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1'Process for the fermentative production of erythropoietin The present

invention relates to a process for 5 continuous fermentative production of
erythropoietin (EPO). The process is characterized in that it is carried out
in a perfusion reactor with cell retention] with the feLmentation process
being controlled only by a few selected measurement and control
parameters so as 10 to influence both the productivity of the chosen host

organism ingespect ot EPQ ANIEBQ eI 9ualibaln an A vaptageous

manner. Erythropoietin, EPO for short, is a glycoprotein \
stimulates the formation of erﬁﬁsgﬁgg?ﬁ dBone marrow. EPO is
mainly produced in the kidneys and reaches its target site from there via

thergigculation: da Kidngyfailure:the damaged Kidreysproguca-taodlittles o
EPQQL N0 BEQ akél!r{é%%ﬁétﬁl@b@ tQSrfc?é%(;h eéxthrg%ytesrgreéﬂ9§%89%

from the stem cells of the hone marrow Is "renal anemida(’ can be

tre&fEd by %ﬁlsﬁﬁ?ﬁ]ﬁeﬁlﬂsmﬁ)g|E§Iaé?ﬁ85ﬁf§6ﬁéPG?hat‘—§’cﬁﬁuldt§thés
formime@f enythrocytesinthesbone meagve:The therapélticacton and,

useDiERQds 25 deseribeddn d@i%ilzé@s%ﬁéﬂﬁ@ %Eﬁk@@é@umﬁly by
Mac a C 0 9 7-95 ann W siol. Rev.

o2 T A e e o P %
735%, EE-EHITR G- ERR% ?6@%%@%& EYO ?65 EB%, 1SHARG30 OEE
PNXS 210841 27082792 ¢ i, PH. E80al 23¢ BEFCChemd 1986 2@l ity in

3148-3R4and soDietzielbisger H. et al., Manual Supportive NaSnahmen
und symptomorientierte Therapie, Tumorzentrum Munich, Germany,
2001, 70-77. 35 The EPQ used for administration can either be obtained

frfs REMTAR GrRG O b préparéd By Gehetic BnginBeNRgRAaos, Emeeh
the humpirbedy chtaiRs M verysmall amothnsof BP0, isoldting ER@e
framathenatumbsoutee ma2 nIfor therapeutic uses iscvduallyimpassibleaa

C%&%&H@@t'ytgem%seg@@@émﬁfaﬁth&?ér%ﬁ%@et%y geongmically,

this substance in relatively large quantities.

feasible way of pr

Eryf?}roe’f) %){ ﬁab tuced FecSHbmaRTy SHERTHE hufraruce  too
er}thFGd@letW@en@lWa@C?de’ﬁﬁﬁedalﬁ 1984 SirestHe baginring dfthe few
19965+ varoys ssedieaments-bave beetddevelgpedwhigh €ontain homan:

ergbrapoiglin 1), progyeed biotechnolggically in eUKArVOIC ¢ reateq by
adminigtering physiological amounts of EPO that
stimulate the formation of ervthrocytes in the bone
marrow. The therapeutic acticon and use of EPO is
described in detail, for example, in Eckardt X.U.,
Macdougall I.C., Lancet 2006, 368, 947-553, Jelkmann
W.; Physiol. Rev. 1992, 72, 44%-48%, Eschbach J.W. et
al., N. Engl. d. Med., 1587, 316, 73-78,
EP-B 0 148 605, EP-B (0 209 535, EP-B 0 205 564, Huang
S.L., PNAS 1%84, 2708f2712, Lei, P.E., et al., J. Bicl.
Chem. 1886, 261, 3116-3121, and in Dietzfelbinger H. et
al., Manual Supportive MaRnahmen und symphtomorientierte
Therapie, Tumorzentrum Munich, Germany, 2001, 70-77.

The EPO used for administration can either be obtained
from human urine or be prepared by genetic engineering
methods. Since the human body contains only very small

amounts of EPQ, disolating EPO from the natural source
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564, inter alia, describe the production of recombinant human
erythropoietin. 15 The "degree of sialylation”, i.e. the content of sialylic
acids terminally linked to the protein via sugar chains, is of crucial
importance for the effectiveness of some proteins such as erythropoietin
or interferon, for example. Proteins with & higher 20 degree of sialylation

usg_%]ly ha\é%gﬂggﬁgige0|f|%QQEV|ty fé;:cor(yngtt,% th%prlor art, 5@%3% .

proteins such as, for example, EPO, t-PA (tissue plasniinogen actlvatoF)

or B%B%E%ﬁﬁw@l%ctorg\?ﬁﬁWﬁosee%gnﬁﬁ?ﬁéﬁgndg“ﬁi&ﬁ?ﬁﬁa dirthenr the
degreerof 25Biaiplativhlare produidethin ctdmresdt mammiakidmaellshis

whigihareaapable Qf@ma@m@cga&@rey Pestiansladional glycosylation

or sialylation of the
Erythropoietin can be produced recombinantly since the
human ervthropoietin gene was identified in 1984. Since
the beginning of the 1930s, various medicaments have
been developed which contain humsn erythropoietin
produced biotechnologically in eukaryotic cells
modified by genetic recombinaticon. EP-2A-0 148 605 and
EP-3-205 564, inter alia, describe the production of

recombinant human erythropoietin.

The “degree of sialylation”, i.e. the content of
sialylic acids terminally linked to the protein wvia
sugar chains, ig of erucial importance for the
effectiveness of some proteins such as erythropoietin
or interferom, for example. Proteins with a higher
degree of sialylation usually have a higher specific
activity. According to the prior art, those proteins
such as, for example, EPQ, 'thA.'(tissue plasminegen
ractivator) or Dblood clotting facter VIII, whose
activity depends inter alia on their degree of
sialylation, are produced in cultures of mammalian
cells which are capable of such as necessary, post
translational glycosylation or gialylation of the
protein. Usually, EPDO is recombinantly produced in
Chinese hamster ovary (CHQO) host <c¢ells. While the
latter have previously been cultured in culture media
supplemented with fetal calf serum and sometimes also
bovine insulin, they are nowadayvs cultured regularly in
serum- and protein-free medium. This eliminates the
risk of contaminations with bovine proteins, bovine
viruses, bovine DNA or other undesired substances. The
skilled worker is familiar with the ingredients of =uch
serum- and protein-free culture media. They consist of

a mixture of amino acids, fatty acids, vitamins,
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protein. Usually, EPO is recombinantly produced in Chinese hamster
ovary (CHO) host cells. While the 30 latter have previously been cultured
in culture media supplemented with fetal calf serum and sometimes also
bovine insulin, they are nowadays cultured regularly in serum- and
protein-free medium. This eliminates the risk of contaminations with
bovine proteins, bovine 35 viruses, Boving DNA or other undesired

substapggs Lhe skilled worker js familigr with the ingregients of speh. .

serum- andpjotein-free culture media, They consist of a mixture of amino
acitR fal a8iHEUitamins®™. 3 - WSigahicaltsandfdmonsiftifsent 2
coRéerttaticts, Hslspécified MoR iaRAse, MBP-B2«4A8L 79t wrel medium
WERE/00%67:Al -Bhe Labyre-mediunt hete Bas eonsidesable-infivence-0m:

the.grawth rate .5 cell density, trapslation apd t lption ofgheshost .

cells ﬁd therefore,inter alia, also on the glycosylationandsialylation

paft&dtthe T8EomBiIREATY Bréducedprétein. #haé, serdmhSee fBdia 57
nofrhEiy tisedtthanare supplied bievaricus 00 mamgaterers, forexamphe
the MAM-RE2rmediupr-(sald: #tepalta: by Bioconcept, Allsehwilree media

5%?@”6‘99}85&*1%0%%% DIENUI2 media (sypplied,sfor gxample, by
Invitro n/G|bco%’ agepstein, Ge tany). 15 In nnugl::- three different
pro %g%FEUﬁ‘uﬂné%st%’éﬁ%‘%?pr&&ﬁcir%ﬁ%ﬁ ﬁ?binjﬁﬁflb}%?ein%s"ld
sueh &y forbkample, BRocearbetdistihglistiodi L, Switzerland) or
the DMEM and DMENUl2 media (supplied, for example, by

Invitrogen/Gibco, Eggensgtein, Germany).

