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Nat ure-identical Erythropoietin Description: The
present invention relates to Erythropoietin, (i.e

stinmulating factor) (EPO having glycoformprofiles or
a glycoformclose or identical to naturally occuring
EPO (nEPO as well as processes and neans for the
production thereof. The present invention also
concerns usage of the EPO ob tained according to the
i nvention in connection with prophylactic or
therapeutic treatnent use. Naturally occurring
Erythropoietin is a glycoprotein which is synthesised
maiNdture-idemtic i Enyélyropgaigtihr opoi etin pronotes the
maturation of erythroid progenitor cells into
erythrocytes, stinulates erythropoiesis through
acteseLiptionsr yt hr oi d progenitor cells, and is
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clini at ment of anaemia in CRF patients
(e.g. Eschbach, J.W et al. 1987, 1988, 1989). EPOis
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sised mainly in the kidney. Erythropoietin promotes the maturation of
erythroid progenitor cells into erythrocytes, stimulates erythropoiesis
through actions on erythroid progenitor cells, and is essential in regu-
lating levels of red blood cells in the circulation. Conditions marked
by low levels of tissue oxygen are related with increased production
of EPO, which then upregulates erythropoiesis. An acute or progres-
sive loss of kidney function, e.g. in chronic renal failure (CRF), most
typically results in a decreased production of EPO concomitant with
a reduction in red blood cells, decreased hematocrit, and anaemia.

As EPO is essential in red blood cell formation, the hormone is
widely used in the treatment of blood disorders characterised by low
or defective red blood cell production. At present, EPO is applied
clinically in the treatment of anaemia in CRF patients (e.g. Eschbach,
J.W. et al. 1987, 1988, 1989). EPO is further used in treatment of
Acquired Immune Deficiency Syndrome (AIDS) and in cancer pa-
tients undergoing chemotherapy.
CONFIRMATION COPY



Acquired I mune Deficiency Syndrome (AIDS) and in
cancer pa tients undergoi ng chenot herapy. Unti |
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limted. The pro tein is present, for exanple, in
human urine. However, excreted lev els are basically
too low to make this a practical source of EPO for
therapeutic use. Patients suffering froma plastic
anaem a exhibit elevated |evels of urinary EPO
relative to healthy individuals, but limited
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38 and 83, respectively, and one glycosylatron site
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appr oxi
first haematopoietic growth factor to be cloned. At present, recombi-

15 nant human EPO (rhEPO) is available as a drug in quantities suit-
able for therapeutic applications, in particular the clinical treatment of
anaemia, especially anaemia caused by renal failure. In sports

rhEPO has been used among some athletes for several years.

Active human EPO consists of a single 165 amino acid polypeptide
20 chain with three N-glycosylation sites at asparagin residues located
at positions, 24, 38 and 83, respectively, and one O-glycosylation
site at a serine residue at position 126. The average carbohydrate

content of the glycoprotein is approximately 40%.

The oligosaccharide chains have been shown to be modified with
25 terminal sialic acid residues with N-linked chains typically having up
to 4 sialic acids per chain and O-linked chains having up to two sialic

acids. An EPO polypeptide may therefore accommodate up to a total
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per chain and O linked chaihs having up to two sialic
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to a totalof 14 sialic acids. Renoval or nodification

of the glycan chains re sults in altered in vivo and

in vitro activity. The nunber of sialic acid residues

and the branching pattern of the N-Iinked
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15 gate J. (1993) 10:263). EPO isoforms having higher sialic acid con-
tent exhibited a longer serum half-life but showed a decreased affin-

ity for the EPO receptor, suggesting that serum half-life is an impor-

tant determinant of EPO in vivo biological activity. EPO glycosylation
analogues having at least one additional carbohydrate chain have

20  been determined to have a longer circulating half-life compared to

recombinant human EPO.

Further attempts have been made to enhance the biological half-life
of EPO. In one approach, the amino acid sequence has been modi-
fied to provide sites for additional glycosylation: more highly glycosy-
25 lated forms exhibit this desirable property, as described in
US 5,856,298. Yet another approach involves linking two EPO mole-
cules together, as described in US 5,747,446. In another approach
EPO is coupled at the O-terminus to the carboxy terminal portion
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sites for additional glycosylation; nore highly
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15  cell specific, tissue specific, species specific as well as polypeptide
specific and site specific. Thus, each glycoprotein has a reproducible

and characteristic glycosylation profile or glycosylation pattern.

The glycosylation profile or glycosylation pattern as well as the oligo-
saccharide structures of recombinant proteins also appear to be de-

20 pendent on expression methods and culture conditions. Mammalian
cell lines such as CHO or BHK cells are common hosts for the pro-
duction of recombinant human Erythropoietin intended for therapeu-
tic use. Three pharmaceuticals of rhEPO are available for clinical
use. They are classified as EPO alpha, EPO beta, and EPO omega

25 according to the manufacturing method. EPO alpha and beta are
both produced in CHO cells, whereas EPO omega is produced in
BHK cells.
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crepancies between human serum EPO and recombinant human
15 EPO in respect to the glycan structures.

It is desirable to have a compound available with greater potency
than the recombinant human EPO. An advantage to such a com-
pound would be that it could be administered in some patients, or at
least in one particular patient less frequently and/or at a lower dose.
20  ltis also desirable to have a compound available which represents a
glycoform profile which is close or identical to the profile of EPO
naturally occurring and/or produced in an animal or human body. An
advantage to such a compound would be to prevent unwanted side
effects connected with recombinant or foreign EPO or to prevent the
25  detection of its presence in the body or in blood samples, in particu-
lar of some patients, or at least of one particular patient. It is also
desirable to have a compound available wherein the negative side

effects of its application, for example, red cell aplasia, death of ath-
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particular patient. In particular, it is desirable to

SRS PRGOS bl SR Mpiabe which o
[ wptayvpluiarmacokineptic groperties which are similar or even improved

in some patients, or at least in one particular patient and/or under at

15  least one particular condition to the current pharmaceutical products
and formulations of recombinant human EPO in respect to absorp-

tion, serum half-life and serum concentration levels. It is also desir-

able to have a compound available which presents less intense dis-
comfort or no discomfort at all to the human or animal patient upon

20 administration and/or exhibit much shorter duration of discomfort or
no discomfort at the injection side. It is further desirable to have a
molecule available which elicits no or a diminished immune response

in comparison to currently available EPO upon administration in the

human or animal body.

25  Accordingly, the problem underlying the present invention essentially
is providing a novel production system for EPO and a novel EPO

which most closely resembles the glycoform profile of naturally oc-
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15 duction in a second cell or tissue, and

(i) atleast one second cell or tissue capable of producing EPO;

(b) cuituring the first cell or tissue (i) and the second cell or tissue (i)

in an in vitro system under conditions and for a time suitable to ex-

press, produce and secrete EPO into the culture medium; and (c)

20  isolating the EPO produced from the culture medium. Preferably, the
EPO is a natural or modified EPO.

Within the context of the present invention the terms "Erythropoietin”
and "EPO" relate to a heterogenic population of different glycoforms
of Erythropoietin glycoproteins, a special subpopulation of selected

25  glycoforms of that glycoprotein, one individual EPO glycoform as well
as mixtures of at least two glycoforms.
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cated and fused EPO forms and EPO conjugates with further mole-

15  cules. The term "modified EPO" also refers to subpopulations of

EPO glycoforms, a single EPO variant or glycoform, and mixtures

thereof.

A further embodiment of the present invention is EPO, in particular

natural EPO, produced by the process according to the invention.

20 The present invention most advantageously provides EPO as a com-
pound with greater potency than the recombinant human EPO, in
particular for some patients and at least for one or more specific pa-
tients. The EPO according to the invention can advantageously be
administered less frequently and/or at a lower dose, in particular for

25 some patients and at least for one or more specific patients. The
EPO according to the invention most advantageously represents a'

glycoform profile which is close or identical to the profile of EPO
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cl gentian prelents tre détgctiblg opite foréseride ;ﬁﬁﬁéaihdayaéﬁ ig bollood
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i ntessffezqurene doisirty schedule. The EPO according to the invention,
when administered at lower dose, increases and maintains hema-
tocrit at levels which are at least comparable to that of currently
available recombinant human EPO. The EPO according to the inven-
tion is at least as well tolerated as recombinant human EPO, and is
better tolerated in some patients and at least in one or more specific
patients.

The EPO according to the invention displays pharmacokinetic prop-
erties which are similar and/or improved over currently available
pharmaceutical products and formulations of recombinant human
EPO, in particular in respect to absorption, serum half-life, and se-
rum concentration levels, in particular in some patients and at least
in one or more specific patients. The EPO according to the invention
further presents less intense discomfort or no discomfort at all to the
human or animal patient upon administration and/or exhibits much

shorter duration of discomfort or no discomfort at all at the injection
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conventional doping controls. The EPO according to the
invention is a nore potent therapeutic for the

permts a |less frequent dogdng schedul e. The EPO
according to the invention, when adm ni stered at | ower
dose, increases and maintains hema tocrit at levels
whi ch are at | east conparable to that of currently
avai | abl e reconbi nant human EPO. The EPO according to
the inven tion is at least as well tolerated as
reconbi nant human EPO, and is better tolerated in sone
pasiteninspartidular ih sasgte patiemte and ableast reonki ar more spe-
patjents. The EPO according to the invention displays
phﬁﬁf'ﬁ'xi’@i'ﬁf‘%ti c properties which are sinilar and/or

i nproved over currently avail abl e pharmaceuti cal

pr a atj o . e 1N
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patients and at |l east in one or nore specific
paimieigtrationtia thbumean caianimabbedy iNnREEYISH I $PMRePa-
pr t ' [ o [ r

o1 FBE' dnc SFasEFBAE o RGRE G oo, RE ROnElpatEnts
antheo ER€X lackbtdingnio the Hoverdionddoas inoh editit dinyciomhaoneé rer
no disconfort at all at the injectionsite, in

pafPPRsf atall-n sonme patients and at least in one or
nore spe cific patients. The EPO according to the

i nyent | LCi I gyni sk [

r UF 8RR sifladisht i B et LB Bfauated to
adrduicet thet preduttiort o HEROEHN the seabndlcadostytissue (ii). Pref-
particular in sone Ea tients and at | east in on

moptably dBeringugkan ehihe ProAUEHRB QfAEPBnisthe second cell or

tissue (ii) is mediated or mainly mediated by a soluble or diffusible

factor released by the first cell or tissue (i).

According to the present invention the first cell or tissue is capable of
producing EPO and/or capable of producing at least one diffusible
signal stimulating and/or conferring the ability to other cells different
from that cell to produce EPO. In one primary aspect of the present
invention a first cell or tissue is inducible to express, produce and/or
secrete at least one soluble factor and is capable of inducing or
stimulating in second cell or tissue the expression, production and/or
secretion of EPO into a medium, the first cell or tissue is also re-
ferred to as “EPO inducing”. According to the present invention, the
second cell or tissue is capable of expressing, producing and/or se-
creting EPO into a medium upon stimulation by at least one soluble
factor expressed, produced and/or secreted by the first cell or tissue,
the second cell or tissue is also referred to as “EPO producing”.

