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The present invention relates to culture of cells by
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provided with a cover, in which there is situated at
| east one first zone and at |east one second zone,
said first zone being a transfer zone for the culture
medi um essentially free fromcells and said second
zone being a cell culture zong, said first zone being
internal to the second, - nmeans of circulating the
culture nedium allowing circulation of the culture
medi um t hrough the culture zone, said culture zone
conprising a bottomwall and a top wall, each wal
being provided with orifices allowing a transfer of
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zone, it is taken up by means of a medium circulation device through the

20 above mentioned conduit into a top part of the culiure vessel and then

passes again through the culture zone. The patent US 5 507 971 describes

several alternatives, but the medium always passes through the culture
zone from top to bottom.

One drawback of such a device is that it is not adapted to all

25 types of cell culture. Indeed this device is solely designed for cell culture on

microcarriers in a fixed or close-packed bed, and is absolutely not suitable

for cell culture in suspension or on microcarriers in a fluidised bed. Indeed,

in the device of the patent US 5 501 971, the cells in suspension without

carriers or microcarriers or on non-immobilised carriers have a tendency to



place fromtop to bottom this accunul ation of cells
in the bottomof the culture zone is all the greater.
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another and are in contact with each other and the
nutrinments in this zone are not very accessible for

the cells. In the reactor of the patent US 5 501 971

in the case of cultures, on non-inmobilised carriers

or mcrocarriers, of cells whixch are fragile species

wi t hstanding few stresses, the cells are subjected to
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microcarriers whilst ensuring minimum stress on the cells and preventing

this accumulation of cells in the bottom of the culture zone.
To solve this problem, a device as indicated at the beginning
of this text, is provided according to the invention, characterised in that it
25 also comprises at least one third and at least one fourth zone, both being
culture medium transfer zones essentially free from cells, said third zone
being a zone internal to said second zone and external to said first zone and
said fourth zone being a zone external to said second zone, said third zone
being in medium communication with the first and second zone and said
30 fourth zone being in medium communication with the second zone (the

culture zone) and with the first zone (the medium transfer zone) via the



means allow a circulation of the culture mediumfrom
bottomto top in said second culture zone. Said fourth
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consi sting of the anbient atnosphere of the bioreactor
and can al so constitute an oxygenation zone for this
culture nmedium Consequently, the nedi um which passes
through the first mediumtransfer zone frombottomto

top reaches the top of the first nediumtransfer zone
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20 are situated in the culture zone travelled through from bottom to top by the
culture medium benefit from a gravity effect partly counteracted by the flow
of medium. The flow allows better dispersion of cells alone or on
microcarriers in the culture zone and the harmful stresses for them are
reduced.

25 When the terms cells on carriers or on microcarriers are used,
it must be understood that the carriers can be in a fixed or packed bed or in
a fluidised bed.

Likewise, when the terms “cell culture” or “cells” are used, it
must be understood in particular that animal cells are being referred to,

30 whether it be for viral production, proteins or other recombinant products,



carriers), stemcells or bacteria or yeasts. It wll

be easily understood by the skilled in the art that
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packing, in particular in the case of a fixed bed,

than cells in suspension wthout carriers or wthout

m crocarriers, but nevertheless he will easily see the

advantage in the oxygenation of the culture and in the

nutrition thereof of such a flgow direction within the

culture zone. Indeed it is well known that the design
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device according to the invention allows a good dispersion of cells by virtue
of on one hand the upward flow and on the other hand the gravity which is

still partly applied to the cells.
The terms “bottom wall provided with orifices for the passage
25 of a medium essentially free from cells” must be taken to mean a wall
situated in the bottom part of the culture zone, which may be situated at the
bottom of the culture zone or in the lower part of a vertical wall delimiting
said culture zone and which allows the culture medium to pass and not the
cells on microcarriers or carriers or even in suspension. Similarly, the top
30 wall provided with orifices for the passage of a medium essentially free from
cells may be a wall situated at the top of the culture zone or at a top part of



cells my be a wall situated at the top of the culture
zone or at a top part ofthe vertical wall delimting
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t hose descri bed above. Naturally the medi um which
overflows fromthe first zone into the third zone can
overflow over the top of the walls of the first zone
and in this way reach the third zone or can overfl ow
via an orifice or tube installsed in the top or bottom
part of the first nediumtransfer zone. The sane
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I Um passes Frou
t hr othgly are provided with a blade or screw agitation system for providing

homogenisation of the culture medium within the culture vessel without
necessarily providing adequate circulation. In this case, the bioreactor
comprises a spindle provided with double fragile mechanical linings, for
25 example made from expensive silicon carbide and which passes through
the cover of the bioreactor. This passage through the cover of the bioreactor

is a serious risk of contamination and a significant risk of breakdown.
Other types of bioreactor comprise an external circulation of
the culture medium. The medium passes through a pipe through a
30 peristaltic pump or a similar system. Obviously, this solution, although partly
preventing direct contaminations, has another drawback. It is not applicable



peristaltic punp or a simlar system Cbviously, this

sol ution, although partly preventing direct
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of 0.6 to 6 I/min (that is to say 1 to 10 ml/sec). Because of this, there is no
risk of contamination since the medium circulation system does not
communicate with the outside but is driven by a device external to the
culture vessel. A peristaltic pump can also be envisaged according to the

25 invention, but preferentially for short duration cultures.

For cultures on a larger scale, the magnetic device will be a
magnetised rotor with a flow rate of between for example 10 and 200 I/min,
in particular 20 to 150 I/min and preferably 25 to 100 I/min.

In a particular embodiment, the device according to the

30 invention comprises a series of modules, each module comprising said first

zone, said second zone, said third zone and said fourth zone, and in which



In a particul ar enbodi ment, the device according to

the invention conprises a series of nodules, each
wore@aloadceonpri sing said first zone, said seconPCEBPB)G6/066981

said third zone and said fourth zone, and in whichthe

adj acent nodules in said series of nodules are in

medi um conmruni cation, said first zone and said fourth

zone of each nodul e being in comunication with said

circulation nmeans, directly orsindirectly. This

enbodi nent makes it possible to obtain a particularly

fl exirl exfiedhtemaitles! INORIANSBS I 8ASRodHTles Cake it Pmk8ium

a volune of 100 liters. Cenerally, the scaling up is a

conpCeRMNisgtion Sﬁ'ﬁ'é'rfﬁ Zeariand 83id Hurihaepeasf erahtmodule being in

Pr 0dYGinfnunitalittPfith 46 khrolBRioARMdns <Rl 6 AAFupr I

the culture s since this scaling up generally

gives rise to Tﬂi\f&)Bh‘@ﬁdlmﬂnt Inaken d PesRipe itePbiain & particularly

di
it e FRRE bng RAICHET inbibaPinenld PHASRUFo o i thers
cul ture devi ceGer@rqillyi thesscalingeu issa obmplgix stamin the grddeistion

zone OheepnE e a4t SRERE oS Bt DB St yrre

reac béseltshaanmemmamaimgmpi getriendlly ngheassridey toppreblents with zones
t hrou

g e. other culture rmduhg1 p |n\1 nti on h
envi § @%& viar @ oUged{cg%eeén%qnelrm%p ept! 393 eP%‘H@I?@dor wit
ﬁol uﬂiatrln%htsl emam}vé eemhmIiiuSO mblﬁits debcrfe &bowe, thel ictiers, ??wce
aving a  vol une, from iters, inc ing .a

Vol uREEPHER Fieg %@Jﬂ?%tm@uwan%é%ﬂmé'?aﬁcta%ﬁ?rnﬁxtaposed
r angerorﬁ?msf@gmeaédevof th@firsBeuitild rbeul&fthd cuItLIr@ Friediuen reaches
nodul es of 500 will be used. For exanp Si X

modulfés mﬁqwmb@@!a&eue@em H¥r PRRSiBg sthqUQE| ﬂiﬁt Piher a¢uere

vess@lodilesPy TRE MW eRfior T ERigfek halarisad IB)fbes of module of
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oxygen. Unf or tlottas edsg, of the reactor of the document US 5 501 971, if a

culture volume of 3 liters is required, a culture zone height H would be
needed. The medium which reaches the bottom of the culture zone in this
patent is practically exhausted, in particular with regard to oxygen.
25 Moreover, the authors of the patent US 5 501 971 contemplate placing a
oxygen sensor at the top of the culiure zone and at the bottom of the latter
and oversupplies the environment of the reactor with oxygen. Unfortunately,
this type of over-oxygenation is absolutely not to be recommended since
this produces an oxidation of cellular components of the cells at the top of
30 the culture zone and cell death follows. In addition, when the authors of the
patent 5 501 971 contemplate a scaling up, it is in terms of width that this is
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e nunber N diccaising & angqRevaaERGeALS RENRASERRNT, RERYISON IS

the HRALER G54 fabatd S&é%iﬁétggut%ﬂlﬁvétﬁe Cén?&tﬁ duftGre%R88& with a

agal n by means o an a cover | S Ccase,
whet peadefesmingdchgighir @nasie Bomi glasss obstaBtedsi steel) ©r arhempty

ilaﬁ € d%{)oéaﬁ)?e Xﬁﬁﬁée begs%m'oﬁ@rlg g t ﬁﬁdluﬁhgo ! E{P‘gﬁ & &8tin the

particularly adva ries
havi bgttcﬁrewf meaﬁesseh Ihwdl then s@fuqmnotpoembrathewunrr@qbéofsmmles

GO Bl L8 HET SR B iRlo et s e

10 | vesxes agamrtwqmeawl of ah amlapfedcawet. dnphiacmsef whether for a

exarrpl I?ur P é’ ﬁers or 50 litters, the size of the vessel remains the same.
This embodiment can be particularly advantageous for
laboratories having few means since it is particularly inexpensive. Indeed, if

25 the vessel supplied is designed for a culture of 35 liters and a culture of only
5 liters or 10 liters is required, it suffices to place, for example above the
culture medium circulation means, one or two culture modules of 5 liters.
This particularly reduces the amount of investment since the expensive part
always remains the same for any culture from 5 to 35 liters.

