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Description: The present invention relates to Erythropoietin, (i.e.
Haemopoietin, Haematopoietin, or erythropoietic st|mulat| factor
W&%"@) “r%’i’%g s glycoform profiles qr a glycoform close or i &E{Fé%
naturally occur ing EPO, (nEPO) as well as processes and means for the
production thereof. The present invention also concerns usage of the
EPO ob- tained according to the invention in connection with prophylactic
or therapeutic treatment use. 10 Naturally occurring Erythropoietin is a
glycoprotein which is synthe- sised mainly in the kidney. Erythropoietin
promotes the maturation of erythroid progenitor cells into erythrocytes,

stim Aies.eryl rt%)&l h%hé %}i ctions on erythroid progenitor cells,
and of red blood cells in the circulation.
Conditions marked 15 by low levels of tissue oxygen are related with

incrézassakmtddaction of EPO, which then upregulates erythropoiesis. An
acute or progres- sive loss of kidney function e.g. in chronic renal failure
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by low or defective red blood cell production. At present, EPO
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tained according to the invention in connection with prophylactic or
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therapeutfic treatment use.

10 Naturally occurring Erythropoietin is a glycoprotein which is synthe-
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

15 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 resuits in a decreased production of EPO concomitant with

a reduction in red blood cells, decreased hematocrit, and anaemia.

20 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. 1887, 1988, 1988). EPQ is further used in treatment of

25 Acquired Immune Deficiency Syndrome (AIDS) and in cancer pa-
tients undergoing chemotherapy.
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25 Acquired Immune Deficiency Syndrome (AIDS) and in cancer pa- tients
undergoing chemotherapy. CONFIRMATION COPY WO 2005/063809

PCT/IB2004/004247 2 Until recently, the availability of EPQ has gg&nﬂmzﬂ
W\%??/gﬁ%?égg The pro- tein is present, for example, in humant arAg 2%t/

However, excreted lev- els are basically too low to make this a practical
source of EPO for therapeutic use. Patients suffering from a plastic
anaemia exhibit 5 elevated levels of urinary EPO relative to healthy
individuals, but lim- ited availability of such patients also make such
source impractical. The purification of human urinary EPO (hEPO) was
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mammalian cells containing recombinant Erythropoi- etin plasmids e.g. is
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165 amino acid polypeptide N-glycosylation sites at
asparagin residues located at positions, 24, 38 and 83, respectively, and
one Obglydesyiifigiion, cloning and expression of genes encoding EPO

10 were described in EP 0 148 605 B1, the disclosure of which is incor-
porated herein by reference. A method for purification of recombi-
nant EPC from mammaiian cells containing recombinant Erythropoi-
etin plasmids e.g. is described therein as well. Human EPO was the
first haematopoietic growth factor to be cloned. At present, recombi-

15 nant human EPO (fhEPO) is available as a drug in quantities suit-
able for therapeutic applications, in particuiar the ciinical treaiment 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 singie 165 amino acid volypeptide
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 oligesaccharide chains have been shown to be modified with
25  terminal sialic acid residues with N-linked chains typically having up
to 4 siaiic 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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chain and O-linked chains having up to two sialic acids. An EPO

polypeptide may therefore accommodate up to a total WO 2005/063809

PCT/IB2004/004247 3 of 14 sialic acids. Removal or modification of the

glycan chains re- sults in altered in vivo and in vitro activity. The number

of sialic acid residues and the branching pattern of the Winked
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10 N-linked or O-linked oligosaccharide chains, for example, sharply
reduces in vitro activity of the aliered EPO (Dube et al, J. Biol.
Chem. (1988) 263:17516). It was aiso found that a stepwise increase
in sialic acid content per EPO molecule gave a corresponding step-
wise increase in in vive biological activity (Egrie et. al. Glycoconju-

16 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

2t been determined to have a longer circulating half-life compared to
recombinant human EPQO.

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-
28 lated forms exhibit this desirable property, as described in
US 5,856,288. 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



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 ma
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to the ng of nascent polypeptide chains, e.g. in the endo- plasmatic
reticulum, and serve to protect the protein moieties from the action of
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is genetically regulated, the oligosaccharide to units or glycans are
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10 units or glycans are attached and processed by a series of enzymes
reactions, the enzymes and enzyme compositions mainly being spe-
cific to a particular cell type or tissue. A glycoprotein thus generaliy
appears as a mixture of different glycoforms resuiting from varying
enzymatic activity. Glycoform populations have been shown to be

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 patiern.

The giycosylation profile or glycosyiation pattern as well as the oligo-
saccharide structures of recombinant proteins aiso 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 rhEPQO 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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human EPO. The acidity of the oligosaccharide 10 structures was caused
by stREaGASTEINEE, Yusas. %?(%d@@ﬁ?@?/(l@)ﬁ%%mhﬁﬁ@e
1sugatieiites el mareeysiOab8s (Skibeli V. et al. Blood (2001)

98(13): 3626-3634). The sugar profiles of human serum EPO, de-

scribing both neutral and charged sugar, appear significantly differ-

ent from the profiles of recombinant human EPO:; there exist dis-

crepancies between human serum EPQ 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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curreptypavaibbleiebtmbiriantibuhiesst as well tolerated as recombi-
10 nant human EPO, more preferably is better tolerated in some pa-

tients, or at least in one particular patient.

in particular, it is desirable to have a compound available which dis-
nlay pharmacokinetic properties 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 {o absorp-
tion, serum half-life and serum concentration levels, It is also desir-
abie to have a compound available which presenis 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. lt 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-



EPO when administered at lower dose. It is also desirable to have a
compound available which is at least as well tolerated as recombi 10 nant
human EPO, more preferably is better tolerated in some pa- tients, or at
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compound available which dis- play pharmacokinetic properties 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
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The technical problem is solved by the provision of a process for the
preparation of an Erythropoietin (EPQ) from a cell or tissue in an in
vitro system, comprising the steps of {2) providing
(i)  atleast one first cell or tissue, capable of inducing EPO pro-
15 duction in a second cell or tissue, and
(i) 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 (i)
in an in vitro system under conditions and for a time suitabie 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 natura! or modified EPO.

Within the context of the present invention the terms "Erythropoietin”
and "EPO" relate to a heterogenic population of different giycoforms
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.



5 same or bringing about the same effects as the EPO naturally pro-
duced in or being present in said patient, while at the same time hav- ing
an availability which is comparable to or even higher than the availabili'g/

W& KSR Hecombinant EPO isolated,from cell cultures or of EPEPERHEG>

from urine, i.e., can be produced more effectively, 10 cheaper, and more
easily than known before. The technical problem is solved by the provision
of a process for the preparation of an Erythropoietin (EPO) from a cell or
tissue in an in vitro system, comprising the steps of (a) providing (i) at
least one first cell or tissue, capable of inducing EPO pro- 15 duction in a
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essegtia rigesiigrar ddaatieal including starving, fasting, dehydration,

10  physical exercise, altitude acclimation, anaemia, shock, coma, ex-

animation and sleep.

Within the context of the present invention the term "modified EPO"
refers to derivatives, mutants, and variants of EPO, including trun-
cated and fused EPO forms and EPO conjugates with further mole-

15 cules. The term "modified EPO" aiso refers to subpopulations of
EPO glycoforms, a single EPO variant or glycoform, and mixtures
thereof.

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

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

20  The present invention most advantageously provides EPQO 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 advaniageously 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 EPC



to "circulating" human EPO present in the human body or with a gly-
coform profile essentially identical or identical to EPO present in an 5
animal body, in particular horse or birds of prey, more partic ir-
W&%ﬁ?ﬁ@@ glne EPO or avian EPO. JThe term "natural EPO* %%/5320011004247
to EPO with a glycoform profile essentially identical or identical to EPO
naturally present in the human or animal body being in a cer- tain
physiological condition including starving, fasting, dehydration, 10 physical
exercise, altitude acclimation, anaemia, shock, coma, ex- animation and
sleep. Within the context of the present invention the term "modified EPO"
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10 The EPD according to the invention is a more potent therapeutic for
the treatment of anaemia available which, for example, permiis a
less frequent dosing schedule. The EPO according to the invention,
when administered at lower dose, increases and maintains hama-
tocrit at levels which are at least comparable to that of currently
15 available recombinant human EPO. The EPO according to the inven-
tion is at least as well tolerated as recombinant human EPO, and is
betfer tolerated in some patients and at least in one or more specific

patients.

The EPO according to the invention displays pharmacokinetic prop-
20 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 EPQ according to the invention
25  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



9 naturally occurring and/or produced in an animal or human body at a
particular stage and/or condition, thus preventing unwanted side ef- fects

ch;{e}gse/cg%%gvnh recombinant or foreign EPO, in particular fo A 047004247

0 o :

patients and at least for one or morg, specific patients. 5 Moreover, the
therapeutically very useful EPO according to the in- vention prevents the
detection of its presence in the body or in blood samples, in particular for
some patients and at least for one or more specific patients, thereby
avoiding any undesired interference with conventional doping controls. 10
The EPO according to the invention is a more potent therapeutic for the

treatment of anaemia available which, for,e le, permits a_less
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particular in some patients and at least in one or more specific patients.
The PPEFE @ Miing to the invention 25 further presents less intense
discomfort or no discomfort at all to the

in a preferred embodiment the first cell or tissue (i) is stimulated to

10  induce the production of EPO in the second cell or tissue (ii). Pref-
erably, the induction of the production of EPO in the second cell or
tissue (i) is mediated or mainly mediated by a soluble or diffusibie
factor released by the first cell or tissue (i).

