.g., the human immune interferon' species reported to

have an arginine residue at position No. 140 in EPO

published application 0 077 670 and the species reported

25 to have glutamine at position No. 140 in Gray, et al.,

Nature, 295, pp. 503-508 (1982). Both species are

characterized as constituting "mature" human y interferon

sequences.) Allelic forms of mature EPO polypep±ides mj

vary from each other and from the sequences of T-afrtes—V~

aa4-V-I in terms of length of sequence and/or in terms of

deletions, substitutions, insertions or additions of

amino acids in the sequence, with consequent potential

variations in the capacity for glycosylation. As noted

previously, one putative allelic form of human species

35 EPO is believed to include a methionine residue at posi-

tion 126. Expectedly, naturally-occurring allelic forms
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of EPO-encoding ONA genomic and cONA sequences are also

likely to occur which code for the above-noted types of

allelic polypeptides or simply employ differing codons

for designation of the same polypeptides as specified.

5 In addition to naturally-occurring allelic forms

of mature EPO, the present invention also embraces other

"EPO products" such as polypeptide analogs of EPO and

fragments of "mature" EPO. Following the procedures of

the above-noted published application by Alton, et al.

10 (WO/83/04053) one may readily design and manufacture

genes coding for microbial expression of polypeptides

having primary conformations which differ from that

herein specified for mature EPO in terms of the identity

or location of one or more residues (e.g., substitutions,

15 terminal and intermediate additions and deletions).

Alternately, modifications of cDNA and genomic EPO genes

may be readily accomplished by well-known site-directed

mutagenesis techniques and employed to generate analogs

and derivatives of EPO. Such EPO products would share at

20 least one of the biological properties of EPO but may

differ in others. As examples, projected EPO products of

the invention include those which* are foreshortened by

e.g., deletions [Asn2, des-Pro2 through Ile^lhEPO,

[des-Thr163 through Argl66]hEP0 and "A27-55hEP0", the

25 latter having the residues coded for by an entire exon

deleted; or which are more stable to hydrolysis (and,

therefore, may have more pronounced or longer lasting

effects than naturally-occurring EPO); or which have been

^J faltered to delete one or more d potential sites for gly-

30 cosylation (which may result in higher activities for

yeast-produced products); or which have one or more

cystein residues deleted or replaced by, e.g., histidine

or serine residues (such as the analog [His ]hEP0) and

are potentially more easily isolated in active form from

35 microbial systems; or which have one or more tyrosine

residues replaced by phenylalanine (such as the analogs
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[phe15]hEPO, [phe49JhEPO, and One 1 4 5] hEPO) and may bind

more or less readily to EPO receptors on target cells.

Also comprehended are polypeptide fragments duplicating

only a part of the continuous amino acid sequence or

5 secondary conformations within mature EPO, which

fragments may possess one activity of EPO (e.g., receptor

binding] and not others [e.g., erythropoietic activity].

Especially significant in this regard are those potential

fragments of EPO which are elucidatec^upon consideration

>O/A-0f the human genomic DNA sequence on|Tafole -¥-£-, i.e.,

"fragments" of the total continuous EPO sequence which

are delineated by intron sequences and which may consti-

tute distinct "domains" of biological activity. It is

noteworthy that the absence of i_n_ vivo activity for any

15 one or more of the "EPO products" of the invention is not

wholly preclusive of therapeutic utility (see, Weiland,

et al., supra ] or of utility in other contexts, such as

in EPO assays or EPO antagonism. Antagonists of erythro-

poietin may be quite useful in treatment of polycythemias

20 or cases of overproduction of EPO [see, e.g., Adamson,

Hosp.Practice, 18(12], 49-57 (1983), and Hellmann, et

al., Clin.Lab.Haemat. , 5_, 335-342' (1983)3 .

According to another aspect of the present

invention, the cloned DNA sequences described herein

25 which encode human and monkey EPO polypeptides are

conspicuously valuable for the information which they

provide concerning the amino acid sequence of mammalian

erythropoietin which has heretofore been unavailable

despite decades of analytical processing of isolates of

30 naturally-occurring products. The DNA sequences are also

conspicuously valuable as products useful in effecting

the large scale microbial synthesis of erthropoietin by a

variety of recombinant techniques. Put another way, DNA

sequences provided by the invention are useful in

35 generating new and useful viral and circular plasmid DNA

vectors, new and useful transformed and transfected
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microbial procaryotic and eucaryotic host cells

(including bacterial and yeast cells and mammalian cells

grown in culture), and new and useful methods for

cultured growth of such microbial host cells capable of

5 expression of EPO and EPO products. DNA sequences of the

invention are also conspicuously suitable materials for

use as labelled probes in isolating EPO and related pro-

tein encoding cDNA and genomic DNA sequences of mammalian

species other than human and monkey species herein speci-

10 fically illustrated. The extent to which ONA sequences

of the invention will have use in various alternative

methods of protein synthesis [e.g., in insect cells) or

in genetic therapy in humans and other mammals cannot yet

be calculated. DNA sequences of the invention are

15 expected to be useful in developing transgenic mammalian

species which may serve as eucaryotic "hosts" for produc-

tion of erythropoietin and erythropoietin products in

quantity. See, generally, Palmiter, et al., Science,

222(4625), 809-814 (1983).

20 Viewed in this light, therefore, the specific

disclosures of the illustrative examples are clearly not

intended to be limiting upon the -scope of the present

invention and numerous modifications and variations are

expected to occur to those skilled in the art. As one

25 example, while DNA sequences provided by the illustrative

examples include cDNA and genomic DNA sequences, because

this application provides amino acid sequence information

essential to manufacture of DNA sequence, the invention

also comprehends such manufactured DNA sequences as may

30 be constructed based on knowledge of EPO amino acid

sequences. These may code for EPO (as in Example 12) as

well as for EPO fragments and EPO polypeptide analogs •••

(i.e., "EPO Products") which may share one or more biolo-

gical properties of naturally-occurring EPO but not share

35 others (or possess others to different degrees).

DNA sequences provided by the present invention

are thus seen to comprehend all DNA sequences suitable
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for use in securing expression in a procaryotic or

eucaryotic host cell of a polypeptide product having at

least a part of the primary structural conformation and

one or more of the biological properties of erythro-

poietin, and sele_£tex3/ from among: (a) the DNA sequences

out i^^tibloo V-QB-€M/-I; (b) DNA sequences which

hybridize to the DNA sequences defined in (a) or

fragments thereof; and (c) DNA sequences which, but for

the degeneracy of the genetic code, would hybridize to

10 the DNA sequences defined in [a) and (b). It is

noteworthly in this regard, for example, that existing

allelic monkey and human EPO gene sequences and other

mammalian species gene seauennesj/e/expected to hybri-

/> (X dize to1 the sequences of/f-Table-s- V and VP-or to fragments

r5 thereof. Further, but for the degeneracy of the genetic

code, the SCEPO and ECEPO genes and the manufactured or

mutagenized cDNA or genomic DNA sequences encoding

various EPO fragments and analogs would also hybridize to

the above-mentioned DNA sequences. Such hybridizations

20 could readily be carried out under the hybridization con-

ditions described herein with respect to the initial iso-

lation of the monkey and human EPO-encoding DNA or more

stringent conditions, if desired to reduce background

hybridization.

25 In a like manner, while the above examples

illustrate the invention of microbial expression of EPO

products in the context of mammalian cell expression of

DNA inserted in a hybrid vector of bacterial plasmid and

viral genomic origins, a wide variety of expression

30 systems are within the contemplation of the invention.

Conspicuously comprehended are expression systems

involving vectors of homogeneous origins applied to a

yLO- variety of bacterial, yeast and mammy/Lain cells in culture

as well as to expression systems not involving vectors

35 [such as calcium phosphate transfection of cells). In



- 95 -

this regard, it will be understood that expression of,

e.g., monkey origin DNA in monkey host cells in culture

and human host cells in culture, actually constitute

instances of "exogenous" DNA expression inasmuch as the

5 EPO DNA whose high level expression is sought would not

have its origins in the genome of the host. Expression

systems of the invention further contemplate these prac-

tices resulting in cytoplasmic formation of EPO products

and accumulation of glycosylated and non-glycosylated EPO

products in host cell cytoplasm or membranrfes (e.g.,

accumulation in bacterial periplasmic spaces) or in

culture medium supernatants as above illustrated, or in

rather uncommon systems such as P .aeruginosa expression

systems [described in Gray, et al., Biotechnology, 2_, pp.

15 161-165 (1984)).

Improved hybridization methodologies of the

invention, while illustratively applied above to DNA/DNA

hybridization screenings are equally applicable to

RNA/RNA and RNA/DNA screening. Mixed probe techniques as

20 herein illustrated generally constitute a number of

improvements in hybridization processes allowing for more

rapid and reliable polynucleotide'isolations. These many

individual processing improvements include: improved

colony transfer and maintenance procedures; use of nylon-

25 based filters such as GeneScreen and GeneScreen Plus to

allow reprobing with same filters and repeated use of the

filter, application of novel protease treatments

[compared, e.g., to Taub, et al. Anal.Biochem., 126, pp.

222-230 (1982)]; use of very low individual con-

30 centrations (on the order of 0.025 picomole) of a large

number of mixed probes (e.g., numbers in excess of 32);

and, performing hybridization and post-hybridization

steps under stringent temperatures closely approaching

(i.e., within 4*C and preferably within 2*C away from)

35 the lowest calculated dissocation temperature of any of

the mixed probes employed. These improvements combine to

7S'
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provide results which could not be expected to attend

their use. This is amply illustrated by the fact that

mixed probe procedures involving 4 times the number of

probes ever before reported to have been successfully

5 used in even cDNA screens on messenger RNA species of

relatively low abundancy were successfully applied to the

isolation of a unique sequence gene in a genomic library

screening of 1,500,000 phage plaques. This feat was

accomplished essentially concurrently with the publica-

10 tion of the considered opinion of Anderson, et al.,

supra, that mixed probe screening methods were

"...impractical for isolation of mammalian protein genes

when corresponding RNA's are unavailable.

15

20

25

30
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WHAT IS CLAIMED IS:

/

1. A purified and isolated polypeptide having

part or all of the primary structural conformation and

5 one or more of the bioldgical properties of naturally-

occurring erythropoietin and cVar-acterized by being the

product of procaryotic /5r eucaryotic expression of an

exogenous DNA sequence.

/
10 2. A polypeptide according to claim 1 further

characterized by being free of association with any mam-

malian protein.

3. A polypeptide according to claim 1 wherein

15 the exogenous ONA sequence is a cDNA sequence.

A. A polypeptide according to claim 1 wherein

the exogenous DNA sequence is a manufactured DNA

sequence.

20

5. A polypeptide according to claim 1 wherein

the exogenous DNA sequence is a genomic DNA sequence.

6. A polypeptide according to claim 1 wherein

25 the exogenous DNA sequence 'is carried on an autonomously

replicating circular DNA plasmid or viral vector.

7. A polypeptide according to claim 1

possessing part or all of the primary structural confor-

30 mation of human erythropoietin as set forth in Table VI

or any naturally occurring allelic variant thereof.

8. A polypeptide according to claim 1

possessing part or all of the primary structural confor-

35 mation of monkey erythropoietin as set forth in Table V

or any naturally occurring allelic variant thereof.

7/
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9. A polypeptide according to claim 1 which has

the immunological properties of naturally-occurring

erythropoietin.

5 10. A polypeptide according to claim 1 which

has the _in_ vivo biological activity of naturally-

occurring erythropoietin.

11. A polypeptide according to claim 1 which

10 has the _in_ vitro biological activity of naturally-

occurring erythropoietin.

12. A polypeptide according to claim 1 further

characterized by being covalently associated with a

15 detectable label substance.

13. A polypeptide according to claim 12 wherein

said detectable label is a radiblabel.

20 14. A DNA sequence for use in securing

expression in a procaryot'ic or eucaryotic host cell of a

polypeptide product having at least a part of the primary

structural conformation and one or more of the biological

properties of naturally-occurring erythropoietin, said

25 DNA sequence selected from among:

(a) the DNA sequences set out in Tables V and

VI or their complementary strands;

(b) DNA sequences which hybridize to the DNA

sequences defined in (a) or fragments thereof; and

30 (c) DNA sequences which, but for the degeneracy

of the genetic code, would hybridize to the DNA sequences

defined in (a) and (b). ;

15. A procaryotic or eucaryotic host cell

35 transformed or trarisfected with a DNA sequence according
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to claim 14 in a manner allowing the/host cell to express

said polypeptide product. >

/
16. A polypeptide product' of the expression of

5 a DNA sequence of claim 14 in a pr/ocaryotic or eucaryotic

host.

17. A purified and isolated DNA sequence coding

for procaryotic or eucaryotic host expression of a poly-

10 peptide having part or all of the primary structural con-

formation and one or more of the biological properties of

erythropoietin.

• 18. A cDNA sequence according to claim 17.

15

19. A monkey species erythropoietin coding DNA

sequence according to claim 18.

/;
20. A DNA sequence according to claim 19 and

20 including the protein coding region set forth in Table V.

21. A genomic DNA sequence according to claim

17.
A , y ' ' ' • - . . . "

25 22. A human species erythropoietin coding DNA

sequence according to claim 21.

23. A DNA sequence according to claim 22 and

including the protein coding region set forth in Table

30 VI.

24. A manufactured DNA sequence according to

claim 14.

35 25. A manufactured ONA sequence according to

claim 24 and including one or more codons preferred for

expression in E .coli cells.
/
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26. A manufactured DNA sequence according to

claim 25, coding for expression of .human species erythro-

poietin. :

5 27. A manufactured DNA sequence according to

claim 26 including the protein coding region set forth in

Table XIV.

28. A manufactured DNA sequence according to

10 claim 24 and including one or more codons preferred for

expression in yeast cells.

29. A manufactured DNA sequence according to

claim 28, coding for expression of human species erythro-

15 poietin. K
30. A manufactured DNA sequence according to

claim 29 including the protein coding region set forth in

Table XXI.

20 \,^y

31. A DNA sequence according to claim 17 cova-

lently associated with a detectable label substance.

32. A DNA sequence according to claim 31

25 wherein the detectable label is a radiolabel.

33. A single-strand DNA sequence according to

claim 31.

30 34. A DNA sequence coding for a polypeptide

fragment or polypeptide analog of naturally-occurring

erythropoietin.

35
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35. A DNA sequence coding for [phe ]hEP0,
[Phe49]hEP0, Ohe145]hEP0, [His7]hEPt), Usn 2

des-Pro2 through Ile6]hEP0, [des-Tht163 through

Argl66]hEP0, or [A27-55] hEPO.

5

36. A DNA sequence according to claim 34 which

is a manufactured sequence.

37. A biologically functional circular plasmid

10 or viral DNA vector including a DNA sequence according to

either of claims 14, 17, 34 or 35.

38. A procaryotic or eucaryotic host cell

stably transformed or transfected with a DNA vector

15 according to claim 37.

39. A polypeptide product of the expression in

a procaryotic or eucaryotic host cell of a DNA sequence

according to claims 17 or 34.

20

40. A glycoprotein product having a primary

structural conformation sufficiently duplicative of that

of a naturally-occur-rd'ng erythropoietin to allow

possession of one or more of the biological properties

25 thereof and having an average carbohydrate composition

which differs from that of naturally-occurring erythro-

poietin .

41. A glycoprotein product having a primary

30 structural conformation sufficiently duplicative of that

of a naturally-occurring human erythropoietin to allow

possession of one or more of the biological properties"

thereof and having an average carbohydrate composition

which differs from that of naturally-occurring human

35 erythropoietin.
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42. Vertebrate cells which aan be propagated i£j_

vitro continuously and which upon growth in culture are

capable of producing in the medium 0/ their growth in
/ £

excess of 100 U of erythropoietin per 10 cells in 48
,1

5 hours as determined by radioimmunoassay.

43. Vertebrate cells according to claim 42

capable of producing in excess of 500 U erythropoietin

per 106 cells in 48 hours.

10

44. Vertebrate cells according to claim 42

capable of producing in excess of 1,000 U erythropoietin

per 10 cells in 48 hours.

15 45. Vertebrate cells according to claim 42

which are mammalian or avian cells.

46. Vertebrate cells according to claim 45

which are COS-1 cells or CHO cel,l.s.

20 ' \

47. A synthetic polyp/pfcide having part or all

of the amino acid sequence as set forth in Table V and

having one or more of the _in_ vivo or _in_ vitro biological

activities of naturally-occurring monkey erythropoietin.

25 \_y' —_...

48. A synthetic polypeptide having part or all

of the amino acid sequence set forth in Table VI, other

than a sequence of residues entirely within the sequence

numbered 1 through 20, and having a biological property

30 of naturally-occurring human erythropoietin.

49. A synthetic polypeptide having part or all

of the secondary conformation of part or all of the amino

acid sequence set forth in Table VI, other than a

35 sequence of residues entirely within the sequence num-

bered 1 through 20, and having a biological property of

naturally-occurring human erythropoietin.
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50. A process for the production of a polypep-

tide having part or all of the primary structural confor-

mation and one or more of the biological properties of

naturally-occurring erythropoietin,/said process compri-

5 sing:

growing, under suitable nutrient conditions,

procaryotic or eucaryotic host cells transformed or

transfected with a DNA vector according to claim 37, and

isolating desired polypeptide products of the expression

10 of DNA sequences in said vector.

51. An antibody substance characterized by

immunoreactivity with erythropoietin and with a synthetic

polypeptide having a primary structural conformation

15 substantially duplicative of a continuous sequence of

amino acid residues extant in naturally-occurring

erythropoietin except for any polypeptide comprising a

sequence of amino acid residues entirely comphrended

within sequence, '

20 A-P-P-R-L-I-C-D-S-R-V-L-E-R-Y-L-L-E-A-K.

52. An antibody according to claim 51, which is

a monoclonal antibody."

25 53. An antibody according to claim 51, which is

a polyclonal antibody.

54. An antibody according to claim 51, which is

immunoreactive with erythropoietin and a synthetic poly-

30 peptide having the sequence selected from the sequences:

V-P-D-T-K-V-N-F-Y-A-W-K-R-M-E-V-G,

K-E-A-I-S-P-P-D-A-A-S-A-A, and

V-Y-S-N-F-L-R-G-K-L-K-L-Y-T-G-E-A-C-R-T-G-D-R.

35
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55. A pharmaceutical compositi/n comprising an

effective amount of a polypeptide according to claims 1,

16, 39, 40 or 41 and a pharmaceuticall/ acceptable

diluent, adjuvant or carrier.
i

idinq s56. A method for providing erythropoietin

therapy to a mammal comprising administering an effective

amount of a polypeptide according -to claims 1, 16, 39, 40

or 41.

10

57. A method according to claim 56 wherein the

therapy comprises enhancing hematocrit levels.

• 58. A purified and isolated DNA sequence as set

15 out in Table V or VI or a fragment thereof or the comple-

mentary strand of such a sequence or fragment.

59. A polypeptide,product of the expression of

a DNA sequence according ,to claim 58 in a procaryotic or

20 eucaryotic host cell. ' |
>\
t .

60. An improvement in the method for detection

of a specific single stranded polynucleotide of unknown

sequence in a heterogeneous cellular or viral sample

25 including multiple single-stranded polynucleotides

wherien:

(a) a mixture of labelled single-stranded poly-

nucleotide probes is prepared having uniformly varying

sequences of bases, each of said probes being potentially

30 specifically complementary to a sequence of bases which

is putatively unique to the polynucleotide to be
detected,

(b) the sample is fixed to a solid substrate;

(c) the substrate having the sample fixed

35 thereto is treated to diminish further binding of poly-

nucleotides thereto except by way of hybridization to

polynucleotides in said sample,
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:e/havii(d) the treated substrate/having the sample

fixed thereto is transitorily contacted with said mixture

of labelled probes under conditions facilitative of

hybridization only between totally complementary poly-

5 nucleotides, and,

(e) the specific polynucleotide is detected by

monitoring for the presence of a hybridization reaction

between it and a totally complementary probe within said

mixture of labelled probes, as\evidenced by the presence

10 of a higher density of labelledjmaterial on the substrate

at the locus of the specific polynucleotide in comparison

to a background density of labelled material resulting

from non-specific binding of labelled probes to the

substrate,

15 said improvement comprising using in excess of

32 mixed probes and, performance of one or more of the

following:

(1) employing a nylon-based paper as said solid

substrate;

20 (2) treating with a protease in step (c);

(3) employing individual labelled probe con-

centrations of approximately 0.025 picomoles; and

(4) employing as one of the hybridization con-

ditions in step (d) stringent temperatures approaching to

25 with 4*C away/from the lowest calculated Td of any of the

probes employed.
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ABSTRACT

E-ee-ee-TiuN u> L H v r uiti

10

15

20

25

Disclosed are novel polypeptides possessing part

or all of the primary structural conformation and one or

more of the biological properties of mammalian erythro-

poietin ("EPO") which are characterized in preferred

forms by being the product of procaryotic or eucaryotic

host expression of an exogenous DNA sequence.

Illustratively, genomic DNA, cDNA and manufactured DNA

sequences coding for part or all of the sequence of amino

acid residues of EPO or for analogs thereof are incor-

porated into autonomously replicating plasmid or viral

vectors employed to transform or transfect suitable pro-

caryotic or eucaryotic host cells such as bacteria, yeast

or vertebrate cells in culture. Upon isolation from

culture media or cellular lysates or fragments, products

of expression of the DNA sequences display, e.g., the

immunological properties and _iri_ vitro and iji vivo biolo-

gical activities of EPO of human or monkey species ori-

gins. Disclosed also are chemically synthesized

polypeptides sharing the biochemical and immunological

properties of EPO. Also disclosed are improved methods

for the detection of specific single stranded poly-

nucleotides in a heterologous cellular or viral sample

prepared from, e.g., DNA present in a plasmid or viral-

borne cDNA or genomic DNA "library".

30

35
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FIG.7

ECEPO GENE

X b a l
CTAG AAACCATGAG

TTTGGTACTC
GGTAATAAAA
CCATTATTTT

-1 1
MetAla

TAATGGCTCC
ATTACCGAGG

GCCGCGTCTG
CGGCGCAGAC

ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

TTACGGTACC AGACACCAAG GTTAACTTCT ACGCTTGGAA ACGTATGGAA
AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACCTT TGCATACCTT

GTTGGTCAAC AAGCAGTTGA AGTTTGGCAG GGTCTGGCAC TGCTGAGCGA
CAACCAGTTG TTCGTCAACT TCAAACCGTC CCAGACCGTG ACGACTCGCT

GGCTGTACTG CGTGGCCAGG CACTGCTGGT AAACTCCTCT CAGCCGTGGG
CCGACATGAC GCACCGGTCC GTGACGACCA TTTGAGGAGA GTCGGCACCC

AACCGCTGCA GCTGCATGTT GACAAAGCAG TATCTGGCCT GAGATCTCTG
TTGGCGACGT CGACGTACAA CTGTTTCGTC ATAGACCGGA CTCTAGAGAC

ACTACTCTGC TGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

GGATGCTGCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
CCTACGACGT AGACGACGTG GCGACGCATG GTAGTGACGA CTATGGAAGG

GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

TATACTGGCG
ATATGACCGC

AAGCATGCCG
TTCGTACGGC

TACTGGTGAC
ATGACCACTG

Sail
CGCTAATAG
GCGATTATCA GCT



FI6.8

Hindi 11
AGCTTGGATA

ACCTAT

SCEPO GENE

-1 +1
ArgAla

AAAGAGCTCC
TTTCTCGAGG

ACCAAGATTG
TGGTTCTAAC

ATCTGTGACT
TAGACACTGA

CGAGAGTTTT
GCTCTCAAAA

GGAAAGATAC TTGTTGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA

GTGCTGAACA CTGTTCTTTG AACGAAAACA TTACGGTACC AGACACCAAG
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG TCTGTGGTTC

GTTAACTTCT ACGCTTGGAA ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCATACCTT CAACCAGTTG TTCGACAACT

AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTGCA ATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGGTACCC TTGGTAACGT TAACGTGCAG

GATAAAGCCG TCTCTGGTTT GAGATCTTTG ACTACTTTGT TGAGAGCTTT
CTATTTCGGC AGAGACCAAA CTCTAGAAAC TGATGAAACA ACTCTCGAAA

GGGTGCTCAA AAGGAAGCCA TTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AAAGGGGTGG TCTGCGACGA AGACGGCGAG

CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

Sail
ATGTAACAAA G
TACATTGTTT CAGCT
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ECEPO SECTION 1 OLIGONUCLEOTIOES

1. AATTCTAGAAACCATGAGGGTAATAAAATA

2. CCATTATTTTATTACCCTCATGGTTTCTAG

3. ATGGCTCCGCCGCGTCTGATCTGCGAC

A. • CTCGAGTCGCAGATCAGACGCGGCGGAG

5. TCGAGAGTTCTGGAACGTTACCTGCTG

6. CTTCCAGCAGGTAACGTTCCAGAACT

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

9. ACCACTGGTTGTGCTGAACACTGTTC

10. CAAAGAACAGTGTTCAGCACAACCA

11. TTfGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT

FIG. 10



ECEPO SECTION 1

Xbal
EcoRI 1 . 3
AATTCTAG AAACCATGAG GGTAATAAAA TAJftTGGCTCC GCCGCGTCTG

GATC TTTGGTACTC CCATTATTTT ATTACTJGAGG CGGCGCAGAC
2 ^ 4

ATCTGCGACh" CGAGAGTTCT GGAACGTTAC CTGCTflGAAG CTAAAGAAGC
TAGACGCTGA GCTCfTCAAGA CCTTGCAATG GACGACCTTcJ GATTTCTTCG

6

7 9 . n
TGAAAACATC ftCCACTGGTT GTGCTGAACA CTGTTC|TTTG AACGAAAACA
ACTTTTGTAG TC

8
"GGTGRCCAA CACGACTTGT GACAAGAAAC

10
TTGCTTTTGT

Kpnl BamHI
TTACGGTACC G
AATGCCATGG CCTAG

12

FIG. 11



ECEPO SECTION 2 OLIGONUCLEOTIDES

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGTGCCAGACCCTG

9. • AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT

FIG. 12
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ECEPO SECTION 3

1. GATCCAGATCTCTGACTACTCTGC

2. ACGCAGCAGAGTAGTCAGAGATCTG

3. TGCGTGCTCTGGGTGCACAGAAAGAGG

4. GATAGCCTCTTTCTGTGCACCCAGAGC

5. CTATCTCTCCGCCGGATGCTGCATCT

6. CAGCAGATGCAGCATCCGGCGGAGA

7. GCTGCACCGCTGCGTACCATCACTG

8. ATCAGCAGTGATGGTACGCAGCGGTG

9. CTGATACCTTCCGCAAACTGTTTCG

10. ATACACGAAACAGTTTGCGGAAGGT

11. TGTATACTCTAACTTCCTGCGTGGTA

12. CAGTTTACCACGCAGGAAGTTAGAGT

13. AACTGAAACTGTATACTGGCGAAGC

14. GGCATGCTTCGCCAGTATACAGTTT

15. ATGCCGTACTGGTGACCGCTAATAG

16. TCGACTATTAGCGGTCACCAGTAC

FIG. 14



ECEPO SECTION 3

BamHI Bglll
GA TCCAGATCTCTG

GTCTAGAGAC

i U * L ^
ACTACTCTGC ffGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCAfcGAGA CCCACGTGTC TTTCTCCGAT AQAGAGGCGG

2 4 '

GGATGCTGCA TCTbcTGCAC CGCTGCGTAC CATCACTGLT GATACCTTCC
CCTACGACGT AGACGACpTG GCGACGCATG GTAGTGACGA CT^TGGAAGG

6 ^ 8

12.
ACTGAAACTG

GCAAACTGTT TCGJTGTATAC TCTAACTTCC TGCGTGGTA
CGTTTGACAA AGCACATAFTG AGATTGAAGG ACGCACCATT TGACTTTTGAC

10 12

TATACTGGCG AAGC
ATATGACCGC TTCG

14

L5
TGCCG TACTGGTGAC

ATGACCACTG
16

ACGqC
CGCTAATAG
GCGATTATC

Sail

AGCT

FIG. 15



SCEPO SECTION 1 OLIGONUCLEQTIOES

1. AATTCAAGCTTGGATAAAAGAGCT

2. GTGGAGCTCTTTTATCCAAGCTTG

3. CCACCAAGATTGATCTGTGACTC

4. TCTCGAGTCACAGATCAATCTTG

5. GAGAGTTTTGGAAAGATACTTGTTG

6. CTTCCAACAAGTATCTTTCCAAAAC

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

9. ACCACTGGTTGTGCTGAACACTGTTC

10. CAAAGAACAGTGTTCAGCACAACCA

11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT

FIG. 16



SCEPO SECTION 1

EcoRI Hindlll 1
AATTCA AGCTTGGATA

GT TCGAACCTAT
2

AAAGAGCTCC ACCAAGATTG ATCTGTGACT CEAGAGTTTT
TTTCTCGAGG TGETTCTAAC TAGACACTGA GCTUTJCAAAA

4

5 , 7
GGAAAGATAC TfGTTGCAAG CTAAAGAAGC TGAAAACATC hCCACTGGTT
CCTTTCTATG AACAACCTTcl GATTTCTTCG ACTTTTGTAG TGlTt13ACCAA

6 8

9 11. K££l BamHl
GTGCTGAACA CTGTTCffTTG AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGATAC] TTGCTTTTGT AATGCCATGG CCTAG

'. 12

FIG. 17
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SCEPQ SECTION 2 PLIGONUCLEOTIDES

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGrCAACAAGCAGTTGAAGT

6. . CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAAGGTTTGGCCTTGTTATCTG

8. GCTTCAGATAACAAGGCCAAACCTTG

9. AAGCTGTTTTGAGAGGTCAAGCCT

10. AACAAGGCTTGACCTCTCAAAACA

11. TGTTGGTTAACTCTTCTCAACCATGGG

12. TGGTTCCCATGGTTGAGAAGAGTTAACC

13. AACCATTGCAATTGCACGTCGAT

14. CTTTATCGACGTGCAATTGCAA

15. AAAGCCGTCTCTGGTTTGAGATCTG

16. GATCCAGATCTCAAACCAGAGACGG

FIG. 18



SCEPO SECTION 2

Kpnl
EcoRI 1,
ATrTCGGTACC

GCCATGG
AGACACCAAG
TCTGTGGTTC
2

GTTAACTTCT
CAATTG|\AGA

ACGCTTGGAA
TGCGAACCTT

4

ACGTATGGAA
TGCATACCTfl

GTTGGTCAAC
CAACCAGTTG

AAGCTGTTGA
TTCGACAACT
6

L i Z.
AGT|TTGGCAA GGTTTGGCCT TGTTATCTGP AGC.TGTTTTG AGAGGTCAAGTCAAACCpTT CCAAACCGGA ACAATAGACT TCGJACAAAAC TCTCCAGTTC

10

11 12
CCTJRGJTGGT TAACTCTTCT CAACCATGGG HACCATTGCA ATTGCACGTC
GGAATA^CCA ATTGAGAAGA GTTGGTACCC VTGGTIAACGT TAACGTGCAG

11 ii
GAThAAGCCG TCTCTGGTTT GAGATCTG
CTATTTCfcGC AGAGACCAAA CTCTAGACCTA G

16

FIG. 19



SCEPO SECTION 3 OLIGONUCLEOTIDES

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

FIG. 20
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SCEPO SECTION 3

BamHI Bglll 1_
GATC CAGATCTTTG ACTACTTTGT TGAGAGCTTT

GTCTAGAAAC TGATGAAACA A ^
2

3 5
GGGTGCTCAA AAGGAAGfcCATTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AJAAGGGGTGG TCTGCGACGA AG"AC~G"GCGAG

4 6

CATTGAGAAC
GTAACTCT.TG

8

CATCPCTGCT
GTAGTGACfcA

GATACCTTCA
CTATGGAAGT

10

TT

13
TCCAACTTCT
AGGTTGAAGA

[TGAGAGGTAA
ACTcfTCCATT

i

ATTGAAGTTG
TAACTTCAAC

14

GAAAGTTh
CTTTCAATAA"

TACACCGGTG
ATGTGGCC,

U
CAGAGTTTAC
"GlTCTCAAATG

11
11

AAGCCTGTAG
TTCGGACATC

16

AACTGGT
TTGACCA

11 11
AC AGATAAGCCC GACTGATAAJ: AACAGTGTAG
TG TC|TATTCGGG CTGACTATTG TTGjTCACATC

18

Sail
ATGTAACAAA G
TACATTGTTT CAGCT

20

FIG. 21
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
REQUEST FOR FILING

(RULE 6 0 )
For Design or Utility Applications

Rule 60 PATENT APPLICATION:

[ X ] Continuation

( J Divisional )

of pending prior application of

Inventor(s): LIN

j application under 37 CFR 1.60

Group Art Unit: Unknown

Appln. No. 0 7 / 113.179
series code t t serial no.

Filed: October 23, 1987

Title: PRODUCTION OF ERYTHROPOIETIN

Examiner: Unknown

Atty Dkt: 81493
New M# / Client Ref.

(Our Deposit Account No. 03-3975
( Our Order No. 404 / 81493

Date:

C# / NewM#

November 6. 1990
Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

To effect the above-requested filing today:

1. Attached is a true copy (which must be filed) of the prior application as originally filed, Including:

[ X ] Abstract
[ X ] Specification and claims (ynamended clean copy) as originally filed ( 105 pages) (must be attached)
[ X ] Signed declaration or oath as originally filed in prior application (must be attached)
[ X ] Drawings (must be attached if originally filed): 4 sheet(s)/set: [ ] 1 set informal;

[ ] Formal of size [ ] A4 [ ] 13" [ ] 14"
NOTE: No amendments (if any) referred to in the Oath/Declaration filed to complete the prior application

introduced new matter.

2. This Rule 60 application is hereby filed by less than all of the inventors named in the prior application.
Petition is hereby made requesting deletion as inventor(s) of the following who is/are not inventor(s) of
the invention being claimed in this Rule 60 application:

1.
3.

2.
4.

3. [ I Transfer the drawings from the prior application to this application and abandon said prior application
as of the filing date accorded this application. A third copy of this letter is attached for filing in the
prior application file.

CDC-108 4/90(PC)
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4. [ ] Priority Is claimed under 35 U.S.C. 119/365 based on filing In of
(country)

Application No. Filing Date Application No. Ring Date

(1) (4)
(2)()
(3) (6L

a. [ ] (No.) Certified copy/copies attached.
b. [ ] Certified copy/copies previously filed on in

U.S. Application No. Q / , filed on .
series code t t serial no.

c. [ ] Certified copy/copies filed during International stage of PCT/ I .
d. [ ] Priority is also claimed from PCT/ I filed .

5. [ X ] Prior application is assigned to Kirin-Amqen. Inc.

by Assignment recorded Reel Frame.
(Date)

6. Attached is an Assignment to

Please return the recorded Assignment to the undersigned.

7. [ ] The power of attorney in the prior application Is to _

(Name and Reg. No.)

whose current address Is as in item 8 below.

a. [ X ] The power appears in the original papers of the prior application.

b. { ] Since the power does not appear in the original papers, a copy of the power In the prior application is
attached.

c. [ ] Recognize as associate attorney

(Name, Reg. No. and Address)
as per power of attorney of record

8. Address all future communications to Cuohrnanj-Darby & Oushman, Eleventh Roor, 1010 L Qtreet, N.W.,
Wfrchinoton. D C 20036 5601.

9. Amend the specification by inserting before the first line the sentence:-This is a
[ X 1 continuation [ ] division of Application No. 0 7 /113.179 , filed October 23. 1987. which in
series code t t serial no.

In turn is a CONT of AN 675.298 filed November 30. 1984 which issued as Patent No. 4.703.008 on October 27. 1987.
which was a CIP of AN 561.024 filed December 13. 1983. now abandoned, and a CIP of AN 582,185 filed February 21.
1984. now abandoned and a CIP of AN 655.841 filed September 28. 1984.--

10. [ ] (No.) Verified Statement(s) establishing "small entity" status under Rules 9 & 27
[ ] filed in above prior application (and hence applicable hereto)
[ ] attached.

11. Petition to extend the life of the above prior application to at least the date hereof
(One box) [ ] is being concurrently filed in that prior application (Use Form CDC-111).
(must be) [ ] was previously filed in that prior application (Check length of prior extension).
(X'd) [ X ] is not necessary for copendency (Double check before X'ing this box).

12. [ ] The Examiner's attention is directed to both the second paragraph of guideline (2) in MPEP 609 and to
the last paragraph of MPEP 2001.06(b) and to the submission in the prior application of the Information
Disclosure Statement and document copies filed on

CDC-108 4/90(PC)
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13. [ ] Attached is a Rule 103 (a) Petition to Suspend Action.

14. [ X ] PRELIMINARY AMENDMENT to be entered before fee calculation: (Do not make amendments
here except for correction of improper multiple dependencies or cancellation of whole claims or
multiple dependencies for purpose of reducing the filing fee per MPEP § § 506 and 607; do JTOJ cancel
all claims).

Cancel claims 2-60

FILING FEE
THE FOLLOWING FIUNG FEE IS BASED ON

->->->->CLAIMS AS FILED AND CHANGED BY PRELIMINARY AMENDMENT IN ITEM 14< -<-<-<-
NEW FEES

15. Basic filing fee (enter $370.00 unless Design Appln. in which case enter $150.00)

16. Total Effective Claims , 3 ^ 7 minus 20 = * 0 x $12.00

17. Independent Claims 2 minus 3 = * 0 x $36.00 =
*
If answer is zero or less, enter "0"

18. If soy proper (Ignore Improper) multiple dependent claim remains, add $120.00

19. Subtotal

20. If "small entity" status box 10 above is X'd, enter half (1/2) of subtotal and subtract

21. Subtotal

22. If "petition" box 13 above is X'd, add petition fee $120.00)

23. TOTAL FILING FEE ATTACHED

24. [ ] ATTACHED:

$

+

+

+

$

$

+

$

630.00

•0-

•0-

630.00

630.00

630.00

25. [ X ] Preliminary Amendment attached (to be entered after assigning Appin. No.) with formal drawings
Figures 5-21

26. [ X ] The following PRELIMINARY AMENDMENT is to be entered after assigning Appln. No.:
Cancel claim 1 in favor of Preliminary Amendment attached.

CDC-108 4/90(PC)
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27. ADDITIONAL FEE CALCULATION FOR
PRELIMINARY AMENDMENT

PER BOXES 25/26

Claims
remaining
after
amendment

28. Total Effective Claims

29. Independent Claims

Highest
number
previously
paid for

minus ** 20 =

minus *** 3 =

Present
Extra

x $12.00

X $36.00

30. If amendment enters proper multiple dependent claim(s) into this application for
first time, add $120.00 (per application) •

31. Subtotal

Additional
Fee

$

+

+

$

$

+

$

-0-

-0-

-0-

-0-

630.00

630.00

32. If "small entity" box 10 above is X'd, enter half (1 /2) of subtotal and subtract -

33. ADDITIONAL FEE

34. plus FEE from item 23 on page 3

35. TOTAL FEE ATTACHED

36.*lf the entry in this space is less than entry in the next space, the "Present Extra" results is "0".

37.**lf the "Highest number previously paid for* (see item 16 above) is less than 20, write "20" in this space.

38.***lf the "Highest number previously paid for" (see item 17 above) is less than 3, write "3" In this space.

CHARGE STATEMENT: The Commissioner is hereby authorized to charge any fee specificalty authorized hereafter, or any missing or insufficient
fee(s) filed, or asserted to be filed, or which should have been filed herewith or concerning any paper filed hereafter, and which may be required
under Rules 16-18 (missinQ or Insufficient fee only) now or hereafter relative to this application and the resulting Official document under Rule 20,
or credit any overpayment, to our Account/Order Nos. shown in the heading hereof for which purpose a duplicate copy of this sheet Is attached.
This CHARGE STATEMENT&£§ jnpj authorize charge of the issue fee until/unless an issue fee transmitted form
is filed.

(/ 0^-1615 L Street, N.W.
- 7 OI Eleventh Floor
/) flj/LWashington, D.C. 20036-5601
/ ^ T e l : (202) 861-3000

Atry/Sec: PNK/jka

/ Q C9 / CUSHMAN, DARBY & CUSHMAN

By Atty: Paul N. Kokulis Reg. No. 16,773

Tel.: (202) 861-3503

NOTE: File this Request in duplicate with 2 postcard receipts (CDC-103) & attachments.

CDC-108 4/90(PC)



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
REQUEST FOR FILING

(RULE 60)
For Design or Utility Applications

) application under 37 CFR 1.60

Group Art Unit: Unknown

Examiner: Unknown

Atty Dkt: 81493
New M# / Client Ref.

( Our Deposit Account No. 03-3975
( Our Order No. 404 / 81493

Rule 60 PATENT APPLICATION:

[ X ] Continuation

[ ] Divisional )

of pending prior application of

Inventor(s): LIN

Appln. No. 0 7 / 113.179
series code t t serial no.

Filed: October 23, 1987

Title: PRODUCTION OF ERYTHROPOIETIN

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

To effect the above-requested filing today:

1. Attached is a true copy (which must be filed) of the prior application as originally filed, including:

[ X ] Abstract
[ X ] Specification and claims (unamended clean copy) as originally filed ( 105 pages) (must be attached)
[ X ] Signed declaration or oath as originally filed in prior application (must be attached)
[ X ] Drawings (must be attached if originally filed): 4 sheet(s)/set: [ ] 1 set informal;

[ ] Formal of size [ ] A4 [ ] 13" [ ] 14"
NOTE: No amendments (if any) referred to in the Oath/Declaration filed to complete the prior application

introduced new matter.

Date:

C# / New M#

November 6. 1990

2. This Rule 60 application is hereby filed by less than all of the inventors named in the prior application.
Petition is hereby made requesting deletion as inventor(s) of the following who is/are .not inventor(s) of
the invention being claimed in this Rule 60 application:

1.
3.

2.
4.

3. Transfer the drawings from the prior application to this application and abandon said prior application
as of the filing date accorded this application. A .third copy of this letter is attached for filing in the
prior application file.

CDC-108 4/90(PC)
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4. [ ] Priority is claimed under 35 U.S.C. 119/365 based on filing in of
(country)

Application No. Filing Date Application No. Filing Date

(1) (4)
(2) (5)
(3) (6)

a. [ ] (No.) Certified copy/copies attached.
b. [ ] Certified copy/copies previously filed on in

U.S. Application No. 0 / , filed on .
series code t t serial no.

c. [ ] Certified copy/copies filed during International stage of PCT/ / .
d. [ ] Priority is also claimed from PCT/ L filed .

5. [ X ] Prior application is assigned to Kirin-Amgen. Inc.

by Assignment recorded Reel Frame
(Date)

6. Attached is an Assignment to

Please return the recorded Assignment to the undersigned.

7. [ ] The power of attorney in the prior application is to _

(Name and Reg. No.)

whose current address is as in item 8 below.

a. [ X ] The power appears in the original papers of the prior application.

b. [ ] Since the power does not appear in the original papers, a copy of the power in the prior application is
attached.

c. [ ] Recognize as associate attorney

(Name, Reg. No. and Address)
as per power of attorney of record

8. Address all future communications to Cuohman; Darby & Gushman, flevents Hoor, 1G1G L Otreet, N.W.,
Washington, D.C. 20036 5601. , -, :

_9. Amendjhe_specificatipn by inserting beforejhe firstjjne the sentencei-phisos a
[ X ] continuation [ ] division of Application No. 0 7 /113.179 / filed October 23. 1987. which in
series code t t serial no. " /

In turn is a CONT of AN 675.298 filed November 30. 1984 which issued as Patent No. 4.703.008 on October 27. 1987.
which was a CIP of AN 561.024 filed December 13, 1983. now abandoned,/nd a CIP of AN 582.185 filed February 21.
1984. now abandoned and a CIP of AN 655.841 filed September 28. 1984./~

10. [ ] (No.) Verified Statement(s) establishing "small entity" status under Rules 9 & 27
[ ] filed in above prior application (and hence applicable hereto)
[ ] attached.

11. Petition to extend the life of the above prior application to at least the date hereof
(One box) [ ] is being concurrently filed in that prior application (Use Form CDC-111).
(must be) [ ] was previously filed in that prior application (Check length of prior extension).
(X'd) [ X ] is not necessary for copendency ( Double check before X'ing this box).

12. [ ] The Examiner's attention is directed to both the second paragraph of guideline (2) in MPEP 609 and to
the last paragraph of MPEP 2001.06(b) and to the submission in the prior application of the Information
Disclosure Statement and document copies filed on

CDC-108 4/90(PC)
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,13. [ ] Attached is a Rule 103(a) Petition to Suspend Action.

> ^ [ X ] PRELIMINARYAMENDMENTtaJbg-entered before fee calculation: (Do not make amendments
here except for correction oWrnproper multiple dependencies or cancellation of whole claims or
multiple dependencies^forpurpose of reducing the filing fee per MPEP § § 506 and 607; do not cancel
all claims).

Cancel claims 2-60

FILING FEE
THE FOLLOWING FILING FEE IS BASED ON

->->->->CLAIMS AS FILED AND CHANGED BY PRELIMINARY AMENDMENT IN ITEM14<-<-<-<-
NEW FEES

15. Basic filing fee (enter $370.00 unless Design Appln. in which case enter $150.00)

16. Total Effective Claims ^ s T q minus 20 = * 0 x $12.00

17. Independent Claims 2 minus 3 = * 0 x $36.00 =

If answer is zero or less, enter "0"

18. If any proper (ignore improper) multiple dependent claim remains, add $120.00

19. Subtotal

20. If "small entity" status box 10 above is X'd, enter half (1/2) of subtotal and subtract

21.- - - Subtotal

22. If "petition" box 13 above is X'd, — add petition fee $120.00)

23. TOTAL FILING FEE ATTACHED

24. [ ] ATTACHED:

$

+

+

+

$

$

+

$

630.00

-0-

-0-

630.00

630.00

630.00

25. [ X ] Preliminary Amendment attached (to be entered after assigning Appln. No.) with formal drawings
Figures 5-21

26. [ X ] The following PRELIMINARY-AMENDMENT is to be entered after assigning Appln. No.:
Cancel claim 1 in favor t>f Preliminary Amendment attached.

CDC-108 4/90(PC)
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27. ADDITIONAL FEE CALCULATION FOR
PRELIMINARY AMENDMENT

PER BOXES 25/26

28. Total Effective Claims

29. Independent Claims

Claims
remaining
after
amendment

q
* 2

minus

minus

Highest
number
previously
paid for

** 20

*** 3

Present
Extra

0 x $12.00

0 X $36.00

30. If amendment enters proper multiple dependent claim(s) into this application for
first time, add $120.00 (per application)

31. Subtotal

Additional
Fee

$ -0-

-0-

$ -0-

630.00

32. If "small entity" box 10 above is X'd, enter half (1 /2) of subtotal and subtract -

33. ADDITIONAL FEE $ -0-

34. plus FEE from item 23 on page 3

35. TOTAL FEE ATTACHED $ 630.00

36.*lf the entry in this space is less than entry in the next space, the "Present Extra" results is "0".

37.**1f the "Highest number previously paid for" (see item 16 above) is less than 20, write "20" in this space.

38.***lf the "Highest number previously paid for" (see item 17 above) is less than 3, write "3" in this space.

CHARGE STATEMENT: The Commissioner is hereby authorized to charge any fee specifically authorized hereafter, or any missing or insufficient
fee(s) filed, or asserted to be filed, or which should have been filed herewith or concerning any paper filed hereafter, and which may be required
under Rules 16-18 (missing or insufficient fee only) now or hereafter relative to this application and the resulting Official document under Rule 20,
or credit any overpayment, to our Account/Order Nos. shown in the heading hereof for which purpose a duplicate copy of this sheet is attached.
This CHARGE STATEMENT does not authorize charge of the issue fee until/unless an issue fee transmittal form
is filed.

1615 L Street, N.W.
Eleventh Floor
Washington, D.C. 20036-5601
Tel: (202) 861-3000
Atty/Sec: PNK/jka

CUSHMAN, DARBY & CUSHMAN
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N THE UNITED STATES PATENT AND TRADEMARK OFFICE

InTre Application of

FU-KUEN LIN

Serial No.: Rule 60 Continuation of
07/113,179

Filed: November 6, 1990

For: PRODUCTION OF ERYTHROPOIETIN

November 6, 1990

PRELIMINARY AMENDMENT

Honorable Commissioner of
Patents and Trademarks

Washington, D. C. 20231

Sir:

Please amend the above-identified continuation

application as follows:

IN THE SPECIFICATION

Please delete lines 3-6 and insert the following

text in place thereof:

—This is a continuation7of my co-pending U.S.

Patent Application Serial No. 07/113,179, filed October 23,

1987, which is in turn a continuation of U.S. Patent

Application Serial No. 675,298, filed November 30, 1984

whichi issued as U.S. Letters Patent No. 4,703,008 on

October 27, 1987, which was a continuation-in-part cf tfly co-

LUX
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pending U.S. Patent Application/Serial No. 561,024, filed

December 13, 1983, now abandoned, and a continuation-in-part

of Serial No. 582,185, filed/February 21, 1984, now aban-

doned, and a continuation-/n-part of Serial No. 655,841,

filed September 28, 1984./-

Page 7, line 27, "32 member" should be

—32-member—.

Pagê fr; line 22, please delete the second

occurrence of "the".

Page Inline 3, "Expt.Hematol." should be

—Exp.Hematol. — .

Page J X line 4, "(1980:" should be —(1980);--.

Page 11, line 6^ please insert a space before

"1832".

Page 13, Iine^l3, please insert — " — after

"effects".

Page 13^/fines 20-21, please insert — ) — after

"propagation".

Page 2^/ line 4, "Tables V and VI" should be

—Figures 5 and 6—.

Page 22,/line 22, "Table VI" should be

—Figure 6—.

2
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At page 25, following line 5 of the original text,

please insert the following: —Reference is made to FIGURES

1 through 21, wherein: FIGURE lii a graphic representation

of a radioinununoassay analysira^of products of the invention;

FIGURES 2 through 4 illustraWe^vjejSIor constructions

according to the invent ion/Samd_^ FIGURES 5 through 21 are

DNA and polypeptide seqjjfences according to the invention.—

Page 27, li/ie %k^, "Example" should be

—Examples—.

Page SJXf^iine 21, please delete "Asn" and insert

— A s n — in place thereof.

Page 31, line 5/ please delete "and RIA Analysis"

Page 32, linj&-"35, please delete the comma (,)

after "Springs".

Page 34, line 32, after "83", please insert

—deposited with the American Type Culture Collection, 12301

Parklawn Drive, Rockville, Md., under deposit Accession No.

A.T.C.C. 67545 on October 20, 1987—

At page 37, line 6, please delete "Table V" and

insert —FIGURE 5, comprising portions 5A, SB and 5C. — .

At page 37, line 6, please delete "Table" and

insert —FIGURE—.
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Please delete the entire text of pa geslS-'th rough

40.

At page 41, /line 1, please delete "Table V" and

insert in place thfiteof —FIGURE 5^-.

Page 41, line 20,p*ease delete "18, pp. 533-543

(1979" and insert —supra^-.

Page 41f/Hne 29, please delete "NEF-976" and

insert —NEF-9;

Page 42, line 24, after "xhEl", please

insert-l-deposited with the American Type Culture Collection,

A 12301 Parklawn Drive, Rockville, Md., under deposit

Accession No. A.T.C.C. 40381 on October 20, 1987--

At page 42, line 25, please delete "Table VI" and

insert in place thereo/^^FIGURE 6, comprising portions 6A,

6B, 6C, 6D and

Please delete the entire tex^^of pages 43 through

47.

At page 48, Lirne 1, please delete "Table VI" and

insert in place thereof —FIGURE 6—.

Page 48, line 15//please delete "glutamine" and

insert in place thereof/—qiatamic acid—.

Page 48, line/29, "Table VI" should be

—Figure 6—.

4

T!
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At page 48, line 34, please delete "Table VI" and

insert in place thereof —FIGURE 6—.

At page 49, line 1, please delete "Table" and

insert in place thereof —FIGURE—.

At page 49, line 6,/please delete "Table" and

insert in place thereof -/FIGURE—.

At page 49, line 8, please delete "Table 6" and

insert in place thereof —FIGURE 6—.

At page 49, line 15, please delete "Table" and

insert in place thereof —FIGURE—.

At page 49, line 16,/pTease delete "Table VII,

below," and insert in place thereof —FIGURE 9—.

At page 49, line 18> please delete "Table" and

insert in place thereofy^-FIGURE—.

At page 49, line 27, please delete "Table 6" and

insert in place thereof —FIGURE 6—. ^-~

Please delete the entire text of -page 50.

Page 53, line 13^/after "orientation" please

insert —(vectors F, X^and G ) — .

Page 5A, line 36, "EcoRl" should be —EcoRI—.

Page -55\ line 13, "BamHl^ should be —BamHI—.

Page 55, line 15, "Barfffll" should be --BamHI--.
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Page 61, lijyelS, "hemogeneous" should be

—homogeneous—.

At page 63, line 35, please delete "Table 6" and

insert in place thereof —FIGURE 6—.

At page 65, line 34, pleas^ delete "Table 6H and

insert in place thereof — FIGURE 6—. .^

At page 66, line 12, plê aie delete "Tables VIII

through XIV below" and insert-In place thereof —FIGURES 10

through 15 and 7 — .

Please delete the entire text of

through 72.

At page 73, line 1, pleaie delete "Table VIII" and

insert in place thereof —FIGURE 1 0 — .

At page 73, lines 6 and 7, plea&e^delete

"Table IX" and insert in place thereof/^-FIGURE 1 1 — .

At page 73, line 21, please/delete "(Tables XI and

XIII)" and insert in place thereof'—(FIGURES 13 and

15) — .

At page 73, line 23, please delete "Tables X and

XII" and insert in place thereof —FIGURES 12 and 1 4 — .

At page 73, line 26, aiease delete "Table XI" and

insert in place thereof —FIGURE 13—.
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At page 73, line 32, please delete "Table XIV" and

insert in place thereof — F I G U R E ? — .

Page 74, line 9, after "1984", insert —(Published

EPO Application No. 136yi90) — .

At page 74, line 29-^please delete "Table XIV" and

insert in place thereof —FIGURE 7 — .

At page 75, line/28, please delete "Tables XV

through XXI" and inserjr in place thereof —FIGURES 16

through 21 and 8—.

At page 75, lines 30 and 31/ please delete "Tables

XV, XVII and XIX" and insert in p>ace thereof —FIGURES 16,

18 and 20--. ^

At page 75, line 32, please delete "Tables XVI,

XVIII and XX" and insert in^place thereof —FIGURES 17, 19

and 21—.

Please delete the entire text of pages Q;T

through 82.

At page 83, line 21/; please delete "Table XXI" and

insert in place thereof -^FIGURE 8—.

Page 86, line 2, please delete *>33932, 33934 and

33933" and insert —39932, 39934 and 3*933— in place

thereof.
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Page 88, line 36, "lulled" should be

— labelled—.

At page 89, line 16, /please delete "Table VI" and

insert in place thereof FIGURE 6—.

Page 89, line y/i please delete "118" and insert

— 1 2 8 — in place thereof.

At page 90, line 15, please delete "Table V" and

insert in place thereof —FIGUfee 5 — .

-At page 90, line 16, please" delete "Table VI" and

insert in place thereof —FIGURE/6-.

