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EXHIBIT SS (part 1)

PATENT

IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

"PRODUCTION OF
ERYTHROPOIETIN"

Application of
FU-KUEN LIN

serial Ne, 113,178 Group Art Unit 183

et s S s Bt Nt et

Filed: October 23, 19587 Examiner - H. E. Schain

DECLARATION PUORSUANT 90 37 C.F.R. §1.132

Hon. Commisgioner of Patents
and Trademarks
washington, D.C. 20231
Sir:
1, THOMAS WAYNE STRICKLAND, solemnly declare as
follows:
1. Since April, 1984, I have been employed by
Amcen Inc., Thousand Oaks, california and currently held the

posizion of Research Scientist.

2, From February, 1981 to Harch 1984, 1 held the

position of Assistant Research Biological Chemist,
pepartment of Biclogical Chemistry, University of
california, Los Angeles. MYy research activities included
studies on biosynthesis and protein £c1ding of glycoprotein
hormanes; chemical medification, isolation and receptor
cross-linking of glycoprotein hormones.

3. 1 have read United States Patent Application
Serial No. 113,178 (“"USS5H 113,178") entitled wproduction of
Erythrépoietin”.

4. On page 19, ilines 26-32 of USSN 113,178, it is

stated that:
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"Novel glycoprotein products of the
iaventicn include those having a primary
structural conformation sufficiently
duplicative of that of a naturally-occurring
{e.g., hunan} erythropoietin to allow
possession of one or more of the biological
properties thereof and having an average
carbohydrate composition which differs from
that of naturally-occurring {e.g., human}
erythropoietin.”

5. A series of experimental procedures were con-
duc-ed under my direction to illustrate some of the
differences between the carbohydrate ccmposition, specifi-
cally differences relating to the carbohydrate structure, of
recorbinant human erythropoietin (“r-HuEPO") prepared
accarding to the procedures of USSN 113,178 and naturally-
oceurring human erythropoietin isolated from urine
(M"u-EPO").

6. +The r=-BuEPO for use in the experimental
procedures was prepared in accordance with the general pro-
cedures described in Example 10 of USSN 113,178, purified in
aceordance with the procedures described in my U.S. Patent
4,667,016 (Exhibit "A"), and the specific samples were drawn
from two GHMP lots {Nos. 514 and 516) of material prepated
for IDA clinical trial applications.

4. fThe u-EPO empioyed in the procedures of para-
graphs & and 9 herecf was purified in 1984 from urine of
aplastic anemia patients using a modification of the
precedure of Miyake et al., JBC., 282, 5558, 1977 (Exhibit
"5y as follows and was stored until use at -70°C following
purification:

(a) Concenzrated urine was treated with phenol/-

p-aminosalicylate essentially as described by Chiba et al.,

Biochem.Biophys.Res.Comm., 47,, 1372 {1972) {Exhibit "C"}:
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{b) Treated urine was subjected teo ethanol preci-
pitation essentially as described by Miyake et al. {1977};

(c) The 75~50% EICH precipitation fraction was
subjected to DERE-Agarose chromatography essentially as
described by Miyake et al. {1877};

{d} The fraction from the DEAE~Agarose at 10mM
Tris*HCl, 30mM CaCl, was dialyzed against SmM calcium
acetzte, pH 7.2, adjusted to pH 4.5 with 1% acetic acid, and
subjected to chromatography on sulfopropyl-Sephadex
essentially as described by Miyake et al. {1577), except
that the column was developed {in succession) with 5mM
calc.um acetate, pH 4.5 {equilibration buffer), 15mK ecalcium
acetate/20% ethylene glycol, pH 5.3, and 0.1M calcium
acetate/20% ethylene glycol, pH 7.0 instead of the seclutions
described by Miyake et al. {1977)};

{e) The fraction eluting from the sulfopropyl-
Sephadex column at 15m¥ calcium acetate/20% ethylene glycol,
pH 5.5 was solvent exchanged into a buffer consisting of
0..54% NaCl/10md Tris*HCl, pE 7.0/5mM CaCl, and applied to a
column of wheat germ agglutinin agarose {WGA~agarose)
equilibrated with 0.154 HaCl/10mi Trig*HCL, pHE 7.0/5mM
CaCly, and the unbound fractien was washed through the
column with the eguilibration buffer and the colunn was
developed with a 10 mg/ml solution of chitotriose (cligo=h-
acetyl-glucosamine} in 0.15K NaCl/lOmM Tris*HCL, pH 7.0/5m¥
CaCls;

