WO 2007/039600 PCT/EP20061066981 METHOD OF CELL CULTURES
AND DEVICE FOR IMPLEMENTING IT The present invention relates to
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provided with a cover, in which there is situated at least one first zone

and at least one second zone, said first zone being a transfer zone for the
culture medium essentially free from cells and said second zone being a
cell culture zone, said first zone being internal to the second, - means of
circulating the culture medium, allowing circulation of the culture 10
medium through the culture zone, said culture zone comprising a bottom
wall and a top wall, each wall being provided with orifices allowing a
transfer of culture medium essentially free from cells. Such a culture
device is known for example from the patent US 5 501 971 which
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US 5 501 971 which describes a culture vessel in which there is situated a

15 culture zone external 1o an internal medium transfer conduit. The cells are

situated in the external culture zone, which is a sort of basket comprising

carriers, and the culture medium flows from top to bottom through this

culture zone. Next the medium is recovered in the bottom part of the culture

zone, it is taken up by means of a medium circulation device through the

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

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

several afternatives, but the medium aiways passes through ihe culiure
zone from top to botiom.

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

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

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

for cell cuiture in suspension or on microcarriers in & 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



sediment and to accumulate in the bottom of the culture zone since they
are subject to gravity and, as the flow of medium through this culture
nNetakes, place from top to bottom, this accumulation of Gels 4R us6os1

bottom of the culture zone is all the greater. Consequently the cells are
packed on top of 5 one another and are in contact with each other and the
nutriments 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-immobilised
carriers or microcarriers, of cells whichare fragile species withstanding
few stresses, the cells are subjected to the 10 effect of gravity, to the
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The aim of the invention is 1o mitigate the drawbacks of the
prior art by procuring a culture device making it possible o cultivate both
20 cells in suspension and anchorage-dependent cells on carriers or
microcarriers whilst ensuring minimum stress on the cells and preventing
this accumulation of celis in the bottom of the culture zone.
To solve this probiem, 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



3 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. Said fourth zone more particularly
encloses a volume of gas consisting of the ambient atmosphere of the
bioreactor and can also constitute a3 oxygenation zone for this culture
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harmful stresses for them are reduced. In a first aspect, there is provided
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first gnd %@%&Qpﬁaé@diwgﬁfﬁiﬁb§a@ceﬁ culture device comprising: a culture

vessel provided with a cover, wherein there is situated at least one first zone and at least
one second zone, wherein said first zone is a transfer zone for the culture medium
essentially containing no cells and said second zone is a cell culture zone, means of
circulating the culture medium, allowing circulation of the culture medium through the
culture zone, said culture zone comprising a bottom wall and a top wall, wherein cach
wall is provided with orifices allowing a transfer of culture medium essentially free from
cells, characterised in that: it also comprises at least one third and at least one fourth
zone, wherein both are culture medium transfer zones essentially from cells, wherein said
third zone is in medium communication with the first and second zone and wherein said
fourth zone is in medium communication with the second zone (the culture zone) and

with the first zone (the medium transfer zone) via the culture medium circulation means,



fourth zone is in medium communication with the second zone (the culture
zone) and with the first zone (the medium transfer zone) via the culture
medium circulation means, 3a and in that the culture medium circulation
means allow a circulation of the culture medium from bottom to top in said
second culture zone. In a second aspegct, there is provided the use of the
amgevice as defined above for cell culture. In a third aspect, there is
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understood by the skilled in the art that cells on carriers or microcarriers

mediR 8L %om packing, in particular in the case of
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 fluidized bed.
Likewise, when the terms “cell culture” or “cells” are used, it must be understood
in particular that animal cells are being referred to, whether it be for viral production,

proteins or other recombinant products,



5 a fixed bed, than cells in suspension without carriers or without
microcarriers, but nevertheless he will easily see the advantage in the
woYRsRasian of the culture and in the nutrition thereof of such-g#eWac/nes081
direction within the culture zone. Indeed it is well known that the design of
culture vessels is a key step in cell culture. The design of these must be
such that 10 there are no dead areas, not supplied with fresh medium, or
in which the cells would accumulate; it is also very advantageous for the
cells to be in direct contact with the cuure medium rather than with one
another for their reproduction and/or production metabolism. Hence the
inventieMPpoeERbalitRsxiBIe il tiriptetltdPe8eRis pR AR diRiwena

and cutairesspreariiels arbantenigwoanitss which allows a reduction in
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not the cells on microcarriers or arri}grs or.even in sH]sr(?ns'on.
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culture zone or at 3{RPAROINMRYEIQFNRRE0D REBIERRORE/QBEIRY &

the vertical wall delimiting the culture zone with characteristics identicz?‘l,t
thhde dMSPARSAN,FYliges” and cultures on carriers or on microcarmiers whic
allows a reduction in the stresses applied to the celis and which prevents

the accumulation of cells in a particular zone of the culiure zone, by
reducing the effect of gravity which is exerted on the cells and preventing
the presence of dead zones not supplied with fresh medium or in which the
20 cells can accumulate. In addition, for application in suspension culture, the
device according to the invention allows a good dispersion of celis by virtue
of on one hand the upward flow and on the other hand the gravity which is

still partly applied tc the cells.
The terms “bottom wall provided with orifices for the passage
25  of a medium essentialty free from celis” must be taken to mean a wall
sitfuated 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 culiure zone and which allows the culture medium {o pass and not the
cells on microcarriers or carriers or even in suspension. Simitarly, 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 cuiture zone or at a top part of



Naturally the medium which overflows from the first zone into the third
zone can overflow over the top of the walls of the first zone and in 5 this

“yé Q%Bhe third zone or can overflow via an orifice or tUQH’]ﬁIﬁu)‘? dﬁbm
e top or bottom part of the first medium transfer zone. The same applies

to the medium which overflows from the second zone into the fourth zone.
Advantageously, the culture medium circulation means consist of a
centrifugal pump situated in a bottom part of said culture device, 10
comprising at least one magnetic devicé rotating about a substantially
central rotation axis (real or virtual), at least one inlet and at least one
outlet o HeEiealitpd ARBInG, 198 GWIVER [QITh WIE ANEIBEIRIE[R® JegatcR M0
suckinghdhiegmedisa 4psiphon created by a rotation of the magnetic
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the cover of the bioreactor. This passage through the cover of the
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medium with no communication with ithe outside of the device, and at least
one guidance device, designed 1o guide the culture medium propelled
through said outlet fowards the top of the vessel.

20 One drawback of the existing conventional bioreactor is that
they 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 fhrough
the cover of the bioreactor. This passage through the cover of the bioreactor
is a serious risk of contaminalion 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. Obwiously, this solution, although partly

preventing direct contaminations, has another drawback. It is not applicable



for long-life cultures. Indeed, the pipes used in this type of pump are
subject to wear during long life cultures, which also involves problems of
W?)efblé%sﬁﬂtq contamination. The medium circulation as desgji (O
also gives rise to 5 a technical difficulty of achieving a "fountain™ effect. |
therefore does not suffice to make the liquid flow through the culture zone
at a very low pressure drop, it is also necessary to maintain a difference
in level inside the culture vessel simultaneously. Indeed, bringing the
liquid towards the top of the first mediugn transfer zone is a key step, but
also ensuring that the 10 medium does not accumulate excessively in the
bottoniasfang-fisptiendntseditin@parue B dimYRe &l IR AUpBCt
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short duration cultures. For cultures on a larger scale, the magnetic device

will be P Fralifetie o @srityh AoVPAke Sk i ARIF SUSHRIRME It
200 |/ miegiimpasticttar 26 todb/rinsavdzpreféoably BEorsORMnimsien

particulay, enopRigRaRLHNEHENICE RGCHHRMLIRY MRuP hiB YR HRN medium

comprises a series of modules, each module comprising said first. zone,
sdrl setIPLErRe WHiaHARICRYAYEnd said fourth zone, and in which

Consequently, the circulation means according to the

981
t

invention will comprise a magnetic device rotating about a substantially
central rotation axis, and a culture medium inlet and outlet.

For small-scale cultures, the magnetic device will for example

2C  be a simple magnetic bar, driven by an external magnet, affording flow rates
of 0.6 to 6 I/min (that is to say 1 10 10 mi/sec). Because of this, there is no
risk of contamination since the medium circulation sysiem does not
communicate with the outside but is driven by a device external 1o the
culture vessel. A peristaltic pump can also be envisaged according io the
25  invention, but preferentially for short duration cultures.

For cuitures 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 /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



WO 2007/039600 PCT/EP2006/066981 7 the adjacent modules in said
series of modules are in medium communication, said first zone and said

“;‘S%E}q/%?r}ggof each module being in communication with s%i%{%"r A Iﬂag]ie%ggm
means, &'rectly or indirectly. This embodiment makes it possible 10 obtain

a particularly 5 flexible device and allows an increase in scale up to a
volume of 100 liters. Generally, the scaling up is a complex step in the
production of recombinant products, viruses, cell metabolites or others or
in the culture of cells since this scalingrup generally gives rise to

problems with zones supplied in a mediocre manner, whether it be with
oxygeither witisEinundsheers.itn gl esayiedinntrerssieibegrabvergsum
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of modules that can be 20 interconnected so as to form said vessel. In
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practically exhausted, in particular with regard to oxygen. 25 Maoreover,
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a volume from 500mi 10 5 liters, inciuding all volumes comprised within the

range or framing the range. Consequently, for a culture of 3 liters, 6

modules of 500 mi will be used. For example, six modules will be stacked

gither in a sufficiently large vessel or by means of modules thai can be
20  interconnected so as to form said vessel.

In the case 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 exhausied, in particular with regard o oxygen.