Preferably, the first cell or tissue is induced by physical or chemical



t he EPO according to the invention does not elicit any
i mmune re sponse at all. In a preferred enbodi nent the
wo 200sn638ed | or tissue (i) is stinulated to i ndeCEIR2h@/004247

production of EPOin the satond cell or tissue (ii).
Pref erably, the induction of the production of EPO in
the second cell or tissue (ii) is nediated or mainly
nmedi ated by a soluble or diffusible factor rel eased by
the first cell or tissue (i). According to the present
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di fimsidiion, & padicukribyubat oxygean(@-p padtiah pezssiung, hyhelec-
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ti ssue according to their abI|ItY to produce, upon
st may aryder, each individual cell type selected as the EPO producing

second cell or tissue, but may be chosen according to standard pro-

15  ceedings.

According to the present invention the at least one EPO inducing first
cell or tissue preferably is a mammalian cell particularly derived from
renal tissue including endothelial and epithelial cells, in particular
tubule cells, renal progenitor cells as well as cells which and exhibit
20 at least one characteristic of a renal cell, in particular, the capability
of producing and secreting EPO and/or at least one soluble signal
mediating or stimulating the production and secretion of EPO from
cells. Preferably, the cells are derived from kidney, liver, blood in-
cluding lymphocytes and erythrocytes, or bone marrow, or from pro-
25 genitor cells thereof. In another preferred embodiment the at least
one EPO inducing first cell or tissue is an omnipotent stem cell or a
pluripotent embryonic stem cell, preferably with at least one charac-

teristic of a renal cell, in particular the ability to express, produce and



a high amount EPO stinul ating signal and/or to confer
hi gh rate of EPO to the EPO producing second cell or

WO e@se3sonccording to the invention cells or tPCHIBR0GY®4247
preferably selected as thelEPO produc ing second cel
or tissue according to their ability to produce a high
anount of EPO, preferably independent or nostly
i ndependent of culture conditions. Alternatively or in
conbi nation the EPO produci ng second cell or tissue
are preferably cul tured under conditions bring ing
about a hj production rate of EPO O course, these
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bl umseisecorm bdsmd/gnﬁwwtﬁpiem erythrocytes, or bone
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preferred enbodi ment the at |east one EPO inducing
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P 41985 B B SR bhg SESLEBRF Syt et

one ar ac

pacbmplnilses dohelsablf lor iy sélecRXPfrefa sREBHY @RIIaPss awhEien
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&

Flbﬁo?eé't pecis diffsrerd frometiner sepand pelbdene.tlor anether
t hBF&@Fred embodiment the second cell or tissue (i) is of one cell type

15 or of different cell types.

In preferred embodiments of the present invention the first cell or
tissue (i) and/or the second cell or tissue (ii) are selected from the
group consisting of cells, in particular primary cells or cultured pri-
mary cells, derived from kidney, liver, blood cells including lympho-
20  cytes, and erythrocytes, bone marrow and/or haematopoietic cells of
the human or animal body and/or progenitor cells thereof, or immor-
talised mammalian cell lines including CHO, BHK, LLC-PK1, COS
and human cell lines, and mixtures and/or co-cultures of at least two
cell types, cell lines or tissues. In preferred embodiments the first cell
25 (i) and/or the second cell or tissue (ii) originate from or are taken
from a non-immortalised, non-modified cell culture or tissue, prefera-

bly primary cells. Preferably, the first cell or tissue (i) and/or the sec-



According to another preferred enbodi ment the first
cell or tissue (i) and the second cell or tissue (ii)
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first cell or tissue (i) ondginates froma first host
and/or first species and the second cell or tissue
(ii) conprises or consists of cells originating froma
second host and/or second spe cies, and wherein the
first host and/or first species is different fromthe
second host and/or second species. According to yet
anot her preferred enbodinent the first cell or tissue
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Ui $7418n S SSfm is used according to the invention to produce

autologous EPO by autologous cells derived from organs of the

same donor which will receive the EPO produced.

15  Alternatively, the cell is derived from cross-species tissue, e.g. from
mouse, rat, rabbit, horse, bird, cat, dog, camel, simian or human.
Preferably, the cell is derived from cross-species tissue, e.g. from

mouse, rat, rabbit, horse, bird, cat, dog, camel, simian or human.

According to the invention cells may form three-dimensional aggre-
20 gates. Preferably, the in vitro system is an artificial organ or an or-
ganotypic culture of such cells, in particular of kidney, liver or bone

marrow.

In preferred embodiments either the first cell or tissue (i) or the sec-
ond cell or tissue (ii) or both comprise at least one recombinant cell,

25  preferably consist of recombinant cells. Preferably, the cell or tissue
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tissue (i) and/or the second cell or tissue (ii)

canel nouse, rat, rabbit, Bi#rd, and sim an. Most
preferably, the first cell or tissue (i) and/or the
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same body receiving the EPO produced by the cell or
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fi ogygeretdspehsivesiéifent.) or the sec ond cell or tissue
(ii) or both conprise at |east one reconbi nant cell,

In one preferred embodiment of the present invention the culturing of
the first cell or tissue (i) and the second cell or tissue (i) takes place
in a shared cell culture compartment of the in vitro system. Prefera-
bly, first cell or tissue and second cell or tissue are co-cultured. Ac-
cording to a preferred embodiment the first cell or tissue (i) is identi-

cal to the second cell or tissue (ii).

In another preferred embodiment the culturing of the first cell or tis-
sue (i) and the second cell or tissue (i) takes place in at least two
separate cell culture compartments of the in vitro system, wherein in
a first compartment the first cell or tissue (i) is cultured and the sec-

ond cell or tissue (ii) is cultured in at least one other compartment.

The present invention further includes a process to produce EPO in
high purity and high quantity, a subpopulation of EPO glycoforms, an
individual EPO glycoform, or a mixture of at least two EPO glyco-
forms, comprising the steps of (a) to (c) and (d) at least one further

hor sePCTITRR)04/004247
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preferably consist of reconbinant cells. Preferably,
the cell or tissuehas been transforned with at | east

derivates thereof. In a praferred enbodi nent the
reconbinant cell is transforned with at |east one
reconbi nant nucl ei ¢ acid nol ecul e encodi ng EPO or .
derivates thereof. Preferably, the recombinant nucleic
acid nol ecul e codes for EPOw th a glycoformprofile
typi cal for human, horse, bird, dog, or canel,

CHRERLAUE) Hr e e B oS Ea e gt anc e
comuFifitatidn ¥ ib&1@H6N ¥iép RP P eééelé&gé Horh os%tqogpase

control elenment. Preferably, expressi on ¢
el &, | EPAE, oxfgf@wncraf&rmtmwhr@mmgmnhy, | imanmoaffinity-

f th t tion the
PPl oro PRl Sr R uling haoBetE ks Fayomaadraton ex-
secharge QiHromlatdgréﬁhlﬁ‘ byd rb]phébi%ﬁy RIR&Hatdy ngﬁy,aﬁﬁﬂoxyl

cell culture conpartnment of the 1n vitro's
Pr apatishyomataasaphye| dYQ)rafflnlé)smrQthaphyt teettin ovatrix

di
enbadedidh, Ebk IR MagfitiiEati Soflfiraisit: sating
t oouh @reeipitativre @ith aprmohisn eulfhie) lsdéllecﬂﬂ@?&ﬁfssmg, aln
preferred. enbodi nent the culturing of the first ce

or cembingtion thereefy In 1 psefesied embiodinent ﬁ‘@eu(lflmz)tlon or
talé%?at@na%g ('811) thl gﬁﬁf)mtapg SSé}flﬁl&fc&ﬁ)l ﬁ%ﬁrs} ya anion

corrpartment e 1 n vl

f i exchangepehromatogtapdyf andtget ditation. i %Sp(#éffﬂréd lefnbodi-
or tissue (il

d cell
curiet She feplation skt (lackins imevsamaHinNBbIntingon parti-
r c
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CHO cell-derived rhEPO. Preferably, the isolation step (c) further
includes immunomagnetic purification with hEPO-specific magnetic
beads. In a preferred embodiment the further purification or isolation
step (d) is a combination of affinity chromatography, anion exchange
chromatography, and gel filtration.

The present invention further includes EPO producible or produced
by the process according to the invention. In a preferred embodiment
the EPO comprises a subpopulation of glycoforms or variants or con-
sists thereof. In another preferred embodiment the EPO comprises

one individual glycoform or EPO variant or consists thereof.

Preferably, the EPO according to the invention is substantially free or
free of human or animal blood products such as serum albumin in-
cluding human serum albumin, equine serum albumin, and avian

serum albumin.
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exCMRIfge CiMbimta goaplgpte DfdEBE, WheteiRtERQ. isTkBvalently
r ' ' further incl Lfdes EPO produci bl e or
-Br gﬁﬁéﬁey %@ELHQ/?%}GO@&%' YLWNASYSt 0 the invention. In
a preferred enmbodi nent the EPO conpri tses a con sists
' i | an .
her cor o SEEUIERt MEEED LBl e denton s
Coh-wpeprgwosylated analogue of the EPO produced or producible ac-

cording to the invention.

In a preferred embodiment the EPO according to the invention is
producible or produced by further processing EPO according to any
known method such as to modify to reduce immunogenicity of EPO
and/or to diminish or prevent adverse effects of an immune response
of the human or animal body upon administration of EPO.

Another embodiment of the present invention is a pharmaceutical
composition comprising EPO according to the invention together with
one or more pharmaceutically acceptable excipients. In a preferred
embodiment the pharmaceutically acceptable excipient is selected
from the group consisting of inorganic salts, pH buffers, amino acids,
polyols, diluents, solvents, carriers, stabilisers, solubilisers, emulsifi-

ers, preservatives, non-ionic detergents, surfactants, tonicity agents,



one individual glycoformor EPO variant or consists
thereof. Preferably, the EPO according to the
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ani mal bl ood products suchlas serum al bumin in cluding
human serum al bum n, equi ne serum al bum n, and avi an
serum al bum n. In preferred enbodi ments the EPO
according to the invention is hu man EPO derived from
human cells or tissue, or equine EPO canine EPO and

avi an EPO derived from equi ne, canine, or avian cells
preferred

' tively. | further : l
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huma r aninal body upon adm nistration of L
poPyo?s, antioxidants, ~ vitamins, trace elements, iron, anti-tumor
agents, antineoplastic agents, antiproliferative agents, cytostatica,
anti-apoptotic agents, toxines, enyzmes, diagnostic imaging or con-
15 trast agents, dyes, antibacterial agents, antifungal agents, antiviral
agents, cytostatics, immunosuppressive agents, analgesic agents,

hormones, anti-inflammatory agents, and haematopoietic agents.

In a preferred embodiment the pharmaceutical composition is an

aqueous formulation, a lyophilised or a spray dried formulation.