At page 90, lines 29 and 30, please/delete "Ta.ble

V and VI" and insert in place thereof —riGURES 5 and 6—.

Page 91, line 29, please deleted/a".

Page 92, line 10, "Tab*e VI" should be

—Figure 6—.

At page 94, line 6, please delete "Tables V and

VI" and insert in place thej?4of —FIGURES 5 and 6—.

At page 94, line 14, please delete "Tables V and

VI" and insert in place thereof —FIGURES 5 and 6—.

At page 94, line 33/please delete "mammlain" and

insert in place thereof -^mammalian—.

Page 95, line 10, "membrances"/should be

—membranes—.
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IN THE DRAWINGS:

Please add the enclosed formal drawing Figures 5

through 21.

IN THE CLAIMS:

Add the following new claims: /

61. An erythropoietin-containing,

pharmaceutically-acceptable 6fcanffiGr£ip̂ i wherein human serum

albumin is mixed with erythropoietin.

62. A -eomp&svfcfefC according to claim 61

containing a therapeutically/effective amount of erythropoietin.

63. A composition according to claim 61

containing a therapeutically effective amount of recombinant

erythropoietin. —

REMARKS

In accordance with the provisions of 37 C.F.R. §1.607,

the present continuation is being filed for the purpose of

requesting an interference with all of the claims (claims 1-4) of

U.S. Patent No. 4,879,272 issued to Naoto Shimoda et al on

H
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November 7, 1989, and assigned to Chugai Seiyaku Kabushiki Kaisha

(hereinafter simply the "Chugai Patent"), copy attached.

It is requested that an interference be declared

between each of the Chugai Patent claims 1-4 and claims 61-63 of

the subject application presented above. It is suggested that

the Applicant's claim 61 above be used as the count, i.e.:

PROPOSED COUNT

An erythropoietin-containing, pharmaceutically-

acceptable composition wherein human serum albumin is

mixed with erythropoietin.

Claim 61 is identical to the Chugai Patent claim 3 with

the omission of the immaterial phrase which recites the mixing of

the erythropoietin ("EPO") and human serum albumin "either during

the preparation of said composition or just before administration

thereof". This language is not in any sense patentably

significant.

As will be evident, the count proposed above is broader

than the broadest patent claim and thus constitutes a proper

basis for interference.

Claims 1-4 of the Chugai Patent and Lin claims 61-63

should be designated as corresponding to the count.

Clearcut support is found in the Lin specification for

the newly presented claims 61-63. In this regard, the Examiner's
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attention is directed to page 87, lines 17-22 and 29-31.

Furthermore, such support is found in Lin's prior application

Serial No. 655,841, filed September 28, 1984 (see page 77, line

3 3 through page 78, line 9). Thus, the Lin support antedates

both the U.S. filing date of the Chugai Patent (October 4, 1985)

as well as the priority date of the Chugai Patent (October 9,

1984), thereby clearly establishing priority in favor of Lin and

warranting a declaration of interference between the present

application and the Chugai Patent.

The amendments presented above to the specification

correspond to those which are the subject of amendments and

Certificates of Correction in Lin's "grandparent" U.S. Patent No.

4,703,008. In this regard, the Examiner will appreciate that the

attached drawings are intended to replace the various tables

referred to in the attached application pursuant to the

amendments proposed herein as accepted in U.S. 4,703,008.

As noted in the attached request for filing of the

application, the present Lin application is one of a chain of

applications dating back to Serial No. 561,024, filed December

13, 1983 and now abandoned.

A prompt declaration of interference is respectfully

solicited, the Applicant reserving his right to bring any motions
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and/or take any other action in the interference, once declared,

as may be deemed proper under the rules.

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

PNK:mh
1615 L Street, N.W.
Washington, D. C. 2003 6
Phone: (202) 861-3503

By.
Paul N. Kokulis
Reg. No. 16,773
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IN THE UNITED STATES PATEN

In re Application of: LIN

Application No.: 07/609,741

Filed: 11/06/1990

For: PRODUCTION OF ERYTHROPOIETIN

ND TRADEMARK OFFICE

Group: 184

Date: 03/1 #1992

RECEIVED
MAR 1 9 1992

GROUP 180

STATUS REQUEST

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

Please inform the undersigned of the status of the above-
identified application.

Please note the current address of the undersigned:

CUSHMAN, DARBY & CUSHMAN
1615 L Street, N. W.
Washington, D.C. 20036
(202) 861-3000

Respectfully submitted,
CUSHMAN, DARBY & CUSHMAN

WATSON T SCOTT
Registration No. 26,581
Matter No. 81493

1615 L Street, N. W.
Washington, D.C. 20036
(202) 861-3067



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO.

77o
EXAMINER/

ART UNIT PAPER NUMBERs
DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

(2) / \ 0 (C 14 I I

,3).

(4)

Date of interview 2 S' - f 2 -

Type: D-felephonic D Personal (copy is given to D applicant D applicant's representative).

Exhibit shown or demonstration conducted: CD Yes d No. If yes, brief description:

Agreement • was reached with respect to some or all of the claims in question. • was not reached.

Claims discussed:

Identification of prior art discussed:

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:

A-

IAJP .

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

D It is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed_form is considered to fulfill the
response requirements of the last Office action. I ^- ' "

'. M
PTOL-453(REV. 1 84) Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FL^P OF FILE WRAPPER
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address 'GOMMlSSIONERiOF-RATENTSAND TRADEMARKS

Washington,; D.C. 20231

SERIAL NUMBER RUNG DATE

tsfs—-b
FIRST NAMED INVENTOR'.

CUSHMAN, DARBY & CUSHMAN
1615 L ST., N.W.
: ELEVENTH FLOOR
•WdSHINQTON, W 20036-5601

This is a communication from the examiner In charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

DATE MAILED:

ARTW41T, _• ^ j;,-;MRER .NUMBER

[ 3 * t h i s appliiis application has been examined •• ErResponsivelesponsive to communicaJJQQjjIed on_ This action is made final.

"A shortened statutory period for response to this action is set to/exefre.; pnth(s);. ••• «••••'»; ' ~ d a v s f rom the d a t e of this letter.

'

tFailure to respond within the period for response will cause the application to becomyabandoned.; 35 U.S.C. 133

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS jJcT

1. I I NoticeI of References Cited by Examiner, PTO-892.

3. • Notice of Art Cited by Applicant, PTO-1449. <

5. [ I ] Information on How to Effect Drawing Changes, PTO-1474.

2. L j N o t i c e re Patent Drawing, PTO-948.

4. L~D NogCg^nformal Patent Application, Form PTO-152

.6,.;

Part II SUMMARY OF ACTION

A
.are pending in the application,

Of the above, claims. . are withdrawn from consideration.

_ _ have been cancelled.

are allowed.

®

5. L J Claims

6- O Claims

are objected to.

__are subject to restriction or election requirement.:..,

• 7. L j T h i s application has been filed with: informal drawings under 37 C.F:R.'1'.85which are: acceptable for examination purposes:

- 8 . n Formal drawings are required in response to this Office action.

• 9| I_J The corrected or substitute drawings have been received on. •-,: -.. Under37C,F.R. 1.84 these drawings
are D acceptable; D" not acceptable (see explanation or Notice re Patent Drawing, PTO-948). .

.••... •• •• • - • >} ,;.-has (have) been • approved by the'10. L J The proposed additional or substitute sheet(s) of drawings, filed on
• - examiner; D disapproved by the examiner (see explanation).

_ , has been • approved; D disapproved (see explanation).11; L J The proposed drawing correction, filed-• •

12. L J Acknowledgement is made of the claim for priority under U.S.C. 119. The certified copy has D been received Q riot been received
D been filed in parent application, serial no. : filed on . • " • ' ' • • .

13.T~~l Since this application apppears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in
• r accbrdance with the practice under Ex parteQuayle, 1935 CD. 11; 453 O.G. 213.

14. • Other ;

,,^jgLJ26 (Rav.9-69)
EXAM™"
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Serial Number 07/609,741
Art Unit 1605

Restriction to one of the following inventions is required under 35
U.S.C. 121:

I. Clairns 1-13, 16, 39-41, 47-49, 59, drawn to peptides, classified in
Class 530, subclass 399. '

II. Clairns §-15 and 3d, drawn to DNA, ceils transformed with said
DM A, and methods of using said cells to express proteins, classified in Class
435, subclass 69-5, for instance.

III. Claims 42-46, drawn to vertebrate cells, classified in Class 435,
subclass 240.2. . y.

IV. Claims 51-54, drawn to antibodies, classified in Class 530, subclass
367.

V. Claims 55-57, drawn to pharmaceutical compositions comprising
EPO, classified in Class 514, subclass 2. ,

VI. Claim 60, drawn to a method of hybridization, classified in Class
435, subclass 6.

VII. Claims 61-&3, drawn to pharmaceutical compositions comprising
EPO and human serum albumin, classified in Class 514, subclass 2.

The inventions are distinct, each from the other because of the
following reasons:

Inventions of Group II and Group I are related as process of making
and product made. The inventions are distinct if either or both of the
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folio wing can be shown: (1) that the process as claimed can be used to make
other and materially different products or (2) that the product as claimed
can be made by another and materially different process (MPEP 606.05(f)).
In the instant case the product as claimed can be made by a materially
different process such as by isolation from its natural source and, if desired,
manipulation of the sugar residues in vitro.

Invention of Group 111 (vertebrate cells) is directed to a composition
which is essentially unrelated to any other group of claims.

Invention of Group IV (antibodies) is directed to a composition which
is essentially unrelated to any other group of claims.

Inventions Group I and Group V are related as product and process of
use. The inventions can be shown to be distinct if either or both of the
following can be shown: (1) the process for using the product as claimed can
be practiced with another materially different product or (2) the product as
claimed can be used in a materially different process of using that product
(MPEP 606.05(h)). In the instant case the product as claimed can be used in
a materially different process of using that product such as for in vitro
studies.

Invention of Group VI, claim 60, is essentially unrelated to any other
claim in the instant application.

Inventions Group I and Group VII are related as product and process
of use. The inventions can be shown to be distinct if either or both of the
following can be shown: (1) the process for using the product as claimed can
foe practiced with another materially different product or (2) the product as
claimed can be used in a materially different process of using that product
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(MPEP $O6.O5(h)). In the instant case the product as claimed can be used in
a materially different process such as for in vitro studies.

Because these inventions are distinct for the reasons given above and
have acquired a separate status in the art as shown by their different
classification and because of their divergent subject matter, restriction for
examination purposes as indicated is proper.

During a telephone conversation with Mr. Kolculis on March 25, 1992 a
provisional election was made with traverse to prosecute the invention of
Group VII, claims 61-63- Affirmation of this election must be rnade/by
applicant in responding to this Office action. Claims 1-60 are withdrawn
from further consideration by the Examiner, 37 CFR 1.142(b), as being drawn
to a non-elected invention.

Claim 63 is rejected under 35 U.S.C. S 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject
matter which applicant regards as the invention.

Claim 63 is vague and indefinite in the recitation of "recombinant
erythropoietm". The specification discusses several different recombinant
systems for production of EPO. It appears that different recombinant
systems produce different modifications of the protein. It is not clear that
all different modifications are intended to be encompassed by the claims.

Claims 61 and 62 are allowed.
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Any inquiry concerning this communication or earlier communications
from the examiner should be directed to Examiner Nolan whose telephone
number is (703) 3°6"-O261. Any inquiry of a general nature or relating to
the status of this application should be directed to the Group receptionist
whose telephone number is (306-0196.
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U.S. DEPARTMENT OF COMMERCE
Patent and Tradamark Office

ATTACHMENT TO PAPER NUMBER

APPLICATION NUMBER

MOTICE OF DRAFTSMAN'S PATENT DRAWING REVIEW

T

THE PTO DRAFTSMEN REVIEW ALL ORIGINALLY FILED DRAWINGS REGARDLESS
OF WHETHER THEY WERE DESIGMATED AS INFORMAL OR FORMAL.

The drawings filed O

A. EU are approved.

B. D f are objected to under 37 CFR 1.84 for the reason(s) checked below. The examiner will require submission of new,
^ corrected drawings at the appropriate time. Corrected drawings must be submitted according to the instructions listed

on the back of this Notice.

1. Paper and ink. 37CFR1.84(a)

• Sheet(s) Poor.

2. Size of Sheet and Margins. 37 CFR 1.84(ta)

Acceptable Paper Sizes and Margins
Paper Size

4. Hatching and Shading. 37 CFR 1.84(d)

[_] Shade Lines are Required.

Fig(s) !

Margin

Top

Left

Right

Bottom

81/2 by
14 inches

2 inches

1/4 inch

1/4 inch

1/4 inch

01/2 by
13 inches

1 inch

1/4 inch

1/4 inch

1/4 inch

DIN size A4
21 by 29.7 cm.

2.5 cm.,

2.5 cm.

1.5 cm.

1.0 cm.

Q Proper Size Paper Required.
All Sheets Must be Same Size.
Sheet(s) ,

L~U p|'oper Margins Required.
Sheet(s) _

• TOP • RIGHT

• LEFT Q BOTTOM

3. Character of Lines. 37 CFR !.84(c)

E_] Criss-Cross Hatching Not Allowed.

Fig(s)

[_] Double Line Hatching Not Allojwed.

Fig(s)

• Parts in Section Must be Hatched.

FiQ(s)

5. Reference Characters. 37 CFR 1.84(f)

r—/

M Reference CharactBrsJie&W'Hncorrectly Sized.

/ Fig(s) __jl— ^ :

[__) Reference Characters Placed Incorrectly.

Fig(s)

6. Views. 37 CFR 1.84(i) & (j)

[_] Figures Must be Numbered Properly.

3. Chaac

J£j LiLines Rste=Bf-Rough and Blurred.
Fig(s) 3.U-

• Solid Black Shading Not Allowed.

FiO(s)

[ j | Figures Must Not be Connected.

Fig(s)

7. EH Photographs Not Approved.

8. EH Other.
Telephone inquires concerning this review should be directed to the Chief Draftsman at telephone

number (703) 557-6404,

Reviewing Draftsman Date



FORM PTO-122
(REV. 12-87)

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

TITLE REPORT PAPER NO.

A. APPLICATION FILE DATA

1. SERIAL NO. 2. FILED

3. INVENTOR(S)-FULL NAWE(S)

4.DIVISION.OF

5. CONTINUATION OF

6. REISSUE OF

7. SUBSTITUTE OF

B. ASSIGNMENT RECORD DATA

The assignment records reveal that the Title appears to be vested in:

• (1.) Inventor(s)

• (2.) As endorsed

• (3.) As th^-record now stands, the patent, when granted, will issue in the
ne of the inventor(s).

(4.) Other P \ ( Y \ * 6 N 1

EXAMINED
UP TO AND INCLUDING THIS CERTIFICATE

DATED

BRANCH CHIEF OF ASSIGNMENT SEARCH BRANCH

Shirley M. Royal!
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20 SOUTH CLARK ST.
C H I C A Gi O •• I L 6 0 6 0 3

REEL: 4785 FRAME: 0059 DATE RECORDED;; 11/16/87 NUMBER OF PAGES:: 0 02
ASSIGNOR: KIR1N-AMGEN INC , A CORP. OF CA,,

EXC DATE: 10/27/87

ASSIGNEE: AMGEN INC, 190 0 OAK TERRACE LANE, THOUSAND OAKS, CA,, 91320 A
CORP. OFDE.

BRIEF:
ASSIGNMENT OF ASSIGNORS INTEREST
RETURN ADDRESS: PAMELA A. SIMOMTOIM

AMGEN INC
190 0 OAK TERRACE LANE
THOUSAND OAKS, CA 91320

NO MORE INFORMATION FOR THIS SERIAL. NUMBER



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ventor : LIN, FU-KUEN . I * n A

Application No. : 07/609741 I / Art Unit : 1800

Filing Date : November 6 , 1990

Title : PRODUCTION OF ERYTHROPOIETIN

Date : August 26,. 1992

CHANGE OF ADDRESS NOTICE ;

Hon. Commissioner of Patents RECEIVED
and Trademarks

Washington, D.C. 20231 5tP 04 W2

Sir: GROUP 1800
Effective immediately, please change the correspondence

address to:

Cushman, Darby & Cushman
Ninth Floor
1100 New York Avenue, N.W.
Washington, D.C. 20005-3918

Our telephone number remains the same: (202) 861-3000.
An original, signed notice is on deposit with the PTO Office of
Enrollment and Discipline.

n Respectfully submitted,

;• - • CUSHMAN, DARBY & CUSHMAN

By
G. Lloyd Knight

Reg. No. : 17698
Fax No. : (202) 822-0944

404 / 81493



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AC-.fnre PATENT APPLICATION of
Inventor(s): LIN, Fu-Kuen

Appln. No. 0 7 7609,741
series code T T serial no.

Filed: November 6, 1990

Title: PRODUCTION OF ERYTHROPOIETIN

(Our Deposit Account No. 03-3975
(Our Order No. 404 781493

C# / (Old) M#

Group Art Unit: 1805

Examiner: Nolan, S. '-_. ~{

Date: October 6. 1992;:: CT

CO
CO
f-J

7

PETITION FOR EXTENSION OF TIME FOR COPENDENCY*

1.

2.

3.

4.

5.

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231 ;

Sir:

Applicant hereby petitions to extend the life of this application to and through at least the

above date so as to cop.end with a continuing application. The requisite extension fee is enclosed.

The original due date in the subject application was July 6, 1992

Extension fee required (Large/Small Entity: 1 mo. $110/$55; 2 mos. $360/$180;

3 mos. $840/$420; 4 mos. $1,320/$660): $ 840.00

Enter any previous extension fee paid since last Action --subtract z 0.00

CHECK ATTACHED FOR FEE OF S 840.00

Small Entity verified statement filed [ ] herewith [ ] previously.

Please charge any missing or inadequate fee re this petition to our Deposit Account/Order Nos.

shown in the heading hereof for which purpose a duplicate copy of this sheet is attached.

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

Atty/Sec:WTS/kpc
1100 New York Avenue, N.W.
Ninth Floor
Washington, D.C. 20005-3918
(202) 861 -3000

Atty: Watson T. Scott Reg. No. 26,581

Fax: (202) 822-0944
Tel.: (202) 861 -3067

*NOTE: This paper must be headed in the parent application
of and filed in duplicate and separately from
Rule 60, 62, continuation, division or CIP papers,
with separate postcard. ;

160 MB 10/19/92 07609741

CDC-111 10/92

117 840.00 CK



All communications respecting this
cue skoult identify it by number
*ni names of parties.

Paper No.

U.S. DEPARTMENT OF COMMERCE
Patent: and Trademark Office

Address: BOX INTERFERENCE
Commissioner of Patents and Trademarks
Washington, D.C. 2O231

Telephone: (703)557-4007
Facsimile: (703)557-8642

MOV ? n 199?

' JF PATENT "h'
AND

Applicant: Fu-Kuen Lin
Serial No.: 07/609,741
Filed: 11/06/90
For: PRODUCTION OF

ERYTHROPOIETIN
Accorded Benefit: U.S. Serial

No. 07/113,179 filed
10/23/87; U.S. Serial No.
06/675,298 filed 11/30/84,
Patent No. 4,703,008 issued
10/27/87; U.S. Serial No.
06/655,841 filed 09/28/84

The case referred to above has been forwarded to the Board of
Patent Appeals and Interferences because it is adjudged to
interfere with other cases hereafter specified. Attention is
directed to the fact that this interference is declared pursuant
to 37 CFR 1.601 et seq., effective February 11, 1985 (49 F.R.
48416. 1050 O.G. 385). The interference is designated as No.
102,946.

By direction of the Commissioner of Patents and Trademarks and as
required by 35 USC 135(c), notice is hereby given the parties of
the requirement of the law for filing in the Patent and Trademark
Office a copy of any agreement "in connection with or in
contemplation of the termination of the interference."



Serial No. 007/609,741 -2-

The cases involved in this interference are:

Junior Party

Patentees: Naoto Shimoda and Tsutoiau Kawaguchi

Addresses: 1-6-707, Tate 1-chome, Shiki-shi, Saitama-ken,
Japan

3 5-67, Gomigaya, Tsurugashimamachi, Iruma-gun,
Saitama-ken, Japan

Serial No.: 06/784,640 filed 10/04/85, Patent No. 4,879,272
issued 11/07/89

For: METHOD AND COMPOSITION FOR PREVENTING THE ADSORPTION OF A
MEDICINE

Assignees: Chugai Seiyaku Kabushiki Kaisha, Ukiina, Kita-Tokyo,
Japan

Attorneys of Record: George B. Finnegan, Jr.; Granville M. Pine;
John D. Foley; Jerome G. Lee; Thomas P.
Dowling; John A. Diaz, P.C.; Warren H.
Rotert; John C. Vassil, P.C.; Alfred P.
Ewert; David H. Pfeffer; Harry C. Marcus;
Robert E. Paulson; Stephen R. Smith; Kurt
E. Richter; J. Robert Dailey; Eugene Moroz;
John F. Sweeney; Arnold I. Rady and
Christopher A. Hughes

Associate Attorney: Eugene Moroz

Accorded Benefit of: None

Address: Eugene Moroz, Esq.
Morgan, Finnegan, Pine, Foley & Lee
345 Park Avenue
New York, NY 10154

Senior Party

Applicant: Fu-Kuen Lin

Address: 438 Thunderhead Street, Thousand Oaks, CA 913 60

Serial No.: 07/609,741 filed 11/06/90

For: PRODUCTION OF ERYTHROPOIETIN



Serial No. 007/609,741 -3-

Assignees: Amgen, Inc., Thousand Oaks, California, A Corporation
of Delaware

Attorneys of Record: William E. Dominick, Albert W. Bicknell,
William A. Marshall, Jerome B. Klose,
Basil P. Mann, Alvin D. Shulman,
Donald J. Brott, Owen J. Murray,
Allen H. Gerstein, Nate F. Scarpelli,
Edward M. O'Toole, Michael F. Borun and
Carl E. Moore, Jr.

Associate Attorney: None

Accorded Benefit of: U.S. Serial No. 07/113,179 filed 10/23/87;
U.S. Serial No. 06/675,298 filed 11/30/84,
Patent No. 4,703,008 issued 10/27/87; U.S.
Serial No. 06/655,841 filed 09/28/84

Address: Cushman, Darby & Cushman
Nineth Floor
1100 New York Avenue, N.W.
Washington, DC 20005-3918

Count 1

An erythropoietin-containing, pharmaceutically-

acceptable composition wherein human serum albumin is mixed with

erythropoietin.

The claims of the parties which correspond to Count 1

are:

Lin: Claims 61-63

Shimoda et al.: Claims 3-4

u. ^/-- KM'WI/I
Marc L. Car off//
Examiner-in-Chfef
(703) 557-4014

MLC:clm



FORM RTO-222 U.S. DEPARTMENT O f COMMERCE
(REV. i-90) Patent and Trademark Office

INTERFERENCE
DIGEST

Interference No. 1 0 2 , 9 7 8 Paper No.

Name. Fu -Kuen L

SerialNo. 0 7 / 6 0 9 ,

Tide. PRODUCTION

Filed. 11/06/90

Interference with ,qh

i n

741

OF

imnc

Patent No. —None —

FRYTHROPOTETTN

DECISION ON MOTIONS

Examiner-in-Chief, Dated,

FINAL DECISION

Board of Patent Appeals and Interferences, ^(A_krvr ' L U O X t L / Dated.

Court, Dated,.

REMARKS

This should be placed in each application orpatent involved in interference in addition to the interference letters.



PATENT APPLICATION FEE DETERMINATION RECORD

For Fees Effective Novt 5,1990
Application or Docket Number

CLAIMS AS FILED - PART I |
• (Column 1) •-•• (Column 2)

SMALL ENTITY
OTHER THAN

O R SMALL ENTITY

FORj

l
BASl6*FEE

TOTAtTCLAIMS

INDEPENDENT CLAIMS

NUMBER FILED NUMBER EXTRA

I

minus 20 =

minus 3 ••

MULTIPLE DEPENDENT CLAIM PRESENT

* If the difference in column 1 is less then zero, enter "0" In column 2

CLAIMS AS AMENDED - PART II
(Column 1) (Column 2) I (Column 3)

CLAIMS
REMAINING

AFTER
AMENDMENT

RATE

-fr^-s-c "1
V - -̂  "t
X$10«

x 3 0 -

+ 100 -

TOTAL

FEE

$315.00 OR

OR

OR

OR

RATE

x$20>

x 6 0 .

+ 200

OR TOTAL

FEE

$ 630.00

SMALL ENTITY OR
OTHER THAN
SMALL ENTITY

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

5

PRESENT
EXTRA

% FIRST fRESENTATION OF MULTIPLE DEPENDENT CLAIM I,

RATE

x$10-

x 3 0 -

+ 100.

(Column 1) (Column 2) (Column 3)
TOTAL

ADDIT. FEE

CO

LU

Q

UJ

1
Total

Independent

CLAIMS
REMAINING

AFTER
AMENDMENT

Minus

Minus

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

*•

PRESENT
EXTRA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

RATE

X $ 1 0 -

x 3 0 .

+ 1 0 0 -

i- (Columm) (Column 2) (Column 3)

TOTAL
ADDIT. FEE

ADDI-
TIONAL

FEE

ADDI-
TIONAL

FEE

OR

OR

OR

OR

RATE

x$20>

x60=

+ 2 0 0 -

OR TOTAL
ADDIT. FEE

OR

OR

OR

OR

RATE

x$20>

+ 200»

OR TOTAL
ADDIT. FEE

ADDI-
TIONAL

FEE

716

ADDI-
TIONAL

FEE

O
H
UJ

Q

UJ

Total

Independent

CLAIMS
REMAINING

AFTER
AMENDMENT

Minus

Minus

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

PRESENT
EXTRA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM •

RATE

x$10>

x 3 0 .

+ 100.

ADDI-
TIONAL

FEE
RATE

x$20:

X60:

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. TOTAL
* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". ADDIT. FEE
* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For* (Total or Independent) is the highest number found in the appropriate box in column 1.

OR

OR

OR

OR

OR TOfAL
ADDIT. FEE

+ 200.

ADDI-
TIONAL

FEE

*•-' PTO/SB/06 (ii-90) F o r Fees Effective Nov 5 1990 PateM and Tradanark: Oir>c*vs- DEPARTMENT OF COMMERCE
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US Patent & Trademark Office

US 07/957,073
USPTO Transaction Information*

Page 1 of 1* Document generated on 06/21/2010 by PATENTEC from official USPTO records, external to this file.

Information deemed accurate, but not Certified.
δ Transaction Sequence Number (SEQ.) is unrelated to Paper Number in File Table of contents.

2001 Jefferson Davis Hwy, Arlington, VA 22202
1-703-418-2777 l www.patentec.com l info@patentec.com

© 2010 PATENTECQuality Patent DocumentsTM

SEQ.δ DATE DESCRIPTION

1 30 Dec 1992 Claim Preliminary Amendment
2 30 Dec 1992 Drawing Preliminary Amendment

3 17 Sep 1993
Abandonment for Purposes of Filing an FWC - File Combined with Child 
Application

4 17 Sep 1993 Mail Express Abandonment (During Examination)
5 17 Sep 1993 Express Abandonment (during Examination)
6 02 Aug 1993 Request for Extension of Time - Granted
7 31 Mar 1993 Case Docketed to Examiner in GAU
8 10 Feb 1993 Examiner Interview Summary Record (PTOL - 413)
9 02 Feb 1993 Mail Non-Final Rejection

10 25 Jan 1993 Non-Final Rejection
11 30 Dec 1992 Change in Power of Attorney (May Include Associate POA)
12 06 Oct 1992 Preliminary Amendment
13 17 Dec 1992 Case Docketed to Examiner in GAU
14 02 Nov 1992 Application Captured on Microfilm
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SERIAL NUMBER FILING DATE

07/957,073 10/06/92
CLASS

435

SUBCLASS

.360
GROUP ART UNIT

1805

EXAMINER

P
?!u
li

FU-KUEN LIN, THOUSAND OAKS, CA.
/

**CONTINUINQ DATA*********************
VERIFIED THIS__,APPLN IS A CON OF 07/609,741 11/06/90/^

>JHICH IS A <&&k OF
WHICH IS A CON OF

, WHICH ISA CIP OF
1 WHICH IS A CIP OF

WHICH IS A CIP OF

07/113,179 10/23/87
06/675,298 11/30/84 PAT
06/561,024 12/13/83 A^
06/582,185 02/21/84 ABN
06/655,841 09/28/84

4,703,008

f
*• FORE 16N / PCT APPLI CAT IONS ********** •• *
VERIFIED

Foreign priority claimed Dyes 0 no
33 USC 119 conditions met D yes ETno

verified and Acknowledged Examiner's Initials

AS
FILED

STATE OR
COUNTRY

SHEETS
DRWGS.

4

TOTAL
CLAIMS

INDEP.
CLAIMS

FILING FEE
RECEIVED

$710-00

ATTORNEY'S
DOCKET NO.

I
13 CUSHMAN, DARBY & CUSHMAN
Ir 1100 NEW YORK AVENUE, N.W.
§ NINTH FLOOR

WASHINGTON, DC 20005-3918

PRODUCTION OF ERYTHROPOIETIN

US, QEPT. of COMM^PSt. 6 TM Office— PTCM38L (r»v. 10*70)

PARTS OF APPLICATION
FILED SEPARATELY

NOTICE OF ALLOWANCE MAILED

ISSUE FEE
Amount Due Date Paid

Label
Area

PREPARED FOR ISSUE

Assistant Examiner Docket Clerk

Primary Examiner

ISSUE CLASSIFICATION
Class Subclass

CLAIMS ALLOWED
Total Claims Print C aim

DRAWING
Sheets Drwg. Figs. Drwg. Print Fig.

ISSUE
BATCH
NUMBER

WARNING: The Information disclosed herein may be restricted. Unauthorized disclosure may be
prohibited by the United States Code Title 35, Sections 122,181 and 368.
Possession outside the U.S. Patent & Trademark Office is restricted to authorized employees
and contractors only.

m

j |

FormPTO-436A
Rev. 9) 90
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IN THE UNITE PATES PATENT AND TRADEMARi 7FICE
REQUEST FOR FILE WRAPPEK CONTINUING APPLICATION UNDER 37 CFR 1.62

(RULE 62)
...... For Design or Utility Applications

PATENT
APPLICATION
Page 1 of 4

The Hon. Commissioner of Patents
and Trademarks

OC^Vashington, D.C. 20231

6
-!•- Sir:

This is a RULE 62 Reguest for filing a

divisional

Prior Application:
Group Art Unit: 1805
Examiner: Nolan. S.
Atty Dkt: 97327 /D-155-CIP3-CIC

new M# / Client Ref.
(Our Deposit Account No. 03-3975
(Our Order No. 404 / 97327

Date:
C#

October 6. 1992
new M#

[XXX] continuation (Exr. NOTE: any election in parent as to species/restriction requirement:---^

[XXX] is carried over with traverse) [ ] is not carried over) / \ t

[ ] continuation-in-part without new Declaration (Rule 53(d)) [ ] without fee /

[ ] continuation-in-part (with new Declaration attached hereto) of prior copending /

parent Application No. 0 7 /609.741 ,
series code t T serial no.

filed on November 6, 1990 ., entitledProduction of Erythropoietin

by the following named inventor(s) who is/are [XXX] the same as, [ ] less than all of (see Item 17),

[ ] more than (for CIP only), those named in that parent application:

1. Inventor ^ Fu-Kuen LIN United States
First Middle Initial A Family Name Country of Citizenship

Residence (City) Thousand Oaks (State/Foreign Country) CALIFORNIA

Post Office Address438 Thunderhead Street

(include Zip Code)Thousand Oaks, CA 91360

2. Inventor.
First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address

(include Zip Code)

3. Inventor.
First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address

(include Zip Code)

4. Inventor
First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address

(include Zip Code)

NOTE: FOR ADDITIONAL INVENTORS, check box [ ] and attach sheet with same information for each
inventor starting with inventor No. 5 and number new page 1A.

1. [ ] INFORMATION DISCLOSURE STATEMENT: Attached is Form PTO-1449 listing all of the
documents cited by Applicant and the PTO in the parent application(s) relied upon under 35 USC 120
and referenced in item 9 below. Per Rule 98(d) copies of those documents are not required now.
Please consider those documents and advise that they have been considered in this new application
as by returning a copy of the enclosed Form PTO-1449 with the Examiner's initials in the left column per
MPEP 609.

CDC-110 10/92



Page 2 of 4

" 2. Requirement of Rule 62: Rule 62 filings are to be used only when the issue fee has not been paid
(except as noted below) in the above-identified prior application nor that application abandoned or its
proceedings terminated. This Rule 62 filing will be considered by the PTO as an express abandonment
of that prior application except when this Rule 62 filing is pursuant to Rule313(b)(5), i.e., when the issue
has been paid in the prior application and a petition filed to abandon that application to permit an IDS
to be considered in this Rule 62 application. (Note: 37 CFR 1.60 (Rule 60) may be used for applications
where the prior application is not to be abandoned.)

2a. [ ] The issue fee has been paid in the parent, but this Rule 62 Request follows a Rule 313(b)(5)
petition, and per 1138 OG 40 waiver is respectively requested of that part of Rule 62 which
prohibits use of the rules to file an FWC after payment of the issue fee.

3. [ ] Priority is claimed under 35 U.S.C. 119/365 based on filing in of:
(country)

Application No. Filing Date Application No. Filing Date

(1) (4)
(2) (5L
(3) (6)_

a. [ ] (No.) Certified copy/copies attached.
b. [ ] Certified copy/copies previously filed on in prior

U.S. Application No. 0 / , filed on
series code T T serial no.

c. [ ] Certified copy/copies filed during International stage of PCT/ [ .
d. [ ] Priority is also claimed from PCT/ / filed

4. [ ] The prior application is assigned of record to_

by Assignment recorded Reel Frame.
Date

5. [ ] Attached is an Assignment Cover Sheet.

Please return the recorded Assignment to the undersigned.

6. [ ] The power of attorney in the prior application is to

(Name, Reg. No.)
the address of whom is in item 8.

] Recognize as associate attorney

(Name and Reg. No.; Address as in item 8 unless otherwise indicated)

8 Address all future communications to as per power of attoryey of record.

Amend the specification by inserting before the firstljne fin place/Of any comparable insert previously
requested in any prior application) the sentence- -ffhis is a S

]continuation-in-part (CIP) [XXX] continuation , [ ] division

of Application No. 07/609,741 , filed on November 6, 1990^hich is a DIV. of 07/113,179, filed October
[>23, 1987, which is a CONT of AN7675.298, filed November, 30, 1984 which issued as Patent No.
-t4,703,008 on October 27, -J987, which was a £IP of AIXR361.024, filed December 13, 1983, now
v' abandoned, and a CIP of AN^582,185, filed February 21, 1984* now abandoned and a CIP of Al\f655,841,

..-.Miled September 28,

10. [ ] (No.) Verified Statem^ni(s) establishing "small entity" status under Rules 9 and 27
a. [ ] filed in above prioj/application (and hence applicable hereto)
b. [ I attached.

CDC-110 10/92
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11. Requirement of Rule 62: It is understood that secrecy under 35 U.S.C. 122 is hereby waived to the
extent that if information or access is available to any one of the applications in the file wrapper of a
37 CFR 1.62 application, be it either this application or a prior application in the same file wrapper, the
Patent and Trademark Office may provide similar information or access to all the other applications in
the same file wrapper.

12. Petition to extend the life of the above prior application to at least the date hereof

NOTE: (One box) [ ] is being concurrently filed in that prior application (Use Form CDC-111).
(must be) [ ] was previously filed in that prior application (Check length of prior extension).

(X'd) [ ] is not necessary for copendencv ( double check before X'ing this box).

13. [ ] Please enter the amendment previously filed on
but unentered in the above prior application.

14. [ ] Attached: sheet(s) per set of drawing of Fig(s)_
[ ] 1 set informal; [ ] formal of size: [ ] A4 [ ] 13" [ ] 14"

15. [ ] PRELIMINARY AMENDMENT to be entered before fee calculation (Do not make
amendments here except cancellation of whole claims or multiple dependencies for purpose of
reducing the filing fee per MPEP §§ 506 and 607; do .not cancel all claims.):

16. [ ] Attached is a Rule iO3(a) Petition to Suspend Action

17. Petition is hereby made requesting deletion as inventor(s) of the following who is/are not inventor(s)
of the invention being claimed in this Rule 62 application:

1. 2.

3. 4.

18. [ ] This Rule 62 application is a continuation-in-part which discloses and claims additional matter.

a. [ ] New Declaration is attached.

b. [ ] This application is also filed under Rule 53(d) (without a Declaration) and hence filing fee
is not enclosed.

FILING FEE
THE FOLLOWING FILING FEE IS BASED ON THE CLAIMS

EXISTING IN THE PRIOR APPLICATION AS AMENDED AT 13 AND 15 ABOVE

see box 10 re: Large/Small Entity

19. Basic filing fee Design Appln. - - $290/$145 $

20. Basic filing fee - - .Not Design Appln. - - $710/$355 $ 710.00

21. Total Effective Claims 3 minus 20 = * 0 x $22/$11 = + 0
22. Independent Claims 1 minus 3 = * 0 x $74/$37 = + 0_

If answer is zero or less, enter "0"

23. If any proper (ignore improper) multiple dependent claim is present, - - add $230/$115 +

24. TOTAL FILING FEE = $ 71Q.00

25. If "assignment" box 5 above is X'd, - add recording fee ($40.00) + 0

26. If "petition" box 16 above is X'd, add petition fee ($130.00) + 0_

27. FEE ATTACHED = $ 710.00
(carry forward to line 36)

CDC-110 10/92
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28. [ ] Preliminary Amendment attached (to be entered after assigning Appln. No.).

29. [ ] The following PRELIMINARY AMENDMENT is to be entered after assigning Appln. No.:

30. [ ] ATTACHED:

31.

32. Total Effective Claims

33. Independent Claims

ADDITIONAL FEE CALCULATION FOR
PRELIMINARY AMENDMENT

PER BOXES 28/29

Claims
remaining
after
amendment

Highest
number
previously
paid for

minus **.

minus **'

Present
Extra

Additional
Fee

Large/Small Entity

x $22/$11 = $_

x $74/$37 = +_

34. If amendment enters proper multiple dependent claim(s) into this application for
first time, - - — add $230/115 (per application) +_

35.

36.

37.

ADDITIONAL FEE

plus FEE from item 27 on page 3

TOTAL FEE ATTACHED

$ 0

+ 710.00

$ 710.00

38.*lf the entry in this space is less than entry in the next space, the "Present Extra" result is "0".

39.**lf the "Highest number previously paid for" (see item 20 above) is less than 20, write "20" in this space.

4O.***lf the "Highest number previously paid for" (see item 21 above) is less than 3, write "3" in this space.

41. CHARGE STATEMENT: The Commissioner is hereby authorized to charge any fee specifically authorized hereafter, or any missing
or insufficient fee(s) filed, or asserted to be filed, or which should have been filed herewith or concerning any paper filed hereafter,
and which may be required under Rules 16-18 (missing or insufficient fee only) now or hereafter relative to this application and the
resulting Official document under Rule 20, or credit any overpayment, to our Account/Order Nos. shown in the heading hereof fpr
which purpose a duplicate copy of this sheet is attached.
This CHARGE STATEMENT does not authorize charge of the issue fee until/unless an issue fee
transmittal form is filed.

CUSHMAN. DARBY &CUSHMA

_Ninth_Elflar. By Attv:
Washington, D.C. 20005i3_9_18 /
Tel: (202)861-3000
Atty/Sec:WTS/kpc Si

t3on T^ Scott ^ Reg. No. 26.581

Fax:(202)822-0944
Atty/Sec:WTS/kpc Sig/7/ I//L^(j^^/^/tf Tel: (202) 861-3067
NOTE: File this Request in duplicate^with 2 postcanj receipts (CDC-103) & attachments.

CDC-110 10/92
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DEC 30 '92 04:07PM MARSHALL,OTOOLE,GERSTEIN,MURRAY P.2/2

CERTIFICATION OF FACSIMILE TRANSMISSION

I hereby certify that this paper is being facsimile transmitted to the Patent and
Trademark Office on the date shown below.

December 30, 1992
Michael F. Borun

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent
Application Serial

Inventor:

For:

Filed:

Group Art Unit:

Examiner:

No. 07/957,073

Fu-Kuen Lin

PRODUCTION OF ERYTHROPOIBTIN

October 6, 1992

1800

B. Stanton

ASSOCIATE POWER OF ATTORNEY

The undersigned attorney of record hereby appoints Paul N. Kokulis (Reg.

No. 16,773) and Watson T. Scott (Reg. No. 26,581) as associate attorneys to transact all

business in the Patent and Trademark Office in connection with the above-identified patent

application. Please address all future correspondence to:

Watson T. Scott

CUSHMAN, DARBY & CUSHMAN
Ninth Floor, East Tower
1100 New York Avenue, N.W.
Washington, D.C. 20005-3918
(202) 861-3000

Michael F. Borun
Registration No. 25,447
An Attorney of Record for Applicant
20 South Clark Street
Suite 2100
Chicago, Illinois 60603
(312) 346-5750

Date: December 30, 1992
#38706
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MARSHALL, OTOOLE, GERSTEIN, MURRAY & BICKNELL ( (
ATTORNEYS AT LAW S^T

TWO FIRST NATIONAL PLAZA

CHICAGO. ILLINOIS 60603

(312)346-5750
FAX: (312) 984-9740

TELEX: 25-3856

December 30, 1992

FACSIMILE TRANSMTTTAL SHEET

TO: Examiner B. Stanton

U.S. Patent and Trademark Office
Group 1800 CLIENT NO.: 01017

Paul N. Kokulis
Cushman, Darby & Cushman

MATTER NO.: G1000

FROM: Michael F. Borun

PAGES (INCLUDING THIS PAGE): 2

PLEASE CONFIRM RECEIPT:

MESSAGE: Attached is an Associate Power Of Attorney regarding U.S. Serial No.
07/957,073.

Please contact Kim M. if you do not receive all of the pages in good condition.

* * * * * * * *

The material of this transmission contains confidential information intended only for the addressee. If
you are not the addressee, any disclosure or use of this information by you is strictly prohibited. If
you have received this facsimile in error, please notify us by telephone immediately.

FAX COPY
RFCEIVEP

OEC30W2

PTO MALL 1



UNITED STATED - .rtTMENT OF COMMERCE
Patent and Trademark Office
Address : COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20931

SERIAL NUMBER j BL1NG DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO.

07/957,073 10/06/92 LIN
97327

EXAMINER

rilSHMAN, DARBY & CUSHMAN
1100 NEW YORK AVENUE, N.W.
NINTH FLOOR
WASHINGTON, DC 20UU5-J*lo

This is a coT.Tijnication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

f ART UNIT PAPER f

1805

DATE MAILED:
02/02/93

This application has been examined Responsive to communication filed on LJ This action is made final.

A shortened statutory period for response to this action is set to expire month(s), *-* days from the date of this letter.

Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. H Notice of References Cited by Examiner, PTO-892. 2. 0 " Notice re Patent Drawing, PTO-948.

3. • Notice of Art Cited by Applicant, PTO-1449. 4. • Notice of informal Patent Application, Form PTO-152.

5. D Information on How to Effect Drawing Changes, PTO-1474. 6. D

Part II SUMMARY OF ACTION

1. are pending in the application.

Of the above, claims

2. D Claims.

3. • Claims.

4. Hcialms.

5. • Claims.

6. • Claims.

are withdrawn from consideration.

have been cancelled.

are allowed.

are rejected.

are objected to.

are subject to restriction or election requirement.

7. [a This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. CD Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have been received on

are D acceptable, d not acceptable (see explanation or Notice re Patent Drawing, PTO-948).

. . Under 37 C.F.R. 1.84 these drawings

10. D The proposed additional or substitute sheet(s) of drawings, filed on.
examiner. D disapproved by the examiner (see explanation).

. has (have) been d approved by the

11. EH The proposed drawing correction, filed on . _, has been • approved. • disapproved (see explanation).

12. D Acknowledgment is made of the claim for priority under U.S.C. 119. The certified copy has D been received D not been received

D been filed in parent application, serial no ; filed on <.

13. EH Since this application appears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in

accordance with the practice under Ex parte Quayle, 1935 CD. 11; 453 O.G. 213.

14. D Other

EXAMINER'S ACTION



Serial No. 07/957,073 -2-
Art Unit 1805

This Application is a Continuation of Application No.

07/609,741, filed 11/6/90, now abandoned, which is a Divisional

of Application No. 07/113,179, filed 10/23/87, now pending, which

is a Continuation of Application No. 06/675,298, filed 11/30/84,

now U.S. Patent No. 4,703,008, which was a Continuation-in-Part

of Application No. 06/561,024, filed 12/13/83, now abandoned, and

a Continuation-in-Part of Application No. 06/582,185, filed

2/21/84, now abandoned, and a Continuation-in-Part of Application

No. 06/655,841, filed 9/28/84, now abandoned.

Claims 61-63 are pending in the instant Application.

The disclosure is objected to because of the following

informalities:

The instant specification does not contain a brief

description of the drawings.

On Page 32 at line 35, "Springs" should read as "Spring".

On Page 106, the title should be deleted from the separate

page containing the abstract.

Appropriate correction is required.

35 U.S.C. § 101 reads as follows:

"Whoever invents or discovers any new and useful process,
machine, manufacture, or composition of matter or any new
and useful improvement thereof, may obtain a patent
therefore, subject to the conditions and requirements of
this title".

Claims 61-63 are rejected under 35 U.S.C. § 101 because the

claimed invention is directed to non-statutory subject matter.

The ambiguity of the language used in independent Claim 61

results in the claims reading on human blood, a product of ;

nature, which represents non-statutory subject matter.

Correction of the language of Claim 61 as indicated below in the



Serial No. 07/957,073 -3-
Art Unit 1805

rejections based on 35 USC §112, second paragraph would be

remedial.

Claims 61-63 are rejected under 35 U.S.C. § 112, second

paragraph, as being indefinite for failing to particularly point

out and distinctly claim the subject matter which applicant

regards as the invention.

In the Amendment filed 11/6/90 (Paper No. 2), Applicant

submitted the instant claims (which are the sole claims remaining

the instant Application). Applicant remarks on Page 9 of said

Amendment that the newly added Claim 61 only differs from the

"Chugai Patent claim 3 [by] the omission of the immaterial phrase

which recites the mixing of the erythropoietin ("EPO")

[with 3...human serum albumin...". The Examiner disagrees that

the indicated phrase is immaterial because the instantly pending

claim currently reads on naturally occurring EPO present in

circulating human blood. Modification of the instant Claim to

reflect the "hand-of-man" in the preparation of the claimed

composition would be remedial.

This Application contains claims which conflict with the

claims of U.S. Patent No. 4,806,524. Although the instant

Application has an effective U.S. filing date earlier than that

of the conflicting patent, the instant Application may not issue



Serial No. 07/957,073 -4-
Art Unit 1805

if it would result in two patents being directed toward the same

patentable invention, (see MPEP 2308.03).

Should Applicant desire to set up an interference with U.S.

Patent No. 4,806,524, Applicant should make claim 1 of the patent

as well as any other claims which find support in the

Application, (see MPEP 2305).

The prior art made of record and not relied upon is

considered pertinent to applicant's disclosure.

Kawaguchi (A) teaches pharmaceutical compositions consisting

of erythropoietin and human serum albumin.

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Brian R.
Stanton telephone number is (703) 308-2801.

Any inquiry of a general nature or relating to the status of
this application should be directed to the Group receptionist
whose telephone number is (703) 308-0196. T

1/

...SCHWARTZ
Brian R. Stanton, Ph.D. wro^-WHS*1®"
January 23, 1993
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SERIAL NUMBER FILING DATE

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
'PL ICA.NT ATTOS N >t •

0 7/957,073 10/0 6/92 LIN

CUSHMAN, DARBY S< CUSHMAN
1100 NEW YORK AVENUE, N.W.
NINTH FLOOR
WASHINGTON* DC 2 0 0 0 5 - 3 9 1 S DATE

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

(1) j-5/l/AyJ / < • JT^^TVV (3)

(2)

F 973^7
E X SMIN F R

STANTON,B
APT UNIT ' » \ f - l (,

77- (4)

Date of interview

Type: 9'Telephonic CD Personal (copy is given to D applicant CD applicant's representative).

Exhibit shown or demonstration conducted: CD Yes "LpTMo. If yes, brief description:

/3

02/11/93

Agreement CD was reached with respect to some or all of the claims in question. fL^ was not reached.

Claims discussed: f% I

Identification of prior art discussedT^r / / p . *1, ?&t> ̂ fl*/ [A-J

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:

//AJ> r,rr-

/UP? A- V ''•=•--*• *-j

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

PTOL-413<REV. 1-84)
Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER



1.

2.

3.

4.

5.

A..._

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
NT APPLICATION of (Our Deposit Account No. 03-3975
: LIN (Our Order No. 404 / 97327

C# / (Old) M#

Appln. No. 0 7 /957.073
series code t t serial no.

Filed: October 6, 1992

•fitf?: PRODUCTION OF ERYTHROPOIETIN

Group Art Unit: 1805

Examiner: Nolan, S.

Date: August 2. 1993

PETITION FOR EXTENSION OF TIME FOR COPENDENCY*

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

RECEIVED
m 1 9 1993

GROUP
Applicant hereby petitions to extend the life of this application to and through at least the

above date so as to copend with a continuing application. The requisite extension fee is enclosed.

The original due date in the subject application was May 2. 1993

Extension fee required (Large/Small Entity: 1 mo. $110/$55 (code 115/215);

2 mos. S360/$180 (code 116/216);

3 mos. $840/$420 (code 117/217);

4 mos. $1.320/$660 (code 118/218)):

Enter any previous extension fee paid since last Action -subtract

CHECK ATTACHED FOR FEE OF

Small Entity verified statement filed [ ] herewith [ ] previously.

Please charge any missing or inadequate fee re this petition to our Deposit Account/Order Nos.

shown in the heading hereof for which purpose a duplicate copy of this sheet is attached.

$
.

$

840.00

0.00

840.00

Atty/Sec:WTS/HDD/kpc
1100 New York Avenue, N.W.
Ninth Floor
application
Washington, D.C. 20005-3918
(202) 861-3000

CDC-111 6/93

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

^Atty: Watston T. Scott .Reg. No. 26,581

Fax: (202) 822-0944
,Tel.: (202) 861 -3067

*NOTE: This paper must be headed in the parent •;

of and filed in duplicate and separately from
Rule 60, 62, continuation, division or CIP papers,
with separate postcard.

1 117 840.00 CK



PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1,1992

Application or Docket Number

9S7073

FOR

BASIC FEE

TOTAL CLAIMS

INDEPENDENT CLAIMS

CLAIMS AS FILED-PARTI
(Column 1) (Column 2)

NUMBER FILED NUMBER EXTRA

t 3 minus 20 =

/ minus 3 =

•

*

MULTIPLE DEPENDENT CLAIM PRESENT

SMALL ENTITY

If the difference in column 1 is less then zero, enter "0" in column 2

RATE

X$11 =

x37=

+115=

TOTAL

FEE

$355.00

CLAIMS AS AMENDED - PART II
(Column 1) (Column 2) (Column 3)

A
LU

o
z
111

Total

Independent

CLAIMS
REMAINING

AFTER
AMENDMENT

Minus

Minus

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

PRESENT
EXTRA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

RATE

X$11«

+ 115=

(Column 1) (Column 2) (Column 3)

TOTAL
ADDIT. FEE

LU

o Total

0-92)
Independent

CLAIMS
REMAINING

AFTER
AMENDMENT

Minus

Minus

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

PRESENT
EXTRA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

RATE

x$11 =

x37=

+ 115=

(Column 1) (Column 2) (Column 3)

TOTAL
ADDIT. FEE

Z

w
o
UJ

Total

Independent

CLAIMS
REMAINING

AFTER
AMENDMENT

Minus

Minus

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

PRESENT
EXTRA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

RATE

x$11 =

X37=

+115=

ADDI-
TIONAL

FEE

ADDI-
TIONAL

FEE

ADDI-
TIONAL

FEE

OR

OR

OR

OR

OR

OTHER THAN
SMALL ENTITY

RATE

X$22=

x74=

+230=

OR TOTAL

FEE

$710.00

777)
SMALL ENTITY OR

OTHER THAN
SMALL ENTITY

OR

OR

OR

OR

RATE

X$22=

X74=

+230=

ADDI-
TIONAL

FEE

OR TOTAL
ADDIT. FEE

OR

OR

OR

OR

RATE

x$22=

x74=

+ 230=

OR
A

R
ADDIT. FEE

ADDI-
TIONAL

FEE

OR

OR

OR

OR

RATE

x$22=

x74=

+230=

ADDI-
TIONAL

FEE

OR TOTAL
ADDIT. FEE I

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. TOTAL
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". ADDIT. FEE
" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3",

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875
(Rev.10-92) Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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SEQ.δ DATE DESCRIPTION

1 07 May 1997 Claim Preliminary Amendment
2 07 May 1997 Drawing Preliminary Amendment
3 20 Jun 1995 Claim Preliminary Amendment
4 20 Jun 1995 Drawing Preliminary Amendment
5 20 Jun 1996 Claim Preliminary Amendment
6 20 Jun 1996 Drawing Preliminary Amendment
7 01 Dec 1994 Claim Preliminary Amendment
8 01 Dec 1994 Drawing Preliminary Amendment
9 20 Jul 1999 Workflow - File Sent to Contractor

10 03 Nov 2000 Case Found
11 03 Nov 2000 Termination of Official Search
12 26 Oct 2000 Official Search Conducted
13 26 Oct 2000 Case Reported Lost
14 07 May 1997 Initial Exam Team nn
15 02 Jun 2000 Case Found
16 01 Jun 2000 Case Reported Lost
17 19 May 2000 Case Found
18 18 May 2000 Official Search Conducted
19 16 May 2000 Case Reported Lost
20 21 Apr 2000 Official Search Conducted
21 11 Apr 2000 Case Found
22 15 Mar 2000 Official Search Conducted
23 09 Mar 2000 Case Reported Lost
24 15 Feb 2000 Case Reported Lost
25 14 Feb 2000 Termination of Official Search
26 08 Feb 2000 Official Search Conducted
27 13 Jan 2000 Official Search Conducted
28 04 Jan 2000 Case Reported Lost
29 29 Dec 1999 Case Reported Lost
30 21 Sep 1999 Recordation of Patent Grant Mailed
31 10 Sep 1999 Issue Notification Mailed
32 07 Jun 1999 Workflow - Incoming Correspondence - Begin
33 07 Jun 1999 Issue Fee Payment Verified
34 28 May 1999 Mail Notice of Allowance
35 28 May 1999 Notice of Allowance Data Verification Completed
36 24 May 1999 Case Docketed to Examiner in GAU
37 12 May 1999 Terminal Disclaimer Approved in TC
38 28 Apr 1999 Terminal Disclaimer Filed
39 28 Apr 1999 Information Disclosure Statement (IDS) Filed
40 28 Apr 1999 Information Disclosure Statement (IDS) Filed
41 28 Apr 1999 Amendment/Argument after Notice of Appeal
42 07 May 1997 Change in Power of Attorney (May Include Associate POA)
43 20 Jun 1996 Correspondence Address Change
44 31 Jan 1996 Miscellaneous Incoming Letter
45 20 Jun 1995 Change in Power of Attorney (May Include Associate POA)
46 24 Mar 1995 Interference Initial Memo Disposal
47 03 Mar 1995 Date Forwarded to Examiner
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SEQ.δ DATE DESCRIPTION
48 02 Mar 1995 Supplemental Response
49 01 Mar 1995 Examiner Interview Summary Record (PTOL - 413)
50 23 Dec 1994 Date Forwarded to Examiner
51 01 Dec 1994 Response after Non-Final Action
52 01 Dec 1994 Request for Extension of Time - Granted
53 01 Dec 1994 Correspondence Address Change
54 01 Jun 1994 Mail Non-Final Rejection
55 31 May 1994 Non-Final Rejection
56 13 Jan 1994 Examiner Interview Summary Record (PTOL - 413)
57 11 Jan 1994 Date Forwarded to Examiner
58 10 Jan 1994 Amendment after Final Rejection
59 23 Nov 1993 Examiner Interview Summary Record (PTOL - 413)
60 05 Oct 1993 Mail Final Rejection (PTOL - 326)
61 01 Oct 1993 Final Rejection
62 02 Aug 1993 Preliminary Amendment
63 17 Sep 1993 Case Docketed to Examiner in GAU
64 13 Sep 1993 Application Captured on Microfilm
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 Assignment: 1 / 1
Reel / Frame: 010240/0107 Recorded: 09/14/1999 Pages in document: 3

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Assignor: Kirin-amgen Inc. Exec. Dt: 06/17/1999

Assignee: AMGEN INC.