According to the present invention the first cell or tissue is capable of
15  producing EPO and/or capable of producing at least one diffusible
signal stimulating and/or conferring the ability to other celis different
from that cell to produce EPOQ. 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
20 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
25  factor expressed, produced and/or secreted by the first cell or tissue,
the second cell or fissue is also referred to as "EPO producing”.
Preferably, the first cell of tissue is induced by physical or chemical



human or animal patient upon administration and/or exhibits much shorter
duration of discomfort or no discomfort at all at the injection WO

W%%gﬂ%?%%gg PCT/1B2004/004249 10 site, in particular in §9‘Qﬁ$5’(ﬂﬂﬁnﬂﬁ 4
and i cor

at'least in one or more spe- cifig patients. The EPO ac Ing to the
invention further elicits a diminished im- mune response in comparison to
currently available EPO upon ad- s ministration in the human or animal
body; in particular in some pa tients and at least in one or more specific
patients. In some patients the EPO according to the invention does not
elicit any immune re- sponse at all. In a preferred embodiment the first cell

or tissue (i).is stimulated.to . 1q ind duction inth
oSN o doab (i SRt SRR s et sy
EPGrivatisérsatuih eeltitrr tksnvod) dgenétliated or mainly mediated by a
soluble or diffusible factor released by the first cell or tissue (i). According
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amount of EPQO, preferably independent or mostly independent of
10 culture conditions. Alternatively or in combination the EPO producing
second cell or tissue are preferably cultured under conditions bring-
ing about a high production rate of EPO. Of course, these conditions
may vary for each individual cell type selected as the EFO 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 epitheiial cells, in particular
iubule cells, renal progenitor cells as well as cells which ana exhibit
20 at least one characteristic of a renal cell, in particutar, the capability
of producing and secreting EPO andfor 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



second cell or tissue is capable of expressing, producing and/or se-
creting EPO into a medium upon stimulation by at least one soluble 25
factor expressed, produced and/or secreted by the first cell or tissue, the

WGP or tissue is also referreg to as "EPO producing".Pclf’rr%q‘E}%%(fe‘,“?“W

the first cell or tissue is induced by p2hysical or chemical WO 2005/063809
PCT/IB2004/004247 11 stimulation, in particular by low oxygen (02)
partial pressure, by elec- trical stimulation and/or chemical agents.
According to the invention cells or tissue are preferably selected as a first
cell or tissue according to their ability to produce, upon stimula- 5 tion, a

high t ' ] ign rto - high rate of EPO to
the EP%E?O ugﬁgﬁg%ﬁé}&ﬁ{% ?S%E%{%%c%?ﬁ?égﬂ{g qeﬁi'nE{/ecr?tlthC(’%‘lIs
or tisGs@lennisticasl selarivedelsaesgPonprig ceihthesswnd cell or

tissue according to their ability to produce a high amount of EPO,
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Alternatively or in combination the EPO producing second cell or tissu
are PRstelidI§REnifcerlirRfetesipiilibnarririerachbon dhegsemedertion

gate 9hEP@hEEROmsesiibesaIcondiians (naryaiy sash ndndduakeell
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mammalian ¢ell, particularly. derived from renal tissue inclugdjng endothelial
B X B b S R s S Lo e e
as cti seisohdamekbrhidbior second species.

10 According to yet another preferred embodiment the first cell or tissue
(i) s selected from a first cell type and the second cell or tissue (i)
comprises consist of or is selected from a second cell type, wherein
the first cell type is different from the second cell type. in another
preferred 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 (i) are selected from the
group consisting of cells, in particular primary cells or cultured pri-
mary celis, 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 celi lines, and mixtures and/or co-cultures of at least two
cell types, cell ines 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-



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
Worzs(;[(ijr_r}%l%t{i]gg the production and secretion of EPO from cells, P_ref%a?b! »
R&'CatE*5P derived from kidney, liyer, blood in- cluding Iynﬁ)%%&/’t%s NN

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 WO 2005/063809 PCT/IB2004/004247 12
secrete EP et an§ther referred embodiré}(entt ec
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anotfey, prafesecbesy odimabbit e hidstacel |somiessue (i) and the second
cell or tissue (ii) are selected from the same cell 5 type, wherein the first
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second cell orussueé (i) comprises or ~consists of cells driginating from a
secdisdéi)aindioeissablydahpsecoies) anmdalderein ¢hl firstidmsat aamtiois
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seleBfdE$M a first cell type and the second cell or tissue (ii) comprises

consist of or is selected from a second cell type, wherein the first cell type

is differentitemphgerrsend aaibimat hanabeedprefeted snabadimeand

the second cell or tissue (ii) is of one cell type 15 or of different cell types.
second cell or tissue Is derived from organs taken from an animal or

human body as an organ donor and/or in connection with therapeutic

10 surgery, for example, removal of an organ or parts of an organ in
connection with cancer therapy, in particular from kidney. Preferably,
the in vitro system is used according fo the invention to produce
autologous EPO by autologous celis derived from organs of the
same donor which will receive the EPC 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 (i} or both comprise at ieast one recombinant celi,
25  preferably consist of recombinant cells. Preferably, the cell or tissue



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- IS, ..

Wgezﬂ%%ﬁ?%?n kidney, liver, blood cellg including lympho 20 gﬁ?sf?égﬁnﬁé/ﬁmzm
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

tissdméi)t}@légirtaﬁeéf;sméﬂ Wﬁaheneiﬂ%ﬁ@@cmﬁfﬁfﬁgde;c agild
non-madifi cultur, tissue, prefera- rimary cells. Preferably,
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PCT/1B2004/004247 13 and cell or tissue (ii) originate from or are taken
fromianreefenerd esndomdicemetheousenrhin sablisibis drandsimiansitost

pref ir tissue (1) and/or.the second cell or tis (i) is
prefgﬁz#‘l%%sg@%r? %%SH&%{R) ogo%@é%ﬁ é?’t?sﬁgctegﬁ% i§ ng%%ﬂge%lﬁf'?gncg the
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tissue is derived from organs taken from an animal or human body as an
orgdtPoRbFaME ofaRRESHINEbtion with therapeutic 10 surgery, for

example, removal of an organ or parts of an organ in connection with
candarhesap prifepaid B JEREKIdRRY, Refe 8l sdhB AL SYSiegn i
useq acg?}rglnsg toéhe mvenﬁlo to produce
he 1Is"unaer control of at least one promoter and/or expression
10 control element. Preferably, the expression control element is an
oxygen responsive element.

In one preferred embadiment 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-

15 bly, first celi 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 ceil 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
20 separate cell culture compariments 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 EPQ in
high purity and high gquantity, a subpopulation of EPO glycoforms, an
25  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



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
Wﬁrﬂ)flé/é{f?ﬁ}gg, camel, simian or human, Preferably, the cellfi’S% Té?ﬁ\})é}g(%?é%7

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 gutinsHgor) Orilonaass-QBF. bR HsEHeHU QN bath g?ﬁpggﬁgﬁd gast

one recombinant cell, 25 preferably consist of recombina
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element. Preferably, the expression control element is an™ oxygen
respErR@dIgmdmereot. In a preferred embodiment the purification or
10 isolation step (d) is a combination of affinity chromatography, anion
exchange chromatography, and gel filtration. In a preferred embodi-
ment the isolation step (¢) includes immunoaffinity-binding on parti-
cles including magnetic beads, in particular, magnetic polystyrene
beads coated with a protein A affinity-purified rabbit antibody against
15 CHO celi~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.

20 The present invention further includes ERPO 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 EPQ variant or consists thereof.

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

serum albumin.



In one preferred embodiment of the present invention the culturin_g of the
first cell or tissue (i) and the second cell or tissue (ii) takes place in a .
shared cell culture compartment of the in vitro system. Pref%@[ gz M/JJ@E'J‘
WSSt and second cell or tissye are co-cultured. Ac- cording to a
preferred embodiment the first cell or tissue (i) is identi- cal to the seco_nd
cell or tissue (ii). In another preferred embodiment the culturln_g of the first
cell or tis- sue (i) and the second cell or tissue (ii) t.ake.s place in at Ieast_
two 20 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
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1emb&fmsiesiblt e Rt egorbyrfurther processing according to any known
method forming a conjugate of EPO, wherein EPO is covalently

linked to polyethylene glycol or equivalents.

In a preferred embodiment the EPO according to the invention is a

hyperglycosylated analogue of the EPO produced or producible ac-
15 cording to the invention.