20  The present invention also concerns methods of treatment and the
use of EPO according to the invention for therapeutic and/or prophy-
lactic treatment of diseases curable with EPO. In particular methods
of treatment and the use of EPO for the therapeutic and/or prophy-
lactic treatment of: (a) diseases in connection with anaemia, includ-

25  ing nephrogenic anaemia such as CRF related anaemia: (b) anae-
mia secondary to treatment with anti-viral drugs, anti-proliferative

drugs, anti tumor agents, antineoplastic agents, and immunosup-
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antiproliferative agents, cytostatica, anti -apoptotic
agents, toxines, enyzmes, diagnostic inmaging or

Bresggb inventidpealso avhcbaR! AidRbIABE Heitment and the
coﬂihea D e\ﬁé 4 ntjiviral agents, cytostatics,
ing
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tocrit values in an animal or human body.

The present invention also concerns methods of treatment and the
use of EPO according to the invention for preventing and treating
ischemic acute renal failure, cardiac failure, congestive heart failure,
endothelial injury such as inflammation, diseases of the central nerv-
ous system, diseases of the peripheral nervous system, and harmful
cell apoptosis or necrosis such as in renal tubular cells myocardial
cells, muscle cells, liver cells, bone marrow, and in central nervous
tissue such neuronal death in an animal or human body.

The present invention also concerns methods of treatment and the
use of EPO according to the invention for inducing, stimulating
and/or supporting the formation of new blood vessels, neovasculari-

sation, angiogenesis, vasoproliferative processes, neuroprotection,



aqueous formul ation, a |lyophilised or a spray dried
formul ati on. The present invention also concerns

woredohoesonf treat ment and the use of EPO accorBOCTIB200H/004247

the invention for therapeuttyc and/ or prophy lactic
treatnment of diseases curable wwth EPO In particul ar
nmet hods of treatnent and the use of EPO for the

t herapeutic and/or prophy lactic treatnment of: (a)

di seases in connection with anaem a, including
nephrogeni c anaem a such as CRF rel ated anaem a; (b)
anae m a secondary to treatnment with anti-viral drugs,
anmltw%mmbﬁe@n% cgH upetiliturand wowbd hegdingsn an animal or
anti AeOp gﬂl c agents, and inmunosuppressive agents;
(c) anaem a ‘'secondary to treatnment of HV infec tion,
(d) anaem a secondary to chenot herapeutic or radiation
r e@henﬁrré%ehf‘m\}é@l'tlﬁﬁ éi@@%h@@r‘h%%eﬂﬁ%é’ 8ftrabintn Qr‘?& A
in connection with cancer such as mnyel osuppressiV

t hesaey ERQ agaprdingitathennvéntion as almmangent s

i ncl udi ng TNF and cisplatin; (e) anaem a associ ated

Lg rhe idarthritis, prematury, excessive bl ood
5|0 err%

10

15

20

igplRdigiens tha neetbed | ofaiseeand thedise AREPEN
' BOMRITRBE Ahi fep bBH st Bp P! & HAaBEM Gy Wihrop

Acost di seas easeés in con nec
ac phglaohcaﬂyr effeativie sddsaiine plartjcmlieyr inffotrneofry phardacwatical

k t | Th t
© nSRTPRs iR Sirocdfodp B armine: direlaralbmERO whadmiais-
US%r@H |E%Odé§é3 flofth 19 11Ot 6o lodve, 'rﬁ’ﬁfefr%lgifm?ﬁ BHY to

erlg eral oxy genation, inproving physi
pe?ﬂ @ rikhde, afmefaerChNan@ntpEE’QJngmiahmast&redagoasdd}sleooﬂ

|nt |n|n i ncreasi ng hematocrit
a %ewfbnzgw&%pﬁﬁ P{JYFE[ htbody The present

i nvention al so concer ns nmet hods of treatnent and the
The present invention also concerns methods of use and the use of

EPO, wherein EPO is produced by at least one autologous cell or
autologous tissue from an animal or human body, in particular cul-
tured autologous cells derived from the same body, and EPO is ad-
ministered to the same body.

The present invention also concerns the use of EPO according to the
invention for the preparation of a medicament or a pharmaceutical

preparation for the treatment or use according to the invention.

In another aspect of the invention an in vitro cell culture or in vitro
tissue culture system usable within the context of the process for the
production of EPO according to the invention is concerned. Prefera-
bly, the in vitro cell culture or in vitro tissue culture system is used to

produce EPO according to the invention.
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use of EPO according to the invention for preventing
and treating i schemc acute renal failure, cardiac

such as inflammati on, diseases of the central nervous
system di seases of the peripheral nervous system and
harnful cell apoptosis or necrosis such as in rena
tubul ar cells myocardial cells, muscle cells, liver
cells, bone marrow, and in central nervous tissue such
neuronal death in an animal or human body. The present
i nvention al so concerns nethods of treatnent and the
usén af preRred epnishdigent thdrdén ivitue sy stem i bpbrahle iangpper-

stimu] ati ng and/ or su rt| the formation
o BB (ot Condndoieh e T arethe oareraIres GouRiment the in
VaéfPrBf gs%étéﬁ{ Al bM@rﬂW é’%‘? ateﬂew QRfde%thr}nHaé OR{ an-

proli ation, ce y, and wound healing in an
anothedr mefdnmthenﬂwdyneﬁhthepmessﬁntsystamns ioperable or oper-

cBBRHImE RIS MEeadn YohargH Prefered smbod-
Pr &t rtﬁéi e VRAL 8B fsheherablaOsk Sperafddd ANE Baiéh-Wige Bp-
EPO conprises the step of adm nistering EPOin a

t heratipounpdal |y or prophylactically effective dose, in
parti cular in formof a pharnmaceutical conposition
ordin to thgpl nven Pr ef erabl EPO i s adm.nis

rea Hfﬁ ﬂw?ﬁritdh? U} Vtsml%t%md pellriuEe spstem
f r P U¥Pe Oc@}RPQ in%némea g%@réar&ﬁba&maﬂtthgpﬁ)mﬁo

adm ni s ere in a dose U to 2000 U per
bodystemi igha cemrmlltpr@sgstem foresupiponted| cLiture iveth the cell or

met{.hods of use .and the use of mhere EPQ i

or bR 6Ly e5EefE atatiind 6. foleasb he BHRO DA,
ti gsige froman animal or human body, in particular
cul tured

Preferably, the in vitro system is operated in the context of the inven-
tion for autologous EPO transfer, wherein the in vitro system com-
prises autologous cells and/or tissue or consisting solely thereof, i.e.,
cell or tissue come from the individual patient to be treated. In an-
other preferred embodiment the in vitro system is operated in the
context of the invention for heterologous EPO transfer, wherein the
in vitro system comprises mainly heterologous cells and/or tissue,
i.e., cell or tissue originate from an individual belonging to the same
species as the patient to be treated. In yet another preferred em-
bodiment the in vitro system is operated in the context of the inven-
tion for cross-species EPO transfer, wherein the in vitro system
comprises mainly cross-species cells and/or tissue, i.e., cell or tissue
originate from an individual belonging to a species different to the

species of the patient to be treated.

endot hel i abCT/I§2004/004247
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aut ol ogous cells derived fromthe sane body, and EPO
is ad mnistered to the sane body. The present

the invention for the prepatation of a nedicanment or a
phar maceuti cal preparation for the treatnment or use
according to the invention. In another aspect of the
invention an in vitro cell culture or in vitro tissue
culture systemusable within the context of the
process for the production of EPO according to the
invention is concerned. Prefera bly, the in vitro cel

culrd dippefdirddembbtnéntsthedn vittd systesycdmphises atsledst one
produce EPO accordi n% to the inventjon.In a preferred
tlf

enBURRORt for firsd Gells \arttissuss anshseconsh eeliy Pk tispuesepne or
atﬂﬁ%&br&eﬂ cu Fé E&ﬂélﬁ{‘tﬂﬁ‘?ﬁs ah8 LORMNE ™ é’c{)ﬁrfner red

ment e I'n ro systemis operable or operated
in a contlnuous node. In an other preferred enbodi nent

t heh bimdid prefexed eimbsdigRart e SugvoroBEtHY ROVitrd system is
sem -conti nuous node. In yet another preferred enbodi

rreﬁ@nmmted nharderssytsatdaasisons sidghioeons obprratcel guituse
SR SRR el TP AL ¥ s BRRE A

SU@DI@UW%I raadituh t preferably lRfudd banurprméeruhe@remmmm cell
the in vitro systemis a cell culture system for

s uBbBﬁ%'S&ﬂrﬂ@'ﬂéd\m ablqast wa el sptyrecapartinenise
be| ng attached to at |east on support, matrix or scaf

d er t he vi.tro ste erated in
i e b rmbRadfe ot e 68 Bl 5t By BT Bhdtmiehes
t r aﬂ§§6|5ara\fé‘@fr©hﬂeébl¢ ottierbyl & Basiist WNiEHP MPibiseSell migra-
aut ol ogous cells and/or tissue or consisti ng solely
t htipadfomijong compartment to another compartment, but allows the
migration or diffusion of molecules from at least one compartment to

another compartment.

In a preferred embodiment the culture medium which preferably con-
tains serum or is serum-free is supplied to the at least one cell cul-
ture compartment which preferably has at least one inflow and/or at

least one outflow openings.

In a preferred embodiment the in vitro system includes one or more
gas compartments preferably suppliable with a gas or gas mixture.
Preferably, at least one gas compartment the gas compartment is
connected with, is corresponding with or borders to at least one of
said cell culture compartments, such that at least one gas diffuses
across the connection or border between the gas compartment and
the cell culture compartment. In another preferred variant the gas
compartment is connected with, is corresponding with or borders to
at least one culture medium supplied to at least one of said cell cul-

ture compartments.



cell or tissue conme fromthe individual patient to be

treated. In an other preferred enbodinent the in vitro
wGeywsemsds operated in the context of the inventT/IBR0640004247

het er ol ogous EPO transfer, 2dherein the in vitro system

conprises mainly heterol ogous cells and/or tissue,

i.e., cell or tissue originate froman individua

bel onging to the same species as the patient to be

treated. In yet another preferred em bodinent the in

vitro systemis operated in the context of the inven

tion for cross-species EPO transfer, wherein the in

Vi Il @ prefdresd emmpdiraest thei atl Izast orss csibenite® csthpartment
and/or tissue, i.e., cell or tissue originate from an
i ngPRafaculiereo mpdigm: differeryelip@s cHityreeMagium opresent in
S E%ﬁéﬁ'l%r%fellt PR ChbR{Harinfe e ahbif S difdteft p?ér‘ﬁgfeé{ees‘gure
empodi nent” the 1 h vitro system conprises at |eaSt one
suppat tledstrorie Igak ipetdormparisdn $s wtlerdcalk calturecedbparty
ti ssues, one or nore cell culture conpartnents and a
5 cuM&e nedium In a nore preferred enbodi nent the

support of the in vitro systemis connected or borders

e ol appliRl e Sphdirfalt e dBb4 SEs sl East e
supakipresentvint thectlitude ensgidinof apleistrond yell cature com-

culture nmedium Preferably, the cell or tissue is
coReEMesy is diffarenkfiem theoparial Peegsie of dbisas: ineatether

In | aty | t

cuPPFURURE CEeEitie PRbreiolfy Jot BT wbiber Bbfure com
10 a partrients avdsapplicdhivith ts least bneidiffereht gas br gas anirture.

conpartnent to anot her conpartnent, but allows the

mgration or diffusion of nolecules fromat |east one

coffpar preferred embrstiment dpuituiing sten (b)ofpihefripeess ac-

ig??gd;iﬁ % tﬁgqn\%ﬂt}ow s %ﬁ&m%‘nﬁﬁr R &f)r?cfiﬂg‘grh %f reduced
partial pressure of oxygen prevailing in at least one cell culture com-
partment. Preferably, the condition of reduced partial pressure of

15 oxygen is prevailing in at least one cell culture compartment for an
interrupted period of time. In a preferred alternative the condition of
reduced partial pressure of oxygen is prevailing in at least one cell
culture compartment for a period of time sufficient to induce or in-
crease the production and/or release of EPO. Preferably, in both al-

20 ternatives, the partial pressure of oxygen is, at the same time, nor-

mal or increased in another compartment.