In principle, three different procedures for culturing
host cells for producing recombinant proteins such as,

for example, EPC can be distinguished:

In a batch process, medium and cells are introduced
into the bioreactor at the start of cultivation. Until
the end of the cultivation, there are neither nutrients
added ncr cells removed from the fermenter, and only
oxygen is fed in. Once one or more substrates are
exhausted, the process 1g stopped and the products are
harvested from the fermentation supernatant. A
variation of this batch process is the “repeated batch
process” which inveolves leaving part of the culture
volume for inoculation in the bioreactor at the end of
the fermentation, filling the reactor with new medium

and restarting the fermentation process.

An  advantage of the batch process ig its simple
technical dmplementation. Disadvantageously, however,
the capacity of the cells for producing the recombinant
proteins is mnot fully utilized in general due to
selective depletion of nutrients in the culture medium
and to accumulation of metabolic proeducts which are

toxic for the cells, such as ammonium and lactate, for



~ In‘a batch process, medium and cells are introduced 20 into the bioreactor

at the start of cultivation. Until the end of the cultivation, there are neither
nutrients added nor cells removed from the feLmenter; and only oxygen is
fed in. Once one or more substrates are exhausted, the process is
stopped and the products are 25 harvested from the fermentation
supelLhatant. A variation of this batch ﬁ?o?:ess Is the "repeated batch
processyydich dnvalves leaving partobthe cylture yolurpe for ingeulation
in theotgor(e)tactorcaé thefng,of the termen_rf?tion, filling the reactor with new
medium 30 and festarting thefermahtatioh procdss  An adVERTAGE of the
bateR5rotessys it§sHnapRStechical itplehwritatidn cDisvantsgeoushsh
howekerithe capacityuafdhe cellador producingithe reeembinant 3B verse
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nutcrllents in th&e culture medium and to accumulation of metahdlic products

Whith ST Toxic foF the"Galle” subH ds armBHium and LTS 162 exdmple:
Anéther dikddvafifage isthesfactapatithesprodiieeatéhmiilating inthe the
batch fetméntersis cdnstanthrexpesetbthemMmetabolic:enzymes whichn = 1
likewise, accumulate, ard this Q!%Q@ge %%&&f%%@%%&&%mgﬂ%t
quality and/grepro uct ylf|d. As d(g%(;rl ed in.Gramer M.J. et al. )
Bictechiiology 19 5 13:845%98 1ifls a}ﬁbﬁ&éﬂspé’éﬁficﬂm‘% highly
"sigfidaseS SARictFar erpaBiaist remiovin e ELATNARSIARME acids fidm
alreadyormedhglgeeproteins atitk 10 as#efesttibiower the yield ¢letween
degiredtighly-siabdajed glycoprotein. Anotherdisadvantagesof thehateh 5
pr%cess%|s thgz unf%vtojrraglle éatl%ggtwegg pro L$t|on me which is I|m|t%g_L
due ToThe limited S PIY Of hutfidhts forthe gelf cufittiré (picaily 25 =11y
aréd5%o ﬁot&ayég afg¥He tGartimedf ivsayclé wRichaddonatyle.
inctides thadime fonséfting Upctledmingtand sterlizingcthe biareaator up,
(typicalbyiargund:p to-4 days). gﬁghe@ﬁgon@QQ%%wyvati@ygﬁ%%
is the cogtirﬁuo%sopgpc(%ss in which fresh medium is continuously fed in

Ol s5). . .
an%ﬁefmen r conten s%r removed to the same extent. This results in a

continuous supply of nutrients, and at the same time undesired metabolic
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process in which fresh medium is continuously fed in
and fermenter contents are removed to the same extent.
This results in a continuous supply of nutrients, and
at the same time undesired metabolic products such as.
the growth-inhibiting substances ammonium and lactate
are removed or diluted. Consequently, higher cell
densities can be obtained and maintained over a
comparatively long period of time by this process. 2
special case of the continuous process type comprises
“dialysis reactors”, with which high molecular welght
substances such as proteins are retained 1in the
fe:menter, while low molecular weight substances guch
.as substrates can be added or the major waste products
ammonium and lactate can be removed from the system.
Apart from these advantages of the continuocus process,
there are disadvantages, in particular in respect of
the comparatively increased risk of contamination by

contaminations of the gell retention svstems (typically
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diluted. Consequently, higher cell densities can be obtained and
maintained over a comparatively long period of time by this process. A
special case of the continuous process type comprises 30 "dialysis
reactors”, with which high molecular weight substances such as proteins
are retained in the feimenter, while low?nfolecular weight substances such

as subslrates Gan be added or the majarwaste, rOTQ%CtS ﬁ&@?”@:ﬁa%%e
lactate can be removed from the System. 35 Apart romil €se advantages
of PGSBS Blocest  thefr@rdidddvartage’Sin paftictiar Ferface
respeciof thehcormmparatively wcreasednisk eficortantimatiobdoey up to a
corigpnatiensoabineeall retention sysiems(fypically -ormembrane ;¢
ftecedpLare difiautio deanyand e depesition of cell materal op the, ,
filter surface d}ﬁring the process WhICh Can reddce the isw upkfola

COMpIEtR hIGARgeSTthe mekbramd SN akefhatiteds 5 sserimE  the
ultfssourm-supported setentiobsystems inatichi thescelisiarespreveatechd

fropnescapingsthedebinentation reactor by:an ulrasonic,standing wave
and the use of membrane filters is no longer needed. 10 The use of
perfusion reactors in microbial production of chemical compounds and

protefns With CariRR et et entiBREstéms IS wal RReRiranFFasBEEA oD

deséribesfor R0 toor¢BioPdecessdntermationak 2004;146 v&otenflo et

Bigteehn Bioangs 200280 438i<h3 Wisonasep-car/biasep. AL WO- 5

951214, g this context fop.example, von Wang M.D.etal, 46,
Gorenflo et al., Biotech. Bioceng. 2002, 80, 438:
Www . gonoesep.comn/biogep.htm; WO $5/01214).

In this context, for example, wvon Wang M.D. et al.,
Biotechnology and Bioengineering 2002, 77 (2), 154-203
discuss various systems in which the cells are bound to
macroporous beads and, due to the pores, can colonize
large surfaces, resulting in high cell densities.
Nutrients are supplied by continucusly feeding fresh
medium, with the cell-covered beads being washed to the
top at the same time. It iz also possible to pack a
stirred tank with small polyester disks (approx. 1 cm
in diameter) rather than with beads and to continuously
pass fresh medium through them (Jixian D. et al.,
Chinese Journal of Biotechnology 1898, 13 {4), 247-
252}, This, however, reguires the cells to grow in an
adherent manner. Colonizing supports, regardless of
their type and chemical composition, has the
disadvantage that the cells can grow therein sc densely
that the inner layers can no longer be supplied
properly and the cells cclonized there stop producticon
and/cr also release undegired metabolites to such an
extent that they are not removed adeguately and
therefore can adversely influence product quality.