(£} The fraction eluting from WGA-agarose with
the chitotriose sclution was dialyzed against G.25mk
petassium phosphate, pH 7.5 and subjected to hydroxylapatite
chromatography essentially as described by Miyaké et al,

(1977), except that the column wWas developed {successively}
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witk 8.25md potassium phosphate fequilibration buffer},
0.7:m¥ potassium phosphate pH 7.5, 6mM potassium phos-
phate/10% ethylene glycol, pH 9.0, and 20mH potassium
phospiate/10% ethylene glycol, pE 9.0 instead of the
solutions described by Miyake et al, (1977);: and,

{g) The material eluring from the hydroxylapatite
column at 0.75mM potassium phosphate was concentrated using
a stirred cell altrafiltration device to yield u-EPO.

8. Separate aliguots of r~HuEPO and u-EPO, each
containing approximately 5 @ of the respective protein,
were subjected to iscelectric focusing in a polyacrylamide
gel in the presence of 5M urea essentially in accordance
with the procedure described by LKB Technical Bulletin #2217
{Exhibit "D"). The nominal pH range was from about 3 to 5
and a Coomassie Blue srain was used to stain the gel. A
phetograph of the gel was taken snder visible light and a

copy of the photograph is set out immediately below.

=0 (a2)
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The r~HOEPQ is present in lane §1 designated
nr-guEPO" and the u-EPD ic present in lane 12 marked
“y-EFO". The pH values measured on the gel using a surface
electrode are indicated on the right side of the photo-
graph.

Analysis of the isoforms of r-HuEPO and u-EPO in
lane #1 and lane #2, respectively, demonstrates that the
u~EPO isoforms exhibit lower (more acidic) isoelectric
points.

9. To determine whether the more acidic nature of
u-EPD is due to differences in the protein {amino acid) or
carbahydrate composition of the molecule, r—HQEPD and u~ERQ
were subjected to enzymatic digestion with H-~glycanase or a
misztare of N-glycanase ané sialidase as follows:

{a} r-HuEPO and u~EPO samples that were analyzed
and reagents employed were prepared as f[pllows:

{}) r~HuEPO
GMP Lot 516 selvent exchanged into HpG,
Aypp=3.8, make 1:20 dilution inte H,0
and dry 24 wl {0.0043 Agygg) aliquots in
Speed Vac without heating.

(2) u-EPO
6/19/84 preparation as in paragraph 7(a)
through {g), dry 28 gl (0.005 Aygy)
aliguots in Speed Vac without neating.

{3} N-glycanase
Genzyme Lot #12761, 250 U/ml.

..ns.-
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(4} Sialidase
1 U vial of Arthrobacter ureafaciens

sialidase {Calbiochem) recenstituted to

1 ml Hy0
{b) the following incubation mixtures wers

prepared:

AM 27033203
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{c) The mixtures were incubated overnight {14-16
hr.} at 37°C. A 1 microliter sample was removed from each
incubztion mixture and subjected to polyacrylamide gel elec-
tropharesis in the presence of SDS to monitor for complete
enzyme digestion. The samples were reduced with dithio-
threitol and heated to 63°C for 5 minutes prior to applica-
tion to the gel.

The standards and incubation mixtures that were

1paded to each lane marked on the gel are indicated as

follows:
Lane sample Loaded
(1) Molecular weight standards
(2} t=-BuEBQ
{3) r-HuEPO,/N-glycanase
t4) r-HuEPO/K-glycanase/sialidase
{5} u=-geQ
{8} u~EPO/N-glycanase
{7) u-EBO/N~glycanasessialidase
(8) N-glycanase
{9) N-glycanase/sialidase

The gel was stained by the silver staining methocd. A photo-
grash of this SDS-PAGE gel was taken under visible light and

a copy of the photograph is set out immediately following.
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As shown by the photograph of the gel, there are
subetantial decreases in molecular weight of r~HuEPO and
u~EPO upon digestion with N-glycanase (which gives rise to
removal of N-linked oligosaccharides} and an additional
further slight decrease in molecular weight when the
N~glycanase-treated r-HUEPO and u-EPO samples are digested
with siatidase (which gives rise to removal of sialic acid
from G-linked carbohydrate). The gel demonstrates that the
enzymatic reactions went to completion.