In a preferred embodiment the cells are cultured in monolayers. In
another preferred embodiment the cells the in vitro system is an arti-
ficial organ or an organotypic culture. In a preferred embodiment the
25  growth support is in form of a three dimensional matrix or scaffold, in
particular for an organoid or organotypic culture. In preferred em-

bodiments the support is in solid form, in particular fibrous or porous
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serumor is serumfree is supplied to the at | east one
cell cul ture conpartnent which preferably has at

In a preferred enbodi nent ke in vitro systemincl udes
one or nore gas conpartnents preferably suppliable
Wth a gas or gas m xture. Preferably, at |east one
gas conpartnment the gas conpartnment is connected wth,
is corresponding with or borders to at | east one of
said cell culture conpartnments, such that at |east one
gas diffuses across the connection or border between

t hfor&ﬁﬁw&@ﬂlﬁ@@{p@h@bs,&f&nﬁi}%d‘rehé fabitids)red i6 QB dbIMERtef-
In another preferred variant the gas conpartnent is

corrrRly.dhedrowth supRwt FRRIPHRES AGNITRROTOLS ISEUERIS, INdaxt
eﬂgalggﬁﬁ"@ﬁHégheomfgﬁ%gpgpppl ied to at | east one of

I
sai ure co nents.ln a preferred
enbodi nent the at |east one cell culture conpartnent

CONY HtRSr prefered ERModmeht! #ceBrovithoBuspdt L&o@ncfm@sum
[or a

present in another cell culture conpartnent an
di tbasieist opaeliagen, @miginste, cedtilose, peldydmxyalkasoate, pro-

copparison to _another,_cell culture co rt. I.n

ATy PR RF. BT it of HetalEd thereBcas
at Weflagk QpAthefis PoRARITE intlddiey CRTFE! evigBAlbodxadbn-
| east one cell culture compartment is different from
t heopalymess, prlvalycelic agid: pelyalkyene glysrbaramatie polyester-
cul n P [ Ve, 4: I A I
curbHPEERRTEd FBnpr 2SS, of ciftrenf iftefidl i
different gas or gas mxture. In a preferred

enjogi prefdrrd enfiddiBh8f fHeeprelsBht Hvehhien Rit gt orRCeul-

cording to the invention is performed under a
cotufiet mediurh cosaprisas pae taramofe @sewite fagtoory gytpkine se-

pr ?evc?ciecli ifrrclagn itrqe %trmlJpe %8rtﬂsig{i]r$g %?lgl‘ancLHJ)éﬁ{egm%%FBphage colony
stimulating factor (GM-CSF), IL-3, granulocyte colony stimulating
factor (G-CSF), transformin growth factor-p (TGF-B), platelet derived
growth factor (PGF), insulin like growth factor (IGF), acidic fibroblast
growth factor (aFGF), basic fibroblast growth factor (bFGF), epider-
mal growth factor (EGF), hepatocytic growth factor (HGF), keratocyte
growth factor (KGF), and neural growth factor (NGF). Preferably, par-
ticular the culture medium comprises GM-CSF, IL-3, and/or G-CSF.

In a preferred embodiment of the present invention the in vitro cell
culture system is a system as patented in US 6,329,195 B1, the dis-
closure content of which is fully incorporated herein by reference as
one preferred embodiment. In particular the structure, principle and
design of the disclosed system as depicted, for example, in figures 1

to 5 and as explained in claims 2 to § of said patent.

In particular, this in vitro system consists of at least two major sepa-

rate parts, namely at least one, preferably two, preferably cylindrical,



partment. Preferably, the condition of reduced parti al
pressure of oxygen is prevailing in at |east one cell
waeosesozonpart nent for an i nterrupted peri odPOFf/TE200004247
In a preferred alternative2the condition of reduced
partial pressure of oxygen is prevailing in at |east
one cell culture conpartnent for a period of tine
sufficient to induce or in crease the production
and/ or release of EPO Preferably, in both
alternatives, the partial pressure of oxygen is, at
the sane tine, nor mal or increased in another
copphicuert compaanmrlef eamgeng exribeatt revet suppeort @rl cellarar a

SR bO CBUGRd HE BRind vy ey detiwieh of st Sng pell qyiture

e'ngr\oegilur?ir 30 27 praferab§PANnIRES), %Btdbrnﬁapar’trﬂeﬁt Bﬂcﬁ{nﬁbrfﬁg

ment the grovvth support 1§ 1n form of
di permanaraﬂ sumly iok respixdanfyf gases. iim apaote prefarrefl @mbedi-

5 podtor e SN HARS boPbactam Hofmrdhst Soetfict fasioned
f I E{/lm&ncgl pfé@éoérfﬁf 9’( @alsﬂ@hé@rewsﬁ%mﬁ thécgﬁtaﬁth BOHSBIS

fabrics, or in gel form Pref erab he grow h

supptng azanged yathin wreterabtyr@amwr tut,q dh@ cwllnd@@al piece

o 5 o it AR b

COfrﬁbSdéH afitued lcbagrimmentgurate complnbéé oRtls WhICh are sup-

ﬁhé/droxyal kanoat e, pro teoglycans, q
10 gep ed with ph leasirene injet a@id.aﬁal@aﬁtegn?r@r t%ffor 8!l \gulture
e [
e cryﬁﬁﬁoﬁ@'ﬁ?rg)@aﬁgﬁ%%éoé}%ne%ﬁépgng r% outlet is arranged on
ggby)ﬂi sidesnef gig/godw?tr 3u?por¢ vﬂnbryestaerangw wlt’emstheanelll
or a conposite o [ erent nateri al her eof
e e RPBBS ndha Rselarie Brbogenhase ibr 2ad ot

| eqgs, AR® Ggélthfeﬁ HE dhelIuFO BRiahABR, AdfnHseT8EMi-gIreURP

factor or cytokine se
15  openings directed towards the inside of the cell culture compartment
in such a way that the fluid compartments formed on both sides of

the support are well mixed mainly due to turbular fluid movement.

In a preferred embodiment at least one of the cell culture compart-
ments comprises at least one hole or opening, in particular two
20 holes, forming a gas channel which is a connection to the at least
one gas compartment bordering to each cell culture compartment.
The gas compartment further comprises in- and outlets, in particular
in forms of vertical and horizontal bores, for the in- and out-flowing

gas phase.

25 In a preferred embodiment the cell culture compartment is provided
in the form of a hollow cylinder or cup which is closed on the open-
ings with a membrane which is gas permeable but impermeable to

liquids such as water. In a preferred embodiment the gas permeable
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| ected fromthe group consisting of granul ocyte -
macr ophage col ony stinulating factor (GWCSF), |L-3,

transformn growh factor-2p (TG- b), platelet
derived growth factor (PGF), insulin Iike growh
factor (1GF), acidic fibroblast growh factor (aFGF),
basic fibroblast growh factor (bFGF), epider nal
grow h factor (EG-F), hepatocytic growh factor (HGF),
keratocyte growth factor (KGF), and neural growth

f@%%eﬁrﬁnr%aﬁd%.asgﬁ&r?%%fan‘éawgﬁ%b@?ar{a“r%g%”atw £po pm
ﬁlrék%‘és§"b PN, tRE ridAbRIRSRTixelt¥&Nddsport §6d i dlg.

VltrO cel ré*ures stemi1 s asystemas patented |n
UShy nmslesamamm dng. Rrafetabdy,dbatgas compaimemt i in

full h f

or YIS GOETA AT ot o 1B ol By G qmay that

pr b@ﬁh&'\&\ta@ﬁugﬁ‘h' Qﬁd dqiliaios Ofopedgayes amtss medium
depicted, for exanple, 1n figures 1 to 5 and as

expedised thraugh dhensell cuBur epmpartmen asek the gas or gases

Copiere b e, 8h slrlirb e K EEREARRod. B 2 prterro

pr Eb@lh@tycélw\/@ultlﬂéeécﬁhpthﬁeW|ariddgb§ donyArtment &rer eon-
compartment, carrying at |east one support for

|
or nectefssugh thatha degeduveldments FRmeg within H’é’dcﬁﬁe Htﬁfe
'e ér‘ngaﬂf‘n himited By ﬁ’éHmr]ef&?h Butup & ebRiEent, the

rical, gas c rrpar OW N or per manent

sugrﬁthhcs‘uplpesmara}nmg ycettgaeetzssdej aa\dmbe@asr;mrme% mem-
enbodi nept. the cell cu ure coén]i ment co
51'?? ficu

sp@@”ﬁ ShIthe QRS CoAMETNERt regas é’ﬁ(ﬂ B[%egﬁm'
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prefe ed 1nto, thecylindrical piece
of ccbm}amﬂtallymﬂld parallebnpart ment, preferably by a
plastic nmounting ring. The cell culture conpartnent
further conprises walls which are su'w) i ed .
Although only preferred embodiments of the invention are specifically
described above and in the following examples, the embodiments
and examples are provided to more clearly illustrate the aspects of
the invention and are not intended to limit the scope of the present
invention. Further modifications and variations of the invention are

possible within the scope of invention.
Example 1: EPO production

In the following example an EPO according to the invention is pro-

duced by differentiated renal cells.
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with at | east one inlet and at | east one outlet for
cell culture medium wherein at | east one inlet and

support which is arranged wthin the cell culture
conpartnment. In a preferred enbodi nent these in- and
out lets, also designated as nedi um channels, conprise
sem -circul ar openings directed towards the inside of
the cell culture conpartnent in such a way that the
fluid conpartnents fornmed on both sides of the support
are well mxed mainly due to turbular fluid novenent.
I n Metpog$ erred enbodi nent at | east one of the cel
culture conpart nents conprises at |east one hole or
opening, in particular two holes, formng a gas
chzﬁﬂnmwmwhewenal celimavare rultueed hséatmallyem celheculfase

art nt borde each I

BPiaTER et Tiredac dni dng bnafitur of¢ el Susrp indused fo
angr@udeegpo_i n particular in fornms of vertical and
hori zontal bores, for the in- and out-flow ng gas
phase. In a preferred enbodi nent the cell culture
coap@etiroemure s provided in the formof a holl ow
cylinder or cup which is closed on the open ings with
a nenbrane which is gas perneabl e but inperneable to

| i GGiuine reximas twavlar . enlfrheaalpﬁ@HSe.(PEECébrb@@re.mateﬁeas
93%q R :W%Bﬁ@a? ﬁsf T\'I:VES ?%b@@efro lkﬂn%{yﬁ%l\/en

appr oxim kness éfera

rrerfi@hare@thamnééd(héatthy arﬁmalsoraorgcaldspmmenbwmam ipto
a clanping ring. Preferabl the gas conpartne is. in
i nBMadtIbEsANECPasiachthielg GISP”%I mes ﬂ%‘m'n'ﬁh