30 In addition, whether for a culture of 5 liters or 35 liters or even

more, the floor surface will be the same, and the scaling up does not involve
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cul ture nodul es, allowi ng the comrunication of nedi um
pat weeasener of |SP§19 Reldaenessiplanzanes far €leapingalProctfeg a base
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medium communication between all the fourth zones of all the culture
modules present and the inlet of culture medium into the medium circulation
means, directly or indirectly, that is to say passing through another module
or not.

25 The device preferably also comprises a head module, said
head module comprising at least the cover. This head module being able to
be designed to close off the superimposition mentioned above.

In an advantageous embodiment, at least one fourth zone
comprises at least one substantially vertical or inclined flow wall.

30 The presence of this flow wall reduces the formation of foam
which could appear during the overflow from the second culture zone to the
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wal | . The presence of this flow wall reduces the
formati on of foam which could appear during the
overflow fromthe second cultyse zone to thefourth
medi um transfer zone. |Indeed, without this flow wall,
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in the group consisting of surfactants, Pluronic 8,
dPycéeHifafe argdiat er nary anmoni ums and any ot her addltlve
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consisting of surfactants Pluronic F68, glycerine, quaternary ammoniums
20 and any other additive for modifying the rheological properties of the culture
medium.
In a particularly preferred embodiment, the essentially vertical
or inclined flow wall comprises a hydrophilic membrane.
Indeed, if the flow wall is not or does not comprise a
25 hydrophilic surface, it may be very difficult to obtain a film of medium on this
surface. In addition, the film, when it is formed on a conventional wall, is
unstable. Consequently, by covering the flow wall with the hydrophilic
membrane which fulfils the role of a sponge, the medium is naturally spread
and flows evenly. Consequently, the contact surface between the film of
30 medium and the ambient atmosphere is greatly improved, which permits
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Ebesiﬂﬁﬁy %e gggieﬂ?\é{rﬁc?sphere with other gases, for example by adding
CO2 in order to modify the pH, or any other gas generally used in cell
culture. The outlet orifice making it possible to prevent overpressures and to
discharge the gas with a low oxygen content or simply part of the gas of the
ambient atmosphere in order to reduce the ambient pressure of the device

25 according to the invention. Also, provision is made to be able to close off or
“strangle” this gas outlet in the case where a slight overpressure is
desirable.

The gas inlet can be situated or connected to the first, to the
second, to the third or to the fourth zone of the culture vessel. The first and

30 fourth being preferential zones. The third medium transfer zone is not very
accessible for gas-liquid contacts and the second zone of the culture vessel



according to the invention. Also, provision is nade to
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gas inlet can be situated or connected to the first,
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20 immersed in the culture medium in the first, second, third and fourth
medium transfer zone (large bubbles or microbubbles, according to the
application). The dispersion of bubbles will preferably be effected by a
sparger immersed in the culture medium in the first or fourth medium
transfer zone.

25 In a particular embodiment, the cover of the culture vessel is
connected to at least part of said top wall of at least one second culture
zone.

This particularly preferred embodiment allows a simplified
taking of samples which minimises the risks of contamination. Particularly

30 during cultures on microcarriers, taking samples is not generally a step
without any risk. To measure the cell density, at the present time there exist
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a pipette or the like for sampling one or more carriers in order to evaluate

the cell density. The risks of touching a non-sterile object and the risks of
contamination are greatly reduced.

Advantageously, in certain embodiments, the device

25 according to the invention also comprises a heating means, designed to

heat the transferred culiure medium. This heating means can

advantageously be situated in the fourth medium transfer area or at the

medium circulation means. Naturally, the first zone can also comprise this

heating means.



contam nation are greatly reduced. Advantageously, in
certain enbodi nents, the device according to the
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means can advant ageously be situated in the fourth
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gaseous atmosphere according to the value of the dissolved oxygen partial
pressure present or the quantity of dissolved oxygen consumed by the cells.
It could inject CO, according to the pH value obtained by the sensors or any
other type of regulation generally used in this type of culture.

25 The sensors are preferably arranged in a bottom part of at
least one fourth zone. The fourth medium transfer zone is a preferential
zone for the positioning of the sensors since the values obtained by the
latter are clearly representative of the cell consumption since this zone has
the medium coming from the culture zone passing through it.

30 Advantageously, said sensors are disposable optical sensors,
provided for transmitting an optical signal representing the parameters to be
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head module comprising the cover. The assembly formed by these modules

20 would then constitute the culture device. According to the culture volume
necessary, a number N of modules would be fitted together to construct
one’s own culture device with a height H.

In a very particular embodiment, the device according to the
invention is a disposable device.

25 There exist at the present time a quantity of bioreactors which
give excellent cell culture results on a small and large scale. Unfortunately,
these bioreactors are expensive in terms of cleaning, sterilisation, labour,
location and space occupied. Indeed, in particular for the production of
clinical batches or products of pharmaceutical interest, it is essential for the

30 bioreactors to be placed in sterile white rooms. A 500 liter bioreactor

occupies more than twenty times its volume in a white room. The white
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Other solutions exist, such as stirred disposable flasks called
“spinners”. The scaling up of these flasks is also impossible and the flasks
have a low oxygen transfer as well as stresses on the cells during stirring.
25 There also exists culture in a CELLCUBE® or
CELLFACTORY?® system. Such a system is difficult to regulate and is bulky.
In addition, the oxygen transfers are poor and it requires incubators of large
size. Once again, scaling up is tedious.
The BELLOCELL® system is also known. This system is
30 based on immobilising cells in porous matrices, which are packed in a

culture zone. The medium is in a lower zone provided with a compressible
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aﬁcoi)fjélv%sﬁ/f)wﬁi@? blaiﬂ& %@p%géblé..sl'he device according to the invention is
stirred magnetically by medium circulation means based on a centrifugal
pump, which do not have any contact with the outside. Heating means, for
example an electrical coil, also afford homogeneous heating of the medium
without having contact with the outside

25 In addition, as mentioned above, in a particularly preferential
manner, the culture device according to the invention comprises sensors
which are disposable optical sensors, designed to transmit an optical signal
representing the parameter to be measured through said culture vessel to
an optical signal receiver, external to said device.

30 Consequently, the culture parameters are also measured
through a wall of the device according to the invention and this does not
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t he tethescellThEhessize obthetpoeeol tbis roémbiaing |$rarfbm<a|ne of ¢heaall
fZHnCts,zgnTﬁg m%ﬁ?loﬁlalso relates to the use of the culture device according to
the invention for producing recombinant products, viruses, metabolites and
the like.
Recombinant products means proteins of interest for research
in the pharmaceutical sector, therapeutic or prophylactic molecules,
25 antibodies, plasmids or any other molecule able to be produced by cells in
culture, whether this be production by secretion or intracellular production.
The invention also relates to a method of culturing cells in a
culture vessel with circulation of the culture medium, comprising:
- introduction of culture medium into culture medium circulation means,

30 - discharge of culture medium from said culture medium circulation means,
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upwards, which prevents the accumulation of cells in the bottom of the
culture zone and reduces the pressure forces on the cells. The culture
20 method according to the invention is therefore a particularly innovative
method which allows culturing without a dead zone and without any place
where cells accumulate whilst permitting culturing at very high efficiency.

Advantageously, the method also comprises an oxygenation
of the culture medium during one or more of said transfers.

25 Said oxygenation preferably occurs through a direct gas-liquid
contact during one or more of said transfers.

In a particular embodiment, the oxygenation is carried out
during the fourth culture medium transfer, said fourth culture medium
transfer being a flow of said culture medium along a flow wall.

30 In an advantageous embodiment, the method, in order to
stabilise the film, provides for the addition of additives to the culture medium
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devi gR iaG&AibAI Ng to the invention. Figure 2 is an
outline diagramof a variant of the mediumcircul ation
fBans. Fi gur e F30ure 26 anirquiline ¢iagigiash afvagagiupk theemedium

devi %ﬁc@&ﬁnﬂrn‘i’e[\e{?ﬁ to the invention conprising several
successive culture zones, particularly
Figure 3 is an outline diagram of a culture device according to

the invention comprising several successive culture zones, particularly
adapted for a scaling up.
20 Figure 4 illustrates highly schematically a variant of figure 3.

Figure 5 is a transversal section of a bottom part of the base
module confining the medium circulation means of a preferred embodiment
of the device according to the invention.

Figure 6 is a top view of the bottom part of the base module

25  confining the medium circulation means as illustrated in figure 5.

Figure 7 is a transversal section of a top part of the base
module confining the circulation means of the same preferred embodiment
of the device according to the invention.

Figure 8 is a top view of the top part of the base module

30 confining the circulation means of the device as illustrated in figure 7.
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examp$ doo@tomgarg) rae gagdium circ%latlon means are, in this preferential
embodiment, composed of a magnetic device 7, for example a magnetic bar
7 in rotation about a central rotation axis 8, real or virtual, a first end of which
20 is housed in a top engagement means 9 and a second end of which is
housed in a bottom engagement means 10. The magnetic bar is driven by a
rotary magnetic drive motor external to the culture vessel 2 and which is not
shown here. The circulation means comprise at least one medium inlet 11.
The medium inlet 11 comprises at least one first end which ends in a
25 diversion baffle 12 for the flow of medium. The magnetic bar functions as a
centrifugal pump, that is to say the medium is sucked into a relatively central
zone by the movement of the medium created by the bar and the medium is
propelled outwards with respect to the central point. The medium diversion
baffle 12 guides the medium in the relatively central zone of the bar so that

30 the medium is sucked therein and is then propelled outwards.
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out | ptameias teginddts.tThelddttotmhmart of the culture vessel comprises at least
one medium guiding means 14, adjacent to said at least one outlet 13,
which guides the culture medium propelled towards to the top of the culture
vessel 2.

