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for recombinant human EPO however, closely approximated
those of the human EPO standard. The parallel nature of the
dosc response curves suggests immunological identity of the
sequences {cpitopes) in common. Prior estimates of monkey
EPQ in culture fluids were re-cvaluated at these higher
dilution levels and were found to range from 2.91 10 3.12
U/ml. Estimated human EPQ production levels were corre-
spondingly 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 expres-
sion 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, 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 ncutralized by anti-EPO anti-
body. The recombinant monkey EPO culture fluids accord-
ing to Example 6 were also subjected to an assay for in vive
biological activity according to the general procedures of
Cotes, et al., Nature, 191, pp. 1065-1067 (1961) and Ham-
mond, 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 thesc vectors
produce useful quantitics 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; sce 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 K1 cells, Urlaub, et
al., Proc. Nat. Acad. Sci. (/.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
bypoxanthine, 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 cloaed 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 onc plasmid will generally also acquire a second
plasmid). After three days, the celis 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
transformant colonies, after dispersion by uwrypsinization can
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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 ahove cell strains were tested in
the RIA for the presence of recombinant monkey or buman
EPO. Media for strain CHO pDSVL-KEPO contained EPO
with immunological properties like that obtained from
COS-1 cells transfected with plasmid pDSVL-KEPO. 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
immunological properties like that obtained with COS-1
cells transfected with plasmid pSVgHuEPO or pOSVL-
gHuEPQ. A representative 3 day culture fiuid from CHO
pSVYgHUEPO contained 2.99 U/mi of human EPO and a 5.5
day sample from CHO pDSVL-gHuEPO had 18.2 U/m} 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 (OHFR) 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, (c.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 NTX due to an amplification of the number of
their OHFR genes, resulting in increased ‘production of
OHFR enzyme. The surviving cells can, in turn, be treated
with increasing concentrations of NTX, resulting in cell
strains containing greater numbers of DHFR genes. “Pas-
senger genes” (e.g., EPO) carried on the expression vector
along with the OHFR gene or transformed with the OHFR
gene are frequently found also to be increased in their gene
copy number.

As examples of practice of this amplification system, cell
strain CHO pOSVL-NKE was subjected to increasing NTX
concentrations (0 nM, 30 nM and 100 nM). Representative
6S-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-
gHuUEPO was subjected to a series of increasing NTX
concentrations of 30 oM, 50 nM, 100 oN, 200 M, 1 uM,
and 5 pM MTX. A representative 3-day culture media
sample from the 100 nM MTX step contained human EPO
at 30891129 w/ml as judged by RIA. Representative 48 hour
cultural medium samples from the 100 oM and 1 M MTX
steps contained, respectively, human EPO at 466 and 1352
U/ml as judged by RIA (average of triplicate assays). In
these procedures, 1x10° cells were plated in 5 mi of media
in 60 mm culture dishes. Tweaty-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
accummlate for 48 hours in the scrum-free media. The media
was collected for RIA assay and the cells were trypsinized
and counted. The average RIA values of 467 U/m! and 1352
U/ml for cells grown at 100 nM and 1 yM MTX, respec-
tively, provided actual yields of 2335 Ul/plate and 6750
Ujplate. The average cell numbers per plate were 1.94x10°
and 3.12x10° cells, respectively. The effective praduction
rates for these culture conditions were thus 1264 and 2167
U/10° celis/48 hours.

The cells in the cultures described immediately above are
a genetically heterogeneous population. Standard screening
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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 hat 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 pDSYL-gHuEPO cells, grown in standard
cell culture conditions, are used to seed spinner cell culture
fiasks. 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 io large volumes. CHO cells, grown in
suspension, are used to seed roller bottles at an, tnitial
seeding density of 1.5x107 viable cells per 850 cm? roller
bottle in 200 ml of media. The cells are allowed to grow to
confluency as an adherent cell lic over a three-day period.
The media used for this phase of the growth is the same as
use for growth in suspension, At the end of the three-day
growth period, the serum containing media is removed and
replace with 100 m! of serum-free media; 50-50 mixture of
high glucose DMEM and Ham’s Fi12 supplemented with
005 m non-essential amino acids and L-glutamine. The
roller bottles are retumed 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 scrum-free media. The 1-3
hour incubation of the serum-free media reduces the con-
centration of contaminating serum proteins. The roller
bottles are retarned to the incubator for seven days during
which erythropoictin 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 3892409 U/ml as judged by the
RIA. Based on an estimated cell density of 0.9 to 1.8x10°
cells/cm®, each 850 cm? roller bottle contained from 0.75 to
1.5x10° cells and thus the rate of production of EPO in the
7-day, 100 ml culture was 750 to 1470 U/10° cells/48 hours.

Culture fluids from cell strain CHO pDSVL-MKEPO
carried in 10 aM MTX were subjected to RIA in vitro and
in vivo EPO activity assays. The conditioned wmedia sample
contained 41.2+1.4 U/ml of MKEPO as measured by the
RIA, 41.240.064 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 prod-
ucts, a principle species having 3 residues of the “leader”
sequence adjacent the putative amino terminal alanine.
Whether this is the result of incomrect membrane pmcessmg
of the polypeptide in CHO cells or reflects a difference in
structure of the amino terminus of monkey BRO vis-a-vis
human EPQ, is presently unknown.
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Culture fluids from cell strain CHO pDSVL-gHuEPO
were subjected to the threc assays. A 5.5 day sample
contained recombinant human EPQ in the media at a level
of 18.2 U/ml by RIA assay, 15.844.6 U/ml by in vitro assay
and 16.8+3.0 U/ml by in vivo assay.

Culture fluid from CHO pDS VL-GHuEPO cells prepared
amplified by stepwise 100 nM TX were subjected to the
threc assays. A 3.0 day sample contsined recombinsat
human EPO at a level of 3089+129 UInﬂbyRIA,2589:t7l.5
U/ml by in vitro assay, and 2040160 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-MXE in 10 nM MTX were pooled, and the
MTX dialyzed out over several days, resulting in media with
an EPO activity of 22145.1 U/m} (EPO-CCM). To determine
the in vivo effect of the EPO-CCM upon hematacrit Jevels
in normal Balb/C mice, the following experiment was con-
ducted. Cell conditioned media from untransfected CHO
cells (CCM) and BPO-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 injec-
tion—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 4 U group, 55.1%; and,
for the 44 U group, 67.9%.

Mammalian cell expression products may be readily
recovered in substantially purified form from culture media
using HPLC (C,) employing an cthanol 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 urinacy EPO isolates using both
Western blot analysis and SDS-PAGE. These studies indi-
cated that the CHO-produced EPO material had a somewhat
higher molecular weight than the COS-1 expression product
which, in tum, 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 fromi both) resulted in
substantially homogencous products having essentially
identical molecular weight characteristics.

Purified human urinary EPO and a rccombinant, CHO
cell-produced, EPO acconding 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-acetylgalactosarnine, 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-acetylneuraminic acid, 0.998; Fucose, 0; and N-acetylga-
lactosamine, 0. These findings are consisteat with the West-
ern blot and SDS-PAGE analysis described above.
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Glycoproiein products provided by the present invention
are thus comprehensive of products having a primary struc-
tural conformation sufficiently duplicative of that of a natu-
rally-occurring crythropoictin to allow possession of anc or
more of the biological properties thereof and having an
average carbohydrate composition which differs from that of
naturally-occurring erythropoietin.