ONE AMGEN CENTER DRIVE

THOUSAND OAKS, CALIFORNIA 91320

Correspondent: BELL, BOYD & LLOYD

DANTE J. PICCIANO

P.O. BOX 1135

CHICAGO, IL 60690-1135
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IN-THE UNITED
REQUEST FCa FILE

W. 0 0
STATES I INT AND TRADEMARK OFFICE
WRAPPER CONTINUING APPLICATION UNDER ,7 CFR 1,

HOCA
PATENT

APPLICATION
62 Page 1 of

The Hon. Commissioner of Patents
arid Trademarks

(RULE 62)
For Design or Utility Applications

Prior Application:
Group Art Unit:_ 1805

Examiner: Nolan. S.
202986 /D-155-CIP3-CIC

lest for filing a

Atty Dkt:_
new M# / Client Ref.

(Our Deposit Account No. 03-3975
(Our Order No. 404 7202986

Date:
C# / new M#

August 2. 1993
[ ] divisl
[XXX] continuation (Exr. NOTE: any election in parent as to species/restriction requirement:

[ ] is carried over with traverse) [ ] is not carried over)
[ ] continuation-in-part without new Declaration (Rule 53(d)) [ ] without fee
[ j continuation-in-part (with new Declaration attached hereto)

of prior copending parent Application No. 0 7 7957,073 ,
series code t t serial no.

filed on October 6. 1992 ., entitled PRODUCTION OF ERYTHROPOIETIN

by the following named inventor(s) who is/are [XXX] the same as, [ ] less than all of (see Item 17),

[ ] more than (for CIP only), those named in that parent application:

1. Inventor Fu-Kuen LIN United States
First Middle Initial Family Name Country of Citizenship

Residence (City) Thousand Oaks (State/Foreign Country) California (°./f~

Post Office Address 438 Thunderhead Street

(include Zip Code) Thousand Oaks. CA 91360
2. Inventor

First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address

(include Zip Code)
3. Inventor

First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address

(include Zip Code)
4. Inventor

First Middle Initial Family Name Country of Citizenship

Residence (City) (State/Foreign Country)

Post Office Address__

(include Zip Code)_

NOTE: FOR ADDITIONAL INVENTORS, check box [ ] and attach sheet with same information for each inventor starting with
inventor No. 5 and number new page 1A.

1. [ ] INFORMATION DISCLOSURE STATEMENT: Attached is Form PTO-1449 listing all of the documents cited by Applicant
and the PTO in the parent application(s) relied upon under 35 USC 120 and referenced in item 9 below. Per Rule 98(d) copies
of those documents are not required now. Please consider those documents and advise that they have been considered in
this new application as by returning a copy of the enclosed Form PTO-1449 with the Examiner's initials in the left column per
MPEP 609.

CDC-110 6/93



Page 2 of 4

2. Requirement of Rule 62: Rule 62 filings are to be used only when the issue fee has not been paid (except as noted below)
in the jabove-identified prior application nor that application abandoned or its proceedings terminated. This Rule 62 filing will
be considered by the PTO as an express abandonment of that prior application except when this Rule 62 filing is pursuant to
Rule 313(b)(5), i.e., when the issue has been paid in the prior application and a petition filed to abandon that application to
permit an IDS to be considered in this Rule 62 application. (Note: 37 CFR 1.60 (Rule 60) may be used for applications where

.the prior application is not to be abandoned.)

2a. [ ] The issue fee has been paid in the parent, but this Rule 62 Request follows a Rule 313(b)(5)
petition, and per 1138 OG 40 waiver is respectively requested of that part of Rule 62 which
prohibits use of the rules to file an FWC after payment of the issue fee.

3. [ ] Priority is claimed under 35 U.S.C. 119/365 based on filing in of:
(country)

Application No. Filing Date Application No. Filing Date

(1) (4)
(2) (5)
(3) (6)

a. [ ] (No.) Certified copy/copies attached.
b. [ ] Certified copy/copies previously filed on in prior

U.S. Application No. 0 / , filed on .
series code T t serial no.

c. [ ] Certified copy/copies filed during International stage of PCT/ / .
d. [ ] Priority is also claimed from PCT/ /_ filed

4. [ ] The prior application is assigned of record to .

by Assignment recorded Reel Frame
Date

5. [ ] Attached is an Assignment Cover Sheet.
Please return the recorded Assignment to the undersigned.

6. [XXX] The power of attorney in the prior application is to CUSHMAN, DARBY & CUSHMAN
Watson T. Scott 26.581

(Name, Reg. No.)
the address of whom is in item 8.

7. [ ] Recognize as associate attorney

(Name and Reg. No.; Address as in item 8 unless otherwise indicated)

8. Address all future communications to Cushman, Darby & Cushman, Ninth Floor, 1100 New York Avenue, N.W.,
Washington, D.C. 20005-3918.

9. Amend the specification by inserting before the firstjjne (in place of any comparable insert previously requested in any prior
application) the sentence: f=TnTsTs~a " "

[ ] continuation-in-part (CIP) [XXX] continuation [ ] division

of Application No. 07 7957,073 , filed on October 6, 1992 / , which was
series code t t serial no. / .

abandoned upon the filing hereof which is a continuation of Appln. No. 07/609.741, filed November 6. 1990, n-

10. [ ] (No.) Verified Statement(s) establishing "small entfty" status uhder Rules 9 and 27
a. [ ] filed in a
b. [ ] attached.
a. [ ] filed in above prior application (and hence applicable hereto) c\\2.W j> ' " -p

/ & e,w «

CDC-110 6/93
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11. Requirement of Rule 62: It is understood that secrecy under 35 U.S.C. 122 is hereby waived to the extent that if
information or access is available to any one of the applications in the file wrapper of a 37 CFR 1.62 application, be it either
this application or a prior application in the same file wrapper, the Patent and Trademark Office may provide similar
information or access to all the other applications in the same file wrapper.

12. Petition to extend the life of the above prior application to at least the date hereof

NOTE: (One box) [XXX] is being concurrently filed in that prior application (Use Form CDC-111).
(must be) [ ] was previously filed in that prior application (Check length of prior extension).
(X'd) [ ] is not necessary for copendency ( double check before Xing this box).

13. [ ] Please enter the amendment previously filed on
but unentered in the above prior application.

14. [ ] Attached:
[ ] 1 set informal;

_sheet(s) per set of drawing of Fig(s)_
[ ] formal of size: [ ] A4 [ ] 13" [ ] 14"

15.

16.

17.

1.
3.

[ ] PRELIMINARY AMENDMENT to be entered before fee calculation (Do.not make amendments here except
cancellation of whole claims or multiple dependencies for purpose of reducing the filing fee per MPEP §§ 506
and 607; do .not cancel all claims.):

[ ] Attached is a Rule 103(a) Petition to Suspend Action

Petition is hereby made requesting deletion as inventor(s) of the following who is/are not inventor(s) of the invention being
claimed in this Rule 62 application:

2.
4.

18. [ ] This Rule 62 application is a continuation-in-part which discloses and claims additional matter and the amendments
in attached Amendment are to be considered an integral part of the CIP ab initio.

a. [ ] New Declaration is attached.
b. [ \ This application is also filed under Rule 53(d) (without a Declaration) and hence filing fee is not enclosed.

FILING FEE
THE FOLLOWING FILING FEE IS BASED ON THE CLAIMS

EXISTING IN THE PRIOR APPLICATION AS AMENDED AT 13 AND 15 ABOVE

19. Basic filing fee

20. Basic filing fee

see box 10 re: Large/Small Entity

Design Appln. - - $290/$145

21. Total Effective Claims
22. Independent Claims 1

minus 20
minus J3

• Not Design Appln. - - $710/$355 $ 710,00

_0 X $22/$11 = + 0
0

X $22/$11 = +.
X $74/$37 = +'_ 0

If answer is zero or less, enter "0"
23. If any proper (ignore improper) multiple dependent claim is present, add $230/$115 + 0_

24. TOTAL FILING FEE = $ 710.00

25. If "assignment" box 5 above is X'd, add recording fee ($40.00) + p_

26. If "petition" box 16 above is X'd, add petition fee ($130.00) + 0_

27.

Fee
Code
(106/206)

(101/201)

(103/203)

(102/202)

(104/204)

(581)

(122)

FEE ATTACHED = $ 710.00

CDC-110 6/93



(carry forward to line 36)
28. [ ]- Preliminary Amendment attached (to be entered after assigning Appln. No.).

(Do NOT X box 28 or 29 for CIP Amendment. See box 18)
29. [ ] The following PRELIMINARY AMENDMENT is to be entered after assigning Appln. No.:

30. fxxx] ATTACHED: COPY OF PTO FORM-892

Page 4 oi

31.

Claims
remaining
after
amendment

ADDITIONAL FEE CALCULATION FOR
PRELIMINARY AMENDMENT

PER BOXES 28/29

Highest
number

previously Present Additional
paid for Extra Fee

Large/Small Entity

32. Total Effective Claims

33. Independent Claims

minus **

minus ***

$22/$11 =

$74/$37 =

34. If amendment enters proper multiple dependent claim(s) into this application for the
first time. add $230/115 (per application)

35.

36.

37.

ADDITIONAL FEE

plus FEE from item 27 on page 3

TOTAL FEE ATTACHED

$

+

$

$

0

0

0

0

710

710.

.00

00

Fee Code

(103/203)

(102/202)

38.*lf the entry in the first space is less than entry in the middle space, the "Present Extra" result is "0".

39.**lf the "Highest number previously paid for" (see item 21 above) is less than 20, write "20" in this space.

4O.***lf the "Highest number previously paid for" (see item 22 above) is less than 3, write "3" in this space.

41. CHARGE STATEMENT The Commissioner is hereby authorized to charge any fee specifically authorized hereafter, or any missing or insufficient fee(s) filed,
or asserted to be filed, or which should have been filed herewith or concerning any paper filed hereafter, and which may be required under Rules 16-18
(missing or Insufficient fee only) now or hereafter relative to this application and the resulting Official document under Rule 20, or credit any overpayment, to
our Account/Order Nos. shown in the heading hereof for which purpose a duplicate copy of this sheet is attached.

This CHARGE STATEMENT does not authorize charge of the Issue fee until/unless an Issue fee transmittal form is filed.
CUSHMAN, DARBY & CUSHMAN

1100 New York AvenuerN.W. 3^-^
Ninth Floor (t-j BvAftv: Watson T. Scott Reg. No. 26.581

Washington, D.C. 20005-3918 ~ r\S~\ S) ^Sfaff ~~~~
Tel: (202)861-3000 / / / (// J// ~jr Fax:(202)822-0944
Atty/Sec:WTS/HDD/kpc ^\^-./ti^4^y\)^_J^M^C^ Tel.: (202) 861-3067
NOTE: File this Request in duplicate with 2 postcard receipts (CDC-103) & attachments.

CDC-110 6/93



IN THE
In re PATENT APPLICATION
Lnventor(s): LIN

Appln. No. 0 7 /957.073
series code t t serial no.

Filed: October 6, 1992

Title: PRODUCTION OF ERYTHROPOIETIN

TENT AND TRADEMARK OFFICE
(Our Deposit Account No. 03-3975
(Our Order No. 404 / 97327

C# / (Old) M#

Group Art Unit: 1805

Examiner: Nolan, S.

Date: August 2. 1993

PETITION FOR EXTENSION OF TIME FOR COPENDENCY*

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Str:
m 19 m5

GROUP ifcuo
Applicant hereby petitions to extend the life of this application to and through at least the

above date so as to copend with a continuing application. The requisite extension fee is enclosed.

1. The original due date in the subject application was May 2. 1993

2. Extension fee required (Large/Small Entity: 1 mo. $110/$55 (code 115/215);

2 mos. $360/$ 180 (code 116/216);

3 mos. $840/$420 (code 117/217);

4 mos. $1.320/$660 (code 118/218)):

3. Enter any previous extension fee paid since last Act ion— -subtract

4. CHECK ATTACHED FOR FEE OF

5. Small Entity verified statement filed [ ] herewith [ ] previously.

Please charge any missing or inadequate fee re this petition to our Deposit Account/Order Nos.

shown in the heading hereof for which purpose a duplicate copy of this sheet is attached.

$

$

840.00

0.00

840.00

Atty/Sec:WTS/HDD/kpc
1100 New York Avenue, N.W.
Ninth Floor
application
Washington, D.C. 20005-3918
(202) 861-3000

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

Watston T. Scott

Sig:

_Reg. No. 26.581

Fax: (202) 822-0944
Jlel.: (202) 861-3067

*NOTE: This paper must be headed In the parent

of and filed in duplicate and separately from
Rule 60, 62, continuation, division or CIP papers,
with separate postcard.

CDC-111 6/93
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* A copy of this reference is not being furnished with this office action.

(See Manual of Patent Examining Procedure, section 707.05 (a).)
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UNITED 5TATM DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address : COMMISSIONER OF PATENTS AND TRADEMARKS

•. - Washington, D.C. 20231

SERIAL NUMBER FILJNG DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO.

08/100,197 '08/02/93 LIN

STANTDWrfi
EXAMINER

18M2/1005
CUSHMAIM,.DARBY & CUSHMAN
NINTH FLOOR
1100 NEW YORK AVENUE, N.W.
WASHINGTON, I-'C 20005-3918

This is a communication from the examiner In charge of.your application.
COMMISSIONER OF PATENTS AND TRADEMARKS"

ART UNIT PAPER NUMBER

1804

B^RespResponsive to communication filed onD This application has been examined

A shortened statutory period for response to this action is set to avpira f H/2ZBL&.) month(s),.

Faliure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

This action is made final.

A •from the date of this letter.

/ ' • . .

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. CD Notice of References Cited by Examiner,.iPTO-892. - » -

3; • Notice ofcArt Cited by Applicant, P.TO-1449. - -»

5. [H Information on How to Effect Drawing Changes, PTO-1474.

Part II SUMMARY OF ACTION

^ 6 J - (D3

2m D Notice re Batent Drawing, PTO-948. -.- »-

4. - Q Notice of jrtfoFrnaliPatenf Application, Berm PTO-t52.

e. n " : ,

are pending in the application.

Of the above, claims

2. D Claims , , : .

3. D Claims , _ _ _ ^ _ _ _ ,

4. EKciaims fo / —"<& 3 ;

5. • Claims . .

6. D Claims : .

, j ' ;• 7.. 0^ThlaLappllcation has.been filed«with Informal drawings under 37 C.F.R.; 1.85 which ars.acceptable for examination purposes.

are withdrawn from consideration.

have been cancelled.

are allowed.

are rejected.

are objected to. '

are subject to restriction or election requirement.

8. L I Formal drawings are required In response to this Office action.

9., EH The corrected or substitute drawings have been received on .. Under 37 C.F.R. 1.84 these drawings

are Q acceptable. CD not acceptable (see explanation or Notice re Patent Drawing, PTO-948).

10. i D The proposed additional or substitute sheet(s) of drawings, filed on .

examiner. O disapproved by the examiner (see explanation).

. has (have) been Q approved by ther

11. CD The proposed drawing correction, filed on . _, has been D approved. D disapproved (see explanation).

12. Q Acknowledgment ismade of the claim for priprltyrunder U.S.Ci 119;The certified copy-has-3? D t beert received Q not beerfreeeived,

D been filed In parent application, serial,no,i • ^ _̂ _ ; filed on •• - ^ J L , :

13. D Since this application appears to be in condition for allowance except for formal matters/prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayie, 1935 CD. 11; 453 O.G. 213.

14. • Other

EXAMINER'S ACTION
PTOL-326 (Rev. 9-89)



Serial No. 08/100,197 -2-
ArtUnit 1804

This Application is a Continuation of Application No. 07/957,073, filed 10/6/92, now abandoned,

which is a Continuation of Application No. 07/609,741, filed 11/6/90, now abandoned, which is a

Divisional of Application No. 07/113,179, filed 10/23/87, now pending, which is a Continuation of

Application No. 06/675,298, filed 11/30/84, now U.S. Patent No. 4,703,008, which was a Continuation-

in-Part of Application No. 06/561,024, filed 12/13/83, now abandoned, and a Continuation-in-Part of

Application No. 06/582,185, filed 2/21/84, now abandoned, and a Continuation-in-Part of Application No.

06/655,841, filed 9/28/84, now abandoned.

Claims 61-63 are pending in the instant Application.

The disclosure remains objected to because of the following informalities:

The instant specification does not contain a brief description of the drawings.

On Page 32 at line 35, "Springs" should read as "Spring".

On Page 106, the title should be deleted from the separate page containing the abstract.

Appropriate correction is required.

35 U.S.C. § 101 reads as follows:

"Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter or any new and useful improvement thereof, may obtain a patent
therefore, subject to the conditions and requirements of this title".

Claims 61-63 remain rejected under 35 U.S.C. § 101 because the claimed invention is directed

to non-statutory subject matter for reasons of record elaborated in the Office Action mailed 2/2/93

(Paper No. 12 of parent Application No. 07/957,073).

The ambiguity of the language used in independent Claim 61 results in the claims reading on

human blood, a product of nature, which represents non-statutory subject matter. Correction of the

language of Claim 61 as indicated below in the rejections based on 35 USC §112, second paragraph

would be remedial.

Claims 61-63 remains rejected under 35 U.S.C. § 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as the



Serial No. 08/100,197 -3-
ArtUnit 1804

invention for reasons of record elaborated in the Office Action mailed 2/2/93 (Paper No. 12 of parent

Application No. 07/957,073).

In the Amendment filed 11/6/90 (Paper No. 2), Applicant submitted the instant claims (which are

the sole claims remaining the instant Application). Applicant remarks on Page 9 of said Amendment

that the newly added Claim 61 only differs from the "Chugai Patent claim 3 [by] the omission of the

immaterial phrase which recites the mixing of the erythropoietin ("EPO") [with]...human serum

albumin...". The Examiner disagrees that the indicated phrase is immaterial because the instantly

pending claim currently reads on naturally occurring EPO present in circulating human blood.

Modification of the instant Claim to reflect the "hand-of-man" in the preparation of the claimed

composition would be remedial.

This Application contains claims which conflict with the claims of U.S. Patent No. 4,806,524.

Although the instant Application has an effective U.S. filing date earlier than that of the conflicting

patent, the instant Application may not issue if it would result in two patents being directed toward the

same patentable invention, (see MPEP 2308.03).

This is a continuation of applicant's earlier application S.N. 07/957,073. All claims are drawn to

the same invention claimed in the earlier application and could have been finally rejected on the

grounds or art of record in the next Office action if they had been entered in the earlier application.

Accordingly, THIS ACTION IS MADE FINAL even though it is a first action in this case. See M.P.E.P.

§ 706.07(b). Applicant is reminded of the extension of time policy as set forth in 37 C.F.R. § 1.136(a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL ACTION IS SET TO
EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION. IN THE EVENT A FIRST
RESPONSE IS FILED WITHIN TWO MONTHS OF THE MAILING DATE OF THIS FINAL ACTION
AND THE ADVISORY ACTION IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MONTH
SHORTENED STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE



Serial No. 08/100,197 -4-
ArtUnit 1804

ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT TO 37
C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE MAILING DATE OF THE ADVISORY ACTION.
IN NO EVENT WILL THE STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX
MONTHS FROM THE DATE OF THIS FINAL ACTION.

The Group and/or Art Unit location of your application in the PTO has changed. To aid in
correlating any papers for this application, all further correspondence regarding this application should
be directed to Group Art Unit 1804.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to Brian R. Stanton telephone number is (703) 308-2801.

Any inquiry of a general nature or relating to the status of this application should be directed to
the Group receptionist whose telephone number is (703) 308-0196.

Brian R. Stanton, Ph.D.
September 21, 1993 f

JACQUELINE STONE
PRIMARY EXAMINER

ART UNIT ie
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231
SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO.

A R T UNIT

EXAMINER

| PAPER NUMBER

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

(1) <3L

(4).

Date of interview / /

Type: US-Telephonic • Personal (copy is given to • applicant • applicant's representative).

Exhibit shown or demonstration conducted: D Yes C9*floT If yes, brief description:

Agreement D was reached with respect to some or all of the claims in question. H w a s not reached.

Claims discussed: ( o f *~ 6 -3

Identification of prior art discussed:

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1 - 7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

D It is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

PTOL-413(REV. 1-84)
Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAR OF FILE WRAPPER

*U.S.GPO:1992-0-329-284



RE
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of

LIN, Fu-kuen

I £~x Appln. No. 08/100,197

Filed: August 2, 1993

Y - Title: PRODUCTION OF ERYTHROPOIETIN

Group Art Unit: 1804

Examiner: Stanton, B

HAND CARRY

December 20, 1993

AMENDMENT UNDER RULE 1.116

Honorable Commissioner of
Patents and Trademarks

Washington, D.C. 2 0231

Sir:

This is in response to the Final Rejection of October 5,

1993 in the above-identified application. Reconsideration of

this application and entry of the following amendments are

respectfully requested.

IN THE SPECIFICATION:

Page 32, line 35, substitute "Spring" for "Springs".

Page 106, line 2, delete the title in parenthesis.



LIN — Appln. No. 08/100,197

IN THE CLAIMS;

Claim 61, line 2, substitute —preparation— for

"composition".

Claim 62, IJ^ne 1, substitute —preparation— for,

"composition",

REMARKS

Reconsideration of this application and entry of the

foregoing amendments are earnestly solicited.

The above amendments have been offered in an effort to fully

respond to the points noted by the Examiner in the outstanding

Official Action as more fully discussed between the undersigned

and Examiner Stanton during a telephone interview on November 23,

1993.

THE REJECTIONS

Specifically, in the Official Action the Examiner has

rejected claims 61-63 under 35 USC 101 alleging that the

invention is directed to non-statutory subject matter. It is the

Examiner's opinion that the claims as presented read on human

blood. While Applicant respectfully disagrees, the foregoing

amendments have been offered in an effort to expedite the

prosecution of this case and move forward with an interference as

requested herein with U.S. Patent No. 4,806,524.



LIN — Appln. No. 08/100,197

Claims 61-63 also stand rejected under 35 USC 112, second

paragraph as allegedly failing to particularly point out and

claim the subject matter as set forth in a prior Official Action

in the parent application. Again, while Applicant respectfully

disagrees with the Examiner's reasoning, the modification of

claims has been offered to remove the basis of rejection. It

should be noted, however, that claim 63 by its specificity of

recombinant EPO cannot possibly read on human blood.

Accordingly, the rejections as to claim 63 cannot be sustained

under any circumstances.

THE SPECIFICATION

The Examiner's objection to the disclosure is believed to be

mooted by the proposed corrections to pages 3 2 and 106.

REQUEST FOR INTERFERENCE

Pursuant to the provisions to 37 CFR §1.607, request is

hereby made that an interference be declared with all of the

claims (claims 1 and 2) of U.S. Patent No. 4,806,524 (the "'524

patent") cited by the Examiner in the Official Action of February

2, 1993 of the parent application. It is requested that an

interference be declared between each of the patent claims 1 and

2 and claims 61-63 of the present application. It is suggested

that the proposed count be essentially the '524 claim 1 with the



LIN — Appln. No. 08/100,197

omission of the term "protein stabilizers". Thus, the count

would read as follows:

PROPOSED COUNT

An erythropoietin preparation containing one or more

selected from the group consisting of bovine serum albumin,

human serum albumin and gelatin.

The proposed count is identical to the '524 claim 1 with the

omission of the'immaterial phrase "protein stabilizers" which is

not viewed as a limitation to the claim. This language is not in

any sense viewed as patentably significant.

As will be evident, the proposed count is at least as broad

as the broadest patent claim and thus consistitutes a proper

basis for interference.

Claims 1 and 2 of the '524 patent and Lin claims 61-63

should be designated as corresponding to the count.

For reasons set forth in Applicant's submission of November

6, 1990 in the parent application, the claimed subject matter

herein is entitled to the basis of prior applications dating back

to Serial No. 561,024, filed December 13, 1983 and now abandoned.



LIN — Appln. No. 08/100,197

Entry of the foregoing amendments together with a prompt

declaration of interference is respectfully solicited, the

Applicant reserving his right to bring any motions and/or take

any further action in the interference, once declared as may be

deemed proper under the rules.

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

By:
Watson T. Scott
Reg. No. 26,581
Tel. (202) 861-3067

WTS/kpc

Ninth Floor
1100 New York Avenue, N.W.
Washington, D.C. 20005-3918
Tel. (202) 861-3000



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of

LIN, Fu-kuen

Appln. No. 08/100,197

Filed: August 2, 1993

Title: PRODUCTION OF ERYTHROPOIETIN

Group Art Unit: 1804

Examiner: Stanton, B.

CD

cz o

m

HAND CARRY

December 20, 1993 c<>

AMENDMENT UNDER RULE 1.116

Honorable Commissioner of
Patents and Trademarks

Washington, D.c: 20231

Sir:

This is in response to the Final Rejection of October 5,

1993 in the above-identified application. Reconsideration of

this application and entry of the following amendments are

respectfully requested.

IN THE SPECIFICATION:

Page 32, line 35, substitute "Spring" for "Springs".

Page 106, line 2, delete the title in parenthesis.



LIN — Appln. No. 08/100,197

IN THE CLAIMS;

Claim 61, line 2, substitute —preparation— for

"composition".

Claim 62, line 1, substitute —preparation— for

"composition".

REMARKS

Reconsideration of this application and entry of the

foregoing amendments are earnestly solicited.

The above amendments have been offered in an effort to fully

respond to the points noted by the Examiner in the outstanding

Official Action as more fully discussed between the undersigned

and Examiner Stanton during a telephone interview on November 23,

1993.

THE REJECTIONS

Specifically, in the Official Action the Examiner has

rejected claims 61-63 under 35 USC 101 alleging that the

invention is directed to non-statutory subject matter. It is the

Examiner's opinion that the claims as presented read on human

blood. While Applicant respectfully disagrees, the foregoing

amendments have been offered in an effort to expedite the

prosecution of this case and move forward with an interference as

requested herein with U.S. Patent No. 4,806,524.



LIN — Appln. No. 08/100,197

Claims 61-63 also stand rejected under 35 USC 112, second

paragraph as allegedly failing to particularly point out and

claim the subject matter as set forth in a prior Official Action

in the parent application. Again, while Applicant respectfully

disagrees with the Examiner's reasoning, the modification of

claims has been offered to remove the basis of rejection. It

should be noted, however, that claim 63 by its specificity of

recombinant EPO cannot possibly read on human blood.

Accordingly, the rejections as to claim 63 cannot be sustained

under any circumstances.

THE SPECIFICATION

The Examiner's objection to the disclosure is believed to be

mooted by the proposed corrections to pages 32 and 106.

REQUEST FOR INTERFERENCE

Pursuant to the provisions to 37 CFR §1.607, request is

hereby made that an interference be declared with all of the

claims (claims 1 and 2) of U.S. Patent No. 4,806,524 (the "'524

patent") cited by the Examiner in the Official Action of February

2, 1993 of the parent application. It is requested that an

interference be declared between each of the patent claims 1 and

2 and claims 61-63 of the present application. It is suggested

that the proposed count be essentially the '524 claim 1 with the



LIN ~ Appln. No. 08/100,197

omission of the term "protein stabilizers". Thus, the count

would read as follows:

PROPOSED COUNT

An erythropoietin preparation containing one or more

selected from the group consisting of bovine serum albumin,

human serum albumin and gelatin.

The proposed count is identical to the '524 claim 1 with the

omission of the immaterial phrase "protein stabilizers" which is

not viewed as a limitation to the claim. This language is not in

any sense viewed as patentably significant.

As will be evident, the proposed count is at least as broad

as the broadest patent claim and thus consistitutes a proper

basis for interference.

Claims 1 and 2 of the '524 patent and Lin claims 61-63

should be designated as corresponding to the count.

For reasons set forth in Applicant's submission of November

6, 1990 in the parent application, the claimed subject matter

herein is entitled to the basis of prior applications dating back

to Serial No. 561,024, filed December 13, 1983 and now abandoned.



LIN — Appln. No. 08/100,197

Entry of the foregoing amendments together with a prompt

declaration of interference is respectfully solicited, the

Applicant reserving his right to bring any motions and/or take

any further action in the interference, once declared as may be

deemed proper under the rules.

Respectfully submitted,

CUSHMAN, DARBY & CUSHMAN

Watson T. Scott
Reg. No. 26,581
Tel. (202) 861-3067

WTS/kpc

Ninth Floor
1100 New York Avenue, N.W.
Washington, D.C. 20005-3918
Tel. (202) 861-3000



RECEIVED

JAN 1 0 1994
RECEIPT FROM PTO FOR INDICATED ITEMS

(Do NOT Use for New or Continuing Applications of Any Kind) J : ; P 180
Use 2 postcards for all New Applns. (Cont/Div/ClP. too)

Appln. No.: 08/100.197 Atty: WTS

First Inventor: LIN Date: December 20. 1993

Matter No. 202986
ENCLOSED: RESPONSE UNDER RULE 1.116

EXPEDITED PROCEDURE
_X Amendment [XX] Cover Sheet EXAMINING GROUP: 1804 BOXAF

Completion Request for R 53(d)/60(d)/62(d)/PCT Nat.

# No. of Pages Abstract

# No. of Pages Spec and Claims

# No. of numbered Claims only co

# No. Sheets Drawings (Fig(s) 1_ to ) o £
[ ] 1 set Formal [ ] 1 set Informal -o <=>

»— - o
Declaration o ^.

Assignment [ ] Cover Sheet c^

Small Entity Declaration

Extension Petition (CDC-111)

# No. of Priority Documents

[ ] IDS including PTO-1449 [ ] cited documents [ ] search report

Issue Fee Transmittal Form PTOL-85(b) + (c)

$ -0- Fee (Check)

Other:

Current DUE DATE: January 4. 1993
(Submit single copy only)

CDC-103A 10/93



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington. D.C. 20231

SERIAL NUMBER |

nft/1 no. 19"

FILING DATE 1

? n:=!/n?/-^r-i 1 IN

FIRST NAMEID APPLICANT

F

| ATTORNEY DOCKET NO.

2O2986DJ55C1

18M2/0121
CUSHMAN, DARBY & CUSHMAN
NINTH FLOOR
1100 NEW YORK AVENUE, N.W.
WASHINGTON, DC 20005-3918

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

STANTON,

ART UNIT

IS 04

fXAMINER

1 PAPER

/

NUMBER

'9

01/21/94

(2)

I -

(4)

Date of interview _

B: fTTeleType: • Telephonic D Personal (copy is given to • applicant • applicant's representative).

Exhibit shown or demonstration conducted: • Yes Q j * 5 . If V « . brief description:

Agreement D was reached with respect to some or all of the claims in question. Q-was not reached.

Claims discussed: flyi fls iZ

Identification of prior art discussed:

Description of the general nature of what was agreed to if an agreement was reached, or any other lommeiiu: . s*^y*b/g H Zt^>

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g.. items 1 - 7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

• It is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the d a n s are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

PTOL-413 (REV 1-84)
Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

- Washington, D.C. 120231

SERIAL NUMBER FILING DATE FIRST WAMEO INVENTOR ATTORNEY DOCKET NO.

08/100,197 08/02/93 LIN 202986D155CI

18M2/0601
CU8HMAN, DARBY & CU8HMAN
NINTH FLOOR
1100 NEW YORK AVENUE, N.W.
WASHINGTON, DC 20005-3918

This is a communication from the examiner in charge of your application,
"COMMISSIONER OF PATENTS AND TRADEMARKS

"

DATE HAILED: / 94

This application has been examined Responsive to communication filed on .

A shortened statutory period for response to this action Is set to expire month(s),

Q This action is made final.

days from the date of this letter.

Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133 '

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. EKNotice of References Cited by Examiner, PTO-892. 2. 0 Notice re Patent Drawing, PTO-948.

3. D Notice of Art Cited by Applicant, PTO-1449. 4. D Notice of informal Patent Application, Form PTO-152.

5, D Information on How to Effect Drawing Changes, PTO-1474. 6. D : —

Part II SUMMARY OF ACTION

-6-31. Claims. . «reperiding in the application.

Of the above, Claims

2. • Claims.

, 3. EH Claims.

4. EKciaims.

.5. D Claims.

; . 6. T-D Claims.

7. B"Thisa

are withdrawn from consideration.

____• have been cancelled.

are allowed. •

are objected to.

are subject to restriction or election requirement..

This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. d Formal drawings are required in response to this Office action.

9. ED . The corrected or substitute drawings have been received on . .. Under 37 C.F.R. 1.84 these drawings

are D acceptable. D not acceptable (see explanation or Notice re Patent Drawing, PTO-948).

^ _ _ _ has (have) been D approved by the10. Q The proposed additional or substitute sheet(s) of drawings, filed on

examiner. EH disapproved by the examiner (see explanation).

11. X_D The proposed drawing correction, filed on . _, has been D approved. D disapproved (see explanation).

12. CH Acknowledgment is made of the claim for priority under U.S.C. 119. The certified Copy has C3 been received D not been received

L I been filed in parent application, serial no. : ; filed on : : .

13. D Since this application appears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 CD. 11; 453 O.G. 213.

14. • Other

EXAMINER'S ACTION
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This Application is a Continuation of Application No. 07/957,073, filed 10/6/92, now abandoned,

which is a Continuation of Application No. 07/609,741, filed 11/6/90, now abandoned, which is a

Divisional of Application No. 07/113,179, filed 10/23/87, now pending, which is a Continuation of

Application No. 06/675,298, filed 11/30/84, now U.S. Patent No. 4,703,008, which was a Continuation-

in-Part of Application No. 06/561,024, filed 12/13/83, now abandoned, and a Continuation-in-Part of

Application No. 06/582,185, filed 2/21/84, now abandoned, and a Continuation-in-Part of Application No.

06/655,841, filed 9/28/84, now abandoned.

The amendment after final filed 1/10/94 (Paper No. 18) has been entered. Claims 61-63 remain

pending in the instant Application.

Applicant is hereby informed that the FINALITY of the previous Office Action mailed 10/5/93

(Paper No. 16) is WITHDRAWN. Prosecution on the merits of the instantly claimed invention is herein

reopened and the following new grounds of rejection are advanced.

Claims 62 and 63 are rejected under 35 U.S.C. § 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as the

invention.

Claim 62 is vague and indefinite because it is unclear what the claimed composition is required

to be "effective" for.

Claim 63 is vague and indefinite because it is unclear as to how the recitation that the claimed

erythropoietin is "recombinant" modifies the physical erythropoietin composition. It is noted that in the

body of the paragraph bridging pages 18 and 19, the specification indicates that a "recombinant"

erythropoietin molecule may be prepared in eukaryotic cells and be fully glycosylated. Therefore, while

the claimed erythropoietin may be prepared using recombinant techniques, the product would not

necessarily distinguish over that found in nature.

The following is a quotation of 35 U.S.C. § 103 which forms the basis for all obviousness
rejections set forth in this Office action:

A patent may not be obtained though the invention is not identically disclosed or described as
set forth in section 102 of this title, if the differences between the subject matter sought to be
patented and the prior art are such that the subject matter as a whole would have been obvious
at the time the invention was made to a person having ordinary skill in the art to which said
subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.
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Subject matter developed by another person, which qualifies as prior art only under subsection
(f) or (g) of section 102 of this title, shall not preclude patentability under this section where the
subject matter and the claimed invention were, at the time the invention was made, owned by
the same person or subject to an obligation of assignment to the same person.

Claims 61-63 are rejected under 35 U.S.C. § 103 as being unpatentable over any one of Miyake

et al., 1977 (R), Takezawa et al., 1981 (B) or Takezawa et al., 1982 (C) in view of either applicant's

admission on page 87, lines 29-31 or Bock et al., 1982 (D).

The claims under instant consideration are drawn towards pharmaceutical compositions

comprising erythropoietin in combination with human serum albumin.

Miyake et al. disclose the purification of human erythropoietin derived from human urine (see

e.g. Abstract, section entitled "Experimental Procedures" and Table V). Miyake et al. further disclose

that "(e)rythropoietin is the substance that is responsible, in large part for the regulation of normal red

blood cell differentiation. Because of this function and because it may have role in replacement therapy

of some kinds of anemia, it is important to have pure erythropoietin in an amount sufficient for chemical

characterization" (page 5558, first column, first paragraph, lines 7-10).

Each of Takezawa et al. (B and C), disclose methods of purifying erythropoietin (see e.g.

Claims of each U.S. Patent and Example 3 of reference C). Note that Takezawa et al. (B) specifically

state that "erythropoietin...is a promising medicine for curing anemia" (Abstract at lines 2 and 3) and

Takezawa et al. (C) states in column 1 at lines 21-23 that "erythropoietin is a promising therapeutic

medicine in the clinic (sic) treatment of anemia or, in particular, renal anemia".

None of Miyake et al. or Takezawa et al. (B or C) disclose a composition of erythropoietin

comprising human serum albumin.

Applicant admits on page 87 at lines 29-31 that "(s)tandard diluents such as human serum

albumin" may be used in the claimed pharmaceutical compositions and therefore tacitly acknowledge

that human serum albumin was a known and accepted pharmaceutical excipient.

Bock et al., 1982 (D) teach that human serum albumin (HSA) was a known and recognized

pharmaceutical carrier and that the carrier use of HSA was established as early as 1975 (see e.g.

column 11 at lines 56-66).

Since erythropoietin was a known compound with accepted therapeutic use, one of ordinary skill

in the art at the time of the instant invention, would have been motivated to prepare pharmaceutical

compositions comprising erythropoietin. Further, since HSA was a known and accepted

pharmaceutically excipient, one would have used HSA in preparing any pharmaceutical composition.

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to

have prepared the claimed pharmaceutical compositions comprising erythropoietin and HSA.
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It should be noted that the instant specification in general and claim 63 in particular is

addressed towards the use of erythropoietin that is prepared using recombinant DNA technology.

Within the paragraph bridging pages 18 and 19 of the specification, applicant states that:

The present invention provides...isolated polypeptide products having part or all of the primary
structural conformation...and one or more of the biological properties (e.g. immunological
properties and in vivo and in vitro biological activity) of naturally occurring erythropoietin...These
polypeptides are also uniquely characterized by being the product of procaryotic or eucaryotic
host expression...of exogenous DNA sequences obtained by genomic or cDNA cloning or by
gene synthesis...Depending upon the host employed, polypeptides of the invention may be
glycosylated with mammalian or other eucaryotic carbohydrates or may be non-glycosylated.

From this quotation, it is apparent that the claimed erythropoietin (EPO) compositions read on

any erythropoietin molecule regardless of its source. In particular, the specification indicates that

glycosylated erythropoietin that exhibits the characteristic amino acid sequence and biological properties

of naturally occurring erythropoietin is envisioned. Therefore, the EPO recited in the claims reads

directly upon natural isolates and the basis of the instant rejection as explained above properly

establishes that the claimed invention would have been prima facie obvious.

This Application contains claims which conflict with the claims of U.S. Patent No. 4,806,524.

Although the instant Application has an effective U.S. filing date earlier than that of the conflicting

patent, the instant Application may not issue if it would result in two patents being directed toward the

same patentable invention, (see MPEP 2308.03).

Any inquiry concerning this communication or earlier communications from the examiner should

be directed to Brian R. Stanton telephone number is (703) 308-2801.

Any inquiry of a general nature or relating to the status of this application should be directed to
the Group receptionist whose telephone number is (703) 308-0196.

c
Brian R. Stanton, Ph.D. ELIZABETHC.WEIMAR
May 2 6 , 1 9 9 4 SUPERVISORY PATENT EXAMIKSR

ART UNIT 1S4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

n re Patent Application of

LIN, Fu-Kuen Group Art Unit: 1804

Serial No.: 08/100,197 Examiner: Stanton, B.

Filing Date: August 2, 1993

For: PRODUCTION OF ERYTHROPOIETIN

NOTICE OF CHANGE OF ADDRESS OF ASSOCIATE ATTORNEY

Honorable Commissioner
of Patent and Trademarks

Washington, D.C. 20231

Sir:

The undersigned associate attorney of record respectfully

requests that all future communications in connection with this

application be directed to the attention of the undersigned at

the following address:

Watson T. Scott, Esq.
KECK, MAHIN & CATE
P.O. Box 06110
Chicago, Illinois 0606-0110

Please direct all telephone calls to the Washington, D.C.

Office of Keck, Mahin & Cate — 202-789-3400 (Fax: 202-789-1158)

Respectfully submitted,

KECK, MAHIN & CATE

KECK, MAHIN & CATE
P.O. Box 06110
Chicago, IL 60606-0110
Washington, D.C.
Telephone: (202) 789-3400
Attorney Dkt. No.: 99999-001
Date: December 1, 1994

Watson T. Scott,
Reg. No. 26,581
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

n r©/Patent Application of

LIN, Fu-Kuen Group Art Unit: 1804

Serial No.: 08/100,197 Examiner: Stanton, B.

Filing Date: August 2, 1993

For: PRODUCTION OF ERYTHROPOIETIN

PETITION FOR EXTENSION OF TIME

Honorable Commissioner
of Patent and Trademarks ' ' " ..; ['.;

Washington, D.C. 20231

Sir:

Applicants hereby petition the Commissioner under 37 C.F.R.

§1.136(a) for a 3-month extension of time within which to file a

response to the Office Action mailed June 1, 1994. Authorization

to charge Deposit Account No. 11-0275 is found on the

accompanying transmittal letter. A duplicate of this petition is

attached.

Respectfully submitted,

KECK, MAHIN & CATE

KECK, MAHIN & CATE
P.O. Box 06110
C h i c a g o , IL 60606-0110
Washington, D.C.
Telephone: (202) 789-3400
A t t o r n e y Dkt . N o . : 99999-001
D a t e : December 1, 1994

Watson T. S c o t t ,
Reg. No. 2 6 , 5 8 1

CS14534 12/15/94 08100197 11-0275 140 117 870.00CH



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

e Patent Application of

LIN, Fu-Kuen Group Art Unit: 18 04

Serial No.: 08/100,197 Examiner: Stanton, B.

Filing Date: August 2, 1993

For: PRODUCTION OF ERYTHROPOIETIN

REQUEST FOR RECONSIDERATION

Honorable Commissioner
of Patent and Trademarks

Washington, D.C. 20231

Sir:

This is in response to the Official Action of June 1, 1994

in the above-identified application, the period for response

having been extended up to and including December 1, 1994 by

submission of the required petition and fee concurrently

herewith. Reconsideration of this application is respectfully

requested.

The 35 use §112 Rejections

Claims 62 and 63 were rejected under §112 second paragraph

for being vague and indefinite in the use of the term "effective"

and "recombinant" respectively. Applicant submits that in view

of the extensive disclosure of the specification these terms are

well-defined and understood by a person of skill in the art.

Consequently, Applicant requests the Examiner to withdraw these

rejections.
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The specification indicates several potential therapeutic

uses for the claimed invention. More particularly, the

specification at pages 86-87 recites the following:

Similarly, to the extent that polypeptide products of
the invention share the in vivo activity of natural EPO
isolates they are conspicuously suitable for use in
erythropoietin therapy procedures practices on mammals,
including humans, to develop any or all of the effects
herefore attributed in vivo to EPO, e.g., stimulation
of reticulocyte response, development of ferrokinetic
effects (such as plasma iron turnover effects and
marrow transit time effects), erythrocyte mass changes,
stimulation of hemoglobin C synthesis (see, Eschbach,
et al., supra) and as indicated in Example 10,
increasing hematocrit levels in mammals. Included
within the class of humans treatable with products of
the invention are patients generally requiring blood
transfusions and including trauma victims, surgical
patients, renal disease patients including dialysis
patients, and patients with a variety of blood
composition affecting disorders, such as hemophilia,
sickle cell disease, physiologic anemias and the like.

It is believed that these sentences from the specification

and others provide a clear and definite description of the uses

for which the claimed erythropoietin compositions would be

therapeutically effective. A person of skill in the art would

understand that the amount of erythropoietin necessary to achieve

these defined therapeutic results would vary for each use.

However, clinicians can readily determine the "therapeutically

effective" amounts for each condition, and indeed for each

patient. Applicant submits that the claim language
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"therapeutically effective amount" is commonly used in this type

of case where the product is useable to treat various conditions.

Accordingly, the term is defined and meaningful to one of skill

in the art, and the Examiner is requested to withdraw this

rejection.

As for the term "recombinant" in claim 63, the Examiner's

rejection is not understood. Certainly, the term "recombinant

erythropoietin" is clear and definite in view of the disclosure

of the specification which provides a detailed description of the

pioneering invention of Dr. Lin in cloning the genes encoding

human and monkey erythropoietin and using the cloned DNA to

produce recombinant erythropoietin.

The Examiner's explanation of the rejection of claim 63

seems to indicate that the Examiner believes the claim to be

redundant with claim 61 and not that the term "recombinant" is

vague and indefinite. It should be clear, however, that claim 61

includes pharmaceutical compositions containing erythropoietin

from various sources, e.g. urinary, recombinant, etc.

Consequently, the term "recombinant" does serve as a further

limitation to claim 61 as required for a dependent claim. It is

widely accepted that recombinant erythropoietin is different, at ,

least in the carbohydrate, from erythropoietin isolated from

urinary sources as purified by the prior art processes. As noted

by the Examiner, the specification indicates that recombinant
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erythropoietin expressed in eukaryotic cells, e.g., CHO cells,

may be fully glycosylated, but the carbohydrate chains are

different in terms of composition, structure and the overall

distribution of various glycoforms from those isolated from

urinary erythropoietin. See, e.g., Takeuchi et al., Journal of

Chemistry 262, 3657-63(1988). and Storring et al., Journal of

Endocrinology. 134, 459-484(1992), copies of which are enclosed.

Various reasons can be given for these differences including

degradation of the erythropoietin in the urine, different cell

mechanisms and materials for glycosylation between the natural

kidney cells and other cells, etc. As a result, "recombinant" is

a clear and meaningful limitation in dependent claim 63, and the

Examiner is requested to withdraw this rejection.

The 35 USC S1Q3 Rejections:

The Examiner has cited three prior references showing

various levels of purification of erythropoietin from urinary

sources and combined those with Bock and/or the present

specification. First, it should be noted that none of these

cited references (except the present specification) disclose or

even suggest the claimed compositions. Bock relates to a totally

different protein. The Examiner has in hindsight combined

references disclosing urinary erythropoietin with references

which suggest the use of HSA in general in pharmaceutical



LIN - Serial No. 08/100,197

compositions. This is improper. From the disclosure of Miyake

and the two Takezawa patents, there is no indication that a

diluent such as human serum albumin would be required to prepare

a pharmaceutical composition with erythropoietin.

Second, the Patent Office has already determined that the

claimed compositions are patentable in issuing not one but two

patents encompassing the same subject matter as presently

claimed. Both of these issued patents have priority dates well

after the priority dates of the present invention. One of these

issued patents, U.S. Patent No. 4,879,272 has already been

disclaimed in view of an interference with the present

application and the clear priority to the invention described and

claimed in the present application. A second interference must

now be declared with U.S. Patent No. 4,806,524. Applicant

respectfully submits that the claimed invention is not obvious

for the very same reasons that led to the issuance of '272 and

'524 patents. For the Examiner to take a different position now

with respect to the present invention which enjoys a much earlier

filing date is simply not sustainable.

Applicant therefor requests that the rejections be withdrawn

and an interference be entered between this application and U.S.

Patent No. 4,806,524.
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Request for Interview:

Upon receipt of this response, it is respectfully requested

that the Examiner contact the undersigned attorney for the

purpose of an interview in order to resolve the formal and prior

art rejections should the Examiner not be favorably persuaded by

the foregoing.

For the reasons set forth hereinabove, it is believed that

this application warrants the favorable reconsideration of the

Examiner and such action is respectfully solicited.

WTS/kpc

KECK, MAHIN & CATE
P.O. Box 06110
Chicago, IL 60606-0110

Washington, D.c.
Telephone: (202) 789-3400

Attorney Dkt. No.: 99999-001
Date: December 1, 1994
WTS/kpc

Respectfully submitted,

KECK, MAHIN & CATI

Watson T. Scott
Reg. No. 2 6,581



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: LIN, Fu-Kuen

Serial No. 08/100,197 Group Art Unit: 1804

Filed: August 2, 1993 Examiner: Stanton, B.

For: PRODUCTION OF ERYTHROPOIETIN

TRANSMITTAL
Honorable Commissioner of

Patents and Trademarks
Washington, D.C. 20231

Sir:

Transmitted herewith is a Request for Reconsideration, with
references, in response to the Office Action (paper no. 20) mailed
June 1, 1994, Notice of Address Change of Associate Attorney, and
Petition for Extension of Time (3-months)

Small entity status of this application under 37 C.F.R. §1.9 and 51.27 has been established by a verified
statement revlously submitted.

A verified statement to establish small entity status under 37 C.F.R. §1.9 and §1.27 is enclosed.

No additional fee is required.

The additional claims fee has been calculated as shown below:

Claims
Remaining
After
Amendment

Highest
Number
Previously
Paid For

Extra
Present

Small Entity

Rate Addit.
Fee

Other Than A
Small Entity

(or) Rate Addit.
Fee

Total 20
Indep.
First Presentation of

Multiple Dependent Claim
Total Additional Claims Fee

X
X

X

11 =
37 =

115=

$11
$38

$

.00

.00
X
X

X

22 =
74 =

230=

$0
$0

$0
$0 $0

XX Please charge Deposit Account Ho. 11-0275 In the amount of $ 87
0.00. A duplicate of this sheet is attached.

A check in the amount of $ is attached.

The Commissioner Is hereby authorized to charge payment of any additional fees associated with this
communication, including any fees for Extensions of Time which are required for entry of the attached
documents but which have not been specifically requested, or credit any overpayment to Deposit Account
No. 11-0275. A duplicate copy of this sheet Is attached.

Atty. Dkt. No. 99999-001
Date: December 1, 1994
P.O. Box 06110
Chicago, IL 60606-0110
Washington, D.C. Office
Telephone: (202) 789-3400
WTS/kpc

KECK, MAHIN & CATE

Watson T. Scott, Reg. No. 26,581



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO.

EXAMINER

ART UNIT PAPER NUMBER

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

(3)

(2) ^lAc fian.,rJi' T«rtitT L*> 677"

Date of interview

Type: CD Telephonic [3 PersonaMcopy is given to CD applicant 3-Spplicant's representative).

Exhibit shown or demonstration conducted: • Yes B*No. If yes, brief description:

Agreement D was reached with respect to some or all of the claims in question. Q^wafnot reached.

Claims discussed: At~L- <s/g"*,#I) (S, S (TH C-C, 4 *?>

Identification of prior art discussed:

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:

»r«/L

W>

M&<-& S

73 c /#ei>/s., rep .

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1 - 7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

D It is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

PTOL-4;3(REV 1-84) Examiner's Signature

ORfGINAL FOR INSERTION IN RIGHT HAENID FLAP OF HLE WRAPPER



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of

LIN Group Art Unit: 1804

Serial No.: 08/100,197 Examiner: B. Stanton

Filing Date: August 2, 1993

For: PRODUCTION OF ERYTHROPOIETIN

RECEPTIONIST
RECEIVED

AMENDMENT
MAR 2 - 1995

Honorable Commissioner
of Patent and Trademarks GROUP 1800

Washington, D.C. 20231 w u

Sir:

This is further in response to the Official Action of June 1, 1994 in the above-

identified application, a response having been filed on December 1, 1994. It is

respectfully requested that the following be considered in conjunction with the prior

response relating to the outstanding Official Action.

At the outset, counsel wishes to express his appreciation for the courtesy of

Examiners Stanton and Stone for extending an interview to the undersigned and Mr.

Stuart Watt, in-house patent counsel for Applicant on March 1, 1995.

At the interview, all of the claims 61-63, now pending, were discussed with

particular emphasis on claim 63.

In particular, the term "recombinant" was discussed in connection with the

objection raised by the Examiner at page 2 of the Official Action. Specifically, the /

Examiner has stated:
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"Claim 63 is vague and indefinite because it is unclear as to how the recitation
that the claimed erythropoietin is "recombinant" modifies the physical
erythropoietin composition. It is noted that in the body of the paragraph
bridging pages 18 and 19, the specification indicates that a "recombinant"
erythropoietin molecule may be prepared in eukaryotic cells and be fully
glycosylated. Therefore, while the claimed erythropoietin may be prepared
using recombinant techniques, the product would not necessarily distinguish
over that found in nature."

While it is believed that the term "recombinant" is well recognized by those

skilled in the art as being different from the naturally occurring substance by definition,

nevertheless the Examiner's attention is directed to the attached declaration of Dr.

Cummings which has been submitted in connection with an European opposition and

appeal proceeding relating to the corresponding Lin patent in Europe.

Dr. Cummings nicely discusses the differences between naturally occurring

erythropoietin and that produced by recombinant means. It is believed that this

discussion and the supporting documentary evidence is sufficient to warrant the

Examiner's favorable reconsideration of the terminology employed in claim 63. Such

action is respectfully solicited.
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For the reasons set forth above as well as those presented in the response of

December 1, 1994, it is believed that this application is in proper condition for

allowance and such an early and favorable reply is awaited.

Respectfully submitted

KECK, MAHIN & CATE

KECK, MAHIN & CATE
P.O. Box 06110
Chicago, IL 60606-0110
Washington, D.C.
Telephone: (202) 789-3400

Attorney Dkt. No.: 46830-001
Date:

WTS/kpc

Watson T. Scott
Reg. No. 26,581



IN THE APPEAL PROCEEDINGS AGAINST EP 148 605

OF KIRIN-AMGEN /

DECLARATION OF RICHARD D. CUMMINGS. Ph.D.

I, Richard D. Cummings, do hereby declare as follows:

1. I submit this declaration in support of EP 148 605 to Kirin-Amgen,
Inc. entitled "Production of Erythropoietin." I previously provided
oral testimony concerning this patent at the Oral Proceedings held
before the Opposition Division on November 24-25, 1992. I repeat
in this declaration the same opinions provided to the Opposition
Division concerning the differences between recombinant
erythropoietin ("rEPO") and erythropoietin derived from natural
urinary sources ("uEPO"). In addition, I have reviewed the
Statements of Grounds of Appeal submitted by the four Opponents
together with the supporting declarations and exhibits regarding the
novelty attacks on the rEPO polypeptide claims, and I respond herein
to the positions taken by the Opponents and their declarants.