In a preferred embodiment the EPQ 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
20 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
25  from the group consisting of inorganic salts, pH buffers, amino acids,
polyois, diluents, solvents, carriers, stabilisers, solubilisers, emulsifi-

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



10 isolation step (d) is a combination of affinity chromatography, anion
exchange chromatography, and gel filtration. In a preferred embodi- ment
the isolation step (c) includes immunoaffinity-binding on parti- cles
WAL A gnetic beads, in particular, magnetic polystyrent- HE{a+/004247
coated with a protein A affinity-purifllgd rabbit antibody against 15 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 filfration. 2 in i ther includes EPO
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EPO Comgrises one individual glycoform or EPO variant' or tonsis
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cluding human serum albumi quine serum albumin, and avian serum
albu%gganéag%ggjd%@%%’g&gl@%ﬁ%@l@%’%qn‘ﬁ%ﬂé\d vitamin
embédianeimtgaher8P0 according to the invention is hu- man EPO derived
from human cells or tissue, or equine EPO, canine EPO, and avian EPO,

G R R D R R
recoRfiiTaNIDPOaBAteng &EMPeatrniiing to the invention together with
10 one or more further compounds. In a preferred embodiment the
compound is selected from the group consisting of amino acids,
polyols, antioxidants, vitamins, trace elements, iron, anti-tumor
agents, anfineoplastic agents, antiproliferative agents, cytostatica,
anti-apoptotic agents, toxines, enyzmes, diagnostic imaging or con-
15 ftrast 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-



nant cells, co-cultures, or tissue thereof, in particular immorta_lllsed _ceII

lines, with at least one recombinant gen construct in co_nnectlon Wlth EI_DO
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known method forming a conjugate of EPO, wherein EPO is cova_llently

linked to polyethylene glycol or equivalents. In a preferred embodiment

the EPO according to the invention is a hyp(_erglycosylgted a_nalogue of

the EPO produced or producible ac- 15 cording tq the mvepﬂon. In a

preferred embodiment the EPO according to the invention is producible or
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anti-oxidants, and adjuvants. Preferably, the excipien .
the g?gﬁgoébl’fgpgtiﬁ‘ﬁ‘ﬁ?seﬂiGhﬁ%ﬁ%r’ﬁ]‘ge@m@dﬂmmtpméhamyocardium,

10 skeletal muscle cells or renal cells.

The present invention also concerns methods of treatment and the

use of EPO according to the invention for improving peripheral oxy-

genation, improving physical performance, facilitating presurgical

autologous blood donation, and/or maintaining or increasing hema-
15 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,
endotheiial injury such as inflammation, diseases of the central nerv-

20 ous system, diseases of the peripheral nervous system, and harmful
cell apoptosis or necrosis such as in renal tubular cells myocardial
cells, muscle cells, iiver 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
25 use of EPO according to the invention for inducing, stimuiating
and/or supporting the formation of new blood vessels, neovasculari-

sation, angiogenesis, vasoproliferative processes, neuroprotection,



tate and'phosphate buffered systems, urea, human, equine or bo- vine
serum albumin, lecithin, polyethylene glycol, mannitol, sorbitol, 5 benzyl

alcohol, ethanol, parabens, phenols, cresol, polysorbate 80 cq%ﬂﬁ rhat
W?OZQB?G’%%% F68, glycine, methioning, vitamin C, vitamin A,P an v%%ﬁ%sf

Another embodiment of the present invention is a pharmaceutical
composition comprising EPO according to the invention together with 10
one or more further compounds. In a preferred embodiment the
compound is selected from the group consisting of amino acids, polyols,
antioxidants, vitamins, trace elements, iron, anti-tumor agents,
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agents, toxines, enyzmes, diagnostic imaging or con 15 trast agents,
dyeSusmibierdYial agents, antifungal agents, antiviral agents, cytostatics,
immunosuppressive agents, analgesic agents, hormones,
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embodiment the pharmaceutical composition is an aqueous formulation,
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concerns methods of treatment and the use of EPO according to the
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10 2000 1U. In a preferred variant EPO is administered in a dose of

0.5 1U to 2000 [U per kg body weight.

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-

15 tured autoiogous cells derived from the same body, and EPO is ad-
ministered {o the same body.

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

preparation for the treatment or use according to the invention.

2¢ In another aspect of the invention an in vitro cell culiure 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 EPQO according to the invention.



is pressive agents; (c) anaemia secondary to treatment of HIV infec- tion,

(d) anaemia secondary to chemotherapeutic or radiation regi- mens

including chemotherapy and radiation therapy in connectio ' er.
WO Uég 9elosuppressive therapy,jn particular with 5 anti- S%%g@‘ﬁ"ﬁé v
including TNF and cisplatin; (e) anaemia associ- ated with rheumatoid
arthritis, prematury, excessive blood loss, mye- lofibrosis, sickle cell
anaemia, bone marrow transplantation, thermal injury, (3-thalassemia,
and Acosta's disease; and (f) diseases in con- nection with acute or
chronic ischemic injury of the myocardium, 10 skeletal muscle cells or
renal cells. The present invenii?n also concerns methods of treatment and
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failure, congestive heart failure, endothélial injury such as inflammation,
disenent Hetir CERSIeN BrrBaRRRNPRASEIESEE & BRIGEWIRTPRr
nengussYaigak 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

bod{! FHRESSREREMPEAIBRINS B LY RIEM dtE SRt SHIHE P E The
25 yse QidpRRsRECEININE LarthmbtMe nieerdpran diraipgdistisnt tigngy vitro

10 system is a cell culture system for supported culture with the cell or

(%]

tissue culiure being attached to at least on support, matrix or scaf-
fold.

Preferably, the in vitro system is operated in the context of the inven-
tion for autologous EPO fransfer, wherein the in vitro system com-
15 prises autologous celis 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,
20 ie., 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 coniext 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
25 originate from an individual belonging to a species different to the

species of the patient to be treated.



and/or supporting the formation of new blood vessels, neovasculari-
sation, angiogenesis, vasoproliferative processes, neuroprotection, WO
2005/063809 PCTIIB2004/004247 19 mitosis, proliferation, cell motili%
Wgn%?w&?ﬁ&%ealing in an animal or ,numan body. The prese%%%%({%n“‘w
also concerns methods of treatment and the use of EPO according to the
invention as a hormone. 5 In a preferred embodiment the method of use
and the use of EPO comprises the step of administering EPO in a
therapeutically or pro- phylactically effective dose, in particular in form of a
pharmaceutical composition according to the invention. Preferably, EPO
is adminis- tered in a dose from 10 U to 100 000 IU, preferably from 500
U 10 PBERIRS RIPRFERGR NFalfarit B BYS I ATAREE RS PP ELRB% !
0.5 KUpec?0fs it peasdie kedisyrighind ke preseasiiBventionaisogeneerns
methods of use and the use ofJIEPO her ln EPOfiiJs roduced by at least
oneﬁﬂf&Bﬁ'ﬁﬁ@%ﬁ&P’EB%@f §ﬂ2§vL?erJH{%H1§ 18I or human body,
in particular cul 15 tured autologous cells derived from the same body,
and|ERGrisrachrafinisie ratiivodimessd e bogyorhef ghesentiinyesySemalso
congerns. e ise ol BEQ acceiding g ngqinyeniandor b apPaIAtin o
a médicament or a pharmaceutical” preparation for the treatment or use
accoalingptortbptingentiningOihe asdsher tispee twiigic ihsgnnbabdis Witbitro
cell culfiye ﬂfewwogr%%%w R SYHED Haablpnvithindhg, romextafl
the process for the  production of EPO according to the invention is
conésrifsdlerpegergained in at least two cell culture compariments.

L]

in a preferred embodiment the at least two cell culture compartments
10 are separated from each other by a barrier, which inhibits cell migra-
tion from one 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-
15 tains serumn 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

ieast 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.
20 Preferably, at least one gas compartment the gas compartment is
connected with, is corresponding with or borders {o 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
25 compariment is connected with, is corresponding with or borders to
at least one culture medium supplied to at least one of said cell cui-

ture compartments.



bly, the in vitro cell culture or in vitro tissue culture system is used to
produce EPO according to the invention. WO 2005/063809
W§%{%§1{%§&94/004:247 20 In a prleferred embodiment the in W&oﬂ%&&%ﬁ o
perable or oper- ated in a continugys mode. In another preferre
embodiment the in vitro system is operable or operated in a continuous
mode. In an- other preferred embodiment the in vitro system is operable
or oper 5 ated in a semi-continuous mode. In yet another preferred
embodi- ment the in vitro system is operable or operated in a batch-wise
op- eration mode. In a preferred embodiment the in vitro system is a cell
culture system for su%pensiontglﬁlt re. In another, elgerred embaodiment
t

the IR GiREE00 SERALERh et Ar CaLERT 157 LA Lo P AR Rt

the geHiaintissurweeltnredheingidfmenedrtoratdelisttomedpport resdrik or

scaf- fold. Preferably, the in vitro system e i e
e BR e Lo ce ERG e e e e el
15 wisalslaatblogeugaseils antpatissndoeamiRstinglsoltyrehersopait.
cell I%tégjﬁsue 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
comipriseetimgainipiretedotsgerdiven Hivirarissnesieofcliertieie
originate tram-an{neiidupl ke lorginentofhe fauBe chBesiaSARIRS Patent
to bé treated. In eyet another preferred em- bodiment the in vitro s%/stem is
opeRABIRMHE Siasatorom thedyertial pressure of this gas in ahother

cell culture compartment. Preferably, at ieast two cell culture com-

(%))

10 partments are supplied with at least one different gas or gas mixture.

