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WD 2004/ 097006 PCT/ NL2004/ 000300 PROCESS FOR THE
PRODUCTI ON OF BI OLOG CAL SUBSTANCES BY PERFUSI ON

waRLHURIMNG OF SUSPENDED ANI MAL CELLS 5 The i nPemiNLQ604/000300

relates to a process for the production of biol ogical
subst ances by perfusion culturing of suspended ani mal
cells in a serumfree cell culture nedium wherein

t he bi ol ogi cal substance is separated fromthe cells

by f iﬁﬁd&@ESQfFoRSﬂ*HE FHEOSEETRN il erlchl SUBSBINGES BY
for instance revi ew on (ﬁi usi on Ccu
witten b@jﬁuﬁm ULAURING FqsgSPamu ol .

13: 149- 159. In perfusion culturing, wherein the

bi ol ogi cal substance is separated fromthe cells by
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§Hl§§aﬁd&%tby]&erfh§8n Eﬁlmrﬁ %'f §u§tp%h@%d‘§r‘HmQYcéllF% asbluh®free cell culture

whi | e i qui I ol ogl cal substance

presiyEmR, whﬁr@U dfre blh@gpan etu@stanﬁe isrAepsiates fram theoselladly (filtetion.
filter perforgyg, Pfl%%@sés"é?e kASHPinl the Ehefopfngﬁ%% aﬁ’%\ﬂ%\,\e}%n

mean total 15 cell concentration in
apdusierecylivring wag Witien P dokeshid ekak 1RO Cytosechpelopy.afol. 13: 149-

RSQ lep@ﬁUQ@ﬁ cul’fﬂPlﬁ f\Mllér@ r] tlpéeﬁlgfbbf%ﬂ%ﬁas{a%cg fsoé?e%ﬁdt&f‘%m the cells

ogl ca tanc

av %r@%%ﬂag é"Qi?"?Sb’ﬁhﬁUﬁﬁ aﬁraagm tsuruch @atwhmee:eﬂs rgeretained by the
| S

I AR o Rt TARAG 13 D RBRRRY PEtantP Bl Bl iiter A

prpaguie faghavn wel a diersasriopns these W@ tagka s the pradycteféhe mean total

EQIF 8ncRPAYN ﬁﬁhevé?-:lllléﬁﬁur(a%ﬁ 1O IS Rirrle ﬁatﬁiajsg the filter (filter

t her eby I|mt|ng | ter performance an ere

PefemMange): e fitten R?ermeH@‘é IS bmpﬁlgn@lato tha ield @ﬁﬂ'@ bl¢IOQID@J

thsstakdeect of the invention to provide a process for

the production of blologlcal subst ances by perfusion

cul turing of Asliggsivatiege anpariisioneulterings whekst thenbiglegical
0 A1 PO 0 s o
Ardncihg progess.Filkersipgoing limits dherotal @megint @f velumenidat ¢gnt egss the

f JYox [
ol R e
h@i@Q'Q@hS@b%}Cﬁact ant of at least 0.001 Ww%in the
cell culture It@ﬁie%ec@gftﬁg%vﬁﬁﬁrﬂfo Lﬁ?&ﬁuérléé QﬁEdézless for the production

surfactants in a sefrumfree ce
of biological substances by perfusion culturing of suspended animal cells in a serum

free cell culture medium, wherein the biological substance is separated from the cells
by filtration, wherein filter clogging is diminished (i.e. the filter performance is
increased).

This object is achieved by the invention by the presence of an
amount of non-ionic surfactant of at least 0.001 w/w% in the cell culture medium.

The use of non-ionic surfactants in a serum-free cell culture medium
for mammalian cells is known from US 5,372,943, however, in US 5,372,943, the use is
directed to the provision of essential lipids in a bioavailable form in the cell culture
medium. The applicant has surprisingly found that the use of non-ionic surfactants in a
serum-free culture medium for mammalian cells also diminishes filter clogging.

In principle, the upper limit of the amount of non-ionic surfactant to be
used in the serum-free culture medium is not very critical. It may, however, for example
be limited by the toxicity level and/or the solubility of the non-ionic surfactant. The
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for mammalian cells is known fromUS 5, 372, 943,
however, in US 5,372,943, the use is directed to the

wonrouieion of essential |ipids in a bioavail abbPeTiNozent/000300

in the cell culture nmedium2The applicant has
surprisingly found that the use of non-ionic
surfactants in a serumfree culture nmediumfor

paralnhuaﬂwnbei may aé;mddinrth@bmess édnldtt@hs aho ggnh Basilyd2 ddfermined
non Onl C
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EGQW 84d e8ter, RFTindhaRQA8) @3IA@ster 2f glp@@bl driofdiglylcefdl bes

epend on the ocess .condi ti on n,easily be

GBI Ee SBypin ARG ot S lestoR b7 i . oua 1y,
the upper limt of the anobunt of non-ionic sur f act ant
4 t inthe cell culture nediumis 1 ww % In the
E{@@g@ (s on, the non-ionic surfactant is
fatty acid ester, for instance a fatty
gl ycerol or of diglycerol or a
kyl ene sorbitan fatty acid ester represented
by for Q AO) CXAO)ORZ 0 CH2OQ( AO) pR3 CH /