~ Biotechnology and Bioengineering 2002, 77 (2), 194-203 discuss various

systems in which the cells are bound to.20 macroporous beads and, due
to the pores, can colonize large surfaces, resulting in high cell densities.
Nutrients are supplied by continuously feeding fresh medium, with the
cell-covered beads being washed to the top at the same time. It is also
possible to pack a 25 stirred tank with Smiall polyester disks (approx. 1 cm
in diameter) fatherdhan i beads And (o cORURUANAY Pags RN pascn
meg%eum through ther (iJ|X|an D. et al., Chinese Journal of Biotechnology
199 %Fbagﬁ%Z ~This RBREVEF Teglires tHidceliSo Gibw Y ah 38"
adHéteft rhahmer Calonizirtd supporiseragafdfebsdf thdiv typeradd with
chemicaheempasition, 1as, thefdisadvaringe that-theier)lStakgrow: ¢+ 1 e
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and, the cells colonized there stop production 35 and/or also refease
und&&iFed hidtatbiites ©B°&th arreXteRt that BTy areédfot rémdviy Latch
ad&FeaeiFang itelelcre dmpadrarselyinfitedce produbigualitycese - is
Thelkird frossiblerprocessefinallys 45 fad hatcl fetmenrtatieawhichean  be
compises:staing.he chltivaliog 1 adetuerler which hasheqn.flled Qo
par,t!X with culture meq:!r%m and, after a short growing phase, little 5 by little
addiig frest MEdiufT FHIS Mdies Righ¥PE&ff deHERESAR G fongEPBrGTE™S
timéstharit i thechdehsroe s possiBle. Arother advantagé ofitlkis cells
prdeess isithe factthatitheatietaholismeof the-gells-ean he/nfluencedyiger
theexteqt of feeding:hich may.iasult 10.nsalover prodytion obwiasie..
su %tagggganggmop‘lagred wit tr%%con guoﬁ_Lﬁs‘prohcess, the product of the
celflshére s acciimtilatedin the fefmafiter OV TR NGE TEBEDE tife -
thetBby Behfeittghighiet produevesncertratiorecant this fabiitatedls to
sulbsequentivbek- 16:upadihis requiresi howewar, the produst of theeelisa
to ba stahleienaugh for it not to:besdegraded.anzymalically or 10,08 nepy
deg mpiosed.ln ar%%[ger Wa%nvgggth isJn the fermenter f%%gevera da%é%.
Another disadvantage of tis process isthe At fhiat the 207y sibioge™
coRARBA%IH IRE DioRdactbPésn dharrRSdisabivantdfeodsiyduchkpt the
contcentrafetsutsstratesdiutibns heiny feddn. A majarcprobler:of tieange
culiyrng-elmamealian cellsds 25 thay, of supplying the cells withysufficient
nug{l)elntgiwggogt liqle d%%rc?dlatlon products of said nutrients accumulating
beyond a it criticar for celltlar physiology. The main energy sources
used by animal cells are glucose and glutamine, whose major 30
deyradation prodicisitacidteand ammonichncrespeativety ataelativelyshigh
copegatrations, jhibit.growth.and. metabglism of the cells and resultin cell
de“@th HaEsellliﬁt al.ﬂéggg%g B.iochemist(%agd Bio%echnolo y 1991, 30,
2941  When culturing anlmaﬁjsqflceﬁ?sr,ff i thetefSre adran aglégﬁgjtgnts
reGGCEBRCRMTIEt 0P EY RREate Bandlafhtoniti #hile suppfing cstiffisient

ampbystsaafomtrientddn ordénto dhiesgy sources used by animal

cells arsa glucose and glutamine, whoge major
degradation products, lactate and ammonium,
respectively, at relatively high concentrations,

inhibit growth and metabolism of the cells and result
in cell death (Hassell et al., Applied Biochemistry and
Biotechnology 1991, 30, 29-41). When culturing animal
cells, it ig therefore advantageocous o reduce
accumulation of lactate and ammonium while supplying
sufficient amounts of nutrients, in order to thus

achieve higher cell densities and  a higher product
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possible way of reducing the production of waste products is that of
adding substrates in a controlled 5 way, which is also referred to as
"catabolic control”. This utilizes the dependence of the cellular metabolism
on the concentrations of nutrients provided in the fermentation medium. A
limiting feed of glutamine and/or glué”oge was shown to result in a :
magkedly 10 reduced production of ammonium and lactate in hybridoma
cells (Ljunggren & Haggstrom, Biotechnology and Bioengineering 1994,
44, 808-818). In fed batch cultures in which the glucose 15 concentration
ha®BeeRaBifistéd byadding corcentaed medipnifweontollel waste
an pltedatiore ofithe ceHulan metatiolis walssabserved afierssometime, 1ea

whighis al30 egferred o as metabolicshift, This metabalis shiftis induced
by J;gutln%gh%glucosehand %Iutaglne 20 cFIonC ntrations in the medlurp,
over sévetal days and r%s&l WS e Mh &R takER UBSARPC- - sm
met&boliFed by et Sipsequehtlystie ghitose angghded-ting the
corfients:irt el culturagtieditim imc_reaamiwlnﬁgeang@ﬁiucﬂ@n of 1the: svaste
sulg&;aw%s '%%tﬁé%éatd @Bgm@%ew falls g’%éﬁ@l&’,d%?o th% g%@z%qﬂy
cons iQn u et al., Bigtechnology and Bioengineerin , 46,
oG PSRRI Rt b D SO oL By T8 Rybliabia delane
buf&issin celFNESEUER as SPOHAEKEPOSIBHK BeFEFD 30 The and
metabelicrshifi=camachizwe high cefiidersities of more than 107 cells per

milliliter accompanied by comparatively long process times, since the
waste pr ts I%ctat and ammonium do not accumulate at 35

T - :
conélentr%t%ris that fg{/ersgﬁrﬂ%ﬂ%ﬁe celﬂngrov?ﬁ .lﬁ}fs m%%ﬁant Pers oFst

the fFESTRAG B itiih i 3HdapRIF o eFEfFeMEnRCiMe ceIBGrBrdarts
ensgrElachieving the metabolid shift arg to preventlhathation of the

cellular metabolism was observed after some time, which
is also referred to as metabolic shift. This metabolic
shift is induced by limiting the glucose and glutamine
_concentratioas in the medium over several éays and
.results in fewer nutrients Dbeing taken up and
metabolizedrby the cells. Subseguently, the glucose and
glutamine cont@hts in the culture medium increasé,
whereas production of the waste substances'lactate and
ammonium falleg markedly due to the reduced consumption
(Zhou et al., Biotechnology and Bioengineering 1985,
46, 575-587). Sald metabolic shift was observed not
ocnly in hybridoma cells but also in cell lines such as
SPC, HEK-293, BHEK and CHO.

The metabolic shift can achieve high cell densities of
more than 107 cells per milliliter accompanied by
comparatively long process times, since the waste
products lactate and ammonium de not accumulate at
concentrations that adversely regulate cell growth. It
ig dmportant here that the feeding sclution is adapted
to the :equirements of the cells in order to ensure

achieving the metabolic shift and to prevent both
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consequently a strong increase in osmolality(XieandWang,
Biotechnologyand  Bioengineering 1994, 43, 1175-1189 and
Biotechnology 5 andBioengineering1996,51,725-729).ltis furthe lore
important to provide the cells nevertheless with enough glucose as
substrate for glycosylation of the reconmibinant proteins. 10 To enable the
consentrations;of thesuppliednytrients, to-pe.adiusted tofhe consumption.
by HLQC%?UES tngc’)rmgllfllﬁc:ongglq%aeted processes are ,emgloyed inorderto
-determine the curren cpnsump%nrby the cells gﬁa%tﬁse&llfgrﬁﬁ/at%eadjdﬁ
the 3l bffdeding ad¥éGuiredPThis indlglies intePakithelglgéesyy  and
meBasurng coneentratiory $dr, examplelbyBewinectiomianalystssditnol ogy
5 measyringshe Sonsysaption;of oxygen by the cellsy Thusyfor example, US

6,180,401 discloses a fed batch 20 cell culture process.in which th
glugblg%q%%ﬁ%gﬁﬁaﬁgﬁ 5 %naena{“’su?gd BoRtiA ggus%g/ anc |Js?]1§ep?&\27\7ﬁ‘;rﬁr?%ﬂess

certaiftrafge T heCHERE etiurf Bysadjasangfaie febarrrad attastiont
of thieemeasunéd data. Accordingsto the teaching of US 2002/0099183 too,
the rate of feeding in 25 glucose is deteimined via the glucose

congcentration, thereby keeping said glucose cancentration in the culture
O e T o e e e
of &%ed BRtcIF80 }76E6ss, dh addifion GTHRIFEIEES nBEdedas a fimklisn

of therglatdge compéntratien imthecultere wediumpWOQY/330Kder to
disglosesa gultudng proeessVNiCAonsumption by the cells and

subsequently to adjust the rate of feeding as required.

i5 This includes inter alia measuring the glucose

concentration, for example by flow injection analysis,

or measuring the consumption of oxygen by the cells.