T
c uMithr eollagepasé¢ (€60 Wnd) ahé?@@a‘ooﬂ5gasesTubular cells were
isolated by centrifugation and grown in a 1:1 mixture of DMEM and
Ham’'s F12 medium supplemented with 10%FCS, hydrocortisone
(40 ng/ml), L-glutamine (2 mmol/l), benzyl penicillin (100 IU/ml), and
streptomycin (100 ug/ml). The cells were incubated at 37°C in 5%
CO; and 95% air. The cells were characterized microscopically and
immuno-histochemically to be of proximal tubular origin. The cell
were grown to confluence on Millicell HA filters (Millipore®) and
transferred to an Epiflow chamber (Felder et al., Cell Physiol. Bio-
chem. (2002) 12:153-162); US 6,329,195 B1) with a medium trans-

fusion rate of 3 ml/hour and an air delivery rate of 10 ml/min.
b) EPO induction

The oxygen concentration was decreased from 20% to 10% by an
increase of the nitrogen concentration. CO2 concentration was kept
constant at 5% for 20 min. The flow through was collected in frac-

tions of 0.5 ml, which corresponded to 10 min.

is arranged on both sides of the grOmIBR004/004247
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is formed within the cell e@ulture conpartnent linmted
by the walls of the cell culture conpartnent, the
grow h support carrying cells or tissue, and the gas
per neabl e mem brane of the gas conpartnent, the
circul ar gas perneabl e nem brane and the circul ar
growt h support being arranged preferably
concentrically and parallel. Al though only preferred

enppePBRELESAT the invention are specifically
descri bed above and in the foll owi ng exanples, the

enbodi nents and exanples are provided to nore clearly
i | Caosceatratiorhef asBec flswethravgh wase deteomirzadt byr annbkISA

intended.to Lipmt the scope of the present inventjon,
Fupehax (i oL EermTodRs ari agieBods Pr e niaHk e
ar hiReabRd e within the scope of invention. Exanple 1:
EPO production In the follow ng exanple an EPO
according to the invention is pro duced by

di Hesugtpti ated renal cells. Methods Primary equi ne
renal cells were cultured statically, the cell culture
apg{%[dat us was seeded and the apparatus the cells were
i nRedagtion opthsdoxygepreoncgptration inducegrsoduetianeof EPO.
proxi mal tubular epithelial cells (PTECs) were

isolated as _faollows. Equine renal cortical tissue was
ob%ﬂﬂ@gﬁéx gk&?ﬁ%@&'? taken from eut hani sed heal t hy
animals. Cortical specinens were cut into

In the following example the difference in structure between three

EPO forms, including EPO obtained according to example 1, is in-

vestigated.
Methods

EPO proteins were purified and the structure of the molecules was

investigated. 5 samples were analysed:

sample 1:  NESP in culture medium, no purification
sample 2:  NESP in culture medium, purification
sample 3: nEPO in culture medium, purification

sample 4. serum from a healthy donor
a) Preparation of Erythropoietin—specific magnetic beads

Magnetic polystyrene beads (Dynal®) were coated with a protein A
affinity-purified rabbit antibody against CHO cell-derived rhEPO

(R&D Systems Inc.) according to the manufacturer’s instructions.
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smal | cubes and passed through a series of nesh sieves
of di mnishing pore size. PTECs were collected on a 53

37C for 15 mn. Tubular cek8s were isol ated by
centrifugation and grown in a 1:1 m xture of DMEM and
Ham s F12 nmedi um suppl enented with 10%-CS,

hydrocorti sone (40 ng/m), L-glutamne (2 nmol/1),
benzyl penicillin (100 U mM), and streptonycin (100
ng/m ). The cells were incubated at 370C in 5% CO2 and
95% air. The cells were characterized m croscopically

anginding P il EPOctieiiecahtibodyecdited fbaaidewagipetfobukdrfor
origin. The cell were grown to confluence on MIlicell
HA4Bihauss at ambigntjemeefatraind transferred to an

Epi fl ow chanber (Felder et al., Cell Physiol. Biochem

(22‘2@1 12:153-162): LS %329, 1 95 B1) with a nedium
tr FULIOBIAGIGIE PYTSEI hour and an air delivery

rate of 10 m/mn. b) EPO induction The oxygen

o10) i : 0 0

naBaehleL L PRpUBfo BRTIAGSRE Serfileeerk tropfid WiinFBbiyetn-
coplzert glatolpRE@B0RE P12 S8hsitavdl. tt petiditate 2Bmuinoglobudi-
flow through was collegcted in frac tions o )

WhnEh o B bl mediamyad yeRperbidged at 3508 ¢ for
Co r at4 : f ¢ i n
o PRTRI, BEGR!idutallioh 'S PIEB0Y ool RidEnase tRad]
t hélumsaru E&D-tspecific magnetic beads (18@mg)twerradagbated with
tExhgr[%rés e:nplégg%z({:] Etragih{é)gca{p%%ﬂgegf %8 dggztacliso,naggro;?r%)'ately

6.5 pmol EPO was extracted and subjected to further analyses.

Subsequently, the beads were washed with phosphate buffered sa-
line (PBS; Invitrogen) containing Tween-20 (1% vol/vol), then with
0.5 mol/l NaCl, and finally with 0.15 mol/l NaCl. Serum EPO was
eluted from the beads by incubation with 1% sodium dodecyl sulfate
(SDS) in PBS at ambient temperature under vigorous shaking for
30 min. SDS was removed by dialysis against PBS and subsequently
human serum EPO was concentrated by ultrafiltration in Centri-

con-30 (Millipore).
¢) SDS-PAGE and immunoblotting

Subsequent to reducing SDS—polyacrylamide gel electrophoresis
(PAGE) in 12% gels (Xcell SureLock; Invitrogen), the proteins were
blotted onto poly-vinylidene difluoride membranes (0.2 mm; BioRad),
in a semidry blotting apparatus (Xcell SureLock®; Invitrogen). After
blotting, the membranes were blocked with 3% bovine serum albu-

min in PBS for 5 hours and were incubated with a biotinylated mono-



In the follow ng exanple the difference in structure
bet ween three EPO forns, including EPO obtained

wa@emeneisng to exanple 1, is investigated. Mt hpdBETHER/004247

proteins were purified and2¢he structure of the

nol ecul es was investigated. 5 sanples were anal ysed:
sanple 1: NESP in culture nedium no purification
sanple 2: NESP in culture nmedium purification sanple
3: nEPOin culture medium purification sanple 4:
serum from a heal thy donor a) Preparation of

Er ol < fic g . y net i

pol it P ERERD, SRy PR TR GVRAT A, FhiSonatase
proR&DN. A affinity-purified rabbit anti body agai nst
CHO cel | - derived rhEPO (R& Systens Inc.) according
to the manufacturer's instructions.Binding of all EPO
t o Raseltant i body- coat ed beads was perfornmed for 48
hours at anbient tenperature. b) | mmunomagnetic

pu 'ficgﬁion To reduce unsEecific bi ndi ng, the sanpl es

ayRliate @F bviuis yantitative differemcespeetid g detested),

>4, oo S 054 AT GRHRE GA g
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m nobeffeciethenEBbhsirocture.t Bampte AhhBEED) awhsadhple 4 (se-

magnet eads. n EPO specific mgneti

IR O ARt B o0, st | el S K, v
capgagiitaive lor ObiRAGSan RN YiffERb §ées Bofid BB HefeRfedBE-
extracted and subjected to further anal yses.
Subreguaampie 3 $eads were washed with phosphate

buffered sa line (PBS; I|nvitrogen) containing Tween-20
(1 then with

0

é)x\allr%lgllél gl EPO activity

The activity of NESP, nhEPO and serum EPO was compared. The
specific EPO activity was determined by determining EPO concentra-
tion and activity.

Methods
a) EPO ELISA

Concentration of EPO was determined by an ELISA assay (StemCell

Technologies Inc.), according to the manufacturer’s instructions.
b) Haematopoietic Colony Assay

The colony assays were set up by using human CD34 mononuclear
cells isolated from healthy donors using the macs® system (Miltenyi
Biotech). Approximately 1000 to 2000 cells were mixed with 1 ml of
methylcellulose culture medium containing FBS (Invitrogen),

0.4% DMSO, a mixture of growth factors containing granulocyte—



0.5 nol /1 NaCl, and finally with 0.15 nol/I NaCl.

Serum EPO was eluted fromthe beads by incubation with
wd 2osoeisom dodecyl sulfate (SDS) in PBS at anbP@niB2004/004247
t enperature under vigorous3shaking for 30 mn. SDS was
removed by dial ysis against PBS and subsequently human

serum EPO was concentrated by ultrafiltration in
Centricon- 30 (MIlipore). c) SDS-PAGE and

i mmunobl otti ng Subsequent to reduci ng SDS-

pol yacryl am de gel el ectrophoresis (PAGE) in 12% qgels

[y : ' . th '
bi SheeiaBhngs Sty SRyl HEnEct o) TErb R earapyios
eyl @By, stiriutifg Taetoy (&-CiSH) %@MV@ME%&R@%NESP,

SureLock(r); Invitrogen). After blotting, t '
me MR Drviaremb EG€Ke dfigir tmixgm, loe iswspensiom was piatadiin

PBS S resi ncubat ' opiotinylated

e S o ARG LA et 50 7B R LA
5 st rceptraliédliCOAlnvabafs. Ehabrdiaticiehyfdting BaRsECS U)aon-

gualitative or obvious quantitative differences could

bﬁ taipinsct &9 hramealabisusadl eells, sryeleidmsilenios (REMN-GM)mgn-
t ; LE iy QN i P .
st U 2 ey Bhy AR s " hild, Bo L Sivmolehege

m gnyeleidf cdisaverelmuntedhphelay Brdeésanpl e 2 (NESP). No
qual itative or obvious quantitative differences could
be detected be tween sanple 3 and 4. Exanple 3. EPO
actfeswty The activity of NESP, nhEPO and serum EPO was
conpared. The specific EPO activity was determ ned by

10 FC N b N, FERe Q06 fan nhEPO and serum EPO. No signifi-
cant difference was found between nhEPO and serum EPO.

Example 4. Recombinant EPO

In the following the production of recombinant EPO in a renal cell

culture system according to the invention is described.
15 Methods
a) Construction of EPO plasmid

For the following experiments EPO coding constructs based on ge-

nomic and cDNA sequences were prepared.
i) Genomic construct

20 Into the genomic construct identified below 3 copies of the oxygen
responsive element identified below as well were inserted into the

first intron.