In a preferred embodiment the culturing step (b) of the process ac-
cording to the invention is performed under a condition of 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 prevaifing in at least one cell
culture compartment for a period of time sufficient to induce or in-
crease the production and/or release of EPQO. Preferably, in both al-
20 ternatives, the partial pressure of oxygen is, at the same time, nor-

mal or increased in ancther compartment.

In a preferred embodiment the cells are cultured in monolayers. In
another preferred embediment 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 particutar fibrous or porous



tion for cross-species EPO transfer, wherein the in vitro system

comprises mainly cross-species cells and/or tissue, i.e., cell or tissue 25

originate from an individual belonging to a species different I8
Wot %1%5%%%8% to be treated. WO 2045/063809 PCT/IBZOO4/(§gi§§2/‘ﬁ%8Lﬁ4r?§T

a preferred embodiment the in vitro system comprises at least one

support for first cells or tissues and second cells or tissues, one or more

cell culture compartments and a culture medium. In a more preferred

embodiment the support of the in vitro system is s connected or borders

at at least one side to one or more cell culture compartments containing

the cells or tissue which is suppliable with culture medium, preferabl
QDI IRAIBE SRPISRACAB StrRPERNE (PRLERe S KRELIRITIn AFleast

two gelby lthegeontpaitimeaiscdmp isesesredoeopoooimenitharal iegstrtwo
cell culture C@{ngart ents.f’Lo are geparated from each other by a barrier,
whidlP i S8R g-rtfiﬂ) SR %Gne compartment to another

compartment, but allows the migration or diffusion of molecules from at
leastro¢heo nppalikment éonrbthentsothp agioetit. supppréfeomgrises or

embodiment the cultu um. whi ferahl | j rym.or is
Sserum: ré%ﬁsogfgpﬁgéﬁbnﬁ@%ag @A%%@P%ﬁ}%%%ﬁgaﬂﬁfﬁ%h which
prefézablycaas asfeaesengdiatow byallspage st Gri&valivesvisseaings. In
a prefefredseqbodiment he-B At QYRR IPSIHECS\RGI YO ArSxHRsh-

compartments preferably suppliable with a gas or gas mixture. 20

Preferaplyma e valycgiis asifpapirdniene shcebrpattierpliester

copolymers, and PE, or a composite of different materials thereof,

(#)5

10 In a preferred embodiment of the present invention at least one cul-
fure medium comprises one or more growth factor or cytokine se-
lected from the group consisting of granulocyte~-macrophage colony
stimulating factor (GM-CSF), 1L.-3, granulocyte colony stimulating
factor (G-CSF), transformin growth factor-B (TGF-p), platelet derived

15 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-
ticutar the culture medium comprises GM-CSF, IL-3, and/or G-CSF.

20 In a preferred embodiment of the present invention the in vitro cell
culture system is a system as patented in US 8,329,195 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

25  to 5 and as explained in claims 2 to 5 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,



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

w%@o%%%%sos?}t)or border between the gas compartment and thg&%hgwg%% 4

compartment. In another preferred yariant the gas 25 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. WO
2005/063809 PCT/182004/004247 22 In a preferred embodiment the at
least one cell culture compartment contains culture medium different from
culture medium present in another cell culture compartment. and/or a

different partial pressure of at least one gas in.comparisqn to ther cell
Uit S L R R ol e B SURRSH r sl
presisgecbabdeadtiond ayashimgeptdvided euttues ieastionectalt tadsione
cell culture com-, par I8 i ; j ess -thi S
in anoter ce gu u ﬁgﬁggt@éﬁghﬁ?&%}g%ﬁaa tonEE E@W’ﬁ%‘?g
compEoaRent aupahe GUIRSIRKEIRNN 2aseast DA U risfeRab pERedi-

MiXtigns k2 PERTRIIRSCRpRsimeR-thesiising é@db@ﬁ)cﬁit?@d@f@ﬁ@@s

ac- cording to the invention is performed under a condition of reduced
partieijndianiraiepR et (#SAMAE HA TR AUPANE HIPEHRIE cBRPor
partgang Bfﬁﬁgié@'wih% I,cg%rémwf ﬁ@dﬁ.@@d rasiahereghueicd Hece
oxygen is prevailing in at least one cell cultyre compartment for.an .
interPO BB AU (AP e Rtk O R EC RN B S
redutrd paltialipnessorepaitoxygefuithprexaitipgsiesavidiasivbint esf sup-

10  plied with at least one inlet and at least one outlet for cell culture
medium, wherein at least one iniet and one outlet is arranged on
both sides of the growth support which is arranged within the cell
culture compartment. In a preferred embodiment these in- and out-
iets, also designated as medium channels, comprise semi-circular

18 openings directed towards the inside of the cell culiure 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 holiow 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



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- ma} or ingr
Wi ‘Qﬁﬁ%ésrogompartment. In a prefered embodiment the celfs8 g)r{e%%cl?ﬁ@r&ég !
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 RAEPHEUKS FOQHGIBA%REILAS2 BAdEPMig A pRatdRE iongm

sponges, foams, porous fabrics, or in gel form. Pref- erably, the growth
SUPPOIEERRS S IATABRS RO S BIBRES 5B AHPROEM I EsH or
filteppapesnk éfﬁlaeﬁqgrﬁ&ﬁg?drgnbﬂ@ﬁeiﬁlﬂalhm e F;ﬂﬁmmmi;gmbmmnﬁses
or 5 consists of colla alginate, cellulose roxyalkan o-
teoEARE 8‘@%&%@&@&‘&@%&%%%%?”8? é?égﬁ%'ﬁv'é‘s%%}goﬁ setf\!/%ll
sas parhatienolyifiesiomeludiegiibFEicicof-fuly dasemon oo posdiers,
polyglycolic,acid, polyalkyl |- ] I - nd
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embesaphtroththaypeesenpatosnbisAdcoRRisb el RLHENEH em-
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consisting of granulocyte-macrophage colony stimulating factor

(GMresE, such HrahalcigredoBhiaiituaimedradtbind e sy, culture
sdransferpinaTeMtiiast b 3Hd WaHEBH RiReiel danivesicompartment, the

growth support carrying cells or tissue, and the gas permeable mem-
brane of the gas compartment, the circular gas permeable mem-
brane and the circuiar growth support being arranged preferably
concentrically and parallel.

15  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

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

In the following example an EPQO according to the invention is pro-
duced by differentiated renal cells.



15 growth factor (PGF), insulin like growth factor (IGF), acidic fibroblast
growth factor (aFGF), basic fibroblast growth factor (bFGF), epider- mal

rowth factor (EGF), hepatocytic growth factor (HGF), kera t
“’%&?8?‘/ 2&3@&) and neural growth facfor (NGF). Preferably, ptgrgﬁl&%zﬁg%}ﬁg} ¥

culture medium comprises GM-CSF, IL-3, and/or G-CSF. 20 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 25 to 5 and as explained in claims 2 to
5 of'§4 ent. In particular, this in vitro system consists of at least two
major sepa- rate parts, namely at least one, preferably two, preferably
cylinehigaky\ QA0 53 AR 880 RUSrE BAROALDBEREA!IRA thell celltuxeture

compartment, carrying at least one support for.cells qor a tissue to b
TR BG SHOSEA 5 RoRa B i ot el oot g o

preferabliceyliR@rical, gas compartment allowing for permanent supply of
respiratory gases. In a more preferred embodi 5 ment the cell culture
ﬁcom FEQF@J;P prises a specifically designed cylindrical piece and at
east’one growth support, the growth support being arranged within,
preferably clamped into, the cylindrical piece of the cell culture
compgrtimee rqeiefer ablyligr agplitheitamoaiiziny RG ST e selisaldiee as

Com%ﬁﬁﬁw&'géﬂﬁﬁéeFe?%PE&%ﬁalvﬁQQééWQ@6%%%Riiﬁféh‘ﬁé% ahlgast
| an t

one inlet east one outlet for cell culture medium, wherein at least
one fimet avihanisedtha sty anerior-ortical specimens were cut into

small cubes and passed through a series of mesh sieves of diminish-

10 ing pore size. PTECs were collected on a 53 um sieve and digested
with collagenase (750 U/ml) at 37°C for 15 min. Tubular 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 mmolfl), benzy! penicillin (100 [U/mi), and

15 streptomycin (100 pg/ml). The cells were incubated at 37°C in 5%
CO, and 85% air. The celis 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 Epifiow chamber (Felder et al., Cell Physiol. Bio-