Thus, for example, US 6,180,401 discloses a fed batch

20 -cell culture process in which the glucose concentration

is measured continuously and is kept within a certain
range in the culture medium by adjusting the feeding as
a function of the measured data. According to the
teaching of US 2002/0088183 too, the rate of feeding in

25 glucose is determined via the glucose concentration,

thereby keeping said glucose concentration in the

culture medium within a particular range.

BEP-A-1 (036 175 describes, on the basis of a fed batch

30 process, an addition of nutrients as neaded as a

function of the glucose concentration in the culture

medium,

WO 97/33973 discloses a culturing process which

35  involves measuring production of an electrically

charged metabelic product on the basis of the
conductivity of the medium and adapting the feeding

rate accordingly.

-8 - exhaustion and excessive accumulation of particular nutrients and
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conductivity of the medium and rate accordingly. of an electrically the
basis of the adapting the feeding - 9 - US 5,912,113 describes a
fermentation process for microorganisms which involves feeding every
time that the carbon source in the medium is exhausted and, as a 5 resullt,
an increased pH or an increased coficéntfation of dissolved oxygen is
measured in the medium. Aside from technical process parameters such
as the nutrient supply gy way. of the media composition, as 10 discussed
abg\}%e, 0%1I5I%nrbe’-%[]? cific pro é‘%%% which %ﬁﬁﬁt&ﬁr@se&) L8 HifSrent °F
groviATatEs Toalet o kinkticsrcell valitf apesmansiatenal piotessingt
forghycosytation and: siadylatorsialsmplayue: ceptratpartirteImsdf, as a

praduct puality.of the FPQ obtaiped 15 and %@\é%@a&r%%éia}}x%m%Rn

fermi;n ation process. For example, it is known, as described in Lloyd D.R.
et &1 CORRBIRRIO A0, F0, PSP ARaL ‘deol il bhihe life cycle
phase the producing host cell is in, the cellular metabolism may be 20
substaatiallydifferericand,as a wswidn sheqpreseatease, BRI may ba he

produced-ip different gamauntg,and guality, in partieylar.with regard io the o
deqree of glg/éosg ation and S|§Iylatlon. 25 Since.feLmentative production
of BB 1 BtRar JOR Bells Revary SxBET 0B Teifo 1 ComphiRted "HLCh

ineu
PréEEsses iIRSIERSE Ahe 2ppiCafiF eseparativetlowrpioeict production
CoRdenttatians indha fekietlation supesnateatsand the:sse ehyeieiBing

and serymyirge-culiuie media 34 with highs price cqroponents, the ...+ 41
develogment %f more efficient production process S|s§$f considerabl

able
importance: The tachnical ProbieRT adtidsséd by the' eesegi?to%qg%\t?@r‘rﬁcﬁ'?

waHereffe thal 8F déveloBliftia protésdsfor férmertativetpraeriction oin
erythrapaietin, which des-adeantages aver Hiesprocesses abthe-pherart n
both with regard todhe gimplicityof rocess Mapagemest angdy,  ag-s7,
' that, depending on the life cycle phase the producing
host cell 1is in, the cellular metabolism may be
substaﬁtially different and, as a result in the present
case, EPC may be produced in different amcunts and
cuality, in particular with regard tc the degree of

glycosylaticn and gialylation.

Since fermentative production of EPO in eukaryotic
cells 1s vwery expensive due to the complicated
processes i1llustrated, the typically comparatively low
product concentrations in the fermentation supernatant,
and the use of protein- and serum-free culture media
with high price components, the development of more
efficient productlion procegses is of considerable

importance.

The techmical problem addressed by the present
invention was thersfore that of developing a process
for fermentative production of erythropoietin, which
has advantages cover the processes of the prior art both

with regard to the simplicityv of process management and



" -10 - with regard to the yield of high quality erythropoietin. The EPO
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obtained should meet all requirements of the official standard and in
particular all requirements with regard to isoform composition and 5
glycosylation and sialylation patterns (Ph. Eur. 04/2002:1316). 10 which
process comprises culturing eukaryotic EPOproducing cells in a perfusion
reactor with retention of the cells, whetéin'the glucose concentration in the

reaglonjs adjusied yia therate of perfusiomef the gplture, madium andsthe,
numbeg of cells in the reacl'%or 15is adju%ted Vvia the r%}e cifdcell retention,
.o hrqgol?Fln. g F EPO 0O talqg % O qﬁet a
in each case withina’'predetermined range. vantageously, the

inveRivé EBRERGEUS PrécessbE Felimbntatiedsreduttion oF eRRRFOSOIe T
comiprises @oiaditsting ayihe rategefraerfusidn of thenculiutecmedilon (asd
coptrol-paramaten) As a.function of the, glugpse goneentration igthe gz
ferm Jgﬁt(#%n £§qcézr(as 25 measurement parameter), and b) the cell
retgn I0n rate of the ‘cell retention device (as control parameter) as a
function of the cell density in the fermentation reactor (as measurement 30

panametetrkhha:wﬁabl@_mmﬁ \(viilmin pmﬁeteimibgd rangescAsafl  for
altegnative. 1g,qr incombination with b, i is.3p.also,possile {9 6XR0U.-aS

re.zq%ir.e , defined amounts of cjell-cont.ainifgu%lgjre mex iur_p out, of the“ B
bioreattor aFintervais and 16 achieve iff this Way & particutar 8é:lf”aens?t§%
thersgging cells in a perfusion reactor with retention
of the cells, wherein the glucose concentration in the
reactor is adijusted via the rate of perfusion of the
culture medium and the number of cells in the reactor
ig adjusted via the rate of cell retention, in each

case within a predetermined range.

Advantageously, the inventive continuous process for
fermentative production of ervthropoletin comprises

adjusting

a} the rate of perfusgion of the culture medium (as
control ©parameter} as a function of the glucose
concentration in the fermentation reactor (as

measurement parameter), and

b} the cell retention rate of the cell retention device
{as control parameter) as a function of the cell
density in the fermentation reactor {(as measurement

parameter)
in a suitable manner within predetermined ranges.

As an alternative to or in combination with b)), it is
glgo possible to export, as reqguired, defined amounts
of cell-containing culture medium out of the bioreactor
‘at intervals and to achieve in this way a particular

cell density in the reactor.