2. I currently am a Professor in the Department of Biochemistry and
Molecular Biology at the Oklahoma Health Sciences Center in
Oklahoma City, Oklahoma, U.S.A. Previously, I was a Professor of
Biochemistry at the University of Georgia and Associate Director of
the Complex Carbohydrate Research Center in Athens, Georgia.
Attached hereto as Exhibit A is my curriculum vitae which provides
information on my educational and professional qualifications, my
memberships in professional organizations, awards and honors
received, and a description of the primary areas of my research.
Since 1980, my research has been focused in the field of
glycoproteins, with emphasis on the carbohydrate portion of the
protein, including the biosynthesis, structure, analysis and biological
effects of various carbohydrate structures. As shown in my



curriculum vitae, I have authored or co-authored more than 50
publications on these and related topics.

3. Summary of Opinion

3.1 Consistent with my testimony before the Opposition Division, I
submit this declaration to confirm that rEPO differs from uEPO.
These differences are found in the carbohydrate portion of the
proteins. The fact that differences exist is not surprising because it is
well known in the art that the glycosylation process in the production
of a glycoprotein is host-cell specific, i.e., each different host cell has
its own unique machinery for accomplishing glycosylation which
results in a carbohydrate unique for that host cell. Thus, when a
gene (or DNA sequence) is taken out of its natural environment and
through recombinant DNA technology is introduced into a new host
cell, which is then maintained under cell culture conditions, it is fully
expected that the recombinantly produced protein will have a
different carbohydrate than the corresponding natural protein. In
some cases, the differences may be slight, but for heavily
glycosylated proteins like EPO, the differences are detectable using
what have become standard analytical techniques. Since the
carbohydrate portion of the protein can have direct effects on the
biological properties of the protein, differences in the carbohydrate
between a recombinant protein as compared to the natural can result
in a detectable difference in biological activity.

3.2 I have read the declarations and literature references submitted by
the Opponents asserting that rEPO cannot be distinguished from
uEPO. I do not agree with these arguments or the conclusions
drawn by the declarants from the literature references. In fact, I
believe that all of the relevant references submitted by the Opponents
actually support the conclusion that the carbohydrate portion of
rEPO differs from that of uEPO. Every study conducted and
reported in the literature shows that there is some difference between
the rEPOs and uEPO. The Opponents' declarants seem to ignore
these differences in reviewing the references. Since glycosylation is



host-cell specific, the rEPOs made in different host cells will also
exhibit differences between themselves, but each rEPO is still
different from uEPO.

4. Background Discussion of Glvcoproteins

4.1 Before reviewing the relevant literature references on
erythropoietin, I believe that it might be useful to discuss in general
terms what is known about glycoproteins and particularly the
carbohydrate portion. A glycoprotein consists of a polypeptide
backbone with one or more carbohydrate side chains covalently
attached thereto. Two major classes of carbohydrate chains are
known: the so-called N-linked and O-linked oligosaccharides which
are linked to the polypeptide backbone via a nitrogen and oxygen
respectively. N-linked oligosaccharides attach to asparagine residues
found in a certain sequence in the polypeptide backbone via N-acetyl
glucosamine (GlcNAc) while O-linked oligosaccharides can attach to
serine or threonine residues via N-acetyl-galactosamine (GalNAc).

4.2 The carbohydrate side chains are termed oligosaccharides because
they are composed of monosaccharides such as mannose, GlcNAc,
galactose, fucose, GalNAc and sialic acids in covalent linkage to each
other. These oligosaccharides can have different numbers of
monosaccharides and can be present in different arrangements. For
example, the oligosaccharide chains can be branched or unbranched;
the chains can contain different numbers of monosaccharides; some
chains can have repeating subclasses called extensions; or the
monosaccharide groups can be linked either alpha or beta, thus
resulting in different spatial arrangements. The result of this
variability is microheterogeneity which simply indicates that
different forms of the glycoprotein (all of which have the same
amino acid backbone) are present. Again, these different forms are
a result of different carbohydrate structures. Attached as Exhibit B
is a figure illustrating some of the various types of oligosaccharide
chains that can be present on a glycoprotein.



4.3 The process of glycosylation of a protein is a complex interaction
between a host cell and the polypeptide backbone. The source of the
observed microheterogeneity in oligosaccharides is the mechanism
by which these structures are synthesized within the cell. In contrast
to the synthesis of the amino acid backbone which is directed by a
nucleic acid template, the biosynthesis of oligosaccharides is due to
the chance interaction of enzymes (glycosyltransferases) which attach
single sugar units to the growing oligosaccharide chain. Thus, the
structure depends on the relative levels of each glycosyltransferase
and the sequence of encounters with the oligosaccharide chain. As a
result, one might characterize glycosylation as "a hit and run
process."

4.4 Since different host cells each naturally possess different
glycosylation machinery and materials, e.g., different
glycosyltransferases, levels of glycosyltransferases, sugar
nucleotides, etc., glycosylation is host cell specific. Thus,
recombinant glycoproteins differ from their natural counterparts
because the host cells used are different cells in different
environments with different glycosylation abilities than the cells in
which the protein is produced naturally.

4.5 Another reason that recombinant glycoproteins differ in the
microstructure of the carbohydrate from the natural protein is the
processing which host cells go through in order to effectively express
the desired protein. The physiological status of the host cell is altered
by the transfection and immortalization of the recombinant host cell,
and these alterations result in a different microstructure for the
carbohydrate. In addition, cell culture conditions in recombinant
processes are different from the natural environment in the body
which influences the glycosylation process. The macrostructure of the
carbohydrate is unchanged, e.g., CHO cells continue to O- and
N-glycosylate, but changes in the host cell and its environment affect
the way in which the monosaccharides are added to the oligosaccharide
chains. Thus, even if the natural cell could be grown in culture, e.g.,
human kidney cells that express EPO, the transfection,
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immortalization and cell culture conditions would result in a
recombinant glycoprotein that is different from the natural protein.

5. The Carbohydrate of Recombinant and Urinary Ervthropoietin

5.1. Ervthropoietin is a heavily glycosylated protein with three N-linked
chains at positions Asn-24, -38 and -83, and one O-linked chain at
position Ser-126. The carbohydrate comprises about 40% by weight
of the glycoprotein and plays a role in the biological activity of the
protein. For example, it was known from Dr. Eugene Goldwasser's
work in 1974 that if the sialic acids are removed from uEPO, then
the product exhibits very low levels of in vivo biological activity.
See Goldwasser et al., J. Biol. Chem.. 249, 4202 (1974) (Tab 1).
This work provided the conclusion that the carbohydrate of EPO was
important for biological activity. It is further known today that, to a
point, higher numbers of sialic acids per molecule of EPO lead to
higher levels of in vivo biological activity. (See e.g., Imai et al.
Eur. J. Biochem. 194. 457,460 (1990)). The sialic acids are found
at the terminal end or "cap" of the oligosaccharide chains and
apparently play a role in the clearance of the protein from the body.
Sialic acids can be present in various forms, including the
predominant form N-acetyl-neuraminic acid (NANA or Neu5Ac) or
a derivative thereof such as N-glycolylneuraminic acid (NGNA or
Neu5Gc). See generally Varki et al. (Tab 2).

5.2. Several publications describe the various structures of the
oligosaccharides found in rEPO and in uEPO, see e.g., Takeuchi.
p. 3659 (Tab 3), Tsuda. p. 5649 (Tab 4), and the discussion of the
references below. (For the convenience of the reader, an index listing
is provided at the end with a full citation to the various references
cited herein.). As shown in Takeuchi and Tsuda. the N-linked chains
are composed of bi-, tri-, and tetraantennary structures with some
chains containing one or more N-acetyllactosamine extensions or
repeating units. These extensions are much more prevalent in rEPO
than in uEPO. Takeuchi. p. 3659 and Tsuda. p. 5649.



The Patent and the Literature References Demonstrate a
Difference between rEPO and uEPO

6. In view of the Opponent's arguments and the reliance placed by them
on the cited literature references, I would like to review how EP 148
605 and the literature references actually show rEPO to be different
from uEPO.

6.1 EP 148 605
First, the disclosure of EP 148 605 reports on differences between
rEPO and uEPO as evidenced by using SDS-PAGE and Western blot
analysis. SDS-PAGE is a separation technique in which proteins are
forced to migrate by an electric field through a gel of defined
porosity. The negatively charged detergent SDS binds to the
polypeptide backbone and imparts a negative charge to the protein.
The mobility of the protein through the gel is a reflection of the size
of the protein and other negative charges found on the protein such
as those contributed by sialic acids and sulfates on the carbohydrate.
Although the mobility of the protein through the gel is used for
estimating the molecular weight of a protein by comparison to the
mobility of proteins of known molecular weight, the influence of
other negative charges may modify this value for a particular
protein. Therefore, the molecular weight determined by SDS-PAGE
is indicated as "apparent". Western blot is a detection technique
which is applied to proteins separated by SDS-PAGE by using a
specific antibody to identify the protein of interest.

6.2 On page 29, lines 6-16, EP 148 605 (Tab 5) indicates that a
preliminary attempt was made to characterize rEPO expressed in
CHO cells and in COS-1 cells by comparing them to a pooled human
urinary extract using SDS-PAGE and Western blot. By these
techniques, both the CHO and COS-1 expressed rEPO showed a
higher apparent molecular weight as compared to uEPO. After
treating all three samples with an enzyme (Neuraminidase) to
remove the sialic acids, both asialo rEPOs were still larger than the
asialo uEPO. Treatment of the samples with the Endoglycosidase F



enzyme (to remove the N-linked carbohydrate) resulted in the CHO
rEPO and uEPO having "essentially identical molecular weight
characteristics." This shows that the differences seen in the
undigested samples of rEPO and uEPO were due to differences in
the carbohydrate. As discussed below, similar differences between
rEPO and uEPO were shown using SDS-PAGE analysis by several
other groups: Yanagi, p. 422 (Tab 6); Sasaki. (1987) p. 12061
(Tab 7); and Imai, p. 354 (Tab 10).

7. Storring and Gaines Das (1992) (Tab 8)

7.1 From a review of the Opposition Division's decision, I notice that the
Storring and Gaines Das article is cited by the Division, and properly
so, to support the finding of a difference between rEPO and uEPO.
This publication resulted from an international study to establish the
"International Standard for Recombinant DNA-derived
Erythropoietin" as reflected in the title. This collaborative study
compared four rEPOs provided by Amgen, Boehringer-Mannheim,
Behringwerke, and Snow Brand with urinary EPO provided by
Snow Brand (EPO A) and Chugai (EPO B). The rEPO samples
were prepared using three different host cells: Chinese hamster
ovary (CHO), baby hamster kidney (BHK), and the C127 mouse
fibroblast cell line. The uEPO samples were purified according to
methods described in Yanagawa (1984) (EPO A) and Imai (1990)
(EPO B). In addition, two serum EPO samples were studied for
charge and immunoreactivity.

7.2 The conclusion of this study was stated by the authors as follows:



Significant differences in in-vivo and in-vitro biological,
immunological and physicochemical properties were found
between these four rDNA EPO preparations and between them
and the HU EPO in the two purified preparations and in the
2nd IRP. There were also differences between the
immunoreactivities of the two serum EPO samples included in
the study, and between them and the immunoreactivities of the
purified EPOs. The differences between rDNA EPOs
appeared to be related to differences between the cells used for
their biosynthesis, but may also be the result of differences in
purification methods and inter-batch variations. (Storring.
Tab 8, p. 459).

7.3 The authors anticipated that the carbohydrate structures and the
isoform compositions might differ between the various EPO samples
due to the general proposition I outlined above, i.e., that
glycosylation is host cell specific, so that the rEPOs would differ
between themselves and that each would be different from uEPO:

"It was anticipated that the carbohydrate structures and
therefore the isoform compositions might differ
between rDNA EPO and extracted naturally occurring
EPO, between rDNA EPO synthesized in different cell
lines, between EPO produced by different laboratories
and perhaps also between batches of EPO from the same
laboratory (Storring, 1987). The glycosylation of the
translated polypeptide depends on the nature and
activities of the glycosylation systems which differ with
the cell-type (Kornfeld & Kornfeld, 1985) and with its
physiological status (Taylor & Weintraub, 1985)."
(Storring. Tab 8, p. 460).

7.4 From my review of the literature, I certainly agree with the
authors that "[t]his collaborative study provides the most
comprehensive comparison available for EPO, or any other
glycoprotein hormone, between rDNA products from
different laboratories and synthesized in different cell lines,
and between them and the extracted naturally occurring



hormone." (Stoning. Tab 8, p. 460). In fact, it is further
noted that 26 laboratories from 11 countries took part in the
study.

7.5 Storring and Gaines Das found differences between rEPO and uEPO
in terms of (1) electrophoresis and isoelectric focusing, (2) in-vivo
bioassays and (3) immunoassays. Due to these differences, the
authors suggested that a separate international standard be adopted
for rEPOs than for uEPOs. These differences are discussed briefly
below.

7.6 Isoelectric Focusing: The results of the isoelectric focusing are
shown in the gel exhibited on page 473, Figure 4. EPO-A which is a
uEPO preparation is in lane 1, rEPO preparations are in lanes 2-5,
and EPO-B which is allegedly a purified form of uEPO is shown in
lane 6. From my review of the gel, the four rEPOs are distinctly
different from the two uEPOs. EPO-A is clearly more acidic or
highly charged than the rEPOs as evidenced by the fact that it travels
further down the gel. EPO-B shows the presence of the same types
of isoforms as the rEPOs (which are delineated by each bead-like
grouping on the gel) but from the intensities of the spots on the gel,

it is readily seen that the relative amounts of each isoform, or
distribution of the isoforms, in EPO-B are different from those
present in each of the rEPOs. The authors state this very fact:

"In all preparations except EPO-A, the major and
minor components, where present in more than one
preparation, had similar isoelectric points. But, there
were also differences between all these preparations in
the proportions and/or types of EPO isoforms present.
EPO-A differed most markedly from other preparations
in containing isoforms which tended to be less discrete
and more acidic." (Storring. Tab 8, p. 473)

Based on this clear statement and on the gel itself, I do not
understand how the Opponents and their declarants can argue
that this Figure 4 shows rEPO to be identical to uEPO. In



fact, Figure 4 shows them to be different even in comparing
EPO-B to the rEPOs.

7.7 In discussing the comparison of the rEPOs and the uEPOs by
electrophoresis and isoelectric focusing, the authors agree with my
conclusion:

"IEF and/or zone electrophoresis showed differences
between the EPO isoform compositions of all six
purified EPOs and between them and the 2nd IRP.
These differences were smaller between the four rDNA
EPOs than between them and the HU EPO in EPO-A
and the 2nd IRP, which contained a greater proportion
of more acidic isoforms. (The differences between
EPO-A and EPO-B presumably reflect differences in
the methods used to isolate these preparations.) The
more acidic isoforms found in EPO-A and the 2nd IRP
appear to be more representative of those in unextracted
serum and urine. (Wide & Bengtsson, 1990; Tarn,
Coleman, Tiplady et al. 1991) than are the EPO
isoforms in EPO-B and in the rDNA EPOs. The
findings of this study together with those of Wide &
Bengtsson (1990) and Tam et al. (1991) indicate that
both extracted and unextracted human urinary EPO
contain more acidic isoforms than unextracted serum
EPO." (Storring. Tab 8, p. 474-75.)

7.8 The authors concluded that EPO-A was more representative of
uEPO because of the presence of more acidic forms which might be
expected in a protein extracted from urine. EPO-A was purified
from urine using immunoprecipitation as described by Yanagawa
(1984) (Tab 9) while EPO-B was purified as described by Imai
(1990) (Tab 10). The Imai process include steps differing from the
Goldwasser purification process as published in Miyake et al. (1977)
as well as the use of reverse phase HPLC to supposedly, further
purify the sample. From my review of the literature, I concur that
EPO-A, based on electrophoretic mobility, appears to be a better
representation of the types of isoforms in uEPO than that prepared
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by Imai. Certainly, EPO-A is closer to the type of uEPO produced
by the Miyake purification process as is confirmed by the analytical
results discussed in the Strickland declaration.

7.9 The results of the bioassays and the immunoassays also showed a
difference between rEPOs and uEPO. The findings from the
bioassays were "consistent with other reports in the literature of
significant differences in the in-vivo and/or in-vitro specific
bioactivities between HU and rDNA EPO (Recny et al., 1987; Goto
et al., 1988; Imai et al., 1990) and between rDNA EPOs synthesized
in different cell lines (Goto et al., 1988)." (Stoning, p. 476)
Similarly, the "HU EPOs differed from the rDNA EPOs in their
immunoreactivities." (Stoning, p. 476).

7.10 Stoning and Gaines Das indicated that the basis for the differences
between the activities of the rEPO and uEPO preparations was the
differences in glycosylation:

The differences in the bioactivities between these
seven preparations of rDNA and HU EPO are in turn
probably a reflection of their differing carbohydrate
structures and isoform compositions. Thus differences
in, or modifications of, the carbohydrate structure of
EPO have been shown to influence markedly its
bioactivity whether measured in-vivo or in-vitro
[citations omitted]." (Storring. p. 476).

7.11 This comprehensive study shows the results of a number of
analyses all of which indicate a significant difference in the
carbohydrate of rEPO as compared with uEPO. These
conclusions are wholly consistent with the other literature
references which are in fact cited in the Storring article.
There is simply no evidence in Storring to support the
conclusion that rEPO is identical to uEPO as argued by the
Opponents.

1 1



8. Tsudaetal d988) (Tab 4)

8.1 In this article, the authors report a comparative study of N-linked
oligosaccharides found on uEPO and rEPO. The rEPO was
prepared using a genomic clone in BHK cells while the uEPO was
prepared as described by Yanagawa et al. (1984) (Tab 9). The
authors reported that the results from BHK produced EPO "were
similar in many respects" to CHO cell produced rEPO, although
there were some differences. More importantly, the authors
"noticed, however, significant differences between uEPO and rEPO
(BHK); e.g., the tetraantennary structure with an N-
acetyllactosaminyl repeat that existed in rEPO (BHK) was barely
detectable in uEPO." (Tsuda, p. 5647). They also found that rEPO
possesses a higher content of sialic acid than uEPO. (p. 5648)

8.2 Looking at the data presented in Tsuda. Figures 1 and 2 show a
comparison of HPLC profiles between two samples of uEPO (panels
a and b) and rEPO from BHK cells (panel c). One can readily detect
the difference in HPLC profiles which is indicative of a different
structure for the BHK rEPO as compared with either uEPO
preparation. Figure 3 (p. 5649) shows the various structures of
asialo N-linked oligosaccharides and the relative amounts of each for
the two u-EPO preparations and the BHK rEPO. Again, it is
apparent that the isoform distribution is different between rEPO and
the two uEPO preparations. As illustrated, the N-acetyllactosamine
structure, Gal(61-4) GlcNAc (61-3), repeats and thereby extends the
oligosaccharide chains in rEPO while their presence was undetected
in both uEPOs. This difference was also noted by several other
groups as discussed below.

9. YanagL_et_al. (1989) (Tab 6)

9.1 This article describes an attempt to produce rEPO that contained
carbohydrate chains closely resembling naturally occurring EPO by
using a human cell line called Namalwa cells, which is a human B-
lymphoblastoid cell line, to express rEPO. Even using a human host



cell, however, the results of the study showed that rEPO was
discernibly different from uEPO. The uEPO analyzed was prepared
as described in Yanagi et al. (1987). As seen from Figure 2B, page
22, of the 1989 article, rEPO from Namalwa cells exhibited a more
diffused band with a higher molecular weight than did uEPO on
SDS-PAGE, thus clearly indicating that the two samples were not
identical. The authors excluded the possibility that the rEPO was
impure because of the use of reverse-phase HPLC in which the rEPO
eluded as a single peak. Rather, they concluded that the
heterogeneity observed in Namalwa EPO was likely due to the
abundance of "bulky oligosaccharide chains." (p. 425).

9.2 HPLC profiles (Figure 5) of the pyridylamino derivatives of the
oligosaccharides with the sialic acids removed show a clear
difference between rEPO and uEPO. The authors reported more
than 20 peaks of intact pyridylamino oligosaccharides. While both
rEPO and uEPO include most of these structures, the relative
amounts of each type of structure are different as evidenced by the
different relative heights of corresponding peaks on the HPLC
profiles. The authors reported that some peaks found in the rEPO
profile were not present at all in the uEPO profile indicating that
rEPO as produced in Namalwa cells contained some oligosaccharide
structures not found in uEPO:

"Although several extra peaks were found in the latter
part of the chromatogram of Namalwa EPO, suggesting
that N-linked oligosaccharides of Namalwa EPO were
more heterogeneous than those of urinary EPO, the rest
of the peaks emerged in common between Namalwa and
urinary EPOs. ... It is thus most likely that the content
of each oligosaccharide differs, but almost all
oligosaccharides of Namalwa EPO are also found in
naturally occurring EPO in common, although the
possibility still remains that urinary excreted EPO is not
valid as representative of the natural hormone." (p.
425).
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10. Sasaki et al. (1987) (Tab 7)

10.1 This paper provided one of the first analyses of the carbohydrate
structure of rEPO and a comparison with uEPO. Dr. Fukuda who
submitted a declaration in this proceeding on behalf of Opponent IV
is a co-author on this paper. In the abstract, the authors report that
"the carbohydrate moiety of urinary EPO is indistinguishable from
recombinant erythropoietin except for a slight difference in
sialylation. providing the evidence that recombinant erythropoietin is
valuable for biological as well as clinical use." (p. 12059, emphasis
added). In light of the data presented in the article which does show
a distinct difference in the carbohydrate between rEPO and uEPO, as
a scientist, I can only interpret the use of such phrases as
"indistinguishable" as used here, and elsewhere by others, in the
expected clinical context rather than in a structural or compositional
meaning. That is to say, I believe that it was surprising that rEPO
would be as similar as it is to uEPO, and the similarity enhanced the
expectation at that time that rEPO would prove to be useful
clinically.

10.2 The urinary and recombinant EPO studied in this article were both
purified using a procedure "slightly modified from that of Miyake et
al., and fractionation on a Vydac C4 reverse-phase HPLC column ...
was included." (p. 12059) Even using this same supposed enhanced
purification for both samples, rEPO still was shown to be different
from uEPO.

10.3 A review of the data reported in the article confirms a difference
between the carbohydrate portion of rEPO and uEPO. For example,
Figure 1, page 1201, shows an SDS-PAGE gel for rEPO (lane A)
and uEPO (lane B) with the rEPO band being wider and exhibiting a
higher molecular weight (i.e., slower mobility) than the uEPO band.
Figure 7, page 12070, shows the ion-exchange HPLC of N-linked
saccharides from rEPO (panel A) compared with those of uEPO
(panel B). Again, I believe that the existence of differences between
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rEPO and uEPO as shown by the differences in the HPLC profiles is
easily discernible. The relative distribution of the peaks on the two
profiles is different, and some peaks in rEPO do not appear to be
present at all in the uEPO profile. The oligosaccharides from uEPO
(Figure 7, panel B) clearly include more acidic species as they eluted
in later fractions from the ion-exchange HPLC than the
oligosaccharides from rEPO (panel A).

10.4 In his declaration, Dr. Fukuda refers to the mass spectrometry
analysis reported in Sasaki as showing no evidence of sulfated
oligosaccharides or of oc2-6 linked sialic acids in uEPO. I believe
this to be an error. First, mass spectrometric data does not provide
sufficient information without the use of appropriate standards to
identify all component monosaccharides and their linkages. Other
chemical evidence is necessary to provide a complete chemical
structure for an oligosaccharide. Second, Sasaki reports this
structural analysis only for rEPO, see Table III, pp. 12064-67, but
there is no indication that a similar analysis was conducted on uEPO.
Without more, it is simply a guess to determine the presence or
absence of sulfates or a2-6 linked sialic acid in uEPO by mass
spectrometry.

10.5 In simply comparing the results of the mass spectrometry for rEPO
and uEPO as reported in Sasaki, one can discern differences. For
example, fragment ions at 418 and 432 were observed for uEPO
(Figure 3B) but not for rEPO (Figure 3A). In addition, the mass
spectrometry data in Figure H) shows both quantitative and
qualitative differences in fragment ions observed for O-linked
oligosaccharides.

10.6 From these results, I would not consider rEPO and uEPO to be
"indistinguishable", but rather, the study shows distinct structural
differences between the N-linked and O-linked chains of rEPO as
compared with uEPO as well as a difference in the number of sialic
acids attached to the oligosaccharide chains. Table III shows the
relative amounts of asialo N-linked saccharides for rEPO, no
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structural analyses being reported for uEPO, and the data shows a
"large proportion" of tetraantennary saccharides with one (32.1%),
two (16.5%) and three (4.7.%) N-acetyllactosamine repeats. As
indicated above, Tsuda and others have reported very little, if any,
repeating units found in uEPO. The authors also reported another
difference in that uEPO lacks bi-antennary saccharides (p. 12071).
Thus, differences are shown between rEPO and uEPO even when
they are purified by the same process.

11. Takeuchi et al. (1988) (Tab 3)

11.1 In this study, rEPO produced from CHO cells was compared with
uEPO purified using the first two steps of the Mivake procedure
coupled with immunoprecipitation using a monoclonal antibody.
The authors found differences between rEPO and uEPO in
oligosaccharide distribution as illustrated in Table II, page 3659.
The authors noted differences in the amount of oligosaccharides with
N-acetyllactosamine repeating units (34.5% for rEPO and only 7.5%
for uEPO). Also, the authors concluded that all the sialic acid
residues in rEPO produced in CHO cells are attached via the a2-3
linkage to Gal, while only about 60% of the sialic acid linkages in
uEPO are of the a2-3 Gal type with the remainder being a2-6 Gal
linked. These differences in linkage were attributed to different
levels of glycosyltransferases present in the host cells. (See p. 3660)
The authors also suggest the presence of sulfated oligosaccharides.
(See p. 3658)

12. Imai et al. (1990) (Tab 10)

12.1 Although the authors again conclude that the results "demonstrate
that rhEPO is indistinguishable from uEPO, and so is valuable for
further extensive research and for clinical purposes," (p. 356) the
data presented in the article does illustrate differences. The uEPO
was prepared using a process differing from that disclosed in Mivake
and included the use of a reverse-phase column (twice). This is the
process reportedly used to prepare the EPO-B sample discussed in
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Storring. There are no details given for the process used to purify
the rEPO except to say that it was "purified to homogeneity in a
similar manner." (p. 353) The changes to the Miyake process were
claimed to have some effect because the authors report a higher
specific activity for uEPO and cite to the absence of denaturing
agents as the reason for the increase in activity:

"In the purification methods employed here denaturing
agents, which have been used for the purification of
uEPO, were not used to prevent loss of the activity in
vivo." (p. 354).

Interestingly, the increase in specific activity was not
attributed to the use of reverse phase HPLC in addition to the
Miyake procedure.

12.2 Looking at the data, Figure 1 shows a difference on SDS-PAGE with
rEPO (lanes 1 & 2) being slightly higher than the corresponding
uEPO preparations (lanes 3 & 4). Figure 2 shows an isoelectric
focusing gel and illustrates a much broader band for uEPO (lane 2,
Figure 2A) than for rEPO (lane 3). In comparing the biological
activities, the authors report that rEPO has a significantly higher
specific activity as compared with uEPO. In the supplemental
materials, Figures 2 and 3 show a difference in HPLC profiles
between the peaks for rEPO and uEPO using reverse phase HPLC.

13. Nimtzetal. (1993UTab i n

13.1 This article reports on the carbohydrate structure of rEPO expressed
in BHK-21 cells as produced by Elanex and Merckle. In the text, the
authors report that the oligosaccharide structures of BHK produced
EPO "were found to be similar to those from urinary EPO."
However, the article and the data presented disclose several
differences. First, it is reported that only about 60% of the protein
from BHK cells was found to be O-glycosylated whereas it is known
that urinary EPO (as well as rEPO from CHO cells) is nearly 100%
O-glycosylated. See Browne et al,. Cold Spring Harbor. 51, 693,698
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(1986) (Tab 12). The BHK produced EPO is also reported to
contain more sialic acids than CHO produced EPO which in turn has
more sialic acids than urinary EPO. Specifically, half of the
tetrantennary oligosaccharides from BHK cells were found to be
fully sialylated, 36% contain 3 sialic acid residues and only about
13% are disialylated. Concerning the linkage, the authors report that
the oligosaccharides were more than 97% a 1-6 fucosylated at the
proximal GlcNAc and that the sialic acid was exclusively linked a2-3
to Gal. It is known from Takeuchi that uEPO contains sialic acid in
both oc2-3 and a2-6 linkages to Gal and that about 82% of the
oligosaccharides are fucosylated. Finally, Nimtz reported terminal
GalNAc-GlcNAc structures which have not been reported for uEPO.

14. Wide and Bengtsson (1990) (Tab 13)

14.1 In this article, the authors report on a study of the charge
heterogeneity of human serum erythropoietin by measuring mobility
of serum by zone electrophoresis followed by radioimmunoassay of
EPO. The study compared serum EPO with rEPO supplied by both
Boehringer Mannheim and Kirin-Amgen and the 2nd IRP for EPO
which I understand is an International Reference Preparation of
uEPO.

14.2 The authors concluded:

The recombinant EPO preparations had a median
charge which was much less negative than that of the
2nd IRP for EPO and of the EPO in serum in healthy
individuals. As the polypeptide chain of recombinant
EPO is claimed to be identical with that of human EPO,
it seems likely that the differences are due to different
degrees in glycosylation. EPO in blood specimens taken
24 h. after s.c. [subcutaneous] injection of recombinant
EPO had a median charge which was close to that of the
recombinant EPO preparation and far from that of EPO
in a serum specimen taken before the injection. The
results suggest that the methods used in this investigation
may be useful for detecting the presence of recombinant



EPO in the blood of persons with a normal endogenous
EPO production. (Wide, p. 126)

The authors apparently believed there was a sufficient charge
difference to allow the detection of rEPO over normal serum EPO.
As indicated, the authors also reported that the uEPO preparation
was more acidic (i.e., more negative) than the rEPOs.

15. Strickland Declaration

15.1 I have reviewed the declaration of Dr. Thomas W. Strickland, which
I understand is being submitted herewith, concerning both Dr.
Strickland's work in comparing rEPO with uEPO using isoelectric
focusing and his sulfation studies. Upon reviewing Dr. Strickland's
results, I concur with his conclusions that 1) uEPO as purified by the
Miyake process exhibits a lower or more acidic isoelectric point as
compared to rEPO and 2) the oligosaccharides of uEPO are much
more highly sulfated (over 50%) while only a small fraction of
rEPO oligosaccharides (about 3%) have a sulfate group as part of the
chain. One can readily see the differences between rEPO and uEPO
by comparing the HPLC profiles of the respective oligosaccharides
in Figures IV-VI of Exhibit TWS-3.

16. Table of Differences between rEPO and uEPO

16.1 While additional references might be consulted for further support
of the above-discussed differences between rEPO and uEPO, as well
as providing evidence of additional differences, I believe the
references cited so far establish a number of detectable differences
between rEPO and uEPO. These differences are summarized in the
Table below with the supporting references being cited:



SUMMARY OF DIFFERENCES BETWEEN rEPO and uEPO

Differences References
1. SDS-PAGE analysis shows a difference

2. uEPO is distinguishable from rEPO on
isoelectric focusing (IEF) and zone
electrophoresis

3. HPLC analyses show different profiles
indicating different oligosaccharide
structures

4. rEPOs show different linkages within the
oligosaccharide chains and to the terminal
sialic acids as compared with uEPO

5. rEPOs have a different percentage of
extensions or repeating structures within
the oligosaccharide chains

6. rEPOs have a different oligosaccharide
distribution than uEPO for N-linked
chains

7. rEPOs have a higher number <ialic acids

8. rEPOs have more highly bran, ed
oligosaccharides than uEPO.

9. rEPOs have higher biological activity

10. uEPO has a much higher percentage of
sulfated oligosaccharides than rEPO

EP148 605 p.29,
lines 6-16,
Yanagi, p. 422,
Sasaki, p. 12061,
Imai, p. 354

Storring, pp. 473-74
Strickland Decl.
Wide, p. 126

Yanagi, p. 424
Sasaki, p. 12063, 70
Strickland
Declaration
Takeuchi, p. 3657
Nimtz, p. 39

Tsuda, p. 5659
Takeuchi, p. 3659
Sasaki, p. 12064-67

Tsuda, p. 5649
Takeuchi, p. 3659

Sasaki, p. 12059, 70
Nimtz, p. 54
Tsuda, P. 5649
Takeuchi, p. 3659

Imai, p. 356
Storring, p. 476
Strickland
Declaration

20



17. Response to the Declarations of Drs. Conradt. Nimtz and Fukuda

17.1 I have reviewed the declarations of Dr. Harald S. Conradt submitted
by Behringwerke, Dr. Manfred Nimtz submitted by Merckle, and
Dr. Minoru Fukuda submitted by Boehringer Mannheim. As I
indicated, I disagree with their conclusions and with their
characterizations of the literature references. I believe the
differences between rEPO and uEPO are clear from the references
discussed above, many of which are cited by the Opponents' experts.
With all due respect, the Opponents' experts tend to focus on one
isolated teaching from each of the references to argue that a cited
difference may not be used to distinguish every rEPO from every
possible uEPO while ignoring the overwhelming evidence in the
references that differences do exist. Also, in many cases, their
conclusions are improper based on the references they cite.

17.2 Dr. Conradt begins his analysis by citing Tsuda and Yanagi for
support that uEPO preparations are different, and therefore, no true
"yard stick" uEPO preparation exists. I do not understand the
relevancy of Tsuda and Yanagi for this point since I understood that
the Opponents were arguing the uEPO purified according to Miyake
was the appropriate prior art. Neither Tsuda nor Yanagi disclose
any analysis of Mivake uEPO. The Tsuda article does compare
rEPO with uEPO prepared according to Yanagawa (1984). The
immunoprecipitation process of Yanagawa is the same process as
reported in Sasaki (1983), (Tab 14) which I am informed is being
asserted by one Opponent as prior art to EP 148 605. Regardless of
that, the real relevancy of Tsuda and Yanagi is what Dr. Conradt
ignores, i.e., the differences disclosed in Tsuda and Yanagi for each
of the uEPO preparations as compared to the different rEPOs. (See
discussion of these references above). These side-by-side
comparisons of uEPO and rEPO show the carbohydrates to be
different regardless of what uEPO or rEPO preparation is selected
for analysis.
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17.3 The Opponents' experts argue that the five differences between
uEPO and rEPO discussed before the Opposition Division do not
apply to every rEPO or uEPO studied in the literature. As I
understood it, these five cited differences were simply examples of
the differences reported in the literature. I have included additional
differences drawn from the literature in my Table above. These
differences may not all apply to every rEPO, but every rEPO will
show some differences as compared with uEPO. I believe that my
discussion of the references above has illustrated that point, i.e., that
every rEPO shows some difference to uEPO. The opponents do not
argue to the contrary but seem to ignore the differences which are
plainly presented in the references. Moreover, I do not believe that
the conclusions reached by the Opponents' experts are at all
supportable especially in light of the full teachings of the cited
references. I will briefly reply to the arguments raised by the
Opponents regarding the five differences discussed before the
Opposition Division.

17.4 SDS-PAGE Analysis

17.4.1 Both Drs. Conradt and Nimtz cite to Stoning for support that the
rEPO and uEPO preparations migrate "in the same molecular weight
range." They conclude therefrom that rEPO is identical to uEPO. I
consider that simply the use of the term "range" indicates that the
products showed some differences while being in a similar
proximity. It certainly does not imply that rEPO and uEPO are
identical as argued, and without looking at the gels, one cannot
understand what is meant by the phrase "same range." As displayed
in several other references, e.g., EP 148 605, Yanagi. Sasaski
(1987), and Imai. analysis by SDS-PAGE shows a difference between
rEPO and uEPO even though they might be considered to be in the
same range. While it is true, as suggested by Drs. Nimtz and
Conradt, that many factors influence the movement of glycoproteins
on SDS-PAGE, there is absolutely no evidence that any of these
factors affected all these side-by-side comparisons of rEPO and
uEPO conducted by at least four different independent groups. Both



Drs. Nimtz and Conradt speculate that the band widening for rEPO
as shown in Sasaki is caused by different amounts of protein being
applied. There is no basis for this speculation especially in view of
the conclusion by the authors that there is a difference in sialylation
between uEPO and rEPO. Such a difference would be reflected in a
different band width on SDS-PAGE. Drs. Conradt and Nimtz both
acknowledge that the migration of proteins in SDS-PAGE is
influenced by the presence of sialic acids. Dr. Fukuda, a co-author
on the Sasaki paper, did not argue this point and did not provide any
basis for the suppositions drawn by Drs. Nimtz and Conradt.

17.4.2 Dr. Conradt cites to two articles by Egrie et al. which show several
SDS-PAGE and Western blot analysis on rEPO and uEPO. Again,
the gels in these articles show that the rEPO and uEPO samples
migrate to similar regions, but they do not precisely comigrate. The
gels would suggest the samples were similar but not identical, and
any comments in the articles must be interpreted with the gels in
view.

17.5 Sialic Acid Linkages

17.5.1 As I indicated above, each type of recombinant host cell has its own
unique features including a unique set and amounts of
glycosyltransferases which are the enzymes that accomplish the
carbohydrate linkages. Thus, CHO cell produced rEPO has its own
particular linkages, i.e., only cc2-3 linked sialic acid. BHK and C127
cell produced rEPO will have slightly different linkages. None of
these rEPOs have sialic acid linkages which have been shown to be
identical to uEPO in all respects. Takeuchi found 60% of sialic acid
linkages in uEPO were of the 2-3 type with the remaining 40% of
the sialic acids being 2-6 linked. Dr. Conradt submitted a Table (his
Exhibit 13) purporting to show methylation analysis for rEPO from
C127 cells. Without a greater explanation of the Table, the results
are not clear, but the ratio of 2-3 to 2-6 is not "about 2.5:1" as
stated, but from Dr. Conradt's notations on the Table, the ratio
appears to be 80-85% 2-3 linkages and 15-20% 2-6 linkage.
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17.5.2 More importantly, however, is the fact that Dr. Conradt's Table does
not provide any information regarding sialic acid linkages. The
structures noted by Dr. Conradt as evidencing the 2-3 and 2-6
linkages (2,4,6-Tri-O-methyl and 2,3,4-Tri-O-methyl structures
respectively) are not necessarily due to sialic acid linkages. The
2,4,6 Tri-O-methyl structure could also be due to the presence of
polylactosamine extensions without sialic acids. Similarly, the 2,3,
4-Tri-O-methyl structure could be due to branching in the
oligosaccharide chains and not sialic acids. Also puzzling is the
presence of detectable amounts of 4,6 Di-O-methyl and 2,4 Di-O-
methyl neither of which would one expect to be generated from
structures known for any rEPO. Thus, the analyses must be
questioned and certainly does not show that the sialic acid linkages
are the same for the C127 cell produced rEPO as compared with
uEPO.

17.5.3 I address Dr. Fukuda's arguments regarding the mass spectrometry
in Sasaki in paragraph 10.4 above.

17.6 Isoelectric Focusing

17.6.1 Drs. Nimtz and Conradt both acknowledge that the EPO-A shown in
Storring is much more acidic and exhibited a significantly different
IEF pattern as compared to the four rEPO preparations. Dr. Nimtz
also agrees with my interpretation that the four rEPOs show a
different pattern from EPO-B, and both Drs. Nimtz and Conradt
agree that Imai shows rEPO to be different from uEPO by
isoelectric focusing. Quite incredibly, Dr. Conradt, and several of
the Opponents in their briefs, argue that "EPO-B rather than EPO-A
reflects a representative u-EPO preparation." Storring and Gaines
Das concluded just the opposite. In light of the Wide study and the
Strickland work, I am also of the opinion that EPO-A is more
representative of uEPO than EPO-B. In any event, both Storring
and Imai show EPO-B to be different by isoelectric focusing from
rEPO.
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17.7 Sulfation

17.7.1 Takeuchi and Strickland report side-by-side comparative studies that
demonstrate uEPO has more sulfate groups attached to the
oligosaccharides than rEPO. The Strickland studies, as
acknowledged by Dr. Fukuda, reliably demonstrate that the
difference seen between rEPO and uEPO is due to sulfation by

x properly identifying a peak on HPLC labeled by 35s-sulfate. There
is no possibility that the differences demonstrated by Strickland are
due simply to the presence of N-acetyllactosamine groups as
suggested by Dr. Fukuda. (Even if the dramatically different HPLC
profiles were due solely to N-acetyllactosamine groups, this would
be a clear difference between uEPO and rEPO). In his own studies,
as described in Sasaki. Dr. Fukuda reports that they found no
evidence of sulfation, but this is misleading because there is no
indication that they even considered or looked for evidence of
sulfation. Mass spectrometry does not provide quantitative evidence
of the presence or absence of sulfation. In fact, mass spectrometry
has not been used to date for the structural elucidation of sulfated
N-linked oligosaccharides due to the unavailability of any standards.

17.7.2 Dr. Conradt submits another table from an unidentified Nimtz et al.
publication purporting to show HPLC analysis of rEPO from C127
cells (his Exhibit 15). Dr. Conradt concludes that peaks 9 and 10 are
monosulfated and "presumably" disulfated N-glycans with no
explanation given that would support this conclusion. It appears to
me that a number of different components are present in peaks 9 and
10 and there is no reason to conclude that any or all of them are
sulfated or to what extent. Without the availability of standards to
compare peaks, one cannot properly interpret Dionex data.
Dr. Conradt also states that the oligosaccharides were exhaustively
digested with neuraminidase which removes the sialic acids. Yet, the
Table in his Exhibit 15 labels peaks 4, 6 and 7 as disialo, trisialo and
tetrasialo-N-glycans respectively thus indicating that the sialic acids
are still attached to more than half of the oligosaccharides.
Consequently, the methodology of this experiment and certainly the
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conclusions drawn therefrom that about 20-30% of the
oligosaccharides are sulfated must be seriously questioned. Further,
no comparative study of uEPO using a similar methodology was
conducted.

17.7.3 Dr. Nimtz cites to Tsuda and their results that "less than about 10%
of the total carbohydrates of the original u- and r-EPO (BHK)
remain undigested." Dr. Nimtz then jumps to the conclusion that
these must be sulfated oligosaccharides and that uEPO and rEPO are
sulfated to the same extent. There is, however, no rational or
scientific connection between undigested oligosaccharides after the
use of pepsin and glycopeptidase as reported by Tsuda and the extent
of sulfation of the oligosaccharides. Sulfation has not been shown to
render oligosaccharides incapable of digestion by these enzymes.
Indeed, Antonsson, et al. J. Biol. Chem.. 266, 6859-61 (1991) (Tab
15) used N-glycosidase F to remove sulfated N-linked
oligosaccharides from the glycoprotein fibromodulin, which has
oligosaccharides that are keratan sulfate.

17.8 Sialic acid derivatives

17.8.1 The Hokke et al. (Tab 16) study found both sialic acid derivatives
N-glycolylneuraminic acid (Neu5Gc) and N-acetylneuraminic acid
(Neu5Ac) in CHO cell produced rEPO. Varki et al. (1992) (Tab 2)
states in his review of sialic acids (Table I) that Neu5Gc is found "in
most animals except humans." So far, Neu5Gc has been reported to
be present in some gangliosides from human tumor cells, but not
from normal human cells nor in glycoproteins even from the tumor
tissue. See Higashi, et al. (1985) (Tab 17). Neu5Gc has never been
found in uEPO or any other natural human glycoprotein. The
Opponents' declarants suggest that if enough uEPO was available to
analyze then this derivative might be found. Based on the lack of
any evidence of such derivatives in normal human cells, that
suggestion is only speculation.
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18. Conclusion

In summary, I believe that rEPO is different from uEPO and that
difference is found in the carbohydrate. The process of
glycosylation is host cell specific, and since rEPO is expressed in a
cell that is different from the cell that expresses the natural protein,
the carbohydrate on any rEPO will be different from uEPO. Every
study that compares a rEPO with a uEPO shows some difference.
Certainly, the uEPO prepared according to the process of Miyake
and Sasaki (1983) have been shown to be distinctly different from all
rEPOs.

Executed this S '• N V v\ day of January 1994 at Oklahoma
City, Oklahoma.

ichard D. Cummings
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correspondence address in the above-captioned case to:

BELL, BOYD & LLOYD
P.O. Box 1135
Chicago, IL 60690-1135

Our telephone and facsimile numbers are:

Tel: (312) 372-1121
Fax: (312) 372-2098

Respectfully submitted,

BELL, BOYD & LLOYD

By:
- Picciano

Reg. No. 33,543
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT APPLICATION of:

LIN

Appln. No.: 08/100,197 Group Art Unit: 1632

Filed: August 2, 1993 Examiner: B. Stanton

For: PRODUCTION OF ERYTHROPOIETIN

* * * + * * + * •

February 2, 1999

CHANGE OF CORRESPONDENCE ADDRESS NOTICE

Assistant Commissioner
for Patents

Washington, DC 20231

Sir:

Pursuant to 37 CFR § 1.33 and MPEP 601.03, kindly change the

correspondence address in the above-captioned case to:

BELL, BOYD & LLOYD
P.O. BOX 1135
Chicago, IL 60690-1135

Our telephone and facsimile numbers are:

Tel: (312) 372-1121
Fax: (312) 372-2098

Respectfully submitted,

BELL, BOYD & LLOYD

By:
. Picciano

Reg. No. 33,543

02/02/99 TUE 15:16 [TX/RX NO 6331] ©003
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CERTIFICATE OF TRANSMISSION BY FACSIMILE (37 CFR 1.8)
Applicant(s):

Docket No.

0109063/022

Serial No.

08/100,197

Filing Date

August 2 , 1993

Examiner

B. S tan ton

Group Art Unit

1632

Invention:

PRODUCTION OF ERYTHPOPOIETIN

I hereby certify that this Change of Correspondence Address Notice
(Identify type ef correspondence)

is being facsimile transmitted to the United States Patent and Trademark Office {Fax. No. 703-308-4556

on February 2, 1999

Dante J. Picciano
(Typed or Printed A W of Penan Signing Certificate)

Note: Each paper must have Us own certificate of mailing.

Copyright 1M4 LagaUst
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Facsimile No:
(717) 668-3244

FEB 0 5 1999

GROUP 1600

DANTE J. PICCIANO
BELL, BOYD ft LLOYD
81 CENTER STREET
TAMAQUA, PA 18252

Telephone No.:
(717) 668-4774

TO:FIRM:

ATTN:

LOCATION:

TELECOPIER #:

FROM:NAME;

FACSIMILE TRANSMTSSTqfl D A T E ,

U . S . PATENT AND TRADEMARK OFFICE

FEBRUARY 2. 1 9 9 9

EXAMINER BRIAN STANTON.

ARLINGTON. VA

703-308-4556

YOUR REF.: 08/100.197

TELEPHONE #: 703-308-2801

DANTE J . PICCIANO OUR REF.: 0109063/022

No. Pages (Including Cover Sheet)

IF YOU DO NOT RECEIVE CLEARLY ALL PAGES. PLEASE CONTACT US IMMEDIATELY
AT.: 717-668-4774

CONFIDENTIALITY NOTB:

THE INFORMATION CONTAINED IN THIS TELECOPY MAY BE LEGALLY PRIVILEGED AND IS
CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVP?UAL OR ENTITY
NAMED ABOVE. IT IS EXEMPT FROM DISCLOSURE UNDER APPLICABLE LAW INCLUDING
COURT ORDERS. IF THE READER OF THIS MESSAGE IS NOT THE INTENDED RECIPIENT OR
THE EMPLOYEE OR AGENT RESPONSIBLE FOR DELIVERING THIS TELECOPY TO THE INTENDED
RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE, DISSEMINATION, DISTRIBUTION OR
COPY OF THIS TELECOPY OR ITS INFORMATION IS STRICTLY PROHIBITED. IF YOU HAVE
RECEIVED THIS TELECOPY IN ERROR, PLEASE IMMEDIATELY NOTIFY US BY TELEFAX, TELEX
OR TELEPHONE USING THE ABOVE NUMBERS, AND AIRMAIL THIS TELECOPY BACK TO US
IMMEDIATELY.

M E S S A G E

U.S. Patent Application of Lin

Appln No.: 08/100,197

Filed; August 2, 1993

For: PRODUCTION OF ERYTHROPOIETIN

Group Art Unit: 1632

Examiner: B. Stanton

Examiner Stanton:

Attached you will find two copies of a change of Correspondence Address
Notice in regard to the above-referenced patent application, which we
understand has been returned to you by the Board. .

If you h*Ve any question, please call me at 570-668-4774- Thank..

Dante J. Picciano

02/02/99 TUE 15:16 [TX/RX NO 6331] 12] 001



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO.

Otir//M97

M
A R T

A
UNIT

3 3

EXAMINER

| PAPER NUMBER

Jz
DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

(1) , / } ? •

Date of interview

Type: • Telephonic JQ Personal (copy is given to • applicant ^applicant's representative).

Exhibit shown or demonstration conducted: IZl̂ Yes D No. If ves. brief description: *C Girffcl+J ~ QffOxJ'4+Jr- -

Agreement D was reached with respect to some or all of the claims in question. .'Sl.was not reached.

Claims discussed: (g / —(# 3

Identification of prior art discussed: (~)i(cli*sitfj-fr' 4 <jy/ ti~ If

Description of the general nature of what was agreed to if an agreement was reached, or any other comments r» A/g TA

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1 - 7 on the reverse side of this form). If a response to the
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

• It is not necessary for applicant to provide a separate record of the substance of the interview.

• Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

PTOL-413(REV 184]
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IN THE UNITED STATES PATENT AND TRADEMARK OFFIC

Application of: Fu-KuenLin )

Serial No: 08/100,197 ) Group Art Unit: 1633

Filed: August 2,1993 ) Examiner: James Martinell, Ph.D.
\ vP

For: PRODUCTION OF ) %0 ?,
ERYTHROPOIETIN ^ '"i

CP

AMENDMENT ^

Assistant Commissioner for Patents
Washington, DC 20231

Sir:

Please enter the following amendments.

IN THE SPECIFICATION

(VJ At page 22, line 24, please delete [Example] and insert in place thereof

—Examples--.

At page 25, following line 5 of the original text and the amendment

following this line dated 11/6/90, please delete [Reference is made to FIGURES 1

through 21, wherein: FIGURE 1 is a graphic representation of radioimmunoassay analysis

of products of the invention; FIGURES 2 through 4 illustrate vector constructions

according to the invention; and, FIGURES 5 through 21 are DNA and polypeptide

sequences] and please insert the following: .

-Reference is made to FIGURES 1 through 21, wherein: FIGURE 1 is a graphic

representation of a radioimmunoassay analysis of products of the invention;

Figure 2 shows vector pDSVL-MkE.

- 1 -
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Figure 3 shows vector pSVgHuEPO.

Figure 4 shows vector pDSVL-gHuEPO.

Figure 5 A, 5B and 5C (collectively referred to as Figure 5) show the

sequence of monkey EPO cDNA and the encoded EPO.

Figures 6A, 6B, 6C, 6D and 6E (collectively referred to as Figure 6) show

the sequence of human genomic EPO DNA and the encoded EPO.

Figure 7 shows the sequence of the ECEPO gene.

Figure 8 shows the sequence of the SCEPO gene.

Figure 9 shows a comparison of the human and monkey EPO

polypeptides.

Figure 10 shows the ECEPO section 1 oligonucleotides.

Figure 11 shows section 1 of the ECEPO gene.

Figure 12 shows the ECEPO section 2 oligonucleotides.

Figure 13 shows section 2 of the ECEPO gene.

Figure 14 shows the ECEPO section 3 oligonucleotides.

Figure 15 shows section 3 of the ECEPO gene.

Figure 16 shows the SCEPO section 1 oligonucleotides.

Figure 17 shows section 1 of the SCEPO gene.

Figure 18 shows the SCEPO section 2 oligonucleotides.

Figure 19 shows section 2 of the SCEPO gene.

Figure 20 shows the SCEPO section 3 oligonucleotides.

Figure 21 shows the section 3 of the SCEPO gene.—

V S
A^page 49, line 13, please delete [therin] and insert in place thereof

--therein—.

y y ^ A t page 49, line 29, please delete [Table VI] and insert in place thereof

-FIGURE 6-.

v̂ At page 55, line 1, please delete [Sail] and insert in place thereof—Sail—.

page 55, line 4, please delete [Sail] and insert in place thereof-Sail-.

- 2 -



xJa page 63, line 20, please delete [membrane] and insert in place thereof

-membrane-.

uAt page 64, line 30, please correct the spelling of "recombinant".

Afpage 73, line 21, please delete [(Tables XI and XIII)] and insert in

place thereof-(FIGURES 13 and 15)-.

^A^page 90, line 4, please delete [resopnse] and insert in place thereof

—response—.

IN THE CLAIMS

ease cancel claims 61-63.

Please add the following claims:

T
f. A pharmaceutical composition comprising a

therapeutically effective amount of human erythropoietin and a pharmaceutically

acceptable diluent, adjuvant or carrier, wherein said erythropoietin is purified from

mammalian cells grown in culture.
Ay

65. A pharmaceutically-acceptable preparation containing a

therapeutically effective amount of erythropoietin wherein human serum albumin is

mixed with said erythropoietin.

IN THE DRAWINGS

Please add the enclosed formal drawings FIGURES 1 through 21.

- 3 -



REMARKS

Upon entry of the above-requested amendments, claims 64 and 65 will be

pending in the present application. Amendments requested for the specification bring the

text of the specification in line with that of parent application Serial No. 07/113,179

which issued as U.S. Patent No. 5,441,868 and do not introduce any new matter.

Applicant expresses his appreciation to Examiner Martinell and

Supervisory Examiner Stanton for the interview held on April 21,1999, concerning this

application. For the record, Applicant notes that prosecution of this application was

suspended by the Office on March 31, 1995 for consideration of a potential interference

and has remained suspended since that time until recently when the application was

returned from the Board to the Examining group. Applicant appreciated Examiner

Stanton's prompt responses to his numerous status inquiries throughout this period.

As indicated at the interview, Applicant is filing herewith terminal

disclaimers for U.S. Patent Nos. 5,547,933; 5,621,080; and 5,856,298, the earliest

expiration date of which is August 20, 2013.

Claims 61-63 were pending in the application and are hereby cancelled.

Newly added Claim 64 is directed to a pharmaceutical composition of human

erythropoietin which is obtained from mammalian cells grown in culture. Newly added

Claim 65 is directed to a pharmaceutical preparation containing erythropoietin mixed

with human serum albumin and coincides with the subject matter of previously allowable

Claims 61 and 62.

Human erythropoietin as recited in Claim 64 is disclosed in several

examples of the application. Example 1 discloses the use of human erythropoietin

isolated from the urine of patients afflicted with aplastic anemia ("urinary EPO") to

produce tryptic fragments and the amino acid sequencing of those fragments. Examples

- 4 -



7 and 10 disclose the production of human erythropoietin in COS-1 and CHO cells

respectively. Thus, human erythropoietin is understood to include any polypeptide

having the amino acid sequence of EPO isolated from human urine and may be produced

in human cells or in other mammalian cells. The application further discloses that the

glycosylation of human erythropoietin may differ depending upon the host cell used for

production. Claim 64, however, excludes EPO that is isolated from human urine by the

phrase "purified from mammalian cells grown in culture." This phrase is intended to

include any EPO produced by mammalian cells (human, CHO, COS, etc.) that are grown

in culture, which means in vitro.