25 Moreover, the authors of the patent US 5 501 871 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. Unforiunately,
this type of cver-oxygenaiion 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 5 501 871 contemplate a scaling up, it is in terms of width that this is



30 the culture zone and cell death follows. In addition, when the authors of
the patent 5501 971 contemplate a scaling up, it is in terms of width that

W@%J%@{ ,0@007/039600 PCT/EP2006/066981 8 carried ouf Sines dfs/oss0s1
terms of) eight it is no longer possible. Naturally, the space occupied on

the floor quickly becomes uncontrollable. As it is known for the skilled in
the art, floor space is a critical parameter, especially in white rooms
where efficiencies are calculated according to the volume of air 5 to be
treated in order to obtain sterile air, thistype of air treatment being very
expensive. The volume of air to be treated is obtained by multiplyin bE/
the heRgriast e SRERTEBMS Bl eigRabdSorPtRaRIoPSERPidR YA he
bioreagiabeitscegsiRMBNhaanb PQIRRNDBasHbs QitbentuitasR: JaYice known
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the voluhiie PatNReTATIRENORF G RalUINGEAOTHNG |hing vplresiphalr
beéoret@%%tl@a@ég @ﬁ&gﬁirntﬁcﬁﬂﬁﬁﬁt wifatmémer,amabiweaaf @ir}mim@melmag
is appreciably reduced. In the case. of our previous example, the.. vol

is divid&d l%%)erfg’ %ﬁ%oer ?ﬁ]%n}% (3)§na<'ar }fdv%ﬁ aaé%oﬁsog%r%%%% igxeﬂﬁﬁ“g %@@S’n
is therbfoheighoomige vt shprannaussdRasabIR teming! OgRupedeystIe

with a yyedetermined pright fnpgadirsndlRss@istainassistar)) or an
empty disposableéthdlture vessel, coraﬁ ing the nge iucrt? girculati?

means in the bottSBPHE ssEIOH irl:t ReHSuffice p%siﬁgr;%g”posed

nmmbemwdémadmmwe,@fﬂﬂ@mihetlaeh}wélfabcﬁvertbmﬁﬁeiai[ﬁﬁuced- in
circulatiggmeans ailiRClasa it eeiRhagARbe eansaRAARias

cover. In this case, whether for a culture of 5 liters or 50 litters, the sifz%of
the veSSEFIGIRROIRPA5R I NSO AMER A HRHARRGM RS o P

advanteigesufas dppe@ablieshaethdgride resany singedvieipantirukel\the

inexpepsiy&e 'ig%‘ﬁﬁ’&’edfbfé the vessel supplied is designed for a culture of
35 liters and a.culture of only 5 liters or 10 liters is re(%uired, it suffices to,

pliRe, for example ARV Oc ARG rE HRHRAROUT GIRHBH TN YO by 'S

two culihreredidesmatib titerssign an autoclavable, empty, culture vessel with a
predetermined height (made from glass or stainless steel) or an empty
disposable cutture vesse!, comprising the medium circulation means in the
bottom of the vessel. It will then suffice to position the number N of modules

20 required in the vessel abave the medium circulation means and to close the
vessel again by means of an adapted cover. In this case, whether for a
culture of 5 liters 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 particuiarly 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 exampie above the
culture medium circulation means, one or two culiure modules of 5 liters,
This particularly reduces the amount of invesiment since the expensive part
always remains the same for any culiure from & to 35 liters.

30 In addition, whether for a culiure of 5 liters or 35 liters or even
more, the floor surface will be the same, and the scaling up does not involve



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

“ﬁ)dggmggwether for a culture of 5 liters or 35 liters or evenPng%ggmg%ﬁ%]_

oor surface will be the same, and the scaling up does not involve WO
2007/039600 PCP/EP2006/066981 9 any greater volume of air to be
treated. In addition, through the fact that the medium is, between each
passage in a module, in contact with the ambient air in the reactor, the
problems of scaling up are greatly reduged. As mentioned previously, the
medium circulation means are 5 particularly effective by covering ranges
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one fouth mediu 120516201 lieci oL NdnGo, Siee 108 edum
circulafiOAThESRE ArS often Zohes preséhting fisk Of cross contamination
or extensdlisoistidentiagiornthralugh tee! Inbiesuitt disssieeasstin scale is

accessile #RResdokEFleRBI@ngIe s Rgariase module which can for
example, without however bei!n Iim'tedtthereto, b igsert?dt'n a simlgéle
glass vessel is parﬁhﬁa‘?ﬁﬁ%\?&fhtfgﬁig%@ﬁ% 5ASE ThSale 1€ 6(1338% €d 1o
thied cultoeenmetiutesfingid i rrgies cordrfutisiatiorsefmathif et eed it
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outlet of the medium circulation means andgallowing medium
commUPHERBROBERTEARRIFARE 1BIR BB 'S the culture modules
present and the inlétreecuhareeddinncintdatien medans dreulatiom zones

means,Aite i OlslnEIG LY cHhRidHRiSRYRESSIRg Hammmamthﬁ&_ﬁgﬁwe
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or not. 25 The device preferably also comprises a head module, sa
15 presence of some nof aclessible zones for cleaning, procuring a base

module which can for example, without however being limited thereto, be
inseried in a simple glass vessel is particularly advantageous. This base
module is adapted to the culture moduies, allowing the communication of
medium between the first medium transfer area of all the modules present

20 and the medium outlet of the medium circulation means and ailowing
medium communication between all the fourth zones of ail 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 medule
or not.

25 The device preferably also comprises a head module, said
head moduie comprising at ieast 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



head module comprising at least the cover. This head module being able
to be designed to close off the superimposition mentioned above. In an

vﬁf' Qus embodiment, at least one fourth zone comptj m& ﬁ%‘gmm
one su tantlally 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 WO 2007/039600
PCT/EP2006/066981 10 fourth medium transfer zone. Indeed, without
this flow wall, the flow of medium fromithe second to the fourth zone
would be a turbulent flow, which would necessarily have as its
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atmosphere and the culture medium, by increasing the gas-liquid contact
15 surf¥PHERES: Advantageously, in order to stabilise the film, it is also
pdssible to add additiveiito, wmduwmmmmmmfmm thae in

rheologjgal, mem%&e&q& ﬁh%&Yﬁé@f @Hﬁ%@samsfeq%weﬁomwsﬁh@bmﬁce

group con&stmgﬂef surfactants, Pluronic F68, glycerine, quaternar
ammortiiS98 khd &) SHE 2 dBRR RIS & %;Yf??g iR Pﬁ%bl‘&?ﬁ&%gs this
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the essgpiialikyvertraliy fglinedhdanmwall SReSes Ad ¥aarRiCeontact
mEn brsaunn%ce area.

Advantageously, 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 such as the additives included in the group
consisting of surfactants, Pluronic Fé8, glycerine, guaternary ammoniums

20 and any other additive for modifying the rheoicgical 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. tn addition, the film, when it is formed on a conventional wall, is
unsiable. Consequently, by covering the flow wall with the hydrophiic
membrane which fulfils the role of a sponge, the medium is naturally spread
and flows evenly. Conseguently, the contact surface between the film of

30 medium and the ambient atmosphere is greatly improved, which permits



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.

%‘nﬁg%@g& the film, when it is formed on a conventional WaﬂclﬁEH%%(egm

onsequently, 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
WO 2007/039600 PCT/EP2006/0669811 11 oxygenation compatible with

high cell densities. The coefficients of total transfer of oxygen obtained
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S

orifice &fd" ﬂ@’@ﬁ ?f@flpfge r tb1E}n(é 8%%& B%I,Is i the

coinprisesatitast one gas inlet orifice and one gas outlet orifice. In this

way, it is possible i GrighiBe BRIRIRTY RUERESRNSIRAS #16 €a¥itthe case:
according to the inyention with Oﬁyc%ﬁ[ﬁfor example, as the oxygen is

consulB 45 BRSO ARG 1N e to 20 supply the ambient
atmosphere with otherrgasdearftaperasnpiedbyiawdingeCodiceoadesrting to

MOify e nPEYRIACI0ZS BENSAMNGHS SR GbeultTBnd R U

or1|f5|ce maklng it possible to prevent overpressures and to
orifice.

The culture vessei preferably comprises at least one gas inlet
orifice and one gas outlet orifice. In this way, it is possible to enrich the
ambient atmosphere of the device according to the invention with oxygen
for exampie, as the oxygen is consumed by the cells. It is also possible 10

20 supply the ambient atmosphere with other gases, for example by adding
CO2 in order to modily the pH, or any other gas generally used in cell
culture. The outlet orifice making it possible to prevent overpressures and 1o
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 abie 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-fiquid contacts and the second zone of the culture vessel



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

i/dg% §§ a‘ccordlng to the invention. Also, provision is mad ﬁ)@ﬁ&lg £.10¢:

close o "strangle" this gas outlet in the case where a slig
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 forigas-liquid contacts and the second
zone of the culture vessel WO 2007/039600 PCT/EP2006/066981 12 is
the celiscititueel viatiges VesgMich Wirebtdgest BRSd@ih Cariae oL esesand a
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15
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need a modification to the pH and it is therefore an advantage for the gas
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connected to a sparger tube. T he invention, in a pal’tICU ar embodiment,
providd$ Yo 8Os ARG 8E ik FRDINSOR bR e RSl i thenter
device iengyditgs trwuiite coleptiomeTinectdispassinreaisbubblesicanchesf any

effeCt?e &pggg%ﬁfﬁ%%wgﬁﬁgdmcmgrpyw medium in the first,

second, and
5 In a particular embodiment, the gas inlet is connected to a

sparger iube,

The invention, in a particular embodiment, provides for a
dispersion of gaseous bubbies 1o be effected within the device according to
the invention. The dispersion of bubbles can be eflected by a sparger

20 immersed in the culiure medium in the first, second, third and fourth
medium transfer zone (large bubbles or microbubbles, according to the
application). The dispersion ¢f bubbles will preferably be effected by a
sparger immersed in the culiure medium in the first or fourth medium
transfer zone.

25 in a particular emboediment, the cover of the culture vesseli is
connecied to at least part of said top wali of at least one second culiure
zone.

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

3C during culiures on microcarriers, taking samples is not generally a step
without any risk. To measure the cell dengily, at the present fime there exist



medium transfer zone (large bubbles or microbubbles, according to the
application). The dispersion of bubbles will preferably be effected by a
W ‘gg%z’!)nhmersed in the culture medium in the first or fourt %&m“ggl
{anater zone. 25 In a particular embodiment, the cover of t e 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 Ve@Y260 7089600MR.C W G06/088981011 35n Iy @lidbly rasandifeh
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culture zone: all that needs to
15  order to be able 10 evaiuate the cell density. This requires the presence of a

second user or impressive dexterity.
The invention greatly simplifies this step of taking samples by
procuring a cover fixed (o the top wall of the culture zone; all that needs 1o
e done then is to slightly liff the cover, the top wall of the culture zone rising
20  simultaneously, and to introduce a sterile clamp or a sampling tool such as
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 ftransferred culture medium. This heating means can
advantageously be situated in the fourth medium transfer area or at the
medium circulaiion means. Naturally, the first zone can alsc comprise this
hegting means.



be done then is to slightly lift the cover, the top wall of the culture zone
rising 20 simultaneously, and to introduce a sterile clamp or a sampling
% 6%1? a pipette or the like for sampling one or more &;%r[rﬁé
er to evaluate the cell density. The risks of touching a non-steri
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 culture medium. This heating means can advantageously be
situated in the fourth medium transfer area or at the medium circulation
means. Naturally, tHE fietlrereceas afsdecn FirigaselRERih ghrriasscal
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other things, the dlssolve 0X gendoartla pressure, the pH
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cell denS|ty It can also be contemplated according to the invention using
15 optiCal density, certain concentrations of nuifiments, such as lactatg,
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ammonium, carbonates, glucose or any metabolic product or product 1o be
metabolised which could for example reflect the cell density.