tion and activity. Methods a) EPO ELI SA Concentration

of EPO was determ ned by an ELI SA assay (StentCel |
wdembneadseni es I nc.), according to the manuf actPCEIB2804/004247

i nstructions. b) Haenat opoideti c Col ony Assay The

col ony assays were set up by using human CD34

nmononucl ear cells isolated from heal thy donors using

the macs(r) system (M Itenyi Biotech). Approximtely

1000 to 2000 cells were mxed with 1 m of

met hyl cel | ul ose cul ture nmedi um cont ai ni ng FBS

(I'nvitrogen), 0.4% DVMSO, a m xture of growmh factors

contiipcDNAgcaristrusgtoCcyt emacr ophage col ony stinul ating

factor (GWCSF), IL-3 and granul o cyte col ony

stinmulating factor (G CSF) and test conpound (NESP,

nh EPtomr theemRNACRE@ntifiatt kelowi & ichiNA was plapased ibyncamven-

pl ated jn 35- ridded plates .(Nu nd incubat.ed, at
B cipabMeledR 3 toahe st R e ERATS et e
col epadohensus EPDigremotéring M dnatidréonstRt the CMV pro-
heenogl obi ni sed cells, nyeloid col onies (CFU con

§ ai meotgr wascclergd.dn an@thenasd of dive N cepsirustsithg oween

ery e o] el |'s re u 14-

o R R e e G iR, Hobd PeREs e on-
ser dagehels bp CiINg prémoteandthefEPOrsBENAaeqliencs

bet ween nhEPO and serum EPO. Exanpl e 4: Reconbi nant

EPO In the follow ng the production of reconbi nant EPO
i n di)M\ateriatseldedcul t ure system according to the

i nvention is described.

1) Homo sapiens EPO mRNA

10 LOCUS NM_000799 1342 bp mRNA linear PRI 06-OCT-2003
Accession NM_000799 (NM_000799.1 GI:4503588)

2) EPO genomic locus (Human erythropoietin gene, complete cds)

LOCUS HUMERPA 3602 bp DNA linear PRI 08-NOV-1994, Ac-
cession M11319 (M11319.1 GI:182197)

15 3) O, responsive element

Hinf | to Pvu Il (227 bp) from huEPO promoter
b) Transformation and cell culture

The constructs were transformed, primarily in a mammalian cell line
including CHO, BHK, and COS, by conventional methods. The trans-
20 formants were selected and diluted by conventional methods, and
then plated in the above described in vitro system in either high or

low oxygen pressure.



w@eoosnsdses and cDNA sequences were prepared.

10

Met hods a) Construction of EPO plasm d For the
foll ow ng experinments EPO codi ng constructs based on

construct Into the genom c3zonstruct identified bel ow
3 copies of the oxygen responsive elenent identified
bel ow as well were inserted into the first intron.ii)
cDNA constructs Fromthe nRNA identified bel ow a cDNA
was prepared by conven tional nethods. 5 to the coding
regi on of EPO in one construct the endogenous EPO
pr o r.and i n another construct the CW pronoter was
6ﬂgé INFUGHR her set of two cDNA constructs the
oxygen responsive elenment identified bel ow was cl oned

cDUIE Syl EhoEARSR Y dplieaRERPAf 2Bt IR an

EP@CI‘@% OSSN gePO0astehirtitioh p CO3NfordembratioRRlas kept
06- OCT- 2003 Accessi on. NM 000799 ( NM _000799. 1

G carsdaniel 5% faped g@w@rﬁf@ f'@wdgrqmﬂ/ﬁsewl@ﬁ%%m fraen

gg&&gﬁg@l @gg\’ﬁg c CeSSI odrwqgﬁﬁ%lgw%mdvggigr?)

3) Oresponsive element Hnf | to Pvu Il (227 bp) from
hugPerey errggr b) Transformation and cell culture

Concentration of EPO flow-through was determined by an ELISA
assay (StemCell Technologies), according to the manufacturer’s in-

structions.
Resulfs

The reduction of the oxygen concentration induces production of
EPO.

I ) PCBTE20040004247



The constructs were transfornmed, primarily in a
mamal i an cell line including CHO, BHK, and CGOS, by

wa@onseeasional net hods. The transformants wer e BEI/BRO@IA04247
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and diluted by conventionaB3net hods, and then plated
in the above described in vitro systemin either high
or | ow oxygen pressure.c) EPO induction The oxygen
concentration was decreased from20%to 10% by an

i ncrease of the nitrogen concentration. COQ2
concentration was kept constant at 5% for 20 mn. The
flow through was collected in fractions of 0.5 nm,

whi ch corresponded to 10 mn. d) EPO ELI SA
Coptsintg:-ati on of EPO fl owthrough was determ ned by an
ELTSA assay (StenCeII Technol ogi es), according to the
manufacturer's in structions. Results The reduction of

t he okygeprocess ént that preparatiduceisam eothripoistino{EPO) from
EPO. Clains: 1. A process for the preparati on of an
eryt hr oa&e@tqrmsesze@) apppyitre systemeFompeising the siers af:
vitro system conprising the steps of: (a) providing
(i) at |ede) poondingrst cell or tissue, capable of

i nduc ing EPO production in a second cell or tissue,
and (ii) at |efipt ahleastcmmfirstekll ootissus,seapabipabinduot
produci ng EPO ing EPO production in a second cell or tissue,

and

(ii) at least one second cell or tissue capable of

producing EPO;

(b) culturing the first cell or tissue (i) and the second cell or
tissue (ii) in an in vitro system under conditions and for
a time suitable to induce EPO production and to ex-
press, produce and secrete EPO into the culture me-

dium; and

(c) isolating the EPO produced from the culture medium.

2. A process according to claim 1 wherein the EPO is a natural
or modified EPO.

3. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) is stimulated to induce the

production of EPO in the second cell or tissue (ii).

4. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) is stimulated by physical

stimulation including electrical stimulation.
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(b) culturing the first cell or tissue (i) and the
second cell or tissue (ii) in an in vitro system under

production and to ex pressa4produce and secrete EPO
into the culture me dium and (c) isolating the EPO
produced fromthe culture nmedium 2. A process
according to claim1 wherein the EPOis a natural or
nodi fied EPO. 3. A process according to any one of the
precedi ng clains, wherein the first cell or tissue (i)
is stinmulated to i nduce the production of EPOin the
secortsl Aelproawsst mssoreing ity . ary ohepodcbes pemedirdj iping,
any one of the preceding clains,. wherein the first .
cel I or Weseifethe ﬁrq?sceglt PhiipstRd) by ﬂﬂ’?gliai%{f by chemical
sti mul attiydtioml HEIGEInG! APhdaGeh with Bl BBLOBNE: chemical
process according to any one of the precedi ng clal ns,
wher ei ncompoiuindst cell or tissue (i) is stinulated by
chem cal stimulation including stinulation with at

| east one chem cal compound. 6. A process according to
any dhePobrecasspaseerding tel anywnenweé rtbenpraseding slaims,

(co) partieltinbten it SoLE Gls AmT ERHRH, RAGIT R

one of gbﬁ (Oppadianpredsaigrs, wherein the induction of
the production of EPOin the second cell or tissue

(ii) is nmediated by a soluble or diffusible factor
rel eaked lpyodass beeodirgeltd amy taneswé the) preceding claims,

wherein the induction of the production of EPO in the second
cell or tissue (ii) is mediated by a soluble or diffusible factor

released by the first cell or tissue (i).

8. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) is stimulated to induce the

production of EPO in the second cell or tissue (ii).

9. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) is identical to the second cell

or tissue (ii).

10. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) and the second cell or tissue
(i) are selected from the same cell type, wherein the first cell
or tissue (i) originates from a first host and/or first species and
the second cell or tissue (ii) comprises or consists of cells
originating from a second host and/or second species, and
wherein the first host and/or first species is different from the

second host and/or second species.

atine suitable to i nduce BEPB2004/004247
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8. A process according to any one of the preceding
clains, wherein the first cell or tissue (i) is

second cell or tissue (ii)359. A process according to
any one of the preceding clains, wherein the first

cell or tissue (i) is identical to the second cell or
tissue (ii). 10. A process according to any one of the
preceding clains, wherein the first cell or tissue (i)
and the second cell or tissue (ii) are selected from
the sane cell type, wherein the first cell or tissue
(i) ori.ghrabessd rawbﬁdiiﬁg rtst ahpsdneamﬂ/the precedirepetdies,
and the second cell or tissue %} q rises or
consi st Whefeipdhesfirst cgll r?&ttfsﬁ‘ﬂef(i')o $e£'e 5nfﬂ°'ﬁ‘o§tf'r3t cell

d/
anci or f&ﬁé??ﬁd HE SkESnd %glﬂl / ﬂﬁéﬁ% r@)ﬁ %@H‘E’hgég cBAsikt of or

and/ or species IS € secon
and/ or geseladtesipieoines séd:ond\cplrl dyyees wizareor thenfirst «xeﬂrhy/pe
one of th erein the first cell or

rec d| n
tissue ﬁ‘;‘ﬁ S??Qﬂﬁ gé’YPypgt cell type and the

second cell or tlssue (||) conprises consist of or is

sel ecjed, froma second ¢ ein th f r

col | T4 HrBBkEs FEEBRing oy ab Eie B0 T8 Brdciyid s
A proceghepsinahei sttond adlyortissud (ihhe @r&féedélngjpe or of
cl ai ms, wherein the second cell or tissue (ii) is of

one cel Hiffeypet el typesli f ferent cel | types. 13. A
process according to any one of the preceding clains,
wherein the first cell or tissue (i) and/or the s Qond

cel | b AiRosgss @ocPrding ePRYLQNE 19f dRFt RESsdNg claims,
consi st {\par&h tAEFRS &l or tissue (i) and/or the second cell or tis-

sue (ii) are selected from the group consisting of organ cul-
tures, primary cells or cultured primary cells, derived from kid-
ney including kindney from an autologous donor, liver, blood
cells including lymphocytes, and erythrocytes, bone marrow
and/or haematopoietic cells of the human or animal body
and/or progenitor cells thereof, immortalised mammalian cell
lines including CHO, BHK, LLC-PK;, COS, and mixtures

and/or co-cultures of at least two cell types thereof.

14. A process according to any one of the preceding claims,
wherein the first cell or tissue (i) and/or the second cell or tis-
sue (ii) comprise at least one recombinant cell or consist

thereof.