The remainder of each incubation mixture was
lpcaded on a pH 3-10 range isoelectric forusing gel. The
incubation mixtures were subjected Lo jsoelectric focusing
in a polyacrylamide gel in the presence of 5K urea essen—
tialiy in accordance with the procedure described by LKB
Technical Bulletin §2217.

The incubation mixtures were lcaded to each lane

markzd on the gel are indicated as follows:

AM 27 033206
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Lane Sample Loaded

(1} r-HuEPQ

{23 r-HuEPO/N~glycanase

{3) r-HuEPO/N-glycanase/sialidase
(4} u~EPO

{5} uv~EPG/N-glycanase

{6) u-EPO/N-glycanase/sialidase
{7) H-glycanase

{B) N-glycanase/sialidase

The asminal pH range was from 3 to 10 and a Coomassie Blue
stain was used to stain the gel. A photograph of the gel
was taken under visible lignt and a copy of the photograph

is set out immediately below.

- 10 -
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As shown in the photograph of the gel, N-glycanase
digestion of r~BUEPO knane {27} results in two forms which
are less acidic thans the starting material. These two forms
are rmost probably molecules with O-linked oligosaccharides
conraining one and two sialic acid residues. Sialidase
digestion of the N-glycanase-treated r~HuEPO [Lane (3)]
results in one majer and one minor iscform. The less acidic
nature of the majer form is consistent with an O-linked
oligosaccharide devoid of sialic acid. The minor form thus
appesrs to contain a single sialic acid residue on its
O-iinked carbohydrate.

N-glycanase digestion of u-EPO [Lane ({5)] results
in a major isoform which migrates with the r~-HuEPQO form
believed to contain two sialic acid zesidues per O-linked
carbohydrate and a small amount of a more acidic iscform
which may represent a form containing 3 sialic acid residues
per O-linked oligosaccharide. Additional evidence that
rI-BuEPO exists in two forms centaining one or two sialie
acid residues per O-linked oligosaccharide is demonstrated
by the photograph of the SDS-PAGE gel of these reaction
mixtures, shown previously, where two slightly different
molecular weight forms can be discerned for N-glycanase-
treated r-HuEPO, while only one molecular weight form is
apparent for u-EPO. Sialidase digestion of N-glycanase=-
treated u-EPO [Lane {6)]} results in a less acidic form which
co-migrates with the major form of N-glycanase/sialidase-
treated r-BuEPO [Lane (3)]. The egquivalent ispelectric
points.of N-glycanase/sialidase treated r~BuEPO {Lane (3))
and a-EPO [Lane {6}] demonstrates that the more acidic
ispelectric point of u-EPO is due to differences in the
carbohydrate composition of the molecule and not the protein

(amino acid) composition.
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10. To determine whether the more negative iso-
electric point of u~EPO is due to the different sialic acid
linkages present in the glycoprotein {as reported by
Takeuchi et al., J.Bicl.Chem,, 263, 3657 (1588) (Exhibit
E"), wherein it was disclosed that u-EPC contains both 2->3
and 2->6 sialic acid linkages while r-HuEPO produced accord-
ing toc the Amgen method contains only 2->3 sialic acid
linkages) r—HuEPO and u-EPO were digested with sialidase
alone. The sialidase used, (a sialidase obtained from
Arthrobacter ureafaciens), removes both 2->3 and 2->6 linked
sialic acids. The procedure employed is as follows:

{a) ‘The r~-BuEPO and u~EPO samples that were
analyznd and reagents employed were prepared as follows:

{1} t-HUEPO
GMP Lot 516 solvent exchanged into Hy0,
Aygg=3.8, make 1:10 dilution into Hjz0
and dry 10 ul (0.0038 R,g4) aliquots in
sSpeed Vac without heating.

