WO 2007/039600 PCT/EP2006/066981 METHOD OF CELL CULTURES
AND DEVICE FOR IMPLEMENTING IT The present invention relates to
culture of cells by means of a device comprising: 5 - a culture vessel
WoraWidedetith a cover, in which there is situated at least on@¢IFSERAIHEN66981
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, aIIowing1 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
describes a culture vessel in which there is situated a 15 culture zone
externdielEiRiAfeidaEhledidiad HBRSIANELREMICE RSP EMENI NG|
the external culture zone, which is a sort of basket comprising carriers,
and the culture merhgprloums iR PrémRatiouHikeud RAMHCHEH of a

zone. Ne?i(t tk&g nr}n%gjrlflm is recovered in the bottom part of the culture
zone, | i$58kEN Elp b?'means of a medium circulation device through the
2(abo vk auistig opsset orifiethivth eopopeit infuheltdereivedseleane thasi
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bed, and is absolutely not suitable for cell culture in suspension or on
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non-immolilised carriess s feRdeRrydR WO 2007/039600
PCT/EP2006/066981 2 sediment and to accumulate in the bottom of the
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Consequently the cells are packed on top of -
situated in the external culture zone, which is a sort of basket comprising
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carriers, and the culture medium flows from top fo bottom through this

culture zone. Next the medium is recovered in the botiom 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 culiure vessel and then

passes again through the culture zone. The patent U3 5 507 971 describes

several allernatives, but the medium always passes through the culture
zone from top 1o bottom.

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

25 types of cell culture. indeed this device i3 soleily designed for cell culture on

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

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

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

carriers or microcarriers or on non-immobilised carriers have a tendency 1o



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

Wi idrocEeets, of cells which are fragile species withstandin§GEk R He<KE881
the cells are subjected to the 10 effect of gravity, to the descending flow of
the medium and to the weight of the carriers, which enormously impairs
the survival of the culture. In addition, an application for the culture in
suspension is inconceivable in the biorgactor of the patent US 5 501 971
since the cells in suspension can under no circumstances be subjected to
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and anchorage-dependent cells on carriers or microcarriers whilst . .
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cells irethe &ettoivefytheceesditiecizothe.cEttesolve this problem, a device as
indicated at the beginping. of shisgtexd, F%@F@W@!?_% agrOEiNgitotRe case of
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invention, characterised in that it 25 also comprises at least one third and
at least-OHETo SR 2BHE RAHEEHE; S8 EBRuPE MISERGRE s FerItnagich are
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zone external 1o sald second zone, Said third zone being in medium
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medium circulation means, and in that the culture medium circulation
meansEORCCERAIRIABFES P SUIRGIPE HASSILIA FRIRPEIESNNESREp I $<id
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Consetiiefgpl-the medium which passed through the first medium

transfer zone fronThetipm dotepifeashesishe topigdthe:dirstanestkeacf the
transfe}:gr%?%ﬁ %depo\é%rrﬂwogwé? izm%re device making it possible fo culiivate 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 cells in the bottom of the culture zone.
To solve this problem, a device as indicated at the beginning
of this text, is provided according to the invention, characterised in that it
25 also comprises at ieast one third and at ieast 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



the third zone, which is in medium communication with the first zone, the
medium flows downwards, subjected to the flow imposed by the
circulation means, to gravity and to the communicating vessels effect,
passes through medium-passage orifices in the bottom wall of the second
culture zone, next travels up again t%wards the top of the culture zone by
a communicating vessels effect or by an effect due to the medium
cultireutatibmnmeandation bydaoth , sauddith ératotrerftalsrintodiiefowitbuladiumeans
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zone via the circulation means. The medium circulation means then once
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am B CYEHR IPRQE VR BNCES: GORP SAHRANY DR SRYFMAUGN AU IMAISH D H8his
culture zone travelled through from bottom to top by the culture medium
cul et 1R8N a gravity effect partly counteracted by the flow of medium.
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zone comprising a bottom wall and a top wall, wherein each wall is
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by BRHBE RIS iffced anbRah g i AR SEF SISt & mBgHiHmessaH ARy means.
or Bipmotelisnchasactriseein thal: ihalsourampEisematgastonenthirdiaad at in
least.one fourth zone, wherein both are culture medium transfer zones
orBUBIGHAY 1R ABRel ionEPEIHILATHHIRT ZB0E 1 el stion means. The
medommiteidation witinthehfinsbaod sedendizorie: anddidiereintsaiehfosttthe first
medQne is inmedium communication with the Sse&ond zonigh& C%ItHre Z&'O e)
and: wit {{ﬁezf?rsef Zone (the medium transier zoon‘"‘eg'j3 Wathe cftdre inddiimae
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second culture zone. In a second aspect, there is provided the use of the
betigbiseas defiheallssdorerer Gemesneareians dnrilie adpeetzeneran the harmful