20  chem. (2002) 12:153-162); US 6,329,195 B1) with a medium frans-
fusion rate of 3 mi/hour and an air delivery rate of 10 mi/min.

b) EPQ induction

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

tions of 0.5 mi, which corresponded fo 10 min.



both sides of the growth support which is arranged within the cell culture
compartment. In a preferred embodiment these in- and out- lets, also

desi&nated( as medium channels, comprise semi-circular 15 o%fnings} ,
W8ird&@6* 8 Wards the inside of the cell culture compartment B é”%%%/ﬂ

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
outlekEfPdaktedar in forms of vertical and horizontal bores, for the in-
and out-flowing gas phase. 25 In a preferred embodiment the cell culture

compakiaRhivRreYideshimihedaundg whsllauavtingdsr oy cup whighis
closed on the open- ings with a memhrane er%éich is g%as err?ﬂzable but
impERTRIAES IR BASIPASR NG ACR RS e PGa R R Tas
permpgailaiye 2005/063509 PCT/IB2004/004247 25 membrane is a
PTFE membrane, preferably approximately 100 pm of thickness.
Preferably, the membrane is fixed to a support grid, e.g. by means of a
5(:Iar1%lﬁ ﬁng. Preferably, the gas compartment is in intimate contact with
the cell culture compartment in such a way that 5 permanent diffusion and
equibrittinobiitbgaspgdn toaceetiation pediisedtrodugivthefdeft@ulture
compartment and the gas or gases present in the gas compartment is

acCUIRISNES. BRPieiRGL e

in the foliowing example the difference in structure between three
EPO forms, including EPO obtained according to example 1, is in-

10 vestigated.
Methods

£PO proteins were purified and the structure of the molecules was
investigated. 5 samples were analysed:

sample 1:  NESP in culture medium, no purification
15  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
20  affinity-purified rabbit antibody against CHO cell-derived rhEPC
(R&D Systems inc.) according to the manufacturer's instructions.



bodiment cell culture compartment and gas compartment are con- nected
such that a closed volume is formed within the cell culture 10

compartment limited by the walls of the cell culture compartment, the
WGP siiport carrying cells or tissye, and the gas permeabfe f1igf#/004247

brane of the gas compartment, the Circular gas permeable mem- brane
and the circular growth support being arranged preferably concentrically
and parallel. 15 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

preS@inging ehinE PG Gitibagsrioairf\Reridd Mo RAEIHTSREH
are g0Hpssibiewithintherssare et invention. Example 1: EPO production

In the following example an EPO according to the invention is pro- duced
by differentiated renal cells, 1G WO 2005/063809 PCT/182004/004247
26 RINEHL PRI ERIHTTaHAMN cells were cultured statically, the cell

culture apparatus was seeded and the apparatus the cells were induced

to preduemEPPspadifieaisatieraizasineopsexiar triuitar aniihsligboells
O Sieshsre eolaiac a5 Tollp s, RANGE (8 keiSR SR aB0ui-
nes from the culiure medium and were centrifuged at 3500 g for
20 min before incubation with the antibody coated magnetic beads.
Human EPO-specific magnetic beads (130 mg) were incubated with
4 ml sample. Due to the capacity of the beads, approximately
10 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 dodecy! sulfate

15 (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

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

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



from euthanised healthy animals. Cortical specimens were cut into small
cubes and passed through a series of mesh sieves of diminish 10 ing pore
size, PTECs were collected on a 53 pm sieve and digested_with
W&ﬂ@é@ﬁ?ﬁ% (750 U/ml) at 37C for %@ min. Tubular cells Werl'écrllf/slglza{)fjeg%*ﬁz!"'f
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 15 streptomycin
(100 pg/ml). The cells were incubated at 37C in 5% CO2 and 95% air.
The cells were characterized microscopically and
immgloeshistechermicalrighbeyofproxistaptabidar-sikgimel heelihuase
grogg]%g)conﬂuence on Millicell HA filters (Millipore(r)) and transferred to
an \)\1 chamber (Felder et al., Cell Physiol. Bio 20 chem. (2002)
12:153-162); US 6,329,195 BI) with a medium trans- fusion rate of 3
ml/hBasa@ifted 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.cancentration. of; ration kept constant a
o, o AL R O B B R R o o 6
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an ELISA assay (StemCell Technologies Inc.), according to
manfiEckifésmigsaircfiasisr sRessmEpie 1 and sample 2 (NESP). No

qualitative or obvious guantitative differences could be detected be-
tween sample 3 and 4.

10 Exampie 3: 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
15 a} EPO ELISA

Concentration of EPO was determined by an ELISA assay (StemCell
Technologies inc.), according o the manufacturer's instructions,

b) Haematopoietic Colony Assay

The colony assays were set up by using human CD34 mononuclear
20  cells isolated from healthy donors using the macs® system (Miltenyi
Biotech). Approximately 1000 to 2000 celis were mixed with 1 ml of
methylcellulose culture medium  containing FBS  (Invitrogen),
0.4% DMSO, a mixture of growth factors containing granuiocyte—



Reduction of the oxygen concentration induces production of EPO.

Example 2: EPO structure In the following example the difference in

structure between three EPO forms, including EPO obtained according to
V3 aHNE38%9s in- 1o vestigated. Methods EPO proteins werBSiuiiaes4pid+”

the structure of the molecules was ?ﬁvestigated. 5 samples were

analysed: sample 1: NESP in culture medium, no purification 15 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

Polvshae RNyl CRaled MaeleA 2y RS

affinity-purif bit antibody agdinst CH cell-derived rhEPO
SysteWs RRIONAcEHNR NS tREifhhGracimepsdntarl GRInB oD (NESP,

2003{RB389Y PSFIR2EPH D044 nd R BINtHR0sRE Bl A R8Siated in
antibody-coated beads was @gf@(fformed for 48 hours at ambient

tempetalTeIBs #ernBittrRagHElR RtidMkRATeS r8bidde ariBpd difenidity
bindishttbBespODIeMEIate Eedwii Rolyeihidninge e PEGER00,

12.5%. wt./vol ipitate. ir lobuli- nes from. th di
and GUTDES TR eI A0 TP I8, AN HEGS decr T e
antikiadyngpatéq weligneatid b_a'aelé.cb{um E®@aspegiboth agnbticit eads
aBDrﬂ“y@o‘%%%ﬂgwgs%t%gty}‘n@d on day 14-16.

Results

10 NESP has a lower activity than nhEPO and serum EPO. No signifi-
cant difference was found between nhEPO and serum EPG.

Example 4. Recombinant EPO

In the following the production of recombinant EFPO in a renal cell
culture system according to the invention is described.

15 Methods
a) Construction of EPQ plasmid

For the following experiments EPO coding constructs based on ge-

nomic and cDNA sequences were prepared.
iy 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.



4 ml sample. Due to the capacity of the beads, approximately 10 6.5 pmol
EPO was extracted and subjected to further analyses. Subsequently, the
beads were washed with phosphate buffered sa- line (PBS; Invitrogen
W&?ﬁ%ﬂﬁﬁ%@“ﬂween-m (1% vol/ival), tﬂen with 0.5 mot/I NaCf%rF{&Bﬁ&lﬂélffZ}MM
with 0.15 mol/l NaCl. Serum EPO was eluted from the beads by
incubation with 1% sodium dodecyl sulfate 15 (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 irnmunoblotting 20 Subsequent to reducing SDS-polyacrylamide gel
electiHONASROTBREIS) in 129% gels (Xcell SureLock; Invitrogen), the
proteins were blotted onto poly-vinylidene difluoride membranes (0.2 mm;

E;ORag%ﬁ_ﬂ%SﬁmWibﬁ?ﬁiﬁ@daﬁmﬁgltﬁSﬁ@?ﬂ]x@ﬁ(}%}?ﬁ&f@d |Byiu‘@@9iéﬁ—
ter blotting, the membranes were blocked wi 0, bovine serum alpu
25 miTEDBESTS routs et eI EGbes R Co B Ol PR A
WO 26054068809 PRJ/ B3040t Th 29othealcantthicP ®ardivhdyand
streptavidin-alkaline sphatase (R&D). Re N isati r
oﬁovioumsogeur avﬁﬁ%a?lfég é;%?eannc%ﬁs‘ecro%% %?e &ééﬁ%\ ?%%@éé%qﬁgrﬁéYg e_;Ln
and serapte@iadaianepthdenidied riieatomdsesinoedfkemperc e en-

tructyre. igrate fast
i SRR LA B 2y TR P BN scibaiparetefester

iil) Materials used:

1) Homo sapiens EPO mRNA

10 LOCUS NM_000799 1342 bp mRNA linear PRI 06-OCT-2003
Accession NM_000799 (NM_000789.1 G1:4503588)

2Y EPO genomic locus (Human ervthropoietin gene, complete cds)

LOCUS HUMERPA 3602 bp DNA linear PRI 08-NOV-1994, Ac-
cession M11319 (M113198.1 G1:182187)

15 3) O responsive slement

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

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

ilow oxygen pressure.



qualitative or obvious quantitative differences could be detected be- tween
sample 3 and 4. 1o Example 3: EPO activity The activity of NESP, nhEPO
and serum EPO was compared. The specific EPO activity was
W&’&%Wéﬁgby determining EPO copgentra- tion and activit)).) MARSY A
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 20 cells isolated from healthy
donors using the macs(r) system (Miltenyi Biotech). Approximately 1000
to 2000,6slls, fixed with 1 ml of methylcellulose culture medium
containing FBS (Invitrogen), 0.4% DMSO, a mixture of growth factors
containing granulocyte WO 2005/063809 PCT/IB2004/004247 30
madroprRgEeDIAYCaHHaHAT Y B RRYSRERSEPTL 20 2n Pyl SikiIBY GRe

colqpyrglawIsting fAfep LR -CorckAREIBRT CDIPEsREEMVERRIA, vidiERSptor
serum EPO). After mixing, the stpensmn was plated in 35-m€n6%r€dded

platERNMARC PhrdaHeuIRdE ar 378 HPY RO W3 elRete rac-
sincubsoENahid/eRieRYTespgiedits (@Rtincon- taining > 50

heemoglobinised cells, myeloid colonies (CFU-GM) con- taining > 50 cells
and mi (?HC é ies, containing both erythroid and myeloid cells were
couftee i Bt 16.