(2) ucEFO
Received from E. Goldwasser (prepared in
1976 by the authors and according to the
procedure of Miyake et al.}, 0.36 mg/ml.,
designated g-EPO, HT 7-27-76 (3}, dry 10
yl aliquots in Speed Vac without
heating.

{3y Sialidase
1 U vial cf Arthrobacter uvreafaciens
sizlidase (Calbiochem) reconstituted to
1 mi H,o0.

[by The follcwing incubation mixtures were

employed:

-1z - AM 27 033209
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{¢} The mixtures were incubated overnight (14-16
hrs,) at 37°C. The entire reaction mixture was then applied
to an isoelectric forusing gel. The incubation mixtures
wera subjected to iscelectric focusing in a polyacrylamide
gel in the presence of SM urea essentially in accordance
with the procedure described by LXB Technical Bulietin
$2217.

The incubation mixtures that were loaded to each

lane marked on the gel are indicated as follows:

Lane sample Loaded

{1} r-BuEPO

(2) r-EuEPO/sialidase
(3) u~EPO/sialidase
{4) r-HuEPO/sialidase

Tha nominal pR range was from 3 to 10 and a silver staining

mettod was used. A photograph of the gel was taken under

visibie light and a copy of the photograph is set out imme-

diately below.
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As shown by the photograph of the gel, sialidase
digested r-BuEPO [Lanes (2), {4)) and u-EPO (Lane (3)] each
contain several different iscforms. The sialidase-treated
u~EF0 iscoforms [Lane {3)1 are more acidic than the siali-
dase-zreated r—-HuEPO [(Lanes {2}, {4)] isoforms. The greater
negativity of the sialidase-treated u-EPO isoforms {Lane
({3)] when compared to the siaiidase~treated r—HBUEPC iscforms
{Lanes (2), {4]] indicates that u-EPO contains sialidase
resistant negative charges not found on r-HuEPO. These
charges may be sulfate residues as suggested by Takeuchi et
al., J.Biol.Chem., 263. 3657 {1988}, oI additional sialidase
resictant sialic acid residues.

11. fThe above analysis of r-HuEFD and u-g£p0
demonstrate that the differences shown py the iscelectriec
focusing experiments, specifically, the more acidic nature
of tha u-EPO isoforms compared to the r-HuEPQ isoforms, is
due o the differences in carbohydrate compositien, in
particular carbohydrate structure, of r—HuEPC and u-EPO.
This analysis indicates that recombinant erythropoietin as
described by Serial Ne. 113,178 kas a different carbohydrate

composition than naturaily eccurring urinary erythropeietin.

AM 27033212
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I further declare that all statements made herein
of ny own knowledge are true and that all statements made on
information and belief are believed to be true: and further,
that these statements were made with the knowledge that
willful, false statements and the like so made are punish-
able by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful,
false statements may jeopardize the validity of the applica-

tion or any patent issuing thereon.

SJ%;nw<m= dléxvagn 5ﬁ£¢;é/é£;nf/

THOMAS WAYNE STRICKLAND

Date: "= 3 , 1988

- 16 -
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The Patenl Otfics -is hereby z-quwl;d i ackpowlcdge recsipt
of the follovwing papers by stampicg and retuming thi

rrverdds: Fu-Kuen Lip N
gerial No.: 113,178 - ¢ !
riled on october 23, 1987 Sj
PETITION FOR EXTENSION OF TIME UNRDE & d