15. A process according to claim 13 wherein the recombinant cell
is transformed with at least one recombinant nucleic acid

molecule encoding EPO or derivates thereof.
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tures, primary cells or cultured primary cells,
derived fromkid ney including kindney from an

| ynphocytes, and erythrocyBes, bone marrow and/ or
haemat opoi etic cells of the human or ani mal body

and/ or progenitor cells thereof, immortalised
manmal i an cell lines including CHO BHK, LLC PK 1,

COS, and mi xtures and/or co-cultures of at |east two
cell types thereof. 14. A process according to any one
of the preceding clains, wherein the first cell or

ti ssutb. (A precelsaacdonding o etaimcth whereihithe seeorabinant nu-

ComPE 25 o o SEE eEbeE oS0 e
the r ecm(%él%rth&?\'ah, hérg%?rg'?g{: ) g clntdl, %sg%%ﬁ\gérly.one

r econbi nucl ei ¢ acl € encodl hg
derivates thereof.16. A process according to claim 15

wher {7 A hfob&sOBBESRNg B HAifl 85361 96N RhEEIH the MiRfeic
for EPOwth a glycoformprofile typical for human,
hor se, Briddseqlsnceoencadirg the &ffeds ivndey control of at least

process according to,claiml r. 1 rein the

el o o oae e SeliteartutL BrRgh et FelBR e cer

control of at |east one pronoter and/or expression
contr I : - ' t [:

Coos Pt 4 HESERs, b ol AR 17 SRl el BB Hin
r esponsirobelehmantis anldkygén pespeasiveaclearalitng to any one
of the preceding clains, wherein in the in vitro
systemthe culturing the first cell or tis sue (i) and
t he sttohdproebss accordisgeto( any erxked thleaprededing claims,

wherein in the in vitro system the culturing the first cell or tis-
sue (i) and the second cell or tissue (i) takes place in a

shared cell culture compartment.

20. A process according to any one of the preceding claims,
wherein in the in vitro system the culturing of the first cell or
tissue (i) and the second cell or tissue (ii) takes place in at
least two separate cell culture compartments, wherein in a
first compartment the first cell or tissue (i) is cultured and the
second cell or tissue (ii) is cultured in at least one other com-

partment.

21. A process according to any one of the preceding claims,
wherein the in vitro system comprises at least one support for
first cells or tissue and/or second cells or tissue, one or more

cell culture compartments and a culture medium.



shared cell culture conpartnment. 20. A process
according to any one of the preceding clains, wherein
WO 005063800 vitro systemthe culturing of the frewiB2o@ldod247
or tissue (i) and the second cell or tissue (ii) takes
place in at |east two separate cell culture
conpartnents, wherein in a first conpartnent the first
cell or tissue (i) is cultured and the second cell or
tissue (ii) is cultured in at | east one other com
partnment. 21. A process according to any one of the
preceding clainms, wherein the in vitro system
conpr2xes pa‘océwsaccordangulopany dree dfi thet prleldingrclaims,
ti ssue and/ or second cells or tissue, one o% npre ce ée

cul t ur e SRR RESHPRORHA conBEFted ¥ Bdehabiashone si
processt@ﬁ@ég aetdre c%ﬂ'{pa‘i‘ﬁﬁeﬁ’tf t he precedi ng clains,

wherein t support is nnect ed or borders at | east
one side to the cell culture conmpartnent. 23. A

process @%EQQ@%&@rcﬁﬁy t@nﬁanoﬁéWQ)fpﬂh%CSFBdéﬂh %lam‘ﬁs
wherein the cell culturé conpartnent is sup

5with |iwheseiodhewsed ewtlirermonmartment @c@a@l@gtﬁ)wdhri@uudy
any one & t he recedlng clainms, wherein the culture
medi um &Y ll’rglrﬁg W umor is serumfree 25. A process
according to any one of the preceding clains, wherein

t he I n a

e B A HLEUE SRERARATENRRy e WAMELRAIATLENE
one conpdiergiathe caltarsoinediune coptainsreatum buois sruowireghe
mgra tion or diffusion of nolecules fromat |east one

conpart ment
25. A process according to any one of the preceding claims,

10 wherein the cell culture compartments are separated from
each other by a barrier, which inhibits cell migration from one
compartment to another compartment, but allows the migra-
tion or diffusion of molecules from at least one compartment

to another compartment.

15 26. A process according to any one of the preceding claims,
wherein the in vitro system includes at least one gas com-

partment which is suppliable with a gas or gas mixture.

27. A process according to any one of the preceding claims,
wherein the gas compartment is connected with, is corre-

20 sponding with or borders to at least one of said cell culture
compartments, such that at least one gas diffuses across the

connection or border between the gas compartment and the

cell culture compartment.

28. A process according to any one of the preceding claims,

25 wherein the gas compartment is connected with, is corre-
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to another conpartnment. 26. A process according to any
one of the preceding clains, wherein the in vitro

suppliable with a gas or ga&8 m xture. 27. A process
according to any one of the preceding clains, wherein
the gas conpartnent is connected with, is
corresponding with or borders to at | east one of said
cell culture conpartnents, such that at |east one gas
di ffuses across the connection or border between the
gas conpartnent and the cell culture conpartnent. 28.
A procespordingvitingr bordeny torad ledsttdre pulbwednadium sup-

s cor r BUBLIRPHEeR ofF of SHOTFUTEE bompaagethe

cu::ure nedlunlsuptpllgg tz at | east one of said cel
onpart nents Ry Ocess 0

one. A9 A PTBPERE ARGt theaRaie oh e Bl oBfis.

cel | culyherdinCiana cade dinedcdli ﬁ:ﬁﬂur%nbom%bhmeﬁntr@djlfﬂé?ent
and/or a different partial pressure of at |east one

gas is culture medium anskgraaidiberend parial sesewe ofcatl legsk

or cood RICCYa s OaRUPETAR Fifigafion 1§ Sule iy e

conpart ﬁ’@ﬁfpﬁrt&{@]tsupm ied with differ ent gas or gas

m xtures. 31. A process according to any one of the

preceding clains, wherein in step (b) the culturing is

per f @04l prodess aaccorctiuhg ttboanpfonecdficted peecedalg claims,
f

pressur svh%relgx tgl((eegsprfv%aclellll g\%tdrg c%tmpar?ments are supplied

with different gas or gas mixtures.

31. A process according to any one of the preceding claims,
wherein in step (b) the culturing is performed under a condi-
tion of reduced partial pressure of oxygen prevailing in at least

one cell culture compartment.

32. A process according to claim 28, wherein the condition of re-
duced partial pressure of oxygen is prevailing in at least one

cell culture compartment for an interrupted period of time.

33. A process according to claim 28, wherein the condition of re-
duced partial pressure of oxygen is prevailing in at least one
cell culture compartment for a period of time sufficient to in-

duce or increase the production and/or release of EPO.

34. A process according to claim 28, wherein the partial pressure

of oxygen is normal or increased in another compartment.

| east one gas com part nent PQUITB2004/(84247
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one cell culture conmpartnent. 32. A process according
to claim 28, wherein the condition of re duced parti al

culture conpartnment for an3¥nterrupted period of tine.
33. A process according to claim28, wherein the
condition of re duced partial pressure of oxygen is
prevailing in at |east one cell culture conpartnent
for a period of time sufficient to in duce or increase
t he production and/or rel ease of EPO. 34. A process
according to claim28, wherein the partial pressure of

OXYyge35. /s procesy actoldivey d¢asanly igneandttherpreceding claims,
conmpartnment . 35. A process _accordjn r% to any one of the

pr ecedi w@e&'aua%ﬁeaweew e MeHM FANRIFESUPRE BEdNBR
conpris ﬁ}vﬂﬂ%%g gtoqrn‘év‘ééleét@‘atfﬂfm%e é}l&%‘b&%lstmg of

sel ecte rom up consi sting of ocyte -

macr ophgwulmdyw-)mad:nowhbge|amg)rfyastimula(|ci94fa}$§) (GM-CSF),
ranul ocyte col ony stinul atin cto G— F

tgr ansf olLrT%'n %?@ﬁPEYt?aE@SPy %t'faﬁ*@ngbfac ] gé ¢§F) trans-

deri ved C |

factor ﬁ@\fgpa\&ﬁ‘dfa%@{[ggﬁ:a@ %lljértgvﬂ\?tth eﬁ%tgﬁ Mf for

basic f (R@-Eplmamlngllkaa/\gdmvﬂadactor((Imﬂz)acldapflumblamgromnh

v Bt AR, 15asic BIakigSt Sradnagios BN Rpider-
factor H&@F rowhtd fléé)fr @68y RpdesEytid brﬁnéthaﬂéi:t& @36F),

36. A process according to any one of precedi ng
cl ai s, keMatojte grlmwthefacﬁoral(léGFt)ll tamde sheural ngravthy éacior

37. A p S accor ne precedi ng
cl ai ns, %E?éprﬁ)w M§§%n¥ly§t 8H$ chgéﬁ: artificial
organ or an organo '

36. A process according to any one of the preceding claims,

wherein the cells are cultured in monolayers.

37. A process according to any one of the preceding claims,
wherein the in vitro system is an artificial organ or an organo-

typic culture.

38. A process according to any one of the preceding claims,
wherein the support is in form of a three-dimensional matrix or

scaffold.

39. A process according to any one of the preceding claims,
wherein the support comprises or consists of collagen, algi-
nate, cellulose, polyhydroxyalkanoate, proteoglycans, aga-
rose, gelatin, hyaluronan, or derivatives thereof, as well as
synthetic polymers including PTFE, vicryl-polydioxanon-

copolymers, polyglycolic acid, polyalkylene glycol-aromatic

| east PCEIR2004/004247
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typic culture. 38. A process according to any one of
the preceding clains, wherein the support is in form

process according to any ore of the preceding clains,
wherei n the support conprises or consists of coll agen,
al gi nate, cellulose, polyhydroxyal kanoat e,

prot eogl ycans, aga rose, gelatin, hyal uronan, or
derivatives thereof, as well as synthetic polyners

i ncl udi ng PTFE, vicryl -pol ydi oxanoncopol yners,

pol ygl ycolic acid, polyal kyl ene

gl ycol - polyssiarappbiyesdrsr acd H, yorer sompaaositd&f diffeaent ma-
conposi t e, of diffFrent ma terials thereof. 40. A
process DAY t 0 any one of the preceding clains,
wherein the support is in solid form in particular

fibro r porous formincluding sp es, foans .
por ou{bs'f'gﬂ?rgegs,s &ccpfﬁp@%ﬂof SWn(%Z? f?r\%\eppr&ggépg[ glaims,
pr oducewhBfeihthEisaPpBHlis tVsolrl forkD AP phaicdukt fibrol e} po-
gl ycofornms, an individual EPO glycoform or a mxture
of at | eeust farmoinekding yggn@ﬁa&rsﬂ%amﬁmqr@u&]@ahrw& of épgel
(a) to gochhaccordi ng to any one of the preceding
clains, " (d) at |east one further purification step
sel ected fromre versed phase HPLC, HPLC,

| muneal{ LRbdosscy hegrﬁg:'@fl%’hiéﬁ“&ﬁgﬁg{&%ﬁdhulation of

magn catl on and ani on™ exc

chr omat efpCGaglyeofdrpdy; @phintividuay EHO ghecofoms @ryg mixture of

at least two EPO glycoforms, comprising the steps:

(a) to (c) according to any one of the preceding claims,
and

(d) at least one further purification step selected from re-
versed phase HPLC, HPLC, immunoaffinity chromatogra-
phy, immunoaffinity magnetic beads, cation and anion ex-
change chromatography, hydrophobicity chromatography,
hydroxylapatit chromatography, dye affinity chromatogra-
phy, lectin matrix purification, dihydroxybromyl matrix puri-
fication, gel filtration, salting out, precipitation with ammo-
nium sulfate, isoelectric focussing, and a combination

thereof.