In contrast to Claim 64, newly added Claim 65 does not limit the source

of the EPO but does specify that the EPO is mixed with human serum albumin in the

preparation.

As discussed at the interview, Applicant believes that the subject matter

of Claims 64 and 65 is novel and non-obvious over the prior art and is fully supported by

the disclosure of the application. With respect to Claim 65, the two Goldwasser

references reviewed at the interview disclose the use of bovine serum albumin to stabilize

partially purified erythropoietin preparations obtained from sheep plasma. These

references do not disclose a pharmaceutically acceptable preparation, and there is no

indication that BSA or other stabilizing additive would be necessary once the purified

EPO was obtained. In fact, the Chapter 10, Erythropoietin, Goldwasser reference states:

"It is obvious that, when further purification or protein determinations are being carried

out, exogenous protein cannot be added. Loss of activity can then be minimized by

keeping solutions as concentrated and as cold as possible."

The present application was the first disclosure to provide a

pharmaceutical composition of a therapeutically effective amount of erythropoietin.

Applicant reiterates his position that the Sugimoto reference, U.S. 4,377,513, is not

repeatable and is non-enabling because no information is provided concerning how to

- 5 -



obtain or select the starting kidney tumor cells or the hybridoma resulting from fusion

with a leukemic lymphoblastoid cell. No deposit of any cells is referenced in the

Sugimoto patent. Further, the reference does not disclose the isolation or characterization

of any EPO product, but only reports that a relatively low level of EPO activity was

detected. In any event, Applicant submits that the present claims define patentable subject

matter over Sugimoto even if the disclosure is considered to be repeatable. First, there

is no disclosure of a pharmaceutical composition in the reference and it cannot be

assumed that it was straightforward to purify the EPO from the suspension of

disaggregated tumor cells. Second, the purported method of producing EPO disclosed

in Sugimoto cannot be viewed as viable for providing sufficient amounts of EPO to

prepare a composition having a therapeutically effective amount of EPO. Consequently,

it is submitted that both Claims 64 and 65 are novel and non-obvious over the Sugimoto

disclosure. It is believed that the other relevant references have been previously

distinguished.

Applicant therefore respectfully submits that claims 64 and 65 are in

condition for allowance and an early notice thereof is respectfully solicited.

Respectfully Submitted,

Dante J. P&ciano
Attorney for Applicant(s)
Registration No.: 33,543
Phone (570) 668-4774
Date:

Please send all future correspondence to:

BELL, BOYD & LLOYD
P.O. Box 1135
Chicago, IL 60690-1135

- 6 -
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FEE AUTHORIZATION / AMENDMENT TRANSMITTAL LETTER
Serial No.

08/100,197
Filing Date

August 2,1993

Attorney's Docket No:
D155CIP3-C1CC2

Examiner

James Martinell, Ph.D.
Group Art Unit

1633
In Re Application of

Fu-Kuen Lin

For
PRODUCTION OF ERYTHROPOIETIN

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

• Applicants) request(s) the following extension of time under 37 CFR1.136(a):

• One month of original due date ($110.00)

• Two months of original due date ($380.00)
• Three months of original due date ($870.00)
D Four months of original due date ($1,360.00)

• Five months of original due date ($1,850.00)

ED A response in connection with the matter for which this extension is requested:

E3 is filed herewith.

• has been filed.

• The response is the filing of a continuing prosecution application having an express abandonment conditioned
on the granting of a filing date to the continuing application.

E3 The accompanying papers include amended claims for which no additional fee is required.

• The accompanying papers include amended claims the fee for which has been calculated as follows:

Q ROU P 1 o>t'

o
CP

CLAIMS AS AMENDED

(1)

Total Claims

Indep. Claims

(2) .
Claims remaining
after amendment

(3)

Minus

Minus

(4)
Highest number

previously paid for

+ * * _

(5)
No. of extra

claims present

First Appearance of a multiple dependent claim

Total Additional Fee for this Amendment

(6)

Rate

x$18

x$78

+$260

(7)
Additional

Fee

*lf the entry in column 2 is less than the entry in column 4, write "0" in column 5.

"I f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.

***lf the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.

E3 The following other fees are incurred by the accompanying papers.

E3 Other: Three Terminal Disclaimers ($110.00 ea. x 3 = $ 330.00)

Please charge Deposit Account No. 02-1818 in the amount of $ 330.00. A duplicate copy of this petition is

attached.

13 If an additional extension of time is required, please consider this a request therefore.

E The Commissioner is hereby authorized to charge any additional fees which may be required by the

accompanying papers, or credit any overpayment to Deposit Account No. 02-1818.

Please Send Future Correspondence To:

BELL, BOYD & LLOYD

.0. Box 1135

hicago, IL 60690-1135

Dante J. Piccjj

Attorney/Agent for Applicant(s)

Registration No.: 33,543

Phone: (570) 668-4774

Date: <{-

o
rn

o
o
o



D155CIP3-C1CC2
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Fu-Kuen Lin

Serial No.: 08/100,197 Group Art Unit No.: 1633

Filed: August 2,1993 Examiner: James Martinelle, Ph.D.

For: PRODUCTION OF ERYTHROPOIETIN

Docket No.: D155CIP3-C1CC2

INFORMATION DISCLOSURE STATEMENT
BEFORE

MAILING DATE OF EITHER A FINAL ACTION OR NOTICE
OF ALLOWANCE (37 CFR 1.97(cH

Assistant Commissioner for Patents
Washington, DC 20231

Sir:

As a means of complying with the duty of disclosure, applicant(s) submit(s) a "List of References Cited
by Applicant" on a modified PTO-1449 form and provides a copy of each of the listed references for
consideration by the Examiner.

This Information Disclosure Statement is being filed after three months of the filing date of this national
application or the date of entry of the national stage as set forth in § 1.491 in an international application or after the
mailing date of the first Office action on the merits, whichever event occurred last, but before the mailing date of
either:

(1) a final action under §1.113 or

(2) a notice of allowance under § 1.311,
whichever occurs first.

STATEMENT OR FEE

Accompanying this transmittal is:

05/05/1999 KDflfosi G J t a f t t W t i t t K f i Q r t f i f i d i n 37 CFR 1.97(e):

01 FC:1E6 E40.00 CH STATEMENT

03 FC:14fl 110.00 CH
I, the person(s) signing below state:

• that each item of information contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign application not more than,
three months prior to the filing of the information disclosure statement. 37 CFR 1.97(e)(1).



D155CIP3-C1CC2

OR

• that no item of information contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the person signing the statement after making reasonable inquiry, no item of
information contained in the information disclosure statement was known to any individual
designated in § 1.56(c) more than three months prior to the filing of the information disclosure
statement. 37CFR 1.97(e){2).

OR

B. K l the fee set forth in 37 CFR 1.17(p) for submission of an information disclosure statement under §
1.97(c). ($240.00).

Applicant(s) request(s) consideration of this information and passage of the application to issue.

FEE PAYMENT

Please charge Deposit Account No. 02-1818 in the amount of $240.00 (37 CFR 1.97(c)). An original and
one copy are enclosed.

The Commissioner is hereby authorized to charge any additional fees which may be required or credit any
overpayment to Deposit Account No. 02-1818.

Respectfully submitted,

Dante J. Picciano
Attorney/Agent for Applicant(s)
Registration No.: 33,543
Phone: (570) 668-4774
Date: f ^ l ^ - f f

Please send all future correspondence to:
BELL, BOY.D & LLOYD
P.O. Box 1135
Chicago, IL 60690-1135



Form PTO-1449 U.S. Department of Commerce
Patent and Trademark Office

INFORMATION DISCLOSURE STATEMENT

(Use several sheets i.f necessarvi

Atty. Doexet No.

D155CIP3-C1CC2

SHEET 1 OF 3(

Serial No.

08/100,197

Applicant

Fu-Kuen Lin

Filing Date

August 2, 1993
Group

1633

U.S. PATENT DOCUMENTS

•Examiner
Initials

/ -

A-

Al

A2

A3

A4

A5

A6

A7

-A8^—

A9

A10

Al l

A12

A l l
A 1 J

A14

A15

A16

A17

A18

A19

A20

Document #

3,033,753

3,865,801

4,237,224

4,254,095

4,264,731

4,273,875

4,293,652

4,303,650

4,338,397

4,358,535

4,377,513

4,394,443

A 1QT Q.A(\

4,399,216

4,411,994

4,442,205

4,465,624

4,468,464

4,503,151

4,558,005

Issue
Date

5/8/62

2/11/75

12/2/80

3/3/81

4/28/81

6/16/81

10/6/81

12/1/81

7/6/82

11/9/82

3/22/83

7/19/83

O/Q/QT

8/16/83

10/25/83

4/10/84

8/14/84

8/28/84

3/5/85

12/10/85

Name

White et al.

Chiba et al.

Cohen et al.

Fisher et al.

Shine

Manis

Cohen

Takczawa ct al.

Gilbert et al.

Falkow et al.

Sugimoto et al.

Weissman et al.

Axel et al.

Gilbert et al.

Hamer et al.

Chiba et al.

Cohen et al.

Paddock

Goldwasser et al.

Class
S"3O

•wt

260-

435

-424-

435

435

435

-424—

435

435

-260-

435

-A'JA

435

435

435

26f>

435

435

435

Subclass

-74-

-68-

91,//
?/./

•353-
f/./

•YfZ

•4R=k •

-68-

5

6

QQ

6
if. 7

-68-

7.9L-

Source Filing Date

EXAMINER DATE CONSIDERED

•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.



Form PTO-1449 U.S. Department of Commerce
Patent and Trademark Office

INFORMATION DISCLOSURE STATEMENT

(Use several sheets \f necessarv)

Atty. Docket No.

D155CIP3-C1CC2

SHEET 2 OF 36

Serial No.

08/100,197

Applicant

Fu-Kuen Lin

Filing Date

August 2, 1993
Group

1633

*

>if

U.S. PATENT DOCUMENTS

•Examiner
Initials

o£~~ J

0 ^

A21

A22

A23

A24

A25

A26

A27

.A28

A29

A30

A31

Document #

4,558,006

4,568,488

4,667,016

4,677J95

4,695,542

4,703,008

4,710,473

4.757.006

483,451

487,753

693,258

Issue
Date

12/10/85

2/4/86

5/19/87

6/30/87

9/22/87

10/27/87

12/1/87

7/12/88

A/1S/P1
*W 1J/O3

Name

Egrie

Lee-Huang

Laietal.

Hewick et al.

Yokata et al.

Lin

Morris

Toole et al.

Alton et al. 4«ot.

Bitter <not-
enclosed)-

Fritsch et al.-(nofr-
-oncloscd)'

Class

435

360-

530

-530-

435

435

435

435

Subclass

1 1 V̂
lit

397

-68- ' *

24Q°2

320./

l i l /jfi /_

Ref.'
B12 '

—Rcf- -
rvei.

~Ref.

Source Filing Date

£

FOREIGN PATENT DOCUMENTS

•Examiner
Initials

Bl

B2

B3

Document #

0070685

0070687

0077670

Publication
Date

1/26/83

1/26/83

4/27/83

Country

EPjef

EPjaf

EP0^

Source Class/
Subclass

. .

. .

Translation

Yes No

EXAMINER DATE CONSIDERED

•EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609; Draw line through
citation if not in confonnance and not considered. Include copy of this form with next communication to applicant.



Form PTO-1449 U.S. Department of Commerce
Patent and Trademark Office

INFORMATION DISCLOSURE STATEMENT

(Use several sheets \f necessarvi

Atty. Docket No.

D155CIP3-C1CC2

SHEET 3 OF 36

Serial No,

08/100,197

Applicant

Fu-Kuen Lin

Filing Date

August 2, 1993
Group

1633

$$!

c
V

FOREIGN PATENT DOCUMENTS #4tf/& ^ / ^

A

(A

^_

/jt1"-'

B4

B5

B6

B7

B8

B9

BIO

Bl l

B12

B13

B14

B15

B16

B17

B18

0093619

0116446

0117058

01L7059

0117060

0123294

0136490

2085887

83/04053

85/01961

85/03079

85/04419

86/03520

DE 33 16 297
Al
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Fu-Kuen Lin

Serial No.: 08/100,197 Group Art Unit No.: 1633

Filed: August 2,1993 Examiner: James Martinell, Ph.D.

For: PRODUCTION OF ERYTHROPOIETIN

Docket No.: D155CIP3-C1CC2 \

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE "% ^
PATENTING REJECTION OVER A PRIOR PATENT r^ ^

& r ^
Assistant Commissioner For Patents "-& '~i

Washington, DC 20231 ^ r-,?

Sir:

Petitioner, Kirin-Amgen Inc., is the owner of the entire interest in the instant application.

Petitioner hereby disclaims the terminal part of any patent granted on the above-identified application,
which would extend beyond the expiration date of the full statutory term as presently shortened by any terminal
disclaimer of U. S. Patent No. 5,547,933, and hereby agrees that any patent so granted on said above-identified
application shall be enforceable only for and during such period that the legal title to said patent shall be the same
as the legal title to U. S. Patent No. 5,547,933, this agreement to run with any patent granted on said above-
identified application and to be binding upon the grantee, its successors, or assigns.

Petitioner does not disclaim any terminal part of any patent granted on said above-identified application that
would extend to the full statutory term as presently shortened by any terminal disclaimer of U. S. Patent No.
5,547,933 in the event that said U. S. Patent No. 5,547,933 later: expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction is statutorily disclaimed in whole or
terminally disclaimed under 37 CFR 1.321 (a), has all claims canceled by a re-examination certificate, is reissued, or
is otherwise terminated prior to the expiration of its statutory term as presently shortened by any terminal disclaimer,
except for the separation of legal title stated above.

Copies of the assignment documents in the chain of title from the original owner to assignee are attached,
and were recorded in the U. S. Patent and Trademark Office at reel 8461 and frame 0906.

The undersigned has reviewed the attached assignment documents and certifies that, to the best of the
undersigned's knowledge and belief, title is in the assignee identified above.



I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity
of the application or any patent issued thereon.

Respectfully submitted,

Stuart L. Watt
Secretary
KIRIN-AMGEN INC.

Date: April 3&s I???
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To the Honorable Commissioner of
Patents and Trademarks:
Please record the attached original
document or copy thereof.

RECEIVED

APR 2 1 1997
RECEIPT ACCTING O1V

I

1. Name of party or parties conveying
an interest:

Kirin-Amgen Inc.

2. Name and address of party or
parties receiving an interest:

Name: Amgen Inc., a Delaware
corporation
Street Address: 1840 DeHavilland Drive
City: Thousand Oaks
State: California
Zip: 91320

3. Description of the interest conveyed:

X Assignment
Merger
Change of Name
Security Agreement

Execution Date: April 9, 1997

Other:

4. Application number(s) or patent
number(s). Additional sheet attached?
YES NO X

A. Patent application no.(s):

If the document is being filed together
with a new application, the execution
date of the application is:

B. Patent nd.(s):
5,547,933 issued August 20, 1996

5. Name and address of party to whom
correspondence concerning this cover
sheet should be mailed:

Name: Michael F. Borun
Reg. No. 25,447

MARSHALL, O'TOOLE, GERSTEIN,
MURRAY & BORUN
Street Address: 6300 Sears Tower,
233 South Wacker Drive
City: Chicago
State: Illinois Zip: 60606-6402

6. Number of applications and/or
patents identified on this cover sheet:

1
7. Amount of fee enclosed or authorized
to be charged:

$40.00

8. Any additional required fee may be
charged, or any overpayment credited to
our deposit account: 13-2855

9. To the best of my knowledge and belief, the information contained on this
cover sheet is true and correct and any copy submitted is a true copy of the original
document.

Date: April 15. 1997
Michael F. Borun
Reg. No. 25,447

Total number of pages including cover sheet, attachments, and document:



ASSIGNMENT

Whereas, KIRIN-AMGEN INC., a Delaware corporation having a place of business at
Alpenquai 30, P.O. Box 2065,6002 Lucerne, Switzerland

is by virtue of an Assignment dated November 29,1984 and recorded in the United States Patent and
Trademark Office on January 23,1985 at Reel 4352, Frame 075, the owner of the entire right, title and
interest in and to the invention of Fu-Kuen Lin, disclosed in a Letters Patent of the United States
(•Patent") entitled PRODUCTION OF ERYTHROPOIETIN issued on August 20,1996 as U.S. Patent
No. 5,547,933.

Whereas AMGEN INC., a Delaware corporation having a place of business at 1840 DeHavilland
Drive, Thousand Oaks, California 91320, wishes to acquire the entire interest in all inventions disclosed ri
such Patent:

Now, therefore, in consideration of the sum of one dollar ($1.00) and other good and valuable
consideration, the receipt of which is hereby acknowledged, Kirin-Amgen Inc. hereby sells, assigns,
transfers and sets over unto AMGEN INC., its successors and assigns (collectively "AMGEN") the entire
right, title and interest in, to and under the Patent, all rights in such Letters Patent to be held and enjoyed
by AMGEN INC. for its own use and enjoyment to the full end of the term or terms for which such
Letters Patent be granted, as fully and entirely as the same would have been held and enjoyed by KIRIN-
AMGEN INC. had this assignment and sale not been made.

Further, KIRIN-AMGEN INC. hereby sells, assigns, transfers, and sets over unto AMGEN INC.
the entire right, title and interest in or to the right to refer to, to access, and to control microorganism(s)
or other biological material(s) related to the Patent and which are deposited by KIRIN-AMGEN INC. or at
KIRIN-AMGEN INC.'s direction, its affiliates, employees or employees of its affiliates. The transfer of
such right, title and interest includes, without limitation, the unreserved and irrevocable consent and
authorization by KIRIN-AMGEN INC. to AMGEN INC. to refer to the deposited microorganisms(s) or
other biological materials(s) m the Patent and the right to make available to the public the deposited
material in accordance with the laws, treaties, statutes, rules, regulations and the like of the United
States.

In Witness Whereof I have executed this assignment on the ^r day of n~pn f 19n~pn f

Stuart L. Watt, Secretary
KIRIN-AMGEN INC.



UNITED STATES OF AMERICA

State of California
County of Ventura

1 55.

Before me, a Notary Public for Ventura County, State of California, personally appeared

L
j personally known to me • OR • • proved to me on the basis of satisfactory evidence to be the

person whose name is subscribed to the within instrument and
acknowledged to me that he/she executed the same in his/her
authorized capacity, and that by his/her signature on the
instrument the person, or the entity upon behalf of which the
person acted, executed the instrument.

WITNESS my\hand-and official seal

f Notary Public

My commission expires

7
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Serial No.
675,298

ASSIGNMENT

Filed.
November 30, 1984

Title.
"PRODUCTION OF ERYTHROPOIETIN"

Ten D o l l a r s ( $ 1 0 . 0 0 ) the receipt and sufficiency whereof are hereby acknowledged,

the undersized hereby assigns to Kirin-Amqen, Inc . , a California corporation
1900 Oak Terrace Lane, Thousand Oaks, California 91320

its successors and assigns_ _the entire right,

title and interest in the invention or improvements of the undersized disclosed in an application for Letters Patent

of the United States, executed by the undersigned on N o v e m b e r 2 9 19. 84 ., and in said appli-

cation and any and all other applications, both United States and foreign, which the undersigned may file, either solely

or jointly with others, on said invention or improvements, and in any and all Letters Patent of the United States and

foreign countries, which may be obtained on any of said applications, and in any reissue or extension thereof.

The undersigned hereby authorizes and requests the Commissioner of Patents to issue said Letters Patent to said

Kirin-Amgen, Inc.
The undersigned hereby authorizes and requests the attorneys of record in said application to insert in this assign-

ment the date and serial number of said application when officially known.

The undersigned warrants himself to be the owner of the interest herein assigned and to have the right to make

this assignment; and further warrants that there are no outstanding prior assignments, licenses, or other rights in the

interest herein assigned.

For said consideration the undersigned hereby agrees, upon the request and at the expense of said assignee, its

successors and assigns, to execute any and all divisional, continuation, continuation-in-part and substitute applications for

said invention or improvements, and any necessary oath or affidavit relating thereto, and any application for the reissue or

extension of any Letters Patent that may be granted upon said application, and any and all applications and other documents

for Letters Patent in foreign countries on said invention or improvements, that said assignee, its successors or assigns, may

deem necessary or expedient, and for the said consideration the undersigned further agrees upon the request of said

assignee, its successors or assigns, in the event of any application or Letters Patent assigned herein becoming involved

in Interference, to co-operate to the best of the ability of the undersigned with said assignee, its successors or assigns,

in the matters of preparing and executing the preliminary statement and giving and producing evidence in support thereof,

the undersigned hereby agreeing to perform, upon request, any and all affirmative acts to obtain said Letters Patent,

both United States and foreign, and vest all rights therein hereby conveyed in the said assignee, its successors and

assigns, whereby said Letters Patent will be held and enjoyed by the said assignee, its successors and assigns, to the

full end of the term for which said Letters Patent may be granted as fully and entirely as the same would have been

held and enjoyed by the undersigned if this assignment and sale had not been made.

WITNESS my hand and seal, this
Nineteen Hundred -nd E i q h t y - F o u r

-day

state California

County of_ Ventura

RECORDED
PATENT & TRADEMARK OFFICES-',

JAN 23 1985

On this- -day of.

.(SEAL)

., before me, a Notary Public in and

for the County and State aforesaid, appeared.

ACTING COMMISSIONER OF
Ifi&flEMARKS

to me personally known to be the same person whose name is subscribed to the foregoing instrument, and acknowledged

that he executed said instrument as his free and voluntary act and for the uses and purposes therein expressed.

WITNESS my hand and seal the day and year last above given.

My commission Expires. (

OFFICIAL SEAL
DAVID S FINCK

J 0 ' " k ' '•'-••aUC - CALIFORNIA
VEMTUM COUNTY

My cemm. cjcpi.es ALG 7, IS37

••Notary Public



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Fu-Kuen Lin

Serial No.: 08/100,197 Group Art Unit No.: 1633

Filed: August 2,1993 Examiner: James Martinell, Ph.D.

For: PRODUCTION OF ERYTHROPOIETIN

Docket No.: D155CIP3-C1CC2
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TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE
PATENTING REJECTION OVER A PRIOR PATENT

CO

Assistant Commissioner For Patents '-;- ^

Washington, DC 20231 ^? ,;~

Sir: °"5 :=>

Petitioner, Kirin-Amgen Inc., is the owner of the entire interest in the instant application.
Petitioner hereby disclaims the terminal part of any patent granted on the above-identified application,

which would extend beyond the expiration date of the full statutory term as presently shortened by any terminal
disclaimer of U. S. PateiiLNa&5)8§6^2J8, and hereby agrees that any patent so granted on said above-identified
application shall be enforceable onty for and during such period that the legal title to said patent shall be the same
as the legal title to U. S. Patent No. 5,856,298, this agreement to run with any patent granted on said above-
identified application and to be binding upon the grantee, its successors, or assigns.

Petitioner does not disclaim any terminal part of any patent granted on said above-identified application that
would extend to the full statutory term as presently shortened by any terminal disclaimer of U. S. Patent No.
5,856,298 in the event that said U. S. Patent No. 5,856,298 later: expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction is statutorily disclaimed in whole or
terminally disclaimed under 37 CFR 1.321 (a), has all claims canceled by a re-examination certificate, is reissued, or
is otherwise terminated prior to the expiration of its statutory term as presently shortened by any terminal disclaimer,
except for the separation of legal title stated above.

Copies of the assignment documents in the chain of title from the original owner to assignee are attached,
and were recorded in the U. S. Patent and Trademark Office at reel 8327 and frame 0122.

The undersigned has reviewed the attached assignment documents and certifies that, to the best of the
undersigned's knowledge and belief, title is in the assignee identified above.



I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity
of the application or any patent issued thereon.

Respectfully submitted,

Stuart L. Watt
Secretary
KIRIN-AMGEN INC.

Date: ftfri\
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, DC. 20231

*100350716A*

APR
UNITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT PATENT DEPI.
AMGEN

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF THE
U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS AVAILABLE
AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER REFERENCED
BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION
CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE
PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR
HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY CONTACT THE EMPLOYEE WHOSE
NAME APPEARS ON THIS NOTICE AT 703-308-9723. PLEASE SEND REQUEST FOR
CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, ASSIGNMENT DIVISION,
BOX ASSIGNMENTS, NORTH TOWER BUILDING, SUITE 10C35, WASHINGTON, D.C. 20231.

REEL/FRAME: 8327/0122
NUMBER OF PAGES: 3

RSCORDATION DATE: 02/05/1997

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS).

DOC DATE: 01/28/1997
ASSIGNOR:

AMGEN, INC.

ASSIGNEE:
KIRIN-AMGEN INC.
ALPENQUAI 30
P.O. BOX 2085
6002 LUCERNE, SWITZERLAND

SERIAL NUMBER: 07594448
PATENT NUMBER:

FILING DATE: 10/12/1990
ISSUE DATE:

SEDLEY PYNE, EXAMINER
ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS



02.05-1997
Revised Form PTO-1595
(Rev. 6-93)

!".'. I!'1 U.S. Department of Commerce
Patent and Trademark Office

To the Honorable Commissioner of
1 0 0 3 5 0 ? l b _

: Please record the attached original documenls or copy thereof.

1. Name of conveying party(ies):
AMGEN INC.

Additional name(s) of conveying party(ies) attached? Q Yes

3. Nature of conveyance:

gg Assignment

• Security Agreement

• Other

• Merger

• Change of Name

Execution Date: January 28,1997

2. Name and address of receiving party(ies):
Name: KIRIN-AMGEN INC.

Internal Address:

Street Address: Alpenquai 30

P.O. Box 2065,6002 Lucerne, Switzerland

City: State: Zp:

Additional name(s) & address(es) attached? • Yes No

4. Application number(s) or patent number(s): 07/594,448
If this document is being filed together with a new application, the execution date of the application is:

A. Patent Application No.(s)

07/594,448 Filed October 12, 1990

B. Patent No.(s)

Additional numbers attached? Q Yes No

5. Name and address of party to whom correspondence
concerning document should be mailed:

Name: U.S. Patent Operations/RBW

Internal Address: Dept. 431

Amgen

Street Address: 1840 De Havilland Drive

City: Thousand Oaks State: CA Zip: 91320-1789

6. Total number of applications and patents involved: | 1

7. Total fee (37 CFR 3.41) $ 40.00

• Enclosed

^ Authorized to be charged to deposit account.

8. Deposit account number: 01-0519

The Commissioner is hereby authorized to charge any
additional filing fees which may be required or credit
any overpayment to Deposit Account No. 01 -0519

DO NOT USE THIS SPACE

9. Statement and signature.
To the best of my knowledge and belief, the foregoing informftfion is true and correct and any attached copy is a true copy of
the original document ^ j

Robert B. Winter / /
Name ol Person Signing Signature Dare

Total number of pagMnduding cover sheet, attachments, and document:! 3 I

CERTIFICATE OF MAILING
I hereby certify hat Ihs correspondence is being deposited wiBl Ihe United S U B S Postal Service as first class mail in an envelope addressed to tie Assistant
Commissioner lor Patent* Washington. DC 20231, on the date appearing below.

Date Signature



Docket No.: A-174-CIP

ASSIGNMENT

Whereas, . AMGEN INC., a Delaware corporation having a place of business at
1840 DeHavilland Drive, Thousand Oaks, California 91320,

is by virtue of an Assignment dated December 10,1990 and recorded in the United States Patent and
Trademark Office on December 13,1990 at Reel 5553, Frame 916, the owner of the entire right, title and
interest in and to the invention of Thomas Wayne Strickland, Thomas Edward Byrne and Steven George
Elliott disclosed in an application for Letters Patent of the United States ("Application") entitled

ERYTHROPOIETIN ISOFORMS

which is found in:

• (a) the U.S. Patent Application executed on even date herewith;

• (b) the U.S. Patent Application executed on

^ (c) U.S. Application Serial No.: 07/594,448 filed on October 12,1990

• (d) U.S. Patent No.:

and in any or all other applications, both United States and foreign, and in any and all Letters Patent of
the United States and foreign countries which may be obtained on said Application.

Whereas KIRIN-AMGEN INC., a Delaware corporation having a place of business at
Alpenquai 30, P.O. Box 2065, 6002 Lucerne, Switzerland, wishes to acquire the entire interest in all
inventions disclosed in such Application:

Now, therefore, in consideration of the sum of one dollar ($1.00) and other good and valuable
consideration, the receipt of which is hereby acknowledged, Amgen Inc. ("AMGEN") hereby sells,
assigns, transfers and sets over unto KIRIN-AMGEN INC., its successors and assigns (collectively
"KIRIN-AMGEN") the entire right, title and interest in, to and under the Application, including all priority
rights for other countries arising therefrom, and any and all Letters Patent of the United States and of
all other countries which may be obtained on said Application, all rights in such Application and Letters
Patent to be held and enjoyed by KIRIN-AMGEN for its own use and enjoyment to the full end of the term
or terms for which such Letters Patent may be granted, as fully and entirely as the same would have
been held and enjoyed by AMGEN had this assignment and sale not been made.

Further, AMGEN hereby sells, assigns, transfers, and sets over unto KIRIN-AMGEN the entire
right, title and interest in or to the right to refer to, to access, and to control microorganism(s) or other
biological material(s) related to the Application and which are deposited by AMGEN or at AMGEN's
direction, its affiliates, employees or employees of its affiliates. The transfer of such right, title and
interest includes, without limitation, the unreserved and irrevocable consent and authorization by AMGEN
to KIRIN-AMGEN to refer to the deposited microorganisms(s) or other biological materials(s) in the
Application and the right to make available to the public the deposited material in accordance with the

CERTIFICATE OF MAILING
I hereby certify thai this correspondence is being deposited with the United States Postal Service as first class mail in an envelope addressed to the Assistant
Commissioner for Patents Washington. D C. 20231. on the date appearing Delow.

/ Date Signature



Docket No.: A-174-CIP

laws, treaties, statutes, rules, regulations and the like of the United States, all other countries, and any
patent granting authority or organization.

AMGEN authorizes and requests the Commissioner of Patents and Trademarks of the United
States to issue any such Letters Patent which may be granted on the Application to KIRIN-AMGEN as
assignee of the entire right, title and interest therein and thereto.

AMGEN and its legal representatives covenant and agree with KIRIN-AMGEN that AMGEN has
not granted to any others any license to make, use or sell any such inventions, that AMGEN's right, title
and interest in such inventions has not been encumbered, that AMGEN has good right and title to sell and
assign the same, and that AMGEN will not execute any instrument in conflict herewith.

In Witness Whereof I have executed this assignment on the 19 91

^ / # t e v e n M. Odre, Vice President
AMGEN INC.

UNITED STATES OF AMERICA

State of California
County of Ventura ss:

19

Before me, a Notary Public for Ventura County, State of California, personally appeared

Steven M. Odre

] personally known to me - OR - • proved to me on the basis of satisfactory evidence to be the
person whose name is subscribed to the within instrument and
acknowledged to me that he/s1# executed the same in his/hM
authorized capacity, and that by his/hX signature on the
instrument the person, or the entity upon behalf of which the
person acted, executed the instrument.

WITNESS my hand and official seal.

UNNYQWBf
ConvnMon»lOM68»

NotanrPublc-ccMomia
V y

My Conm Expttji May 5.2000

'tary Public

My commission expires



Revised Form PTO-1595

(Rev. 6-93)

RECORDATION FORM COVER SHEET

PATENTS ONLY
U.S. Department of Commerce

Patent and Trademark Office

To the Honorable Commissions* ol Patents and Trademarks: Please record the attached original documents or copy thereof.

1. Name of conveying party(ies):
AMGEN INC.

Additional name(s) of conveying party(ies) attached? Q Yes | ^ No

3. Nature of conveyance:

g ] Assignment

• Security Agreement

• Other

• Merger

• Change of Name

Execution Date: January 28,1997

2. Name and address of receiving party(ies):
Name: KIRIN-AMGEN INC.

Internal Address:

Street Address: Alpenquai 30

P.O. Box 2065,6002 Lucerne, Switzerland

City: State: Zip:

Additional name(s) & address(es) attached? D Yes No

4. Application number(s) or patent number(s): 07/594,448
If this document is being filed together with a new application, the execution date of the application is:

A. Patent Application No.(s)

07/594,448 Filed October 12, 1990

B. Patent No.(s)

Additional numbers attached? • Yes g j No

5. Name and address of party to whom correspondence

concerning document should be mailed:

Name: U.S. Patent Operations/RBW

Internal Address: Dept. 431

Amgen

Street Address: 1840 De Havilland Drive

City: Thousand Oaks State: CA Zip: 91320-1789

6. Total number of applications and patents involved:

7. Total fee (37 CFR 3.41) $ 40.00

• Enclosed

£3 Authorized to be charged to deposit account.

8. Deposit account number: 01-0519

The Commissioner is hereby authorized to charge any
additional fifing fees which may be required or credit
any overpayment to Deposit Account No. 01-0519

DO NOT USE THIS SPACE

9. Statement and signature.
To the best of my knowledge and belief, the foregoing infa
the original document

Robert B. Winter

is true and correct and any attached copy is a true copy of

Name of Person Signing
Total number of pagMnnd

Signature
'including cover sheet, attachments, and document:!

Dafe

CERTIFICATE OF MAILING
I hmby c«nUr ** M« corrwpondtrict It Mng dapotiM will ta Unjud SUM PoaM Swvtc* « Ikt l cUa mail in an anvtlop* aildiMUd to t » Assart
CornnMcnai to Pattrm, Wa*ingion. O.C. 20231. on tw dal* apptaiing baton.

Oa» Signatn



UNITED STATES "^PARTMENT OF COMMERCE
Patent and Trad jrk Office

ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

TO: ROBERT B. WINTER
AMGEN INC.
AMGEN CENTER
1840 DEHAVILLAND DRIVE
THOUSAND OAKS, CA 91320-1789

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE U.S. PATENT AND TRADEMARK OFFICE ON THE REEL AND FRAME
NUMBER REFERENCED BELOW. A DIGEST OF THE DOCUMENT HAS ALSO BEEN MADE
AND APPEARS IN THE OFFICE'S RECORDS AS SHOWN:

ASSIGNOR: 001 STRICKLAND, THOMAS W.
ASSIGNOR: 002 BYRNE, THOMAS E.
ASSIGNOR: 003 ELLIOTT, STEVEN G.

DOC DATE: 12/10/90
DOC DATE: 12/10/90
DOC DATE: 12/10/90

RECORDATION DATE: 12/13/90 NUMBER OF PAGES 006 REEL/FRAME 5553/0755

DIGEST: ASSIGNMENT OF ASSIGNORS INTEREST

ASSIGNEE: 501 AMGEN INC., AMGEN CENTER, THOUSAND OAKS, CA 91320

SERIAL
PATENT

NUMBER
NUMBER

7-591+4^8 FILING DATE
ISSUE DATE

10/12/90
00/00/00

W\R I 1991 I



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
FILING COMPLETION UNDER 37 CFR 1.53(d)/1.63(d)

In re application of:
STRICKLAND et al.

Serial No.: 07/594,448

Filed: October 12, 1990

Tit le: ERYTHROPOIETIN ISOFORMS

REPLY TO NOTICE TO
FILE MISSING PARTS

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

In reply to the Notice to File Missing Parts (copy attached), the following
documents are enclosed to complete the filing of the above-identified patent
application under Rule 53 (d) or 63 (d):

[xJ Signed Declaration per Rule 53(d).

[ ] Rule 47 Petition (filing by less than all co-inventors).

[ ] Original Declaration with attached specification (including claims) which is a
copy of the specification and claims originally filed to secure above filing date.

[ ] sheet(s) of formal drawings. ;

[x] Attached is an assignment to Amqen inc. .

[ ] Attached: Verified Statement(s) establishing "small entity" status under

Rules 9 and 27.

[ ] Attached: .
[ ] Preliminary amendment:

u
u

c
c

-9-3+65674

CERTIFICATE OF MAILING (37 CFR 1.8a)

I hereby certify that this paper (along with any referred to as being attached or enclosed) is being deposited with the
United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to the: Commissioner of Patent and Trademarks, Washington, D.C. 20231.

Date: T &•

(Type or print name)

(Signature of person mailing paper)



ENCLOSED FEES

FEE CALCULATION:

Basic Rling Fee ($630.00) $.

Total Claims - 20 = x $20.00 =_

Independent Claims - 3 = x $60.00 =_

First presentation of Multiple Dependent Claim, $200.00 $_

TOTAL FILING FEE $

EXTENSION OF TIME: g
G\

[ ] This reply was due on . Applicant petitions for an en
extension of time for the total number of months checked below: <-n

CO

[ ] one month $100.00 $ H

[ ] two months $300.00 $ ^

[ ] three months $730.00 $ <r>

[ ] four months $1150.00 $

LATE FILING FEE:

y Fee for late filing of declaration AND/OR late payment of
filing fee, $120.00 $ 120.00

SUBTOTAL $ 120-00

SMALL ENTITY STATEMENT:

[ ] The small entity status box has been checked, and a
Verified Statement is or has been filed,
enter 50% of total SMALL ENTITY SUBTOTAL $

ADDITIONAL FEES:

|XJ Recording fee ("assignment" box checked), $8.00 $ 8.00
[ ] Rule 17(h) petition fee (Rule 47 box checked), $140.00 $

TOTAL FEE ENCLOSED $ 1 2 8 - 0 0

METHOD OF PAYMENT OF FEES:

[ ] check in the amount of $ .

charge Account No. 01 -0519 in the amount of $ 128.00
A duplicate of this transmittal is attached.



The Commissioner is hereby authorized to charge the following additional fees
by this paper and during the entire pendency of this application to Account No.
01-0519.

[ ] 37 CFR 1.16 (filing fees)

[ ] 37 CFR 1.16 (presentation of extra claims)

[ ] 37 CFR 1.16(e) (surcharge for filing the basic filing fee and/or declaration
on a date later than the filing date of the application).

[ ] 37 CFR 1.17 (application processing fees)

Credit Account No. 01-0519 with any overpayment.

Reg. No. 34,458

Tel. No. (805) 499-5725

7 / SigjiaiwrejjLAttorney

Robert B. Winter
Type or print name of Attorne

Amgen Inc.
Amgen Center

1840 Dehavilland Drive
Thousand Oaks, CA 91320-1789

en
en
en
CO

en



PATENT

ForJQ U.S. and/or;Q Foreign Rights

Fon£5{ U.S. Application or • U.S. Patent

By: Multiple Inventors

ASSIGNMENT OF INVENTION (MULTIPLE INVENTORS)

In consideration of the payment by ASSIGNEE to ASSIGNOR of the sum of One Dollar
($1.00), the receipt of which is hereby acknowledged, and for other good and valuable con-
sideration,

ASSIGNORS (inventors):

(Type or print name of inventors)

Thomas Wayne Strickland

Thomas Edward Byrne

Steven George Elliott

Address

13450 East Cedarpine
Moorpark, California
93021 U.S.A.

Nationality

U . S .

7718 Savannah Drive
Bethesda, Maryland
20817 U.S.A.

U.S.

1040 Golden Crest Avenue U.S.
Thousand Oaks, California
91320 U.S.A.

cn
en
cn

cn
CO

(Assignment of Invention—Multiple Inventors [16-3.2]—page 1 of 3)



hereby sells, assigns and transfers to

ASSIGNEE:

(Type or print name of ASSIGNEE) Address Nationality

Amgen Center .. <.
Amgen Inc. Thousand Oaks, CA 91320 ^

m

en
en
en

and the successors, assigns and legal representatives of the ASSIGNEE CO
—»i

(complete one of the following) S

JYjt the entire right, title and interest
cn

• an undivided percent ( %) interest ^
for the United States and its territorial possessions

(check the following box if foreign rights are also to be assigned)

^ and in all foreign countries, including all rights to claim priority

in and to any and all improvements which are disclosed in the invention entitled:

(check and complete (a), (b), (c) or (d)

and which is found in

(a) • U.S. patent application executed on even date herewith

(b) • U.S. patent application executed on

(c) gOJ U.S. application serial no. 0 7 / _ f L 2 i L M 8 _ _ filar* nn October 12. 1990

(d) • U.S. patent no. issued

• A change of address to which correspondence
is to be sent regarding patent maintenance fees
is being sent separately.

(check (e) if foreign application(s) is also being
assigned)

(e) 0 and any legal equivalent thereof in a foreign country, including the right to claim
priority

(Assignment of Invention—Multiple Inventors [16-3.2]—page 2 of 3)



and, in and to, all Letters Patent to be obtained for said invention by the above application
or any continuation, division, renewal, or substitute thereof, and as to letters patent any re-
issue or re-examination thereof

ASSIGNOR hereby covenants that no assignment, sale, agreement or encumbrance has
been or will be made or entered into which would conflict with this assignment;

ASSIGNOR further covenants that ASSIGNEE will, upon its request be provided
promptly with all pertinent facts and documents relating to said invention and said Letters
Patent and legal equivalents as may be known and accessible to ASSIGNOR and will tes-
tify as to the same in any interference, litigation or proceeding related thereto and will
promptly execute and deliver to ASSIGNEE or its legal representatives any and all papers,
instruments or affidavits required to apply for, obtain, maintain, issue and enforce said appli-
cation, said invention and said Letters Patent and said equivalents thereof which may be
necessary or desirable to carry out the purposes thereof.

IN WITNESS WHEREOF, We have hereunto set hand and seal this u e c e " ' u e r 1 U >

(Date of signing).
WARNING: Date of signing must be the same as the date of execution of the application if item (a) was

checked above.

(Type name of Inventor) Signature of INVENTOR

Thomas Wayne Str ickland

Thomas Edward Byrne "tyrLffy^^o ?^£ri^i

Steven George Elliott __ __
cn
en
cn
CO

en
o

RECORDED
PATENT S IRApfMARK OFFICE

BECI3 SO

NOTE: No witnessing, notarization or legalization is necessary. If the assignment is notarized or legalized then
it will only be prima fade evidence of execution 35 USC 261. Use next page if notarization is desired.

0 Notarization or Legalization Page Added.

(Assignment of Invention—Multiple Inventors [16-3.2]—page 3 of 3)



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Fu-Kuen Lin

Serial No.: 08/100,197 Group Art Unit No.: 1633

Filed: August 2,1993 Examiner: James Martinell, Ph.D.

For: PRODUCTION OF ERYTHROPOIETIN

Docket No.: D155CIP3-C1CC2
vP

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE ^
PATENTING REJECTION OVER A PRIOR PATENT %

Assistant Commissioner For Patents <?? '£>
Washington, DC 20231 <%> %

Sir:

Petitioner, Kirin-Amgen Inc., is the owner of the entire interest in the instant application.

Petitioner hereby disclaims the terminal part of any patent granted on the above-identified application,
which would extend beyond the expiration date of the full statutory term as presently shortened by any terminal
disclaimer of U. S. Patent j^a_5!621>080, and hereby agrees that any patent so granted on said above-identified
application shall be enforceable only for and during such period that the legal title to said patent shall be the same
as the legal title to U. S. Patent No. 5,621,080, this agreement to run with any patent granted on said above-
identified application and to be binding upon the grantee, its successors, or assigns.

Petitioner does not disclaim any terminal part of any patent granted on said above-identified application that
would extend to the full statutory term as presently shortened by any terminal disclaimer of U. S. Patent No.
5,621,080 in the event that said U. S. Patent No. 5,621,080 later: expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction is statutorily disclaimed in whole or
terminally disclaimed under 37 CFR 1.321 (a), has all claims canceled by a re-examination certificate, is reissued, or
is otherwise terminated prior to the expiration of its statutory term as presently shortened by any terminal disclaimer,
except for the separation of legal title stated above.

Copies of the assignment documents in the chain of title from the original owner to assignee are attached,
and were recorded in the U. S. Patent and Trademark Office at reel 8430 and frame 0657.

The undersigned has reviewed the attached assignment documents and certifies that, to the best of the
undersigned's knowledge and belief, title is in the assignee identified above.



I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity
of the application or any patent issued thereon.

Respectfully submitted,

Stuart L. Watt
Secretary
KIRIN AMGEN INC.

Date: Aifinl 36, /fff



REC I V E D / v \ .
JUN 021997

MARSHALL 0' JOOLfc
MAY 22, 1997

PTAS
MARSHALL, O'TOOLE, GERSTEIN ET AL
MICAHEL F. BORUN
6300 SEARS TOWER
233 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606-6402

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSSTANT SECRETARY AND COMMISSIONER
Cf PATENTS AND TRADEMARKS
Washington. DC. 20231

*100391469A*

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF THE
U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS AVAILABLE
AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER REFERENCED
BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION
CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE
PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR
HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY CONTACT THE EMPLOYEE WHOSE
NAME APPEARS ON THIS NOTICE AT 703-308-9723. PLEASE SEND REQUEST FOR
CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, ASSIGNMENT DIVISION,
BOX ASSIGNMENTS, NORTH TOWER BUILDING, SUITE 10C35, WASHINGTON, D.C. 20231

RECORDATION DATE: 04/07/1997 REEL/FRAME: 8430/0657
NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS).

DOC DATE: 04/03/1997
ASSIGNOR:

KIRIN-AMGEN INC.

ASSIGNEE:
AMGEN INC., A DELAWARE CORPORATION
1840 DEHAVILLAND DRIVE
THOUSAND OAKS, CALIFORNIA 91320

SERIAL NUMBER: 08468556
PATENT NUMBER: 5621080

FILING DATE: 06/06/1995
ISSUE DATE: 04/15/1997

SHARMALLA SIMPSON, EXAMINER
ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS



04-14-1997

100331469

To the Honorable Commissioner of
Patents and Trademarks:
Please record the attached original
document or copy thereof.

1. Name of party or parties conveying
an interest:

Kirin-Amgen Inc.

2. Name and address of party or
parties receiving an interest:

Name: Amgen Inc., a Delaware
corporation
Street Address: 1840 DeHavilland Drive
City: Thousand Oaks
State: California
Zip: 91320

3. Description of the interest conveyed:

X Assignment
Merger
Change of Name
Security Agreement

Execution Date: April 3, 1997

Other:

4. Application number(s) or patent
number(s). Additional sheet attached?
YES NO X

A. Patent application no.(s):
08/468,556 filed June 6, 1995
now Patent No. 5,621,080
to issue April 15, 1997

If the document is being filed together
with a new application, the execution
date of the application is:

B. Patent no.(s):

5. Name and address of party to whom
correspondence concerning this cover
sheet should be mailed:

Name: Micahel F. Borun
Reg. No. 25,447

MARSHALL, O'TOOLE, GERSTEIN,
MURRAY & BORUN
Street Address: 6300 Sears Tower,
233 South Wacker Drive
City: Chicago
State: Illinois Zip: 60606-6402

6. Number of applications and/or
patents identified on this cover sheet:

1
7. Amount of fee enclosed or authorized
to be charged:

$40.00

8. Any additional required fee may be
charged, or any overpayment credited to
our deposit account: 13-2855

9. To the best of my knowledge and belief, the information contained on this
cover sheet is true and correct and any copy submitted is a true copy of the original
document.

Date: April 4. 1997
Michael F. Borun
Reg. No. 25,447 M20 Ur (M/.

1 581



ASSIGNMENT

Whereas, KIRIN-AMGEN INC., a Delaware corporation having a place of business at
Alpenquai 30, P.O. Box 2065,6002 Lucerne, Switzerland

is by virtue of an Assignment dated November 29,1984 and recorded in the United States Patent and
Trademark Office on January 23,1985 at Reel 4352, Frame 075, the owner of the entire right, title and
interest m and to the invention of Fu-Kuen Lin, disclosed in an application for Letters Patent of the United
States ("Application") entitled PRODUCTION OF ERYTHROPOIETIN which is found in U.S.
Application Serial No. 08/468,556 filed on June 6,1995 which has been allowed and is expected to issue on
April 15,1997 as U.S. Patent No. 5,621,080.

Whereas AMGEN INC., a Delaware corporation having a place of business at 1840 DeHavilland
Drive, Thousand Oaks, California 91320, wishes to acquire the entire interest m all inventions disclosed n
such Application:

Now, therefore, in consideration of the sum of one dollar ($1.00) and other good and valuable
consideration, the receipt of which is hereby acknowledged, Kirin-Amgen Inc. hereby sells, assigns,
transfers and sets over unto AMGEN INC., its successors and assigns (collectively "AMGEN") the entire
right, title and interest in, to and under the Application and any and all Letters Patent of the United
States which may be obtained on said Application, all rights in such Application and Letters Patent to be
held and enjoyed by AMGEN INC. for its own use and enjoyment to the full end of the term or terms for
which such Letters Patent may be granted, as fully and entirely as the same would have been held and
enjoyed by KIRIN-AMGEN INC. had this assignment and sale not been made.

Further, KIRIN-AMGEN INC. hereby sells, assigns, transfers, and sets over unto AMGEN INC.
the entire right, title and interest in or to the right to refer to, to access, and to control microorganism(s)
or other biological material(s) related to the Application and which are deposited by KIRIN-AMGEN INC.
or at KIRIN-AMGEN INC.'s direction, its affiliates, employees or employees of its affiliates. The transfer
of such right, title and interest includes, without limitation, the unreserved and irrevocable consent and
authorization by KIRIN-AMGEN INC. to AMGEN INC. to refer to the deposited microorganisms(s) or
other biological materials(s) in the Application and the right to make available to the public the deposited
material in accordance with the laws, treaties, statutes, rules, regulations and the like of the United
States.

In Witness Whereof I have executed this assignment on the ^ day of CL<QA+&, 19

Stuart L. Watt, Secretary
KIRIN-AMGEN INC.



State of California \ ^
County of Ventura /

UNITED STATES OF AMERICA

3 19

Before me, a Notary Public for Ventura County, State of California, personally appeared

{personally known to me - OR - Q proved to me on the basis of satisfactory evidence to be the
person whose name is subscribed to the within instrument and
acknowledged to me that he/she executed the same n his/her
authorized capacity, and that by his/her signature on the
instrument the person, or the entity upon behalf of which the
person acted, executed the instrument.

WITNESS my hi official seal.

A
Notary Publi

My commission expires

7
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Serial No.
675,298

ASSIGNMENT

Filed.
November 30, 1984

Title.
"PRODUCTION OF ERYTHROPOIETIN"

Ten Dollars ($10.00) the receipt and sufficiency whereof are hereby acknowledged,

the undersigned hereby assigns •» Kirin-Amqen, Inc . , a Cal ifornia corporation
1900 Oak Terrace Lane, Thousand Oaks, Cal i fornia 91320

its successors and assigns- -the entire right,

title and interest in the invention or improvements of the undersigned disclosed in an application for Letters Patent

of the United States, executed by the undersigned on N o v e m b e r 2 9 ., 19- 84 ., and in said appli-

cation and any and all other applications, both United States and foreign, which the undersigned may file, either solely

or jointly with others, on said invention or improvements, and in any and all Letters Patent of the United States and

foreign countries, which may be obtained on any of said applications, and in any reissue or extension thereof.

The undersigned hereby authorizes and requests the Commissioner of Pnter.ts to issue said Letters Patent to said

Kirin-Amqen. Inc.
The undersigned hereby authorizes and requests the attorneys of record in said application to insert in this assign-

ment the date and serial number of said application when officially known.

The undersigned warrants himself to be the owner of the interest herein assigned and to have the right to make

this assignment; and further warrants that there are no outstanding prior assignments, licenses, or other rights in the

interest herein assigned.

For said consideration the undersigned hereby agrees, upon the request and at the expense of said assignee, its

successors and assigns, to execute any and all divisional, continuation, continuation-in-part and substitute applications for

said invention or improvements, and any necessary oath or affidavit relating thereto, and any application for the reissue or

extension of any Letters Patent that may be granted upon said application, and any and all applications and other documents

for Letters Patent in foreign countries on said Invention or improvements, that said assignee, its successors or assigns, may

deem necessary or expedient, and for the said consideration the undersigned further agrees upon the request of said

assignee, its successors or assigns, in the event of any application or Letters Patent assigned herein becoming involved

in Interference, to co-operate to the best of the ability of the undersigned with said assignee, its successors or assigns,

in the matters of preparing and executing the preliminary statement and giving and producing evidence in support thereof,

the undersigned hereby agreeing to perform, upon request, any and all affirmative acts to obtain said Letters Patent,

both United States and foreign, and vest all rights therein hereby conveyed in the said assignee, its successors and

assigns, whereby said Letters Patent will be held and enjoyed by the said assignee, its successors and assigns, to the

full end of the term for which said Letters Patent may be granted as fully and entirely as the same would have been

held and enjoyed by the undersigned if this assignment and sale had not been

^ day nfWITNESS my hand and seal,

made^

Nineteen Hundred and E i g h t y - F o u r

RECORDED ^
PATENT & TRAOEMABK O F F I C E - ^

JAN 23 1385state nf California

County of_ Ventura

M 'On -day of

(SEAL)

, before me, a Notary Public in and

for the County and State aforesaid, appear^

ACTING COMMISSIONER OF
jflftflEMARKS

to me personally known to be the same person whose name is subscribed to the foregoing instrument, and acknowledged

that he executed said instrument as his free and voluntary act and for the uses and purposes therein expressed.

WITNESS my hand and seal the day and year last above given

My commission Expires , n ., ,,— .-_. ̂ ^ ^ ^ . . _
"Nota ry PublicOFFICIAL SEAL

; N ^ S & Z „ VLNT'JM COUNTY
L-^f: My ccmf:i- "P'.-es AL'3 7, 1:37



UNITED STAT PARTMENT OF COMMERCE
Patent and Trt .«ark Office ^ ^

Address: COMMISSIONER OF PATENTS AND TRADEMARK^ \/f\
Washington, D.C. 20231 C <J/L-/l

SERIAL NUMBER

08/10 0,

| FILING DATE |

197 08/02 / 9 3

FIRST NAMED APPLICANT

LIN F

| ATTORNEY DOCKET NO.

202986i>i 5SC

r
INTELLECTUAL PROPERTY GROUP
BELL, BOYD & LLOYD
P . 0 . BOX 6 5 3 3 1
WASHINGTON DC 21:1035-5331

HM12/0 528
~l

ART

EXAMINER

MART
UNIT

1633

I NELL,,T
| PAPER

J<
NUMBER

DATE MAILED:

US/28/':

NOTICE OF ALLOWABILITY

AdPARTI.

1. JS This communication is responsive to

2. p i All the claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent in due
course.

3. IJJ The allowed claims are 6 T Q.*UL (t%

4. pjjT The drawings filed on <//Z&ftf are acceptable.
5. • Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has [_] been received. [_] not been

received. [_] been filed in parent application Serial No , filed on

6. jS Note the attached Examiner's Amendment.

7. • Note the attached Examiner Interview Summary Record, PTOL-413.

8. • Note the attached Examiner's Statement of Reasons for Allowance.

9. • Note the attached NOTICE OF REFERENCES CITED, PTO-892.

10. J8. Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART II.

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

1. • Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

2. • APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER.

a. • Drawing informalities are indicated on the NOTICE RE PATENT DRAWINGS, PTO-948, attached hereto or to Paper No.
CORRECTION IS REQUIRED.

b. • The proposed drawing correction filed on has been approved by the examiner. CORRECTION IS
REQUIRED.

c. • Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS
REQUIRED.

d. • Formal drawings are now REQUIRED.