EXAMPLE 11

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 incor-
porating, respectively “preferred” codons for expression 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 gencs were designed for initial assembly of

10
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ECEPO Section 2 was counstructed with EcoRI and BamHI
sticky ends and could be isolated as a Kpal/Bglll fragment.
Similarly, ECEPO Section 3 was prepared with BamHI and
Sall sticky ends and could be isolated from phage RF DNA
as a Bglli/Sall fragment. The three sections thus prepared
can readily be assembled into a continuous DNA sequence
(FIG. 7) encoding the eatire human species EPO polypep-
tide with an amino terminal methionine codon (ATG) for
£.coli translation initiation. Note also that “upstream” of the
initial ATG is a series of base pairs substantiafly 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 ECEPQ. The particular vector chosen for expression of
the BCEPO gene as the “icmperature sensitive™ plasmid
pCFM536—a derivative of plasmid pCFM414 (AT.C.C.
40076)—as described in co-pending U.S. pateat application
Ser. No. 636,727, filed Aug. 6, 1984, (Published EPO

component oligomlcmms into multiple duplexes : 20 Application No. 136.490) by Charles E. Morris. More spe-
in turn, were assembled into three d\sc;:’etz s:ctions.‘yll::sh'e cifically, pCFM536 was digested with Xbal and HindIII; the
sections were designed for ready amplification and, upon ~ large fragment was isolated and employed in a two-part
removal from the amplification system, could be assembled  ligation with the ECEPO geac. Scctions 1 (Xbal/Kpal), 2
scquentially or through a multiple fragment ligation in a __ (Kpn/Bgli) and 3 (Bglil/Sall) had previously been
suitable expression vector. 5 assembled in the correct order in M13 and the EPO gene was

FIGS. 10 through 15 and 7 {llustrate the design and isolated therefrom as a single Xbal/HindIII fragment. This
assembly of a manufactured gene encoding 2 human EPO fragment included a portion of the polylinker from M13 mp9
translation product lacking any leader or presequence but  Phage spanning the Sall to HindlII sites therein. Control of
including an initial methionine residue at position —1. More- ,, expression in the resulting expression plasmid, p536, was by
over, the gene incorporated in substantial part Ecoli pref- means of a lambda P, promoter, which itself may be under
erence codons and the construction was therefore referred to control of the C,; repressor gene (such as provided in
as the “ECEPQ” gene. E.coli strain K12AHtrp).

More particularly, FIG. 10 illustrates oligonucieotides The manufactured ECEPO gene above may be variously
cmployed to generate the Section 1 of the ECEPO gene 35 modified to encode erythropoictin analogs such as [Asa®,
encoding amino terminal residues of the human species des-Pro® through Ne®]hEPO and {His’hEPO, as described
polypeptide. Oligonucleotides were assembled into below.
duplexes (1 and 2, 3 and 4, etc.) and the duplexes were then A. [Asn?, des-Pro? through [Ie®hEPO
ligated to provide ECEPO Section 1 as in FIG. 11. Note that Plasmid 536 carrying the ECEPO manufactured gene of
the assembled section includes respective terminal EcoRI 49 FIG. 7 as a Xbal to HindiII insert was digested with Hind(I
and BamHI sticky ends, that “dewnstream” of the EcoRI and Xhol. The latter endonuclease cuts the ECEPO gene at
sticky end is a Xbal restriction enzyme recognition site; and a unique, 6 base pair mcogmuon site spanning the last base
that “upstream” of the BamHI sticky end is a Kpnl recog- of the codon encoding Asp® through the second base of the
nition site. Section 1 could readily be amplified using the Arg"® codon. A Xbal/Xhol “linker” sequence was manufac-
M13 phage vector employed for verification of sequence of tured having the following sequence:

Xbal + 2 7 8 ] Xhot
Met Al Asa Cys Asp
5.CTAG ATG GCT AAT TGC GAC- 3

TAC CGA TTA ACG CIG AGCT-S"

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 KEql
recognition site bases within the host. Single-stranded phage
.DNA was therefore isolated and rendered into double-
stranded form in vitro by primer extension and the desired
double-stranded fragment was thereafter readily isolated.

ECEPO gene Sections 2 and 3 FIGS. 13 and 15 were
constructed in a similar manncer from the oligonucleotides of
FIGS. 12 and 14, respectively. Each section was amplified in
the M13 vector employed for sequence verification and was
isolated -from phage DNA, As is apparent from FIG. 13,

55

The Xbal/Xhol linker and the Xtol/HindlIl ECEPO gene -

sequence fragment were inscrted into the large fragment
resulting from Xbal and HindlIl digestion of plasmid
pCEMS26—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™ form of the desired analog.
B. [His"}hEPO

Plasmid 536 was digested with HindlII and Xhol as in
part A above. A Xbal/Xhol linker was manufactured having
the following sequence:
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Xbal +1 2 3 4 s 6 7 8 9 Xhol
Met Ala Pro Pro Arg Lea Be His Asp
SCTAG ATG GCT CCG CCA €Gr CIG AIC CAT GAC 3
" TAC CGA - GGC GGT GCA GAC TAG GTA CIG AGCTS

The linker and the Xhol/HindIll ECEPO sequence frag-
ment were then inserted into pCFMS526 to generate a plas-
mid-borne DNA sequence encoding E.coli expression of the
Met™! form of the desired analog.

Construction of a manufactured gene (“SCEPQO™) 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.c., 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 Ml3
and Sections 1, 2 and 3 were isolatable from the phage as
ind[ll/Kpnl, Kpnl/BgHI, and BglIl/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 encading 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 aresult, 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
SCEPQ gene expression involved a four-part ligation
including the above-noted SCEPO section fragments and the
large fragment of HindITl/Sall digestion of plasmid paC3.
From the resulting plasmid paC3/SCEPO, the o-factor
promoter and leader sequence and SCEPO gene were iso-
Jated by digestion with BamHI and ligated into BamHI
digested plasmid DYE to form expression plasmid pYE/
SCEPO.

EXAMPLE 12

The present example relates to expression of recombinant
products of the manofactured 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 transformed
into AM7 E.coli cells previously transformed with a suitable
plasmid, pMW1, harboring a C,, gene. Cultures of cells in
LB broth (Ampicillin 50 pg/ml and kanamycin 5 pg/ml,
preferably with 10 mM MgSO,) were maintained at 28° C.
and upon growth of cells in culture to 0.D.4,=0.1, EPO
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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 tysozyme and NP-40 detergent.
The pellet resulting from 24,000xg centrifugation was solu-
bilized with guanidine HCl and subjected to further purifi-
cation in a single step by means of C, (Vydac) Reverse
Phase HPLC (EtOH, 0-80%, 50 mM NH,Ac, pH 4.5).
Protein sequencing revealed the product to be greater than
95%pureandtbepmdnctsobtainedrevealedtwodiﬂ’erent
amino terminals, A-P-P-R . . . and P-P-R . . . in a relative
quantitative ratio of about 3 to 1. This latter obscrvation of
hEPO and [des Ala'JhEPO products indicates that amino
terminal “processing” within the host cells serves to remove
the terminal methionine and in some instances the imitial
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 pMWI-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?, des-Pro® through

eSThEPO 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 onc-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 o pep4-3 trpl) and RK81
{genotype pep4-3 tpl). Transformed YSDP4 hosts were
grown in SD mediom (Methods in Yeast Genetics, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., p. 62
(1983) supplemented with casamino acids at 0.5%, pH 6.5
at 30° C. Media harvested when the celis had been grown to
36 O.D. contained EPO producits at levels of about 244 U/ml
(97 ug/OD liter by RIA). Transformed RK81 cells grown to
either 6.50 0.D. or 60 O.D. provided media with EPO
concentrations of about 80-90 U/ml C34 pg/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 Officc on Sep. 27, 1984, with the American Type
Culture Collection, 12301 Parklawn Drive, Rockville, Md.,
under deposit mumbers A.T.C.C. 39881 and A.T.C.C. 39882,
respectively. Plasmids pCFM526 in AM7 cells, pCFM536 in
JM103 cells, and pMWI1 in JM103 cells were likewise
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deposited on Nov. 21, 1984 as A.T.C.C. 39932, 39934, and
39933, respectively. Saccharomyces cerevisice 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
above illustrative examples that numerous exceptionally
valuable products and processes are provided by the present
invention in its many aspects.