streREoVidethamethegheiculturing cells in a culture vessel with culture
medium ﬁirculation, comprising: introduction of culture medium into culture

meditifh BFLGASRRSH MSEnS dideided & ceduRetE A8 FORPSAIRgS HGHture
vespaepiumdeirsidatian vagatisratn eastapeifiratransies oheulivresnediamt least

into a grst culture mediurg H ward transfer zone, at Ieafst ope se ond .
one, second Zore wherein said fitst zone is traﬂas er zone for the culture medium

transter Of culture medium into a'second ce
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 2 top wall, wherein each
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,



culture zone, characteristed 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 medium transfer zone to the third culture medium transfer zone, at

least one fourth culture medium transfer subsequent to said second

culture medium transfer into a fourth®@ulture medium transfer zone, by
andverflowitg froiithesdtandcuhiitréononednto dhefourthraulitive meeidnuiture
met ansfer z n%orgr,ggltcharact ré%ggln@ u?t said second culture medium

FANSTer 15 & downward Gulture medium transter. When the terms cells on

carriers sraondrispodathiens larprgwlddlﬂm wse be thaderstoad thdimteabove for
celFaiigEs 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
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culture zone. Indeed It is well nown t esign of cu ture vessels IS
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- would accumulate; it is also very advantageous for the cells to be in direct
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medipligciitei¢he cells and which prevents the accumulation of cells in a
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additigRwiok apRlicationin suspeasign.cliue the, .. 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,



device according to the invention allows a good dispersion of cells by

virtue of on one hand the upward flow and on the other hand the gravity

which is still partly applied to the cells. The terms "bottom wall provided
WRiBHGARES for the passage 25 of a medium essentially fre8FAoHREaHEe6I81

must be taken to mean a wall situated in the bottom part of the culture

zone, which may be situated at the bottom of the culture zone or in the

lower part of a vertical wall delimiting said culture zone and which allows

the culture medium to pass and not the, cells on microcarriers or carriers

or even in suspension. Similarly, the top 30 wall provided with orifices for

the pagsnge eiaamsibum essertisliskiee depsnpeeliBinay e walknsional
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culture mediym circulation means consist of a centrifugal pump situated in
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externaldo,saiflomagneticigyias-andimihahsaid centrifugal pump is

driven by a rotary magnetic motor provided for effectingda circulation of

medium with no co IREHOM SRR HENIAET a8 SRR EGHEe aRIFTe et
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existing conventional bioreactor is that they are provided with a blade or
screw R§itaRBA)RIEMH 35r96HBvIRIfy PROIISYe AESiGh Btantidfuréne. by
mediuraduitingn the efidttid gessgl whttioig 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 cells by virtue
of on one hand the upward flow and on the other hand the gravity which is

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



necessarily providing adequate circulation. In this case, the bioreactor
comprises a spindle provided with double fragile mechanical linings, for 25
example made from expensive silicon carbide and which passes through
Wi @0goYéte8t the bioreactor. This passage through the cover ¥ THEP2006/066981
bioreactor is a serious risk of contamination and a significant risk of
breakdown. Other types of bioreactor comprise an external circulation of
the culture medium. The medium passes through a pipe through a 30
peristaltic pump or a similar system. Obé/iously, this solution, although
partly preventing direct contaminations, has another drawback. It is not

applicale, W22 0RT/03960R AT (R 200RIAB 698 LB fvinagrdTrigultures.
Indeed, the Elpé%%%ae in this type of pump are subject to wear during
t ;

long Iiftg%stﬁ i it 4fso involves problems of sealing and
contamination. Thé\aigdlyneireetitiorvaiskieserfloed dbovihallisigioes inte
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the 10 medium does not accur%lplljlatﬁﬁxcessivel in the bottom of the

fourth zone too. IFAREAIARGERhedilif SLLlhGuIStEL T EGHIRBRT of tRR"S
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medium transfer zone and then to the second culture zone and finally into
the foliERTRIEEIAIRN AXIE HREEF Yia Wit IFSheGulIRLARY BURBE Ryt
the pir@nﬂathigmu?wansaihmmrcﬁaig _mrd:hmtimvemam letmiaanagm'u@
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medium inlet and outlet. For small-sCale cultures, the magnetic device wi
for exdRlInD e ReHpIdInagisetie paruERiverri PRaPRLEGNE2
affordingnBosvieatesicoffibriadndtinitciihat andarsthail stidl Cemitisge) .pump is
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envisagesl gacardngiéoitbe designed to guide the culture medium propelled
through said outlet towards 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 culiure medium within the culture vessel without
necessarily providing adeguate circulalion. in this case, the bioreactor
comprises a spindle provided with double fragile mechanical linings, for