Any response to this letter should include in the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

Attachments:
/> Examiner's Amendment

_ Examiner Interview Summary Record, PTOL-413
_ Reasons for Allowance
_ Notice of References Cited, PTO-892
4 Information Disclosure Citation, PTO-1449

_ Notice of Informal Application, PTO-152
_ Notice re Patent Drawings, PTO-948
— Listing of Bonded Draftsmen
_ Other

PTOL-37 (REV. 3-85) USCOMM-DC 85-3744



Serial No. 08/100,197

Art Unit 1633

An examiner's amendment to the record appears below. Should

the changes and/or additions be unacceptable to applicant, an

amendment may be filed as provided by 37 CFR 1.312. To ensure

consideration of such an amendment, it MUST be submitted no later

than the payment of the issue fee.

Delete the first sentence of the specification and substitute the

following therefor.

This is a continuation of application SN 07/957,073, filed

October 6, 1992, now abandoned, which is a continuation of

application SN 07/609,741, filed November 6, 1990, now abandoned,

which is a continuation of application SN 07/113,17 9, now U.S.

Patent No. 5,441,868, which is a continuation of application SN

Jj£^ft06/675,298,^now U.S. Patent No. 4,703,008, which is a

continuation in part of application SN 06/655,841, filed

September 28, 19 84, now abandoned, which is a continuation in

part of application SN 06/582,185, now abandoned, which is a

continuation in part of application SN 06/561,024, now

abandoned.

elOC.197a.wpd



Serial No. 08/100,197

Art Unit 1633

The following references were crossed off the the form PTO-

1449 submitted April 28, 1999 because they were already of

record:

(a) U.S. Patent No. 4,303,650,

(b) U.S. Patent No. 4,397,840, and

(c) Miyake et al, J. Biol. Chem. 252(15) 5558-5564 (1977).

The Group and/or Art Unit location of your application in

the PTO has changed. To aid in correlating any papers for this

application, all further correspondence regarding this

application should be directed to Group Art Unit 1633.

Certain papers related to this application may be submitted

to Group 1600 by facsimile transmission. Papers should be faxed

to Art Unit 1633 at (703) 308-4242. The faxing of such papers

must conform with the rules published in the Official Gazette,

1156 OG 61 (November 16, 1993).

Any inquiry concerning this communication should be directed

to J. Martinell at telephone number (703) 308-0296.

JAKES MARTINELU PH.D.
SENIOR LEVEL EXAMINER

el00197a.wpd page 2



V3V

UNITED STATE& DEPARTMENT OF COMMERCE
Patent and Trademark Office

NOTICE OF ALLOWANCE AND ISSUE FEE DUE

:i 2/or
IIM T E i... I... E C • r U A!... P i- < L '• P E R 1' Y r:i!: •: 01.1 P

P E L L , BOY1' $>. Li ...OYO
P.O.. BO>: 6.533:1.
WASH 1 NOT!' ON IX.: •'i.i U31--5-?8 :i

APPLICATION

0 8 /
Rrst Named
Applicant ! .

NO.

1 0 0 ,

1 N,

1 9

FILING DATE

7 08/02/9:

TOTAL CLAIMS

; u u 2

35 I

NARi

SC >. b

EXAMINER AND GROUP ART UNIT

' !-;•:! I. -, ,"! 16 : : -

• - : : , ) l ; e r r n e x t . . ••• 0 f.

3

a y

DATE MAILED

, • - . . • • . • : ; ; • > / ' - ' ' : • ' •

TITLE OF
INVENTION PRODUCT I ON OF ER1 !-IROF'C! I E T 1 N

ATTYS DOCKET NO. CLASS-SUBCLASS BATCH NO. APPLN. TYPE SMALL ENTITY FEE DUE DATE DUE

1 202VS6D1S5C3: >]. 4 - Q 0 8 ., ij iJ !.i i.i r i i.. i r Y iJO 'i< 1 "2 I 0 „ 0 0 i i / 99

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your
current SMALL ENTITY status:

A. If the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown
above.

If the SMALL ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

II. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section "4b" of Part
B-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give application number and batch number.
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance
fees when due.

PATENT AND TRADEMARK OFFICE COPY
PTOL-85 (REV. 10-96) Approved for use through 06/30/99. (0651-0033)

'U.S. GPO: 1998-437-639/80023



F
IG

. 
1

10
0

^ 
8

0
o I § 

60
6

4
0 2
0

• 
R

IA
 S

T
A

N
D

A
R

D
H

U
M

A
N

 
E

P
O

A
 

R
E

C
O

M
B

IN
A

N
T

 M
O

N
K

E
Y

 E
P

O
O

 R
E

C
O

M
B

IN
A

N
T

 H
U

M
A

N
 E

P
O

5 
D

A
Y

 
S

A
M

P
LE

• 
R

E
C

O
M

B
IN

A
N

T
 H

U
M

A
N

 E
P

O
7 

D
A

Y
 

S
A

M
P

LE

to -a

0
1

1
.0

0
0

1
10

.0
0

1
1
0
0

.0
1

1
0

0
0

0
.1

m
 
U

N
IT

S
1.

0
 
m

lE
P

O
C

E
LL

 C
O

N
D

IT
IO

N
E

D
M

E
D

IA



••i ;-?s.'

2/27

FIG. 2

Ap

Pst I - \
R

SV40ori

Bam H

SV40 poly A signal



i D i i . V : ; _£_J

FIG. 3

HIndm _

Pstl

RI
I SV40orf BamHl



IDR/.M

4/27

R[

PstI
Ap1

PDSVL-gHuEPO



FI
G.
 5
A

S
a
u
3
A

G
A
T
C
C
C
G
C
G
C
C
C
C
C
T
G
G
A
C
A
G
C
C
G
C
C
C
T
C
T
C
C
T
C
C
A
G
G
C
C
C
G
T
G
G
G
G
C
T
G
G
C
C
C
T
G
C
C
C

C
G
C
T
G
A
A
C
T
T
C
C
C
G
G
G
A
T
G
A
G
G
A
C
T
C
C
C
G
G
T
G
T
G
G
T
C
A
C
C
G
C
G
C
G
C
C
T
A
G
G
T
C
G
C
T
G
A
G

-
2
7
 

-
2
0

M
e
t
 
G
l
y
 
V
a
l
 
H
i
s
 
G
l
u
 
C
y
s
 
P
r
o
 
A
l
a
 
T
r
p

G
G
A
C
C
C
C
G
G
C
C
A
G
G
C
G
C
G
G
A
G
A
T
G
 
G
G
G
 
G
T
G
 
C
A
C
 
G
A
A
 
T
G
T
 
C
C
T
 
G
C
C
 
T
G
G

-
1
0

L
e
u
 
T
r
p
 
L
e
u
 
L
e
u
 
L
e
u
 
S
e
r
 
L
e
u
 
V
a
l
 
S
e
r
 
L
e
u
 
P
r
o
 
L
e
u
 
G
l
y
 
L
e
u
 
P
r
o

C
T
G
 
T
G
G
 
C
T
T
 
C
T
C
 
C
T
G
 
T
C
T
 
C
T
C
 
G
T
G
 
T
C
G
 
C
T
C
 
C
C
T
 
C
T
G
 
G
G
C
 
C
T
C
 
C
C
A

-
1
 
+
1
 

1
0

V
a
l
 
P
r
o
 
G
l
y
 
A
l
a
 
P
r
o
 
P
r
o
 
A
r
g
 
L
e
u
 
l
i
e
 
C
y
s
 
A
s
p
 
S
e
r
 
A
r
g
 
V
a
l
 
L
e
u

G
T
C
 
C
C
G
 
G
G
C
 
G
C
C
 
C
C
A
 
C
C
A
 
C
G
C
 
C
T
C
 
A
T
C
 
T
G
T
 
G
A
C
 
A
G
C
 
C
G
A
 
G
T
C
 
C
T
G

2
0
 

*
G
l
u
 
A
r
g
 
T
y
r
 
L
e
u
 
L
e
u
 
G
l
u
 
A
l
a
 
L
y
s
 
G
l
u
 
A
l
a
 
G
l
u
 
A
s
n
 
V
a
l
 
T
h
r
 
M
e
t

G
A
G
 
A
G
G
 
T
A
C
 
C
T
C
 
T
T
G
 
G
A
G
 
G
C
C
 
A
A
G
 
G
A
G
 
G
C
C
 
G
A
G
 
A
A
T
 
G
T
C
 
A
C
G
 
A
T
G

3
0
 

*
 

4
0

G
l
y
 
C
y
s
 
S
e
r
 
G
l
u
 
S
e
r
 
C
y
s
 
S
e
r
 
L
e
u
 
A
s
n
 
G
l
u
 
A
s
n
 
l
i
e
 
T
h
r
 
V
a
l
 
P
r
o

G
G
C
 
T
G
T
 
T
C
C
 
G
A
A
 
A
G
C
 
T
G
C
 
A
G
C
 
T
T
G
 
A
A
T
 
G
A
G
 
A
A
T
 
A
T
C
 
A
C
C
 
G
T
C
 
C
C
A



UitA;

6/27

6

H CD
CD CD

rH U
fd EH
> CD

0 CD
H i4j
CD CD

4J CD
0) H

rl CD

01 CD

Pi CD
U CD

EH EH

O id U
in rH U

<J CD

U EH

EH EH

d) U
XI EH
P I EH

fl U

< 3
rH EH
(d ^
> CD

W rtj
r*! "5

k CJ
Xi U
^ <

OlU
CQ ft,

< CD

rH fi
CD CD

rl l4j
d) U
CO EH

0 U
O 0) EH

0 CD
d) EH
J U

(d U
H U
ft, CD

0 CD
d) ^
J U

rH CD
CD CD

a CD
rH ft,
CD U
ftCD
rl CD

EH EH

rH U
(d H
> CD

CD CD

rH <J
(d EH

> CD

O (d EH

KJJ CD

(H CD
rH ft,
CD U

CJ CD
rH ft,
CD U

0 EH
U U
Pi U

C! CD
rH KlJ
CD U

U U
0) U
CO EH

H EH
d) U

CO trt

a u
* to rtj

(d U
rH U
rij CD

0 CD
d> EH
>-3 EH

O H CD
oo (d EH

> CD

(d U
rH U
ft, O

Ci CD
rH rt!
CD U

rH CD
CD CD

diCD
H CD

0 CD
d) EH

rH U

rH U
(d EH
> CD

id ^
rH U
rtj CD

0 EH
d) EH

a u
rNU

rH CD
CD CD

o U trt
O 0) CD
H CO rij

0) U
rH EH
H <J

id U
rH U
ri! CD

Ul ft
r*1 ^
i j <!

&EH
CO ft,
rtj CD

4J CD
d) EH
g<!
to U

au
0 CD
<0 EH

r̂  U
fl CD

rH <
CD U

0 CD
d) EH
J U

O 0 U
en U U

Pi U

0 CD
rH rtj
CD CD

d) U
XJ EH
P I EH

(d U
rH U
ft, CD

CD CD

n CD
H rt,
CD U

(d U
rH U
ft, CD

rH CD
CD CD

0 CD
d) EH
J U

(d CD
rH CJ
< CD

O tnCD
H >H CD
H < U

0 ^
0) EH
rH U

0 CD
Q) EH

rH U

U trt
XI U
EH rt!

h U
Xl U
EH <!

d) U
rH EH
H <!

^ U
d) CD

CO i4|

Cnu
U CD
<! U

13
0

12
0

d)
H
H

Th
r

tn
u

Le
u

Pr
o

A
l
a

A
l
a

Se
r

A
l
a

A
l
a

A
s
p

Pr
o

Le
u

Se
r

rH
H

AT
C

A
C
C

C
G
A

CT
C

CC
A

GC
T

GC
T

TC
G

GC
C

D
D

D

GA
T

CC
A

CT
C

TC
C

D
X

V

Ph
e

As
n

Se
r

£
V
a
l

A
r
g

Ph
e

O 0
^ d)
rH h3

Ly
s

TT
C

AA
T

TC
C

D
V

X

GT
C

V
D

D

TT
C

CT
C

A
A
A

w u
* C D

U EH

Ph
e

Th
r

TT
C

AC
T

oi fA
rtj CD

A
l
a

Th
r

GC
T

AC
T



VI
)

F
I
G
.
 

5
C
 

•
<
. ,
r
i
5
 
i

1
5
0
 

1
6
0

L
e
u
 
A
r
g
 
G
l
y
 
L
y
s
 
L
e
u
 
L
y
s
 
L
e
u
 
T
y
r
 
T
h
r
 
G
l
y
 
G
l
u
 
A
l
a
 
C
y
s
 
A
r
g
 
A
r
g

C
T
C
 
C
G
G
 
G
G
A
 
A
A
G
 
C
T
G
 
A
A
G
 
C
T
G
 
T
A
C
 
A
C
G
 
G
G
G
 
G
A
G
 
G
C
C
 
T
G
C
 
A
G
G
 
A
G
A

1
6
5

G
l
y
 
A
s
p
 
A
r
g
 
O
P

G
G
G
 
G
A
C
 
A
G
A
 
T
G
A
 
C
C
A
G
G
T
G
C
G
T
C
C
A
G
C
T
G
G
G
C
A
C
A
T
C
C
A
C
C
A
C
C
T
C
C
C
T
C
A
C
C
A
A
C
A

C
T
G
C
C
T
G
T
G
C
C
A
C
A
C
C
C
T
C
C
C
T
C
A
C
C
A
C
T
C
C
C
G
A
A
C
C
C
C
A
T
C
G
A
G
G
G
G
C
T
C
T
C
A
G
C
T
A
A
G

C
G
C
C
A
G
C
C
T
G
T
C
C
C
A
T
G
G
A
C
A
C
T
C
C
A
G
T
G
C
C
A
G
C
A
A
T
G
A
C
A
T
C
T
C
A
G
G
G
G
C
C
A
G
A
G
G
A
A
C

T
G
T
C
C
A
G
A
G
C
A
C
A
A
C
T
C
T
G
A
G
A
T
C
T
A
A
G
G
A
T
G
T
C
G
C
A
G
G
G
C
C
A
A
C
T
T
G
A
G
G
G
C
C
C
A
G
A
G
C

A
G
G
A
A
G
C
A
T
T
C
A
G
A
G
A
G
C
A
G
C
T
T
T
A
A
A
C
T
C
A
G
G
A
G
C
A
G
A
G
A
C
A
A
T
G
C
A
G
G
G
A
A
A
A
C
A
C
C
T

G
A
G
C
T
C
A
C
T
C
G
G
C
C
A
C
C
T
G
C
A
A
A
A
T
T
T
G
A
T
G
C
A
G
G
A
C
A
C
G
C
T
T
T
G
G
A
G
G
C
A
A
T
T
T
A
C
C
T
G

T
T
T
T
T
G
C
A
C
C
T
A
C
C
A
T
C
A
G
G
G
A
C
A
G
G
A
T
G
A
C
T
G
G
A
G
A
A
C
T
T
A
G
G
T
G
G
C
A
A
G
C
T
G
T
G
A
C
T
T

C
T
C
A
A
G
G
C
C
T
C
A
C
G
G
G
C
A
C
T
C
C
C
T
T
G
G
T
G
G
C
A
A
G
A
G
C
C
C
C
C
T
T
G
A
C
A
C
T
G
A
G
A
G
A
A
T
A
T
T

T
T
G
C
A
A
T
C
T
G
C
A
G
C
A
G
G
A
A
A
A
A
T
T
A
C
G
G
A
C
A
G
G
T
T
T
T
G
G
A
G
G
T
T
G
G
A
G
G
G
T
A
C
T
T
G
A
C
A
G

G
T
G
T
G
T
G
G
G
G
A
A
G
C
A
G
G
G
C
G
G
T
A
G
G
G
G
T
G
G
A
G
C
T
G
G
G
A
T
G
C
G
A
G
T
G
A
G
A
A
C
C
G
T
G
A
A
G
A
C

A
G
G
A
T
G
G
G
G
G
C
T
G
G
C
C
T
C
T
G
G
T
T
C
T
C
G
T
G
G
G
G
T
C
C
A
A
G
C
T
T



FI
G.
6A

A
A
G
C
T
T
C
T
G
G
G
C
T
T
C
C
A
G
A
C
C
C
A
G
C
T
A
C
T
T
T
G
C
G
G
A
A
C
T
C
A
G
C
A
A
C
C
C
A
G
G
C
A
T
C
T
C
T
G
A
G
T
C
T
C
C
G
C
C
C
A

A
G
A
C
C
G
G
G
A
T
G
C
C
C
C
C
C
A
G
G
G
G
A
G
G
T
G
T
C
C
G
G
G
A
G
C
C
C
A
G
C
C
T
T
T
C
C
C
A
G
A
T
A
G
C
A
C
G
C
T
C
C
G
C
C
A
G
T
C
C
C

A
A
G
G
G
T
G
C
G
C
A
A
C
C
G
G
C
T
G
C
A
C
T
C
C
C
C
T
C
C
C
G
C
G
A
C
C
C
A
G
G
G
C
C
C
G
G
G
A
G
C
A
G
C
C
C
C
C
A
T
G
A
C
C
C
A
C
A
C
G
C

A
C
G
T
C
T
G
C
A
G
C
A
G
C
C
C
C
G
C
T
C
A
C
G
C
C
C
C
G
G
C
G
A
G
C
C
T
C
A
A
C
C
C
A
G
G
C
G
T
C
C
T
G
C
C
C
C
T
G
C
T
C
T
G
A
C
C
C
C
G
G

C
G
C
C
G
C
A
C
C
G
C
G
C
T
G
T
C
C
T
C
C
C
G
G
A
G
C
C
G
G
A
C
C
G
G
G
G
C
C
A
C
C
G
C
G
C
C
C
X
G
C
T
C
T
G
C
T
C
C
G
A
C
A
C
C
G
C
G
C
C
C

C
T
T
G
G
A
C
A
G
C
C
G
C
C
C
T
C
T
C
C
T
C
T
A
G
G
C
C
C
G
T
G
G
G
G
C
T
G
G
C
C
C
T
G
C
A
C
C
G
C
C
G
A
G
C
T
T
C
C
C
G
G
G
A
T
G
A
G
G
X
X

0
0

-
2
7
 

-
2
4
 

^
M
e
t
 
G
l
y
 
V
a
l
 
H
i
s

C
C
C
G
G
T
G
A
C
C
G
G
C
G
C
G
C
C
C
C
A
A
G
T
C
G
C
T
G
A
G
G
G
A
C
C
C
C
G
G
C
C
A
A
G
C
G
C
G
G
A
G
 
A
T
G
 
G
G
G
 
G
T
G
 
C
A
C
 
G



FI
G.
6B

A
T
T
G
G
C
C
A
A
G
A
G
G
T
G
G
C
T
G
G
G
T
T
C
A
A
G
G
A
C
C
G
G
C
G
A
C
T
T
G
T
C
A
A
G
G
A
C
C
C
C
G
G
A
A
G
G
G
G
G
A
G
G
G
G
G
G
T
G
G
G

G
C
A
G
C
C
T
C
C
A
C
G
T
G
C
C
G
C
G
G
G
G
A
C
T
T
G
G
G
G
G
A
G
T
T
C
T
T
G
G
G
G
A
T
G
G
C
A
A
A
A
A
C
C
T
G
G
C
C
T
G
T
T
G
A
G
G
G
G
C
A

C
A
G
T
T
T
G
G
G
G
T
T
G
G
G
G
A
G
G
A
G
G
T
T
T
G
G
G
G
T
T
C
T
G
C
T
G
T
G
C
A
G
T
T
G
T
G
T
C
G
T
T
G
T
C
A
G
T
G
T
C
T
C
G
[
I
•
S
•
 ]

T
T
G
C
A
C
A
C
G
C
A
C
A
G
A
T
C
A
A
T
A
A
G
C
C
A
G
A
G
G
C
A
G
C
A
C
C
T
G
A
G
T
G
C
T
T
G
C
A
T
G
G
T
T
G
G
G
A
C
A
G
G
A
A
G
G
A
C
G
A
G

C
T
G
G
G
G
C
A
G
A
G
A
C
G
T
G
G
G
G
A
T
G
A
A
G
G
A
A
G
C
T
G
T
C
C
T
T
C
C
A
C
A
G
C
C
A
C
C
C
T
T
C
T
C
C
C
C
C
C
C
C
G
C
C
T
G
A
C
T
C
T

C
A
G
C
C
T
G
G
C
T
A
T
C
T
G
T
T
C
T
A
G

-
2
3
 

-
2
0

G
l
u
 
C
y
s
 
P
r
o
 
A
l
a
 
T
r
p
 
L
e
u
 
T
r
p
 
L
e
u
 
L
e
u
 
L
e
u
 
S
e
r
 
L
e
u

A
A
 
T
G
T
 
C
C
T
 
G
C
C
 
T
G
G
 
C
T
G
 
T
G
G
 
C
T
T
 
C
T
C
 
C
T
G
 
T
C
C
 
C
T
G

-
1
0
 

-
1
 
+
1

L
e
u
 
S
e
r
 
L
e
u
 
P
r
o
 
L
e
u
 
G
l
y
 
L
e
u
 
P
r
o
 
V
a
l
 
L
e
u
 
G
l
y
 
A
l
a
 
P
r
o
 
P
r
o
 
A
r
g
 
L
e
u
 
l
i
e
 
C
y
s

C
T
G
 
T
C
G
 
C
T
C
 
C
C
T
 
C
T
G
 
G
G
C
 
C
T
C
 
C
C
A
 
G
T
C
 
C
T
G
 
G
G
C
 
G
C
C
 
C
C
A
 
C
C
A
 
C
G
C
 
C
T
C
 
A
T
C
 
T
G
T

1
0
 

2
0
 

*
A
s
p
 
S
e
r
 
A
r
g
 
V
a
l
 
L
e
u
 
G
l
u
 
A
r
g
 
T
y
r
 
L
e
u
 
L
e
u
 
G
l
u
 
A
l
a
 
L
y
s
 
G
l
u
 
A
l
a
 
G
l
u
 
A
s
n
 
l
i
e

G
A
C
 
A
G
C
 
C
G
A
 
G
T
C
 
C
T
G
 
G
A
G
 
A
G
G
 
T
A
C
 
C
T
C
 
T
T
G
 
G
A
G
 
G
C
C
 
A
A
G
 
G
A
G
 
G
C
C
 
G
A
G
 
A
A
T
 
A
T
C

2
6

T
h
r

A
C
G
 
G
T
G
A
G
A
C
C
C
C
T
T
C
C
C
C
A
G
C
A
C
A
T
T
C
C
A
C
A
G
A
A
C
T
C
A
C
G
C
T
C
A
G
G
G
C
T
T
C
A
G
G
G
A
A
C
T
C
C
T
C
C
C
A
G
A
T

C
C
A
G
G
A
A
C
C
T
G
G
C
A
C
T
T
G
G
T
T
T
G
G
G
G
T
G
G
A
G
T
T
G
G
G
A
A
G
C
T
A
G
A
C
A
C
T
G
C
C
C
C
C
C
T
A
C
A
T
A
A
G
A
A
T
A
A
G
T
C



FI
G.
6C

T
G
G
T
G
G
C
C
C
C
A
A
A
C
C
A
T
A
C
C
T
G
A
A
A
C
T
A
G
G
C
A
A
G
G
A
G
C
A
A
A
G
C
C
A
G
C
A
G
A
T
C
C
T
A
C
G
C
C
T
G
T
G
G
G
C
C
A
G
G
G

2
7
 

3
0

T
h
r
 
G
l
y
 
C
y
s
 
A
l
a
 
G
l
u

C
C
A
G
A
G
C
C
T
T
C
A
G
G
G
A
C
C
C
T
T
G
A
C
T
C
C
C
C
G
G
G
C
T
G
T
G
T
G
C
A
T
T
T
C
A
G
 

A
C
G
 
G
G
C
 
T
G
T
 
G
C
T
 
G
A
A

*
 

4
0

H
i
s
 
C
y
s
 
S
e
r
 
L
e
u
 
A
s
n
 
G
l
u
 
A
s
n
 
l
i
e
 
T
h
r
 
V
a
l
 
P
r
o
 
A
s
p
 
T
h
r
 
L
y
s
 
V
a
l
 
A
s
n
 
P
h
e
 
T
y
r

C
A
C
 
T
G
C
 
A
G
C
 
T
T
G
 
A
A
T
 
G
A
G
 
A
A
T
 
A
T
C
 
A
C
T
 
G
T
C
 
C
C
A
 
G
A
C
 
A
C
C
 
A
A
A
 
G
T
T
 
A
A
T
 
T
T
C
 
T
A
T

5
0
 

5
5

A
l
a
 
T
r
p
 
L
y
s
 
A
r
g
 
M
e
t
 
G
l
u

G
C
C
 
T
G
G
 
A
A
G
 
A
G
G
 
A
T
G
 
G
A
G
 
G
T
G
A
G
T
T
C
C
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
C
C
T
T
T
C
T
T
T
T
G
G
A
G
A
A
T
C
T
C
A
T
T

T
G
C
G
A
G
C
C
T
G
A
T
T
T
T
G
G
A
T
G
A
A
A
G
G
G
A
G
A
A
T
G
A
T
C
G
G
G
G
G
A
A
A
G
G
T
A
A
A
A
T
G
G
A
G
C
A
G
C
A
G
A
G
A
T
G
A
G
G
C
T

G
G

A
G

T
T

T
C

A
G

A
C

C
A

A
C

C
T

A
G

G
C

A
G

C
A

T
A

G
T

G
A

G
A

T
C

C
C

C
C

A
T

C
T

C
T

A
C

A
A

A
C

A
T

T
T

A
A

A
A

A
A

A
T

T
A

G
T

C
A

G

G
T

G
A

A
G

T
G

G
T

G
C

A
T

G
G

T
G

G
T

A
G

T
C

C
C

A
G

A
T

A
T

T
T

G
G

A
A

.G
G

C
T

G
A

G
G

C
G

G
G

A
G

G
A

T
C

G
C

T
T

G
A

G
C

C
C

A
G

G
A

A



FI
G.
 6
D

C
A
C
T
C
A
T
T
C
A
T
T
C
A
T
T
C
A
T
T
C
A
T
T
C
A
A
C
A
A
G
T
C
T
T
A
T
T
G
C
A
T
A
C
C
T
T
C
T
G
T
T
T
G
C
T
C
A
G
C
T
T
G
G
T
G
C
T
T
G
G

G
G
C
T
G
C
T
G
A
G
G
G
G
C
A
G
G
A
G
G
G
A
G
A
G
G
G
T
G
A
C
A
T
G
G
G
T
C
A
G
C
T
C
G
A
C
T
C
C
C
A
G
A
G
T
C
C
A
C
T
C
C
C
T
G
T
A
G

5
6
 

6
0
 

7
0

V
a
l
 
G
l
y
 
G
i
n
 
G
i
n
 
A
l
a
 
V
a
l
 
G
l
u
 
V
a
l
 
T
r
p
 
G
i
n
 
G
l
y
 
L
e
u
 
A
l
a
 
L
e
u
 
L
e
u
 
S
e
r
 
G
l
u
 
A
l
a

G
T
C
 
G
G
G
 
C
A
G
 
C
A
G
 
G
C
C
 
G
T
A
 
G
A
A
 
G
T
C
 
T
G
G
 
C
A
G
 
G
G
C
 
C
T
G
 
G
C
C
 
C
T
G
 
C
T
G
 
T
C
G
 
G
A
A
 
G
C
T

8
0
 

*
 

9
0

V
a
l
 
L
e
u
 
A
r
g
 
G
l
y
 
G
i
n
 
A
l
a
 
L
e
u
 
L
e
u
 
V
a
l
 
A
s
n
 
S
e
r
 
S
e
r
 
G
i
n
 
P
r
o
 
T
r
p
 
G
l
u
 
P
r
o
 
L
e
u

G
T
C
 
C
T
G
 
C
G
G
 
G
G
C
 
C
A
G
 
G
C
C
 
C
T
G
 
T
T
G
 
G
T
C
 
A
A
C
 
T
C
T
 
T
C
C
 
C
A
G
 
C
C
G
 
T
G
G
 
G
A
G
 
C
C
C
 
C
T
G

1
0
0

G
i
n
 
L
e
u
 
H
i
s
 
V
a
l
 
A
s
p
 
L
y
s
 
A
l
a
 
V
a
l
 
S
e
r
 
G
l
y
 
L
e
u
 
A
r
g
 
S
e
r
 
L
e
u
 
T
h
r
 
T
h
r
 
L
e
u
 
L
e
u

C
A
G
 
C
T
G
 
C
A
T
 
G
T
G
 
G
A
T
 
A
A
A
 
G
C
C
 
G
T
C
 
A
G
T
 
G
G
C
 
C
T
T
 
C
G
C
 
A
G
C
 
C
T
C
 
A
C
C
 
A
C
T
 
C
T
G
 
C
T
T

1
1
0
 

1
1
5

A
r
g
 
A
l
a
 
L
e
u
 
G
l
y
 
A
l
a
 
G
i
n

C
G
G
 
G
C
T
 
C
T
G
 
G
G
A
 
G
C
C
 
C
A
G
 
G
T
G
A
G
T
A
G
G
A
G
C
G
G
A
C
A
C
T
T
C
T
G
C
T
T
G
C
C
C
T
T
T
C
T
G
T
A
A
G
A
A
G
G
G
G
A

G
A
A
G
G
G
T
C
T
T
G
C
T
A
A
G
G
A
G
T
A
C
A
G
G
A
A
C
T
G
T
C
C
G
T
A
T
T
C
C
T
T
C
C
C
T
T
T
C
T
G
T
G
G
C
A
C
T
G
C
A
G
C
G
A
C
C
T
C
C
T

1
1
6
 

1
2
0

L
y
s
 
G
l
u
 
A
l
a
 
l
i
e
 
S
e
r
 
P
r
o
 
P
r
o
 
A
s
p
 
A
l
a
 
A
l
a
 
S
e
r
 
A
l
a
 
A
l
a

G
T
T
T
T
C
T
C
C
T
T
G
G
C
A
G
 

A
A
G
 
G
A
A
 
G
C
C
 
A
T
C
 
T
C
C
 
C
C
T
 
C
C
A
 
G
A
T
 
G
C
G
 
G
C
C
 
T
C
A
 
G
C
T
 
G
C
T



FI
G.
 6
E

1
3
0
 

1
4
0

P
r
o
 
L
e
u
 A
r
g
 
T
h
r
 
l
i
e
 
T
h
r
 
A
l
a
 
A
s
p
 
T
h
r
 
P
h
e
 
A
r
g
 
L
y
s
 
L
e
u
 
P
h
e
 
A
r
g
 
V
a
l
 
T
y
r
 
S
e
r

C
C
A
 
C
T
C
 
C
G
A
 
A
C
A
 
A
T
C
 
A
C
T
 
G
C
T
 
G
A
C
 
A
C
T
 
T
T
C
 
C
G
C
 
A
A
A
 
C
T
C
 
T
T
C
 
C
G
A
 
G
T
C
 
T
A
C
 
T
C
C

1
5
0
 

'
 

1
6
0

A
s
n
 
P
h
e
 
L
e
u
 
A
r
g
 
G
l
y
 
L
y
s
 
L
e
u
 
L
y
s
 
L
e
u
 
T
y
r
 
T
h
r
 
G
l
y
 
G
l
u
 
A
l
a
 
C
y
s
 
A
r
g
 
T
h
r
 
G
l
y

A
A
T
 
T
T
C
 
C
T
C
 
C
G
G
 
G
G
A
 
A
A
G
 
C
T
G
 
A
A
G
 
C
T
G
 
T
A
C
 
A
C
A
 
G
G
G
 
G
A
G
 
G
C
C
 
T
G
C
 
A
G
G
 
A
C
A
 
G
G
G

16
6

A
s
p
 
A
r
g
 
O
P

G
A
C
 
A
G
A
 
T
G
A
 
C
C
A
G
G
T
G
T
G
T
C
C
A
C
C
T
G
G
G
C
A
T
A
T
C
C
A
C
C
A
C
C
T
C
C
C
T
C
A
C
C
A
A
C
A
T
T
G
C
T
T
G
T
G
C
C
A
C
A

C
C
C
T
C
C
C
C
C
G
C
C
A
C
T
C
C
T
G
A
A
C
C
C
C
G
T
C
G
A
G
G
G
G
C
T
C
T
C
A
G
C
T
C
A
G
C
G
C
C
A
G
C
C
T
G
T
C
C
C
A
T
G
G
A
C
A
C
T
C
C

A
G
T
G
C
C
A
G
C
A
A
T
G
A
C
A
T
C
T
C
A
G
G
G
G
C
C
A
G
A
G
G
A
A
C
T
G
T
C
C
A
G
A
G
A
G
C
A
A
C
T
C
T
G
A
G
A
T
C
T
A
A
G
G
A
T
G
T
C
A
C

T
C
T
C
A
C
G
G
G
C
A
T
G
G
G
C
A
C
T
C
C
C
T
T
G
G
T
G
G
C
A
A
G
A
G
C
C
C
C
C
T
T
G
A
C
A
C
C
G
G
G
G
T
G
G
T
G
G
G
A
A
C
C
A
T
G
A
A
G
A
C

A
X
G
A
T
X
G
G
G
G
C
T
G
G
C
C
T
C
T
G
G
C
T
C
T
C
A
T
G
G
G
G
T
C
C
A
A
G
T
T
T
T
G
T
G
T
A
T
T
C
T
C
A
A
C
C
T
A
T
T
G
A
C
A
G
A
C
T
G
A
A

A
C
A
C
A
A
T
A
T
G
A
C



13/27

FIG. 7

-l l
Xbal MetAla
CTAG AAACCATGAG GGTAATAAAA TAATGGCTCC GCCGCGTCTG

TTTGGTACTC CCATTATTTT ATTACCGAGG CGGCGCAGAC

ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

TTACGGTACC AGACACCAAG GTTAACTTCT ACGCTTGGAA ACGTATGGAA
AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACCTT TGCATACCTT

GTTGGTCAAC AAGCAGTTGA AGTTTGGCAG GGTCTGGCAC TGCTGAGCGA
CAACCAGTTG TTCGTCAACT TCAAACCGTC CCAGACCGTG ACGACTCGCT

GGCTGTACTG CGTGGCCAGG CACTGCTGGT AAACTCCTCT CAGCCGTGGG
CCGACATGAC GCACCGGTCC GTGACGACCA TTTGAGGAGA GTCGGCACCC

AACCGCTGCA GCTGCATGTT GACAAAGCAG TATCTGGCCT GAGATCTCTG
TTGGCGACGT CGACGTACAA CTGTTTCGTC ATAGACCGGA CTCTAGAGAC

ACTACTCTGC TGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

GGATGCTGCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
CCTACGACGT AGACGACGTG GCGACGCATG GTAGTGACGA CTATGGAAGG

GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

Sail
TATACTGGCG AAGCATGCCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTACGGC ATGACCACTG GCGATTATCA GCT
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FIG. 8

HindiII ArgAla
AGCTTGGATA AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT

ACCTAT TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA

GGAAAGATAC TTGTTGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA

GTGCTGAACA CTGTTCTTTG AACGAAAACA TTACGGTACC AGACACCAAG
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG TCTGTGGTTC

GTTAACTTCT ACGCTTGGAA ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCATACCTT CAACCAGTTG TTCGACAACT

AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTGCA ATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGGTACCC TTGGTAACGT TAACGTGCAG

GATAAAGCCG TCTCTGGTTT GAGATCTTTG ACTACTTTGT TGAGAGCTTT
CTATTTCGGC AGAGACCAAA CTCTAGAAAC TGATGAAACA ACTCTCGAAA

GGGTGCTCAA AAGGAAGCCA TTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AAAGGGGTGG TCTGCGACGA AGACGGCGAG

CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

Sail
ATGTAACAAA G
TACATTGTTT CAGCT
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FIG. 10

1. AATTCTAGAAACCATGAGGGTAATAAAATA

2. CCATTATTTTATTACCCTCATGGTTTCTAG

3. ATGGCTCCGCCGCGTCTGATCTGCGAC

4. " CTCGAGTCGCAGATCAGACGCGGCGGAG

5. TCGAGAGTTCTGGAACGTTACCTGCTG

6. CTTCCAGCAGGTAACGTTCCAGAACT

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

9. ACCACTGGTTGTGCTGAACACTGTTC

10. CAAAGAACAGTGTTCAGCACAACCA

11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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FIG. 11

Xbal
EcoRI 1 1
AATTCTAG AAACCATGAG GGTAATAAAA TAATGGCTCC GCCGCGTCTG

GATC TTTGGTACTC CCATTATTTT ATTACCGAGG CGGCGCAGAC
2 4

5
ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

6

1 1 11
TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

8 10

0
Kpnl BamHI

TTACGGTACC G
AATGCCATGG CCTAG

12
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FIG. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. ' GCCTCGCTCAGCAGTGCCAGACCCTG

9. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT
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FIG. 14

1. GATCCAGATCTCTGACTACTCTGC

2. ACGCAGCAGAGTAGTCAGAGATCTG

3. TGCGTGCTCTGGGTGCACAGAAAGAGG

4. GATAGCCTCTTTCTGTGCACCCAGAGC

5. CTATCTCTCCGCCGGATGCTGCATCT

6. CAGCAGATGCAGCATCCGGCGGAGA

7. GCTGCACCGCTGCGTACCATCACTG

8. " ATCAGCAGTGATGGTACGCAGCGGTG

9. CTGATACCTTCCGCAAACTGTTTCG

10. ATACACGAAACAGTTTGCGGAAGGT

11. TGTATACTCTAACTTCCTGCGTGGTA

12. CAGTTTACCACGCAGGAAGTTAGAGT

13. AACTGAAACTGTATACTGGCGAAGC

14. GGCATGCTTCGCCAGTATACAGTTT

15. ATGCCGTACTGGTGACCGCTAATAG

16. TCGACTATTAGCGGTCACCAGTAC



21/27

FIG. 15

BamHI Bqlll
GA TCCAGATCTCTG

GTCTAGAGAC

I I 5
ACTACTCTGC TGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

2 4

2 £
GGATGCTGCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
CCTACGACGT AGACGACGTG GCGACGCATG GTAGTGACGA CTATGGAAGG

6 8

I! 11
GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

10 12

15 Sail
TATACTGGCG AAGCATGCCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTACGGC ATGACCACTG GCGATTATC AGCT

14 16
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FIG. 16

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

AATTCAAGCTTGGATAAAAGAGCT

GTGGAGCTCTTTTATCCAAGCTTG

CCACCAAGATTGATCTGTGACTC

TCTCGAGTCACAGATCAATCTTG

GAGAGTTTTGGAAAGATACTTGTTG

CTTCCAACAAGTATCTTTCCAAAAC

GAAGCTAAAGAAGCTGAAAACATC

GTGGTGATGTTTTCAGCTTCTTTAG

ACCACTGGTTGTGCTGAACACTGTTC

CAAAGAACAGTGTTCAGCACAACCA

TTTGAACGAAAACATTACGGTACCG

GATCCGGTACCGTAATGTTTTCGTT
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FIG. 17

EcoRI Hindlll 1
AATTCA AGCTTGGATA

GT TCGAACCTAT
2

1
AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT
TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA

4

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

6 8

9. 1J. Kpnl BamHI
GTGCTGAACA CTGTTCTTTG AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG CCTAG

12
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FIG. 18

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAAGGTTTGGCCTTGTTATCTG

8. ' GCTTCAGATAACAAGGCCAAACCTTG

9. AAGCTGTTTTGAGAGGTGAAGCCT

10. AACAAGGCTTGACCTCTCAAAACA

11. TGTTGGTTAACTCTTCTCAACCATGGG

12. TGGTTCCCATGGTTGAGAAGAGTTAACC

13. AACCATTGCAATTGCACGTCGAT

14. CTTTATCGACGTGCAATTGCAA

15. AAAGCCGTCTCTGGTTTGAGATCTG

16. GATCCAGATCTCAAACCAGAGACGG
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FIG. 19

Kpnl

EcoRI 1
A ATTCGGTACC AGACACCAAG

GCCATGG TCTGTGGTTC
2

I 5
GTTAACTTCT ACGCTTGGAA ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCATACCTT CAACCAGTTG TTCGACAACT

4 6

1 9
AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

8 10

11 11
CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTGCA ATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGGTACCC TTGGTAACGT TAACGTGCAG

12 14

15 Bglll BamHI
GATAAAGCCG TCTCTGGTTT GAGATCTG
CTATTTCGGC AGAGACCAAA CTCTAGACCTA G

16
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FIG. 20

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

10

11

12

13

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

1 9 .

2 0 .

GATCCAGATCTTTGACTACTTTGTT

TCTCAACAAAGTAGTCAAAGATCTG

GAGAGCTTTGGGTGCTCAAAAGGAAG

ATGGCTTCCTTTTGAGCACCCAAAGC

CCATTTCCCCACCAGACGCTGCTT

GCAGAAGCAGCGTCTGGTGGGGAA

CTGCCGCTCCATTGAGAACCATC

CAGTGATGGTTCTCAATGGAGCG

ACTGCTGATACCTTCAGAAAGTT

GAATAACTTTCTGAAGGTATCAG

ATTCAGAGTTTACTCCAACTTCT

CTCAAGAAGTTGGAGTAAACTCT

TGAGAGGTAAATTGAAGTTGTACAC

ACCGGTGTACAACTTCAATTTACCT

CGGTGAAGCCTGTAGAACTGGT

CTGTCACCAGTTCTACAGGCTTC

GACAGATAAGCCCGACTGATAA

GTTGTTATCAGTCGGGCTTAT

CAACAGTGTAGATGTAACAAAG

TCGACTTTGTTACATCTACACT
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FIG. 21

BamHI B g l l l 1
GATC CAGATCTTTG ACTACTTTGT TGAGAGCTTT

GTCTAGAAAC TGATGAAACA ACTCTCGAAA
2

1 5
GGGTGCTCAA AAGGAAGCCA TTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AAAGGGGTGG TCTGCGACGA AGACGGCGAG

4 6

7 9. 11
CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

8 10 12

13. 15
TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

14 16

12 19
AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

Sail
ATGTAACAAA G
TACATTGTTT CAGCT

20
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ABSTRACT

Disclosed are novel polypeptides possessing part or all of
the primary structural conformation and one or more of the
biological properties of mammalian erythropoietin ("EPO")
which are characterized in preferred forms by being the
product of procaryotic or eucaryotic host expression of an
exogenous DNA sequence . Illustratively, genomic DNA,
cDNA and manufactured DNA sequences coding for part or
all of the sequence of amino acid residues of EPO or for
analogs thereof are incorporated into autonomously repli-
cating plasmid or viral vectors employed to transform or
transfect suitable procaryotic or eucaryotic host cells such as
bacteria, yeast or vertebrate cells in culture . Upon isolation
from culture media or cellular lysates or fragments, products
of expression of the DNA sequences display, e .g ., the
immunological properties and in vitro and in vivo biological
activities of EPO of human or monkey species origins.
Disclosed also are chemically synthesized polypeptides
sharing the biochemical and immunological properties of
EPO . Also disclosed are improved methods for the detection
of specific single stranded polynucleotides in a heterologous
cellular or viral sample prepared from, e .g ., DNA present in
a plasmid or viral-borne cDNA or genomic DNA "library".
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FIG. 7

-1 1
Xbal

	

MetAla
CTAG AAACCATGAG GGTAATAAAA TAATGGCTCC GCCGCGTCTG

TTTGGTACTC CCATTATTTT ATTACCGAGG CGGCGCAGAC

ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

TTACGGTACC AGACACCAAG GTTAACTTCT ACGCTTGGAA ACGTATGGAA
AATGCCATGG TCTGTGGTTC CAATTGAAGA TGCGAACCTT TGCATACCTT

GTTGGTCAAC AAGCAGTTGA AGTTTGGCAG GGTCTGGCAC TGCTGAGCGA
CAACCAGTTG TTCGTCAACT TCAAACCGTC CCAGACCGTG ACGACTCGCT

GGCTGTACTG CGTGGCCAGG CACTGCTGGT AAACTCCTCT CAGCCGTGGG
CCGACATGAC GCACCGGTCC GTGACGACCA TTTGAGGAGA GTCGGCACCC

AACCGCTGCA GCTGCATGTT GACAAAGCAG TATCTGGCCT GAGATCTCTG
TTGGCGACGT CGACGTACAA CTGTTTCGTC ATAGACCGGA CTCTAGAGAC

ACTACTCTGC TGCGTGCTCT GGGTGCACAG AAAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

GGATGCTGCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
CCTACGACGT AGACGACGTG GCGACGCATG GTAGTGAACA CTATGGAAGG

GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

Sall
TATACTGGCG AAGCATGCCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTACGGC ATGACCACTG GCGATTATCA GCT
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FIG . 8

-1 +1
HindIII

	

ArgAla
AGCTTGGATA AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT

ACCTAT TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA

GGAAAGATAC TTGTTGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA

GTGCTGAAGA CTGTTCTTTG AACGAAAACA TTACGGTACC AGACACCAAG
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG TCTGTGGTTC

GTTAACTTCT ACGCTTGGAA ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCATACCTT CAACCAGTTG TTCGACAACT

AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTGCA ATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGGTACCC TTGGTAACGT TAACGTGCAG

GATAAAGCCG TCTCTGGTTT GAGATCTTTG ACTACTTTGT TGAGAGCTTT
CTATTTCGGC AGAGACCAAA CTCTAGAAAC TGATGAAACA ACTCTCGAAA

GGGTGATCAA AAGGAAGCCA TTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AAAGGGGTGG TCTGCGACGA AGACGGCGAG

CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

Sall
ATGTAACAAA G
TACATTGTTT CAGCT
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FIG. 10

1.	AATTCTAGAAACCATGAGGGTAATAAAATA

2.

	

CCATTATTTTATTACCCTCATGGTTTCTAG

3.

	

ATGGCTCCGCCGCGTCTGATCTGCGAC

4.

	

CTCGAGTCGCAGATCAGACGCGGCGGAG

5.

	

TCGAGAGTTCTGGAACGTTACCTGCTG

6.

	

CTTCCAGCAGGTAACGTTCCAGAACT

7.

	

GAAGCTAAAGAAGCTGAA.AACATC

8.

	

GTGGTGATGTTTTCAGCTTCTTTAG

9.

	

ACCACTGGTTGTGCTGAACACTGTTC

10.

	

CAAAGAACAGTGTTCAGCACAACCA

11.

	

TTTGAACGAAAACATTACGGTACCG

12.

	

GATCCGGTACCGTAATGTTTTCGTT
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FIG. 11

Xbal
EcoRI

	

1

	

3
AATTCTAG AAACCATGAG GGTAATAAAA TAATGGCTCC GCCGCGTCTG

GATC TTTGGTACTC CCATTATTTT ATTACCGAGG CGGCGCAGAC
2

	

4

5
ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG

6

7

	

9

	

11
TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT

8

	

10

0
Kpnl BamHI

TTACGGTACC G
AATGCCATGG CCTAG

12
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FIG. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGTGCCAGACCCTG

9. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT
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FIG. 14

1. GATCCAGATCTCTGACTACTCTGC

2. ACGCAGCAGAGTAGTCAGAGATCTG

3. TGCGTGCTCTGGGTGCACAGAAAGAGG

4. GATAGCCTCTTTCTGTGCACCCAGAGC

5. CTATCTCTCCGCCGGATGCTGCATCT

6. CAGCAGATGCAGCATCCGGCGGAGA

7. GCTGCACCGCTGCGTACCATCACTG

8. ATCAGCAGTGATGGTACGCAGCGGTG

9. CTGATACCTTCCGCAA.ACTGTTTCG

10. ATACACGAAACAGTTTGCGGAAGGT

11. TGTATACTCTAACTTCCTGCGTGGTA

12. CAGTTTACCACGCAGGAAGTTAGAGT

13. AACTGAAACTGTATACTGGCGAAGC

14. GGCATGCTTCGCCAGTATACAGTTT

15. ATGCCGTACTGGTGACCGCTAATAG

16. TCGACTATTAGCGGTCACCAGTAC
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FIG. 15

BamHI Bg1Il
GA TCCAGATCTCTG

GTCTAGAGAC

1

	

3

	

5
ACTACTCTGC TGCGTGCTCT GGGTGCACAG AAAGAGGCTATCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGTC TTTCTCCGAT AGAGAGGCGG

2

	

4

	

7

	

9
GGATGCTGCA TCTGCTGCAC CGCTGCGTAC CATCACTGCT GATACCTTCC
CCTACGACGT AGACGACGTG GCGACGCATG GTAGTGACGA CTATGGAAGG

6

	

8

	

11

	

13
GCAAACTGTT TCGTGTATAC TCTAACTTCC TGCGTGGTAA ACTGAAACTG
CGTTTGACAA AGCACATATG AGATTGAAGG ACGCACCATT TGACTTTGAC

10

	

12

15

	

Sall
TATACTGGCG AAGCATGCCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTACGGC ATGACCACTG GCGATTATC AGCT

14

	

16
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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

9

	

11

	

KpnI

	

BamHI
GTGCTGAACA CTGTTCTTTG AACGAAAACA TTACGGTACC G
CACGACTTGT GAAAAGAAAC TTGCTTTTGT AATGCCATGG CCTAG

12
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FIG. 18

1.	AATTCGGTACCAGACACCAAGGT

2.

	

GTTAACCTTGGTGTCTGGTACCG

3.

	

TAACTTCTACGCTTGGAAACGTAT

4.

	

TTCCATACGTTTCCAAGCGTAGAA

5.

	

GGAAGTTGGTCAACAAGCAGTTGAAGT

6.

	

CCAAACTTCAACTGCTTGTTGACCAAC

7.

	

TTGGCAAGGTTTGGCCTTGTTATCTG

8.

	

GCTTCAGATAACAAGGCCAAACCTTG

9.

	

AAGCTGTTTTGAGAGGTGAAGCCT

10.

	

AACAAGGCTTGACCTCTCAAAACA

11.

	

TGTTGGTTAACTCTTCTCAACCATGGG

12.

	

TGGTTCCCATGGTTGAGAAGAGTTAACC

13.

	

AACCATTGCAATTGCACGTCGAT

14.

	

CTTTATCGACGTGCAATTGCAA

15.

	

AAAGCCGTCTCTGGTTTGAGATCTG

16.

	

GATCCAGATCTCAAACCAGAGACGG
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FIG. 19

KpnI

EcoRI

	

1
A ATTCGGTACC AGACACCAAG

GCCATGG TCTGTGGTTC
2

3

	

5
GTTAACTTCT ACGCTTGGAA ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
CAATTGAAGA TGCGAACCTT TGCATACCTT CAACCAGTTG TTCGACAACT

4

	

6

7

	

9
AGTTTGGCAA GGTTTGGCCT TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
TCAAACCGTT CCAAACCGGA ACAATAGACT TCGACAAAAC TCTCCAGTTC

8

	

10

11

	

13
CCTTGTTGGT TAACTCTTCT CAACCATGGG AACCATTGCA ATTGCACGTC
GGAACAACCA ATTGAGAAGA GTTGGTACCC TTGGTAACGT TAACGTGCAG

12

	

14

15

	

BglII BamHI
GATAAAGCCG TCTCTGGTTT GAGATCTG
CTATTTCGGC AGAGACCAAA CTCTAGACCTA G

16
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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

BamHI Bglll 1
GATC CAGATCTTTG ACTACTTTGT TGAGAGCTTT

GTCTAGAAAC TGATGAAACA ACTCTCGAAA
2

3

	

5
GGGTGCTCAA AAGGAAGCCATTTCCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTCGGT AAAGGGGTGG TCTGCGACGA AGACGGCGAG

4

	

6

7

	

9

	

11
CATTGAGAAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
GTAACTCTTG GTAGTGACGA CTATGGAAGT CTTTCAATAA GTCTCAAATG

8

	

10

	

12

13

	

15
TCCAACTTCT TGAGAGGTAA ATTGAAGTTG TACACCGGTG AAGCCTGTAG
AGGTTGAAGA ACTCTCCATT TAACTTCAAC ATGTGGCCAC TTCGGACATC

14

	

16

17

	

19
AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG
TTGACCACTG TCTATTCGGG CTGACTATTG TTGTCACATC

Sall
ATGTAACAAA G
TACATTGTTT CAGCT

20
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1
PRODUCTION OF ERTHROPOIETIN

This is a continuation of application Ser . No . 07/957,073,
filed Oct. 6, 1992, abandoned, which is a continuation of
application Ser. No . 07/609,741, filed Nov . 6, 1990, now
abandoned, which is a continuation of application Ser . No.
07/113,179, filed Oct. 23, 1987, now U .S . Pat . No . 5,441,
868, which is a continuation of application Ser . No . 06/675,
298, filed Nov. 30, 1984, now U .S . Pat. No . 4,703,008,
which is a continuation in part of application Ser. No.
06/655,841, filed Sep . 28, 1984, now abandoned, which is a
continuation in part of application Ser. No . 06/582,185, filed
Feb . 21, 1984, now abandoned, which is a continuation in
part of application Ser . No . 06/561,024, filed Dec. 13, 1983,
now abandoned .

BACKGROUND

The present invention relates generally to the manipula-
tion of genetic materials and, more particularly, to recom-
binant procedures making possible the production of
polypeptides possessing part or all of the primary structural
conformation and/or one or more of the biological properties
of naturally-occurring erythropoietin.

A. Manipulation Of Genetic Materials
Genetic materials may be broadly defined as those chemi-

cal substances which program for and guide the manufacture
of constituents of cells and viruses and direct the responses
of cells and viruses . A long chain polymeric substance
known as deoxyribonucleic acid (DNA) comprises the
genetic material of all living cells and viruses except for
certain viruses which are programmed by ribonucleic acids
(RNA) . The repeating units in DNA polymers are four
different nucleotides, each of which consists of either a
purine (adenine or guanine) or a pyrimidine (thymine or
cytosine) bound to a deoxyribose sugar to which a phosphate
group is attached . Attachment of nucleotides in linear poly-
meric form is by means of fusion of the 5' phosphate of one
nucleotide to the 3 ' hydroxyl group of another. Functional
DNA occurs in the form of stable double stranded associa-
tions of single strands of nucleotides (known as
deoxyoligonucleotides), which associations occur by means
of hydrogen bonding between purine and pyrimidine bases
[i .e ., "complementary" associations existing either between
adenine (A) and thymine (T) or guanine (G) and cytosine
(C)] . By convention, nucleotides are referred to by the
names of their constituent purine or pyrimidine bases, and
the complementary associations of nucleotides in double
stranded DNA (i .e ., A—T and G—C) are referred to as "base
pairs" . Ribonucleic acid is a polynucleotide comprising
adenine, guanine, cytosine and uracil (U), rather than
thymine, bound to ribose and a phosphate group.

Most briefly put, the programming function of DNA is
generally effected through a process wherein specific DNA
nucleotide sequences (genes) are "transcribed" into rela-
tively unstable messenger RNA (mRNA) polymers . The
mRNA, in turn, serves as a template for the formation of
structural, regulatory and catalytic proteins from amino
acids. This mRNA "translation" process involves the opera-
tions of small RNA strands (tRNA) which transport and
align individual amino acids along the mRNA strand to
allow for formation of polypeptides in proper amino acid
sequences. The mRNA "message", derived from DNA and
providing the basis for the tRNA supply and orientation of
any given one of the twenty amino acids for polypeptide
"expression", is in the form of triplet "codons"—sequential
groupings of three nucleotide bases . In one sense, the
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formation of a protein is the ultimate form of "expression"
of the programmed genetic message provided by the nucle-
otide sequence of a gene.