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 inveation. .

As previously indicated, recombinant-produced and syn-
thetic products of the invention share, to varying degrees,
the in vitro biological activity of EPQ 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 ghare 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, eg.,

stimulation of reticulocyte response, development of ferro-
kinetic effects (such as plasma iron turnover effects and
mamow transit time cffects), 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 patieats, renal discase patients including
dialysis patients, and patients with a variety of blood com-
position affecting disorders, such as hemophilia, sickle cell
discase, physiologic anemias, and the like. The minimiza-

tion of the need for transfusion therapy through use of EPQ

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 cxpected. to be useful in the enhancement of
oxygen carrying capacity of individuals encountering
hypoxic cavironmental 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 (~7 U) to 100 (~7000 U) g/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
salioe,

Adjuvant materials suitable for use in compositions of the
invention include compounds independently noted for eryth-
ropoietic stimulatory effects, such as testosterones, progeni-
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tor cell stimulators, insulin-like growth factor, prostaglan-
dins, serotonin, cyclic AMP, prolactin and triiodothyronine,
as well as agents generally employed in treatment of aplastic
anemia, such as methenolene, stanozolol and nandrolone
[see, e.g., Resegotti, et al, Panminerva Medica, 23,
243-248 (1981); McGonigle, et al., Kidney Int., 25(2),
437-444 (1984); Pavlovic-Kantera, et al., Expt.Hematol,
8(Supp. 8), 283-291 (1980); and Kurtz, FEBS Letters,
14a(l), 105-108 (1982)). Also contemplated as adjuvants
are substances reported to enhance the effects of, or syner-
gize, erythropoietin or asialo-EPQO, such as the adrenergic
agonists, thyroid hormones, androgens and BPA {see, Dunn,
“Current Concepts in Erythropoiesis™, John Wiley and Sons
(Chichester, England, 1983); Welland, et al., Blt, 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 erythropoietic factors™ [see, Naughton,
ct al., Acta.Haemat., 69, 171-179 (1983)} and “erythrotro-
pins™ [as described by Congote, et al. in Abstract 364,
Proceedings 7th International Congress ‘of Endocrinology
(Quebec City, Quebec, Jul. 1-7, 1984); Congote, Biochem.
Biophys.Res.Comm., 115(2), 447-483 (1983) and 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 mea-
sure erythropaietic responses of ex-hypoxic polycythemic
mice pre-treated with cither 5-a-dihydrotestosterone or nan-
drolone and then given erythropoietin of the present inven-
tion 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 inctud-
ing RIA’s ELISA’s and the fike, 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, ct al., Jap.J.Med., 23(1),
16-21 (1984); Nathan, et al, New Eng.J.Med, 308(9),
520522 (1983); and various references pertaining to assays
referred to therein. Polypeptides of the invention, including
synthetic peptides comprising sequences of residues of EPO
first revealed herein, also provide highly useful pure mate-
rials for generating polycional antibodies and “banks™ of
monocional antibodies specific for differing continuous and
discontinuous epitopes of EPO. As one example, prelimi-
nacy analysis of the amino acid sequences of FIG. 6 in the
context of hydropathicity according to Hopp, et al., PN.A.S.
(U.S.A), 78, pp. 3824-3828 (1981) and of secondary struc-
tures according to Chou, et al., Ann.Rev. Biochem., 41, p.
251 (1978) revealed that synthetic peptides duplicative of
continuous sequences of residues spanning positions 4157
inclusive, 116~128 inclusive and 144-166 inclusive are
likely to produce a highly antigenic response an generate
useful monoclonal and poiyclonat 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:
- (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) hEPQ 144-166, V-Y-S-N-F-L-R-G-K-L-K-L-Y-T-G-
E-A-C-R-T-G-D-R. Preliminary immunization studies
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employing the above-noted polypeptides have revealed
a relatively weak positive response to hEPO 4157, no
appreciable response to hEPO 116-128, and a strong
positive response to hEPO 144-166, as measured by
capacity of rabbit secum antibodies to immunoprecipi-
tate ***I-1abelled human urinary EPQ isolates, Prelimi-
nary in vivo activity studies on the three peptides
revealed no significant activity either alone or in com-
bination.

While the deduced sequences of amino acid residues of
mammalian EPO provided by the illustrative examples
essentially define the primary structural conformation of
mature BPO, it will be understood that the specific sequence
of 165 amino acid residues of monkey species EPO in FIG.
§ 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 iato biologically active mammalian polypeptides
such as human 7 interferon indicates are likely to exist.
(Compare, e.g., the human immune interfetch 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 vy interferon
sequences.) Allelic forms of mature EPO polypeptides may

vary from each other and from the sequences of FIGS. Sand

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, ane 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
EPOQ, 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
EPQ 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 Jeast 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 {Asn?, des-Pro? through Ne®JhEPO,
[des-Thr'S> through Arg'S“]hEPO and “A27-SShEPO” the
latter having the residues coded for by an entire exon
deleted; or which are more stable to hydrolysis (and, there-
fore, 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-produce products);
or which have one 6r more cystein residues deleted or
replaced by, e.g., histidine or serine residues (such as the
analog {His’JhEPO) and are potentially more easily isolated
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in active form from microbial systems; or which have one or
more tyrosine residues replaced by phenylalanine (such as
the analogs {Phe'3JhEPO, [Phe**JhEPO, and [Phe'**1hEP-
O)and may bind more or less readily to EPO receptors on
target cells. Also comprehended are polypeptide fragments
duplicating only a part of the continvous amino acid
sequence or secoandary conformations within mature EPO,
which fragments may possess one activity of EPO (e.g.,
receptor binding) and not others (e.g., erythropoietic activ-
ity). 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, ic.,
“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, Welland, et al., supra) or of utility
in other contexts, such as may be quite useful in treatment
of polycythemias or cases of ov ion of EPO (see,
e.g., Adamson, Hosp.Practice, 18(12), 49-57 (1983), and
Hellmann, et al., Clin Lab.Haemat., 5, 335-342 (1983)].
According to another aspect of the present inveation, the
cloned DNA sequences described herein which encode
human and monkey EPO polypeptides are canspicuously
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-
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
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
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
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
useful in developing transgenic mammatian species which
may serve as eucaryotic “hosts” for production of exrythro-
poietin and erythropoietin products in quantity. See, gener-
ally, Palmiter, et al,, Science, 222(4625), 809-814 (1983).
Viewed in this light, therefore, the specific disclosures of
the illustrative examples' are cleardy 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
sequences provided by the illustrative examples include
¢DNA 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-
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.c., “EPO
Products™) which may share one or more biological prop-
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erties.of naturally-occurring EPO but not share otbers (or steps under stringent temperatures closely approaching (i.e.,
possess others to different degrees). within 4° C. and preferably within 2° C. away from) the