It can also be contemplated according to the invention using
regulation loops according o these parameters. These regulation loops

20  would for example moduiate the guantity of oxygen to be injected into the
gaseous atmosphere according to the value of the dissolved oxygen partial
pressure present or the quantity of dissolved oxygen consumed by the celis.
It could inject GO, 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 ciearly 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



regulation loops according to these parameters. These regulation loops
20 would for example modulate the quantity of oxygen to be injected into

VJB%@%?&%H@? atmosphere according to the value of the dissoé%?ﬁ%%@g«m
y

partial pressure present or the quantity of dissolved oxygen consumed
the cells. It could inject CO2 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 mediut transfer zone is a preferential
zone for the positioning of the sensors since the values obtained by the
latter Rty REPISEAhAVELET HRESERIP hebiRptRIBNSiressiMe. Axnal
has thg sedidrceoming from the culture zone passing through it. 30

Advantageously, said sensors are disposable optical sars, provided
for ranomiting an B BaNCUR P eal L T S e s
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bottomP55 SO UREGH A R AN S 00 RIRIHRAN BSHE R ugEe from
sdéondrixingiorresntielieing! copaptermahiarafiliagl nreacdifoe proddeinndaa
stacking.sgauepee from 10 the bottom to the top of a base module, at

least one culture module and a head module. Advanta eousl}(,,said first
and said second fiXifANEAAL oIS e and f%ﬁ“?)rég‘ifﬁ?ﬂg gHlg means
stackincpseqgaemeoeais dogasscucthdigaid steghtnnargesndsd imaeerd; and liquid
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where the wall of each module would constitute part of , ]
15 Indeed, according fo the invention, it is possible to design a

series of modules where the wall ¢f each module would constitute part of
the wall of the culture vesse!l. Next, it suffices to assemble this series of
cuiture modutes with a base module comprising the circulation means and a
head module comprising the cover. The assembly formed by these moduies

20 would then constitute the culture device. According 1o 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 bicreactors which
give excellent cell culture results on a small and farge scale. Unfortunately,
these bioreactors are expensive in terms of cleaning, steriiisation, iabour,
location and space occupied. indeed, in particutar for the production of
clinical batches or products of pharmaceutical interest, it is essential for the

30 Dbioreactors {o be placed in sterile white rooms. A 500 liter bioreactor
occupies more than twenty times its volume in a white room. The white



the wall of the culture vessel. Next, it suffices to assemble this series of
culture modules with a base module comprising the circulation means and

(ﬁ?f g% dule comprising the cover. The assembly forme?jg}(ﬂ;g 066981
ules 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 thegpresent time a quantity of
bioreactors which give excellent cell culture results on a small and large
scale. Uaforliesalys theswlbioecdratRyard dgieiptivn iabimio sry. if the
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times if¥olyipe ifcarsdlite, rﬁwﬂmﬁh%wmtw&@p%&ﬁ%@@@m washlng,
PCT/FP2006/066981 16 roi)m crlt%non is the volum

installafSHH8isH6 S5/OROMR ﬁé%&%’%%éﬁ%‘f&?d&%% i ﬂ%o?'%"ﬁﬁ%{%?e
the volamnefof the aboto becupiatedarailbbienglvn 2miutedirus upfaicseigeahich

necessaphfar themreln Pudiipligehby;thehgiahiridpsvhite r@@fazﬂﬁﬁem

the volume of air_above the floor surface is 5 also to be treated. |

additioP 1 Sterftitsn, Y8 p RGN, WasRiRgNasaH! Wéﬁtl&f’@@al and

pridtocoischemitalalesieiwissqundd ibothhier adsiokeadisposaidefoeqhipmeotn
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costs both with regard to labour and installation of products. This is why,
pr|nC|p%‘ﬂ%‘f?'ﬁﬁ%ﬁ%&c‘%ﬁi‘ﬂ%ﬁ?erﬁﬁw&éﬁﬁﬂ@%@ fdchemical laboratories
and in white rooms&ldesmsab@menteme'Mkybfa@actors

req“i”ré%ﬁ' nﬁf’?@glﬁ@i’é’% ﬁﬁﬂ“ﬁﬁ@&%@aﬂ@%ﬁ@%ﬂﬁﬁé QR IRA is

increasingly us each Alternative solutions to reusable conventional
bibteadiBFed &Xist, 16 '@&aﬂ‘ﬁﬁﬂé FRUREVETS IBnBRYPIMMAGISFBLdBIEpEmfle the

containgawbibiweactor. Unfortunately, such a bioreactor presents a problem of
scaling up since a 500 liter container, in so far as the stirring plate can be
sized, has an enormous floor surface which has a white room air treatment
cost that it is impossible to assume, without meniioning the difficulty of
20 handling such containers, taking samples and placing culture parameters
SeNsors.
Other solutions exist, such as stirred disposable flasks called
“spinners”. The scaling up of these flasks is also impossibie 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 regutate 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 & lower zone provided with a compressible



15 stirred by a stirring plate reproducing a wave movement, for example
the WAVE(r) bioreactor. Unfortunately, such a bioreactor presents a

gpd%}g%ﬂscaling up since a 500 liter container, in so far aﬁctf}ﬁ Uf}%ﬂml
plate can be sized, has an enormous floor surface which has a white

room air treatment cost that it is impossible to assume, without
mentioning the difficulty of 20 handling such containers, taking samples
and placing culture parameters sensors. Other solutions exist, such as
stirred disposable flasks called "spinndig". The scaling up of these flasks
is also impossible and the flasks have a low oxygen transfer as well as

stressé&8lsiehd BeIBafivngisarrirry S8l RivENaISl dxistdsuRuiamege the

CELLGhEREES infihe mbbioAGHORY{B:gystemerd ur hasysigmas. difficult to
regulate and is bul In additiqn, the oxygen.transfers are poor.and it .

requires incubatorsbﬁ rglﬁaé{eé/i;ﬁé 6?1%“3 go)\/g%i%f,r@c?asfﬁéeﬁp'Slséﬁse%clj(])%%&tﬂlfés
BELLOHRUL (10 s5auats i8nsl SHeasonentEnes8yst@rIa8'ter hdserrgiton. the
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The medjum is in a lower zone provid oLwith a compressible WO . .
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falls al@sivateNaincofdéra@iriimerse the matrices in the medium and then
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system izl alﬁo difficult. It i difficglt to re%ulate ‘and measure the cm:}}‘tﬁr% ,
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summary, there exists at theﬁ)resent time no disE)osab e cell culture
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drawbacks by procuring an unexpected ) -

15  homogeneity of the culture medium without dead zones nor cell
sccumulation zones. In addition, the risks of contamination because of the
absence of a central spindle are particularly low, or even non-existing.

in fact, the device according to the invention is a device which
presents all the advantages of conventional bioreactors, as mentioned here

20  previously, whilst being disposable. The device according o 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 cutside

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

30 Consequently, the culture parameters are alsc measured
through a wall of the device according to the invention and this does not



system, applicable on a small and large scale, suitable for culture in
suspension, on carriers or on microcarriers, the stirring of which affords 15

wiPheass&ity of the culture medium without dead zones noryegllen nasmssosi
accumulation zones. In addition, the risks of contamination because of the

absence of a central spindle are particularly low, or even non-existing. In
fact, the device according to the invention is a device which presents all
the advantages of conventional bioreactors, as mentioned here 20
previously, whilst being disposable. Th#édevice according to the invention
is stirred magnetically by medium circulation means based on a
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are alsereaeasiréte thPositmh ROTRN GRitfe tNsvidalaschransgille thy iR VamaEh

and thig,slaesaRbVBPAR Y 038RH0 T tekiaid? 3006/ @5 GRBALHMBINYOhaARY
contact wijth the qutside, unlike thefis@

] i : glve !ox%@e or pH probes
passinH1 o%ﬁ?ln RELEVEP BT CRASRIES Bi6EacH ,%}%ns:enting arisk of
pdBr cleaning in theXeeprebwprineide ofifites dadosf contardipaiggnin the
throughdagk@igisgalaimd he sensors can be situated in the bottom part of

the device according to the jnvention or in the top part or both. When the
sensors are presehT PR Ll A ISORYTH 56 TR IR NG fRuce
by a sirplerdimathdnedticatiifféoe nek aoratios sekigdrormottopthgiers or

numbeppiehlkss [hdBaKEREP M RUSIMRBSHIRERNHRT HVBARH is used in

reSé)iration. 10 Other embodiments of the device are indicated in the .
1 culture in carriers or microcarriers, the carriers or microcarriers are confined

in said second culture zone. When the device is used for suspension cell
culture, and therefore without carriers or microcarriers, the wall provided
with an orifice is a membrane permeable to the medium but not permeable
to the cells. The size of the pores of this membrane is a function of the alil
20 size. The invention also retates 1o the use of the culture device according 1o
the invention for producing recombinant products, viruses, metabolites and
the like.
Recombinant products means proteins of interest for research
in the pharmaceutical sector, thergpeutic or prophylactic molecules,
25 antibodies, plasmids or any other molecuie abie to be produced by celis in
culiure, whether this be production by secretion or intracellular production.
The invention also relales to a method of culturing cells in a
culture vessel with circulation of the culture medium, comprising:
- introduction of culture medium into culiure medium circutation means,
30 - discharge of culture medium from said culture medium circulation means,



accompanying claims. Another object of the invention is the use of the
culture device according to the invention for cell culture in suspension on

WIBI%&)H@J&%ES or on carriers. Indeed, when the device accomgam%%%l

invention is used in 15 culture in carriers or microcarriers, the carriers or
microcarriers are confined in said second culture zone. When the device
is used for suspension cell culture, and therefore without carriers or
microcarriers, the wall provided with an orifice is a membrane permeable
to the medium but not permeable to thecells. The size of the pores of this
membrane is a function of the all 20 size. The invention also relates to the

use of tHd EALIRBVR & BRIBFRh GBI RATBIP8r EPb g medium
recombifaat pradsstsonduses, metabolites and the like. Recombinant

products Meays Bralens ALNGIPS: OhFSSRIRle 1 e PIRIACEHTEAl o

sector, tﬁerapeu IC or prophylactic mo ecules plasml s or
any otlReR®nolecule able to be produced by cells in culture, whether this be

preduction by secreﬂmﬂeam&r&aﬁ@@wmﬁm it B tvepiier:also
relates 1o o method el euliying cells N2, vessel Wil araualon o
the culture medium, comprising duc I0n Of culture medium Into
culturemegitiny @‘ﬁf@lﬂaﬁ@nanﬂé%@w%& AREHEr jarfRILIRIe e aUaHaYang

said culiste e digncikgdlatiQnumeaassiY Qo0 A396RY culture medium
PCT/EP20?6/066981 19 - at least one first transfer of culture medium into

a first HE A& ium upward transfer zone, - at least one second
trafsfer of nastenentditimcivita e medomd tatisientavbsewiRst SoTHAS rAeEhnd

is charagkerisesbihaki-aler FRIMRrieash- &nmsma@ﬁhif@mtw@ne by
medium transfer subsequent to sauhlrst culture rr]qﬁéum tranffer into.a
g

third cRSEHEE; M KIS FEF Y EUBY SSRGS R teCHI T URERE™

mediurvdnafeszmeone to the third culture medium transfer zone,
and in that said second culiure medium transfer is a downward cuiture
15 medium transfer.