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

structions.
10 Results

The reduction of the oxygen concentration induces production of
EPO.



Results 10 NESP has a lower activity than nhEPO and serum EPO. No
signifi- cant difference was found betgveen 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

Claitiagving experiments EPO coding constructs based on ge- nomic and
cDNA sequences were prepared, i) Genomic construct 20 Into the

genomic construct jdentified below 3.capies pf the o onsive
e T 0T ) SN TSR PR e TR e or
20051863809 MCIT Mitk2 Sy8tdfh) OdragisBY iHecBiNPsannstructs From the
MRNA identified below a cDNA was prepared by conven- tional methods.

5' to the(egdgirayidigion of EPO in one construct the endogenous EPO
promoter and in another construct the CMV pro 5 moter was cloned. In

another set of(ivo cigRsiopsedis kel oxytepuse spradila eidnsiging EPO

identified below WaBHBUSHOWEIWE%%%%@%W&Q?@%%,Oér%MV promoter
and the EPO cDNA sequence. iii) Materials used: 1) Homo sapiens EPO

MRNA 10 LOGHS NMQ0 67 kidahe BN kaeak RBbABIO ST pfecing
EPO;

ki

(b) culturing the first cell or tissue (i) and the second cell or fissue
(i) in an in vitro system under conditions and for a time suitable
to induce EPO production and {0 express, produce and secrete

EPO into the culture medium; and
(c) isolating the EPO produced from the culture medium,

wherein the first cell or tissue (i) is selected from a first cell type and
a second celi or tissue (ii) comprises, consist of, or is selected from
a second cell type, wherein the first cell type is different from the

second cell type.

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

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

the second cell or tissue (ii).

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

electricai stimulation.



Accession NM_000799 (NM000799.1 GI:4503588) 2) EPO genomic locus
(Human erythropoietin gene, compléte cds) LOCUS HUMERPA 3602 bp
DNA linear PRI 08-NOV-1994, Ac- cession M11319 (M11319.1
61:182197) 15 3) O2 responsive element Hinf Ito Pvu 11 (227 bp) from

huEPO promoter b) Transformation and cell culture The constructs were
thanéfaprreasprasafifingalthamh Rt ENsry srrilitenglem®, BRRSihine

COgir by canvsntigeakmathodsiniheiansy 20 HermantsWaiRsRIscles adg

diluted by conventional methods, and then'plated in the above described
in vigbrayiatianiw e iensh vie I8DEENFaERPTERIE. WO 2005/063809
PCT/IB2004/004247 32 c) EPO induction The oxygen concentration was

creased fr 9 % | ]l 1.c0N 10
A e R A YR A S I S
was firsllecedd o ftimsus tionssoslirputdiachibl cedesponaspaen {ain raytial
EPOEeLg&ﬁeConcentration of EPO flow-through was determined by an
ELIS) assay (StemcCell Technologies), according to the manufacturer's
in- structions. 10 Results The reduction of the oxygen concentration

irdugesasticioretibE® any one of the preceding claims, wherein the
induction of the production of EPQO in the second cell or tissue (i) s
mediated by a solubie 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 celi 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 (ii) are selected from
the same cell type, wherein the first cell or tissue (i) originates from a
first host andfor 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.



33 Claims: 1. A process for the preparation of an erythropoietin (EPO)
from a cell or tissue in an in vitro sygiem, comprising the steps of: (a)
providing (i) at least one first cell or tissue, capable of inducing 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 express, produc
G TS SSRGS B e Aoy e SO TG re e
prodsicedriforaltiee tistues(ihédnfronetelbtpphaficst diflemriisseibt{ipés.
selected from a first cell type and a second cell or tissue (ii) comprises,
consist of, or is selected from a second cell type, wherein the first cell ,

tyle A BFRSRFR RERPIADSRGTY Qifyidne Rpreding SaiBkny B eiRithe
1 wherginedhedz RiQsised matin@lopr taogifieth& RS SrAipsaseds areosdivgted

to any one of the preceding claims, wherein the first cell or tiSfue g) is

stimA1Bd e idRie FRIBIIMERSPeeRPEHIEHIRE RUBRICER bt fbsttured
(ii). doriviBCeseRECONiNGStP amyraneRifee Precrding Claimmayhefeim  an

the first cell or tissue (i) is stimulated by physical stimulatjon irkcludin
electRHIR'GARatigRNOr, liver, blood “cells inciuding 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 mixiures and/or co-
cultures of at least two cell types thereof.

13. A process according to any one of the preceding claims, wherein the
first cell or tissue (i) and/or the second cell or tissue (ii) comprise at

least one recombinant cell or consist thereof.

14. A process according to claim 12 wherein the recombinant cell is
transformed with at least one recombinant nucleic acid molecule

encoding EPO or derivates thereof.



34 5. A process according to any one of the preceding claims, wherein
the first cell or tissue (i) is stimulateddy chemical stimulation including
stimulation with at least one chemical compound. 6. A process according
to any one of the preceding claims, wherein the first cell or tissue (i) is
stimulated by reduced oxygen (02) partial pressure. 7. A process
according to any one of the preceding claims, wherein the induction of the
production of EPO in the second cell or tissue (ii) is mediated by a soluble

e e 2 A e BB e e

tissug ibisusdinulatedfty ipgubevhn Rraglyetiesnel BRAIN tibkcaedondhasibn,
or tissue (ii). 9. A process accordin to,a%gone of the preceding claims,
wheRSFsthe fis008 6 ﬁ?é‘ﬂl%l’(fﬁgglﬁ%‘f  to the second cell or tissue

(ii). 10. A process according to any one of the preceding claims, wherein

they kst ralkardissueidirgd ihecparpnihcel} of fsgue (b rrenselesiesdramid
the same cell type, wherein the first cell or tissue (i) originates from a first

host seRiBNAFsEaseEivg dhe B QeeomrssIronisdud @) learieotgmoter
consigts f eslr QHGHALBABIEssseNd host and/or second species,

and wherein the first host and/or first species is different from the second
host and/or second species. 35 11 .A process according to any one of the
plgcetliny etainss, asherdinghtosadain cdll avhisezia (e oxprRss@ntygntrol

or Ofggﬁé%qtigghtwﬁgen responsive element.

18. A process according to any one of the preceding claims, wherein in
the in vitro system the culturing the first cell or tissue (i) and the second

cell or tissue (i) takes place in a shared cell culture compartment.

19. 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 compartment.

20. 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 culiure medium.



12. A process according to any one of the preceding claims, wherein the
first cell or tissue (i) and/or the secogd cell or tissue (ii) are selected from
the group consisting of organ cultures, primary cells or cultured primary
cells, derived from kidney 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-PK1, COS, and mixtures and/or co- cultyres of a‘qleast
- CRIPSRSES BRSO RS ACpRoYeRB%: &nﬁnaf?ocﬁﬂ%rg%%ew erein the
precgdifiehplainso MABIRIA the bibileas!ar ibstitedi-ander therseeaidaailre
or tissue (ii) comprise at least one recombinant cell or consist thereof. 14.
A pr&EREHEE Hing to claim 12 wherein the recombinant cell is
transformed with at least one recombinant nucleic acid molecule

e@ﬁ@%&f}&_&%%’s%é@&%@%m%@g&?@ ot Bné PreceamBCeRiAiag IhElRIM the

14 wherein the recombinant nucleic acid molecule codes for EPO with a
glycselrayiiamcaprAItBeERuInsHPHERE, With getd suldfsenedium.

respectively. 16. A process according to claim 14 or 15 wherein the

nislel Brilseaense Aucting e ERAHRHIRLEA Al ahaL IeARlane ine

prormoter and/or expression control element. 177 A protess according to

claincaBushereditheciressisarconwols demienfiesn oxygen responsive

element. 18. A process according to any one of the preceding claims,

herein in the in vi . . : )

o Be YOG 55" dh AL P TLeL e E iR (haRdh ne
cell culture compariments are separated from each other by a barrier,
which inhibits cell migration from one compartment to another
compartment, but allows the migration or diffusion of molecules from at

least one compariment to another compartment.