DNA sequences provided by the present inveation are
thus seen to comprehend all DNA sequences suitable for use
in sccuring expression in a2 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 erythropoictin, and selected from
among: (a) the DNA sequences set out in FIGS. § and 6; (b)
DA sequences which hybridize to the DA 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 note-
worthly 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 thercof.
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 camied 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 likc 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 mammalian
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
whosc 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 ceil
cytoplasm or membranes (e.g., accumulation in bacterial
periplasmic spaces) or in culture medium supematants as
above illustrated; or in rather uncommon systems such as
P.aerginosa 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 screcning. 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, ¢.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 Jarge number of mixed probes (e.g., numbers in excess
of 32); and, performing hybridization and post-hybridization

45

50

lowest calculated dissocation temperature of any 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 essentially concur-
rently with the publication 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.

What is claimed is:

1. A non-naturally occurring erythropoietin glycoprotein
product having the in vivo biological activity of causing
bone marrow cells to increase production of reticulocytes
and red blood cells and having glycosylation which differs
from that of human urinary erythropoietin.

2. The non-naturally occurring EPO glycoprotein product
according to claim 1 wherein said product has a higher
molecular weight than human urinary EPO as measured by
SDS-PAGE.

3. A non-naturally occurring glycoprotein product of the
expression in a mammalian host cell of an exogenous DNA
sequence comprising 2 DNA sequence eacoding human
erythropoietin said product possessing the in vivo biological
property of causing bone marrow cells to increase produc-
tion of reticulocytes and red blood cells.

4. A non-naturally occurring human erythropoietin gly-
coprotein possessing the in vivo biological property of
causing bone marrow cells to increase production of reticu-
locytes and red blood cells which is the product of the
process comprising the steps of:

(a) growing, under suitable nitrient conditions, mamma-
lian host cells transformed or transfected with an iso-
lated DNA sequence encoding the human erythropoi-
etin amino acid sequence set out in FIG. 6 or a fragmeat
thereof;, and

(b) isolating a glycosylated erythropoictin polypeptide
therefrom. ’

5. A non-naturally occurring human erythropoietin gly-
coprotein possessing the in vivo biological property of
causing bone marrow cells to increase production of reticu-
locytes and red blood cells which is the product of the
process comprising the steps of:

(a) growing, under suitable nutrient conditions, mamma-
Yian host cells transformed or transfected with an iso-
lated DNA sequence comprising a sequence encoding
the leader sequence of human erythropoietin set out in
FIG. 6; and

(b) isolating a glycosylated erythropoietin polypeptide
therefrom. .

6. A non-naturally occurring glycoprotein product of the
expression in a non-human encaryotic host of an exogenous
DNA sequence comprising 2 DNA sequence encoding
human erythropoietin, said product possessing the in vivo
biological property of causing human bone marrow cells to
increase production of reticulocytes and red blood cells and
having an average carbohydrate composition which differs
from that of naturally occurring erythropoietin.

7. The glycoprotein product according to claim 3,4, 5 or
6 wherein the host cell is 2 non-human mammalian cell.

8. The glycoprotein product according to claim 7 wherein
the non-human mammalian cell is 2 CHO cell.
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9. A pharmaceutical composition comprising an effective
amount a glycoprotein product effective for erythropoietin
therapy according to claim 1, 2, 3, 4, 5 or 6 and a pharma-
ceutically acceptable diluent, adjuvant or carrier.

10. A method for providing erythropoietin therapy to 2
mammal comprising administering an effective amount of a
pharmacentical composition of claim 9.

11. A method for treating a kidney dialysis patieat which
comprises administering a pharmaceutical composition of
claim 9 in an amount effective to increase the hematocrit
level of said patient.

12. A pharmaceutical composition comprising an effective
amount of a glycoprotein product effective for erythropoi-

40
. etin therapy according to claim 7 and a pharmaceutically
acceptable diluent, adjuvant or carrier.
13. A method for providing _cryﬁuopoietin therapy to a

5 mammal comprising administering an effective amount of

10

pharmaceutical composition of claim 12.

14. A method for treating a kidney dialysis patient which
comprises administering a pharmacentical compaosition of
claim 12 in an amount effective to increase the hematocrit
level of said product.

B B
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 7
PATENTNO. : 5.547.933

DATED :  August 20, 1996
INVENTOR(S) : Ey-Kuen Lin

ttis certified that emmor appears in the above-identified patent and that said Leiters Patent is hereby
comected as shown below:

in the References, page 1, column 2, line 3
"012394" should be —- 0123294 --,

in Other Publications, page 2, column 1, tine 60,
Chia Reference, "(1992)" should ~ {1982) --.

in Other Publications, page 5, column 2, line 38,
Konwalinka Reference, "Humlan™ should be -- Human —.

In Other Publications, page 6, column 1, fine 51,
Lee-Huang Reference, “620, 622 and 624" should be -- 620-624 --.

in Other Publications, page 7, column 1, lines 7-8,
Mirand Reference, "94, 96, 98, 100, 102, 104, 106" should be -- 94-106 --.

in Other Publications, page 7, column 1, line 16,
Montgomery Reference, “67-680" should be -- 673-680 —.

In Other Publications, page 9, column 1, fine 9,
Storring Reference, "459-489" should be — 459-484 --.

In Other Publications, page 9, column 2, line 59, Wallace Reference insert
{1981} after 3647-3657 but before [D].
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UNTTED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 2 of 7
PATENTNO. : 5,547,933

DATED : August 20, 1996
INVENTOR(S) :  Fy-Kuen Lin

1t is certified that error appears in the above-identified palontand'matsaldmuefsPatentishereby
cofrectod as shown below:

in the Figures, Figure SC, line 18
GTGLGTGGGGAAGCAGGGCGGIAGGGGETGEAGCTGCCATGCGAGEGAGAACCGTGAAGAC

should be
GTGTGTGGGGARGCAGGGCGGTAGGGG TGGAGCTGGGATGCGAGTGAGAACCGTGAAGAC

in the Figures, Figure 13, line 4

. GTTGGTCAAC should be GTTGGTCAAC
CAACCACTTG CAACCAGTTG

in the Figures, Figure 17, line 2

AATTCA AGCTTGGATA should be ARTTCA AGCTTGGATA
G TTCGARCCTAT GT TCGAACCTAT

in the Figures, Figure 18, ling 9

ARGCTGTTTTGAGAGGTGAAGCCT should be AAGCTGTTITGAGAGGTCAAGCCT
In the Figures, Figure 21, tine 6, 5th grouping

CAGAGTTTAC should be CAGAGTTTAC
GTCTCAARTC GTCTCAAATG

In the Figures, Figures 21, line 8, 4th grouping

TACACCGGTG should be TACACCGGTG
ATGTGGCAAC ATGTGGCCAC

In the Figures, Figure 21, line 10, 3rd grouping

GACTGATAAC should be GACTGATAAC
CTGACTATTC CTGACTATTG
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DATED ¢ August 20, 1996
INVENTOR(S) : Fu-Kuen Lin

1t is cettified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below: -

column 1, line 50, “wracil™ should be - uracil (U) --.
column, 1, line 62, “sequences” should be -- sequences. —-.
column 1, line 62, “’message’” should be —- "message.,”.
column 4, line 15, "DnAs” should be -- DNAs -,
column 4, line 25, “"Wallase” should be — Wallace --. o
column 4, line 25, “(1981;" should be - {1381); --.
column 4, line 31, “wallace,” should be -- Wallace, —.
column 4, line 61, “off” should be - of --.