"Promoter" DNA sequences usually "precede" a gene in
a DNA polymer and provide a site for initiation of the
transcription into mRNA. "Regulator" DNA sequences, also
usually "upstream" of (i .e ., preceding) a gene in a given
DNA polymer, bind proteins that determine the frequency
or rate) of transcriptional initiation . Collectively referred to

as "promoter/regulator" or "control" DNA sequence, these
sequences which precede a selected gene (or series of genes)
in a functional DNA polymer cooperate to determine
whether the transcription (and eventual expression) of a
gene will occur . DNA sequences which "follow" a gene in
a DNA polymer and provide a signal for termination of the
transcription into mRNA are referred to as transcription
"terminator" sequences.

A focus of microbiological processing for the last decade
has been the attempt to manufacture industrially and phar-
maceutically significant substances using organisms which
either do not initially have genetically coded information
concerning the desired product included in their DNA, or (in
the case of mammalian cells in culture) do not ordinarily
express a chromosomal gene at appreciable levels . Simply
put, a gene that specifies the structure of a desired polypep-
tide product is either isolated from a "donor" organism or
chemically synthesized and then stably introduced into
another organism which is preferably a self-replicating
unicellular organism such as bacteria, yeast or mammalian
cells in culture . Once this is done, the existing machinery for
gene expression in the "transformed" or "transfected"
microbial host cells operates to construct the desired
product, using the exogenous DNA as a template for tran-
scription of mRNA which is then translated into a continu-
ous sequence of amino acid residues.

The art is rich in patent and literature publications relating
to "recombinant DNA" methodologies for the isolation,
synthesis, purification and amplification of genetic materials
for use in the transformation of selected host organisms.
U .S . Pat . No . 4,237,224 to Cohen, et al., for example, relates
to transformation of unicellular host organisms with
"hybrid" viral or circular plasmid DNA which includes
selected exogenous DNA sequences . The procedures of the
Cohen, et al . patent first involve manufacture of a transfor-
mation vector by enzymatically cleaving viral or circular
plasmid DNA to form linear DNA strands . Selected foreign
("exogenous" or "heterologous") DNA strands usually
including sequences coding for desired product are prepared
in linear form through use of similar enzymes . The linear
viral or plasmid DNA is incubated with the foreign DNA in
the presence of ligating enzymes capable of effecting a
restoration process and "hybrid" vectors are formed which
include the selected exogenous DNA segment "spliced" into
the viral or circular DNA plasmid.

55 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.

60 More 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 fragments coded for by the
foreign DNA. See also, e .g., U .S . Pat . Nos . 4,264,731 (to

65 Shine), 4,273,875 (to Manis), 4,293,652 (to Cohen), and
European Patent Application 093,619, published Nov . 9,
1983 .
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The development of specific DNA sequences for splicing

into DNA vectors is accomplished by a variety of
techniques, depending to a great deal on the degree of
"foreignness" 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 alternative
principal methods can be employed : (1) the "isolation" of
double-stranded DNA sequence from 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 sequence by
enzymatic "reverse transcription" of mRNA isolated from
donor cells. The last-mentioned methods which involve
formation of a DNA "complement" of mRNA are generally
referred to as "cDNA" methods.

Manufacture of DNA sequences is frequently the method
of choice when the entire sequence of amino acid residues
of the desired polypeptide product is known . DNA manu-
facturing procedures of co-owned, co-pending U .S . patent
application Ser . No . 483,451, by Alton, et al ., (filed Apr . 15,
1983 and corresponding to PCT US83/00605, published
Nov. 24, 1983 as WO83/04053), for example, provide a
superior means for accomplishing such highly desirable
results as : providing for the presence of alternate codons
commonly found in genes which are highly expressed in the
host organism selected for expression (e .g ., providing yeast
or E. coli "preference" codons) ; avoiding the presence of
untranslated "intron" sequences (commonly present in
mammalian genomic DNA sequences and mRNA transcripts
thereof) 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 of interest by bacterial or yeast host cells;
providing for ready insertion of the DNA in convenient
expression vectors in association with desired promoter/
regulator and terminator sequences ; and providing for ready
construction of genes coding for polypeptide fragments 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 sequences is not possible and isolation of DNA
sequences coding for the polypeptide by a cDNA method
becomes the method of choice despite the potential draw-
backs in ease of assembly of expression vectors capable of
providing high levels of microbial expression referred to
above . Among the standard procedures for isolating cDNA
sequences of interest is the preparation of plasmid-borne
cDNA "libraries" derived from reverse transcription of
mRNA abundant in donor cells selected as responsible for
high level expression of genes (e .g., libraries of cDNA
derived from pituitary cells which express relatively large
quantities of growth hormone products) . Where substantial
portions of the polypeptide's amino acid sequence are
known, labelled, single-stranded DNA probe sequences
duplicating a sequence putatively present in the "target"
cDNA may be employed in DNA/DNA hybridization pro-
cedures carried out on cloned copies of the cDNA which
have been denatured to single stranded form. [See, generally,
the disclosure and discussions of the art provided in U .S.
Pat . No . 4,394,443 to Weissman, et al. and the recent
demonstrations of the use of long oligonucleotide hybrid-
ization probes reported in Wallace, et al ., Nuc. Acids Res ., 6,
pp . 3543–3557 (1979), and Reyes, et al ., P.N.A .S . (U.S .A .),
79, pp . 3270–3274 (1982), and Jaye, et al ., Nuc . Acids Res.,
11, pp . 2325–2335 (1983) . See also, U .S . Pat. No . 4,358,535
to Falkow, et al ., relating to DNA/DNA hybridization pro-
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cedures in effecting diagnosis; published European Patent
Application Nos . 0070685 and 0070687 relating to light-
emitting labels on single stranded polynucleotide probes;
Davis, et al ., "A Manual for Genetic Engineering, Advanced
Bacterial Genetics", Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y. (1980) at pp . 55–58 and 174–176,
relating to colony and plaque hybridization techniques ; and,
New England Nuclear (Boston, Mass .) brochures for "Gene
Screen" Hybridization Transfer Membrane materials pro-
viding instruction manuals for the transfer and hybridization
of DNA and RNA, Catalog No . NEF-972 .]

Among the more signficant recent advances in hybridiza-
tion procedures for the screening of recombinant clones is
the use of labelled mixed synthetic oligonucleotide probes,
each of which is potentially the complete complement of a
specific DNA sequence in the hybridization sample includ-
ing a heterogenous mixture of single stranded DNAs or
RNAs . These procedures are acknowledged to be especially
useful in the detection of cDNA clones derived from sources

20 which provide extremely low amounts of mRNA sequences
for the polypeptide of interest . Briefly put, use of stringent
hybridization conditions directed toward avoidance of non-
specific binding can allow, e .g ., for the autoradiographic
visualization of a specific cDNA clone upon the event of
hybridization of the target DNA to that single probe within
the mixture which is its complete complement . See
generally, Wallace, et al ., Nuc . Acids Res., 9, pp . 879–897
(1981) ; Suggs, et al . P.N.A .S. (U.S .A .), 78, pp . 6613–6617
(1981) ; Choo, et al ., Nature, 299, pp . 178–180 (1982);
Kurachi, et al ., P.N.A .S. (U.S .A .), 79, pp . 6461–6464 (1982);
Ohkubo, et al ., P.N.A .S. (U.S .A .), 80, pp . 2196–2200 (1983);
and Kornblihtt, et al . P.N.A .S. (U.S.A .), 80, pp . 3218–3222
(1983) . In general, the mixed probe procedures of Wallace,
et al . (1981), supra, have been expanded upon by various
workers to the point where reliable results have reportedly
been obtained in a cDNA clone isolation using a 32 member
mixed "pool" of 16-base-long (16-mer) oligonucleotide
probes of uniformly, varying DNA sequences together with
a single 11-mer to effect a two-site "positive" confirmation
of the presence of cDNA of interest . See, Singer-Sam, et al.,
P.N.A .S. (U.S .A .), 80, pp . 802–806 (1983).

The use of 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-

45 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 libraries of genomic DNA of

50 human and other mammalian species origins [See, e .g.,
Lawn, et al . Cell, 15, pp . 1157–1174 (1978) relating to
procedures for generating a human genomic library com-
monly referred to as the "Maniatis Library" ; Karn, et al .,
P.N.A .S. (U.S.A .), 77, pp . 5172–5176 (1980) relating to a

55 human genomic library based on alternative restriction
endonuclease fragmentation procedure ; and Blattner, et al.,
Science, 196, pp . 161–169 (1977) describing construction of
a bovine genomic library] there have been relatively few
successful attempts at use of hybridization procedures in

60 isolating genomic DNA in the absence of extensive fore-
knowledge of amino acid or DNA sequences . As one
example, Fiddes, et al ., J. Mol. and App. Genetics, 1, pp.
3–18 (1981) report the successful isolation of a gene coding
for the alpha subunit of human pituitary glycoprotein hor-

65 moves 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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unit . As another example, Das, et al ., P.N.A .S . (USA .), 80,
pp . 1531–1535 (1983) report isolation of human genomic
clones for human HLA-DR using a 175 base pair synthetic
oligonucleotide . Finally, Anderson, et al., P.N.A .S. (U.S .A .),
80, pp . 6838–6842 (1983) report the isolation of genomic
clone for bovine pancreatic trypsin inhibitor (BPTI) using a
single probe 86 base pairs in length and constructed accord-
ing to the known amino acid sequence of BPTI . The authors
note a determination of poor prospects for isolating mRNA
suitable for synthesis of a cDNA library due to apparent low
levels of mRNA in initially targeted parotid gland and lung
tissue sources and then address the prospects of success in
probing a genomic library using a mixture of labelled
probes, stating: "More generally, mixed-sequence oligode-
oxynucleotide probes have been used to isolate protein
genes of unknown sequence from cDNA libraries . Such
probes are typically mixtures of 8–32 oligonucleotides,
14–17 nucleotides in length, representing every possible
codon combination for a small stretch (5–6 residues) of
amino acid sequence . Under stringent hybridization condi-
tions that discriminate against incorrectly base-paired
probes, these mixtures are capable of locating specific gene
sequences in clone libraries of low-to-moderate complexity.
Nevertheless, because of their short length and
heterogeneity, 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 protein genes when the correspond-
ing mRNAs are unavailable ." (Citations omitted).

There thus continues to exist a need in the art for
improved methods for effecting .the rapid and efficient iso-
lation of cDNA clones in instances where little is known of
the amino acid sequence of the polypeptide coded for and
where "enriched" tissue sources of mRNA are not readily
available for use in constructing cDNA libraries . Such
improved methods would be especially useful if they were
applicable to isolating mammalian genomic clones where
sparse information is available concerning amino acid
sequences of the polypeptide coded for by the gene sought.

B . Erythropoietin As A Polypeptide Of Interest
Erythropoiesis, the production of red blood cells, occurs

continuously throughout the human life span to offset cell
destruction . Erythropoiesis is a very precisely controlled
physiological mechanism enabling 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 under the control of the hormone,
erythropoietin.

Erythropoietin, an acidic glycoprotein of approximately
34,000 dalton molecular weight, may occur in three forms:
a, (3 and asialo . The a and (3 forms differ slightly in
carbohydrate components, but have the same potency, bio-
logical activity and molecular weight . The asialo form is an
a or (3 form with the terminal carbohydrate (sialic acid)
removed . Erythropoietin is present in very low concentra-
tions in plasma when the body is in a healthy state wherein
tissues receive sufficient oxygenation from the existing
number of erythrocytes . This normal low concentration is
enough to stimulate replacement of red blood cells which are
lost normally through aging.

The amount of erythropoietin in the circulation is
increased under conditions of hypoxia when oxygen trans-
port by blood cells in the circulation is reduced . Hypoxia
may be caused by loss of large amounts of blood through
hemorrhage, destruction of red blood cells by over-exposure
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to radiation, reduction in oxygen intake due to high altitudes
or prolonged unconsciousness, or various forms of anemia.
In response to tissues undergoing hypoxic stress, erythro-
poietin will increase red blood cell production by stimulat-
ing the conversion of primitive precursor cells in the bone
marrow into proerythroblasts which subsequently mature,
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, erythropoietin in circulation is decreased.

See generally, Testa, et al ., Exp. Hematol ., 8(Supp . 8),
144–152 (1980) ; Tong, et al ., J. Biol. Chem., 256(24),
12666–12672 (1981) ; Goldwasser, J. Cell. Physiol., 110
(Supp . 1), 133–135 (1982) ; Finch, Blood, 60(6), 1241–1246
(1982) ; Sytowski, et al., Exp . Hematol., 8(Supp 8), 52–64
(1980) : Naughton, Ann. Clin. Lab. Sci ., 13(5), 432–438
(1983) ; Weiss, et al ., Am. J. Vet. Res ., 44(10),1832–1835
(1983); Lappin, et al ., Exp. Hematol., 11(7), 661–666
(1983) ; Baciu, et al., Ann. N.Y. Acad. Sci., 414, 66–72
(1983) ; Murphy, et al., Acta. Haematologica Japonica,

20 46(7), 1380–1396 (1983); Dessypris, et al ., Brit. J.
Haematol ., 56, 295–306 (1984) ; and, Emmanouel, et al.,
Am. J. Physiol., 247 (1 Pt 2), F168–76 (1984).

Because erythropoietin is essential in the process of red
blood cell formation, the hormone has potential useful

25 application in both the diagnosis and the treatment of blood
disorders characterized by low or defective red blood cell
production . See, generally, Pennathur-Das, et al., Blood,
63(5), 1168–71 (1984) and Haddy,Am . Jour Ped . Hematol./
Oncol., 4, 191–196, (1982) relating to erythropoietin in
possible therapies for sickle cell disease, and Eschbach, et al.
J. Clin . Invest., 74(2), pp . 434–441, (1984), describing a
therapeutic regimen for uremic sheep based on in vivo
response to erythropoietin-rich plasma infusions and pro-
posing a dosage of 10 U EPO/kg per day for 15–40 days as
corrective of anemia of the type associated with chronic
renal failure . See also, Krane, Henry Ford Hosp. Med. J.,
31(3), 177–181 (1983).

It has recently been estimated that the availability of
erythropoietin in quantity would allow for treatment each
year of anemias of 1,600,000 persons in the United States
alone . See, e .g ., Morrison, "Bioprocessing in Space—an
Overview", pp . 557–571 in The World Biotech Report 1984,
Volume 2 :USA, (Online Publications, New York, N .Y.
1984) . Recent studies have provided a basis for projection of
efficacy of erythropoietin therapy in a variety of disease

45 states, disorders and states of hematologic irregularity:
Vedovato, et al.,Acta. Haematol, 71, 211–213 (1984) (beta-
thalassemia) ; Vichinsky, et al., J. Pediatr., 105(1), 15–21
(1984) (cystic fibrosis) ; Cotes, et al ., Brit. J. Obstet.
Gyneacol., 90(4), 304–311 (1983) (pregnancy, menstrual
disorders) ; Haga, et al., Acta . Pediatr. Scand., 72, 827–831
(1983) (early anemia of prematurity); Claus-Walker, et al.,
Arch. Phys. Med. Rehabil., 65, 370–374 (1984) (spinal cord
injury) ; Dunn, et al., Eur J. Appl . Physiol., 52, 178–182
(1984) (space flight); Miller, et al., Brit. J. Haematol., 52,
545–590 (1982) (acute blood loss) ; Udupa, et al ., J. Lab.
Clin. Med., 103(4), 574–580 and 581–588 (1984) ; and
Lipschitz, et al., Blood, 63(3), 502–509 (1983) (aging) ; and
Dainiak, et al ., Cancer, 51(6), 1101–1106 (1983) and
Schwartz, et al ., Otolaryngol., 109, 269–272 (1983) (various
neoplastic disease states accompanied by abnormal
erythropoiesis).

Prior attempts to obtain erythropoietin in good yield from
plasma or urine have proven relatively unsuccessful . Com-
plicated and sophisticated laboratory techniques are neces-

65 sary and generally result in the collection of very small
amounts of impure and unstable extracts containing eryth-
ropoietin .
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U .S . Pat. No . 3,033,753 describes a method for partially

purifying erythropoietin from sheep blood plasma which
provides low yields of a crude solid extract containing
erythropoietin.

Initial attempts to isolate erythropoietin from urine
yielded unstable, biologically inactive 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 erythropoietin recovered from urine . The resulting
crude preparation containing erythropoietin purportedly
retains 90% of erythropoietin activity, and is stable.

Another method of purifying human erythropoietin from
urine of patients with aplastic anemia is described in
Miyake, et al ., J. Biol. Chem., Vol. 252, No . 15 (Aug. 10,
1977), pp . 5558—5564 . This seven-step procedure includes
ion exchange chromatography, ethanol precipitation, gel
filtration, and adsorption chromatography, and yields a pure
erythropoietin preparation with a potency of 70,400 units/
mg of protein in 21% yield.

U .S . Pat . No. 4,397,840 to Takezawa, et al . describes
methods for preparing "an erythropoietin product" from
healthy human urine specimens with weakly basic ion
exchangers and proposes that the low molecular weight
products obtained "have no inhibitory effects" against eryth-
ropoietin.

U .K. Patent Application No . 2,085,887 by Sugimoto, et
al., published May 6, 1982, describes a process for the
production of hybrid human lymphoblastoid cells, reporting
production levels ranging from 3 to 420 Units of erythro-
poietin per ml of suspension of cells (distributed into the
cultures after mammalian host propagation) containing up to
10' cells per ml . At the highest production levels asserted to
have been obtained, the rate of erythropoietin production
could be calculated to be from 40 to about 4,000 Units/10 6
cells/48 hours in in vitro culture following transfer of cells
from in vivo propagation systems . (See also the equivalent
U.S . Pat . No . 4,377,513 .) Numerous proposals have been
made for isolation of erythropoietin from tissue sources,
including neoplastic cells, but the yields have been quite
low. See, e .g., Jelkman, et al ., Expt. Hematol ., 11(7),
581—588 (1983) ; Tambourin, et al ., P.N.A .S. (U.S .A.), 80,
6269—6273 (1983); Katsuoka, et al., Gann, 74, 534—541
(1983) ; Hagiwara, et al ., Blood, 63(4), 828—835 (1984); and
Choppin, et al., Blood, 64(2), 341—347 (1984).

Other isolation techniques utilized to obtain purified
erythropoietin involve immunological procedures . A
polyclonal, serum-derived antibody directed against eryth-
ropoietin is developed by injecting an animal, preferably a
rat or rabbit, with human erythropoietin . The injected human
erythropoietin is recognized as a foreign antigenic substance
by the immune system of the animal and elicits production
of antibodies against the antigen . Differing cells responding
to stimulation by the antigenic substance produce and
release into circulation antibodies slightly different from
those produced by other responding cells . The antibody
activity remains in the serum of the animal when its blood
is extracted. While unpurified serum or antibody prepara-
tions purified as a serum immunoglobulin G fraction may
then be used in assays to detect and complex with human
erythropoietin, the materials suffer from a major disadvan-
tage . This serum antibody, composed of all the different
antibodies produced by individual cells, is polyclonal in
nature and will complex with components in crude extracts
other than erythropoietin alone.

Of interest to the background of the present invention are
recent advances in the art of developing continuous cultures
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of cells capable of producing a single species of antibody
which is specifically immunologically reactive with a single
antigenic determinant of a selected antigen . See, generally,
Chisholm, High Technology, Vol. 3, No . 1, 57—63 (1983).
Attempts have been made to employ cell fusion and hybrid-
ization techniques to develop "monoclonal" antibodies to
erythropoietin and to employ these antibodies in the isola-
tion and quantitative detection of human erythropoietin . As
one example, a report of the successful development of
mouse-mouse hybridoma cell lines secreting monoclonal
antibodies to human erythropoietin appeared in abstract
form in Lee-Huang, Abstract No . 1463 of Fed. Proc., 41,
520 (1982) . As another example, a detailed description of
the preparation and use of a monoclonal, antierythropoietin
antibody appears in Weiss, et al ., P.N.A .S. (U.S .A .), 79,
5465—5469 (1982) . See also, Sasaki, Biomed. Biochim.
Acta ., 42(11/12), S202—S206 (1983); Yanagawa, et al.,
Blood, 64(2), 357—364 (1984) ; Yanagawa, et al ., J. Biol.
Chem., 259(5), 2707—2710 (1984) ; and U .S . Pat . No . 4,465,

20 624.
Also of interest to the background of the invention are

reports of the immunological activity of synthetic peptides
which substantially duplicate the amino acid sequence
extant in naturally-occurring proteins, glycoproteins and

25 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.

30 Included among the immune reactions of such polypeptides
is the provocation of the formation of specific antibodies in
immunologically active animals . See, e .g ., Lerner, et al.,
Cell, 23, 309—310 (1981) ; Ross, et al ., Nature, 294, 654—656
(1981) ; Walter, et al ., P.N.A .S . (U.S.A .), 77, 5197—5200

35 (1980) ; Lerner, et al ., P.N.A .S . (U.S.A .), 78, 3403—3407
(1981) ; Walter, et al., P.N.A .S. (U.S .A .), 78, 4882—4886
(1981) ; Wong, et al ., P.N.A .S. (U.S .A .), 78, 7412—7416
(1981) ; Green, et al . Cell, 28, 477—487 (1982) ; Nigg, et al.,
P.N.A .S. (U.S .A.), 79, 5322—5326 (1982); Baron, et al., Cell,

40 28, 395—404 (1982) ; Dreesman, et al., Nature, 295, 158—160
(1982) ; and Lerner, Scientific American, 248, No . 2, 66—74
(1983) . See, also, Kaiser, et al ., Science, 223, pp . 249—255
(1984) relating to biological and immunological activities of
synthetic peptides which approximately share secondary

45 structures of peptide hormones but may not share their
primary structural conformation . The above studies relate, of
course, to amino acid sequences of proteins other than
erythropoietin, a substance for which no substantial amino
acid sequence information has been published . In co-owned,

50 co-pending U .S . patent application Ser. No . 463,724, filed
Feb . 4, 1983, by J . Egrie, published Aug . 22, 1984 as
European Patent Application No . 0 116 446, there is
described a mouse-mouse hybridoma cell line (A .T.C.C . No.
HB8209) which produces a highly specific monoclonal,

55 anti-erythropoietin antibody which is also specifically
immunoreactive with a polypeptide comprising the follow-
ing sequence of amino acids: NH2-Ala-Pro-Pro-Arg-Leu-
Ile-Cys-Asp -Ser-Arg- Val-Leu-Glu-Arg-Tyr-Leu-Leu-Glu-
Ala-Lys-COOH. The polypeptide sequence is one assigned

60 to the first twenty amino acid residues of mature human
erythropoietin isolated according to the method of Miyake,
et al ., J. Biol. Chem., 252, 5558—5564 (1977) and upon
which amino acid analysis was performed by the gas phase
sequencer (Applied Biosystems, Inc .) according to the pro-

65 cedure of Hewick, M ., et al., J. Biol. Chem., 256, 7990—7997
(1981) . See, also, Sue, et al., Proc. Nat. Acad. Sci. (USA), 80,
pp . 3651—3655 (1983) relating to development of polyclonal
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antibodies against a synthetic 26-mer based on a differing
amino acid sequence, and Sytowski, et al ., J. Immunol.
Methods, 69, pp .181–186 (1984).

While polyclonal and monoclonal antibodies as described
above provide highly useful materials for use in immunoas-
says for detection and quantification of erythropoietin and
can be useful in the affinity purification of erythropoietin, it
appears unlikely that these materials can readily provide for
the large scale isolation of quantities of erythropoietin from
mammalian sources sufficient for further analysis, clinical
testing and potential wide-ranging therapeutic use of the
substance in treatment of, e .g ., chronic kidney disease
wherein diseased tissues fail to sustain production of eryth-
ropoietin . It is consequently projected in the art that . the best
prospects for fully characterizing mammalian erythropoietin
and providing large quantities of it for potential diagnostic
and clinical use involve successful application of recombi-
nant procedures to effect large scale microbial synthesis of
the compound.

While substantial efforts appear to have been made in
attempted isolation of DNA sequences coding for human
and other mammalian species erythropoietin, none appear to
have been successful . This is due principally to the scarcity
of tissue sources, especially human tissue sources, enriched
in mRNA such as would allow for construction of a cDNA
library from which a DNA sequence coding for erythropoi-
etin might be isolated by conventional techniques . Further,
so little is known of the continuous sequence of amino acid
residues of erythropoietin that it is not possible to construct,
e .g ., long polynucleotide probes readily capable of reliable
use in DNA/DNA hybridization screening of cDNA and
especially genomic DNA libraries . Illustratively, the twenty
amino acid sequence employed to generate the above-named
monoclonal antibody produced by A.T.C.C . No . HB8209
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 that the human gene
for erythropoietin may appear as a "single copy gene" within
the human genome and, in any event, the genetic material
coding for human erythropoietin is likely to constitute less
than 0 .00005% of total human genomic DNA which would
be present in a genomic library.

To date, the most successful of known reported attempts
at recombinant-related methods to provide DNA sequences
suitable for use in microbial expression of isolatable quan-
tities of mammalian erythropoietin have fallen far short of
the goal . As an example, Farber, et al . Exp. Hematol., 11.
Supp . 14, Abstract 101 (1983) report the extraction of
mRNA from kidney tissues of phenylhydrazine-treated
baboons and the injection of the mRNA into Xenopus laevis
oocytes with the rather transitory result of in vitro produc-
tion of a mixture of "translation products" which included
among them displaying biological properties of erythropoi-
etin. More recently, Farber, et al ., Blood, 62, No. 5, Supp.
No . 1, Abstract 392, at page 122a (1983) reported the in vitro
translation of human kidney mRNA by frog oocytes . The
resultant translation product mixture was estimated to
include on the order of 220 mU of a translation product
having the activity of erythropoietin per microgram of
injected mRNA . While such levels of in vitro translation of
exogenous mRNA coding for erythropoietin were acknowl-
edged to be quite low (compared even to the prior reported
levels of baboon mRNA translation into the sought-for
product) it was held that the results confirm the human
kidney as a site of erythropoietin expression, allowing for
the construction of an enriched human kidney cDNA library
from which the desired gene might be isolated . [See also,
Farber, Clin.Res ., 31(4), 769A (1983) .]

10
Since the filing of U.S . patent application Ser. Nos.

561,024 and 582,185, there has appeared a single report of
the cloning and expression of what is asserted to have been
human erythropoietin cDNA in E. coli . Briefly put, a number

5 of CDNA clones were inserted into E. coli plasmids and
(3-lactamase fusion products were noted to be immunoreac-
tive with a monoclonal antibody to an unspecified "epito-
pe"of human erythropoietin . See, Lee-Huang, Proc . Nat.
Acad . Sci . (USA), 81, pp . 2708–2712 (1984).

to
BRIEF SUMMARY

The present invention provides, for the first time, novel
purified and isolated polypeptide products having part or all
of the primary structural conformation (i .e ., continuous
sequence of amino acid residues) and one or more of the
biological properties (e .g., immunological properties and in
vivo and in vitro biological activity) of naturally-occurring
erythropoietin, including allelic variants thereof. These
polypeptides are also uniquely characterized by being the
product of procaryotic or eucaryotic host expression (e .g.,
by bacterial, yeast and mammalian cells in culture) of
exogenous DNA sequences obtained by genomic or cDNA
cloning or by gene synthesis . Products of microbial expres-
sion in vertebrate (e .g., mammalian and avian) cells may be
further characterized by freedom from association with
human proteins or other contaminants which may be asso-
ciated with erythropoietin in its natural mammalian cellular
environment or in extracellular fluids such as plasma or
urine . The products of typical yeast (e .g., Saccaromyces
cerevisiae) or procaryote (e .g ., E. coli) host cells are free of
association with any mammalian proteins . Depending upon
the host employed, polypeptides of the invention may be
glycosylated with mammalian or other eucaryotic carbohy-

35
drates or may be nonglycosylated . Polypeptides of the
invention may also include an initial methionine amino acid
residue (at position -1).

Novel glycoprotein products of the invention include
those having a primary structural conformation sufficiently
duplicative of that of a naturally-occurring (e .g., human)
erythropoietin to allow possession of one or more of the
biological properties thereof and having an average carbo-
hydrate composition which differs from that of naturally-
occurring (e .g ., human) erythropoietin.

Vertebrate (e .g ., COS-1 and CHO) cells provided by the
present invention comprise the first cells ever available
which can be propagated in vitro continuously and which
upon growth in culture are capable of producing in the
medium of their growth in excess of 100 U (preferably in
excess of 500 U and most preferably in excess of 1,000 to
5,000 U) of erythropoietin per 10 6 cells in 48 hours as
determined by radioimmunoassay.

Also provided by the present invention are synthetic
polypeptides wholly or partially duplicative of continuous

55 sequences of erythropoietin amino acid residues which are
herein for the first time elucidated . These sequences, by
virtue of sharing primary, secondary or tertiary structural
and conformational characteristics with naturally-occurring
erythropoietin may possess biological activity and/or immu-

60 nological properties in common with the naturally-occurring
product such that they may be employed as biologically
active or immunological substitutes for erythropoietin in
therapeutic and immunological processes . Correspondingly
provided are monoclonal and polyclonal antibodies gener-

65 ated by standard means which are immunoreactive with such
polypeptides and, preferably, also immunoreactive with
naturally-occurring erythropoietin .
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11
Illustrating the present invention are cloned DNA

sequences of monkey and human species origins and
polypeptide sequences suitably deduced therefrom which
represent, respectively, the primary structural conformation
of erythropoietins of monkey and human species origins.

Also provided by the present invention are novel biologi-
cally functional viral and circular plasmid DNA vectors
incorporating DNA sequences of the invention and micro-
bial (e .g ., bacterial, yeast and mammalian cell) host organ-
isms stably transformed or transfected with such vectors.
Correspondingly provided by the invention are novel meth-
ods for the production of useful polypeptides comprising
cultured growth of such transformed or transfected micro-
bial hosts under conditions facilitative of large scale expres-
sion of the exogenous, vector-borne DNA sequences and
isolation of the desired polypeptides from the growth
medium, cellular lysates or cellular membrane fractions.

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

Having herein elucidated the sequence of amino acid
residues of erythropoietin, the present invention provides for
the total and/or partial manfucture of DNA sequences coding
for erythropoietin and including such advantageous charac-
teristics as incorporation of codons "preferred" for expres-
sion by selected non-mammalian hosts, provision of sites for
cleavage by restriction endonuclease enzymes and provision
of additional initial, terminal or intermediate DNA
sequences which facilitate construction of readily expressed
vectors . Correspondingly, the present invention provides for
manufacture (and development by site specific mutagenesis
of cDNA and genomic DNA) of DNA sequences coding for
microbial expression of polypeptide analogs or derivatives
of erythropoietin which differ from naturally-occurring
forms in terms of the identity or location of one or more
amino acid residues (i .e ., 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 residues and/or addition analogs wherein one or
more amino acid residues is added to a terminal or medial
portion of the polypeptide); and which share some or all the
properties of naturally-occurring forms.

Novel DNA sequences of the invention include all
sequences useful in securing expression in procaryotic or
eucaryotic host cells of polypeptide products having at least
a part of the primary structural conformation and one or
more of the biological properties of erythropoietin which are
comprehended by : (a) the DNA sequences set out in FIGS.
5 and 6 herein or their complementary strands ; (b) DNA
sequences which hybridize (under hybridization conditions
such as illustrated herein or more stringent conditions) to
DNA sequences defined in (a) or fragments thereof ; and (c)
DNA sequences which, but for the degeneracy of the genetic
code, would hybridize to DNA sequences defined in (a) and
(b) above . Specifically comprehended in part (b) are
genomic DNA sequences encoding allelic variant forms of
monkey and human erythropoietin and/or encoding other
mammalian species of erythropoietin . Specifically compre-
hended by part (c) are manufactured DNA sequences encod-
ing EPO, EPO fragments and EPO analogs which DNA
sequences may incorporate codons facilitating translation of
messenger RNA in non-vertebrate hosts.

Comprehended by the present invention is that class of
polypeptides coded for by portions of the DNA complement

12
to the top strand human genomic DNA sequence of FIG . 6
herein, i .e ., "complementary inverted proteins" as described
by Tramontano, et al ., Nucleic Acids Research, 12, pp.
5049–5059 (1984).

Also comprehended by the invention are pharmaceutical
compositions comprising effective amounts of polypeptide
products of the invention together with suitable diluents,
adjuvants and/or carriers which allow for provision of
erythropoietin therapy, especially in the treatment of anemic
disease states and most especially such anemic states as
attend chronic renal failure.

Polypeptide products of the invention may be "labelled"
by covalent association with a detectable marker substance
(e .g ., radiolabelled with 125 1) to provide reagents useful in
detection and quantification of erythropoietin in solid tissue
and fluid samples such as blood or urine . DNA products of
the invention may also be labelled with detectable markers
(such as radiolabels and non-isotopic labels such as biotin)
and employed in DNA hybridization processes to locate the
erythropoietin gene position 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 erythropoietin gene disorders at the DNA
level and used as gene markers for identifying neighboring
genes and their disorders.

As hereinafter described in detail, the present invention
further provides significant improvements in methods for
detection of a specific single stranded polynucleotide of
unknown sequence in a heterogeneous cellular or viral
sample including multiple single-stranded polynucleotides
where

(a) a mixture of labelled single-stranded polynucleotide
probes is prepared having uniformly varying sequences
of bases, each of said probes being potentially specifi-
cally complementary to a sequence of bases which is
putatively unique to the polynucleotide to be detected,

(b) the sample is fixed to a solid substrate,
(c) the substrate having the sample fixed thereto is treated

to diminish further binding of polynucleotides thereto
except by way of hybridization to polynucleotides in
said sample,

(d) the treated substrate 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,

(e) the specific polynucleotide is detected by monitoring
for the presence of a hybridization reaction between it

50 and a totally complementary probe within said mixture
of labelled probes, as evidenced by the presence of a
higher density of labelled material on the substrate at
the locus of the specific polynucleotide in comparison
to a background density of labelled material resulting

55

	

from non-specific binding of labelled probes to the
substrate.

The procedures are especially effective in situations dic-
tating use of 64, 128, 256, 512, 1024 or more mixed
polynucleotide probes having a length of 17 to 20 bases in

60 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 erythropoietin of monkey species origins
within a library prepared from anemic monkey kidney cell

65 mRNA. More specifically, a mixture of 128 uniformly
varying 20-mer probes based on amino acid sequence infor-
mation derived from sequencing fractions of human eryth-
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ropoietin was employed in colony hybridization procedures
to identify seven "positive" erythropoletin cONA clones
within a total of 200,000 colonies . Even more remarkably,
practice of the improved procedures of the invention have
allowed for the rapid isolation of three positive clones from
within a screening of 1,500,000 phage plaques constituting
a human genomic library . This was accomplished through
use of the above-noted mixture of 128 20-mer probes
together with a second set of 128 17-mer probes based on
amino acid analysis of a different continuous sequence of
human erythropoietin.

The above-noted illustrative procedures constitute the
first known instance of the use of multiple mixed oligo-
nucleotide probes in DNA/DNA hybridization processes
directed 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 clones.

Numerous aspects and advantages of the invention will be
apparent to those skilled in the art upon consideration of the
following detailed description which provides illustrations
of the practice of the invention in its presently preferred
embodiments.

Reference is made to FIGS. 1 through 21, wherein:
FIG . 1 is a graphic representation of a radioimmunoassay

analysis of products of the invention;
FIG . 2 shows vector pDSVL-MkE.
FIG . 3 shows vector PSVgHuEPO.
FIG . 4 shows vector pDSVL-gHuEPO.
FIGS . 5A, 5B and 5C (collectively referred to as FIG . 5)

show the sequence of monkey EPO cDNA and the encoded
EPO.

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

FIG . 7 shows the sequence of the ECEPO gene.
FIG . 8 shows the sequence of the SCEPO gene.
FIG . 9 shows a comparison of the human and monkey

EPO polypeptides.
FIG . 10 shows the ECEPO section 1 oligonucleotides.
FIG . 11 shows section 1 of the ECEPO gene.
FIG . 12 shows the ECEPO section 2 oligonucleotides.
FIG . 13 shows section 2 of the ECEPO gene.
FIG . 14 shows the ECEPO section 3 oligonucleotides.
FIG . 15 shows section 3 of the ECEPO gene.
FIG . 16 shows the SCEPO section 1 oligonucleotides.
FIG . 17 shows section 1 of the SCEPO gene.
FIG . 18 shows the SCEPO section 2 oligonucleotides.
FIG . 19 shows section 2 of the SCEPO gene.
FIG . 20 shows the SCEPO section 3 oligonucleotides.
FIG . 21 shows the section 3 of the SCEPO gene.

DETAILED DESCRIPTION

According to the present invention, DNA sequences
encoding part or all of the polypeptide sequence of human
and monkey species erythropoietin (hereafter, at times,
"EPO") have been isolated and characterized . Further, the
monkey and human origin DNA has been made the subject
of eucaryotic and procaryotic expression providing isolat-
able quantities of polypeptides displaying biological (e .g .,
immunological) properties of naturally-occurring EPO as
well as both in vivo and in vitro biological activities of EPO.

The DNA of monkey species origins was isolated from a
cDNA library constructed with mRNA derived from kidney
tissue of a monkey in a chemically induced anemic state and
whose serum was immunologically determined to include
high levels of EPO compared to normal monkey serum . The
isolation of the desired cDNA clones containing EPO encod-

30
growth of transfected host cells resulted in culture medium

14
ing DNA was accomplished through use of DNA/DNA
colony hybridization employing a pool of 128 mixed,
radiolabelled, 20-mer oligonucleotide probes and involved
the rapid screening of 200,000 colonies . Design of the

5 oligonucleotide probes was based on amino acid sequence
information provided by enzymatic fragmentation and
sequencing a small sample of human EPO.

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

Positive colonies and plaques were verified by means of
dideoxy sequencing of clonal DNA using a subset of 16
sequences within the pool of 20-mer probes and selected
clones were subjected to nucleotide sequence analysis
resulting in deduction of primary structural conformation of
the EPO polypeptides encoded thereby. The deduced
polypeptide sequences displayed a high degree of homology
to each other and to a partial sequence generated by amino
acid analysis of human EPO fragments.

A selected positive monkey cDNA clone and a selected
positive human genomic clone were each inserted in a
"shuttle" DNA vector which was amplified in E. coli and
employed to transfect mammalian cells in culture . Cultured

supernatant preparations estimated to contain as much as
3000 mU of EPO per ml of culture fluid.

The following examples are presented by way of illus-
tration of the invention and are specifically directed to
procedures carried out prior to identification of EPO encod-
ing monkey cDNA clones and human genomic clones, to
procedures resulting in such identification, and to the
sequencing, development of expression systems and immu-
nological verification of EPO expression in such systems.

40 More particularly, Example 1 is directed to amino acid
sequencing of human EPO fragments and construction of
mixtures of radiolabelled probes based on the results of this
sequencing . Example 2 is generally directed to procedures
involved in the identification of positive monkey cDNA

45 clones and thus provides information concerning animal
treatment and preliminary radioimmunoassay (RIA) analy-
sis of animal sera . Example 3 is directed to the preparation
of the cDNA library, colony hybridization screening and
verification of positive clones, DNA sequencing of a posi-

5o tive cDNA clone and the generation of monkey EPO
polypeptide primary structural conformation (amino acid
sequence) information . Example 4 is directed to procedures
involved in the identification of positive human genomic
clones and thus provides information concerning the source

55 of the genomic library, plaque hybridization procedures and
verification of positive clones . Example 5 is directed to DNA
sequencing of a positive genomic clone and the generation
of human EPO polypeptide amino acid sequence informa-
tion including a comparison thereof to the monkey EPO

60 sequence information . Example 6 is directed to procedures
for construction of a vector incorporating EPO-encoding
DNA derived from a positive monkey cDNA clone, the use
of the vector for transfection of COS-1 cells and cultured
growth of the transfected cells . Example 7 is directed to

65 procedures for construction of a vector incorporating EPO-
encoding DNA derived from a positive human genomic
clone, the use of the vector for transfection of COS-1 cells
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and the cultured growth of the transfected cells . Example 8
is directed to immunoassay procedures performed on media
supernatants obtained from the cultured growth of trans-
fected cells according to Examples 6 and 7 . Example 9 is
directed to in vitro and in vivo biological activity of micro- 5

bially expressed EPO of Examples 6 and 7.
Example 10 is directed to a development of mammalian

host expression systems for monkey species EPO cDNA and
human species genomic DNA involving Chinese hamster
ovary ("CHO") cells and to the immunological and biologi-
cal activities of products of these expression systems as well
as characterization of such products . Example 11 is directed
to the preparation of manufactured genes encoding human
species EPO and EPO analogs, which genes include a
number of preference codons for expression in E . coli and
yeast host cells, and to expression systems based thereon.
Example 12 relates to the immunological and biological
activity profiles of expression products of the systems of
Example 11 .

20

16
e .g ., Beaucage, et al ., Tetrahedron Letters, 22, pp.
1859—1862 (1981) on a solid support according to the
sequence set out in Table II, below.

TABLE II

Residue - Val - Asn Phe Tyr Ala Trp Lys

3 '

	

CAA TTG AAG ATG CGA ACC TT - 5 '
T

	

A

	

A

	

A

	

T
G

	

G
C

	

C

Further analysis revealed that within fragment No . T38
there existed a series 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 out in Table III, below.

TABLE III
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EXAMPLE 1

A. Human EPO Fragment Amino Acid Sequencing
Human EPO was isolated from urine and subjected to

tryptic digestion resulting in the development and isolation
of 17 discrete fragments in quantities approximating
100—150 picomoles.

Fragments were arbitrarily assigned numbers and were
analyzed for amino acid sequence by microsequence analy-
sis using a gas phase sequencer (Applied Biosystems) to
provide the sequence information set out in Table I, below,
wherein single letter codes are employed and "X" designates
a residue which was not unambiguously determined.

TABLE I

Fragment No.

	

Sequence Analysis Result

T4a

	

A-P-P-R
T4b

	

G-K-L-K
T9

	

A-L-G-A-Q-K
T13

	

V-L-E-R
T16

	

A-V-S-G-L-R
T18

	

L-F-R
T2

	

K-L-F-R
T25

	

Y-L-L-E-A-K
T26a

	

L-I-C-D-S-R
T26b

	

L-Y-T-G-E-A-C-R
T27

	

T-I-T-A-D-T-F-R
T28

	

E-A-I-S-P-P-D-A-A-M-A-A-P-L-R
T30

	

E-A-E-X-I-T-T-G-X-A-E-H-X-S-L-
N-E-X-I-T-V-P

T31

	

V-Y-S-N-F-L-R
T33

	

S-L-T-T-L-L-R
T35

	

V-N-F-Y-A-W-K
T38

	

G-Q-A-L-L-V-X-S-S-Q-P-W-

E-P-L-Q-L-H-V-D-K

B. Design and Construction of Oligonucleotide Probe
Mixtures

The amino acid sequences set out in Table I were
reviewed in the context of the degeneracy of the genetic
code for the purpose of ascertaining whether mixed probe
procedures could be applied to DNA/DNA hybridization
procedures on cDNA and/or genomic DNA libraries . This
analysis revealed that within Fragment No . T35 there existed
a series of 7 amino acid residues (Val-Asn-Phe-Tyr-Ala-Trp-
Lys) which could be uniquely characterized as encoded for
by one of 128 possible DNA sequences spanning 20 base
pairs . A first set of 128 20-mer oligonucleotides was there-
fore synthesized by standard phosphoamidite methods (See,

Residue - Gln Pro Trp Glu Pro Leu

3 ' GTT GGA ACC CTT GGA GA -

	

5 '
C T C T A

G G
C C

Oligonucleotide probes were labelled at the 5' end with
gamma- 32P-ATP 7500—8000 Ci/mmole (ICN) using T 4
polynucleotide kinase (NEN).

EXAMPLE 2

A. Monkey Treatment Procedures
Female Cynomolgus monkeys Macaca fascicularias

(2 .5—3 kg, 1 .5—2 years old) were treated subcutaneously
with a pH 7.0 solution of phenylhydrazine hydrochloride at
a dosage level of 12 .5 mg/kg on days 1, 3 and 5 . The
hematocrit was monitored prior to each injection . On day 7,
or whenever the hematocrit level fell below 25% of the

40
initial level, serum and kidneys were harvested after admin-
istration of 25 mg/kg doses of ketamine hydrochloride.
Harvested materials were immediately frozen in liquid nitro-
gen and stored at -70° C.

B. RIA for EPO
Radioimmunoassay procedures applied for quantitative

detection of EPO in samples were conducted according to
the following procedures:

An erythropoietin standard or unknown sample was incu-
bated together with antiserum for two hours at 37° C . After
the two hour incubation, the sample tubes were cooled on
ice, 125 I-labelled erythropoietin was added, and the tubes
were incubated at 0°C . for at least 15 more hours . Each assay
tube contained 500 tl of incubation mixture consisting of 50
tl of diluted immune sera, 10,000 cpm of 125 I-
erythropoietin, 5 tl trasylol and 0—250 tl of either EPO
standard or unknown sample, with PBS containing 0 .1%
BSA making up the remaining volume . The antiserum used
was the second test bleed of a rabbit immunized with a 1%
pure preparation of human urinary erythropoietin . The final
antiserum dilution on the assay was adjusted so that the
antibody-bound 125 I-EPO did not exceed 10—20% of the
input total counts . In general, this corresponded to a final
antiserum dilution of from 1 :50,000 to 1 :100,000.

The antibody-bound 125I-erythropoietin was precipitated
65 by the addition of 150 tl Staph A . After a 40 min . incubation,

the samples were centrifuged and the pellets were washed
two times with 0.75 ml 10 mM Tris-HC1 pH 8 .2 containing



5,955,422
17

0 .15M NaCl, 2 mM EDTA, and 0.05% Triton X-100 . The
washed pellets were counted in a gamma counter to deter-
mine the percent of 125 1-erythropoietin bound . Counts bound
by pre-immune sera were subtracted from all final values to
correct for nonspecific precipitation . The erythropoietin con-
tent of the unknown samples was determined by comparison
to the standard curve.

The above procedure was applied to monkey serum
obtained in Part A, above, as well as to the untreated monkey
serum. Normal serum levels were assayed to contain
approximately 36 mU/ml while treated monkey serum con-
tained from 1000 to 1700 mU/ml.

EXAMPLE 3

A. Monkey cDNA Library Construction Messenger RNA
was isolated from normal and anemic monkey kidneys by
the guanidinium thiocyanate procedure of Chirgwin, et al .,
Biochemistry, 18, p . 5294 (1979) and poly (A)* mRNA was
purified by two runs of oligo(dT)-cellulose column chroma-
tography as described at pp . 197–198 in Maniatis, et al .,
"Molecular Cloning, A Laboratory Manual" (Cold Springs
Harbor Laboratory, Cold Spring Harbor, N .Y., 1982) . The
cDNA library was constructed according to a modification
of the general procedures of Okayama, et al .,Mol. and Cell.
Biol., 2, pp . 161–170 (1982) . The key features of the
presently preferred procedures were as follows: (1) pUC8
was used as the sole vector, cut with Pstl and then tailed with
oligo dT of 60–80 bases in length ; (2) HinclI digestion was
used to remove the oligo dT tail from one 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 to remove the oligo dG tail from one end of
the vector ; and (5) replacement of the RNA strand by DNA
was in the presence of two linkers
(GATCTAAAGACCGTCCCCCCCCC and
ACGGTCTTTA) in a three-fold molar excess over the oligo
dG tailed vector.

B . Colony Hybridization Procedures For Screening Mon-
key cDNA Library

Transformed E. coli were spread out at a density of 9000
colonies per 10x10 cm plate on nutrient plates containing 50
micrograms/ml Ampicillin . GeneScreen filters (New
England Nuclear Catalog No . NEF-972) were pre-wet on a
BHI-CAM plate (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 lift the
colonies off the plate . The colonies were grown in the same
medium for 12 hours or longer to amplify the plasmid copy
numbers . The amplified colonies (colony side up) were
treated by serially placing the filters over 2 pieces of
Whatman 3 MM paper saturated with each of the following
solutions:

(1) 50 mM glucose—25 mM Tris-HC1 (pH 8 .0)—10 mM
EDTA (pH 8 .0) for five minutes;

(2) 0 .5 M NaOH for ten minutes; and
(3) 1 .0 M Tris-HC1 (pH 7 .5) for three minutes.
The filters were then air dried in a vacuum over at 80° C.

for two hours.
The filters were then subjected to Proteinase K digestion

through treatment with a solution containing 50 micrograms/ 60

ml of the protease enzyme in Buffer K [0 .1M Tris-HC1 (pH
8 .0)—0.15M NaCl—10 mM EDTA (pH 8 .2) -0 .2% SDS].
Specifically, 5 ml of the solution was added to each filter and
the digestion was allowed to proceed at 55° C . for 30
minutes, after which the solution was removed .
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The filters were then treated with 4 ml of a prehybridiza-
tion buffer (5xSSPE—O .5% SDS—100 micrograms/ml SS

18
E. coli DNA—5xBFP) . The prehybridization treatment was
carried out at 55° C ., generally for 4 hours or longer, after
which the prehybridization buffer was removed.

The hybridization process was carried out in the following
manner. To each filter was added 3 ml of hybridization buffer
(5xSSPE—O .5% SDS—100 micrograms/ml yeast tRNA)
containing 0 .025 picomoles of each of the 128 probe
sequences of Table II (the total mixture being designated the
EPV mixture) and the filters were maintained at 48° C . for
20 hours . This temperature was 2° C . less than the lowest of
the calculated dissociation temperatures (Td) determined for
any of the probes.

Following hybridization, the filters were washed three
times for ten minutes on a shaker with 6xSSC -0 .1% SDS
at room temperature and washed two to three times with
6—SSC—1% SDS at the hybridization temperature (48°
C .).

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

Initial sequence analysis of one of the putative monkey
cDNA clones (designated clone 83) deposited with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Md ., under deposit Accession No . A.T.C.0 67545
on Oct . 20, 1987 was performed for verification purposes by
a modification of the procedure of Wallace, et al ., Gene, 16,
pp . 21–26 (1981) . Briefly, plasmid DNA from monkey
cDNA clone 83 was linearized by digestion with EcoRI and
denatured by heating in a boiling water bath . The nucleotide
sequence was determined by the dideoxy method of Sanger,
et al ., P.N.A .S. (U SA .), 74, pp . 5463–5467 (1977) . A subset
of the EPV mixture of probes consisting of 16 sequences
was used as a primer for the sequencing reactions.

C. Monkey EPO cDNA Sequencing Nucleotide sequence
analysis of clone 83 was carried out by the procedures of
Messing, Methods in Enzymology, 101, pp . 20–78 (1983).
Set out in Table IV is a preliminary restriction map analysis
of the approximately 1600 base pair EcoRI/HindIII cloned
fragment of clone 83 . Approximate locations of restriction
endonuclease enzyme recognition sites are provided in terms
of number of bases 3' to the EcoRI site at the 5' end of the
fragment. Nucleotide sequencing was carried out by
sequencing individual restriction fragments with the intent
of matching overlapping fragments . For example, an overlap
of sequence information provided by analysis of nucleotides
in a restriction fragment designated C113 (Sau3A at -111/
SmaI at -324) and the reverse order sequencing of a
fragment designated C73 (AluI at -424/BstEII at -203).

TABLE IV

Restriction Enzyme
Recognition Site Approximate Location(s)

EcoRI 1
Sau3A 111
SmaI 180
BstEII 203
Smal 324
KonI 371

RsaI 372
AIuI 424
PstI 426
Alul 430
Heal 466
AIuI 546
PstI 601
PwII 604
AIuI 605
AIuI 782
AIuI 788
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TABLE IV-continued

Restriction Enzyme
Recognition Site Approximate Location(s)

RsaI 792
PstI 807
AIuI 841
Alul 927

Ncol 946
Sau3A 1014
AIuI 1072
AIuI 1115
AIuI 1223
PstI 1301
RsaI 1343
Alul 1384
HindIII 1449
Alul 1450
HindIll 1585

Sequencing of approximately 1342 base pairs (within the
region spanning the Sau3A site 3'to the EcoRI site and the
HindIII site) and analysis of all possible reading frames has
allowed for the development of DNA and amino acid
sequence information set out in FIG . 5, comprising portions
5A, 5B and 5C . In the Figure, the putative initial amino acid
residue of the amino terminal of mature EPO (as verified by
correlation to the previously mentioned sequence analysis of
twenty amino terminal residues) 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 sequence of the mature protein is indicative
of the likelihood that EPO is initially expressed in the
cytoplasm in a precursor form including a 27 amino acid
"leader" region which is excised prior to entry of mature
EPO into circulation . Potential glycosylation sites within the
polypeptide are designated by asterisks . The estimated
molecular weight of the translated region was determine to
be 21,117 daltons and the M .W. of the 165 residues of the
polypeptide constituting mature monkey ERO was deter-
mined to be 18,236 daltons.

The polypeptide sequence of FIG . 5 may readily be
subjected to analysis for the presence of highly hydrophilic
regions and/or secondary conformational characteristics
indicative of potentially highly immunogenic regions by,
e .g ., the methods of Hopp, et al., P.N.A .S. (U.S .A .), 78, pp.
3824–3828 (1981) and Kyte et al ., J.Mol.Biol., 157, pp.
105–132 (1982) and/or Chou, et al ., Biochem., 13, pp.
222–245 (1974) and Advances in Enzymology, 47, pp . 45–47
(1978) . Computer-assisted analysis according to the Hopp,
et al . method is available by means of a program designated
PEP Reference Section 6 .7 made available by
Intelligenetics, Inc ., 124 University Avenue, Palo Alto,
Calif.

EXAMPLE 4

A. Human Genomic Library
A Ch4A phage-borne human fetal liver genomic library

prepared according to the procedures of Lawn, et al ., Cell,
18, pp . 533–543 (1979) was obtained and maintained for use
in a plaque hybridization assay.

B. Plaque Hybridization Procedures For Screening
Human Genomic Library

Phage particles were lysed and the DNAs were fixed on
filters (50,000 plaques per filter) according to the procedures
of Woo, Methods In Enzymology, 68, pp . 389–395 (1979)
except for the use of GeneScreen Plus filters (New England
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Nuclear Catalog No . NEF-972) and NZYAM plates (NaCl,
5 g; MgC1z 6H 20, 2 g ; NZ-Amine A, log; yeast extract, 5 g;
casamino acids, 2 g; maltose ; 2 g; and agar, 15 g per liter).

The air-dried filters were baked at 80° C . for 1 hour and
5 then digested with Proteinase K as described in Example 3,

Part B . Prehybridization was carried out with a 1M NaCl—
1% SDS buffer for 55° C . for 4 hours or more, after which
the buffer was removed . Hybridization and post-
hybridization washings were carried out as described in

10 Example 3, Part B . Both the mixture of 128 20-mer probes
designated EPV and the mixture of 128 17-mer probes of
Table III (designated the EPQ mixture) were employed.
Hybridization was carried out at 48° C . using the EPV probe
mixture . EPQ probe mixture hybridization was carried out at

15 46° C.—4 degrees below the lowest calculated Td for
members of the mixture . Removal of the hybridized probe
for rehybridization was accomplished by boiling with
1XSSC—O .1% SDS for two minutes . Autoradiography of
the filters revealed three positive clones (reactive with both

20 probe mixtures) among the 1,500,000 phage plaques
screened . Verification of the positive clones as being EPO-
encoding was obtained through DNA sequencing and elec-
tron micrographic visualization of heteroduplex formation
with the monkey cDNA of Example 3 . This procedure also

25 gave evidence of multiple introns in the genomic DNA
sequence .