- The other relevant process parameters such as, for example, pH,

temperature, oxygen partial pressure, stirring speed and composition of
the supplied medium, 5 are preferably kept constant over the entire fe.c.
nntation period. The process illustrated combines in a novel way various
measures of increasing both the product yield and the 10 product quality
of erythropoietin: (1) Perfusion enstres-that both cytotoxic metabolic
products are continuously exported and fresh nutrients are continuously
supplied so_as to achieve very high 15 cell densities in the bioreactor and

for the cells16be prodiidive overs Safy 16T PBRGE™E tifiecho) %y for
redereiEhEcooNSBMpticrEoPexEdnsive cultusoredimmyrwhich isttypreally e,
verydiighinpedysion 2:proeasses:andto srakeRossibietled medium,
5 ecanqmically imprgyed proguction process, the rate frpeffﬁ%fgn Sentire

furthermore chosen such thatthe glucose content in the culture
SUPETATANE st dBBEHt fall below a lower limit required for efficient cell

growth but secondly 25 is limited in such a way that the metabolic shift
happeng#vtheseellulanmetabelisracand dhe taxic metabelitesdactatg-and o

ampagim are.progdused o n igduged Amapinend thus needlobe ;.
exported with only small amounts of fresh medium during perfusion. 30
10 (B)géy? gﬁﬁ%b@“@(zﬂlgﬁ’nﬁ thE T PERATIDRTATE of the controllable cell

retention system and/or by repeatedly exporting defined amounts of
cell-cpntaisiiy: Bieshumeit s moereoves possidle to.gensrate i the8sboiic
felmegiation salution. a.raupofalls with ao dncregsed Lelafive praporion
of those cells whose growth has not yet leveled off but which are still In
thé BRporehtial grtiith pHEE8 ANt Gre“Capable fif a 2512 S Epedific Wal b¥™
15 préddcingatigh tpmalitrE RO ésiparc officiaf Stafdardshe Thells to
méasusesdnentionedysetting astitable. el &retentan ratesand regularly
exporting defined amounts of cell-containing culture medium and

Si |21Itan ousIQ/ gettinga%ntablerateof erfusion,act ,
syrEer) isﬁgalIy,gna%eerejforeesu?ﬁﬁﬁﬁla A ErythropSERA &ah e obtdifEg e

in Ve 'Hﬁﬂ1yﬁmﬁ§%Veﬁs typically very high in perfusion
20 processes, and to make possible an economically
improved production process, the rate of perfusion is
furthermore chosen such that the glucose content in the
culture supernatant firstly does not f£fall below a lower
limit required for efficient cell growth but secondly
25 ig limited in such a way that the wmetabolic shift
happens in the c¢ellular metabolism, and the foxic
metabolites lactate and ammonium are produced only in
reduced amounts and thus need to be exported with oﬁly
small amounts of fresh medium during perfusion.
30
' {(3) By suitably adjusting the cell retention rate of
the controllable cell ©retention system and/or by
repeatedly exporting defined amounts of cell-containing
medium it 1s moreover possible to generate in the
35 fermentation sclution a group of cells with an
increased relative prepertion of those cells whose
growth has not vyet leveled off but which are still in

the exponential growth phase and are capable in a



~ 10 an extremely long period of time by a process which, for a continuous

process, is very simple .and can readily be carried out technically, which
erythropoietin has an extremely high proportion of that EPO which meets
the legal requirements for medicaments, 15 in particular with regard to its
degree of glycosylation and sialylatignﬁnq distribution of the isofotnis.
According to the invention, the glucosé‘concentration 20 and the number

of cglls.gan be WSBE@QM%Q}%\!I@?Q@H“Q#MW atparteularn o
timdgrﬁgigg fggfefegggg%gygn to adjusting the glucose concentration -

and the céﬁ number contintiously. The glucose concentration is adjusted
via the rate of 25 perfusion, i.e. by adding fresh culture medium containing

glutbse aseefemcton ofthetdlacese comegritiation in thestermedritationcell
5 reastle#t achreterred progess gs Glaimedinclaim 1, the.30.94c086 5 n e o
concentration in the culture Slé%%r.nﬁartant%egg%ste%v thlgia}qﬁrl%e ggm 1
0.05to f g/l,"an The nu%ber of cells is'a Jus%d Within'a range ront =Y
0.5%8B7°0%.0x 07 celeihPSS Prefefdrice is fdfhernioRe Eiveito the act
eulkanyetig erytihwepdietin-praddcing caﬂs:béwngemamaﬂaﬂeethgly an
preferably human cells.and hartiglarly preferably, Chingse hamster ovanyt

10 (CI%%)) %%I%%efné - Irl a furtheer 3:;_%rcc)eé{erre,rd %roI%essbt eacellg are rgtamle.d W
using an u trasouﬁd cell Feténtion Systém .thlc ¢an prePeraBﬁ/Sbe TR
cortrdlle G witfPESHfRLS adftetRéft. Preferchesis férABrRforégivenen
therproteks paranseters phirtemperaturesoxygerepartiatgpressure, stitring.
speed-andopedia campesition heingkept sonstant withinthe range-of1a«
techyiealdeviatpns Qvan 0 the eqtire fermentation period. I8 e,
par,tlculaﬂy pre,ferrea emgodlment of thgf)rocess ot the invention,

15 productivity s B edet 10, Brdtrably 8¥ RSt 205 nore-referdfig zefeastof
25915 el ertyisarticuldrysprelerahi atleast307 heg of enthoopoitinthe
of fesgmeitation supernatant. The average productivity is preferably at
least 10,, preferably at least 15, mg of erythropoietin/1 of fermentation

su%ernatant. 20 Preference is furthermore given to the average specific

prodEtNity er E8II &1 day BERG-aFieadti®s PYUATTE phoferably 2 feadt
20 1.0:pg, andrparticutédy preférablyeatleasta? pdyandueryparticulany 26¢
preferably-aideasbd 4 pgookerytheepoistinparticular time points.

Preference is given to adjusting the glucose
concentration and the c¢cell number continucously. The
glucose concentration is adijustaed wia the rate of
25 perfusion, i.e. by adding fresh culture medium
containing glucose as a function of the glucose

concentration in the fermentation reactor.

In a preferred process as claimed in ¢laim. 1, the

30 gluccse concentration in the culture supernatant is
adjusted within a range from 0.05 to 1.5 g/l, and the
number of cells is adjusted within a range from 0.5x107
to 5.0x107 cells/ml.

35 Preference is furthermore given to the eukarvotic
erythropoeietin-producing cells being mammalian cells,
preferably human cells and particularly preferably
Chinese hamster ovary {CHO) cells.



" The average vitality of the cells in the use of the process of the invention

is at least 70%, preferably at least 75%, particularly preferably at least
80%, 30 further preferably at least 90%, and very particularly preferably at
least 95%. The process of the invention is carried out preferably with a
rate of perfusion during fermentation of between 35 0.5 and 3, preferably
between 1 and 2.5 and patrticularly f)reLféra'bly between 1.5 and 2.0. - 14 -

. advantageously carried out over a period of at least 10, preferably of at
least 20, particularly preferably of at least 30, days and_very particularly
pretérably ot at18asEt46 H50S o FRRHRIemboGinteit of the Process e
gluedsecorféentration firthelcuitgie: supetratahtis preferably sbjustedcan
withired saape fram 025 ted12%g/lvand pasticuladypseterablyfrem-0.5 to

£ 1.0 g/l. The number of cells in the bioreactor is preferably adjusted within
a ran%% from 1.0x107 to 4.0x107 cells/ml, and particularly preferably in a
range frort L %107 fo 3.0RFG7SENSMA of Erifiéhtation mediGm. Beafsss
deS&iFtrt 6F the Fiventioirast barisodimany Ihe prasantlinventionure,
relatestoiaprocessdar coptiduous:fermentfivecprogietion pking  kept

erythropaietin, 20 with eukaryotic EPQsproducing cells being cultyred ina.

10 perfusion reactor with retention of the cells, wherein the glucose
concEntFAtion fh the Bt s\ P rR&trt fs adjusted via the rate of

perfusion and the number of cells is adjusted via the cell retention rate of
a cell 25 retertivndenice andiof segular exped ohdefined amesntsefcess
celgontaiing euliure medium. in cach.case withina predeteymiged oo
rarr%g:eé tBe):/C adjlustlg— a COC{(SZII{]g 5(@ the invention, in a 30 contlnugus process
forfermentative production of erythropbretil-preté by fheafi&sf CEO
15 ceffgidn Aparfusion reartorwith PesriEeusly adjustasieultidsoums celt
retentioh:syistemt in &) theodite dfqperfisien Dithe culipeeaedium (asBe

cogiral-pgameteg as-a fynetion ofthe glucese.r1y, st least 10, .
conceqtratl%?mthefgLJtLentatlonrfﬁctor asm surem%pt c:parame,ter iangf

b) the cefl retention Tate of the cell fetéition devigy - epotetan
fermentation supernatant.