25 example made from expensive silicon carbide and which passes through
the cover of the bioreactor. This passage through the cover of the bioreactor
is a serious rigk of contamination and a significant risk of breakdown,

Other types of bioreactor comprise an external circulation of
the culture medium. The medium passes through a pipe through a

30 peristaltic pump or a similar system. Obviousiy, this solution, although partly

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



25 invention, but preferentially for short duration cultures. For cultures on
a larger scale, the magnetic device will be a magnetised rotor with a flow
rate of between for example 10 and 200 I/min, in particular 20 to 150
WA /8#t4%8referably 25 to 100 I/min. In a particular embodif{eHERHE6/066981
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 fourth zone of each module being
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the scalidgepagiaaiomplex step in the production of recombinant
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zone oinhe first c ture module, the cul e medi m reaches the edlu
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to5 Ilters mcludm%l volumes comprised within the ranqﬁ or framin the
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to form said vessel. In the case of the reactor of the document US 5 501

971, ifFRNEFSHEGBIENTe SESIRR RN R MR aN S At 181e i Rl Reilum
wiguld thenshereched. vﬂ'ihaoltrtmiipmrwlnich reaches the bottom of the culture

zone n his nelerLis QAEURNY SKLapist P afaHer sibgRT Loy

oxygen. 25 Moreover, t ors of the patent US 5501 971 contemplglte
placindéeBiafy ¥l SeHBRise: th & BIFVICGHE VERUILSRARAY &t HHOBBREGHY

of the ta#tetl rotation axis, and a culture medium inlet and outiet.

For small-scale cultures, the magnetic device will for example
20  be a simple magnetic bar, driven by an external magnet, affording flow rates
of 0.6 10 6 I/min (that is to say 1 to 10 m¥sec). Because of this, there is no
risk of contamination since the medium circutation system does not
communicate with the outside but is driven by a device external to the
cuiture vessel. A peristaltic pump can also be envisaged according to the

25  invention, but preferentially for short duration culiures.

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



and oversupplies the environment of the reactor with oxygen.
Unfortunately, this type of over-oxygenation is absolutely not to be
recommended since this produces an oxidation of cellular components of
Wi adgenssabthe top of 30 the culture zone and cell death follR&S/BR2006/066581
addition, when the authors of the patent 5 501 971 contemplate a scaling
up, it is in terms of width that this is WO 2007/039600
PCT/EP2006/066981 8 carried out since in terms of height it is no longer
possible. Naturally, the space occupiec} on the floor quickly becomes
uncontrollable. As it is known for the skilled in the art, floor space is a
CritiCﬁ'ﬂE’@radE]QE‘éhteW%%V iR white seaBas wherpgifidensiesiarenadium
calculated according to_fﬁe volume of air ? to be treatgd ir]“%r%der to obtain
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air to berreatdchio o bitired isyanalibplyiegrisy ditssthyeigmdse tie "white

room" the surface epidhefloRfRSAURISEEY AR DINECRC IS S PHRRRIY
and persons handling the culture device, Conseb%ijently, throu%h the use
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contact with the ambient air of the bioreactor is appreciably reduced. In
the ca8b S8R GG BMPeIthE VI FYRSid thvindabipais ith zones
Accordingpliedrie advaedagen usamodinehgrpiousionits thegeforer alsith
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predetermine > from glass or stainless steel) or an empty
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and to close the vessel again by means of an adapted cover. In this case,
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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 exhausted, in particular with regard to oxygen.