25. A process according to any one of the preceding claims, wherein the
in vitro system includes at least one gas compartment which is

suppliable with a gas or gas mixture.

26. A process according to any one of the preceding claims, wherein the
gas compartment is connected with, is corresponding with or borders fo
at least one of said cell culture compariments, such that at least one
gas diffuses across the connection or border between the gas

compartment and the cell culture compartment.

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

gas compariment is connected with, is corresponding with



cell or tissue (ii) takes place in a shared cell culture compartment. 19. A
process according to any one of theggreceding 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
cultumdramddize teeab lebstlboetissiar ¢irisdulturedpplsmddasablieasitioee of

compartment. 20. A process according to any one of the preceding claims,
Whergﬁr{%ceé] }lﬁl{/l %es%?éﬁ?g{)nn?ﬁi%es at least one support for first cells or

tissue and/or second cells or tissue, one or more cell culture

CORPATHNRISs arSGreiiELte medine. dihdlphqsanessianesdingteiany at
one of the preceding claims, wherein the support is connected or borde/s
ot I RRINS RSloTHBIER I EPE EBR PR HERS S U poR UBCBRARS @

to anyifae of Haetinesediogslaias \udareis thas elbenliaireaompanipenton
is sugpliable with liquid culture medium. 23. A process according to any

one & FRANELEGIGLILIRSATIRARIRGAE culture medium contains serum

or is serum-free. 24. A process according to any one of the preceding

clagnsg, wheredn the: Sl tra sPaRa BN ants grecesnasatedionwershin at

other by a barrier, which inhibits ‘cell migration from one compartment to
anotieastéwhaethertiusa: eRswatmeanis RiR S erRiindswiof ifelept gas or
from @Slmh%gcompartment to another compartment. 25. A process
according to any one of the preceding claims, wherein the in vitro system
includes at least one gas compartment which is

30. A process according fo any one of the preceding claims, wherein in

step (b) the culturing is performed under a condition of reduced partial

pressure of oxygen prevailing in at least one cell culture compartment.

31. A process according fo claim 27, wherein the condition of reduced
partial pressure of oxygen is prevailing in at least one cell culture

compartment for an interrupted period of time.

32. A process according to claim 27, wherein the condition of reduced
partial pressure of oxygen is prevalling in at least one cell culture
compartment for a period of time sufficient to induce or increase the

production and/or release of EPO.

33. A process according to claim 27, wherein the partial pressure of

oxygen is normal or increased in another compariment.



suppliable with a gas or gas mixture. 26. A process according to any one
of the preceding claims, wherein thgggas 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. 27. A process according to any one of the preceding claims,
wherein the gas compartment is connected with, is corresponding with 38

or borders to at least one culture medium supplied tq.at least one af said
A RS FRANENG. So MBS TEoRifts g Bhorthg = =

precrdisg siimsuhergiediuat leasipoieselmlbramompgriwentfactor or
different culture medium gnd/or a%gdifferent artial gr ssure ?f at Ieas}
f Uit

on
gas R/ESRGnetAf E5hpaf¥sh BandtFiel & ngom%art%rgﬁt?%ﬁ&”
ProcesscRssaEdingdeiany atendidtiegrensdingGldOSRyhdied agrégadocyte
two cell culture compartments ar plied with different gas qr
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whergin e StaEH(R e Gitvriagtis RertoFrmedsiniericecgrslitonfattor (IGF),

reduced partial pressure of oxygen prevailing in at | ,ﬁzg?é)re cell cultur,
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of re%;cg;t)paégﬁjmgwge@f,mxyfg@fbis EeyRjlingdpaablaast aprewtl factor

It t tf int ted ' ftime. 32. A
Sccofth o KEIROSY e heA B i vee i BAR B8

of oxygerr jSinrguAitiGINGIVIBSFoNe e ruIBHESF.

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

cells are cultured in monolayers.

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

in vitro system is an artificial organ or an organotypic culture.

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

support is in form of a three-dimensional matrix or scaffold.

38. A process according to any one of the preceding claims, wherein the
support comprises or consists of collagen, alginate, cellulose,
polyhydroxyalkanoate, proteogiycans, agarose, gelatin, hyaluronan, or
derivatives thereof, as well as synthetic polymers including PTFE,
vicryl-polydioxanon-copolymers, polyglycolic acid, polyalkylene glycol-

aromatic



compartment for a period of time sufficient to induce or increase the
production and/or release of EPO. 33. A process according to claim 27,
wherein the partial pressure of oxygen is normal or increased in another
compartment. 39 34. A process according to any one of the preceding
claims, wherein at least one culture medium comprises one or more
gro"‘ﬁ?l{%@@r‘?{ YAKIOG SelRgtestT o WeBIRHBSRNEHIHGENt materials
granulocyte- ma hage'colony stimulating factor (GM-CSF), IL-3,
grantiietses. colony stimulating factor (G-CSF), transformin growth

factor-(3 (TGF-13), platelet derived growth factor (PGF), insulin like

growth factor acidic flbroblast

g %W ngt%e?s(fbigglg ‘%”&J&%’,}\Y grow fa& ﬁ%@é@ﬁ% ocy%%%&m}/tﬁﬁe
factagu ﬁﬂ@tﬁ)l,skeraiohiytéagmwm pactmu(EGH) reursl are pmbglls)\MMauftoiudmg
(NGE é)artl ular GMo;%%sF :Ialb f’i)’(tsandr% -CSF, o?’rﬁ A process according

to an 8H Bt B}%c%dlng Talms where € cé€lls are cultured in
monolayers. 36. A process according to any one of the preceding claims,
whereinghscdasviteo sisiane i E@Oantfieiglronganter answgammm'muﬁﬁ EPO
37. A ocess according to any Or§ of the precedilrnsgcclalms wher

SuppSMGSIIRFmASY YRR ST SF SRS Aag 88(§§§W0
accopiny {pyapioane, PoheRirtpdiedstiass, wherein the support

comprises or consists of collagen, alginate, cellulose,
polyhydroxyaikaneatsrgiotenobroposcagaios @rgedaling ljalmsnan, or
derivatives t Fgereof as well as synthetic polymers including PTFE,
vicryl-pol%l xanon-copolymers, polyglycolic acid, polyalkylene glycol-
(d) at least one further purification step selected from reversed

phase HPLC, HPLC, immunoaffinity chromatography,
immunoaffinity magnetic beads, caticn and anion exchange
chromatography, hydrophobicity chromatography, hydroxylapatit
chromatography, dye affinity chromatography, lectin matrix
purification, dihydroxybromy! matrix purification, gel filtration,
salting out, precipitation with ammonium sulfate, isoelectric

focussing, and a combination thereof.

41. EPO produced by the process according to any one of claims 1 to 38.

42. EPO according to cltaim 41 comprising or consisting of a subpopuiation

of glycoforms.



aromatic 40 polyester-copolymers, and PE, or a composite of different
materials thereof. 39. A process acgording to any one of the preceding
claims, wherein the support is in solid form, in particular fibrous or porous
form including sponges, foams, porous fabrics, or in gel form. 40. A
process to produce EPO in high purity, a subpopulation of EPO
glycoforms, an individual EPO glycoform, or a 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 sele,ctg_d,
fbin Eef’v@rmo&ﬁ%tﬂﬁwwwnﬁﬂaw&fﬁhi&%ﬁ%mat%rﬁw dividual
immyReajfiily. magnetic beads, cation and anion exchange
chromatography, hydrophobicity chromatography, hydroxylapatit
chromatography, dye affinity chromatography, lectin matrix purification,

dﬂﬁxd&ﬁ@b@@ﬁwmm gavifreatiod, gelmerdtioty 43Ihainsustbdantieiiofree
with gmmeniHmSifake: iseeieeir fRrIsaIng RANGA ombingtion thereof.

41. EPO produced by the process according to any one of claims 1 to 38.
42. EPO according to claim 41 comprising or consisting of a
subpERGtimrcatigigcboany. dde 48! EROnacddrdingdd tleing 41uman EPO,

CompIISing. ¢ SANSISING, ot 38 IYMAUah GVSGOI Mecombinant EPO.

46. EPO according to any one of claims 41 to 45 produced by further
orocessing EPO and forming a conjugate of EPO wherein EPO is
covalently linked to polyethylene glycol.

47. EPO according to any one of claims 41 to 46 that has been further
modified to reduce immunogenicity and/or to prevent adverse effects of

an immune response upon administration.

48. Pharmaceutical composition comprising EPO according to any one of
claims 41 to 47 and one or more pharmaceutically acceptable

excipients and/or further compounds.