As mentioned above, unlike the culture method of the patent
US 5 501 971, the culture medium travels through the culture zone
upwards, which prevents the accumulation of cells in the bottom of the
culture zone and reduces the pressure forces on the cells. The culiure

20 method according to the invention is therefore a particularly innovative
method which alfows culiuring 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 paricular 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 wali,

30 In an advantageous embodiment, the method, in order to
stabilise the film, provides for the addition of addiiives to the culture medium



10 - at least one fourth culture medium transfer subsequent to said
second culture medium transfer into a fourth culture medium transfer

%0{6(?7 )83/9 (&yerflowing from the second culture zone into the @Jﬂﬁ%bj&!%&m
me I

iUm_ transfer zone, and in that said second culture medium transfer is
a downward culture 15 medium transfer. As mentioned above, unlike the
culture method of the patent US 5 501 971, the culture medium travels
through the culture zone upwards, which prevents the accumulation of
cells in the bottom of the culture zone 2hd reduces the pressure forces on
the cells. The culture 20 method according to the invention is therefore a

particular®yiein &vatoehmieth St Aedise meRs EaRUPIn BVt BLGBaEFZzBie

and wighgitanyrpiages wheke epdisraesHsulaieonkRilstprimitingrevituriog,
at very high. efficiency. Advantageously, the method also comprises
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25 SaithexipgisabimongsietrtbB codBH §8iEiLh a direct gas-liquid contact

duging one or moreapsaidanaRsiRisy Itha Retisulas ambedinaimtie flow
oxygeré%gion i?rlxcaarri out during the fourth culture medium transfer, said
fourth BHtH8 Hed 'thgﬂsfer being a flow of said culture medium along

a flow wall. 30 In aR@dvantasiivastenisbeimethpdireasieinodd iHeoltisntien

stabilisg dhesfilaRe ProVd es danbhp additipnof additives to the culture
medium WO 2007/039600 P T/EPZOOG/O,?698 0in orderﬂﬁl modéi%tghe

rheological propertie S tHY 3FHHE Src AP S LRRAURITR L HES
gridup edhsixiasg wbsrdastaritshp gt (FE &) lghjoe dassriptiate niaa ticular
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properties of the culture medium. 5 Also advantageously, the flow of the
culture3FRAFRATING AW Sfong a hydrophilic wall. Other embodiments of

the method accordifigut@ thia anwention diagram of a culture device according to
the invention.
15 Figure 2 is an outfline diagram of a variant of the medium
circulation means.

Figure 3 is an outline diagram of a culture device according fo
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
moduie 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.



are indicated in the accompanying claims. Other characteristics, details
and advantages of the invention 10 will appear more clearly in the light of

wfé‘%afﬁ'h%‘é%g description, of particular non-limiting embodlr@%q";ﬁ;‘zblag%ﬁ%]

nvention, while referring to the accompanying drawings. Figure 1'Is an
outline diagram of a culture device according to the invention. 15 Figure 2
is an outline diagram of a variant of the medium circulation means. Figure
3 is an outline diagram of a culture device according to the invention
comprising several successive culture 2bnes, particularly adapted for a
scaling up. 20 Figure 4 illustrates highly schematically a variant of figure 3.
Figure 5 is a transVées! Sedfiod ofandeteih pesteT tAk B&sé%@u&“ee

confinigg harenagdiupt Cirdlatipn preresolsy piefereshembedimentcsf tie
device acc(a*[éjlré%to tl}s invention. Figure 6 is a top view of the bottom part
of the BRYEHALHGROS %g}ﬂﬁjﬁﬁa’ the medium circulation means as

illustrated in figure BowWryikas RIsexRiRs\WdegaPe@iBY of a top part of the

bage module confiping thewirglatienmregnsiefithesamepraiaried been
embodiment of the device acg)ordin to the invention. Figure 8 is a top

view of{REAIED B & EBF A BRECIRSHERTSF confining the circulation means
of the device as illistreaadinsigore #gWeO! 20B7¢0BYe0ERvice 1 comprises a

PCT/ER2Q08H9R598 icA aFioMfhSHisPiRNeVRssab i SECHMb Qi rNsrek igas

device according to the invention produced by an assembly of module
in parGElIEFRRRSEUBTEFHRTRANRIG e 1HTEUaR RbrAels & S TS
916 In ¢hepdrandirgshia s@uer of remilaresfeseniceosigrichasibeeast fallozenesl
to a same ar ANAlOAOHSVRIEAR Ynother. From the centre of the vessel towards
the outside, the vessel comprises a first zone 3, a third zone 4a, 4b, a
second zone 5 and a fourth zone 6.
The zone comprising cells has been hatched and comprises
15  the letter C whilst the medium is shown by the letter M.

The culture vessel 2 comprises medium circulation means in
its bottom part. The medium circulation 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 jeast one first end which ends in a

o5  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 ceniral 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.



As can be seen in figure 1, the culture device 1 comprises a substantially
vertical and cylindrical culture vessel 2, although other forms can also be

WO egd according to the invention, for example any prisrpatig. A0 shas:

preferably regular. The culture vessel comprises at least four zones in
communication with one another. From the centre of the vessel towards
the outside, the vessel comprises a first zone 3, a third zone 4a, 4b, a
second zone 5 and a fourth zone 6. The zone comprising cells has been
hatched and comprises 15 the letter C@hilst the medium is shown by the
letter M. The culture vessel 2 comprises medium circulation means in its
bottom part. The nASHRIHR@SRUANtTAEMIBIS &8, i ti§ pFafereRtiae (star
embodisnesiraRmpase thoharmegbelitegevicail touexambplesacmagnetisr
bar 7 in rotation about a.cent tati Xis 8, rvir afirst.e
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PCT/ERP¥006/066981 22 Advantageously, the inlets are in the same
plane (star configukettiamageaistye thambesber ivfletgies Wl Wé anambbaber
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inlets are considered, it is advantageous for them each to be separated
o ORHTETS AER I BIFArigfe B 2DIReRaHRatel, NSOGAF e REERT B

inlets eepralide other by an angle of approximately 120°, if the number of outlets is

equal to four, the outlets will be separated from one another by an angle
substantially equivalent to 90°, if the number of outlets is equal to 10, the
outiets will be disposed with a separation angle of approximately 36°.

20 Preferably, the outlets are not situated in the same horizontal
plane as the inlets. The bottom part of the culture vessel comprises at least
one medium guiding means 14, adjacent o said at least one outiet 13,
which guides the culture medium propelled towards 10 the top of the culiure
vessel 2.

25 The first zone 3 of the culture vessel 2 is a subsiantially
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 culture 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



the inlets will be separated from one another by an angle substantially
equivalent to 90, if the number of inlets is equal to 10, the inlets will be

W‘%,i%%{?-ﬁ%%ﬁ\ﬁ{;ith a separation angle approximately equal f[o 3698: | Eﬁ%‘ﬁgﬁi@m
circulation means also comprises at least one 10 medium outlet 13. The
medium outlet 13 is advantageously situated at the point where the
medium is propelled by the centrifuge effect of the magnetic bar.
Advantageously, the number of outlets 13 will be a number such that their
positions will exhibit symmetry. More pagticularly, if three 15 outlets are
considered it is advantageous for them each to be separated from the
other Bahharighe aiagind paiafiycororifethanartiarioralnatsiss negirat
to four {b@ PSS LR SERARAIRI JEem RRe NGB BsRMaiNgIe transfer

substantially equivalent to 90, if the number of outlets is equal to 10, the
outlets?Wifbe disposed with a separation angle of approximately 36. 20
Preferably, the outléts triedrmstrsitdased inethensdrarsies rizoataxisraaktaghe
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vessel4h.25 The first zone 3 of the culture vessel 2 is a substantially

central zone and isrpMedidmraRSTgiZARS: The: figf 2Pneie HRIPHBERIA
basal part 3a and a cylindrical part 3b. The diameter of the basal Fg% 3ais

less thATHE' dRIAES SERAMEINLSYD PREVEEIRIH LY R part
mediurdbceintino Uinse atiediuvitizsaidr atdea St owe theediwn patietalS iofrtiedidn
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the first zone 3 to a cylinder 3b with a smaller diameter than the basal part
WO 2007539660 'PeET/PP 2epiBREeYS3s SHUY) Thd o Wi dricanpet"Sh
comprigessiit exdensabreahiandgstis durectumuetivm communication with

the basal part 3a Ofrﬁgi%éggﬁygg{gr%t@%s@i £8i&re zohe, with or without
15  carriers or microcarriers. The second zone 5 is also in the form of a sleeve,
at the centre of which are the first and third medium transfer zones 3 and 4.
The second zone 5 comprises a bottom wall 15 and a top wal
16, each wall 15 and 16 being provided with orifices 17 allowing a transfer
of cultured medium essentially free from cells. The second culiure 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, exiernal to the
second culture zone 5 but internal to the culture vessel 2. The fourth zone 6
25 s 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



The third zone 4 is a medium transfer zone, external to the 5 first medium
transfer zone 3. The third zone also comprises a substantially basal part

a%) ? [fﬁrm of a sleeve) and a substantially cylindrical topcﬁ?&zﬂ'&n}%i
substan

ally cylindrical part 4b of the third medium transfer zone 4 Is
essentially concentric with the substantially cylindrical part 10 3b of the
first medium transfer zone 3 and these two parts are in medium
communication. The medium communication is achieved by means of an
orifice or a tube, by overflowing (as sh@wn in the figure) or any other
possible means for achieving this communication. The second zone 5 is a
cell cuRYisatsde awithEOHRURACIEVIBIYAr fRir S dninlere cansastiaticoseceiel

zone 5/issadsisithibiprayoba sleayesiatikacearteref aabécbmecranmeafﬂmts
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communication. 30 The particular embodiment described here comprises

a subSBHHRAIERHAAHES BURR O ATesTPAHB AR R BERRRH IO A 188
be WOs20682/039660RGEIEER 206/ 086081 r2dienvisagied zasenide Mimeil

prewoqg%hfég ?ﬁ@%ﬁl ?W%ﬁt'@fl%@”%mﬂ%ﬂalw cylindrical part 3b, it

15  overflows into the third medium transfer zone 4.

The direction of circulation of the medium M is shown by the
arrows in the figures.