C.F.R. §1.138(a) WITR CERTIFICATE oF
MAILING DATED PECEMBER 1, 1988

Fee: $330.00 {check# 11698 2-28/718}
hPPLICRNT‘S AMENDMENT ARD REFLY UNDER
17 C.F.R. §1.111 AND 1.115 AND
DECLARATION OF THOMAS W. STRICKLAND
UNDER 37 C.F.R. 51.132 WwITE CERTIFICATE
OF MAITINE
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.
United States Patent us) (1] Patent Number: 4,661,016 -
Lai et al, s Date of Patent: May 19, 1987 °
[54) ERYTHROPOSETIN PURIFICATION OTHER PUBLICATIONS
{751 Inventors: Por-Hsiung Lai, Westlake Village: il ?lim' Chem. 285, No. 4, 1536-1541 (1530, Takageki
g;:“:; ga'li?.m':khﬂd' Camanilo, Advances in Chromatography. 20, {1582, Giddings
editor, p- 43, o )
High Performance Liguid Chromatography of Prokeins
{73] Assignes: Kirin-Amgen, lne., Thousand Oaks. & Peptides, Proceedings of the Ist International Sympa-
Catil. sium. Hesrn editor, (19813 pp. 1611635, O'Hare <t 2l,
Analytical Biochemistry, 99, 1-21 {1979), Brown et ¢l.
(21} Apph No.: TAT.159 Endocnnotogy, 114, (6), 2223-2227 (1984), Parsons et
. Vydac T™ Comprehensive Guide 1o Reverse Phase
{22} Filed: Jun. 20, 1985 Matesials for HPLC. Hacrison ct al. (1984), pp. 1-12.
Primary Examiner—Howard E. Schain
[E23 3 LA 16;1i3;;};6?é1]§3?;}& Attorney, Agenr. or Firm—-Marshall. O'Toale. Gerstein.
(57] US. Cle oo o GhoranT, daises,  umy & Bicknell
334799 a2as101: 435/68; 435172 [57) ABSTRACT
435/172.3; 435";25403 435/2? lS: 431’:48533;62 Ct_:romamgr.aphi: procedures re individuaily and
$30/380; $30/395; 530/399; 5307415, i joinly applied to the rapid and efficient isolation of
) - 530/ 80911530" 8324:3‘5{210; biologically active proteins and especiaily glycopro-
{3) Field of Search oo 507112 R, . cins such as recombinant erythropoietin preseat in the
42“/.9,5- 99, 101 435/68, 1720, 172.2,.280. 38 mediom of growth of geneticalty transformed mamma-
S11/6. $307380, 395, 397, 399, 416, 80B. BO%.  yiaq host cells. Hliustratively, recombinant EPC is iso-
834, 935/103  {gied from cultute Muids by reverse phese chromatogra-
phy cmploying 8 Cy ot Cg column and elstion with
156} References Cited Fthﬁan;l. chombin;nt erytt;\mpnictin magr also bic puti-
- jed by anion exchange chromatOgraphy cmp OYiIRg.
U5, PATENT DOCUMENTS ¢.g. 2 DEAE resin. with preliminary selective elution
3,033,753 371962 Whire et 3k .. 4247101 of contaminant materials having 2 Towef pKa than
1.109,774 1171963 White et ai. 417100 erythropoietin from the resin under conditions mitigat-
i;;i;g 'mgﬁ ‘;h*:“r“‘ "l- 4;3:30;: ing against acid activated protcase degradation. Prac-
. 5 gher st 3. e H 2 . !
£139.650 S/1981 Powkaetal .. “aorngn  ticed serialln the 1wo chromatographic procedures
< 101640 1371981 Tahezawa et al $14721 aliow for high yields af biclogically active recombinant
Caetsd 8/1984 Ciba et al Tl R crythropoietin from mammalian cell culture media
2,555.005 1271983 Goldwaser et al WO/ B X
4566438 271986 Lee:Huang oo £30/397 t1 Qaims, No Drawings ,
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1
ERYTHROPDIETIN PURIFICATION

BACKGROUND

The present invertion relates generally 1o protein
purification employing chromatographic 1echniques.
Mare particularly, the present invention rclates w pro-
cedures for the rapid and efficient isolation of biclogi-
caliy active protems such as glycoproteins and espe-
cially glycoproieins having high sialic acid content
(c.g. erythropoietic factors such as erythropoictin)
from naiural (e.g.. blood [ractions and urine} and fe-
combinzat {e.g.. gencncally transformed mammatian
cell culture fluid) sources.