20 '
Preference is furthermore given to the average specific
productivity per cell and day being at least 0.5 pg,
more preferably at least 1.0 pg, and particularly
preferably at least 1.2 pg, and wvery particularly

25 preferably at least 1.4 pg, of ervthropoietin.

The average vitality of the cells in the use of the
process of the invention is at least 70%, preferably at
least 75%, particularly preferably at least B80%,
30 further preferably at least 90%, and very particularly

preferably at least 95%.

The process of the invention is carried out preferably

with a rate of perfusion during fermentation of between
35 0.5 and 3, ©preferably between 1 and 2.5 and

particularly preferably between 1.5 and 2.0.

The process according %o the present invention is



~ (as control parameter) as a function of the cell density in the feimentaton -~

reactor (as measurement Parameter) in a suitable manner to one another

within 5 predetermined ranges, a group of cells is obtained in the
feLmentation solution, which has an increased relative proportion of cells
whose growth has not yet leveled off but which are still in the exponential

growth phase. Such cells are in a sﬁe&ﬁ‘ic'way capable 10 of producing a

high grality EEQ meeting the official. standard. Bath measures, é%t“?%éé‘st

rate with simultaneously setting a suitable rate o

single cell retenti
per%&gioﬁréec & r%grﬁisﬁéalﬁ/tan]u‘?aa%ta fesulPah EPOGan Be BhEfiRea Y
surpfisinglytfghtyields ofay fo 30dngief feraratidnsiperrraedntinkaly

pracesssvhiehds sugpusingly simple for a continuous process and can

5 readily be carried out technically, which EPO has an 20 extremely high

1C

pro}gxfrtion H?f that EPO which meets the legal requirements for
metficafhe

9/ areterably Irom 02 Lo s, 080 pastioulady preferably from 0.5t

1.0 911, has proved to be advantageous for the present CEO cell line.
The rate of 30 perfusion is controlled according to the glucose content

mETSrefHEmstn the regétby. Ineormbmativretiraehith, the celk dénsigbily
theatiacteets kept within adange:froe 0.5x387 ta Sdx18Y7 calls/mlbyx1 0
appeapriately adiustingylirasonic.gell retention.and 33 reguilarly exporing,

Iture_ medium. Further preference is

defined amounts, of cell-containing cu
i givgehgfég‘gieﬁf’dz’nszﬁ‘ﬁéf (P 15000 o 5TRACH TR BRGVER
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Detalled description of the invention (best embodiment)

The present invention relates to a ©process for

continuous fermentative production of erythropoietin,

B i partistRr i PESiecfof it gRIe 5E§§cosyidtiod SRaose
siafyfiatem BReltdistbitior b isofore: 5By atiustimgthe satersfEerably
pedusiea: aglueoseieontentdartbe cultwe sopermataat of from @.05,to 4.5

with eukaryotic EPC-producing cellg being cultured in a

perfusion reactor with retention of the cells, wherein
the gluccse concentration in the culture supernatant is
adjusted via the rate of perfusion and the number of
cells is adjusted via the cell retentieon rate of a cell
retention device and/or regular export of defined
amounts of cell-containing culture medium, in each case

within a predetermined range.

By adijusting according tc the invention, in &
continuous oprocess for fermentative production of
eryvthropoietin, preferably by means of CHO cells, in a
perfusicn reactor with & continuously adjustable
ultrasound cell retention system

a) the rate of perfusion of the culture medium (as
control ©parameter) as a function of the glucose
concentration in the fermentation reactor (as
measurement parameter), and

b) the cell retention rate of the cell retention device



preferably a cell 'density of from 1.5x107 to 3.0x107 - 16 - cells/ml. Such
parameter adjustment is controlled by means of cell density
measurements in the reactor. According to the invention, all other relevant
process 5 parameters such as, for example, pH, temperature, oxygen
partial pressure, stirring speed, and media composition, are preferably
kept constant over the entire feiitientatién period. 10 Cultivation is

pre(car blyégggireodloui};)inj;_:ll Igeé%@)- angsproteinffree medium. with.the cell

. : . a unc - of the
ingredients culture media. They acids, fatty acids, 15%ormiones at
diffefEt e skiledWorkEFIEamtifiar 6P SUERXEFGM- aritPprot@ifregment
congistofea avixture of amino vitamins, inorganic salts and concentrations,
aslﬁﬁecifi@d_, fes, example, innégn%%bf&ltleé% %&QeWOh%&@Q%@E Al. M%ﬁin
cu 1 here has considerable influepce on.the growth rate, cell .

, > dek%%%r%%s atﬁ%%ﬁar?g Itlr%f?lgérip‘_ﬂtio%roci‘ufﬁe %Bstcc?e%lssan%sthgt}ae Srlé}, elrﬁjr-ier:L 8

20 S5, alSE BT GhdsyBtibh HitPsialyiaich paktéfs Grtheincreased
recosibsinantly producediproteif. Ted presém iwveption rthakessusecof vet
serLa-feeimedtia agsupplisddy variausgnanufagiurers, dor example the |

MAM-PF ium (sgld inter alia by Biocaoncept, 25 Allschwil .
s%cép‘ﬁ%%d %%%g DM K/f%n& %\%EN%& Media (és%%ﬁﬁg,cfo‘r”é&ar%a 6y

L0 nVitfo RAPEHT E gfersten, Gafmany) &tthe FRRIPETHO T icRifd 58921
meghigmd@upplied inter alia by HyClone/Perbio, Bonn, Germany). 30 The
EPO produced according to the invention is preferably recombinant

human erythrapoietin, pgg%l&e in eukaryatic cells. Said recombinant
EPQ js preferably produced inn%ar%maslf"axr% %glls,c ggiﬂcuﬁaeﬁ)? %Félfglrlabfﬁ%e

hutfarcell§ HR SSAHLHlary Brefersbly i CEX BE&IR, agaéscribed

15 generdllys forexanplesimER oA -9-205 564 andiEPsA-G:148 605t , - 47 -EPO
can be obtained in surprisingly high vields of up to

3C mg/1l of fermentation supernatant in a process which

is surprisingly simple for a continuous process and can
readily be carried out technically, which EPO has an

20  extremely high proportion cf that EPO which meets the
legal reqguirements for medicaments, in particular in
respect of its degree of glyccsy_latiozz and sialyvlation

and distribution of isoforms.

25 By adjusting the rate of perfusion, a glucose content
in the culture supernatant of from 0.05 to 1.5 g/l1,
preferably £from 0.25 teo 1.25 g/l, and particularly
preferably from 0.5 to 1.0 g/l, has proved *to Dbe
advantageous for the present CHO cell. line. The rate of

30 perfusion is controlled according to the glucose
content measurements in the reactor. In combination
therewith, the cell density in the reactor is kept
within a range from 0.5x107 to 5.0x107 cells/ml by
appropriately adjusting ultrasonic c¢ell retention and

35  regularly exporting defined amounts of cell-containing
culture medium. Further preference is given to a cell
density of from 1.0x107 to 4.0x10° cells/ml and very
preferably a cell density of from 1.5x107 to 3.0x107
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present invention any protein which is capable of stimulating the ~

production of erythrocytes in bone marrow and which can unambiguously
be identified as erythropoietin by the assay described in the European 5

Pharmacopoeia (Ph. Eur. 04/2002:1316) (determining the activity in
polycythemic or normocythemic mice). The EPO may be the human

wild-type erythropoietin or a variant théfeot having one or more amino

acd sypstiionsycaietins rAdditons, 1k, 20 Yaranl gL ER Q. Jpen,

preference is given to said variant differing from human wild-typ

en/HiBPBictih, Tieto Smitd BclraMEiRIFTS délefitifs BFadBRons, only
in 1 to 20, preferably in only 1 to 15, particularly 15 particularly positions.
preferabhapteferably:ineoniy-ddodinanly d1o 10yand Seaming veryatids

parameters such as, for example, pH, temperature,

oxygen partial pressure, stirring speed, and media

composition, are preferably Xkept constant over

entire fermentation periocd.