It is clear to the skilied in the art that, in this particular
embodiment, the wall of the substantially cylindrical part 3b of the first

20  medium transfer zone 3 is less high than the wall of 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 ¢an also be higher than the wall of the substantialiy
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



vessel, preferably regular. Obviously, this is also the case with the various
medium and culture transfer zones. They can also be prismatic, preferably

v\;ﬁ%ﬂ%ﬂsw combination of shapes being possible. In this Cﬁé?m%u@ﬁﬁ@.q@l

eeve must be envisaged as an envelope with a cross-section similar to
the cross-section of the prism envisaged. When the medium circulation
means are in operation, the medium leaves them through said at least
one outlet 13, when there are several of them, through the various outlets
13, and is diverted by the 10 guiding m&=ans 14, it ends up in the
substantially basal part 3a of the first medium transfer zone 3. The

structuferafiigelfirdt mesiHni afiefacre e ia drri eHECeRIiSN I PRSSANR ST

require B medivenitadig sizested tenardsithe solstantials eylingdgeabnd
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medium transfer zéeadeThyedirdenien BieRctiiaiBerbItRasRaeRATIRss! 7
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of the first medium transfer zone 3 can also be higher than the wall of the

substaRG&IR} S ETEAI A+ A5BFEHR third medium transfer zone 4. 25
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secon ture zone 5. The medium reaches the second culture zone 5
W& 2007/039600 ﬁt$$p§@@é%g6g§§?rentla§ embodiment of the invention,

the fourth medium transfer zone 6 comprises an inclined wall 18 on which
the medium flows when it passes from the second zone 5 to the fourth zone
6. The inclined wall preferably comprises a hydrophilic membrane in order
to improve the formation of the film on said inclined wall 18. The film must
20 preferably be iaminar in order to prevent as far as possible the formation of
foam. In order 1o stabilise the film, it is also possible to add additives to the
culture medium in order to modify the rheclogical properties of the water, in
particularly of the cuiture medium, such as the additives included in the
group consisting of surfactants, Pluronic 768, glycerine, quaternary
25  ammoniums and any other additive for modifying the rheological properties
of the cuiture 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 respedt to the quantity of medium in this fourth medium transfer zone is



25 from the third medium transfer zone 4 via the orifices for the passage
of medium substantially free from cells 17 in the bottom wall 15 of the

“%eﬁj%g}%&ldbture zone 5. As already mentioned above, the mgdiPuoc/os6981
passage orifices 17 5 are sized according to the type of culture. If the

culture is a culture without carrier, the wall 15 or 16 comprising orifices 17
will be a porous membrane where the pore size is less than the diameter
of the cells. If the culture is on microcarriers or on carriers, the size of the
orifices 17 will be less than the size ofafie microcarriers or carriers. 10
When the medium flow edge reaches the top of the wall of the second
culturdZen&s! ifpRI REINWETe Hartiibdiitioranias i 8m on an

Nﬁturalrlrn]vfs;riate@rﬁ&ﬂﬁc@é@s@é&ﬁ@@h@nmum@nim ystife ungerstood that,
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possible to add additives to the culture rBedium in Prder Eo mz%c“%th
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for modifying the rheologlcalﬁar,g%ertles of the ium. T

hydrophilic membrdhE&fMBrY H\tpigaoc@\éeHérlrﬂ%%%jerBi ﬂggsm%%osfﬁ to
polyoxyethylenall Thefdnmatiamaoithieriizooa théninalined. Weldgvan 19 can
importapt 30, step 3i0es: LAl BNRLRYIRARTIDBIaR: takbinalngesrkibanis
ge}%eousa\éczzlggg%g when the cover 19 of the culture vessel 2 is raised. In this way,
it is easy to take off a cell sample with or withoui carriers in order for
example to evaluate the cell density, the siructure of the cells and other
physical characteristics of the cell which reflect the heaith of the culture.
Indeed, connecting the two together makes it possible to open the cuiture

20  compartment 5 simply by raising the cover 19 of the culture vessel 2.

In the case of culiure in suspension, 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/membrang 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 substaniially 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 & magnetic rotor, also driven by an external motor, for



with respect to the quantity of medium in this fourth medium transfer zone
is WO 2007/039600 PCT/EP2006/066981 26 large and improves

wf))%t]%%%ﬁ%m addition, the formation of the film on an incliged ]\ﬁé”%/(}éé%l
Increases the gas-liquid contact surface area. As can be seen In figure 1,

the culture vessel preferably comprises a cover 19 through which at least
one gas inlet orifice 20 and at 5 least gas outlet orifice 21 pass. The gas
inlet orifice 20 is preferably situated so as to communicate directly with the
fourth medium transfer zone 6. In song&¥ variants, it may be preferable for
the gas inlet orifice 20 to be present on the vertical wall of the culture
vesseleXasirig trtoHolisninst ehescustshdn AeSEHDISIMANGE BIa igherpREum
passesiky;Bieanstef an orifice 20 through the 10 waII of the culture vessel
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netic bar 7 has the shape of a helix. The design of the magnetic
T ek P OB ES T S B SRR B0 bl
on the whttmeebihae/culture. Indeed,

The culiure device also comprises a series .of culture
parameter sensors 23, for example for the dissoived oxygen partial
pressure pO2, acidity pH, temperature, cloudiness, optical density, glucose,

20 CO2, lactaie, ammonium and any other parameter normally used for
monitoring cell cultures. These sensors are preferably optical sensors which
do not require conneciions 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 to 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



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

W@ggggg%i%visages a magnetic rotor, also driven by an extgmm&;% sl

39600 PCT/EP20061066981 27 example rotors like the ones
used in aquariums which allow high medium circulation rates. It can also,
according to the invention, be envisaged using bubble production devices
(not shown), more commonly referred to as 5 "spargers" or
"microspargers" according to the size @bubble produced.
Advantageously, when bubbles will be used, the pierced end of the
bubbleag@di@nciivnbisorseorfapeskdingole BetHEelR) ARP SEviFRARTSBECH e

mediug gértheaitemapldhacierstbrmedivientraasierg areconttiingttirstare
medium %aqsffer;zone.b\évrpegisthisééﬁpe of oxygenation is chosen, it is
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oxyge PaHE pressure p02, acidity pH, temperature, cloudiness, optical
defsity, glucose, 280CO2irattdte, invanionitiia amdsangoaphptdizg araetes of
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optical sensors which do not require connections between the inside of
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these senisoes 28 i€.a critical position in that it is advantageous for these

to be situated cIosqntoat%p{y&”aqgg%mecQ,gHé%tyqﬁgfelrg,eﬁgbﬁhgggtq_)geti@

contact with the medium M and preferably in strategic positions, as in the

2dRe tAGGYIR hEAUHEGEKEEMR Nifich comprises variou standard modules:

These standard modules are for example a circulation means moduie 1o be
placed at the bottom of the assembly, one or more culture modules and a
cover module. According to the invention, although other means of fixing
these modules can be envisaged, the modules will be clamped on one

20  another, for example 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 abie 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.



passes before it passes through the cells or just after. In fact, the invention
contemplates particularly procuring a disposable bioreactor for all the

‘J§%&%§9%(§implicity and economy 30 mentioned previousIgCTfEP 006066981
onsequently, this is why the connections between the inside and the

outside of the culture vessel have been reduced. In WO 2007/039600
PCT/E,P2006/066981 28 addition, the bioreactor according to the
invention also envisages procuring a particularly reliable bioreactor in
which the risks of contamination are pagticularly low by being disposable.
As can be seen in figure 3, the device according to the 5 invention also
envisages a modufdguesigineveiels doisifsiersa eenedivpihedifesvegular

cultureganadar@era¢ebiang barerramals,. with this type of modular
design, culture volyumes q{ arO%nd 500 ml to 100 Iiters}?re for e&a&negﬁ. n
s

envisaged, through e e Bt eygﬁy infRet Rimberor Srandard Mo :
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module to be placed at the bottom of the assembly, one or more culture

modules and a covaf rBRfuMBORR SPaiffy I 78 HGeHESIRISRHBERYI otfeP
meansfiglifexingthises einndatiche srean ecemvisage didtreticodiilies Willrtaating
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perfectly impermeable from the liquid and gaseous point of view.
Conse§ISHHRMECBIRARY Foaf A PREATERD-ST AHUthE RoysRE M IBIHET
the usamngalidrecablentmtakedrormedisirsidaioa basemedulgrisorapiisisg the

mediury, cifGHatian Means G ASHBY &18iKSs0 comprise at least one
15 medium outlet 13.

The bass module mg of the culture vessel comprises af least
one medium guiding means 14 adjacent to said at least one outlet 13, which
guides the culture medium propelied towards the top of the culture vessel 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, ..., My, comprises a first 3, a
second 4, a third 5 and a fourth zone 8. These zones 3, 4, 5, 6 have each
the same function as thal 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 culiure module. The vessel may aiso comprise for
its part an outlet for the excess gas or gas mixture (not illustrated). For



25 therefrom the number of culture modules that he requires according to
the required culture volume and then take a head module corresponding

h er. Next, all these modules being packaged in st
“}hsegw [’%%é‘rﬂely need to unpack them and “clip" them one at%%@@%ﬁm? (’(981

The stacking can form the "disposable bioreactor” or can be placed in an
30 appropriate vessel. WO 2007/039600 PCT/EP2006/066981 29 Figure
3 therefore illustrates an embodiment of the modular culture device
according to the invention. The culture 3tevice 1 comprises a culture

vessel 2 which comprises medium circulation means like those explained
in detagb@nigirtiesgas Thet idecniodule mesihprigiadetensirduhgiewture

means,gagebg, ftPf@cdéQo%ﬁW%%ﬁs%é@&@%%%@%@b& @nmﬁ\l@ggh%e
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means also comprise at least one 15 medlum outlet 13. The base module

mo of A& ARMEAE Bl LB BRSEHPIRE A UHLATRRYHGEREM B et g e
14@djdesohtovsihod elewstuEnaoutlet 13, which guides the culture

medium propelled R%@Fﬁ%t%ﬁw%@ Ricthe @W@V&ﬁﬁ%@ cm?r&wkt%sy be

vessel 2 comprises a series of culture modules 20 (m1 Mn) which

are, in BHCRRIEYHIR PR REY @ﬁ@%v&etﬁ@d&fﬁév"ht%ﬁmdnﬁﬁ%ef 0
envisagadythat tieydaeicinop yuatdiaoentdosenecaiytherhibatimdolsay, can
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are clampe to one another by means of rapi
culiure vessel can comprzse at the medlum circulation means, a medium

outlet {not iHustrated) in order 10 prevent overflowing.

In a similar manner, the culture vessel 2 comprises a head
module comprising a cover 19, advaniageously connected {o a top wall 16
provided with medium passage orifices 17 by fixing means 22 in order 1o

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
moduie.