42. EPO produced by the process according to any one of claims
1 to 39.

43. EPO according to claim 42 comprising or consisting of a sub-

population of glycoforms.

matri x or scaffol d. 39PCBIB2004/004247
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hydroxy |l apatit chromatography, dye affinity
chromat ogra phy, lectin matrix purification,

salting out, precipitation4w th ammo nium sulfate,

i soel ectric focussing, and a conbi nation thereof. 42.
EPO produced by the process according to any one of
claims 1 to 39. 43. EPO according to claim42
conprising or consisting of a sub popul ati on of

gl ycof orns. 44. EPO according to claim42 conprising or
consisting of an in dividual glycoform 45. EPO
accor4l. rigP Ocacvoydingdoadainl 42 rromidtising 48 cbpsisting obatan-
tially free of hupan or ani mal bl ood products such as
serum aﬂMfﬁ%%Q'%@.forEPO according to any one of clains
42 to 45 bei ng human EPO equi ne EPO cani ne EPQ

o P RO e TN RES F5% 6% " FIRgHa Atchy> i heybs -
processiigg, FBE GKurhah NBrdhimat oo piiurts EHEh \WRes&um
EPO is covalently |inked to pol yethyl ene glycol. 48.

EPO acceldinmig. t o any one of clains 42 to 47 that has
been further nodified to reduce i nmmunogenicity and/or
to prevent adverse effects of an inmune response upon

adm rft&stERO; aprordiag enaryeaeueh eaime deplosfeibkaing human
compr i S gy FEQIAE (b Unird EFp,Oé\ﬁaRfElﬁb%F%n“?ecB%}-s

and one Or 'mbre pharnaceutica
nant EPO.

47. EPO according to any one of claims 42 to 46 produced by
further processing EPO and forming a conjugate of EPO
wherein EPO is covalently linked to polyethylene glycol.

48. EPO according to any one of claims 42 to 47 that has been
further modified to reduce immunogenicity and/or to prevent

adverse effects of an immune response upon administration.

49. Pharmaceutical composition comprising EPO according to
any one of claims 42 to 48 and one or more pharmaceutically

acceptable excipients and/or further compounds.

50. Pharmaceutical composition according to claim 49 wherein
the pharmaceutically acceptable excipient is selected from the
group consisting of inorganic salts, pH buffers, amino acids,
polyols, diluents, solvents, carriers, stabilisers, solubilisers,
emulsifiers, preservatives, non-ionic detergents, surfactants,

tonicity agents, anti-oxidants, and adjuvants.
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accept abl e exci pients and/or further conpounds. 50.
Phar maceuti cal conposition according to claim49

selected fromthe group cod®isting of inorganic salts,
pH buffers, am no acids, polyols, diluents, solvents,
carriers, stabilisers, solubilisers, enulsifiers,
preservatives, non-ionic detergents, surfactants,
tonicity agents, anti-oxidants, and adjuvants.51.

Phar maceuti cal conposition according to claimb50
wherei n the pharmaceutical ™ acceptable excipient is

sel ededPrammdentcgr eorppositioh saéaegdiofy wodiairm S0 viiérein
glucose, citrate, acetate and phosphate buff q?gr

syst ensthapearmanaviinal-acteriable excin'aet isselpated Hom e
| eci thi 0 I ni S 0
benzyl C%E%‘ﬁg Qt{/rigg F%%’g?g ensIé g&er?ges%&%rtées%?etate
pol ysor had ehd8phatal bsf@e:’edtsys%)ns,pd:mohumzﬁﬁ&qugieyor he;
me thionjne, vita

Phar mac ¥\€i S&1UR B@l'ri y @ﬁltgmcquiyqe{éylgaeaggycglnénapmtol
claims 49, %Wraerwhdl h@ttfa?f@POHﬁl‘élde%ss?h@ﬁb%d dregn

the group consi sting am no aci ds
anti oxi palysarbatet&)n pelysonbame ), eplamrsg: FFG&Jnglycme me-

anti-tupor_a st c .agents,
anti pr oHﬁ?%‘Pgt Y'@“QS@ 'gﬁo\gtla‘gf "&a, anti-apoptotic
agents, toxi nes, enyzmss di agnostic imagi ng or

o AR BFS O S ho 20 pap, of clame

I munos up ptbe5$ IWiterafe thes commwdsasc:sagetreﬁsfrohothmgm
anti-inflammatory agents, and haenat opoi etic agents.

53. Phaffggsing c%fl aeuﬂ@oaqclfiﬁorp%c%r @”H@X'ﬂén%yw@ﬁ@'”éf

clains ace elements, iron, anti-tumor agents, antineoplastic agents,
antiproliferative agents, cytostatica, anti-apoptotic agents, tox-
ines, enyzmes, diagnostic imaging or contrast agents, dyes,
antibacterial agents, antifungal agents, antiviral agents, cy-
tostatics, immunosuppressive agents, analgesic agents, hor-

mones, anti-inflammatory agents, and haematopoietic agents.

53. Pharmaceutical composition according to any one of claims
49 to 52 being an aqueous formulation, lyophilised, or spray
dried.

54. Use of EPO according to any one of claims 42 to 48 for thera-
peutic and/or prophylactic treatment of diseases curable with
EPO.

55. Use of EPO according to any one of claims 42 to 48 for thera-

peutic and/or prophylactic treatment of
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49 to 52 being an aqueous fornulation, |yophilised, or
spray dried. 54. Use of EPO according to any one of

treatnment of diseases curabdbe with EPO 55. Use of EPO
according to any one of clains 42 to 48 for

t herapeutic and/ or prophylactic treatnent of(a)

di seases in connection with anaem a, including nephro
geni ¢ anaem a such as CRF rel ated anaenmi a; (b) anaeni a
secondary to treatnment with anti-viral drugs,
anti-proliferative drugs, anti tunor agents,

ant i neopl qay dizeases irscormmettioRN Lo aHaPmes Sholedingatdphiro-
(c) anaem a secondary to treatnent of H V infection,

(d) anaeni a gedisrnacinia sushasdeRETglRied PRagMig:adi at i on
regi mens includi ng chenot herapy and radi ation therapy
i n connect(bpanagmia saaerdaryniol t:aamemtymtbsambwéaﬁsdmes

e BT A L) R oo

nyel of i br osi fi¢ agkhts, andenm@itReBbresshenggemss ow
transpl antation, thermal i njury, b-thalassem a, and

Acosta’s Qbfﬁﬁéémlaaﬁé’cc(rf&ar&*'téﬁ’ééﬁﬁehtrbqul'\‘ﬂﬂfédn@ﬂ Wit h
acute or chronic ischemc 1njury of the myocardi um

skel et al I ngy 0
accor di ngrwgghgeﬁ?ngég %'g ﬂgHo?herggFuHéeor fadidfdn
regimens including chemotherapy and radiation therapy
in connection with cancer including myelosuppressive

therapy;

(e) anaemia associated with rheumatoid arthritis, prema-
tury, excessive blood loss, myelofibrosis, sickle cell
anaemia, bone marrow transplantation, thermal injury,

B-thalassemia, and Acosta’s disease; and

(f) diseases in connection with acute or chronic ischemic
injury of the myocardium, skeletal muscle cells or renal

cells.

56. Use of EPO according to any one of claims 42 to 48 for im-
proving peripheral oxygenation, improving physical perform-
ance, facilitating presurgical autologous blood donation,
and/or maintaining or increasing hematocrit values in an ani-

mal or human body.

57. Use of EPO according to any one of claims 42 to 48 for pre-
venting and treating ischemic acute renal failure, cardiac fail-
ure, congestive heart failure, endothelial injury such as in-

flammation, diseases of the central nervous system, diseases

pr ophpd BIR20@/004247
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proving peripheral oxygenation, inproving physical
performance, facilitating presurgical autologous bl ood

values in an ani mal or hugan body. 57. Use of EPO
according to any one of clains 42 to 48 for pre
venting and treating ischem c acute renal failure,
cardiac failure, congestive heart failure, endotheli al
injury such as in flanmation, diseases of the centra
nervous system di seasesof the peripheral nervous
system and harnful cell apoptosis or necrosis such as

i n renabf theopedipherdl Inervouec systend, arel harmfmﬂsell apoptdsss
liver cells, bone marrow and in centr nervo

tissue SUAWTHRFoHN a8afhranal éHbla'ﬁrrFascmyﬂ f?'b‘&?d'?:
58. Usegﬂ[: c%p%m%ﬁus@s SRR %n&l@béﬁtrﬁ%ér@od@

for i'ng, stimulating and/or supporting t

f or mat i tisswd suciwnelmmal desthahsan arinad©c huararsbodyon,
angi ogenesi s, vasoproliferative processes,
neuroprotection, mtosis, proliferation, cell

mot i 198. wseamﬂ Eﬁmrapol@ed;ng g any ane f i akimso#2 Ho e for in-
body. 5 PO accordi n ny,,.on cl ai 4

P agugigc stniatng e SeaeuRR ) faflatind ol het
cl ai ms Bbddo veSselvh dedlasdtfilidtiodd EnYicdetie’ s, | asdprelie
from10 11U to 100 000 1U, preferably from500 IU to

2000 | Ueragive pf@@eaé%rrawgptqie@tm dJhoys. erliferation, eell
wh
ggoo Iaﬁgdéﬂnﬁgﬂgo od! g%@{ge.h% hRinfal W $endn Body.! Y tO

59. Use of EPO according to any one of claims 42 to 48 as a

hormone.

60. Use according to any one of claims 54 to 59, wherein EPO is
administered in a dose from 10 1U to 100 000 IU, preferably
from 500 U to 2000 IU.

61. Use according to any one of claims 54 to 59, wherein EPO is
administered in a dose of 0.5 IU to 2000 IU per kg body
weight.

62. Use according to any one of claims 54 to 61 comprising the
step of administering EPO in a therapeutically or prophylacti-
cally effective dose, in particular in form of a pharmaceutical

composition according to any one of claims 42 to 48.

63. Use according to any one of claims 52 to 62, wherein EPO is
produced by at least one autologous cell or autologous tissue

from an animal or human body, in particular cultured renal



62. Use according to any one of clains 54 to 61
conprising the step of admnistering EPOin a

wa bes/agswt | cal |y or prophyl actically effecti verdoBE2po4004247
particular in formof a phasmaceutical conposition
according to any one of clainms 42 to 48. 63. Use
according to any one of clains 52 to 62, wherein EPO
is produced by at | east one autol ogous cell or
aut ol ogous tissue froman animal or human body, in
particular cultured renalcells, and EPO is
adm nistered to the sane ani mal or human body. 64. Use
of EPO geltrahdh§P» isnagmiristeodd ¢d thersarh2 amindd dr durbdre
preparati on of medi canent for the treatnent or use
accordi R§9% o any one of clainms 54 to 63.

64. Use of EPO according to any one of claims 42 to 48 for the
preparation of medicament for the treatment or use according

5 to any one of claims 54 to 63.