O AO) gR4 r R%% and R4 each

i ndependent 1y representC*F’itC&’r’b)aR atty acid restgroup;
i.e. 10 the re i a condensation of a fatty acid
and an al cohol prov?qged that at |east one ofl)R1

Whepdg R' ¥, RS afd habéc}h lﬂ@éﬁbrﬁéﬁﬂ)&bﬁﬁd@enﬂw eF g 'feﬁty/?amd restg roup, i.e.

resents. an et ene or prop ene grou
g;?greaw Qﬁ%%%&@'?\?‘ @,fa‘ttg@,c r\ﬁﬁ‘l’cﬂ'@g W?‘@qﬁdfh?’bat least one
PR throiey Rﬁ iB aﬁélgf &i &F&sﬂrélﬁtﬁ vsﬁhkéf@nﬁ)ﬁ erreQent@ an @i dhel o
r

fromb50 to 300 eferab he att){I acid restgroup
3]

PIARYISNA STUP 315 .02b GRE 4 SEEN Indeppreasty ferratany Valilpsiom 0 to 100,

wn@wmsre@@aawé:s@%ﬂa d, BUndFq AGHdn 508 8dd.i ¢ aci d,
stearic acid idic acid, tall oil acids etc
Preferably the fatty acid restgroup contains 10-20 C- atoms

preferally 5
aci d est

pol yoxy

Examples of fatty acids include decanoic acid, lauric acid, palmitic acid, stearic acid,
arachidic acid, tall oil acids etc.

Examples of commercially available compounds of formula 1 include
Tween™-compounds, e.g. Tween™-80, Tween™-21, Tween™-40, Tween™-60,
Tween™-20, Tween™-61, Tween™-65, Tween™-81, Tween™-85. Of course, it is also
possible to use a combination of different non-ionic surfactants in the process of the
invention.

The fatty acid esters are especially advantageous in the process of
the invention, since the presence of small amounts of these esters does not present an
obstacle for use of the biological substance in a medical application.

Preferably, the amount of the noniononic surfactant in the cell culture
medium is at least 0.005, more preferably at least 0.01, most preferably at least 0.02
w/w%.

The animal cells that can be used in the process of the present
invention are for example mammalian cells, for example CHO (Chinese Hamster
Ovary) cells, hybridomas, BHK (Baby Hamster Kidney) cells, myeloma cells and
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Exanpl es of commercially avail abl e conpounds of
formula 1 include TweenTM conpounds, e.g. TweenTM 80,

wovesrndMogl, TweenTM 40, TweenTM 60, TweenTM POT/NL2004/000300

TweenTM 61, TweenTM 65, TweeB8TM 81, TweenTM 85. O
course, it is also 20 possible to use a conbi nati on of
different non-ionic surfactants in the process of the
ihwamtdeﬂs;.for‘l’dwrripd& HiEKeR93tells am! Buraae Iyesxbnebiaaioiqlcells

advant ageous nve ince
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cell's and mmmsmanme eI Bllzé@f)d;ﬂﬂi@@ié@@nds &n theraedl diameter

S
i Mitoste S0 TR wF St eoty Bo cBieRBed X horamn stlopi e ar
Bldnepraedhosizesid mfeliablyl dhobeén swmhshatithée aibé ef therporddia the mesh is close
r Ny I es of. filters ar .
SRS ABePbr 681 Sy SR Bl ol BTl LR e oo
tdehyjeoan passfthefiltdri Ptegerablgrthe m%h*snnsglsfbdthrssodxeooo 50x300.
exanpl e spi nfj |fteSboIo
substance is T‘zg' bﬁ%ﬁ%’?ﬁ%&@ﬁ mgnﬁ‘e bﬁr%sggé? amé r?? 8?0@%{1"“6
frnédien suitabissfod treescultiengiseanirod! celis. €didglinas fdrichbesing a cell culture
r | idati for th roval o :
el Biq REFLHRE GndlBs A BBt AntEarB B R BpestiratidSa in
Lrapta |8rag1dt900f(Eb@sr(r@§a,da In@nlitfra of amimabcellp (@ atanca) of basic