- column 5, line 18, "amine” should be - amino -,

. column 5, line 31, "amine” should be - amino -,

. column 5, line 36, "amine* should be - amino -.
column 5, line 50, "fand” should be - £ and --.
column 8, fine 27, “anti bodies™ should be -- antibodies --.
column 10, line 21, "arian* should be ~ avian -.

- column 10, line 46, 100 U* should be -- 100U --.

column 10, line 47, 500 U™ should be - 500U --.




Case 1:05-cv-12237-WGY Document 502-16 Filed 06/14/2007

Page 13 of 32

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 4 of 7
PATENTNO. ; 547.933 .
DATED : August 20, 1996
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it is ceriified that error appears in the above-identified patent and that said Lettars Patent is hereby
corrected as shown below:

. column 11, fine 41, "DN" should be - DNA --. -

. c_olumn 14, line 10, “17 mer" should be -- 17-mer --.
column 16, line 5, ~128-mer™ should be - 128 20-mer —.
column 186, line 46, *25" should be -- 25% -- .
column 186, line 58, "'™[ labelled” should be -- '**|-labelled --.
column 16, line 58, after “added," insert -- and —.

. column 17, line 40, after "procedures;” insert - (4} --.
column 17, line 62, "EOTA" should be -- EDTA --.
column 18, line 16, "micomoles” should be -- picomoles -.
column 18, line 33, "EgoRI” should be -- EcoRI —.
column 18, line 44, *EcoRI/HindM" should be ~- EcoRVHindHI --.
column 20, line 7, "(NACS," should be - (NaCl, —.
column 20, fine 17, "EPY" should be — EPV --.
column 21, fine 67, coRI should be — EcoRI -.
column 22, line 19, "vector s* should be - vector’s —.

column 22, line 49, "suu™ should be -- supra —.
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column 23, line 46, ~Sall" should be -- Sall --.
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column 26, line 6, *pDSVL-KEPO™ should be - pDSVL-MKEPO --.
;:olumn 26, line 8, "pDSVL-KEPO" should be - pDSVL-MKEPQ .
column 26, tine 14, "pOSVL" should be — pDSVL --.
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itis certified that emor appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

column 26, line 39, "POSVL-NKE" should be —"pDSVL-MKE -
column 26, line 39, "NTX" should be - MTX —~.
column 28, line 44, "NTX" should be -- MTX --.
column 26, line 45 "nN" should be - nM -,
column 27, line 18, "pDSYL-gHUEPO" should be —~ pDSVL-gHUEPO —.
column 27, line 30, "lie” should be — line -,
column 27, line 32, "use” should be — used --.
column 27, line 34, "replace” should be - replaced --.
column 27, line 36, "m” should be —~ mM —.
column 28, line 6, "pDSVL-GHUEPQ" should be pDSVL-gHUEPO --.
column 28, line 7, "TX" should be - MTX —.
coiumn 29, line 56, "KEqI”® should be — Kpnl --.
. column 31, fine 9, "Xho!" should be -- Xhol —.
column 31, line 26, “indlI" should be -- HindIlI --.

. column 31, tine 26, "Kpnl/Bg* shouid be -- Kpnl/Baill -,
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 7 of 7
PATENTNO. : 5,547,933

DATED . August 20, 1996
INVENTOR(S) ; Fu~Kuen Lin

Ris certified that eror appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:’

column 31, line 53, "DYE" should be - pYE —.

column 32, line 47, after "genotype” but before "pep4-3~ insert - @ --.
column 32, line 85, "C34" should be - (34 —. 1z
column 33, line 60, "7000 U) g/kg” should be -- 7000U) Holkg --.
column 34, line 55, "an" should bé - and --.

column 35, line 21, “interfetch” should be -- interferon .

column 36, line 19, after "such as” insert - in EPO assays or EPO
antagonism. Antagonists of erythropoietin -,

column 37, line 10, *"DA” should be -- DNA --.
column 37, line 10, second occurrence of "DA" should be -- DNA —.

column 37, line 50, "P.aerginosa® should be ~ P.aeruginosa --.

in the Claims, column 39, line 2, after "amount” insert — of —.

Signed and Sealed this
Twenty-fourth Day of March, 1998
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erties of naturally-occurring EPO but not share others (or steps under stringent temperatures closely approaching (i.c.,
possess others to different degrees). within 4° C. and preferably within 2° C. away from) the

DNA sequences provided by the present invention are
thus seen to comprehend all DNA sequences suitable 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 aythmpmcun, and selected from
among: (a) the DNA sequences set out in FIGS. § and 6; (b)
DA sequences which hybridize to the DA 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 note-
worthly 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
exprcssion systems involving vectors of homogeneous ori-
gins applied to a variety of bacterial, yeast and mammalian
cells in culture as well as to expression sysu:ms not involv-
ing vectors (such as calcium phosphate unnsfecnon of cells),
In this regard, it will be understood that expression of, ¢.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 supematants as
above illustrated, or in rather uncommon systems such as
Paerginosa cxpression systems (described in Gray, et al,
Biotechnology, 2, pp. 161165 (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; usc 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

treatments {compared, e.g., to Taub,’ ctt('al Anal-

protease

.Biochem., 126, pp. 222-230 (1982)}); use bf very low
individual concentrations (on the order of 0.025 plcomole)
of a large number of mixed probes (e.g., numbers in excess
of 32); and, performing hybridization and post-hybridization

35
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lowest calculated dissocation temperature of any 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
plagues, This feat was accomplished essentially concur-
rently with the publication 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,

What is claimed is:

1. A non-naturally occurring erythropoietin glycoprotein
product having the in vivo biological activity of causing
bone marrow cells to increase production of reticulocytes
and red blood cells and having glycosylation which differs
from that of human urinary erythropoietin.

2. The non-naturally occurring EPO glycoprotein product
according to claim 1 wherein said product has a higher
molecular weight than human urinary EPO as measured by
SDS-PAGE.

3.A non-naturally occurring glycoprotein product of the
expression in a mammalian host cell of an exogenous DNA
sequence comprising a DNA sequence enoodmg human
erythropoietin said product possessing the in vivo biological
property of causing bone marrow cells to increase produc-
tion of reticulocytes and red blood cells.

4. A non-naturally occurring human erythropoietin gly-
coprotem possessing the in vivo biological property of
causing bone marrow cells to increase production of reticu-
locytes and red blood cells which is the product of the
process comprising the steps of:

" .(a) growing, under suitable nutrient conditions, mamma-
lian host cells transformed or transfected with an iso-
lated DNA sequence encoding the human erythropoi-
etin amino acid sequence set out in FIG. 6 or a fragment
thereof;, and

(b) isolating a glycosylated erythropoietin polypeptide
therefrom.