25 The first zone 3 of the culiure vessel 2 is a substantially
central zone and is a medium transfer zone. The first zone 3 comprises a
basal part 3a and a cylindrical part 3b. The diameter of the basal part 3a is
less than the diameter of the culiure vessel 2. The basal part 3a is in
medium communication with said at least one medium outlet 13 of the

30 medium circulation means. The basal part 3a is reduced in the top part of
the first zone 3 to a cylinder 3b with a smaller diameter than the basal part



outlets will be disposed with a separation angl e of
approximately 36. Preferably, the outlets are not
w@Rtogaswdo i n the sane horizontal plane as the Pel/EPR06/066981
The bottom part of the culture vessel conprises at
| east one medi um gui di ng neans 14, adjacent to said at
| east one outlet 13, which guides the culture nedi um
propell ed towards to the top of the culture vessel 2.
The first zone 3 of the cultupg vessel 2 is a
substantially central zone and is a nmediumtransfer
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cylindrical part The di ameter of basal part 3a
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par t b3sal :pameial (mdbe fommeoftacsiene) aad b sabstantilly ayldidriest top part
nmedi comuni cation with the basal part 3a of said
first mediumtransfer zone. The third zone 4 is a
medi um tr ansf é'mezeutestar&imﬂ)eroytitidribal phe 4b rat theetthird nmedium
transfer. zo ri.ses ,
SubsTanPERane 4ierealt caneBRe vihd% SRR AR v par
aod 3bsflasd fvat mebiuyn exhdferdidnedd atld)mefsart\tvofﬂarts Bhein medium
subst anti al | ﬁoriylll ndrical part 4b. of thﬁ t hi ;}d medi u
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subsbamdd at laytudy! bVCleeﬂ‘@\Nlr’@a(és Shovit irt e Figurel oregyUdther
transfer zone 3 and these two Earts are in nedium

comPASLRIE MKaNs I achigwnaific HNiERMon i s achi eved by

nmeans of an orfhel §&0RK RnkUPes ab&‘ellot‘@fufré Q%@gw(tﬁl%r W|thout
shown in the figure) or any other £OSSI l e neans fo

aehi é@mﬁ@ QrW'§rQ§6ﬁﬁfﬁ1|T5§tsp@Qﬂd Zone xie@edn emierm af @ %peve
cel I oeipblddhfe 6P\Dﬁich Wietihe glr st 4hd fﬁ%tmé‘cﬁ{ 'trﬁﬁéeroz;]one? 3 and 4.

mcrocarriers. The second zone SO I n
of a sl eeve, aﬁhetseéora;bmr*reeB edmpiisies la kottemywidll 15 a@ﬂammwall

22' r 4 MBS F {?Qﬁé %H@?‘@S&oﬁ%@&%tﬁ‘oriﬂ%@l FRLRWhFL Wenster
nprises a bottom wa and a top wa
of cultured medium essentially free from cells. The second culture zone 5 is
20 in medium communication with the relatively basal part 4a of the third
medium transfer zone 4 by means of orifices 17 in the bottom wall 15
allowing the medium to pass.
The fourth zone 6 is a medium transfer zone, external to the
second culture zone 5 but internal to the culture vessel 2. The fourth zone 6
25 is in medium communication with the second culture zone 5. It is also in
medium communication with the medium circulation means, via said at least
one inlet 11. The medium communication is achieved by means of an orifice
or a tube, by overflowing or by any other possible means for achieving this
communication.
30 The particular embodiment described here comprises a

substantially cylindrical culture vessel, but other embodiments can also be



16, each wall 15 and 16 being provided with orifices
17 allowing a transfer of cultured nmediumessentially
wo e@a/08960m cel | s. The second culture zone 5 i SPCTEP2006/066981

medi um conmruni cation with the relatively basal part 4a

of the third nmediumtransfer zone 4 by neans of

orifices 17 in the bottomwall 15 allow ng the nedi um

to pass. The fourth zone 6 is a nediumtransfer zone,
external to the second culturgqzone 5 but internal to

the culture vessel 2. The fourth zone 6 is in nedium
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vessel , prefera regu ar .
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flPangFflowy eth’fﬁ’erngﬂ'ﬂ@df%ﬂs@ré@nq e first nmedium
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mediumto be directed towar subst anti al
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3. Wen it reggh %I gpeto tﬁB i eﬁhﬁ pedl lartolfhag, R this Rarticular
substanti aIIy cy rica overflows 1 hto
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Ebr C%e%mrr? rira%fe? I}Sngeﬂsu@sy ng% ﬁﬁ%‘“ﬁeb\)@aﬂ '8? the third medium
transfer zone 4 for reasons of efficiency and flow rate, but he will easily
understand that the wall of the substantially cylindrical part 3b of the first
medium transfer zone 3 can also be higher than the wall of the substantially
cylindrical part 4b of the third medium transfer zone 4.

25 The medium is therefore subjected to the flow rate imposed
by the pump and to gravity, it is directed downwards from the third medium
transfer zone 4 running down the substantially cylindrical part 4a and
reaches the substantially basal part 4b of the third medium transfer zone 4.
Next the flow of medium has a rising direction through a communicating

30 vessels effect by the imposed flow rate of the pump and reaches the top of
the second culture zone 5. The medium reaches the second culture zone 5



arrows in the figures. It is clear to the skilled in

the art that, in this particular enbodi nent, the wall
woRowiadesubst antial ly cylindrical part 3b of tPEI/EP2086/066981

mediumtransfer zone 3 is less high than the wall of

the third nediumtransfer zone 4 for reasons of

efficiency and flow rate, but he wll easily

understand that the wall of the substantially

cylindrical part 3b of the fipst mediumtransfer zone

3 can al so be higher than the wall of the
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where the pore size is |l ess than the di aneter of t he

cel | e MediR flew|s0ge doacneg iheroafiese g kDEr § TGWSGRIo the fourth
carr,gfse. the size of the orifices 17 will be |ess

than the size of the mcrocarriers or carriers. Wen
fle medi um fl d'wt%l@@rticéﬁﬂ}‘lﬁef?f%t'@oﬁn@?d'mﬁ@t Qaihe igyention,
t he r{Hon i
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1" it TRARATYAN PSS CERFAES R IDRNL PERIFind e
pr ef ¢ erprovd therfomaktionrf thuf filtrhen sandemllnmwall 18 The f|Im must
20 preferably be laminar in order to prevent as far as possible the formation of
foam. In order to stabilise the film, it is also possible to add additives to the
culture medium in order to modify the rheological properties of the water, in
particularly of the culture medium, such as the additives included in the
group consisting of surfactants, Pluronic F68, glycerine, quaternary
25 ammoniums and any other additive for modifying the rheological properties
of the culture medium.
The hydrophilic membrane will for example be a membrane
consisting of polyoxyethylene.
The formation of the film on the inclined wall is an important
30 step since it allows oxygenation on “thin film”. Indeed the gaseous volume
with respect to the quantity of medium in this fourth medium transfer zone is



the fourth nediumtransfer zone 6 conprises an

inclined wall 18 on which the nmedium fl ows when it
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16 of the secdmthecedsewf eulioe @spenhmcsn it could be advantageous
to connect a porous membrane to the top wall 16 provided with orifices 17
of the second culture zone 5, this assembly can improve the rigidity of the
cover/membrane assembly for taking samples.

25 Figure 2 illustrates a variant of the magnetic device of the
medium circulation means. Here the magnetic bar 7 has the shape of a
helix. The design of the magnetic device 7 with a substantially central
rotation axis 8 will depend essentially on the volume of the culture. Indeed,
for small cultures, the invention sets out to be able to us a simple bar such

30 as a magnetic chip for circulating the medium. For large volumes, the

invention envisages a magnetic rotor, also driven by an external motor, for



part openi ng when the cover 19 of the culture vessel 2
is raised. In this way, it is easy to take off a cell
w@ 200p/089608 t h or without carriers in order for PREEP1066/066981
to evaluate the cell density, the structure of the
cell s and ot her physical characteristics of the cell
which reflect the health of the culture. Indeed,
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t he wranitoriray celletultures. These sensors are preferably optical sensors which

do not require connections between the inside of the culture vessel and the

outside thereof. The preferential position of these sensors 23 is a critical

position in that it is advantageous for these 1o be situated close to the wall of

25 the culture vessel 2, for them to be in contact with the medium M and

preferably in strategic positions, as in the zone through which the medium M
passes before it passes through the cells or just after.

In fact, the invention contemplates particularly procuring a

disposable bioreactor for all the reasons of simplicity and economy

30 mentioned previously. Consequently, this is why the connections between

the inside and the outside of the culture vessel have been reduced. In



of the latter. In addition, it is also possible to
envi sage that the bubble production device be present
waolelogeeas an SOS procedure, and used sol el y WAETEP2006/066981

necessary. The culture device al so conprises a series

of culture paraneter sensors 23, for exanple for the
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cul tures on a larger volune. For exanple, with this
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he use o avery imted Stan
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st anttwsd madiules eaw desehvisagednihei siodgleswdil i clamped on one

Ebr C‘éh&hle"? ri’orn&%ﬂ?ple by means of rapid connectors perfectly impermeable
from the liquid and gaseous point of view.