Numerous techrig 15 have in the past been applied in
preparative scparations of biochemically significant
materials. Cammonly employed preparative scparalory
techniques include: ulirafiliration, column electrofocus-
ing, flzt-bed clectrolocusing, get filtration, electrapho-
resis. isotachophotes:s and various forms of chromatog-
raphy. Among the commoniy cmployed chromato-
prephic techniques zre ion exchange chromatography
and adsorption chromatography. The former process is
a separatory method wherein fluid components with
differing net charges are distinguished and isolated by
means of elution {stepwise or with a continuously ap-
plicd gradient) with etuents of differing ionic strength,
A ge! matris (resin) carrying cither a positive or nega-
tive charge is employed to adsorb (bind) components of
opposing net charge. During desorption (etution)
charged sample components are exchanged by sait tons
in the selecied ¢luxnt, with specific sample components
eluting 2t specific fonic strengths, Reverse phase ad-
sorption chromaiography involves separation of fluid
sampie components based on differing polarity. Sample
components are zdsorbed to 2 granulated gel matrix
{resin) by non-covalent bonds. Therealter, stepwise or
continuous gradicat elution results in, selective desorp-

tion of components upon cachange with 3 non-polar

solvent in the eluent.

While the nufserous separaloty techaiques men-
tiancd above are routinely employed in the separation
of relatively small kvdrophobic and hydrophylic mole-
cules, they have somewhat limited applicability in pre-

, parative separations of relatively large molccules such

2s protemns, especially compiex proteins such a3 lipopro-
teins, nucleoproteint and glycoproteins. Hiustrative of
the state of the aft in protein separations are reviews by
Brown. e al. Arafytical Biochemiziey, 99, 1-21 (1979}
and Rubinsiein, Arolyticol Biochemitiry. 99, 1-7 (1979).
See 3ls0, "VYDAC T8 Comprehensive Guide to Re-
verse Phase Materials for HPLC™, The Sep/A/Ras-
Tions Groups, Hespena, Calif. and the publication of
co-applicamts Strickiand and co-workers in Parsons, et
al., Endocrinology 114, (6). 2223-2227 {1984). Further.
to the extent thai, 'or example, reverse phase HPLC
procedures have besn suggested or employed in isols-
tions of proteins or polypeptides. non-polar solvenms
generally recommended have included reagents that are
difficult to handlc or to separate from the desired pro-
tein such as acetonitnic. See Parsons, et al, supra. Only
a single reference it known 1o exist disclosing elution
with ethanol, spezifically zquecus ethanoi/formic 2cid
mixtures See Takugaky, et 2l Jouwrnal of Biological
Chematry. 5. (4), 1536-1531 (1680}

The apparent [:m ted utility of the abovencted lech-
niques in prepariicry separations of high molecular
weight comples proteins 18 especially problematc in
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view of recent intensive efforts directed 1oward isola.
tion, purification and application 1o therapeutic. im-
munoprophylactic and diagnostic procedures of a wide
variety of complex viral and cucaryotic proteins avail-
able in only minute quantitics from natural sources
wherein they ar¢ found in association with myriad other
complex proteins. As one example. biochemically sig-
nificent mammalisn hematopoictic factors such a3
crythropoictin, thrombopoistin, granulopoictin and
granulocyiemarcophage colony stimulating factor are
available in eatremely small quantities from urine of
aplastic anemia patients. Recovery procedures from
urinary fuid sources have generafly been very compiex.
costly and labor-intenstive and have genecrated rela-
tively low yiclds of active product. A widely practiced
method for obtaining biologically active preparations of
urinary erythropoictin {a high molecular weight, high
siakic acid comtent glycoprotein) may be found in
Miyake, ct al., Journal of Biological Chemistry, 152 (15).
55585564 (1979). The seven-step procedure includes
ion cachange chromatography. sthanol precipitation,
gel fliration, and adsorption chromatography and is
reporied to provide s 215 yicld of glycoprotein with
70,400 Units/mg potency.