25 In the embodiment iliustrated in figure 3, the medium
circulates in the following manner. To simplify the explanation, we will use
only two culfure modules my and me 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 ieast one outlet 13, when there are



connectors 24 or clips. 25 Each culture module m1, m2, ..., Mn comprises
a first 3, a second 4, a third 5 and a fourth zone 6. These zones 3, 4, 5, 6

W a%eé7 Oasgp the same function as that mentioned in figure 1.#@19&%5%%,6&581

may be a(f)\(/)antageous 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 WO 2007/039600
PCTIEP20061066981 30 example, theggas inlet orifice may be present at
the bottom of the culture vessel 2, that is to say the gas passes by means

of an c¥tfieeatheb tiegmth&rousin ohthedigusrewiisel D appositivestade Boles
3 and figiRHfiaeaAR s RrRvgedyvithir: tulkesiBrapip e anshalmaver lissliskst

level (see figure 9) of the 5 module m,. equently, the gaseous_ ..
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module m, to communicate with the fourth zone 6 of the module m2. This

tube thBRSYFS AR AT BULKIFLSSEs through the 10 bottom wall of the
module m2. In certaie etnisboeétits, fist toed)j o temsfecatng e of thaydéce

advantggeoysfa.reRlrcerRRH AdhteiitiednRdismy iy firsthanaedim &

to carry out an addition of nutriment. Consequently, the base module mo
can thBA CEHBALEISHIASHPRRSL e CHIGEHSRE RS ATR P SR GBI,
thenl5 cattsiee x@ssel dahebrsipnisdyiat ithe toveatidsihel eudatiohiatyeaisdaca

mediurg, Quic) (ROt SIEAS A A QrElercin. BB pRIQYBHINIBGI 2 Similar

manner, the culture vessel 2 comprises a head module comprising a .
cover 19, advantadBdigI§ERMIRERd 16 e BSREMABIRIORIEP AR which
mediungrpaesag eangifices Ivehifixingneieansr223ncondeistog2@ subpliytially
taking %?ﬁﬂ(?rlﬁﬁli [,pgnmodule Mn situated above, as in figure 1. In

addition; advantageously culture parameter sensors can
15 When the medium reaches the top of the wall of the

substantially cylindrical part 3b of the second culture module my, it overflows
into the third medium transfer zone 4 of the second culiure module m,.

The direction of circulation of the medium M is shown by
arrows.

20 The medium is therefore subjected to the flow rate imposed
by the pump and to gravity, it is directed towards the boitom of the third
medium transfer zone 4 of the second culture module ms,, flowing down the
substantially cylindrical part 4a of the second culture module mp, 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 moduie me. 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 my via the orifices for the passages of medium



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
w39 Si(w E% In the embodiment illustrated in figure 3, the m BP2006/066981
circulates In the following manner. To simplify the explanation, we will use
only two culture modules m, and m2 and a base module mo, 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 mo, the medium is
propelled from the medium circulation3aeans M via said at least one
outlet 13, when there are WO 2007/039600 PCT/EP2006/066981 31
severab@iatapialitirer gantheslais e Bgteedars watl 15 ahvErEgIsydheauiture
guidingngieans 14. It ends up in the substantially basal part 3a of the first
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medium transfer zone 3 of the second module m2. in this embodiment, it
is the SSULIRIMARYE e modules which creates a large first medium
trafisfer zone 3 cormmptisingpaisubsiaptidthenoyliradrizalipant 3.1 Wiestion,

the memg%mcn?e%.mﬁ t@&w%ﬁ‘%ﬁé”@f&h%é%@W%‘t‘f&ﬁ“%&% Pt

3b of the second culture module m2, it overflows into the third medium

transfef¥BRSASAHRPLROMA LARWE YURILIBHIBOFHD AREEYIPBft Passes
circulatiemah¢hecoednomeM o heacoby catxoesmodule m: to the fourth zone 6

of the second culture module m,. The inclined wall preferably comprises a

15 hydrophilic membrane in order to improve the formation of the film on said
inclined wall 18. The film must preferably be laminar in order to prevent as
far as possible the formation of foam. In order to stabilise the film, it is aiso
possible to add additives to the culiure medium in order to modify 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 mp 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 culiure moduie my, flowing down the substantially
cylindrical part 4a of the first culture module my, 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 vesseis effect and through the flow rate imposed



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

Wt&au@%t&%g?e 4 of the second culture module m2, flowing dq,\@%ﬂ}gm} 066981

ARl cylindrical part 4a of the second culture module m2, an
reaches the substantially basal part 4b of the third medium transfer zone
of 25 the second culture module m2_ Next, the flow of medium has a
rising direction through a communicating vessels effect and through the
imposed flow rate of the pump and reashes the top of the second culture
zone 5 of the second culture module m2. The medium reaches the

secon®y dierBIBD g serwied thitine ehdwuREPARHANHIAEERR & AERfifst
transfes zane deiibem0 seconshcriiveadnedue Rdaa theerdiceseritee
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substa RO Wa F the secon ure
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wad| of thes secric Béiere waNSSOHtR SREANA Ghibkie mpdule m2, it 5
overflows into the f\?}wth medium trins er.zone 6 of the secont)a%:#]@ \fvail F
e

module m2. Naturally'sff Wfﬂ?gg o} %Wbeé’%%e&%‘?éﬁ??ns’rhs ernal’ wa
of the malamz@neitﬁratamnéc@‘srgarmbquhur@rmaﬁidamt igveriiohs into the

medium flgvndeereachies he wificaeriubeuiflowsdate e fathapne
6 of the second culture module m2, 10 In thelﬁﬁrtlculgfr%l%egrefeggntlal

embodfHISEE S thURR ArRiBISaRE dOR M Ale dillHsh 3R Ntpphen
sdcondheuiteciumdidul edp? remrigeigesosficn ofiez twisd] 1 8osis witichetfrpirth

mediumg, dqwe WhRRILRASSES HomNGRRERRGLERNS > Of the second

culture module m2 to the fourth zone 6 of the second culture module m

The inclined wall preterfabii BRI SIS 7R SofitieniEnibne mOd”ie
order teninspratsotbeniprissadioinaihdoemin ® orsaducinokmeedival [fb&s Wien it

fim mustelaahinbeJAMnAN OlEE © BrKeRkARBraRRRR IR

formation oam. In order to stabilise the film, it is also OSS|beto add

adéltlvé@ifg‘tﬁ@@HﬁUVé‘?ﬁ@HEﬁﬂqr@&fd@PtB’%GHﬁW?h@Od”e my. The inclined

wall is possibly provided with a hydrophilic membrane as above.

Next, the medium returns to the base module mg and to the
medium circulation means through the inlet (pipe} 11, that is to say the
culture medium present in the fourth medium transfer zone 6 of the first

20 culture module m; overflows either via a tube or over the top of the wall of
the fourth medium transfer zone 6 of the first culture module my in & pipe 11
which ends in a substantially central zone of a siphon created by said
centrifugal pump which constitutes the medium circulalion means according
10 the invention of the base moduie M.

25 In a wvariant of this embodiment, illustraied 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 mg, modules my, My, .., n
comprising the four zones and a head moduie m, (not shown). The base

30 module my or basal module my comprises medium circulation means and
assembly means, it is designed to engage the first assembly means 24a of



rheological properties of the water, as mentioned before. 20 Next, the
culture medium present in the fourth medium transfer zone 6 of the

Wzg%%lﬁ %m‘ure module m2 overflows either through a tubeﬁwggglaﬁ
3 of th ture

e wall of the fourth medium transfer zone 6 of the second cu
module m2 into the third medium transfer zone 4 of the first culture
module m,. 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 cultdre module m,, flowing down the
substantially cylindrical part 4a of the first culture module m,, and reaches

the subitenzRMgsHEsENBAT 4b of thestsvEFinediGhP YRR I SRRsBiLipdne
first 3Qy6timremagdulesay. Next Héwiflewcafenedidnadmgman upwagtge the

direction thro ommunicating vessels effect and through the.fl
rate iMPSLed %/%3% %éﬁ%g%b‘g?/%ﬁ%%%é%‘bgé’{g él?z By the &Jﬁré;\é%
and rez@imsstREUEpTof the, seNSIBESURNFecARRRE 5Y0f wife fir SECRMfie Same

mfzdu'ﬁs%aié@a@@aiwnw@agwﬁnaa@féewcﬁ@e@ra@@mwﬁre aylture.,
module m frtgn %thll’d med transfer z?hne 4 of the first cu

tur
oIRGBy simaes e e Senehd S D IC IR HHIE zonee
5 cellsm@dinetherbottom. WaﬂhliSTb% theef||%1qamasﬁr@mif@ureem* 'OPHeR the is
mediunpfow RAee eacheshesHIIRsohhirval shidhaserentarlidies

zone 5 of the first culture module m,, it overflows into the fourth medium
transfePAH8SETsf thefirst culture module m,. Obviously, if orifices or a
tutfle are present inTthits waﬂnit%mto@mrtdersam\matawﬁ@m expigieed in
medlu%{g?‘wogq%é%aches the orifice or the tube, it flows into the fourth
medium transfer zone 6 of the first culture module m,. The fourt trﬁe%ase

transfer zone 6 of thGiRS BARSHE HbEHAL Ar"c8h iR Basahifise
inclinedhaclisl B oiriglrich the nresktsaciionvsisvhendtigpasses fadop thiew. As

seconq,GHIUreZang 2 :%Hlﬁrf'(éb@&k@%% B M RdBebafRUARUGh at

medium transfer zone 6 of the first culture module m,. The inclined wall is
pd3sibigasiRnadaskith aawaf%m*ﬁe RaAbPARR r&ersawsd by the letter x in

the figures. The rotation axis of the magnetic device 7 passes through this

centre x, whather it be real or virtual. When the circulation means are in
operation, the magnetic device 7 is in rotation about its rotation axis, the
rotation thereof creates a siphon which sucks the medium within the

20 medium circulation means. The zone in which the magnetic device is in
rotation is confined by baffles or walis 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 symmetricaily on the
gircumference 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 expelied 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



Next, the medium returns to the base module mo and to the medium
circulation means through the inlet (pipe) 11, that is to say the culture

Wrge(gljfjm 9pggs.ent in the fourth medium transfer zone 6 of th%&jﬁﬁ;&%lwl&%
a

it m, overflows either via a tube or over the top of the w the
fourth medium transfer 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 base3fodule mo. 25 In a variant of this
embodiment, illustrated highly schematically in figure 4 and in detail in
figure yrmeetitedlied firodldedions cistingte thidittiturailissel3Inaigs also

varianggvéi%@SoﬁsFP%?ﬁa@@éb@@ﬁtrﬁ@fn@ﬂ?”\mfeﬂm@%meﬁe#@d by

base odul les m,, m2, ..... comprising the four zones and a
head Fﬁm%\btte S\HH)mﬁeeégé%reﬂé@ f6 %‘Ire%mo é?basal module

mo comprlses medmmmmﬂ%meaaawe@gbm@amﬁ@m [§o has

designgd; iQiengase ét}ssi'ﬁﬁhmsem@ymm 2@ cPf INQRR8T BOSRBEGor

PCT/EP2006/066981 342 f
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designgab o engargeciiimsseeuinp asiseimislyiumegits 24b of a four zones

module m1, 2, ..., n, TheifeMr ZoRgssnadulg r}aﬂev?aed tbr CRGRASAP YRR
base module mO can be the same 5 as that en % the head module

mt or tRERSSr 21 TEEHBARLIREE: pvhich éﬁﬂ?@ DS AIBEE
can bectifeds st mmmﬂneSgaﬁfmgamnemrenﬁdaﬂe&;edmm gte, , and the one

engaged by the heﬁ@dw)ﬁ'%]% %\kﬁm%ﬁ@z%%@/t 29%&%9@@ foue 20085

module in said serieS of four zones modules m1 10 Thijs variant

functioRs fSFAKIESRENGA)VRBIPMLERE SRIECRISE HEATI0H HRIR S IHRRiae
5 and @altusTrateidialpafi thenaisebpsubsththialpaseutacthdeethonédguneiBds

a crossgaealian vi s%ﬂﬂté&%arf%@%%@gtﬂ@e\{%éeum%aqm the fourtn
medium 1S deS|gn to enter the basé module through at
15  medium transfer zone & of the device according {0 the invention 1 in the

siphon created by the rotation of the magnetic device. When the magnetic
device is in rotation, the medium situated in the essentially circumferential
zone 27 depicted in figures 5 and 6 enters the perforation 26, said
perforation 26 being in communication with the conduits 28 enabling the
2C  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.
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 mp 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 20 iustrated in the two figures S 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