. Suj e.lnteLn filter is

SHPARES v RS P2 PPt 0 oMl 18 el ..
£eﬂl|&'Iﬁsaue@etuﬂadlsahwatotyd:’roeédurez§ t083{ dohn Wey& Sdne. cel | s
to be retain ter 1 ned
person skill S‘%rlﬂﬁgrteﬁzﬁ 0%33 %ﬁﬁgg é;opgalr}[ng a serum sotree
i thieqaradhlciiort bibsiephasmabeticalt prbdim:tasaszserorfn stohecepne@ha arenfrequently
t di. ter .of .t e sus
é:Gﬁ aﬂﬁr‘?‘%%ds \Enrtr? bl?fsgshérgﬁér{i%ee%%ﬁ lﬁmg@lc gg? @nmrf)de ca@eqreFate a major
ebblacls it the qrasstredre prodessing oPthe fbiophhimyaceutieal pesthet ¢.e. the
'f&nt%?bﬂﬁf%%ﬁg’rp gf(tﬁg %%pﬁgér?a%%mical product from the cell culture medium).
Since compounds from a mammalian source also present an infection risk, preferably,
the cell culture medium is not only serum-free, but also mammalian source free. More
preferably the cell culture medium is not only mammalian source-free, but also animal
source free.

The pH, temperature, dissolved oxygen concentration and osmolarity
of the cell culture medium are in principle not critical and depend on the type of cell
chosen. Preferably, the pH, temperature, dissolved oxygen concentration and
osmolarity are chosen such that it is optimal for the growth and productivity of the cells.
The person skilled in the art knows how to find the optimal pH, temperature, dissolved
oxygen concentration and osmolarity for the perfusion culturing. Usually, the optimal
pH is between 6.6 and 7.6, the optimal temperature between 30 and 39°C, the optimal
osmolarity between 260 and 400mOsm and the dissolved oxygen concentration in the
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The invention can in principle be used in any type of
cell culture 15 nedium suitable for the culturing of

wanbv7oel | s. CQuidelines for choosing a cell earmNze4/000300

medi um and cell culture conddtions are well known and
are for instance provided in Chapter 8 and 9 of
Freshney, R |. Culture of animal cells (a manual of
lsak Piture eenivinybetwipen Stand 824 dfair 2D08tionW | ey- Li ss and
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uct i.on o
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pr@qnsﬁon gxanuﬂmmnowian@ dntiiadiesy groudfetactaps aseahzynies,
OGS, BicRio Babnrl nRE} be Mo HoPns e o e Rbrbiones
etco Preienablyctiei pradesp mochrding (o the.inventior isrused for th? productlon
t. from.t
B 8. 1 B RBRITEIL S RLAA Gy ATl
aaplication iExgmplasef Alopbamassetival pmvdua:t‘s aod aofollows kyith

ggﬁﬁ}@ p]le %ran%'h?ﬁue%% {he%ld rgw mgour?grrﬁ?ceg}ucw(%duct

betufeen @m0}<etst)teTecmebﬂeplaae (TN &asai ¥y, l(lmmombmant) amhhemophlllc

TR St e oy Wit (spmiany
Sndguistioi fachot wovsseménW)hEtarerdept; talEmueéM MEekstUFumag i n
fie r”%*ﬁf%““ﬁr Biborids (Hetoads™, EERERBaF oot il Betia e
(Bepgpaz' ) ieeombimtint) moagmﬁtumaubam (aa,enané“”p Bqtﬁiﬁ‘ﬁp?éﬁ}hf

1 VI 0
PpBb (Eodeof e NeBoddbBr S, Fler &R St how 1 o
tlnﬂeogan@ repornbinhntphdulin @ﬂmulmn@ter@r@s&éwed (AVDHEE®))

AT EOCBRAY, SRR CsrenPl Eraen betg 1o
(muas‘enm@)t Tl Fcamharrabeprmaansrat@)r Eolhlﬂé wanlaﬁﬁb ASHEhoREC,

P S 55 A SR TRR

24304 /PEBTO0EY AGEL M 20BA1NAI0 &) AictilydseB| hurhah broneh ﬁBﬂhdﬂé\

e B, oot u) B R 2o
medibalsap@hca:tlmhtaue pee ﬁhyrapbetnmambl D¢Ad. S gdhe therapeutic
BRA Ay B R PR ARGE gl Pl B ramoies
afn@cdnagamsllveporal tetravalent Rotavirus vaccine (RotaShield™), rabies
vaccine (RanAvert™), Hepatitis B vaccin (RECOMBIVAX HB®, Engerix®) and
inactivated hepatitis A vaccine (VAQTA™).