EXAMPLE 5

Nucleotide sequence analysis of one of the positive clones
(designated XhEl deposited with the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, Md ., under
deposit Accession No . A.T.C.C . 40381 on Oct. 20, 1987)
was carried out and results obtained to date are set out in
FIG . 6, comprising portions 6A, 6B 6C, 6D and 6E.

In FIG . 6, the initial continuous DNA sequence designates
a top strand of 620 bases in what is apparently an untrans-
lated sequence immediately preceding a translated portion of
the human EPO gene . More specifically, the sequence
appears to comprise 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 leader sequence ("presequence").
Four base pairs in the sequence prior to that encoding the
beginning of the leader have not yet been unambiguously
determined and are therefore designated by an "X" . There
then follows an intron of about 639 base pairs (439 base
pairs of which have been sequenced and the remaining 200
base pairs of which are designated "I .S .") and immediately
preceding a codon for glutamic acid which has been desig-
nated as residue -23 of the translated polypeptide . The exon
sequence immediately following is seen to code for amino
acid residues through an alanine residue (designated as the
+1 residue of the amino acid sequence of mature human
EPO) to the codon specifying threonine at position +26,
whereupon there follows a second intron consisting of 256
bases as specifically designated . Following this intron is an
exon sequence 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 of human EPO and there then commences a fourth
intron 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 sequence of
568 base pairs in what appears to be an untranslated 3' region
of the human EPO gene, two base pairs of which ("X") have
not yet been unambiguously sequenced.

FIG . 6 thus serves to identify the primary structural
conformation (amino acid sequence) of mature human EPO
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as including 166 specified amino acid residues (estimated
M .W.=18,399) . Also revealed in the Figure is the DNA
sequence coding for a 27 residue leader sequence along with
5' and 3' DNA sequences which may be significant to
promoter/operator functions of the human gene operon.
Sites for potential glycosylation of the mature human EPO
polypeptide are designated in the Figure by asterisks. It is
worthy of note that the specific amino acid sequence of FIG.
6 likely constitutes that of a naturally occurring allelic form
of human erythropoietin . Support for this position is found
in the results of continued efforts at sequencing of urinary
isolates of human erythropoietin which provided the finding
that a significant number of erythropoietin molecules therein
have a methionine at residue 126 as opposed to a serine as
shown in the Figure.

FIG . 9, below, illustrates the extent of polypeptide
sequence homology between human and monkey EPO . In
the upper continuous line of the Figure, single letter desig-
nations are employed to represent the deduced translated
polypeptide sequences of human EPO commencing with
residue -27 and the lower continuous line shows the
deduced polypeptide sequence of monkey EPO commenc-
ing at assigned residue number -27 . Asterisks are employed
to highlight the sequence homologies . It should be noted that
the deduced human and monkey EPO sequences reveal an
"additional" lysine (K) residue at (human) position 116.
Cross-reference to FIG . 6 indicates that this residue is at the
margin of a putative mRNA splice junction in the genomic
sequence . Presence of the lysine residue in the human
polypeptide sequence was further verified by sequencing of
a cDNA human sequence clone prepared from mRNA
isolated from COS-1 cells transformed with the human
genomic DNA in Example 7, infra.

EXAMPLE 6

The expression system selected for initial attempts at
microbial synthesis of isolatable quantities of EPO polypep-
tide material coded for by the monkey cDNA provided by
the procedures of Example 3 was one involving mammalian
host cells (i.e ., COS-1 cells, A .T.C.C. No . CRL-1650) . The
cells were transfected with a "shuttle" vector capable of
autonomous replication in E. coli host (by virtue of the
presence of pBR322-derived DNA) and the mammalian
hosts (by virtue of the presence of SV40 virus-derived
DNA).

More specifically, an expression vector was constructed
according to the following procedures . The plasmid clone 83
provided in Example 3 was amplified in E. coli and the
approximately 1 .4 kb monkey EPO-encoding DNA was
isolated by EcoRI and HindIII digestion . Separately isolated
was an approximately 4 .0 kb, HindIII/Sall fragment from
pBR322 . An approximately 30 bp, EcoRI/Sall "linker"frag-
ment was obtained from M13mp10 RF DNA (P and L
Laboratories) . This linker included, in series, an EcoRI
sticky end, followed by Sstl, SmaI, BamHI and Xbal rec-
ognition sites and a Sall sticky end. The above three
fragments were ligated to provide an approximately 5 .4 kb
intermediate plasmid ("pERS") wherein the EPO DNA was
flanked on one side by a "bank" of useful restriction endo-
nuclease recognition sites . pERS was then digested with
HindIII and Sall to yield the EPO DNA and the EcoRI to
Sall (Ml3mpl0) linker. The 1 .4 kb fragment was ligated with
an approximately 4 .0 kb BamHI/Sall of pBR322 and
another M13mp10 Hindlll/BamHI RF fragment linker also
having approximately 30 bp . The M13 linker fragment was
characterized by a HindIII sticky end, followed by Pstl, Sall,
Xbal recognition sites and a BamHI sticky end . The ligation
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product was, again, a useful intermediate plasmid ("pBR-
EPO") including the EPO DNA flanked on both sides by
banks of restriction site.

The vector chosen for expression of the EPO DNA in
COS-1 cells ("pDSVLl") had previously been constructed to
allow for selection and autonomous 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 sequence was structurally modified by the
addition of a linker providing a HindIII recognition imme-
diately adjacent nucleotide 2448 prior to incorporation into
the vector . Among the selected vector's other useful prop-
erties was the capacity to autonomously replicate in COS-1
cells and the presence of a viral promoter sequence func-
tional in mammalian cells . These characteristics are pro-
vided by the origin of replication DNA sequence and "late
gene" viral promoter DNA sequence present in the 342 bp
sequence 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 sequence through use of a commercially available
linker sequence (Collaborative Research) . Also incorporated
in the vector was a 237 base pair sequence (derived as
nucleotide numbers 2553 through 2770 of SV40) containing
the "late gene" viral mRNA polyadenylation signal
(commonly referred to as a transcription terminator) . This
fragment was positioned in the vector in the proper orien-
tation vis-a-vis the "late gene" viral promoter via the unique
BamHI site . Also present in the vector was another mam-
malian gene at a location not material to potential transcrip-
tion of a gene inserted at the unique BamHI site, between the
viral promoter and terminator sequences . [The mammalian
gene comprised an approximately 2,500 bp mouse dihydro-
folate reductase (DHFR) minigene isolated from plasmid
pMG-1 as in Gasser, et al., P.N.A .S . (USA.), 79, pp.
6522–6526, (1982) .] Again, the major operative components
of plasmid pDSVL1 comprise nucleotides 2448 through
4362 of pBR322 along with nucleotides 5171 through 270
(342bp) and 2553 through 2770 (237bp) of SV40 DNA.

Following procedures described, e .g ., in Maniatis, et al.,
supra, the EPO-encoding DNA was isolated from plasmid
pBR-EPO as a BamHI fragment and ligated into plasmid
pDSVL1 cut with BamHI. Restriction enzyme analysis was
employed to confirm insertion of the EPO gene in the correct
orientation in two of the resulting cloned vectors (duplicate
vectors H and L) . See FIG. 2, illustrating plasmid pDSVL-
MkE. Vectors with EPO genes in the wrong orientation
(vectors F, X, and G) were saved for use as negative controls
in transfection experiments designed to determine EPO
expression levels in hosts transformed with vectors having
EPO DNA in the correct orientation.

Vectors H, L, F, X and G were combined with carrier
DNA (mouse liver and spleen DNA) were employed to
transfect duplicate 60 mm plates by calcium phosphate
microprecipitate methods . Duplicate 60 mm plates were also
transfected with carrier DNA as a "mock" transformation
negative control . After five days all culture media were
tested for the presence of polypeptides possessing the immu-
nological properties of naturally-occurring EPO.

EXAMPLE 7

A. Initial EPO Expression System Involving COS-1 Cells
65 The system selected for initial attempts at microbial

synthesis of isolatable quantities of human EPO polypeptide
material coded for by the human genomic DNA EPO clone,
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also involved expression in mammalian host cells (i .e .,
COS-1 cells, A .T.C .C . No . CRL-1650) . The human EPO
gene was first sub-cloned into a "shuttle" vecor which is
capable of autonomous replication in both E. coli hosts (by
virtue of the presence of pBR322 derived DNA) and in the
mammalian cell line COS-1 (by virtue of the 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 transfected cells
and secreted into the cell culture media.

More specifically, an expression vector was constructed
according to the following procedures . DNA isolated from
lambda clone XhEl, containing the human genomic EPO
gene, was digested with BamHI and HindIII restriction
endonucleases, and a 5 .6 Kb DNA fragment known to
contain the entire EPO gene was isolated . This fragment was
mixed and ligated with the bacterial plasmid pUC8
(Bethesda Research Laboratories, Inc.) which had been
similarly digested, creating the intermediate plasmid
"pUC8-HuE", providing a convenient source of this restric-
tion fragment.

The vector chosen for expression of the EPO DNA in
COS-1 cells (pSV4SEt) had previously been constructed.
Plasmid pSV4SEt contained DNA sequences allowing
selection and autonomous replication in E. coli . These
characteristics are provided by the origin of replication and
Ampicillin resistance gene DNA sequences present in the
region spanning nucleotides 2448 through 4362 of the
bacterial plasmid pBR322 . This sequence was structurally
modified by the addition of a linker providing a HindIII
recognition site immediately adjacent to nucleotide 2448.
Plasmid pSV4SEt was also capable of autonomous replica-
tion in COS-1 cells . This characteristic was provided by a
342 bp fragment containing 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 EcoRI recognition site adjacent to nucleotide 270 and a
linker providing a Sall recognition site adjacent nucleotide
5171 . A 1061 bp fragment of SV40 was also present in this
vector (nucleotide numbers 1711 through 2772 plus a linker
providing a Sall recognition site next to nucleotide number
2772) . Within this fragment was an unique BamHI recog-
nition sequence . In summary, plasmid pSV4SEt contained
unique BamHI and HindIII recognition sites, allowing inser-
tion of the human EPO gene, sequences allowing replication
and selection in E . coli, and sequences allowing replication
in COS-1 cells.

In order to insert the EPO gene into pSV4SEt, plasmid
pUC8-HuE was digested with BamHI and HindIII restric-
tion endonucleases and the 5 .6 kb EPO encoding DNA
fragment isolated . pSV4SEt was also digested with BamHI
and HindIII and the major 2513 bp fragment isolated
(preserving all necessary functions) . These fragments were
mixed and ligated, creating the final vector "pSVgHuEPO".
(See, FIG. 3 .) This vector was propagated in E . coli and
vector DNA isolated . Restriction enzyme analysis was
employed to confirm insertion of the EPO gene.

Plasmid pSVgHuEPO DNA was used to express human
EPO polypeptide material 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 transfected into
COS-1 cells . Cell culture media were sampled five and
seven days later and tested for the presence of polypeptides
possessing the immunological properties of naturally occur-
ring human EPO .

15
the following procedures . Plasmid pUC8-HuE, as described
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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 clone 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 promoter which is within the
5 .6 Kb BamHI to HindIII restriction fragment. In the fol-
lowing construction, the EPO gene is altered so that it is
expressed using the SV40 late promoter.

More specifically, the cloned 5 .6 Kb BamHI to HindIII
genomic human EPO restriction fragment was modified by

above, was cleaved with BamHI and with BstEII restriction
endonucleases. BstEII cleaves within the 5 .6 Kb EPO gene
at a position which is 44 base pairs 5' to the initiating ATG
coding for the pre-peptide and approximately 680 base pairs
3' to the HindIII restriction site . The approximately 4900
base pair fragment was isolated. A synthetic linker DNA
fragment, containing Sall and BstEII sticky ends and an
internal BamHI recognition site was synthesized and puri-
fied . The two fragments were mixed and ligated with plas-
mid pBR322 which had been cut with Sall and BamHI to
produce the intermediate plasmid pBRgHE . The genomic
human EPO gene can be isolated therefrom as a 4900 base
pair BamHI digestion fragment carrying the complete struc-
tural gene with a single ATG 44 base pairs 3' to BamHI site
adjacent the amino terminal coding region.

This fragment was isolated and inserted as a BamHI
fragment into BamHI cleaved expression vector plasmid
pDSVL1 (described in Example 6) . The resulting plasmid,
pSVLgHuEPO, as illustrated in FIG . 4, was used to express
EPO polypeptide material from COS-1 cells, as described in
Examples 6 and 7A.

EXAMPLE 8

Culture media from growth of the six transfected COS-1
cultures of Example 6 were analyzed by radioimmunoassay
according to the procedures set forth in Example 2, Part B.
Each sample was assayed at 250, 125, 50, and 25 microliter
aliquot levels . Supernatants from growth of cells mock
transfected or transfected with vectors having incorrect EPO
gene orientation were unambiguously negative for EPO
immunoreactivity . For each sample of the two supernatants
derived from growth of COS-1 cells transfected with vectors
(H and L) having the EPO DNA in the correct orientation,
the % inhibition of 125 I-EPO binding to antibody ranged
from 72 to 88%, which places all values at the top of the
standard curve . The exact concentration of EPO in the
culture supernatant could not then reliably be estimated. A
quite conservative estimate of 300 mU/ml was made,
however, from the value calculation of the largest aliquot
size (250 microliter).

A representative culture fluid according to Example 6 and
five and seven day culture fluids obtained according to
Example 7A were tested in the RIA in order to compare
activity of recombinant monkey and human EPO materials

60 to a naturally-occurring human EPO standard and the results
are set out in graphic form in FIG . 1 . Briefly, the results
expectedly revealed that the recombinant monkey EPO
significantly competed for anti-human EPO antibody
although it was not able to completely inhibit binding under

65 the test conditions . The maximum percent inhibition values
for recombinant human EPO, however, closely approxi-
mated those of the human EPO standard . The parallel nature



5,955,422

5

10

20

25

30

40

50

55

60

65

25
of the dose response curves suggests immunological identity
of the sequences (epitopes) in common . Prior estimates of
monkey EPO in culture fluids were re-evaluated at these
higher dilution levels and were found to range from 2 .91 to
3 .12 U/ml . Estimated human EPO production levels were
correspondingly set at 392 mU/ml for the five-day growth
sample and 567 mU/ml for the seven day growth sample.
Estimated monkey EPO production levels in the Example
7B expression system were on the same order or better.

EXAMPLE 9

Culture fluids prepared according to Examples 6 and 7
were subjected to an in vitro assay for EPO activity accord-
ing to the procedure of Goldwasser, et al ., Endocrinology,
97, 2, pp . 315—323 (1975). Estimated monkey EPO values
for culture fluids tested ranged from 3 .2 to 4 .3 U/ml . Human
EPO culture fluids were also active in this in vitro assay and,
further, this activity could be neutralized by anti-EPO anti-
body . The recombinant monkey EPO culture fluids accord-
ing to Example 6 were also subjected to an assay for in vivo
biological activity according to the general procedures of
Cotes, et al ., Nature, 191, pp . 1065—1067 (1961) and
Hammond, et al., Ann. N.Y. Acad. Sci ., 149, pp . 516—527
(1968) and activity levels ranged from 0 .94 to 1 .24 U/ml.

EXAMPLE 10

In the previous examples, recombinant monkey or human
EPO material was produced from vectors used to transfect
COS-1 cells . These vectors replicate in COS-1 cells due to
the presence of SV40 T antigen within the cell and an SV40
origin of replication on the vectors . Though these vectors
produce useful quantities of EPO in COS-1 cells, expression
is only transient (7 to 14 days) due to the eventual loss of the
vector. Additionally, only a small percentage of COS-1
became productively transfected with the vectors . The
present example describes expression systems employing
Chinese hamster ovary (CHO) DHFR - cells and the select-
able marker, DHFR . [For discussion of related expression
systems, see U .S . Pat . No . 4,399,216 and European Patent
Applications 117058, 117059 and 117060, all published
Aug. 29, 1984 .]

CHO DHFR- cells (DuX-Bll) CHO Kl cells, Urlaub, et
al., Proc. Nat. Acad. Sci. (U.S.A .), Vol. 77, 4461 (1980) lack
the enzyme dihydrofolate reductase (DHFR) due to muta-
tions in the structural genes and therefore require the pres-
ence of glycine, hypoxanthine, and thymidine in the culture
media . Plasmids pDSVL-MkE (Example 6) or pDSVL-
gHuEPO (Example 7B) were transfected along with carrier
DNA into CHO DHFR- cells growing in media containing
hypoxanthine, thymidine, and glycine in 60 mm culture
plates . Plasmid pSVgHuEPO (Example 7A) was mixed with
the plasmid pMG2 containing a mouse dihydrofolate reduc-
tase gene cloned into the bacterial plasmid vector pBR322
(per Gasser, et al., supra .) The plasmid mixture and carrier
DNA was transfected into CHO DHFR - cells . (Cells which
acquire one plasmid will generally also acquire a second
plasmid) . After three days, the cells were dispersed by
trypsinization 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, colonies of surviving cells became apparent . These
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transformant colonies, after dispersion by trypsinization can
be continuously propagated in media lacking hypoxanthine
and thymidine, creating new cell strains (e .g ., CHO pDSVL-
MkEPO, CHO pSVgHuEPO, CHO-pDSVL-gHuEPO).

Culture fluids from the above cell strains were tested in
the RIA for the presence of recombinant monkey or human
EPO . Media for strain CHO pDSVL-MkEPO contained
EPO with immunological properties like that obtained from
COS-1 cells transfected with plasmid pDSVL-MkEPO . A
representative 65 hour culture fluid contained monkey EPO
at 0 .60 U/ml.

Culture fluids from CHO pSVgHuEPO and CHO
pDSVL-gHuEPO contained recombinant human EPO with

15 immunological properties like that obtained with COS-1
cells transfected with plasmid pSVgHuEPO or pDSVL-
gHuEPO . A representative 3 day culture fluid from CHO
pSVgHuEPO 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 EPO as measured by the RIA.

The quantity of EPO produced by the cell strains
described above can be increased by gene amplification
giving new cell strains of greater productivity . The enzyme
dihydrofolate reductase (DHFR) which is the product coded
for by the DHFR gene can be inhibited by the drug meth-
otrexate (MTX) . More specifically, cells propagated in
media lacking hypoxanthine and thymidine are inhibited or
killed by MTX . Under the appropriate conditions, (e .g.,
minimal concentrations of MTX) cells resistant to and able
to grow in MTX can be obtained . These cells are found to
be resistent to MTX due to an amplification of the number
of their DHFR genes, resulting in increased production of

35 DHFR enzyme . The surviving cells can, in turn, be treated
with increasing concentrations of MTX, resulting in cell
strains containing greater numbers of DHFR genes . "Pas-
senger genes" (e .g ., EPO) carried on the expression vector
along with the DHFR gene or transformed with the DHFR
gene are frequently found also to be increased in their gene
copy number.

As examples of practice of this amplification system, cell
strain CHO pDSVL-MkE was subjected to increasing MTX

45 concentrations (0 nM, 30 nM and 100 nM) . Representative
65-hour culture media samples from each amplification 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 series of increasing MTX
concentrations of 30 nM, 50 nM, 100 nM, 200 nM, 1 µM,
and 5 µM 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
cultural medium samples from the 100 nM and 1 µM MTX
steps contained, respectively, human EPO at 466 and 1352
U/ml as judged by RIA (average of triplicate assays) . In
these procedures, 1x106 cells were plated in 5 ml of media
in 60 mm culture dishes . Twenty-four hours later the media
were removed and replaced with 5 ml of serum-free media
(high glucose DMEM supplemented with 0 .1 mM non-
essential amino acids and L-glutamine) . EPO was allowed to
accumulate for 48 hours in the serum-free media . The media
was collected for RIA assay and the cells were trypsinized
and counted . The average RIA values of 467 U/ml and 1352
U/ml for cells grown at 100 nM and 1 µM MTX,
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respectively, provided actual yields of 2335 U/plate and
6750 U/plate . The average cell numbers per plate were
1 .94x10 6 and 3 .12x10 6 cells, respectively. The effective
production rates for these culture conditions were thus 1264
and 2167 U/10 6 cells/48 hours.

The cells in the cultures described immediately above are
a genetically heterogeneous population . Standard screening
procedures are being employed in an attempt to isolate
genetically homogeneous clones with the highest production
capacity. See, Section A, Part 2, of "Points to Consider in the
Characterization of Cell Lines Used to Produce Biologics",
Jun. 1, 1984, Office of Biologics Research 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 of mammalian cells in culture
generally requires the presence of serum in the growth
media . A method for production of erythropoietin from CHO
cells in media that does not contain serum greatly facilitates
the purification of erythropoietin from the culture medium.
The method described below is capable of economically
producing erythropoietin in serum-free media in large quan-
tities sufficient for production.

Strain CHO pDSVL-gHuEPO cells, grown in standard
cell culture conditions, are used to seed spinner cell culture
flasks. The cells are propagated as a suspension cell line in
the spinner cell culture flask in media consisting of a 50—50
mixture of high glucose DMEM and Ham's F12 supple-
mented with 5% fetal calf serum, L-glutamine, Penicillin
and Streptomycin, 0 .05 mM non-essential amino acids and
the appropriate concentration of methotrexate . Suspension
cell culture allows the EPO-producing CHO cells to be
expanded easily to large volumes . CHO cells, grown in
suspension, are used to seed roller bottles at an initial
seeding density of 1 .5x107 viable cells per 850 cm 2 roller
bottle in 200 ml of media . The cells are allowed to grow to
confluency 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 end of the three-day
growth period, the serum 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-essential amino acids and L-glutamine . The
roller bottles are returned to the roller bottle incubator for a
period of 1–3 hours and the media again is removed and
replaced with 100 ml of fresh serum-free media . The 1–3
hour incubation of the serum-free media reduces the con-
centration of contaminating serum proteins . The roller
bottles are returned to the incubator for seven days during
which erythropoietin accumulates in the serum-free culture
media . At the end of the seven-day production phase, the
conditioned media is removed and replaced with fresh
serum-free medium for a second production cycle . As an
example of the practice of this production system, a repre-
sentative seven-day, serum-free media sample contained
human erythropoietin at 3892±409 U/ml as judged by the
RIA . Based on an estimated cell density of 0 .9 to 1 .8x10 5
cells/cm 2, each 850 cm2 roller bottle contained from 0 .75 to
1 .5x10 8 cells and thus the rate of production of EPO in the
7-day, 100 ml culture was 750 to 1470 U/10 6 cells/48 hours .

28
Culture fluids from cell strain CHO pDSVL-MkEPO

carried in 10 nM MTX were subjected to RIA in vitro and
in vivo EPO activity assays . The conditioned media sample
contained 41 .2±1 .4 U/ml of MkEPO as measured by the
RIA, 41 .2±0 .064 U/ml as measured by the in vitro biological
activity assay and 42 .5±5 U/ml as measured by the in vivo
biological activity assay . Amino acid sequencing of
polypeptide products revealed the presence of EPO
products, a principle species having 3 residues of the
"leader" sequence adjacent the putative amino terminal
alanine . Whether this is the result of incorrect membrane
processing of the polypeptide in CHO cells or reflects a
difference in structure of the amino terminus of monkey
EPO vis-a-vis human EPO ; is presently 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 at a level
of 18 .2 U/ml by RIA assay, 15 .8±4 .6 U/ml by in vitro assay

20 and 16 .8±3 .0 U/ml by in vivo assay.
Culture fluid from CHO pDSVL-gHuEPO cells prepared

amplified by stepwise 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

25 U/ml by in vitro assay, and 2040±160 U/ml by in vivo assay.
Amino acid sequencing of this product reveals an amino
terminal corresponding to that designated in FIG . 6.

Cell 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 221±5 .1 U/ml (EPO-CCM) . To determine
the in vivo effect of the EPO-CCM upon hematocrit levels
in normal Balb/C mice, the following experiment was con-
ducted . Cell conditioned media from untransfected CHO
cells (CCM) and EPO-CCM were adjusted with PBS . CCM
was used for the control group (3 mice) and two dose levels
of EPO-CCM—4 units per injection and 44 units per
injection—were employed for the experimental groups (2
mice/group) . Over the course of 5 weeks, the seven mice
were injected intraperitoneally, 3 times per week . After the
eighth 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 form from culture media
using HPLC (C4) employing an ethanol gradient, preferably
at pH7.

A preliminary attempt 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 isolates using both
Western blot analysis and SOS-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 extract. All products were somewhat hetero-
geneous . Neuraminidase enzyme treatment to remove sialic
acid resulted in COS-1 and CHO recombinant products of
approximately equal molecular weight which were both
nonetheless larger than the resulting asialo human urinary
extract . Endoglycosidase F enzyme (EC 3 .2 .1) treatment of
the recombinant CHO product and the urinary extract prod-
uct (to totally remove carbohydrate from both) resulted in
substantially homogeneous products having essentially
identical molecular weight characteristics .
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ECEPO gene Sections 2 and 3 (FIGS . 13 and 15) were
constructed in a similar manner from the oligonucleotides of
FIGS . 12 and 14 respectively . Each section was amolified in
the M13 vector employed for sequence verification and was

5 isolated from phage DNA. As is apparent from FIG . 13,
ECEPO Section 2 was constructed with EcoRI and BamHI
sticky ends and could be isolated as a KpnlBglll fragment.
Similarly, ECEPO Section 3 was prepared with BamHI and
Sall sticky ends and could be isolated from phage RF DNA

10 as a Bglll/Sall fragment. The three sections thus prepared
can readily be assembled into a continuous DNA sequence
(FIG . 7) encoding the entire human species EPO polypep-
tide with an amino terminal methionine codon (ATG) for E.
coli translation initiation . Note also that "upstream" of the

15 initial ATG is a series of base pairs substantially duplicating
the ribosome binding site sequence of the highly expressed
OMP-f gene of E. coli.

29
Purified human urinary EPO and a recombinant, CHO

cell-produced, EPO according to the invention were sub-
jected to carbohydrate analysis according to the procedure of
Ledeen, et al. Methods in Enzymology, 83(Part D), 139–191
(1982) as modified through use of the hydrolysis procedures
of Nesser, et al ., Anal. Biochem., 142, 58–67 (1984) . Experi-
mentally determined carbohydrate constitution values
(expressed as molar ratios of carbohydrate in the product)
for the urinary isolate were as follows: Hexoses, 1 .73;
N-acetylglucosamine, 1 ; N-acetylneuraminic acid, 0 .93;
Fucose, 0 ; and N-acetyl-galactosamine, 0 . Corresponding
values for the recombinant product (derived from CHO
pDSVL-gHuEPO 3-day culture media at 100 nM MTX)
were as follows: Hexoses, 15 .09; N-acetylglucosamine, 1;
N-acetyineuraminic acid, 0 .998; Fucose, 0 ; and
N-acetylgalactosamine, 0 . These findings are consistent with
the Western blot and SDS-PAGE analysis described above.

Glycoprotein products provided by the present invention
are thus comprehensive of products having a primary struc-
tural conformation sufficiently duplicative of that of a

20
naturally-occurring erythropoietin to allow possession of
one or more of the biological properties thereof and having
an average carbohydrate composition which differs from
that of naturally-occurring erythropoietin.

EXAMPLE 11

	

25

The present example relates to the total manufacture by
assembly of nucleotide bases of two structural genes encod-
ing the human species EPO sequence of FIG . 6 and
incorporating, respectively "preferred" codons for expres- 30
sion in E. coli and yeast (S .cerevisiae) cells. Also described
is the construction of genes encoding analogs of human
EPO. Briefly stated, the protocol employed was generally as
set out in the previously noted disclosure of Alton, et al.
(WO 83/04053) . The genes were designed for initial assem- 35
bly of component oligonucleotides into multiple duplexes
which, in turn, were assembled into three discrete sections.
These sections were designed for ready amplification and,
upon removal from the amplification system, could be
assembled sequentially or through a multiple fragment liga-
tion in suitable expression vector.

FIGS . 10 through 15 and 7 below illustrate the design and
assembly of a manufactured gene encoding a human EPO
translation product lacking any leader or presequence but
including an initial methionine residue at position -1 . 45
Moreoever, the gene incorporated in substantial part E. coli
preference codons and the construction was therefore
referred to as the "ECEPO" gene.

More particularly, FIG . 10 illustrates oligonucleotides
employed to generate the Section 1 of the ECEPO gene 50

encoding amino terminal residues of the human species
polypeptide . Oligonucleotides were assembled into
duplexes (1 and 2, 3 and 4, etc .) and the duplexes were then
ligated to provide ECEPO Section 1 as in FIG . 11 . Note that
the assembled section includes respective terminal EcoRl 55

and BamHI sticky ends, that "downstream" of the EcoRI
sticky end is a Xbal restriction enzyme recognition site ; and
that "upstream" of the BamHI sticky end is a KpnI recog-
nition site . Section 1 could readily be amplified using the
M13 phage vector employed for verification of sequence of 60

the section . Some difficulties were encountered in isolating
the section as an Xbal/Kpnl fragment from RF DNA gen-
erated in E. coli, likely due to methylation of the KpnI
recognition site bases within the host . Single-stranded phage
DNA was therefore isolated and rendered into double- 65
stranded form in vitro by primer extension and the desired
double-stranded fragment was thereafter readily isolated .

Xbal

	

+1 2

	

7

	

8

	

9
Met Ala Asn Cys Asp

	

Thal
5 ' -CTAG ATG GCT AAT TGC GAC-3 '

3 ' -TAC CGA TTA ACG CTG AGCT-5 '

The Xbal/Xhol linker and the Xhol/Hindlll ECEPO gene
sequence fragment were inserted into the large fragment
resulting from Xbal and HindIII digestion of plasmid
pCFM526—a derivative of plasmid pCFM414 (A.T.C.C.
40076)—as described in co-pending U .S . patent application
Ser. No . 636,727, filed Aug . 6, 1984, by Charles F. Morris,
to generate a plasmid-borne DNA sequence encoding E. coli
expression of the Met-1 form of the desired analog.

B . [His ']hEPO

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

40
below.

Any suitable expression vector may be employed to carry
the ECEPO. The particular vector chosen for expression of
the ECEPO gene as the "temperature sensitive" plasmid
pCFM536—a derivative of plasmid pCFM414 (A.T.C.C.
40076)—as described in co-pending U .S . patent application
Ser. No . 636,727, filed Aug . 6, 1984, (Published EPO
Application No . 736490) by Charles F. Morris . More
specifically, pCFM536 was digested with Xbal and HindIII;
the large fragment was isolated and employed in a two-part
ligation with the ECEPO gene . Sections 1 (Xbal/Kpnl), 2
(Kpnl/Bglll) and 3 (Bglll/Sall) had previously been
assembled in the correct order in M13 and the EPO gene was
isolated therefrom as a single Xbal/Hindlll fragment . This
fragment included a portion of the polylinker from M13 mp9
phage spanning the Sall to HindIII sites therein . Control of
expression in the resulting expression plasmid, p536, was by
means of a lambda PL promoter, which itself may be under
control of the CI857 repressor gene (such as provided in E.
coli strain K12AHtrp).

The manufactured ECEPO gene above may be variously
modified to encode erythropoietin analogs such as [Asn 2,
des-Prot through Ile 6]hEPO and [His' ]hEPO, as described

A. [Asn2 , des-Prot through Ile6 ]hEPO

Plasmid 536 carrying the ECEPO manufactured gene of
FIG . 7 as a Xbal to HindIII insert was digested with HindIII
and Xhol . The latter endonuclease cuts the ECEPO gene at
a unique, 6 base pair recognition site spanning the last base
of the codon encoding Asp 8 through the second base of the
Arg 10 codon . A Xbal/Xhol "linker" sequence was manufac-
tured having the following sequence :
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Xbal

	

+1

	

2 3 4 5 6 7

	

8

	

9 Xhol

5 ' -CTAG ATG GCT CCG
3 ' -TAC CGA GGC

CCA
GGT

CGT
GCA

CTG
GAC

ATC

TAG
CAT GAC-3 '
GTA CTG

	

AGCT-5 '

5
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The linker and the Xhol/Hindlll ECEPO sequence frag-
ment were then inserted into pCFM526 to generate a
plasmid-borne DNA sequence encoding E. coli expression
of the Met-1 form of the desired analog.

Construction of a manufactured gene ("SCEPO") incor-
porating yeast preference codons is as described in the
following FIGS . 16 through 21 and 8 . As was the case with
the ECEPO gene, the entire construction involved formation
of three sets of oligonucleotides (FIGS . 16, 18 and 20) which
were formed into duplexes and assembled into sections
(FIGS . 17, 19 and 21) . Note that synthesis was facilitated in
part by use of some sub-optimal codons in both the SCEPO
and ECEPO constructions, i.e ., oligonucleotides 7-12 of
Section 1 of both genes were identical, as were oligonucle-
otides 1-6 of Section 2 in each gene.

The assembled SCEPO sections were sequenced in M13
and Sections 1, 2 and 3 were isolatable from the phage as
Hindlll/Kpnl, Kpnl/Bglll, and Bglll/Sall fragments.

The presently preferred expression system for SCEPO
gene products is a secretion system based on S .cerevisiae
a-factor secretion, as described in copending U .S . patent
application Ser. No . 487,753, filed Apr. 22, 1983, by Grant
A. Bitter, published Oct. 31, 1984 as European Patent
Application 0 123,294 . Briefly put, the system involves
constructions wherein DNA encoding the leader sequence of
the yeast a-factor gene product is positioned immediately 5'
to the coding region of the exogenous gene to be expressed.
As a result, the gene product translated includes a leader or
signal sequence which is "processed off" by an endogenous
yeast enzyme in the course of secretion of the remainder of
the product . Because the construction makes use of the
a-factor translation initiation (ATG) codon, there was no
need to provide such a codon at the -1 position of the
SCEPO gene . As may be noted from FIG . 8, the alanine (+1)
encoding sequence is preceded by a linker sequence allow-
ing for direct insertion into a plasmid including the DNA for
the first 80 residues of the a-factor leader following the
a-factor promoter. The specific preferred construction for
SCEPO gene expression involved a four-part ligation
including the above-noted SCEPO section fragments and the
large fragment of HindIII/Sall digestion of plasmid paC3.
From the resulting plasmid paC3/SCEPO, the a-factor
promoter and leader sequence and SCEPO gene were iso-
lated by digestion with BamHI and ligated into BamHI
digested plasmid pYE to form expression plasmid pYE/
SCEPO. EXAMPLE 12

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

In use of the expression system designed for use ofE. coli
host cells, plasmid p536 of Example 11 was transformed
into AM7 E. coli cells previously transformed with a suitable
plasmid, pMW1, harboring a CI857 gene . Cultures of cells in
LB broth (Ampicillin 50 µg/ml and kanamycin 5 µg/ml,
preferably with 10 mM MgSO 4) were maintained at 28° C.
and upon growth of cells in culture to O .D .600=0 .1, EPO
expression was induced by raising the culture temperature to
42° C. Cells grown to about 40 O.D. provided EPO pro-
duction (as estimated by gel) of about 5 mg/OD liter.

Cells were harvested, lysed, broken with French Press
(10,000 psi) and treated with lysozyme and NP-40 detergent .

15
amino terminal "processing" within the host cells serves to

The pellet resulting from 24,000 xg centrifugation was
solubilized with guanidine HC1 and subjected to further
purification in a single step by means of C 4 (Vydac) Reverse
Phase HPLC (EtOH, 0-80%, 50 mM NH 4Ac, pH 4 .5).
Protein sequencing revealed the product to be greater than
95% pure and the products obtained revealed two different
amino terminals, A—P—P—R . . . and P—P—R . . . in a
relative quantitative ratio of about 3 to 1 . This latter obser-
vation of hEPO and [des Ala l ]hEPO products indicates that

remove the terminal methionine and in some instances the
initial alanine . Radioimmunoassay activity for the isolates
was at a level of 150,000 to 160,000 U/mg ; in vitro assay
activity was at a level of 30,000 to 62,000 U/mg; and in vivo
assay activity ranged from about 120 to 720 U/mg. (Cf.,
human urinary isolate standard of 70,000 U/mg in each
assay.) The dose response curve for the recombinant product
in the in vivo assay differed markedly from that of the
human urinary EPO standard.

The EPO analog plasmids formed in parts A and B of
Example 11 were each transformed into pMWl-transformed
AM7 E. coli cells and the cells were cultured as above.
Purified isolates were tested in both RIA and in vitro assays.
RIA and in vitro assay values for [Asn 2, des-Pro2 through
Ile 6 ]hEPO expression products were approximately 11,000
U/mg and 6,000 U/mg protein, respectively, while the assay
values for [His']hEPO were about 41,000 U/mg and 14,000
U/mg protein, respectively, indicating that the analog prod-
ucts were from one-fourth to one-tenth as "active" as the
"parent" expression product in the assays.

In the expression system designed for use of S.cerevisiae
host cells, plasmid pYE/SCEPO was transformed into two
different strains, YSDP4 (genotype a pep4-3 trpl) and RK81
(genotype as pep4-3 trpl) . Transformed YSDP4 hosts were
grown in SD medium (Methods in Yeast Genetics, Cold
Spring Harbor Laboratory, Cold Sprina 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 . contained EPO products at levels of about 244 U/ml
(97 µg/OD liter by RIA) . Transformed RK81 cells grown to
either 6 .5 O .D . or 60 O .D . provided media with EPO
concentrations of about 80-90 U/ml (34 µg/OD liter by
RIA) . Preliminary analyses reveal significant heterogeneity
in products produced by the expression system, likely to be
due to variations in glycosylation of proteins expressed, and
relatively high mannose content of the associated carbohy-
drate.

Plasmids PaC3 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 pCFM526 in AM7 cells, pCFM536 in
JM103 cells, and pMW1 in JM103 cells were likewise
deposited on Nov. 21, 1984 as A .T.C .C. 39932, 39934, and
39933, respectively . Saccharomyces cerevisiae strains
YSPD4 and RK81 were deposited on Nov. 21, 1984 as
A.T.C.C . 20734 and 20733, respectively.

It should be readily apparent from consideration of the
65 above illustrative examples that numerous exceptionally

valuable products and processes are provided by the present
invention in its many aspects.



5,955,422

35
to therein. Polypeptides of the invention, including synthetic
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adjuvants are substances reported to enhance the effects of,
or synergize, erythropoietin or asialo-EPO, such as the
adrenergic agonists, thyroid hormones, androgens and BPA
[see, Dunn, "Current Concepts in Erythropoiesis", John
Wiley and Sons (Chichester, England, 1983) ; Weiland, et al.,
Blut, 44(3), 173—175 (1982); Kalmanti, Kidney Int., 22,
383—391 (1982) ; Shahidi, New. Eng. J. Med ., 289, 72—80
(1973) ; Fisher, et al ., Steroids, 30(6), 833—845 (1977);
Urabe, et al ., J. Exp . Med., 149, 1314—1325 (1979); and
Billat, et al ., Expt. Hematol ., 10(1), 133—140 (1982)] as well
as the classes of compounds designated "hepatic erythro-
poietic factors" [see, Naughton, et al ., Acta.Haemat., 69,
171—179 (1983)] and "erythrotropins" [as described by
Congote, et al . in Abstract 364, Proceedings 7th Interna-
tional Congress of Endocrinology (Quebec City, Quebec,
Jul . 1—7, 1984) ; Congote, Biochem. Biophys . Res. Comm.,
115(2), 447—483 (1983) and Congote, Anal. Biochem., 140,
428—433 (1984)] and "erythrogenins" [as described in
Rothman, et al ., J. Surg. Oncol., 20, 105—108 (1982)].
Preliminary screenings designed to measure erythropoietic
responses of ex-hypoxic polycythemic mice pre-treated with
either 5-a-dihydrotestosterone or nandrolone and then given
erythropoietin of the present invention have generated
equivocal results.

Diagnostic uses of polypeptides of the invention are
similarly extensive and include use in labelled and unla-
belled forms in a variety of immunoassay techniques includ-
ing RIA's, ELISA's and the like, as well as a variety of in
vitro and in vivo activity assays . See, e .g., Dunn, et al ., Expt.
Hematol., 11(7), 590—600 (1983); Gibson, et al., Pathology,
16, 155—156 (1984) ; Krystal, Expt. Hematol ., 11(7),
649—660 (1983); Saito, et al ., Jap . J. Med., 23(1), 16—21
(1984) ; Nathan, et al ., New Eng. J. Med ., 308(9), 520—522
(1983) ; and various references pertaining to assays referred

peptides comprising sequences of residues of EPO first
revealed herein, also provide highly useful pure materials for
generating polyclonal antibodies and "banks" of monoclonal
antibodies specific for differing continuous and discontinu-
ous epitopes of EPO. As one example, preliminary analysis
of the amino acid sequences of FIG . 7 in the context of
hydropathicity according to Hopp, et al., P.N.A .S. (USA .),
78, pp. 3824—3828 (1981) and of secondary structures
according to Chou, et al ., Ann. Rev. Biochem., 47, p . 251
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(1978) revealed that synthetic peptides duplicative of con-
tinuous sequences of residues spanning positions 41—57
inclusive, 116—128 inclusive and 144—166 inclusive are
likely to produce a highly antigenic response and generate
useful monoclonal and polyclonal antibodies immunoreac-
tive with both the synthetic peptide and the entire protein.
Such antibodies are expected to be useful in the detection
and affinity purification of EPO and EPO-related products.

Illustratively, the following three synthetic peptides were
prepared:
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Polypeptides provided by the invention are conspicuously

useful materials, whether they are microbially expressed
products or synthetic products, the primary, secondary or
tertiary structural conformation of which was first made
known by the present invention.

As previously indicated, recombinant-produced and syn-
thetic products of the invention share, to varying degrees,
the in vitro biological activity of EPO isolates from natural
sources and consequently are projected to have utility as
substitutes for EPO isolates in culture media employed for
growth of erythropoietic cells in culture . Similarly, to the
extent that polypeptide products of the invention share the in
vivo activity of natural EPO isolates they are conspicuously
suitable for use in erythropoietin therapy procedures prac-
ticed on mammals, including humans, to develop any or all
of the effects herefore attributed in vivo to EPO, e .g .,
stimulation of reticulocyte response, development of ferro-
kinetic effects (such as plasma iron turnover effects and
marrow transit time effects), erythrocyte mass changes,
stimulation of hemoglobin C synthesis (see, Eschbach, et al .,
supra) and, as indicated in Example 10, increasing hemat-
ocrit levels in mammals . Included within the class of
humans treatable with products of the invention are patients
generally requiring blood transfusions and including trauma
victims, surgical patients, renal disease patients including
dialysis patients, and patients with a variety of blood com-
position affecting disorders, such as hemophilia, sickle cell
disease, physiologic anemias, and the like . The minimiza-
tion of the need for transfusion therapy through use of EPO
therapy can be expected to result in reduced transmission of
infectious agents . Products of the invention, by virtue of
their production by recombinant methods, are expected to be
free of pyrogens, natural inhibitory substances, and the like,
and are thus likely to provide enhanced overall effectiveness
in therapeutic processes vis-a-vis naturally derived products.
Erythropoietin therapy with products of the present inven-
tion is also expected to be useful in the enhancement of
oxygen carrying capacity of individuals encountering
hypoxic environmental conditions and possibly in providing
beneficial cardiovascular effects.

A preferred method for administration of polypeptide
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 combination with acceptable diluents, carriers and/or
adjuvants . Preliminary pharmacokinetic studies indicate a
longer half-life in vivo for monkey EPO products when
administered IM rather than IV. Effective dosages are
expected to vary substantially depending upon the condition
treated but therapeutic doses are presently expected to be in
the range of 0 .1 (—7U) to 100 (—7000U) µg/kg body weight
of the active material . Standard diluents such as human
serum albumin are contemplated for pharmaceutical com-
positions of the invention, as are standard carriers such as
saline.

Adjuvant materials suitable for use in compositions of the
invention include compounds independently noted for eryth-
ropoietic stimulatory effects, such as testosterones, progeni-
tor cell stimulators, insulin-like growth factor,
prostaglandins, serotonin, cyclic AMP, prolactin and 60

triiodothyronine, as well as agents generally employed in
treatment of aplastic anemia, such as methenolene, stano-
zolol and nandrolone [see, e .g., Resegotti, et al.,Panminerva
Medica, 23,, 243—248 (1981) ; McGonigle, et al ., Kidney Int.,

(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-I-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 employing the above-
noted polypeptides have revealed a relatively weak positive
response to hEPO 41—57, no appreciable response to hEPO
116—128, and a strong positive response to hEPO 144—166,
as measured by capacity of rabbit serum antibodies to
immunoprecipitate 125 I-labelled human urinary EPO iso-

25(2), 437—444 (1984); Paviovic-Kantera, et al ., Expt. 65

Hematol., 8(Supp . 8), 283—291 (1980); and Kurtz, FEBS
Letters, 14a(1), 105—108 (1982)] . Also contemplated as
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lates . Preliminary in vivo activity studies on the three
peptides revealed no significant activity either alone or in
combination.

While the deduced sequences of amino acid residues of
mammalian EP0 provided by the illustrative examples
essentially define the primary structural conformation of
mature EPO, it will be understood that the specific sequence
of 165 amino acid residues of monkey species EPO in FIG.
15 and the 166 residues of human species EPO in FIG . 6 do
not limit the scope of useful polypeptides provided by the
invention . Comprehended by the present invention are those
various naturally-occurring allelic forms of EPO which past
research into biologically active mammalian polypeptides
such as human y interferon indicates are likely to exist.
(Compare, e .g ., the human immune interferon species
reported to have an arginine residue at position No . 140 in
EPO published application 0 077 670 and the species
reported to have glutamine at position No . 140 in Gray, et
al., Nature, 295, pp . 503–508 (1982) . Both species are
characterized as constituting "mature" human y interferon
sequences.) Allelic forms of mature EPO polypeptides may
vary from each other and from the sequences of FIGS . 5 and
6 in terms of length of sequence and/or in terms of deletions,
substitutions, insertions or additions of amino acids in the
sequence, with consequent potential variations in the capac-
ity for glycosylation . As noted previously, one putative
allelic form of human species EPO is believed to include a
methionine residue at position 126 . Expectedly, naturally-
occurring allelic forms of EPO-encoding 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 for designation of the same polypeptides as
specified.

In addition to naturally-occurring allelic forms of mature
EPO, the present invention also embraces other "EPO prod-
ucts" such as polypeptide analogs of EPO and fragments of
"mature" EPO . Following the procedures of the above-noted
published application by Alton, et al. (WO/83/04053) one
may readily design and manufacture genes coding for micro-
bial expression of polypeptides having primary conforma-
tions which differ from that herein specified for mature EPO
in terms of the identity or location of one or more residues
(e .g ., substitutions, terminal and intermediate additions and
deletions) . Alternately, modifications of cDNA and genomic
EPO genes may be readily accomplished by well-known
site-directed mutagenesis techniques and employed to gen-
erate analogs and derivatives of EPO . Such EPO products
would share at least one of the biological properties of EPO
but may differ in others. As examples, projected EPO
products of the invention include those which are foreshort-
ened by e .g ., deletions [Asn2' des-Prot through Ile 6 ]hEPO,
[des-Thr 163 through Arg166 ]hEPO and "A27–55hEPO", the
latter having the residues coded for by an entire exon
deleted ; or which are more stable to hydrolysis (and,
therefore, may have more pronounced or longer lasting
effects than naturally-occurring EPO) ; or which have been
altered to delete one or more potential sites for glycosylation
(which may result in higher activities for yeast-produced
products); or which have one or more cystein residues
deleted or replaced by, e .g ., histidine or serine residues (such
as the analog [His']hEPO) and are potentially more easily
isolated in active form from microbial systems ; or which
have one or more tyrosine residues replaced by phenylala-
nine (such as the analogs [Phels ]hEPO, [Phe49 ]hEPO, and
[Phe 145 ]hEPO) and may bind more or less readily to EPO
receptors on target cells . Also comprehended are polypep-
tide fragments duplicating only a part of the continuous
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amino acid sequence or secondary conformations within
mature EPO, which fragments may possess one activity of
EPO (e .g ., receptor binding) and not others (e .g., erythro-
poietic activity) . Especially significant in this regard are
those potential fragments of EPO which are elucidated upon
consideration of the human genomic DNA sequence of FIG.
6, i.e ., "fragments" of the total continuous EPO sequence
which are delineated by intron sequences and which may
constitute distinct "domains" of biological activity. It is
noteworthy that the absence of in vivo activity for any one
or more of the "EPO products" of the invention is not wholly
preclusive of therapeutic utility (see, Weiland, et al ., supra)
or of utility in other contexts, such as in EPO assays or EPO
antagonism . Antagonists of erythropoietin may be quite
useful in treatment of polycythemias or cases of overpro-
duction of EPO [see, e .g., Adamson, Hasp . Practice, 18(12),
49–57 (1983), and Hellmann, et al ., Clin. Lab. Haemat., 5,
335–342 (1983)].

According to another aspect of the present invention, the
cloned DNA sequences described herein which encode

20 human and monkey EPO polypeptides are conspicuously
valuable for the information which they provide concerning
the amino acid sequence of mammalian erythropoietin
which has heretofore been unavailable despite decades of
analytical processing of isolates of naturally-occurring prod-

25 ucts . The DNA sequences are also conspicuously valuable as
products useful in effecting the large scale microbial syn-
thesis of erthropoietin by a variety of recombinant tech-
niques . Put another way, DNA sequences provided by the
invention are useful in generating new and useful viral and

30 circular plasmid DNA vectors, new and useful transformed
and transfected microbial procaryotic and eucaryotic host
cells (including bacterial and yeast cells and mammalian
cells grown in culture), and new and useful methods for
cultured growth of such microbial host cells capable of

35 expression of EPO and EPO products . DNA sequences of
the invention are also conspicuously suitable materials for
use as labelled probes in isolating EPO and related protein
encoding cDNA and genomic DNA sequences of mamma-
lian species other than human and monkey species herein

40 specifically illustrated . The extent to which DNA sequences
of the invention will have use in various alternative methods
of protein synthesis (e .g ., in insect cells) or in genetic
therapy in humans and other mammals cannot yet be cal-
culated . DNA sequences of the invention are expected to be

45 useful in developing transgenic mammalian species which
may serve as eucaryotic "hosts" for production of erythro-
poietin and erythropoietin products in quantity . See,
generally, Palmiter, et al ., Science, 222(4625), 809–814
(1983).

50 Viewed in this light, therefore, the specific disclosures of
the illustrative examples are clearly not intended to be
limiting upon the scope of the present invention and numer-
ous modifications and variations are expected to occur to
those skilled in the art . As one example, while DNA

55 sequences provided by the illustrative examples include
cDNA and genomic DNA sequences, because this applica-
tion provides amino acid sequence information essential to
manufacture of DNA sequence, the invention also compre-
hends such manufactured DNA sequences as may be con-

60 structed based on knowledge of EPO amino acid sequences.
These may code for EPO (as in Example 12) as well as for
EPO fragments and EPO polypeptide analogs (i .e ., "EPO
Products") which may share one or more biological prop-
erties of naturally-occurring EPO but not share others (or

65 possess others to different degrees).
DNA sequences provided by the present invention are

thus seen to comprehend all DNA sequences suitable for use
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in securing expression in a procaryotic or eucaryotic host
cell of a polypeptide product having at least a part of the
primary structural conformation and one or more of the
biological properties of erythropoietin, and selected from
among: (a) the DNA sequences set out in FIGS . 5 and 6 ; (b)
DNA sequences which hybridize to the DNA sequences
defined in (a) or fragments thereof; and (c) DNA sequences
which, but for the degeneracy of the genetic code, would
hybridize to the DNA sequences defined in (a) and (b) . It is
noteworthly in this regard, for example, that existing allelic
monkey and human EPO gene sequences and other mam-
malian species gene sequences are expected to hybridize to
the sequences of FIGS . 5 and 6 or to fragments thereof.
Further, but for the degeneracy of the genetic code, the
SCEPO and ECEPO genes and the manufactured or
mutagenized cDNA or genomic DNA sequences encoding
various EPO fragments and analogs would also hybridize to
the above-mentioned DNA sequences . Such hybridizations
could readily be carried out under the hybridization condi-
tions described herein with respect to the initial isolation of
the monkey and human EPO-encoding DNA or more strin-
gent conditions, if desired to reduce background hybridiza-
tion.

In a like manner, while the above examples illustrate the
invention of microbial expression of EPO products in the
context of mammalian cell expression of DNA inserted in a
hybrid vector of bacterial plasmid and viral genomic origins,
a wide variety of expression systems are within the contem-
plation of the invention . Conspicuously comprehended are
expression systems involving vectors of homogeneous ori-
gins applied to a variety of bacterial, yeast and mammalain
cells in culture as well as to expression systems not involv-
ing vectors (such as calcium phosphate transfection of cells).
In this regard, it will be understood that expression of, e .g .,
monkey origin DNA in monkey host cells in culture and
human host cells in culture, actually constitute instances of
"exogenous" DNA expression inasmuch as the EPO DNA
whose high level expression is sought would not have its
origins in the genome of the host . Expression systems of the
invention further contemplate these practices resulting in
cytoplasmic formation of EPO products and accumulation of
glycosylated and non-glycosylated EPO products in host cell
cytoplasm or membranes (e .g., accumulation in bacterial
periplasmic spaces) or in culture medium supernatants as
above illustrated, or in rather uncommon systems such as
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P.aeruginosa expression systems (described in Gray, et al.,
Biotechnology, 2, pp . 161–165 (1984)).

Improved hybridization methodologies of the invention,
while illustratively applied above to DNA/DNA hybridiza-
tion screenings are equally applicable to RNA/RNA and
RNA/DNA screening . Mixed probe techniques as herein
illustrated generally constitute a number of improvements in
hybridization processes allowing for more rapid and reliable
polynucleotide isolations . These many individual processing
improvements include : improved colony transfer and main-
tenance procedures ; use of nylon-based filters such as Gene-
Screen and GeneScreen Plus to allow reprobing with same
filters and repeated use of the filter, application of novel
protease treatments [compared, e .g ., to Taub, et al.
Anal.Biochem ., 126, pp . 222–230 (1982)]; use of very low
individual concentrations (on the order of 0 .025 picomole)
of a large number of mixed probes (e .g ., numbers in excess
of32); and, performing hybridization and post-hybridization
steps under stringent temperatures closely approaching (i.e.,
within 4° C . and preferably within 2° C. away from) the
lowest calculated dissocation temperature of any of the
mixed probes employed . These improvements combine to
provide results which could not be expected to attend their
use . This is amply illustrated by the fact that mixed probe
procedures involving 4 times the number of probes ever
before reported to have been successfully used in even
cDNA screens on messenger RNA species of relatively low
abundancy were successfully applied to the isolation of a
unique sequence gene in a genomic library screening of
1,500,000 phage plaques . This feat was accomplished essen-
tially concurrently with the publication of the considered
opinion of Anderson, et al., supra, that mixed probe screen-
ing methods were " . . . impractical for isolation of mam-
malian protein genes when corresponding RNA's are
unavailable.

What is claimed is:
1. A pharmaceutical composition comprising a therapeu-

tically effective amount of human erythropoietin and a
pharmaceutically acceptable diluent, adjuvant or carrier,
wherein said erythropoietin is purified from mammalian
cells grown in culture.

2. A pharmaceutically-acceptable preparation containing
a therapeutically effective amount of erythropoietin wherein
human serum albumin is mixed with said erythropoietin .
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