15 least one inlet in a substantially central area represented by the letter x
in the figures. The rotation axis of the magnetic device 7 passes through

w}p%{}%@tg&)x, whether it be real or virtual. When the circulageql,mez%%@f@l

Inoperation, the magnetic device 7 is in rotation about its rotation axis,
the rotation thereof creates a siphon which sucks the medium within the
20 medium circulation means. The zone in which the magnetic device is in
rotation is confined by baffles or walls 25. In this embodiment two baffles
have been shown, but their number cattbe much greater, for example 3,

4, 5, 6, 8, 10, etc. The baffles will preferably be disposed symmetrically
on theth@ir@linfterainye HEfRreEUSthEMBIBET BIRLOSENER Lidbesmesium

betwegnrdhgibaifesrb asinedimopotiiel edicasodndeerk thewdedliurthis
sucked t%)é%(; t%igi&o% CEfartc?t% lﬂX the rotation of the magnetic device and
the meditim 9s expeﬁ\eg Wards fhie outside of the zone delimited by the

baffles 25, through B¢ @it esTsHRaNieaiavecha AR UCYIAY SRR IBERRS

25zhavigrpReinshownnthesadr e dverime diunt anitetidn, evfieesgirehis is an
embodiment but their number can he much greater b
o5, 10T BATES UL AEa S LBt SO A
PCT/EG{B06 /056981 ehadinprsthednticH ey caaeitalcia e neatvgraspect

outletsyi harp-alsa idkdvapiageously disposed symmetrically. When the
medium is expelled by the outlets 13, it.ends up,in the essentially circular

zone 27. In this e tth‘%é‘é’& ’ E'ErrtQSf ﬁ(la %ggnranr%e ufé mo has

intid orifems 2OesAbstamtialserib thardeviskansowiighioaie dhifieis mReHRE:
for example,ABHNEAsuclianRhgR% SRerRsiMixture, fresh medium,

discharge of gas or mixture of gas, drawing off of medium, etc. In. hich
acldition, 4 FeRBLAT AR Britn R T A 01 e SO PERARE B9 5y e
outside, whiehmagiaits itpassible twetomadithéscsoninetifivesaifes Sapphe
of gas or gas MiXBERHERINEHIEY, BIGdRHFeIdSigMawAeariap Rt

the top part of the base module mo acg%r(ijéns%to the mventl%n and flggrgy

8 18 a viewfitiif: A8 BEERAISE ARdned Cked by the siphon Creat

the rotation of the magnetic device and the medium is expelled towards
the outside 27 {essentially circular zone) of the zone delimited by the
baffles 25 through the orifices 13 between the baffles 25,
= the top part of the base moduie me{mes.) comprising substantially wbular

20 shaped medium iniet orifices 11. These inlet orifices 11 guide the
medium coming 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 expelied medium fo 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 transier zone,

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



part. The top part comprises substantially tubular-shaped medium inlet
orifices 11. These inlet orifices 11 guide the medium coming from the

edium transfer zone 6 of the device according tq.fRedpyeaHaRs:1
W |n t /é:gg%hon created by the rotation of the magnetic device. When the

magnetic device is in rotation, the medium situated in the essentially
circumferential zone 27 depicted in figures 5 and 6 enters the perforation
26, said perforation 26 being in communication with the conduits 28
enabling the 20 expelled medium to red¢h a zone 30 in medium
communication with the first medium transfer zone 3 of the device
accordingteeaeadriEHIMOM D AHIEFRFR The essentially tubular part of

the first megisen Wenstecaapesidhe oppatdppidted nifigaratimegensor
element de2ianse {BR 1IRATRSR04NG RO Red ASHERAI IAHE »

Naturally, AeehodulE mo cou In"another way,
but for reagd A OESRAPRGEH ST Hra@iEtfolantris 58 i rRASEE FYBHhEoNe

empodimensimbveRadsiiaicaaae eonnected together. As can be seen

moreover, the top r‘iandt botto art are connecte% ogethe
preferentially seale’%ﬁl a%ner aLft e 'ége% iilvstat ZI ::-a tv%%%aas

figuresibsirated. Soenatallustiigises &f %édmr?ﬂciﬁﬁﬂ%tmﬁdﬁi%m‘%ﬁé

preser%e@é?alisﬁﬂi@a&%@m&%maw% i @F%!é@ﬁ!@y'tv@%é MesaQit
saying WO 2007/039600 PCT/ 2006/066981 36 that all t

orodLF s URBRESaGaHRER IS BV MR e ANEL [BEN e o
confinée esswmitetheoasémavdtier améummmaammﬁewlﬁcﬁmh&sm@odule

claimed, pRI¢RIANMGIIMEE This @ SHRESRESHOBUGY eﬁmtwfwe@m

advantageous 5 embaodiment of the device accordin eipgﬂlnvent o,
whilst GRS PEPiddsA V@%%B‘é@@o@?@é@ﬁw@w& gvn in the art
embodaineat. Flierexposedwigiichgizes a deastionderstmdmgeofdpdce for

particulady, ARSI RIRNAJAEBHKE-ATRESS At thechigRent invention

Consequently the two figures will be commented on at the 10 same time.
Ad%an be seen, thB HER/RERRUSKIhd D tREANRRIHEEAN gotﬁfﬁgt@od“ € Mo IS

bond with orifices 20 substantially twbular in shape which are orifices
allowing in this case an introduction of gas or gas mixiure. The gas inlet
orifice 20 is connected to a tube 32 which ends above the level of the
cuiture medium, enabling the gas or gas mixture to reach at least a fourth
20 medium fransfer 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 mixiure
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



from bottom to top, of a clamped stack of the bottom part of the base
module mo (moa) comprising a zone in which the magnetic device is in
W@Eﬁg%sggmch is confined by baffles 25. The space 13 betwee:t8us 066981
baftles 25 visible in this figure is a medium outlet 15 orifice. This is
because the medium is sucked by the siphon created by the rotation of
the magnetic device and the medium is expelled towards the outside 27
(essentially circular zone) of the zone delimited by the baffles 25 through
the orifices 13 between the baffles 25, 3the top part of the base module
mo(mob) comprising substantially tubular 20 shaped medium inlet orifices
11. Thadd hieoHAYEY fefinde the B alusBb RSP M Ehua Gt also
mediuapgirasietzesetiaidhedavieearadnrog to the invention 1 in the

siphon created by [he,gjalion 01 g agngieAyie £ IR nose

magnetic device is'in rotation, the'medium sitlated in the essentially
circulapige 29 dinerd e erer IR B1eES S HiPPERR afoRPEREIHEHE
comMmunicaEas Avdlipheocgasiyis Atenahtap Maiexpeied medium to
reach a zone 30 in.medium_communicati ith the fi ' f
zone 3 of the devictpea% o‘?%m&“ ?([);1 t%#:atﬁﬁ\'/ﬁn :ﬁ(\){% ,Wn%éﬁ%%%%#g%@% Gl

essentiflgropeildperuS PHEE fi9 SHRGAT te8nafer LsHeg B BYavfikde Alilthve

module;fauiase¥Piainathaaial mihe e xptanaien @bdiging 3, WO
2007/039600 PCTA%%?%&Q%?B&@&% a %(?Ocond &uggr% m 9%% ant% (t%%e
figure 3), a head b n(‘?pﬁse’?ng a recess%?prowdea%vi an optica
séfisore@Bddimretsedasctibecuinme nisdiuitey coveiitgiedim pasing fiReF

Meansy22.coRRRGIesbiR A RArbAbROEBstenIvELihplimgasane culture
zone 55 of the se%ond %{Jﬁl’ dules com

e EnOéjul,e m2. Arl .theorr}%) dles comprise ..
fixing means 24a and SAHLS IR AR SEHRMMRIEAN i Yg Ut aPE SR
10. Eadipumoti wancaroprizesrise veraliihieht segdyieltier dtcordisgtiootias the
requireghassemnbly,Mailkg IBesHa of the walls of the device according to the

15  invention. Likewise, heating means can also be present in the first or fourth
zone of the device according to the invention or of a module or each four
zones module. Possibly, the device according to the invention can also
comprise several medium circulation means, for example several centrifugal

puMmpEs.



not, but this makes it possible to obtain a single culture module which can
10 be assembled both with another culture module and with the base
wHosHle;RF¢he head module. These fixing means are for exaEpe M ssos1
concentric circles provided with a circular seal, rapid connectors well
known in the art of cell culture, a screw pitch and a serration or any other
device for assembling these modules according to the invention. 15 n this
embodiment, the basal part of the base module mo is bond with orifices
20 substantially tubular in shape which3&@re orifices allowing in this case
an introduction of gas or gas mixture. The gas inlet orifice 20 is
conne&BRiCARIIAS which ends above the level of the culture medium,
enabling the gas or gas mixture to reach at least a fourth 20 medium
transfey zope 6 e culture device 1 according to the invention. All the
ambierft%%r@w‘%%g%(é}%s of the fourth medium transfer zone 6 of the device
1 accofd MU ti8sAvention are connected by similar tubes 32 so that the
gas mixtyre sanreackithe tapstrisgarticularly advantageous in a device
with mgdules stackable for. heigh ich.can ri high to provide 25 a
gaseoé%1 éﬁsp%lg}a[@ Pgl%%ﬁ{ﬁteceloﬁ{érw %%”ﬁ%’i%%%‘?ﬁga variant, the basal
part cofapieiseyiacyedl BaryaktihgifeheutssdnenE Tof BIHRIiRY the gaseous
substapcgiigteutieza8sumn Wiiehthenaagnetic device is situated. In this
way, th4e incomin gﬁﬁti%sgrre bé/ the, rr%t rg%s orf tg‘ﬁ magnetic device
and theadPsa&?iLﬁ of th 'Bx%euﬁ i< I|umprove8 t;"y the movement of the
migdiurih THiadsicekis gas o Bt eeltingy OHoT OBTEIFOoNe
PCT/ER 2Q06/26688% RBand moves upwards again in the form of small
bubbles. Thi va[iant is also apg__icable to the embodiment illustrated in
figure £ fﬂué%cﬁ%%?y@‘ggér%ﬂ &"5f8Wded for accessing these orifices
20 fron thegutsidievighich makes it possible to connect these 5 orifices to
a supply ofgasrgasmiiere, fresh medium, etc. The top part mob of the
module mo is an element designed to be gripped by virtue of the fixing