5. A non-naturally occurring human erythropoietin gly-
coprotein possessing the in vivo biological property of
causing bone marrow cells to increase production of reticu-
locytes and red blood ceils which is the product of the
process comprising the steps of:

(a) growing, under suitable nutrient conditions, mamma-
lian host cells transformed or transfected with an iso-
lated DNA sequence comprising a sequence encoding
the leader sequence of human erythropoietin set out in
FIG. 6; and

(b) isolating a glycosylated erythropoietin polypeptide
therefrom.

6. A non-naturally occurring glycoprotein product of the
expression in a non-human eucaryotic host of an exogenous
DNA sequence comprising a DNA sequence encoding
human erythropoietin, said product possessing the in vivo
biological property of causing hurnan bone marrow cells to
increase production of reticulocytes and red blood cells and
having an average carbohydrate composition which differs

* from that of naturally occurring erythropoietin.

7. The glycoprotein product according to claim 3, 4, 5 or
6 wherein the host cell is a non-human mammalian cell.

8. The glycoprotein product according to claim 7 wherein
the non-human mammalian cell is a CHO cell.
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9. A pharmaceutical composition comprising an effective
amount a glycoprotein product effective for erythropoietin
therapy according to claim 1, 2, 3, 4, § or 6 and a pharma-
ceutically acceptable diluent, adjuvant or carrier.

10. A method for providing erythropoietin therapy to a
mammal comprising administering an effective 4mount of a
pharmaceutical composition of claim 9. .

11. A method for treating a kidney dialysis patient which
comprises administering a pharmaceutical composition of
claim 9 in an amount effective to increase the hematocrit
level of said patient.

12. A pharmaceutical composition comprising an effective
amount of a glycoprotein product effective for erythropoi-

. By '

40

. etin therapy according to claim 7 and a pharmaceutically

acceptable diluent, adjuvant or carrier.

13. A method for providing erythropoietin therapy to a
mammal comprising administering an effective amount of a
pharmaceutical composition of claim 12.

14. A method for treating 2 kidney dialysis patient which
comprises administering a pharmaceutical composition of
claim 12 in an amount effective to increase the hematocrit
level of said product.

EEEE I




Case 1:05-cv-12237-WGY Document 502-16  Filed 06/14/2007 Page 21 of 32

‘349 Patent Claims




Case 1:05-cv-12237-WGY - Document 502-16

Filed 06/14/2007

5,756,349

37

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 . glycosy-
lated and non-glycosylated EPO products in host cell cyto-
plasm or membranes (e.g.. accumulation in bacterial peri-
plasmic spaces) or in culture medium supernatants as above
illustrated. or in rather uncommon systems such as P.aerugi-
nosa expression systems (described in Gray. et al.,
Biotechnology. 2, pp. 15 161-165 (1984)).

Improved hybridization methodologics of the invention,
while illustratively applied above to DNA/DNA hybridiza-
tion screenings are cqually applicable to RNA/RNA and
RNA/DNA screening. Mixed probe technigues 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 nylonbased filters such as Gene-
Screen and GeneScreen Plus to allow reprobing with same
filters and repeated use of the fiiter. application of novel
proteasc 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 (¢.g.. numbers in excess
of 32);

and. performing hybridization and post-hybridization
steps under stringent temperatures closely approaching (i.c..
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 {llustrated 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 scquence gene in a gemomic library screcning of

10
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1.500.000 phage plagues. This fcat was accomplished cssen-
tially concurrently with the publication of the considered
opinion of Anderson. et al., supra, that mixed probe screen-
ing mcthods were * . . . impractical for isolation of mam-
malian protcin genes when corresponding RNA's are
unavailable,

What is claimed is:

1. Vertcbeate cells which can be propagated in vitro and
which are capable upon growth in culture of producing
erythropoietin in the medium of their growth in excess of
100 U of erythropoietin per 10° cells in 48 hours as
determined by radicimmunoassay. said cells comprising
non-human DNA scquences which control transcription of
DNA encoding human erythropoietin.

2. Vertebrate cells according to claim 1 capable of pro-
ducing in excess of 500 U erythropoietin per 10° cells in 48
hours.

3. Vertebrate cells according to claim 1 capable of pro-
ducing in excess of 1000 U erythropoietin per 10° cells in 48
hours.

4. Vertebrate cells which can be propagated in vitro which
comprise transcriptior control DNA sequences, other than
human erythropoietin transcription control sequences. for
production of human erythropoictin. and which upon growth
in culture arc capable of producing in the medium of their
growth in excess of 100 U of erythropoietin per 10° cells in
48 hours as determined by radioimmunoassay.

§. Vertebrate cells according to claim 4 capable of pro-
ducing in excess of 500 U erythropoictin per 10° cells in 48
hours.

6. Vertebrate cells according to claim 4 capable of pro-
ducing in excess of 1000 U erythropoietin per 10° cells in 48
hours.

7. A process for producing erythropoietin comprising the
step of culturing, under suitable nutrient coaditions. verte-
brate cells according to claim 1.2.3.4. 5 or 6.
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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 onc or more of the
biological properties of crythropoietin, and selected from
among: (a) the DNA sequences set out in FIGS. S 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 () and (b). It is
noteworthly in this regard, for example, that existing allelic
monkey and human EPO gene sequences and other mam-
malian specics gene sequences are expected to hybridize to
the sequences of FIGS. 5 and 6 or 1o fragments thereof.
Further, but for the degeneracy of the gemetic code, the
SCEPO and ECEPO genes and the manufactured or
mutagenized cDNA or genomic DNA sequences encoding
various EPQ 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 homogencous ori-
gins applicd 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 accamulation 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

5,955,422
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Paeruginosa 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
protcase 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
of 32); and, performing hybridization and post-hybridization
steps under stringent temperatures closely approaching (ic.,
within 4° C. and preferably within 2° C. away from) the
Jowest 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 applicd 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.

* Xk ¥ *x *
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EPO fragments and EPO polypeplide analogs (i.c., “EPO
Producis”) which may sharc onc or morc biological prop-
crtics of naturally-eccurring EPO but not share others (or
posscss others to different degrecs).

DNA scquences provided by the present invention arc
thus scen o comprchend all DNA scquences suitable for use
in sccuring cxpression in a procaryotic or cucaryolic host
ccll of a polypeptide product having at lcast a part of the
primary structural conformation and onc or morc ol the
biological propertics of erythropoictin, and sclected from
among: (a) thc DNA scquences sct out in FIGS. § and 6: (b)
DNA scguences which hybridize 0 the DNA sequences
dcfined in (a) or fragments thereof; and (¢) DNA sequences
which, bul for the degeneracy of the gcncllc code, would
hybridizc to the DNA scquences defined in (a) and (b). It is
noteworthly in this regard, for cxample, that existing allelic
monkey and human EPO gene scquences and other mam-
malian spccics gene sequences arc expecied Lo hybridize 1o
the scquences of FIGS. 5 and 6 or o fragments thercof.
FFurther, but for the degencracy of the genctic code, the
SCEPO and ECEPO gencs and the manufactured or
mutagenized cDNA or genomic DNA sequences encoding
various EPO fragments and analogs would also hybridizc 1o
the above-mentioned DNA scquences. Such hybridizations
could rcadily hc carricd out under the hybridization condi-
tions described herein with respect to the initial isolation of
thc monkcy and human EPO-cncoding DNA or morc strin-
gent conditions, if desired to reduce background hybridiza-
tion.