Consequently, according to the type of culture and the
required volume, the user will be able to take from his stock a base module
comprising the medium circulation means, he will also have to take

25 therefrom the number of culture modules that he requires according to the
required culture volume and then take a head module corresponding to the
cover. Next, all these modules being packaged in sterile fashion, he will
merely need to unpack them and “clip” them one above the other. The
stacking can form the “disposable bioreactor” or can be placed in an

30 appropriate vessel.



and a cover 19. In a particularly flexible variant,

the invention sets out to procure a nounting system
wokioci3wonpr i ses vari ous standard nodul es. TheBE&I/EP2006/066981

standard nodul es are for exanple a circul ati on neans

nodul e to be placed at the bottom of the assenbly, one

or nore culture nodul es and a cover nodul e. According

to the invention, although other neans of fixing these

nodul es can be envi saged, thesgodules will be clanped

on one another, for exanple by nmeans of rapid

connect ors perdi@gb |3 therBISeNR@aR s 4P BmbB&inlehf b ﬂ1ea|'?1€dular
gaseous point of view Consequently, according to

typeC@HUf@dEY'GﬁéC@fﬂm Weth?WQntF% vol une, the user WI | |
be able to takgef Etﬂm@'o%vﬁéowéoﬁw#ﬂéése a”@ﬂﬁ]r@ verc,f,ela which

conprising the mediumcircul ati on nmeans, SO
have Comptlwe%@me@rﬁdﬁmm@eﬁﬂm these explaineed imdriail iedigure
t hat {h j

B Lo S LB e e R B g o o
t he ©otian.of Mexcyltusd Vesskes @r cad WIsaéomélmlgtOthemgwe viessel 2

steri NP t t

and 0 B DR THE 1, HERDE . YEPARr g e
for rnahbttiaer"mahesfpn:)araadn‘nlhear coltareemd ttiaus' prevent amsbeorptbammdomm

an appropri at ustrates

ssel ure 3there ore |
2 onbodl ment F T Ot b SO EPe [ ReoiH B SR
t oI t figureny, ethéslr,ep gw%’d‘!@g aubdngy eordpﬂseC@ ragreti® ldefzue@ 7a rotating
culture vesse | C co rISES u Fcu atlon
meandDPE CEREAOBIAN Aol Pritgoea O MTIdH Boesed i top
base eA§aEnfeniPhe:PBTY bAd ragsécbﬁd @ht o vidrorR HRRBS i arbdd®m
fixed to the bottom of the culture vessel 2 or can

al s0CBYAMENt i ey AR JtiFt Birwiaigs SBfans COMErigaabdPaBnene

depi eiefim inetandehe Hédhf?h aidufatibR nfdaPBRER ddmptiRE ot RadBéhe
anot her one for another culture and thus prevent cross

dént AA0HER PUlRS 13The base nodul e nD conprises the
circulation MedRsastindduid i theluifREIESE! Eridbl of ieast

nmeans conprise a magnetic device 7, rotating .
cent oae megium puidingaeans,14adfdcest to sad abfea@horamoutbt 13, which

hous ﬁgldbghous egreerﬂ&ﬂ%gﬁ%}fellgg Hhards RBYoPoriRs BlIirE e8Il 2.

The culture vessel 2 comprises a series of culture modules
20 (my, mp, ..., my) which are, in this embodiment, stacked one above the
other. It could also be envisaged that they be simply adjacent to one
another, that is to say placed side by side. In the embodiment illustrated in
figure 3, the modules are clamped to one another by means of rapid
connectors 24 or clips.
25 Each culture module my, my, ..., m, comprises a first 3, a
second 4, a third 5 and a fourth zone 6. These zones 3, 4, 5, 6 have each
the same function as that mentioned in figure 1.
In addition, it may be advantageous for each module to
comprise a gas or gas mixture inlet (not illustrated) in communication with
30 the fourth zone 6 of each culture module. The vessel may also comprise for
its part an outlet for the excess gas or gas mixture (not illustrated). For



engagenent neans 10. The circul ati on neans conprise at

| east one nmediuminlet 11. The medi um circul ation
worean®3®mbeo conprise at | east one medi um out | ePCT/BP20061866981

base nodule nD of the culture vessel conprises at

| east one nedi um gui di ng neans 14 adjacent to said at

| east one outlet 13, which guides the culture nedi um

propel l ed towards the top of the culture vessel 2. The

culture vessel 2 conprises a ggries of culture nodul es

(Inl, ITi2, ..., ITin) which are, in this enbodi nent,

st ackgsng @etrébé)ééelnfehﬁnﬁﬁehﬁé?/ bletprG%Ht @&t eS80t of the culture

envi saged t hat ey be si j acent to one anot her,
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1 UWaﬂ%thHe 'cUItJré %E@el% o%ﬁb%é@?@%eeéo@% %ﬁ@fﬂ?@@ |fic% 20 is
one another by means of rapid connectors or- ¢l

Each peayidedrvéthma tiedn jordler terend above liqrich leyelnfsee sﬁgtsreaB) of the
firs S

51y asAtbabm BN o LUNLLENE e
t hat traesfer zomed ofrihis ingagiuke. The nrodaitbding plaoced atkvovedlye bwdule m;

d
e URR R Brbke S WREHLEAAE HERSLAR PP plsctR ine
t he fauthtzonz éra tite cdltuesusiodoland U eompaurieate Whie theefeaeh zone
™ BAREABLIE. TR SRRl B Sl PstBvougn e
For ebalnthallbhmegﬁ@dumh@t orifice may be present at
t he bottom of the cul t e v sse{@é%q that .is to sa

gas passes by Mﬁﬁé'noefm Ingemtp; NGr BIGHPN ARy ! Yrr@yebe

t he eubérwégeomewepla%e@aﬂwtHea:ateretrh@dugmwmh flesBmRkedidith $r to
orifice 20 rowded with a tube in order to end

abov &2y qu & pagn prdrImeRy fansaausntly. fiee RaRAUMEdyIR Mo can
Oonsmewmp/nsetmu&mwﬁet%éﬁ Mus@ra’t&ﬁcﬂﬁé é&@ntﬁ?éﬁdrsrg the

nedi um transfer zone his npdul €. The nodu
[3l5ac SHltuip ygesel |gan r?@tﬂﬂ |§e IEH tﬂe Eradlivan %C@@ﬂﬁﬂr Meansy & ggdium

whi C?Hﬁélgﬁﬂtﬁ@sﬁgéd)qﬁ%%ﬂ% e%?érﬁ’[ %?HIE)@E*@N 'on the

f our t'he cul tu
conmruni cat e wilf @ sindar manner, mgultslre)ﬂ/eﬁeé 2neoprisentd, head

oo SIS ORI oAt ARENSRAIP SR QKR 1
f or pavigeduwitit mediuoupassage drificasay7 bg fixing means 22 in order to
20 simplify taking samples in the module m, situated above, as in figure 1.

In addition, advantageously culture parameter sensors can
also be provided in each culture module. It is also possible to provide
sensors in only one or several culture modules at all zones or in the base
module.

25 In the embodiment illustrated in figure 3, the medium
circulates in the following manner. To simplify the explanation, we will use
only two culture modules my and m, and a base module mg, but it is certain
that the culture device according to the invention can comprise a very large
number of them.

30 In the base module mg, the medium is propelled from the

medium circulation means M via said at least one outlet 13, when there are



advant ageous to replace part of the culture nmedi um
wth fresh nediumor to carry out an addition of
woeaoriosssnt . Consequent |y, the base nodul e nD CROT/ERPBNG/066981

conprise a nutrinent inlet (not illustrated). Al so

advant ageously, the culture vessel can conprise, at

the medi umcircul ati on neans, a nedi um outl et (not
illustrated) in order to prevent overflowing. In a
simlar manner, the culture vggsel 2 conprises a head
nodul e conprising a cover 19, advantageously connected

to asb@paVel theh® HRFdYhARE \)'Mrlbﬂs %ﬂétgm?%ﬁéqg%lﬁrt‘eﬁ' %€ the
17 by fixing means 22 in or ertosurE t aki ng
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11 el trhQter ﬂﬁ\\é%‘”&ﬂ@%glﬂﬁéﬁﬁlaﬁ%b&% ?aﬂ%ﬁ%@émf)odlment
vided in eac .

sensors can al so be pro ul'ture nodul'e.
It ié alzanepedysimonetot @l freoeultse seedidess ang, iinthg embodiment

ngefllﬁgtreﬁ%{i%éﬁ%ﬂg%m ﬂ’r;ént?a Ieﬁédu@%% ry ahc?v\ﬁngﬁepgie%%tgre

dul'e ustrated in Tigure
medi omdules@nd stbelsed ar judtaposedll owi ng manner. To sinplify
t he expl anati e

' . t .

In 1 and n?2 and as\{@gtsgw@ %H%ﬁ@?%ﬁl%‘ﬁarﬁéﬁ%ﬁgé@g&ng Ice
t hat att¢oedioghtd lhleen\cdaaﬁbmencamemutbun of the purnp requiethe oredaesmto
co i s \ |.ar the

o a0 be Hrgdet! Tiercd S s e Ch AT g e HBSf S medium
\?\Er cubﬁéféuomm;earos tHd Mstamsa;]ld néyt tdﬁmﬁ Lhmﬁmwtnhaty dBndrical

en t e sev them throu t vaJ | ous

o1 eed St Bedhstdrastin Fantiora e bl i tesoge e a1
ends up in thensiHemdbdiht, it i &radsseablinger taé rﬁdaales which
first mediumtransfer zone 3. The substantially basal

par t CHRI&Sr atlpios WabadiEhiransien ZoaRe COMABHNG & aylsianyally
cul t @?ﬁﬁdﬂ&q%bﬁ%band in the enbodinent illustrated, is
situated in the base nodule. This is valid whether the
d@l ture nodul e¥hen dhet Rekism 6?aqhﬁﬁt ﬁ}?o;&ﬂj of the wall of the

str U%hb‘sﬁ&wt%ﬁy &ﬁ.ﬁdﬁdar ?é}t HE 6t M@‘sb&&%é@ﬁre%@&l@n@ it Bxﬂﬁflows

devi ce accord |ng e Tnvention and the out put of
t he mwertbmjmeéluwéawmagne #of ihe sgcortteiura madule st he

substantial l'y @L@i%bﬁ% o‘ﬂ%ﬂl&n Pftr}élprfeg%nﬁa\g i?ﬁs@bb&ﬂ‘ by

transfer zone rst
substanwsal |y cylindrical

20 The medium is therefore subjected to the flow rate imposed
by the pump and to gravity, it is directed towards the bottom of the third
medium transfer zone 4 of the second culture module m,, flowing down the
substantially cylindrical part 4a of the second culture module m,, and
reaches the substantially basal part 4b of the third medium transfer zone of