The extentive application of rceombinant methodot-
gics 1o the large scale preparation of eucaryatic proteing

- has substantially enhanced the prospects for obtaining

the desired molecules in quantity and in some instances
even simplified purification procedures needed to ob-
tain biclogically active materials, Mustratively, where
the desired recambinant proteins need not be glycosy-
lated 10 possess biofogical activity, large quantities of
protgin <an ofien be produced in E.coli recombinant
hosts in the form of insoluble “inclusion bodies” which
contain few proteinacecus confaminants, proteases, or
the like. Where glycosylation and/or host membrane
processing 1o develop proper wcondsry and tertiary
conformation are required for biclogical activity, how-
ever, cucaryotic hosts such as yeast and mammalizn
cells in culture {e.g.. COS-1 and CHO celis) provide
more suitable recombinant hosts. Use of such hosis,
however, generally gives rise to increased difficulty in
recovery of biologically zctive forms of proteins in
good yield. Host cell lysates frequently include prolein-
aceous constituents of sufficiently similar molecular
weight, charge, polarity and solubility characteristics
(vis-a-vis the recambinant protein) to make ready sepa-
ration difficult. Furiher proteolytic enzymss endoge-
nous to the host provide a relatively chronic source of
biological sctivity loss for the desired proicia. Where
recombinant products are secreted into media superna-
tanis by the host zells, similar problems attend isofation
from. ¢.g. culture media from growth of transformed
mammalizn cell cultures owing principally to the com-
plexity of the media employed.

There thus continues 10 exist 3 need in the art for
rapid and efficient preparative separatory procedures
suitable for recovery of biclogically active proteins
ftom fuid sources and most especially for recovery of
complex recombinant proteins such as recombinant
erythropoietin from variously “contaminated” Muids
such as mammalian celf culture supernatants,

The disclosures of co-owned, co-pending U.S. patent
application Ser. No. 675,298, entitled "Production of
Erythtopaietin®, filed Nov. 30, 1984, by FuKuen Lin
{carresponding to PCT No. USB4/02021, filed Dec. L,
1584, scheduled for publication June 20, 1983 as No.
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WOB5/02610} sre specifically incorporated by refer-
ence herein for the purpase of relating the background
of the present invention. especially with respect 1o the
state of the art regerding recombinant methodelogies
applied 10 large scale production of mammalian eryth-
ropoietin.

BRIEF SUMMARY

The present invention pravides novel chromato-
graphic seperatory procedures individually and Jointly
suitabie for use in the isolation of proteins and specifi-
cally applicable to the isolation af ervihropoietin, espe-
cially recombinant erythrepoietin, in biologically active
form from Nuids, cspecially mammalinn host celt cul-
lure supermatanis,

According to one ol its aspects. the present invention
provides for the rapid and cHicicnt recovery of erythro-
poietin from a fuid by means of a reverse phase liquid
chromatographiz separation involving selective binding
of the desired compound 10 a Caor Cy resin followed by
elution with aqueous ethanol in abowt 50 to BO pereent
solution at a pH of from about 4.5 10 8.0, In a highly
preferred mode of practice of this aspeet of the inven-
tion, high yields of biclogically active recombinant
erythropoietin are recovered from mammalian host cell
culture superaatants through use of a Cy resin and el
tion at pH 7.0 eraploying. stepwise or with a continyous
gradient. an cluent comprising about 60 percent aque-
ous ethanol, Colture supetnatants are preferably con-
centrated before chromategraphic treatment and suit-
sble steps ate tzken to remove ethanel from collected
eluentt fracticns containing erythropoietin, The above
elegandy simply separatory procedure reproducibly
allows for isclation of erythropoictin having high spe-
cific activity in yields approaching 50 percent or more.

In another of its aspects, the present invention pro-
vides for rapid and efficicnt recovery of erythropoietin
from a fluid by means of anion exchange chromatogra-
phy involving selective binding of crythropoistin 1o 2
selected cationic resin, trestment of bound materials 10
guard against acid activation of proreascs present, selec:
tive elution of bound materizls having pKa's greater
than that of ery:hropoictin with agueous scid at pH's of
frorm about 4.8 to about 6.0, and then cfution with aque-
ous sait at about pH 1.0, Erythropoietincontaimning
elucnt fraction: are enriched with biologically active
material but may optionally be subject to further pro-
cessing, .g., by gel filtration upon ethanol removal. in
a presently highly preferred mode of practice of this
aspect of the irvention, high yields of biologically ac-
tive recombinant erythropoietin are recovered from
marmmalian kost cell culture supernatants through anion
exchange chrormatography employing 3 DEAE 2garose
resin. Following Joading of the DEAE column, urea is
added to pretect against subsequent acid activation of
proteases present and bound fuid components having
pKa's greater than erythropoietin are cluted by wash-
ings with aqueous acid st about pH 4.3. Thereafier, the
pH i1 adjusted to about 7.0 and aqueous salt is applied
stepwise or in a continuous gradient to selectively elute
biologically active erythropoietin,