In a like manncr, whilc the above cxamplcs 1lluslra1.c the
invention of microbial cxpression of EPO products in the
context of mammalian cell expression of DNA inscrted in a
hybrid vector of bacterial plasmid and viral genomic origins,
a wide varicly of cxpression systcms arc within the contem-
plation of the invention. Conspicuously comprchended are
cxpression systems involving vectors of homogencous orni-

gins applicd to a varicty of bactcrial, yeast and mammalian -

cclls in culturc as well as Lo expression syslems not involv-
ing vectors such as calcium phosphale transfection of cclls).
In this regard, it will be undersiood that expression of, c.g.,
monkey origin DNA in monkey host cells in culture and
human host cclis in culture, actvally constitute ingtances of

“cxogenous” DNA cxpression inasmuch as the, EPO DNA
whasc hxgh level cxpression is sought would nol have its
arigins in the genome of the hosl. Expression syslcms of the
invention further contemplale these practices resulling in
cytoplasmic formation of EPO products and accumulation of
glycosylated and non-glycosylaled EPO products in host ccll
cytoplasm or membrancs (c.g., accumulation in bacterial
periplasmic spaces) or in culture medium supcrnatants as
above illustraied, or in rathcr uncommon systcms such as /2.
aeruginosa cxpression systems (described in Gray, ct al.,
Biotechnology, 2, pp. 161-165 [1984)).

Improved hybridization methodologics of the invention,
whilc illu%lrativcly applicd above to DNA/DNA hybridiza-
tion screenings arc cqually applicable 1o RNA/RNA and
RNA/DNA screcning. Mixed probe technigues as herein
illustrated generally constitute a number of improvements in
hybridization processes aliowing for more rapid and rcliable
polynuclcotide isolations. These many individual processing
improvements include: improved colony transfer and main-
tenance procedures; usc of nylon-based filters such as Gene-
Screen and GeneScreen Plus to allow reprobing with same
filters and repeated usc of the filter, application ol novel
prolcasc trcatments [compared, c.g., to Taub, ot al. Anal
Biochem., 126, pp. 222-230 (1982)]; usc of very low
individual concentrations (on Lhe order of 0.025 picomolc)
of a large number of mixed probes (c.g., numbers in excess
ol 32); and, performing hybridization and post-hybridization
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sicps under stringent temperaturcs closely approaching (i.c.,
within 4° C. and preferably within 2° C. away from) the
lowest calculated dissocation temperature of any of the
mixcd probes employced. Thesc improvements combine 1o
provide results which could not be expected to attend their
usc. This is amply illustrated by the fact that mixed probe
procedurcs involving 4 times thc numbcer of probes cver
before reporicd 10 have been successfully used in cven
cDNA screens on messenger RNA species of relatively low
abundancy were successfully applied to the isolation of a
unique scquence gene in a genomic library screening of
1,500,000 phage plaqucs. This feat was accomplished essen-
tially concurrently with the publication of the considercd
opinion of Anderson, et al., supra, that mixed probe screcn-
ing mcthods were “. . . impractical for isolation of mam-
malian protcin gencs when corresponding RNA's arc
unavailablc.

Whalt is claimed is:

1. A process for the preparation of an in vivo biologically

active erythropoictin product comprising the sieps of:

(a) growing, urer suitable nutrient conditions, host cells
transformed or tramsiccted with an isolatcd DNA
scquence sclected from the group consisting of (1) the
DNA sequences sct out in FIGS. 5 and 6, (2) the prolcin
coding scquences sct out in FIGS. Sand 6, and (3) DNA
sequences which hybridize under stringent conditions
10 the DNA sequences delined in (1) and (2) or their
complemeniary strands; and

(b) isolating said crythrupoictin product thercfrom.

2. A process for the preparation of an in vivo biologically
activc crythropoictin product comprising the steps of Lrans-
forming or transfccting a host cell with an isolaicd DNA
sequence cncoding the mature crythropoiclin amino acid
sequence of FIG. 6 and isolating said crylhropoictin product
from said hosl cell or the medium of its growth.

3. The process according 10 claim 1 or 2 whercin said host
cells arc mammalian cells.

4. A process for the production of a glycoesylated cryth-
ropoictin polypeptide having the in vivo biological property
of causing bonc marrow cclls to incrcasc production of
reticulocytes and red blood cells comprising the sieps of:

. a) growing, undcr suitablc nutrient conditions, vericbrate
cclls comprising promotcr DNA, other than human
crytbropoictin promotcr DNA, operatively linked to
DNA encoding the mature crythropoictin amino acid
scguence of FIG. 6; and

b) isolating said glycosylaled crythropoictin polypeptide

cxpressed by said cells.

5. The proccess of claim 4 whercin said promoter DNA is
viral promotcr DNA.

6. A process for the production of a glycosylated cryth-
ropoictin polypeptide having the in vivo biological property
of causing bonc marrow cclls 10 increasc production of
reticulocyles and red blood cells comprising the steps of:

a) growing, under suitablc nutricnl conditions, vericbrate

cclls comprising ampiificd DNA cncoding the maturc
crythropoietin amino acid sequence of FIG. 6; and

b) isolating said glycosylated crythropoictin polypeptide

expressed by said cells.

7. The process of claim 6 whercin said vericbrate cells
further comprisc amplificd markcr gene DNA.

8. The process of claim 7 wherein said amplificd markcer
gene DNA is Dihydrololate reductase (DHER) gene DNA.

9. The proccss according 1o claims 2, 4 and 6 wherein said
cclls arc mammalian cells.
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limiting upon the scope of the present invention and numer-
ous meodifications and variations are expected to occur to
those skilled in the art. As one example, while DNA
sequences provided by the illustrative examples include
c¢DNA 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-
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
possess others to different degrees).

DNA sequences provided by the present invention are
thus seen to comprehend all DNA sequences suitable 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 erythropoietin, and selected from
among: (a) the DNA sequences set out in FIGS. § and 6; (b)
ONA 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. § 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 2 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 mammalian

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 bave 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 m "bacterial
periplasmic spaces) or in culture medium superfiatants as
above illustrated, or in rather uncommon systems such as
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 egually applicabie to RNA/RNA and
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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
of and, performing hybridization and post-hybridization
steps under stringent temperatures closely approaching (i.c.,
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
¢DNA 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 concusrently 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. An isolated erythropoietin glycoprotein having the in
vivo biological activity of causing bone marrow cells to
increase production of reticulocytes and red blood celis,
wherein said erythropoietin glycoprotein comprises the
mature erythropoietin amino acid sequence of FIG. 6 and
has glycosylation which differs from that of human urinary
erythropoietin.

2. An isolated erythropoietin glycopmtein having the in
vivo biological activity of causing bone marrow cells to
increase production of reticulocytes and red blood celis,
wherein said erythropoietin glycoprotein comprises the
mature erythropoietin amino acid sequence of FIG. 6 and is
not isolated from human urine.

3. A non-naturally occurring erythropoietin glycoprotein
having the in vivo biclogical activity of causing bone
marrow cells to increase production of reticulocytes and red
blood cells, wherein said erythropoietin glycoprotein com-
prises the mature erythropoietin amino acid sequence of
FIG. 6.

4. A pharmaceutical composition comprising a therapeu-
tically effective amount an erythropoietin glycoprotein prod-
uct according to claim 1, 2 or 3.

5. A method for providing erythropoietin therapy to a
mammal comprising administering an effective amount of a
pharmaceutical composition of claim 4.