25 the second culture module m,. Next, the flow of medium has a rising
direction through a communicating vessels effect and through the imposed
flow rate of the pump and reaches the top of the second culture zone 5 of
the second culture module m,. The medium reaches the second zone 5 of
the second culture module m, from the third medium transfer zone 4 of the

30 second culture module m, via the orifices for the passages of medium



part 3b of the first nmediumtransfer zone 3 of the

second nodule n2. In this enbodinent, it is the
wasgaambdedng of the nodul es which creates a | arPET/EP208¢/066981

medi um transfer zone 3 conprising a substantially

cylindrical part 3b. Wen the medi umreaches the top

of the wall of the substantially cylindrical part 3b

of the second culture nmodule n2, it overflows into the

third mediumtransfer zone 4 g6 the second culture

nodul e n2. The direction of circulation of the medi um

Mis s§t5‘s‘?éMhanréé 'Tr@H@cellghQ dTRAE BBkdA WdNersehiahe second culture
subjected to the flow rate i nposed by the punp and to

gr avimoguleimz.i s di rect ed towards the bottom of the
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nmodul e n2, fl ow ng e substanti rica
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secoedge: tdacheethe @niécéboratibd, hte‘IOS\BGIUIDdhe:i(DUtth zena ® otithe sefond
The melgrJ um re ches the second zone 5 of the second
cul t ¥ M2 fromthe third mediumtransfer zone

400f the second tnelIﬁartrcalamaciiuéferetmﬁaNérabcbdimemr off iheeigvéraion,
t he passages of nedlu ubst an Ily free from cel

ot B BTG el VAR dhe BeRtoll chranl S aneduip e
Wien cbﬂﬁPng@dam mcfde@vwad ge ohamaemet rlﬁ@dlbﬁpﬂcﬂ\fs \Wh@n it passes
external wall of the second culture zone 5 of

secof@MF BEFAAIAR P! HE SACPNG GiNe BRELIeHE & F‘ﬁémfrgh%qfﬁ 6

medi 6ﬂ1ﬁer@&§ﬁ@bu|ﬁ9@%c@uﬂaf mb. hﬁnéﬁ@l%ﬁ Veail 6erePaH'WQé’rh}9nses a
n2. Naturally, if orifices or a tube are present

16i s usoBRlimMmemaraneon arekr edmpiave e laEmslion ef g fim on said
nece%ﬁﬁéqq\yvgll Y eS| '}quétgﬁéfer%ﬁﬁb Fabrﬁné‘ﬁ‘ﬁ 'oH!'Qrfté ?tf]é(\e/ent as

edge rea es.t e ori |ce l'ows into th
f our far asqressibleghe formagen ohtpagulin Q'id@r tpstabiisentpe film, it lsealso

par t EuiE 1Y MELEGRS @' 8 AR b RFad¥ERLRN the
rheological properties of the water, as mentioned before.

20 Next, the culture medium present in the fourth medium
transfer zone 6 of the second culture module , overflows either through a
tube or over the top (D) of the wall of the fourth medium transfer zone 6 of
the second culture module m; into the third medium transfer zone 4 of the
first culture module my.

25 The medium is therefore subjected to the flow rate imposed
by the pump and to gravity, it is directed downwards from the third medium
transfer zone 4 of the first culture module ms, flowing down the substantially
cylindrical part 4a of the first culture module ms, and reaches the
substantially basal part 4b of the third medium transfer zone of the first

30 culture module m1. Next, the flow of medium has an upward direction
through a communicating vessels effect and through the flow rate imposed



the fourth nmediumtransfer zone 6 of the second
culture nodule n2 conprises an inclined wall 18 on
wokiocio3dshe nedi um fl ows when it passes from t heCHRRINE066981

zone 5 of the second culture nodule n2 to the fourth

zone 6 of the second culture nodule n2. The inclined

wal | preferably conprises a hydrophilic nenbrane in

order to inprove the formation of the filmon said

inclined wall 18. The filmnugts preferably be | am nar

in order to prevent as far as possible the formation
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effect and through the flow rate |gIBosedb t he

and PE&EAESOIREN ISP apnclinrd Wak then which themsgiHe fE""@fWhe” it
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undethst foodh trfeﬂtu,m tndresfier zone 6 of the first culture module m; in a pipe 11
which ends in a substantially central zone of a siphon created by said
centrifugal pump which constitutes the medium circulation means according
to the invention of the base module m.

25 In a variant of this embodiment, illustrated highly
schematically in figure 4 and in detail in figure 9, the stacked modules m
constitute the culture vessel. In this variant of figure 4, there can exist for
example three kinds of module, base modules my, modules my, my, ..., n
comprising the four zones and a head module m, (not shown). The base

30 module mg or basal module my comprises medium circulation means and

assembly means, it is designed to engage the first assembly means 24a of



the medi um fl ow edge reaches the orifice or the tube,

it flows into the fourth nediumtransfer zone 6 of the
wo 20030300 t ure nodule In 1. The fourth medi um PCHEBI066/066981

zone 6 of the first culture nodule In 1 can al so

conprise an inclined wall 18 on which the medium fl ows

when it passes fromthe second culture zone 5 of the

first culture nmodule In 1 to the fourth nedi um

transfer zone 6 of the first gulture nodule In 1. The

inclined wall is possibly provided with a hydrophilic
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var i aonsegliettlyi theeseoonld famtzones Imiuteaineshidhisgtidsy of four zones

schermtl[:glly in figure 4 and in detail in figure 9,
the S1OUEMndiduines m constitute the culture vessel .

ho this vari amhiofaddngfuiretidns inhpeesapanwayisst thhbexplained in
exanmpl e ﬁﬂl}ree k§ nds of nodul e, base nodul es nO,
modulPg®@il i figgre n conprising the four zones and a

head nodul e mF@Lrn@é 5sanBiluskhre Raser Mmedstsal péh oF the base
basal m)dul e nD conprises nmediumcircul ati on, neans and

ass e IenBafaUEd B HE85RIAN VPN AR fere feisrd toprview. As

asseighh lée@éﬁ‘sthgﬁ‘w?eoﬂfrﬁ id QaHigreans enfB? At Badl module througiat
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rotation is confined by baffles or walls 25. In this embodiment two baffles
have been shown, but their number can be much greater, for example 3, 4,
5, 6, 8, 10, etc. The baffles will preferably be disposed symmetrically on the
circumference defined by the whole of this.

25 The spaces 13 between the baffles 25 are medium outlet
orifices. Indeed, the medium is sucked by the siphon created by the rotation
of the magnetic device and the medium is expelled towards the outside of
the zone delimited by the baffles 25, through the orifices 13 between the
baffles. Since two baffles 25 have been shown, there are two medium outlet

30 orifices in this embodiment but their number can be much greater, for
example 3, 4, 5, 6, 8, 10, etc. As the baffles are preferably disposed



nmodules mL 2, ..., n. This variant functions in the

sane way as that explained in detail for figure 3.
wo@anesod and 6 illustrate half of the basal PEr/EPWD6/066981

the base nodule nD. Figure 5 is a cross-section view

and figure 6 is a top view As can be seen, the nedium

is designed to enter the base nodul e through at | east

one inlet in a substantially central area represented

by the letter x in the figuregss The rotation axis of

the magnetic device 7 passes through this centre x ,

whet Beimictricamy, r e/ BEaﬂHn‘st Wl iheNigBaibRe &lteful #5188  also
means are in operation, the magnetic device 7 is in
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pr ef ly,.on the

circ é?gr eﬁ@ﬁ g é&%@%‘t%&ﬁ% %tf: this. The spaces
13 between thdn tmfditloes a25ecazse 311eab me\mjidl é&dr acdebsing sthese
| ndeed, th m | S he S reat ed

the. Potas: 2n T MR, ofsEotenaitAee CREF Y T S8h i Wese
eﬁpelé)hﬁélstt@ngup\@y th)h@snﬁt@ﬁdmxtofef frosh m?gram;letd mted by
the baffles . thro the orifices bet wee

baf 116, S nodQUB 75 p Vet s8cianal ThuGR PaRGMDE hesd aodule
are mace®dingto e ihedntien iahd ¢igsrei gs taligw ﬁmcaﬂabr)@ Bt thiBWame
their nunber can be nuch greater, for exang 3,

4, 5,
6, 8Paro Netep Rest comPHRest pustantialp iuarshpged Medilim Thlet

di sp@ﬁmsé%wmmhégeqaiek Wrifice8 § 1 lRRRLth® RfedRim &&ﬁmg%hwmb fourth
outlets 13 are al so advant ageously di sposed