mEans 2R FILRIERIR B Rtue of the

10. bottom engagement means

11. medium inist
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 culiure zone
17. orifices in top and bottom walls of the second culiure zone
18. inclined wall
25  19. cover of the culture vessel
20. gas inlet orifice
21. gas outlet orifice
22. means of fixing the cover to the top wali of the second culture zone
23. sensors
30 24. assembly means
24a. first agsembly means



circular seal 34 on the bottom part moa of the base module mo. Naturally
the present invention is in no way limited to the 10 embodiments
wg)ez%%%%@bove and many modifications can be made thegeto Mithoukcos:
eparting from the scope of the accompanying claims. For example, the
device according to the invention depicted in figure 1 can also comprise a
nutriment feed, either in a tube through the cover, or a tube through one
of the walls of the device according to the 15 invention. Likewise, heating
means can also be present in the first 8bfourth zone of the device
according to the invention or of a module or each four zones module.
PossibAotsegadieesarddy e the invention can also comprise several
mediums cikgttionwaran Bd tasxampleseveral centrifugal pumps. WO
2007/Q %OO IIi’CT/EPZC% 6/066981 ?f9 List of components: 1. culture
: reﬁ through in af'se modH g .
device™Z. culture Vessel 5°3. irst culture medium transfer zone 3a basal
part of dhechpenEai PECHRIGIONA transfer zone 3b top cylindrical part of the
first cuftgireome@iym transfer zone 4. third culture medium transfer zone
4a basal part of th th}i1rd culthre mFdium transfer zone 10 4b cylindrical
. {%ﬁes%esgort 8 offcuiar sea
top partof tne"third culture medium transfer zone 5. second culture zone
6. fourfiP cattirdmraeminm teansienigelien With st eldlite Bedifitrgansier
rotatioRyds 15 9. top engagement means 10. bottom engagement means
11. medjum inlet 12. diversion, afflg
31. access recess io the oritices 20
10 32. gas feeding tube
33. recess in the cover for sensors
34. circular seal
Mg = base module
Ms... 10 My = culture moduies
15  m = head module
M = culture medium
G =cells

D =top of the wall of the fourth culture zone



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 culture vessel 20. gas inL t orifice 21. gas outlet orifice 22.
means of fixing the cover to the top w§l of the second culture zone 23.
sensors 30 24. assembly means 24a. first assembly means WO
2007/039600 PCT/EP2006/066981 40 24b. second assembly means 25.
baffles or walls of the base module 26. breakthrough in the base module
27. essentially circular zone 5 28. conduits 29. recesses for the circular
seal 30. zone in medium communi@limwith 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

1mo§u|g ¥l doitiveceiicsaaragnigaglS mt = head module M = culture
medium ‘

a culture vessel provided with a cover, wherein there is situated at

ieast one first zonhe and at least one second zone, wherein said first

zone is a transfer zone for the culture medium essentially

containing no celis and said second zone is a cell culiure zone,

- means of circulating the culture medium, aliowing circulation of the

culture medium through the culture zone, said culiure zone

comprising a bottom wall and a top wall, wherein each wall is

provided with orifices allowing a ftransfer of culture medium

essentially free from cells, characterised in that.

- it also comprises at least one third and at least one fourth zone,

wherein both are culture medium transfer zones essentially free

from cells, wherein said third zone is in medium communication with

the first and second zone and wherein said fourth zone is In

medium communicatiort with the second zone (the culture zone)

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

medium circulation means, and in that

- the culture medium circulation means aliow a circulation of the

culture medium from bottom to top in said second culture zone.

2 The device according to claim 1, wherein said third zone, is adapted so

that culture medium overflows from the first culture medium transfer

zone to the third cu!ture medium fransfer zone.

3. The device according to claim 1 or 2, wherein said third zone is a zone

internal to said second zone and external to said first zone and said

fourth zone is a zone exiernal 1o said second zone.



C = cells D = top of the wall of the fourth culture zone 41 Claims A cell

culture device comprising: a culture vessel provided with a cover, wherein

there is situated at least one first zone and at least one second zone,

wherein said first zone is a transfer z@ae for the culture medium

essentially containing no cells and said second zone is a cell culture

zone, means of circulating the culture medium, allowing circulation of the -

culture medium through the culture zone, said culture zone comprising a

bottom wall and a top wall, wherein each wall is provided with orifices

allowing a transfer of culture medium essentially free from cells,_ i
feharacidesdavicthacaaiiisddmanveshaciaistondenitd GRENRHRAG: BReries of

fourth EBHGF@WS@%QP%? FHHYR @Sm%éﬁg%zﬁfﬁ%?@@ﬁ@/ second

free from cells, wherein said third zone is in m m communication with
the firszeml seaishdhiehezamenmrdeiraididesiih ZoneiswharriBidie adjacent

communsAian LLIBLSREAt Lans dhRduide MR rll iedRRridRcation

zone (the medium transfer zone) via the culture medium circulation o
meansaaddnhereintsaisl fiet zosgi@ndisaithfiorrticapReamhpach module is in

Cifc“'at&%%%z'ﬁ‘?cﬂ&y‘iﬁ,ifﬂ%@i‘d’%if&?l%{?&ﬁt%é%f?wiféé&iﬂo’?ﬁiﬁerr@cﬂy.

culture zone. 2. T evice according to claim 1, wherein said third zone,
is adapted so that culture medium overflows from the first culture medium

Fansfer-zongipdbe, it aHlus IRAiBMdtanwen zene., bR rewee circulation

according to claim 1 or 2, wherein said third zone is a zone internal to _
said seDWRANSGTE SenERes inEdasRIMetzien@BA MR SR R5we igdule is

zone exleaLiar A SRAARLAA0E Wi 4 TRRSeUIE ARIOHURAR Ashfer zone

claims , comprising a series of ) o
and at least one fourth medium transfer zone, directly or indirectly.

8. The device according fo any of claims 1 to 5, also comprising a head
module, said head module comprising at ieast the cover.

7. | The device according to any one of claims 1 to 6, wherein said at least
one fourth zone comprises at least one essentially vertical or inclined
~ flow wall.

8. The device according to claim 7, wherein said essentially verfical or

inclined flow wall comprises a hydrophilic membrane.

9. The device according to any one of claims 1 to 8, aiso comprising at

least one gas inlet orifice and one gas outlet orifice.

10. The device according to any one of claims 1 to 8, wherein the cover of
the culture vessel is connected to at ieast part of said top wall of at least

one second culture zone.



culture modules, each module comprising said first zone, said second
zone, said third zone and said fourth zone, wherein the adjacent modules
in said series of culture modules are igqnedium communication, and
wherein said first zone and said fourth zone of each module is in
communication with said circulation means, directly or indirectly. 5. The
device according to any of claims 1 to 4, wherein the circulation means
are confined in a base module, and wherein said base module is in
medium communication with at least one first medium transfer zone and
14t leaFthendeivivettaocediing taasfe e ef diaioty 4rimdResersimgach culiure

device according to.any of claims 1 ISl ag}%ag qQoliiey rt
said h@é’&F oﬁﬁ?@p&sr%%t!&f?‘nsgatgp |8§§ g?é%c\ég}%g%%%}%ewce acg%_rding_ m pa

to anysosecohdl&itirg IMedhawieesiirsazichbies muiulie @ispzepraprises in a top
comprises at one essentially vertic ingli wwall. in it
devic ggcgrﬁ%siféxg?girﬁn%\% ergf?]essgg é?é%g%ti@%dvﬂe%ica oréi%?]ﬁ n’;-iesde s

flow watesrmpeises sayondpitingremsnanevisertie gaidciraicxinmgeans and
any one of claims, 1.to 8, also comprisi ; inletAdfies arshucin
one g&?&ﬁ%‘f’%r?ﬁijégq% Pﬁ%%e%%e%%%@%ﬁ%ﬁ%%&% Fg!‘sclaims 1ﬁto S
9, wheseiteitiénepvenobribe frolmreottsselds iopnnéadiegeanedgiepat tFast one
said top wall of at least one secpon lture zone. 43 11. The device
accorogH ‘{Bea{w%u 2 %?‘glgim%ago %%%%%‘herein each culture module
comprises in its top part a first fixing means and in its bottom part a

cond fixing means wherein sai I NRkHSes 93 tilcutture.
Egrt afi g?ﬁﬁiﬁeﬁégﬁse & %ralg‘%ggf?mgﬁ%%%ﬁ@%pﬁges in its
bottom part a second fixing means, wherein said first fixing means and

id segond fixing means are complem fixi afalWcTgTeN
oL B GTR  Soae, ER eR
culture givodiaftoandenipradngiodule. 12. Use of the device according to
any one of claims 1 to 11 for cell culture.

- introduction of culture medium into culture medium circulation
means,

- discharge of culture medium from said culture medium circulation
means,

- at least one first fransfer of culture medium into a first culture
medium upward transfer zone,

. at least one second fransfer of culture medium into a second cell

culture zone, characterised in that it also comprises:

- at least one third culiure medium transfer subsequent to said first
culture medium transfer into a third culture medium fransfer zone, by
overflowing from the first culture medium transfer zone to the third
culture medium transfer zone,

. at least one fourth culture medium transfer subsequent to said
second culiure medium transfer into a fourth culture medium transfer
zone, by overflowing from the second culture zone into the fourth
culture medium transfer zone,
and characterised in that said second culture medium transfer is a

downward culiure medium transfer.



13. A method of culturing cells in a culture vessel with culture medium
circulation, comprising: - introduction of culture medium into culture
medium circulation means, - discharge of culture medium from said
culture medium circulation means, - at least one first transfer of culture
medium into a first culture medium up%ard transfer zone, - at least one
second transfer of culture medium into a second cell culture zone,
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 transfer zone, by overflowing from the first culture

ed'u‘f‘hgaﬁlﬁﬂo@ JF %ﬁlﬁlﬂﬂr%e@!é't'ér@cm%%”ﬁr%fﬁf A%eat=at easbrising

one four ure medium transfer subsequent to said second culture
mediunxygerMiomas theaHiLEaMRIHBURIFIRGASROZBIKEERS said transfers.
overflowing from the second culture zone into the fourth culture medium
transfer zone, and characterised in that said second culture medium

téansfeFhe anetbaepararding o haairidnaeesining 2xyaenalan§ Grred out
culturing 66 %%QBMH%%G@W\&&JH?%&QQ?QF iSing RERIREINOfoleh culture

culture medium during one or more of said transfers. 15. The method
accordmgdtaransienihardpwiel sriteuiiuen Reshnm @lang aufpy wall
fourth culture medium transfer, and wherein said fourth culture medium
transfer is a flow of said culture medium along a flow wall.