Cultivation is preferably carried out in a serum-

the

and

protein-free medium. The skilled worker is familiar

with the ingredients of such serum- and protein-free

culture media. They c¢onsist of a2 mixture of amino

acids, fatty acids, wvitamins, inorganic salts
hormones at different concentrations, as specified,
example, in EP-B1 481 791 and WO88/00567 AlL.

culture mediuwn here has considersble influence on

growth rate, cell density, translation

and
for
The
the

and

transcription of the host cells and therefore, inter

alia, also on the glycosylation and sialyliation

patterns of the zrecombinantly produced protein.

The

rresent invention makes use of serum-free media as

supplied by wvarious manufacturersg, for example

The

MAM-PFZ2 medium (sold inter alia by Bioconcept,
Allgchwil, Switzerland), the DMEM and DMENUL2 media
(supplied, for axample, ley's Invitrogen/Gibcao,

Eggenstein, Germany) or the HyQPF CHO Liguid Sov medium

(supplied inter alia by HyClone/Perbic, Bonn, Germany)}

The EPO produced according to the invention

is

preferably recombinant human erythropeietin, produced

in eukaryotic celis. Said recombinant EPO is preferably

produced in mammalian cells, particularliy preferably in

human cells and wvery particularly preferably in
cells, as described generally, for example,
EP-A-0 205 564 and EP-A-0 148 605.

Erythropcoietin (EPO) means for the purposes of

CHO

in

the
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7 solution containing 0.44x106 cells/ml inoculation into a 10 1 perfusion

equipped with a Biosep 50 (Applikon) 10 1 and kept for 3 days while On
day 4, a 25 0.25 fold perfusion was started. The rate of perfusion was
successively increased in each case in steps of 0.25 up to the maximum
of 2.5 fold and then set according to the glucose concentrations each case
to within the target range of 30 concerttfation (0.5-1.2 g/l). The target

rangedocie cel uimbgrvas st hyadanting the cell retentionats of the

ultrasound device and by exparting corresponding amounts of

celPCOMAAngRIturE e 8t “Firé %?Pnelof%m%ﬁﬁﬂﬁfﬁ CBhaRionswerSES
follBasr 3B |rigetluni Basicomediums0d44xaos.oel sl HYORETREG as
Ligeid Seydramdtyclope/Peibioasi8y described in the European
Pharmacopoeia (Ph. Eur. 04/2002:1316) (determining the
activity in polyvevthemic or normocythemic mice). The
EPO may be the human wild-type ervthropoietin or a
variant thereof Thaving one or more amine acid
substitutions, deletions or additions. If it is a
variant of EPO, then preference ig given to said
variant differing from human wild-type erythropoietin,
due to amine  acid substitutiong, deletiong or
cadditionsg, only in 1 to 20, preferably in only 1 to 15,
particularly preferablyv in only 1 to 10, and wvery
particularly preferably in only 1 te &, amino acid

positions.
Eszample

A CHO cell culture solution containing 0.44x10° cells/ml'
was introduced by inoculation into a 10 1 perfusion
reactor (Applikon) eguipped with & Bicsep 50 {Applikon)
in a wvolume of 10 1 and kept for 3 days while
maintaining the culturing parameters. On day 4, a
$.25 fold perfusion was started. The rate of perfusion
was successively increased in each case in steps of
0.25 up to the maximum of 2.5 fold and then set
according to the glucose concentrations measured in
each case to within the target range of the glucose
concentration (0.5-1.2 g/l). The target range for the
cell number was set by adapting the cell retention rate
of the ultrasound device and by exporting corresponding
amounts of cell-containing culture mediUHL The other

fermentation conditions were as follows:

Tnoculim: 0.44 x 10° cells/ml
Basic medium: | ' HyQPF CHO ILiguid Soy from
HyClone/Perbio
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Oxygen partial pressure: 35% "Stirring speed: Cell retention: Fermentation
time: 200 rpm Biosep 50 47 days The basic culture medium used was
enriched with protein 10 hydrolyzates (Yeastolate from Becton Dickinson,
HyPEP SR3 from Kerry Bic Science) and trace elements (CHO 4A TB
Sock from Lonza). The fermentation was recorded in respect of the 15
analytical parameters EPO content;ghf€ose content, glutamine content,

vit

data are summarized in figures' 1 to

%I cell contentlgabsolute and relaﬂﬁeé cell retention and perfusion. The
SACLOTY VO =H
. 20 In the course of the

fetRféntation, 776 | were harvested’cohtaining a total amount of 12 g of
crutiere PO tiheeaverage productividy was 15 mg/nd with an number of

cg@g@;ﬁ@@;&e&@/@g%@:ngg@er of cells was 2.6x107 cells/ml

age maé(gnum maximungO%S groductivity of more than 30

with.3 average madrium ma

49 ml THe pe(}::ﬁ?lc productivity per<c éll and day was 1.4 pg and the
avefage e St petiusion was 1.9. FHes@liff of the cells was between 76
and<8%4nTheiaveragecell retentiotvbyismeans of the Biosep system was
85% (7- 3097%).

The basic culture medium used was enriched with protein
hydrolyzates (Yeastolate from Becton Dickinson, HyPEP
SR3 from Kerry Bio Science) and trace elements (CHO 4A

TE Sock from Lonza).

The fermentation was recorded in respect of the
analytical parameters EPO content, glucose content,
glutamine content, vital cell content {absolute and
relative), cell retention and perfusion. The data are

gsummarized in figures 1 to 4.

In the course of the fermentation, 776 1 were harvested
containing a total amount of 12 g of crude EPC. The
average productivity was 15 pug/ml with an average
number of cells of 1.6x107 cells/ml, and the maximum
number of cells was 2.56x107 cells/ml with a maximum
roductivity of more than 30 ug/ml. The specific
productivity per cell 'and day wag 1.4 pg and the
average rate of perfusion was 1.8. The vitality of the
calls was between 76 and 58%. The average cell
retention by means of the Biosep system was 85% (7-
97%) .

The harvests produced were made cell-free by filtration
and subjected to a work-up and purification process
knownn to the skilled woerker, which consists of 3 to 4

chromatographic steps.

The result revealed that the process of the invention

is capable of producing surprisingly high vields of an



15

20

.25

The harvests produced were made ceéll-free by filtration and subjected to
a work-up known to the skilled worker, 35 chromatographic steps. and
purification process which consists of 3to 4 - 19 - erythropoietin which
has an extremely high proportion of that EPO which meets the legal
requirements for medicaments, in particular in respect of its degree of
glycosylation and sialylation and isofok distribution. 5 Description of the
figures Figure 1 depicts the time course of the glucose concentration and .
EPG RIS () B TS pdiy G F eIt S L
ob&ined 5 thé Brockss BRthesfientidh.aFighre Plde bR HreATE Soulfse
of thedngabsriof vitakl peelts (vitl £7) andrefdcROproductivitydadhee of
culire-sipernatant anchokthe petfusion acrordingAo.therocess of the,
invention. Figure 3 depicts the time course of the percentage of 20 vital
cells with regard to total cells in the culture supernatant and of the
percentage of cells retained by the process of the invention. Figure 4
depris tigtiinercodirsehef thidaetade 25 concentration and glutamate
concentration, respectively, in the culture supeLnatant obtained by the
pracess of the inyention. - 20 - Clajms 1.A process for continuous
fermentative production of eryiropoiatn, ﬁ%ugﬁﬁary8ﬁc whe glucose
entRFGSIEtRPrGHucingRells BdiRg cteddh avpéifusiohueactBP Qe ) .
beirepretainieck charatterizéd indhatihesglucgsereenceniraton #i thel by

reagter js-adiisted via-the rate of pesfusion of the culture medium and the
number of cells in the reactor is

Figure 2 depicts the time course of the number of vital
cells (vit. ZZ) and of EPO productivity in the culture
supernatant and of the perfusion according to the

process of the invention.