49 metadivsatepsiengene BHE the dPviae sCadipa|tp doe yepiipn 1 in the
OUt | %&)ﬁorjr%rea‘t%” lg)pg% r‘égatlbﬁ‘ of e ﬁlé@ﬁé{}%gc%lvlcgr?\lh%ﬁ Lilbﬁgnagnetlc
basedﬁw@ejllselnn@taﬂa@, the delldfmSﬁU@t@@ i the @Qﬂeﬁu’ailmqirammgprential
2)‘22”'2 eldy ﬁlQ@Bl%g W}i@ﬂeé@ i B! &‘?térsameoﬂeﬁ&afi@{ 26, said
npl'e” an introduction of gas or gas mxture, fresh
medi parfordiiat Barapsngoin crmmonicationt witle thef coratkijts (ABagwalnting the
%f %I(péﬁ%g ir‘r‘f@@iunﬂocreach a zone 30 in medium communication with the first
medium transfer zone 3 of the device according to the invention, in
particular with the essentially tubular part of the first medium transfer zone.
The top part depicted in figure 7 is an element designed to be
disposed on the bottom part depicted in figure 5. Naturally, this base module
25 mg could also be obtained in another way, but for reasons of simplicity of
production it has been produced for this embodiment in two parts that can
be connected together. As can be seen moreover, the top part and the
bottom part are connected together in a preferentially sealed manner at the
recesses 29 illustrated in the two figures 5 and 7.
30 All the illustrations of medium circulation means of the present

application can also be produced in various ways. It goes without saying



In addition, a recess 3 1 is provided for accessing
these orifices 20 fromthe outside, which nmakes it
w@omsiokleed t 0 connect these orifices to a suppl BCDEPPAG066981
or gas mxture, fresh nedium etc. Figure 7 is a view
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according to the invention and figure 8 is a view from
above of this sane part. The top part conprises
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figures 5 and Figusa®ds 8 crase spelidnofiew pompalculardyl apvantageous
per f [ :
C 3B PLubt St B dMlice R QR IR il Brlictiure 10 1 an
zone eg@odled onegs aectioonam ot tiei samenetbodiment. |Tmstexp‘@ded| wiew

| nvonb b A e iR PP R R B S Reniyg gpect

par t obthetpheseht ingéntioadi um transfer zone. The top part
depicted in figure 7 is

i Sposed on ¢ HOTSEREIHY JF oo dEFEEoH 4P GeBted on at the
Mat usamkyimd. Mscabasesawadinealavite Giceording talisoinbention consists,

obt ai_n i.n_an but for reasons of sinplicity
of plerHﬂa”iOHhtOt?p ﬁ’éé%dﬁ%@éed for this embodi ment
i n two tpabbtorh Pat of & tks@ewm:mdn&agg@m%ng DSorfAiR vidfich
seen m)reover the to art and the bottom part are

connect B¢ Magiatiasievica 'Sa”"prrO@t'QP AHGhais | GpniRed lagbaiemer- The

at the 5@&%&%%@8% ihbtb‘é?ffeétz%%élléleWlﬁlstﬂ@%ré is%@éluﬁl outlet
and 7. Al the illustrations of nediumcircul ati on

Bans  ofificRe Tip éssernausp i mediv@ris saskesbyohe sinhpd airaia by
in vari f?fésrofggb!ﬁ' of thk n%‘?%tlc‘!"bé\hééjé %ﬁg'rﬁ‘&ﬁmqs ?iﬂeﬁéc'ﬂﬁ)wards

ways for ucmgt e varl ous e Il ments o
medi um ther@usslde i2griesasatially eiwhlr zene)of thetzong delirsitashieye the

modul e, 468 %&fﬂﬂr&gﬁghé Brifdeg 13BRRGeA1nd Banéd 38 med

protectlon
par timc uhatdpypa{tj@fahe bgs&nmdda‘mm@nm)a n0mplﬁ3|mg1$Jb$tantlaIe/ tubular

geor di grg%oegsﬁggigh{wn“?&t britlies V‘ihll l'ﬁ1 sg |ﬁ§{ %n,[})gegl ?1 ide the

pI ode i'on VIeW of "t he sa
The exphedrch goraing from the fourth medium transfer zone 6 of the device

according to the invention 1 in the siphon created by the rotation of the
magnetic device 7. When the magnetic device is in rotation, the medium
situated in the essentially circular zone 27 enters the perforation 26,

25 said perforation 26 being in communication with the conduits 28
enabling the expelled medium to reach a zone 30 in medium
communication with the first medium transfer zone 3 of the device
according to the invention, in particular with the essentially tubular part
of the first medium transfer zone,

30 = a first culture module my as explained in detail in the explanation of
figure 3,



gives a clear understanding of the particularly
practical and inventive aspect of the present

w0 pwesteon. Consequently the two figures will BPEI/EP2006/066981
commented on at the sanme tine. As can be seen, the
devi ce according to the invention consists, from
bottomto top, of a clanped stack of the bottom part
of the base nodule nD (n0a) conprising a zone in which
the magnetic device is in rotgtion which is confined
by baffles 25. The space 13 between the baffles 25

vi si bl & §droh@citdrd %Qle'rﬁg @,eéfﬁ@hrb“@) outlet orifice.
This is because the nmediumis sucked O|ydthe si phon
e

cr eafed® Bgadt medylgcammyping ﬂeﬁ%s%%ﬁ@bll d‘éﬂ?l&feol%{ﬁal gamneor
medi um r ééhﬁn

circul a?§lzn§rﬁg§bb?ﬁth g\l]@’gﬁzﬂ eli'mte E?/gtrﬂé @ ﬁfﬂ{lﬁe@h%ns
t hr ough22 Rennsctedite @goatt3! Gacal Wreciopwad 160 thessecpad culiuezone

tgp par%o?{he s*é?omu@ﬂ%&eﬂmm) conpri sing

substantial Iy ' shaped tfedi uminlet orifices 11.
These i nl et orAllf iree snatilegucatapridee fixingli nneanso At acarfar @dp as

h - .
Lol BB SRR TR oA Bl Rl U0l campyees
t he sevendli athesk, whieh negoetingtodee rexpiréd gweembly {veill be used or

ium si

net vice is.inr t he
e 8ok Byt i fgkes pfipdine 36 B2 HrolrEifR Pobli8 e Ean
per f peaissenblad b_oﬂ‘awm pesther (ajltumﬂmaﬂulbfandgmtmthe base module
comruni.cati o Wld G tlg ndw ts 28 eHabI i n
ol 416 Heal] TiockG. TBSes PG rvf e thip Bro concentic
CoMgin¢l6apioVidediviith 4 bitcuddrsehl, PRSI UoAriccans el kAeWEs indthefart
t he devi ce according to the invention, in particul ar

wi t hOf 158l iy idaSPrpPW: B éPd uSEaiont Re ayr Qipeqrdayigen for

tr an%&@émt?liﬂ@%ese&néddle%tac%blﬂdﬁdgbrté tHEiARiohn 1 as
expl ained in detail the explanation of figure 3, a

dBeond cul t ur & IIBMEOHEE) des. pagalparta)f the Rasmodle my is
modub,gn ¢ QU bifided 90 rs%% ﬁtl&?ﬂ? RbaM %%hﬁﬁ)é Ruiéh 4 'd?i%es

sensor 23 | mrer sed ture nediu a cover
COITpIa“QW'ﬁ@ i this$ ngserean@rmcmnfe@a%qr gas mwianet Tmeega@flmet

gggohgﬁcceu ESF é:grrwr@g&ﬁd;f‘o néetEBé‘%zcwhiEHre%dé URVE RS 1dVRF of the
culture medium, enabling the gas or gas mixture to reach at least a fourth
20 medium transfer zone 6 of the culture device 1 according to the invention.
All the ambient atmospheres of the fourth medium transfer zone 6 of the
device 1 according to the invention are connected by similar tubes 32 so
that the gas mixture can reach the top. It is particularly advantageous in a
device with modules stackable for height which can rise very high to provide
25 agaseous supply through the bottom of the reactor.

In a variant, the basal part comprises a gas or gas mixture
feed tube for bringing the gaseous substance into the zone in which the
magnetic device is situated. In this way, the incoming gas is stirred by the
rotation of the magnetic device and the dissolution of the oxygen is

30 improved by the movement of the medium. The excess gas is also stirred



Al'l the nodul es conprise fixing nmeans 24a and 24b as
illustrated schematically in figures 4, 9 and 10. Each

wo@aloadseonpri ses several of these, which, accPCTHEPO&/066981

the required assenbly, will be used or not, but this
makes it possible to obtain a single culture nodul e
whi ch can be assenbled both with another culture
nodul e and with the base nodul e or the head nodul e.
These fixing nmeans are for exggple two concentric
circles provided wwth a circular seal, rapid

CoNNgRY AoveiblvatRAMAIN iR the RrArds shfall ‘bﬁbﬂ)le§ Uﬁﬁéi\rlﬁ'ianﬁls also
screw pitch and a sérration or any other device for

asseﬁ@P'lCﬁgleﬂ%&@eerﬂW@@ "Bt’éif@tleél'm Welthe invention. n
t hi nbodi b
I'S embodi menf, ?c}oqfc‘)n %8 subst antl g‘rt%\ﬁdé?ia?cﬁ %Hélﬁg Nese

is bond with orifices tubular 1n
shaperifigeisc?0 diom b1 pPLisEle, avhichwmages rif D@ﬁs@I@é@@oamct these

o 1 P SBpnpBed, gBF b PR e, s “above

the | evel of tlie toplpadmeclneidhemodateahl it @y aldreergjassigned to

gas i ) ;

T B tphea L IRCH A5 i Thedhe! S5 bi? SEERLY RIS P ine
I nvepgircuar.seAl 34 ommeanmhommartanmmeeaaee rrm‘dutehao fourth
medi um t r ansf ce. 1 accordipng.,t

Tha v ent! on Narg8RE i, Bresane et syt S JaBfieds o the
tibat etﬁm;sdg@tsngewrb@dcabb\/reeaa@ rgb@/ trm&ilfldaﬂom§ é:an be made
partlcu ar advant a n a evice Wt no

D e WP PR TRiTEiRe Sadhe S SedyRanURG Sl

provi de a gasauexavpe! Heldevies abcdriifig BPtheamiedion B@plcted in
reactor. In a variant, the basal part cogﬁ)rlses a

as
or gHguTRi k£an @lSPRANATISBE PYFMEAI P?@P'nslthe}ﬁ @a@%d@rough the
substangeot Alidbd lﬂﬁoa@nené of W GAad B HERGaRSd sccsdwhg:@o the

is situated. In this way, the incomng gas is stirred

By t H“é’eﬁﬂﬁnai—lkéwlséf heatiag RERRSt3ae ApOpcireaer in e first or fourth
di ss bl’w’é bPheXe f'éeac%%g?to' e RN Br Qtya%aﬂ'éoé! S four
of t medi um The excess gas is also stirredand noves
upvvaZd@eSag‘@dwel ﬁoﬁﬁbl)/f thentleifices aa¢drdibaip | tbe .inveRtign can also
vari . . ,

1 2Pl FvERy RO AR b pieafo 3RPBLSteverg) opntituoa
provipdewsf or accessing these orifices 20 fromthe
out si de, which makes it possible to connect these
orifices to a supply of gas, gas m xture, fresh
medi um etc.