49. Pharmaceutical composition according fo claim 48 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.



44. EPO according to any one of claims 41 to 42 being substantially free
of human or animal blood products gpich as serum albumin. 45. EPO
according to any one of claims 41 to 44 being human EPO, equine EPO,
canine EPO, avian EPO, or an recombinant EPO. 46. EPO according to
any one of claims 41 to 45 produced by further processing EPO and
forming a conjugate of EPO wherein EPO is covalently linked to
polyethylene glycol. 47. EPO according to any one of claims 41 to 46 that
has been further modified to reduce immunogenicity and/or to prevent

wlyerspeifeciswdican tompoeitiespanssoufing attnioisiratiel® 4®herein the
Pharmaceutical composition rising EPO according to any one of
clairﬂrgﬂ'mﬁcﬁgﬁ??ggn@%creﬁ%@%h% & ﬁiésan_\?%%é’g% at?féfx“exct‘:??p‘%eﬁ{é’“p
and/onrﬁe’rﬁ’aiegcpfrmﬂindschmrﬁ@@hm&icaltmpasﬂem@&drﬂh@mate
claing HerdiereLI0, PharmpcRUlieally AR B BIMENLEIRECBmin
fromthe group “consisting of inorganic salts, pH buffers, amino acids,

polytisjitileptiyetokentsghmelersasnitiiseasbioh insar aeatieifistganol,
Presgivaiivesy NLIINC dRlRigensaHiBstanEs [PUHARESRIS20, pluronic

anti-oxidants, and adg'&'\éants. 42 '50. Pharmaceutical compaosition
accor@fgayeirgmastiingig viapHufmyitamiy YEEsidble excipient

is selected from the group consisting of sodium chloride, glucose, citrate,

agetate and phoshhate  buffered SUStems Y8, AWNGRe SFUNSRE bRYiRe 50

serum aﬁ)u_mln, emthm,%yethylene lycol, mannitol, sorbitol, benzyl
alcohdiessinibe R hepkisiRicsempoio HiPidre WIS gophARino

20, ph#@aBichalyols, antioxidants, vitamins, trace elements, iron, anti-tumor
agents, antineoplastic agents, antiproliferative agents, cytostatica, anti-
apoptotic agents, toxines, enyzmes, diagnostic imaging or contrast
agents, dyes, antibacterial agents, antifungal agents, antiviral agents,
cytostatics, immunosuppressive agents, anaigesic agents, hormones,

anti-inflammatory agents, and haematopoietic agents.

52. Pharmaceutical composition according to any one of claims 48 to 51

being an aqueous formulation, lyophilised, or spray dried.

53. Use of EPQO according to any one of claims 41 to 47 for the
manufaciure of & medicament for the therapeutic and/or prophylactic

treatment of diseases curable with EPO.

54. Use of EPQO according to any one of claims 41 to 47 for the
manufacture of a medicament for the therapeutic and/or prophylactic
treatment of



F68, giycine, methionine, vitamin C, vitamin A, vitamin E. 51.
Pharmaceutical composition accord§pg to any one of claims 48 to 50
wherein the compound is selected from the group consisting of amino
acids, polyols, antioxidants, vitamins, trace elements, iron, anti-tumor
agents, antineoplastic agents, antiproliferative agents, cytostatica, anti-
apoptotic agents, toxines, enyzmes, diagnostic imaging or contrast
agents, dyes, antibacterial agents, antifungal agents, antiviral agents,

cytostag%j JIIRURASUPPEEASINERACHIRH2 B8 \F20RRISdY MW ogenic

anti-inflammatory agents, and haematopoietic agents. 52. Pharmaceutical
compositioARENGIBYED aRy-GHe GIRHANE8THF1 being an aqueous

formulation, lyophilised, or spray dried. 53. Use of. EPO according to any _,.
one of &%}rﬁgaﬂW@4??&Pﬂfgana??uf§8ﬁH@%?ta mg%i é\ﬂ'fafor{&%gs' anti-

therapeuticrroiiferstrapbylagijcaitteaimentgkdise asemeopbitiovah RO and
54. Use of EPO accordin%go an onn of claims 41 to 47 for the
manufacturd Of & 1RedELeh T F9he ﬁﬁerapeutic and/or prophylactic

treatment of A (AL laeanaR Y LopagaHan Ve AamididRcluding

nephrogenic anaemia such as ated anaemia; (b) anaemia

secondapy i leaiment YiHu SR traherHeh aateRtRliisratrauI03egitiens
tumor agents, antineoplastic agents, and immunosuppressive agentg);égc h

anaemia seBGHHRE BNPSARIRSHRBY AN FREIRIAT BFHREIRE

to chemothegapgytis Onsadighige rgippeassinelusingpshemotherapy and
radiation therapy in connection with

(e) anaemia associated with rheumatoid arthritis, prematury,
excessive blood loss, myelofibrosis, sickle cell anaemia, bone
marrow transplantation, thermal injury, p-thalassemia, and

Acosta’s disease; and

(f) diseases in connection with acute or chronic ischemic injury of

the myocardium, skeletal muscle cells or renal celis.

55 Use of EPO according to any one of claims 41 to 47 for the
manufacture of a medicameant for improving peripheral oxygenation,
improving physical performance, facilitating presurgical autologous
blood donation, and/or maintaining or increasing hematocrit values in

an animal or human body.

56. Use of EPO according to any one of claims 41 to 47 for the
manufacture of a medicament for preventing and treating ischemic
acute renal failure, cardiac failure, congestive heart failure, endothelial
injury such as inflammation, diseases of the centrai nervous system,

diseases



cancer including myelosuppressive therapy; (e) anaemia associated with
rheumatoid arthritis, prematury, exgessive blood loss, myelofibrosis,

sickle cell anaemia, bone marrow transplantation, thermal injury,
R-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. 55. Use of EPO according to any one of claims 41 to 47 for
the manufacture of a medicament for improving peripheral oxygenation,
improving physical performance, facilitating presurgical autologous blood
donaifonhangéighamtainaymrsnerestsmg v atvaminfeslues ina popdosmalor

or hyman,5ady,, 50 - ddst, GEREIQARASFAIL AN IG A SS9t Eels,

for the” manufacture of a medicament for preventing and treating ischemic

acutd@h &EHsiPENEaraRtEoMil#ad dp i3k PRI YSIltiseuendldthengHronal

injurgsgehiasinBammationueiseaseg\of the central nervous system,
diseases 44 of the peripheral nervous system, and harmful cell apoptosis

or._necrosis such as in renal tubular cells myocardial cells, muscle_cels,
o TR B Ao KoY nalo & (Sl B & iaraTor the
deatmimrameaiingal of hamandaichm&nt Uke ofildROingcortingitatiagy cvel/or

of cl 'Uﬁé{lﬁﬁ%%@&mﬁqéﬂéﬂutﬁc%ﬁl o R S dicamaet Wééqgk‘iﬁmgrisation,

stimulatihg and/or supporting the formation of new blood vessels, o
neovARBIAERBEEEH, ATRHBIRITRS VEadUprREITERSIvE PR Estion, mitosis,
neurepspteaiiash Nikdsidotifity, and wound healing in an animal or human

body.

58. Use of EPO according to any one of claims 41 to 47 and 53 fo 57 as a
hormone.

59. Use according to any one of claims 53 to 58, wherein EPO is suifable
for being administered in a dose from 10 U to 100 000 |U, preferably
from 500 1U o 2000 1U.

80. Use according to any one of claims 53 to 58, wherein EPO is suitable
for being administered in a dose of 0.5 IU to 2000 1U per kg body
weight.

61. Use according to any one of claims 53 to 60 wherein EPO is suitable
for being administered in a therapeutically or prophylactically effective
dose, in particular in form of a pharmaceutical composition according to
any one of claims 42 to 48.

62. Use according to any one of claims 51 to 61, wherein EPO is
produced by at least one aufologous cell or autologous tissue from an
animal or human body, in particular cultured renal



proliferation, cell motility, and wound healing in an animal or human body.
58. Use of EPO according to any ong;of claims 41 to 47 and 53 to 57 as a
hormone. 59. Use according to any one of claims 53 to 58, wherein EPO

is suitable for being administered in a dose from 10 IU to 100 000 U,
preferably from 500 IU to 2000 IU. 60. Use according to any one of claims
53 to 58, wherein EPO is suitable for being administered in a dose of 0.5
1U to 9960 AIDERG sy RRIGHE6RCNEALBEITRIRE Iy Bhare amipel
53 tapBwvherabadhPO is suitable for being administered in a
therapeutically or prophylactically effective dose, in particular in form of a

PRaMAGeWicat pomBestiRCaer dity tormaysIneiaialains 43 ta#882.the
Use according to any one of claims 51 to 61, wherein EPO is produced

by atfERRGHER Mo BELIFARANS T RUINE JHRRIIENe HohS RCHIFHNIBIC any
humap,bedywdimadictiagcultured renal 45 cells, and EPO is suitable for
being administered to the same animal or human body. 63. Use of EPO
according to any one of claims 41 to 47 for the preparation of

medicament for the treatment or use according to any one of claims 53 to
62.