Figure 3 depicts the time course of the percentage of
vital cells with regard to total cells in the culture
supernatant and of the percentage of cells retained by

the process of the invention.

Figure 4 depicts the time course of the lactate
concentration and glutamate concentration,
respectively, in the culture supernatant obtained by

the process of the invention.
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‘10adjusted via the rate of cell retention, in each case withina

predetermined range. 2.The process as claimed in claim 1, characterized
in that 15 a) the rate of perfusion of the culture medium is adjusted as a
function of the glucose concentrationinthereactorwithin predetermined
ranges, and 20 b) the rate of cell retention of the cell retention device is
adjusted as a function of the cell densft§ i the reactor within
predeigrmined ranges, and/or a particular cell 25 density in the reactor is
adjusted at intervals by exporting defined amounts of cell-containing
culture medium out of the reactor. 3.The process as claimed in claim 1 or
2, 30characterizee érs thav contirwousfemmentativepredustonrisivgic tion
_eukarfyotig ﬁrﬁM@ﬂBQmwl}jn%%ﬂﬁ B@.@Hﬁ&%@% e_@ﬁ[{}ﬁ%ﬁf&_@@i which
is prefer variant o ild-type human_ erythropoietin_having.no. .
SR Lretathy feho o icn

lél [=1
more than particularly pre 0] an o amino acli

substitutiGié deEtios bt AddifdRs arvBAFSaticufafF Breterdsya  in
variant haviag nblmoreithanssnecamrmraciesubstitimiontdeletimrop> 21s
addition. 4¢bhe peecessAsglaimed in ¢laims.1 103, charactenized-inthal-o

the glucosegzoncentrétio%in ) th$ culture su ernatant IS ﬁgjusted within.a
megr & 2 Il er O C 1.1 reactor 1S
range from 05 to 1. g/1, and the number o cells 78 a&]usted within"a

0 range froRfOUSERTT (550447 CEAMICT0 B2FHe procees H¥claitfedSRch
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claims 1 tede within a predetermined range.

2. The process as claimed in claim 1, characterized

in that

a) the rate of perfusion of the culture medium ig
adjusted as a function of the glucocse
concentration in the reactor within

predetermined ranges, and

b) the rate of c¢ell reteantion of the cell
retention device is adjusted as a function of
the c¢cell density 1in the reactor within
predetermined ranges, and/or & particular cell
density in the reactor is adjusted at intervals
by exporting defined amounts of cell-containing

culture medium ocut of the reactor.

3. The process as claimed in glaim 1 or 2,
characterized i1n that continuous fermentative
production using eukaryotic erythropoietin-~
producing cells produces an erythropoietin which
is preferably a wvariant of the wild-type human
ervthropoietin having Lo more than 16,
particularly preferably nc @more than 5 amino acid
substitutions, deletions or additions, and very
particularly preferably a wariant having no more

than one amino acid substitution, deletion or
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mammalian cells, preferably human cells, and particularly. preferably
Chinese hamster ovary cells. 15 6.The process as claimed in any of
claims 1 to 5, characterized in that the cells are retained using an
ultrasound cell retention system. 20 7.The process as claimed in any of
claims 1 to 6, characterized in that the:fermentation solution contains a
cell populéagggtwgh an increased relative proportion of cells which are still
in their exponenjtlaﬁ growth phase. 25 8. The process as claimed in any of
claims 1 to 7, characterized in that the process parameters pH,
temperattites oxygen pastial pressuie istirding Speed anthcomposition of3 ,

the culturgrnedivg fed b 30are-kept %@!@%@h‘é\é%fethéc@ﬂ?gﬁ&%ﬁ%ﬁf in
the ferme_rnrg%ti({):rlll. % The process as glaimed i%%gg/fofdcl%im%l to 8

characterizéd in that the p}lc?(?t]:cr%ﬁ/i‘ta 1S at Tedd 0, pre%écrajbllly gt’%%zsl? ©

20, morepreferdblyat f€ast 25, &id veRPPartibalafiypreferaly aeldsst 1s
30, mg otdrythtopbietinthobfermentation sfipematarix+@2 +10. Thex10’
process ag ehaimgd in any of claims 1 to 9, characterized in that the
average specific productivity per cell and day is at least 0.5 pg, 5
preferably at least 1.0 Pg, particularly preferably at least 1.2 pg, and very

particulary* Preferfiy F leadf 1. 4P 6FER throBoiefih2 1S The process as
claimed infampaotelmimsd to 10;.20 chardeterized incthat the avérageotic

vitaflity %flé%flgﬂléﬁggé%@&5@8@@@{%%%?&@@58 Zé%_. garﬂ@iﬂﬁelx ian
prefera tleast 80%, further preferably at least 90%,.and ver -
particuIa%fa%%esféragry%ﬁég%? 5‘%%?2.%%%(00&%%5%?&%&& Ehaér%
charactefZ&d fif HrattheFaleRENTANESSH iSBetwe&F &5 between 1 and
2.5, and part

5. The process as claimed in any of c¢laims 1 to 5,
characterized in that the cells are retained using

an ultrasocund cell retention system.

7. The process as claimed in any of claims 1 to §,
characterized in that the fermentation solution
containg a cell opopulation with an increzsed
relative proportion of cells which are still in

thelr exponential growth phase.

8. The process as claimed in any of c¢laims 1 to 7,
characterized in that the process parameters pH,
temperature, oxygen partial pressure, stirring
speed and composition of the culture medium fed in
are kept constant over the entire coursse of the

fermentation.

9. The process as claimed in any of claims 1 to 8,
characterizaed in that the productivity is at least
10, preferably at least 20, wmore preferably at
least 25, and wvery particularly preferably at
least 30, mg of ervihropoietin/l of fermentation

supernatant.
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preferably cularly preferably 13. The process as claimed characterized in
that period of at least 10, in any of claims 1 to 12, it is carried out over a
preferably of at least 20, 25particularly preferably of at least 30, days and

‘very particularly preferably of at least 40 days. 14. The process as claimed

in any of claims 1 to 13, characterized4a that the glucose concentration in
30 the culture supernatant is adjusted within a range from 0.25 to

1.25.9/1, preferably in the range from 0.5 to 1.0 g/I. 15. The process as
clairfed if 2Ry BFeRiE 12 14 357 @ aradtedZed inthatthé funibek of 2
cells in thelfesmerdatierdeactor is adjasted within asrangedeom &fx1 074t

4.0x107 celsémb preferablydrom b 5x107:10:3-0x1Q cellsmaa of o .5 pg,

fewnmﬂa%g%gg¥ggg§ at least 1.0 g, particularly
preferably at least 1.2 pg, and very particularly
preferably at least 1.4 pg of ervthropoietin.

11. The procegs as claimed in any of claims 1 fto 10,
characterized in that the average vitality of the
cells is at least 70%, preferably at least 75%,
particularly preferably at least 80%, further
preferably at least 90%, and wvery particularly
preferably at least 85%.

12. The process as claimed in any of claims 1 to 11,
characterized in that the rate of perfusion during
fermentation 1s Dbetween 0.5 and 3, preferably
between 1 and 2.5, and particularly preferably
between 1.5 and 2.0.

13. The process as claimed in any of claims 1 to 12,
characterized in that it ig carried out over a
period of at least 10, preferably of at least 20,
particularly preferably of at least 30, days and
very particularly preferably of at least 40 days.

14. The process as claimed in any of claims 1 to 13,
characterized in that the glucose concentration in
the culture supernatant is adjusted within a range
from 0.25 to 1.25.g/l, preferakly in the range
from 0.5 to 1.0 g/1.

15. The process as claimed in any of claims 1 to 14,
characterized in that the number of cells in the
fermentation reactor is adjusted within a range
from 1.0x107 to 4.0x107 cells/ml, preferably from
1.5x107 to 3.0x107 cells/ml of fermentation medium.