n still another of itx aspects. the inveation provides
for an erythrepoietin recovery procedure involving
serial applicaticn of the ion exchange and reverse phase
liquid chromatographic procedures previcusly de-
scribad. More specifically, erythropoietin (especially
recombinant erythropoietin) is recovered from a fluid
(such xs a mammalian host cell culture supernatant) in
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the following stepwise mananer. Culture supernatant
pools (preferably preliminarily diafiltered and concen-
trated} are loaded on an anionic exchange column at
sbout pH 7.0 snd erythropoictin seiectively binds 10 the
eationic resin (preferably DEAE agarose). Bound mate-
rials are stabilized against acid activared protease degra.
dation (preferably by addition of urea) and bound mate-
rials having pKa's greater than erythropoietin are
eluled by one or more aquevus acid washed st from
about pH 4.0 to pH 6.0 (preferably about pH 43L
Thereafter, biclogically active erythropaictin is eluted
with agueous sait at about pH 7.0. The erythropoietin-
containing etuent feactions are than subjected to reverss
phase liquid chromatography on 2 Cy o1, preferably, Cu
resin to selectively bind erythropoictin. Bound biclogi-
cally active erythropoietin is then eluted st from about
pH 4.5 to about pH 8.0 (preferably about pH 7.0) with
an aquecus ethanol solution of from aboutr 50 to 80
{prefetably about 60) percent. The desited erythropoic-
tin is isolated within erythropoietin-containing ¢luent
fractions {as determined by absorbance at 280 nm, Ether
nol may then be removed and the procuct may be sub-
jected to gel filtration {¢.g., using a Sephscryl 5-200
column) with development using, €.g.. a pharmaceutical
formulation buffer such as 20 mm sodium citrale/$00
mm sodium chioride, pH 6.8 10 7.0

Other aspects and advantages of the present inven-
tion will be apparent upon consideration of the follow-
ing detailed description af the practice of preferred
embodiments thersof. ‘

DETAILED DESCRIPTION

Practice of the present invention is believed to be
suitably iilustrated by the following examples practiced
on pooled CHO celf supernatants prepared in the man-
ner described in Esample 10 of the aforsmentioned U.S.
patent application Ser. No. 675,298, More specifically.
the treated supernatants were derived from cell sirain
CHO pDSV1-gHUEPO "amplified” by means of MTX
and grown in roller bortles in serum-fres medium as
descriped at page 62 of the application. Example 1 gen-
erally refers 1o recovery of biclogically active recombi-
nant human crythropoietin by means of 2 reverse phase
liquid chromatography. Example 2 refates to a compos-
e tceovery procedure pragticed on the same superna-
ot material. Example 3 relates 1o RIA and in vivo
asays perfarmed on the resulting purified materials.

EXAMPLE |

Unconcentrated culture supernatant cbtained by
pooting first and second (7-day) cycle supernatants was
losded on a closed (high pressure coafiguration) coi-
umn  lsboratory packed with Ci matrix (VY-
DAC 1™ 214TP-B}. A 045X 10 mm column was em-
ployed with a Nowrate of | mi/min. Foilowing sampie
application, biologically active recombinant erythro-
poietin was cluted with a linear gradient from 10 mm
Tris, pH 7.0 to 80% EtOH/10 mm Trns, pH 7.0, Protein
conceniration was LVmonitored st 230 nm and the
fractions of clugnt at about 60% EtOH were pooled

EXAMPLE 2
The composite recovery procedure of this example
consisted of serial practice of ion eachange and reverse
phasc chromatographic procedures performed on 2

Yarger fraction of supernatant than in Example 1, The
chromatographic proGedures were preceded by con-
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