The top part nob of the nodule nD is an el enent

designed to be gripped by virtue of the fixing neans
wQoanspeseal i ngly by virtue of the circul ar seRCT/BH20061066981

the bottom part nmOa of the base nodule nD. Naturally

the present inventionis in no way limted to the

enbodi nents descri bed above and many nodifications can

be made thereto wi thout departing fromthe scope of

t he acconpanying clainms. For gganple, the device

according to the invention depicted in figure 1 can

al so| @ORRIdn§RnaniuUt ri ment feed, either in a tube

t hr olig € cover, or a tube through one of the walls
of the device according to the invention. Likew se,
heat imwm&an al so be present in the first or

fourth zone of the device according to the invention
or of.euliwrRivdsgelor each four zones nodul e. Possibly,

tge %?Nr%ﬁ&ltﬁfe%%&’ll&@graﬁwgf& Dgnd Nvention can al so

conpri se severa rumcifcul ati on neans, for exanple
seveBalbasd partiof thgdirstputipys nédium trensfengomeent s : 1.

rect e ot hehBL UG edug HRlerithe " °
cul t ér sirdeditwentedaums frensferaaoee3b top cylindrical part
of tge first di um transf egqrzone 4. third

ol t BB pasdiih el BFCia et AT RARR 2808, o The

t1bi r dbeyliridvcal topephruion the ansfcaturaonsdidh trapsfengbnecal t op
part _of thg third culture nediumtransfer zone 5.
secondSQNE GHrS8A® 6. fourth cul ture medi um transfer

zone g/touAR8lIeIré encdivh Bendter 20BBt ral rotation axis 9.
top eg’%aaemsnt means 10. bottom engagenent neans 11.
medi drinaanglic device

8. central rotation axis
15 9. top engagement means
10. bottom engagement means
11. medium inlet
12. diversion baffle
13. medium outlet
20 14. medium guiding means
15. bottom wall of the second culture zone
16. top wall of the second culture zone
17. orifices in top and bottom walls of the second culture zone
18. inclined wall
25 19. cover of the culiure vessel
20. gas inlet orifice
21. gas outlet orifice
22. means of fixing the cover to the top wall of the second culture zone
23. sensors
30 24. assembly means
24a. first assembly means



12. diversion baffle 13. nediumoutlet 14. nedi um

gui di ng neans 15. bottomwall of the second culture
waewe/03%00 t op wal | of the second cul ture zone RGI/EP2006/066981

orifices in top and bottomwalls of the second culture

zone 18. inclined wall 19. cover of the culture vesse

20. gas inlet orifice 2 1 . gas outlet orifice 22.

nmeans of fixing the cover to the top wall of the

second cul ture zone 23. sensojg 24. assenbly neans

24a. first assenbly means24b. second assenbly neans

25.  bahideesndPasemdsmeind he base nodul e 26.
breakt hrough in the base nodul e 27. essentially

ci r cgbaafbese wads otibadpase §1ogyle recesses for the
circ b%re&t@ﬁﬂou Rin A8 Esé Mobdi um communi cation with

t he |rst cul gre nme |umtransfer zone 3 1 . access

r ecegs. easemwéy@mtﬂarcz@gezo 32. gas feeding tube 33.
rece cover for sensors 34. circular seal rn O
gba?é ér@ghl:&g ITil... tornn = culture nodules nt =
head 28peotssedior tlamcltawiae se@di um

30. zone in medium communication with the first culture medium transfer
zone
31. access recess to the orifices 20
10  32. gas feeding tube
33. recess in the cover for sensors
34. circular seal
Mo = base module
M... to M, = culture modules
15  m;=head module
M = culture medium
C =cells
= top of the wall of the fourth culture zone



C=cells D=top of the wall of the fourth culture

zoneCLAIMS 1. Cell culture device ( 1) conprising: -
w@2@aloswpe vessel (2) provided with a cover (1BJT/EPI006/066981

which there is situated at |east one first zone (3)

and at | east one second zone (5), said first zone (3)

being a transfer zone for the culture nmedi um

essentially containing no cells and said second zone

(5) being a cell culture zonegqsaid first zone (3)

being internal to the second, - neans of circulating

the culture nmedium allow ng_gjMisul ation of the

cul ture nmediumthrough the curture zone (5), said

culture zone (5) conprising a bottomwall (15) and a

top wall ( 1 6) i ng provided

W th or|f|cesq(géﬁeﬁmf&EEWCéé§c ﬁs?ﬁi of culture

medi umosligrervebsd! (3) drovded withha cevdrd]9)cinawhich beiesie gitiated at

| 8oL ey, B EATR 585 B10b 35 B85 Ml g 2o
t r anbtiag aztogressfersemmm cylture eedfunmnjasmitlalg/, capdgining ho icdlls
ana ahd st AR, b%"éfra%%hgﬂlfug%%‘éﬁedsséﬁﬁﬁ%zéﬁ??@(@ g

zonelr(t@r)walheithwsemo@ne external to said second zone

5
b1 - Fianp of G<YBRE T et b oToiahd B R B i g
a0ne mMc@)unb ehroggh mamﬂtum@mn@neéuatmnre/\ma@ e;o&m@mgl a

2 e DRI Wald SRl e 1 BF, Eagamat 15, o1 BSipggrovided wih

cul t YFifced® 67 HNbWinG @UtatsfeP B @:m@rt-smeaanm ésrseﬁtmy fre8@®om cells,
culture nmediumcircul ation neans allow a circul ati on

of t KBaracietisRdiniealillsq ¢ATRIISEE RblersiPnedpird () sad @t least one
seco%nq;,uidn@r Zdbﬂ?bélﬁ@ culbure PRYGIGR thahkicRGBRELbEDNRY free

claim1l, in the Culture nediumcircul ati on nmeans
dbnsirem Qﬂ“?,aﬁad,fémrﬂ |Z\00@1é14 beinga senaliatesen! |t<hs%id b‘,@@qr’@;ﬁone (5)
part ;Af x@ihl b”stafdrﬁ"r e?éfdecf%’g(a%’sa‘?cpfﬂaﬁthséb bélﬁ@sé zone
one nmagnetic eV| ce ? to rotate a

subsexletiahlid ysaise aecd rateats)osaidxinisd (e ét be@@sln oRedium

s bbby Y ind 108 A BTN B one

t he (@doaing mnmadlsmpd:mnmumleautoedmthytm segbiad zome () (tHeeculture

20 zone (5)) and with the first zone (3) (the medium transfer zone (3)) via the

culture medium circulation means, and in that the culture medium circulation

means allow a circulation of the culture medium from bottom to top in said
second culture zone (5).

2. Device (1) according to claim 1, in which the culture

25 medium circulation means consist of a centrifugal pump situated in a bottom

part of said culture device (1), comprising at least one magnetic device (7)

able to rotate about a substantially central rotation axis (8), at least one inlet

(11) and at least one culture medium outlet (13), said circulation means

being designed to suck the medium in a siphon created by a rotation of the

30 magnetic device (7) and to propel the medium towards the culture medium

outlet (13) placed in a zone external to said magnetic device (7) and in that



magneti c device (7) and to propel the nedi umtowards

the culture nediumoutlet ( 13) placed in a zone
we@2a0e/08mh0 t 0 sai d magnetic device (7) and in tPel/ERL006/066981

centrifugal punp is driven by a rotary nagnetic notor

designed to produce a circulation of the nediumwth

no comuni cation with the outside of said device (1),

and at | east one guiding neans (12, 14, 25), provided

for guiding the culture nedi ugp propelled through said

outlet (13) towards to the top of the vessel (2). 3.

Devi %Qld(ée)ntrﬁ&%‘éjrﬂj'nﬂﬂlst er\@nab'fnalro@iry %agj?fé’ﬂ@%@tblnaeﬁgned to

series of culture nodul es mm) , each
c on‘pprQﬁUﬁ@ agiryaiqnrafithe 6\@6'“("8‘)‘"”1 Q@P@mg‘é@@ﬁ@nz\wﬁbth@wt&de

5’\;‘: grc]ﬁ %}8 Bedigd @g%ﬂd n%géi?szghléi Bk Aﬁeaﬁ%"(%(ﬁ% QS?'&%\/ldéd for

series of cul
rmdugwmgrtbe puitwi@medmnmr@naliﬂddatquch saigreditietd(i! ) tpwa@ls to the
zgne (3 3 s%@l'% fourth zone (6) of each nodul e being
in co nlcalon th said circulation neans, directly
or indirectly.3. Devioe\(i)ca;:com)ngatoaﬂmm 1nq 2, @ompesuog atgedes of

rec [
'gonf Sﬁgﬂglnﬁéoghég‘sge, s Q%é,d;@oame éégﬂ:olg‘ﬁg égog%t 9§
bei ngaidrsecentd none CE)m;md d:hlltd zmnev@41) hnatsaidefastth aoee {8) raInd in
medi um nsf.er one
modi MR aaigFed Sfteleg)n 84 sBhes ¥ huBied B8 416 in gedium
Dlevn cemﬁmhuoamqraiwldﬂgud mrsmeln@f (3) bﬁd @aiacbdrtﬁg:ogé ae)gsfl each
al so co sing a head nodu [ ead nmodu
(e TEGHEr PN oM BUuE eV b Fel S ton, e cacets) o
accoirdiiregtyt o any one of the pr ecedl ng clains, in which
sai d at Ieast one fourth zone rg%)rl ses at_ | east

one essenti al 14 RRWAES @éIaCSPrdi'ﬂgcioi ﬁ% v PiREeAINg 1¢igims, in

7. DeMichané c#cdlat%ﬁ%éﬁs@etcenﬁﬂe@'|ma5oasbrindd“dlé3 aéa‘?d base
essenti al lé verti cal inclined fl ow wal

dBnpimogiele ohpan@mnmpdlé%wum@atloe wntbeahl%aét an irgt medium
acco

corpy P Sehe0) a1 Rast o LR Rl SaRtheg ™, 2 diecty
gas eutndisectigrifice (21 )

5. Device (1) according to one of the preceding claims, also

comprising a head module (my), said head module (m;) comprising at least
20 the cover (19).