6. A method for treating a kidney dialysis patient which
comprises administering a pharmaceutical composition of
claim 4 in an amount effective to increase the hematocrit
level of said patient.

7. An isolated polypeptide product characterized by being
the product of the expression by 2 procaryotic host cell of an
exogenous DNA sequence encoding the mature erythropoi-
etin amino acid sequence of FIG. 6.

* * ¥ * *
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carried out under the hybridization condmons de-
scribed 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 hy-
bridization.

In 2 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 contemplation of the invention. Conspic-
uously comprehended are expression systems involving
vectors of homogeneous origins applied to a variety of
bacterial, yeast and mammalian cells in culture as well
as to expression systems not involving 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 prac-
tices resulting in cytoplasmic formation of EPO prod-
ucts 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 P.a-
eruginosa expression systems (described in Gray, et al.,
Biotechnology, 2, pp. 161-165 (1984)).

Improved hybridization methodologies of the inven-
tion, while illustratively applied above to DNA/DNA
hybridization 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 improve-
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nance procedures; use of nylon-based filters'such as:

GeneScreen and GeneScreen Plus to allow reprobing
with same filters and repeated use of the filter, applica-
tion of novel protease treatments fcompared, e.g., to
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Taub, et al. Anal. Biochem., 126, pp. 222-230 (1982)]; use
of very low individual conceatrations (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 tempera-
tures closely approaching (i.e., within 4° C. and prefera-
bly within 2° C. away from) the lowest calculated disso-
cation temperature of any of the mixed probes em-
ployed. These improvements combine to provide re-
sults 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 isola-
tion 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-
tion of the considered opinion of Anderson, et al., supra,

that mixed probe screening methods were . . . impracti-
cal for isolation of mammalian protein genes when cor-
responding RNA’s are unavailable

What is claimed is:

1. A process for the prodncnon of a glycosylated
erythropoietin polypeptide having the in vivo biologi-
cal property of causing bone marrow cells to increase
production of reticulocytes and red blood cells compris-
ing the steps of:

(2) growing, under suitable nutrient conditions, mam-
malian host cells transformed or transfected with
an isolated DNA sequence encoding human eryth-
ropoietin; and .

(b) isolating said glycosylated erythropoietin poly-
peptide therefrom.

2. The process according to claim 1 wherein said host

cells are CHO cells.

3. The process according to claim 1 wherein said host
cells are COS cells.

4. The process according to claim 1 wherein said

- 'DNA is cDNA.

5. The process according to claim 1 wherein said
DNA is genomic DNA.
* x *

x x
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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 contemplation of the invention. Conspic-
uously comprehended are expression systems involving
vectors of homogeneous origins applied to a variety of
bacterial, yeast and mammalian cells in culture as well
as to expression systems not involving vectors (such as
calcium phosphate transfection of cclls). In this regard,
it will be understood that cxpresslon of, e.g., monkey
origin DNA in monkey host cells in culture and human
host cells in culture, actually constitute ipstances 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 prac-
tices resulting in cytoplasmic formation of EPO prod-
ucts and accumulation of glycosylated and non-
glycosylated EPO products in host cell cytoplasm or
membrances (e.g., accumulation in bacterial periplasmic
spaces) or in culture medivm supernatants as above
illustrated, or in rather uncommon systems such as P.
aeruginosa expression systems (described in Gray, et al.,
Biotechnology, 2, pp. 161-165 (1984). .

Improved hybridization methodologies of the inven-
tion, while dlustranvcly applied above to DNA/DNA
hybridization screenings are equally applicable to
RNA/RNA and RNA/DNA screening. Mixed probe
technigues as herein illustrated generally constitute a
number of improvements in hybridization processes
allowing for more rapid and reliable polynucleotide
isolations. These many individual processing improve-
ments include: improved colony transfer and mainte-
nance procedures; use of nylon-based filters such as
GeneScreen and GeneScreen Plus to allow reprobing
with same filters and repeated use of the filter, apphca-
tion of novel protease treatments. [compa:"ed, 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 of 32); and, performing hybridization
and post-hybridization steps under stringent tempera-
tures closely approaching (i.e., within 4° C. and prefera-
bly within 2° C. away from) the lowest calculated disso-
ciation temperature of any of the mixed probes em-
ployed. These improvements combine to provide re-
sults 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 isola-
tion 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-
tion of the considered opinion of Anderson, et al., supra,
that mixed probe screening methods were *. . . impracti-
cal for isolation of mammalian protein genes when cor-
responding RNA’s are unavailable.

‘What is claimed is:

1. A purified and isolated DNA sequence encoding
erythropoietin, said DNA sequence selected from the
group consisting of:

(a) the DNA sequences set out in Flesf 5 and 6 or

their complementary strands; and ' ¢

(b) DNA sequences which hybridize under stringent

conditions to the DNA sequences defined in (a).
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2. A purified angd isolated DNA scquence consisting
essentially of a DNA sequence encoding human eryth-
ropoietin.

3. A purified and isolated DNA sequence consisting
essentially of a DNA sequence encoding monkey eryth-
ropoietin.

4. A procaryotic or eucaryotic host cell transformed
or transfected with a DNA sequence according to claim
1, 2 or 3 in a manner allowing the host cell to express
erythropoietin.

5. A biologically functional circular plasmid or viral
DNA vector including a DNA sequence according to
claim 1, 2, or 3.

6. A procaryotic or eucaryotic host cell stably trans-
formed or transfected with a DNA vector according to
claim §.

7. A purified and isolated DNA sequence consisting
essentially of a DNA sequence encoding a polypeptide
having an amino acid sequence sufficiently duplicative
of that of erythropoietin to allow possession of the bio-
logical property of causing bone marrow cells to in-
crease production of reticulocytes and red blood cells,
and to increase hemoglobin synthesis or iron uptake.

8. A cDNA sequence according to claim 7.

9. A monkey species erythropoietin coding DNA
sequence according to claim 8.

10. A DNA sequence according to claim 9 and in-
cluding the protein coding region set forth in FIG. 5.

11. A genomic DNA sequence according to claim 7.

12. A human species erythropoietin coding DNA
sequence according to claim 11.

13. A DNA sequence according to claim 12 and in-
cluding the protein coding region set forth in FIG. 6.

14. A DNA sequence according to claim 7 and in-
cluding one or more codons preferred for expression in
E.coli cells.

15. A DNA sequence according to claim 14, coding
for expression of human species erythropoietin.

16. A DNA sequence according to claim 15 including
the protein coding region set forth in FIG. 7.

17. A DNA sequence according to claim 7 and in-
cluding one or more codons preferred for expression in
yeast cells.

18. A DNA sequence according to claim 17, coding
for expression of human species erythropoietin.

19. A DNA sequence according to claim 18 including
the protein coding region set forth in FIG. 8.

20. A DNA sequence according to claim 7 covalently
associated with a detectable label substance.

21. A DNA sequence according to claim 20 wherein

' the detectable Iabel is a radiolabel,
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22. A single-strand DNA sequence according to
claim 20.

23. A procaryotic or eucaryotic host cell transformed
or transfected with a DNA sequence according to claim
7, 8, or 11 in a manner allowing the host cell to express
said polypeptide.

24. A transformed or transfected host cell according
to claim 23 which host cell is capable of glycosylating
said polypeptide.

25. A transformed or transfected mammalian host cell
according to claim 24.

26. A transformed or transfected COS cell according
to claim 25.

27. A transformed or transfected CHO cell according
to claim 25.
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