The biological substance, which was passed through the filter can be
further purified in so-called downstream processing. Downstream processing usually
comprises several purification steps in varying combinations and order. Examples of
purification steps in the downstream processing are separation steps (e.g. by affinity
chromatography and/or ion exchange chromatography), steps for the concentration of
the biological substance (e.g. by ultrafiltration or diafiliration), steps to exchange buffers
and/or steps to remove or inactivate viruses (e.g. by virusfiltration, pH shift or solvent
detergent treatment).
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factors and enzynmes, DNAs, which for exanple m ght be

wozed/mwmogene t herapy, vacci nes, hornones et cPCT/NL2004/000300

Preferably, the process accebding to the invention is
used for the production of a biopharnmaceuti cal

product, which is a biological substance with a
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steps to exch
trypan -blue exclusion for staining of dead cells. The resulits of this experiment are

shown in Table 1 below. From Table 1 it can be seen that the time until clogging, as
well as the spin filter performance, is increased with the addition of Tween®-80.
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trypan-bl ue exclusion for staining of dead cells. The
results of this experinent are shown in Table 1

woeb@awo7dsom Table 1 it can be seen that the tPaE/NL2004/000300

clogging, as well as the sprn filter performance, is
increased with the addition of Tween(r)-80. 30 WO

2004/ 097006 PCT/ NL2004/ 000300 -6- Table 1

[ Tween(r)-80] Tine until ToCBAIM®I| unme Mean total cell

Spin filter (mg/l) conplete that passed concentration
performance clogging the spinfilter (x 109/1) (total

del | | @ashess fcﬂ‘afy@bro(ihdtloﬂ of abibl@gidal sbidstaride By pifudiod Eulturing of
127 50Q 29 %9 | gf?’ WO 2004 O97OE , herei

PCT/ NLEBTAN 8‘636‘6“3 cofls i-A KPR 'ee pribetiive mggliup, wherein the

produc bioﬂngmaﬁ s@slt&r@b@@&sép@katédl freinane eelRybyiFiFdtios| &faracterized in

cel | clial et af G akliens sy By 86 dokS

subst argeesshtabipaforheld 1f rom the cells by filtration,
characterized in that at |east 0.001 w w% of

pol yoxyal kyl ene sorbitan fatty acid ester represented
by for mib@ RLQ(AO) p, R2 CH O CH2Q(AO pR3 /

O AO gR4 (1) \10 whe e , R2, R3 and R4 each

i ndependent |y ent H or a fatty acid restgroup,
i.e. the remai is of \a condensation of a fatty acid and
an al cohol

O(AO)qR* A)

wherein R', R?, R® and R* each independently represent H or a fatty acid
restgroup, i.e. the remains of a condensation of a fatty acid and an alcohol,
provided that at least one of R' through R* is a fatty acid restgroup, wherein A
represents an ethylene or propylene group and n, o, p and g each
independently represent values from 0 to 100, is present in the cell culture
medium.

2. Process according to claim 1, characterized in that in formula 1, the sum of n,
0, p, and q is from 50 to 300.

3. Process according to claim 1 or claim 2, characterized in that at least 0.01
w/w% of the compound of formula 1 is present in the cell culture medium.

4, Process according to any of claims 1-3, characterized in that the animal cells
are mammalian cells.

5. Process according to any of claims 1-4, characterized in that the compound of
formula 1 is a Tween™ compound.

6. Process according to any of claims 1-5, characterized in that the filtration is
performed with an internal filter.

7. Process according to claim 6, characterized in that the internal filter is a
spinfilter.
8. Process according to any of claims 1-7, characterized in that the biological

substance is a biopharmaceutical product.



provi ded that at |east one of RL through R4 is a fatty

acid restgroup, wherein A represents an ethyl ene or
wonrop@ybawe group and n, o, p and g each i ndepeademzéot/000300

represent values fromO to 190, is present in the cell

culture 15 nedium 2. Process according to claiml,

characterized in that in formula 1, the sumof n, o,

1®. and Pyodess beeoning td claid®d, charadisrizee gsthatibersdrung fre cell culture

claim1l ?% cl ailm 2. characteri zgd in that at | east

0.01 WSKBATRS 31908 ARNBRIRY SQHrEPmMed M) s present in

tioe c feIF’Iroc&Ezisls aoceding GtL amg offhidhs 159, @ﬁ@r&ﬁteﬁﬁ&ﬁiﬁdhﬂghé Ibiological

any of clains .1-3 characterjzed in that the anim

cells SH%%E‘ R NGRPYHIEALY aoWnEiream BIOCRERING-di ng t o

any of clains 1-4, characterized in that the conpound

of formula 1 is a TweenTM conpound. 6. Process

according to any of clainms 1-5, characterized in that

the filtration is 25 performed with an internal

filter. 7. Process according to claim®6, characterized

inthat the internal filter is a spinfilter. 8.

Process according to any of clainms 1-7, characterized

in that the biological substance is a

bi ophar maceuti cal product. 30 WO 2004/ 097006

PCT/ NL2004/ 000300 -8 9. Process according to claim 8,

characterized in that the serumfree cell culture

mediumis also a manmal i an source free nedium 10.

Process according to any of clainms 1-9, characterized

in that the biological substance is further purified

by downstream processing. 5