6. Device (1) according to any one of the preceding claims, in
which said at least one fourth zone (6) comprises at least one essentially
vertical or inclined flow wall (18).

7. Device (1) according to claim 5, in which said essentially

25 vertical or inclined flow wall (18) comprises a hydrophilic membrane.

8. Device (1) according to any one of the preceding claims,
also comprising at least one gas inlet orifice (20) and one gas outlet orifice
(21).

9. Device (1) according to claim 7, in which said gas inlet

30 orifice (20) communicates with at least one fourth medium transfer zone (6).



9. Device (1) according to claim7, in which said gas
inlet orifice (20) communi cates with at | east one

wo eaorobvepedi um transfer zone (6).10. Device ( LCT/EP2006/066981
according to claim5 or 6, in which said gas inlet
orifice (20) is connected to a sparger tube. 11.
Device ( 1) according to any one of the preceding
claims, in which the cover ( 19) of the culture vesse
(2) is connected to at |east part of said top wall (
16) of at |east one second culture zone (5). 12.

Device ( 1) al@C‘ETeQICEQ(ﬂQC@Wn@W@ cRimtder lrfhc\ﬁﬂlbﬁ‘gsald gas
clainms, also conprising heat i nwans provi ded fo

heat iy orifiee &2phﬁ§p@fﬁ¢<‘é@ @Lﬁ sRaArger um (M. 13. Devi ce
(1) according pR,eBY1) f&gﬁgr} fbea GREHH tﬂ@gfﬁ(,t%'g@’claims,

al so conpri sing sensors asurlng

par aifevbick thesefiver €hobine cuk@e V@e$ehg2 i 1% comectesh ot telast part
t he : j ording to

c F ai %P%Aé& fo?)nml% §)ﬂ6fs% g?e l;oéhne s%?éhc% §L§§Jre;%3eneg(|8§ posabl e
optical sensorig, meoel theatcobuling toagryndne dnthe gneasepingoadims,

t d
5, 903 SHRGRSTL e ABERTSHS1h8 S pPRE grgere
r eceiculerre meediuen (). to said device ( 1) . 15. DeV| ce (
) ) O each O PRvEe ihceadiepld &y Bhe e S ams.
s@i dafsor sdtmpiiey ((js'é])cwsorsaﬁ@ SfeCOﬁ@lasZJﬁﬁ@ ddﬁhre Spara!lli;nétﬁrls[ csaid
zone | our t ich the
adj aéé‘?’gor%&%é E?‘Bg l‘ﬂﬁﬂﬂtﬂmﬂg‘e cu?tzn‘e rﬁﬁg“mn( aid series

of culture nmodul eeviceqq) acco,rdlﬁ@lo @raﬁnlﬂl?s redhiéMsaid sensors
comTunl catiogn, said fj rst zone (3) .and said fourth

zone (38) a8t digpsable PRiiGR SPRSILR. dPrpviged for ransmyittingigngoptical

co m“é,@'n§I<'J‘Fépﬁ9é%e\‘\‘tlr‘id1 tﬁea bﬁra%été‘ruloabé %em ihrgugj HeehiYoure
i ndi rectl which the circulation neans are

denf vAES! {3% t%arbaet@ah%iﬁl Eeceivey, extesngl ip $aid devigrill)-e (nO)
bei ng in medi ym %veg@%mrp?.empﬂafébr%g&f@aﬁge AL

medi um transfer zone east one fourt

medi 0 tgaghgfulureziopeule @np, di Mag COMPGFIng ﬁalrirfuéﬁtzqme , said
acco C

o E?%d?‘% Egﬂﬁgﬁ)\’ rrgi'aeth?ci z%ﬁeﬁ@f?gﬁg,%@sféémq %&éﬂ@ éhoeﬁ%vf}}uch
a fithst adjaoenhgultmarmmd(ulbétdynoand minhini $asd berietsoohqu&mne raodules

?ﬁg;’ nrq? ;gxtbgﬁ,gpeeﬂpﬁe(dﬁjﬂ)coh%ma?gn Sﬂ cﬁj nPﬁsz%nQD(%}”aﬁd said

rise
fourth zone (6) of each culture module (my, ..., M,) being in communication

with said circulation means, directly or indirectly, and in which the circulation
means are confined in a base module (mg), said base module (mp) being in
medium communication with at least one first medium transfer zone (3) and
25 at least one fourth medium transfer zone (6), directly or indirectly, according
to any one of claims 5 to 14, in which each culture module (mo, ..., My)
comprises in its top part a first fixing means (24a) and in its bottom part a
second fixing means (24b) in which said base module (mo) also comprises
in a top part (mob) a first fixing means (24a) and said head module (m;) also
30 comprises in its bottom part a second fixing means (24b), said first fixing
means (24a) and said second fixing means (24b) being complementary



in atop part (nmob) a first fixing neans (24a) and

said head nodule (nmt) also conprises in its bottom
w@anor/0zvesecond fi xi ng neans (24b), said first PCREPZP6/066981

means (24a) and said second fixing neans (24b) being

conpl enent aryfi xi ng neans for producing a stacking

sequence frombottomto top of a base nodule (np), at

| east one culture nodule (n0, ..., m) and a head

nodule (nt) . 16. Device (1) ggcording to claim15, in

whi ch said first (24a) and said second fixing neans

(24bjixiRg 'médréefoﬂﬁﬂib%mﬁé@ stfa@l(ln@ rs@&&’é‘dc@g‘ro?ﬁ'déttéh%ktbﬁ Df a

sequence I n a gas- I ght manner.

Di sp@@%l”@dé@/?rﬂfé @tlbea&tc@faﬁ QU'H@e teodutsy (Bne- ofnnblﬁlﬁql| idshgad
to 15?00%%. Jse of the device ( 1) according to any

one 0O ai lto 17for cell culture. 19. Use

accordi ng to difaDevite (f)orccowlingutoi siymctd, lis whigh said first (24a)

ThC GRALLLS6Sold Yo hESHL B8 Bmd AU FlaA A9 pdRordic

according to ng ce
sus peteskion se@uehce ins gaa@nddiduidiight ovaangr. one of cl ai ns

18 to 20 f [ ' i
ot abol 1 tes. and. DeorE B89 BBRa RGBT pry oh AR 1 0
celld46in a culture vessel (2) with culture medium

| at d f .
e um (M| g AP CLTE SRUHEN BrOEnadd o ARBALSSms 1 10
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(4), by 22. Method of culturing cells in a culture vessel (2) with culture

medium circulation, comprising:
- introduction of culture medium (M) into culture medium circulation means,
- discharge of culture medium (M) from said culiure medium circulation
20 means,
- at least one first transfer of culture medium (M) into a first culture medium
upward transfer zone (3),
- at least one second transfer of culture medium (M) into a second cell
culture zone (5),
25 characterised in that it also comprises:
- at least one third culture medium transfer subsequent to said first culture
medium transfer into a third culture medium ftransfer zone (4), by
overflowing from the first culture medium transfer zone (3) to the third
culture medium transfer zone (4),
30 - at least one fourth culture medium transfer subsequent to said second

culture medium transfer into a fourth culture medium transfer zone (6), by



overflowng fromthe first culture mediumtransfer
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w@ 4907/0396a¢ | east one fourth cul ture medi um tr aPGT/BP2006/066981
subsequent to said second culture nediumtransfer into
a fourth culture nmediumtransfer zone (6),
byoverflow ng fromthe second culture zone (5) into
the fourth culture nediumtransfer zone (6), and in
that said second culture nediysn transfer is a downward
culture nmediumtransfer. 23. Method of culturing cells
acCobirMBwhg relfindslondbitre R (63 PP RIgaNalk R R
the culture nmedi umduring one or nore of said
t r anyaesfer zape (6cul t uri ng met hod according to claim 22
Or 2341 H‘é}' & %@b%oozsmaﬁ@%éo%% Qfdridfer |?>é Elb\mﬁérd culture
gas- I|qU| contact during one or nore of
t r ansfesiusm tramsferCul t uri ng net hod accordi ng to any one
of clainms 22 t
cfeslrrl ed out duérél ﬁ\ge {‘{%‘T %ébﬁtphﬁi%le%%gg&ak #lrﬁlg}ls a’lso
sai dcbmprigitg oxygenatomeldihae routturamrsédivmbadiring cmefdrcmorefof said
sai d gH%fér%re medi um (M along a flowwall ( 18). 26.
Cultu imet hod according to any one of clains 22 to
25, in which <Al d:ullthmg m‘etrtddeamkdlmg & oleihn 2 ¢r\g3,iis which

A °Ws%'d°o”x99é3‘nart‘|¥ﬁ' oC uhrs Iblycdlr\é@’[ gas-liquid contact during one or more of
10  said transfers.

25. Culturing method according to any one of claims 22 to 24,
in which the oxygenation is carried out during the fourth culture medium
transfer, said fourth culture medium transfer being a flow of said culiure
medium (M) along a flow wall (18).

15 26. Culturing method according to any one of claims 22 to 25,
in which said flow of the culture medium (M) is a flow along a hydrophilic

wall.