25 Moreover, the authors of the patent US 5 501 971 contemplate placing a
oxygen sensor at the top of the culture zone and at the bottom of the latier
and oversupplies the environment of the reactor with oxygen. Unfortunately,
this type of over-oxygenation is absolutely not to be recommended since
this produces an oxidation of cellular components of the cells at the top of

30 the culture zone and cell death follows. In addition, when the authors of the

patent 5 501 971 contemplate a scaling up, it is in terms of width that this is



always remains the same for any culture from 5 to 35 liters. 30 In addition,
whether for a culture of 5 liters or 35 liters or even more, the floor surface
will be the same, and the scaling up does not involve WO 2007/039600

WPCHWHEPZ0061066981 9 any greater volume of air to be tre&feHERR006/066981
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 reduced. As mentioned previously, the medium
circulation means are 5 particularly effgctive by covering ranges of values
particularly adapted to the device according to the invention.
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or not. 25 The device preferably also comprises a head module, said
head HfBHﬂ%i%SMBﬁ%.%g%t least the cover. This head module being able
tosbe designed to &taseinlf the sumemvmnagammsnamnodmhabmwmams

advanifgens BRRAlmRs Al daas Ane Rl Eane, AIRHS GS L oS o

one substantially vertical or incli ned wwa presence of this flow

wall ré?fﬁ@@*@ffﬁé’?grﬁl%{%h(ﬂﬁ%ﬁ‘iom glass or stasntess steel) or an empty

disposable culture vessel, comprising the medium circulation means in the
boftorn of the vessel, it will then suffice 1o position the number N of modules
20 required in the vessel above the medium circutation 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 particutarly inexpensive. Indeed, if
25  the vessel supplied is designed for a culture of 35 liters and a cuiture of only
5 liters or 10 liters is required, it suffices to place, for example above the
culture medium circulation means, one or iwo culture modules of 5 liters.
This particularly reduces the amount of investment since the expensive part
always remains the same for any culfure from 5 to 35 liters.
30 in addition, whether for a culture of 5 liters or 35 iiters or even
more, the floor surface will be the same, and the scaling up does not involve



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 from the second

W e /fSeth zone would be a turbulent flow, which would nBE@S32fif/066981
have as its consequence an undesirable formation of foam. It should be
stated that the formation of foam is a major problem in 5 many culture
methods since the culture medium is rich in proteins. Stirring a fluid rich in
protein always causes the appearance Qf foam. Consequently a turbulent
flow would have this same consequence, and this is why,

advantagepuslys {aRiIMYBNHPROMRIIRRS AlhHANAAIb r@@u&&%%ﬂ?%e
flow turbulence. 10 In addition, this fourth m%kc“ilum transfe is also a
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included in the group consisting of surfactants, Pluronic F68, glycerine,
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rheological propertieszophedattyredvasdysoudnanpadivatar yhprefewiaton
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hydrophiiic membrane. Indeed, if the flow wall is not or does not comprise
a 25 W%HWE@&M&%@%Q}P% e amfHE T R0t 2 A ISR DR
on thisogurfeeelilmadditionzdhe filnactiylemitiiscdyrmed on a conventional

wall, is unstable. Ggnse Hgmy? Mn?oﬁﬁﬁlﬂ&ngke flow yalbpithyhe  2ones

hydrophilic membrane whic IIs the role of a sponge, the medium Is
naturaf§EEPrBAHShef S SVEATYNBIRE R eREREIRAI s FRUaD the
besweereteadd npfofGamesivrtesuibibezambient aknnispheredsrigteatlpase

mproved W igh SeEISN QA9 AAR8 IR 0% d/E BN IR hereto, be
inserted in a simple glass vessel is particularly advantageous. This base
module is adapted to the culture modules, allowing the communication of
medium between the first medium transier area cf all the modules present

20 and the medium outlet of the medium circutation means and allowing
medium communication between all the fourth zones of all the culture
modules present and the inlet of culture medium into the medium circulation
means, directly or indirectly, that is to say passing through another module
or not.

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

In an advantageous embodiment, at least one fourth zone
comprises at least one substantially vertical or inclined ftow 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



oxygenation compatible with high cell densities. The coefficients of total
transfer of oxygen obtained are from about 10-3 to about 10-2 s'. If, in the
embodiment with culture modules, some or all of the fourth zones
WébHiprisEedflow wall with a hydrophilic membrane, the gas- BARER$006/066981
exchanges are further improved. Consequently, even the last module in
the series is supplied with an oxygenated medium. In some cases of the
prior art with circulation of medium, when a culture is produced, for
example with a volume of 200 liters, the.cells at the end of the medium
circulation are relatively undersupplied and the cell growth is not

nomodgnayEl Harkiareasi. ke AamEReRerRing e fou o
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CO02 in order to modify the pH, or any other gas generaliy used in cell
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device 25 according to the invention. Also, provision is made to be a
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transfePORRNRI S YRR AULLER BletkEry 2. iRfIRREDAHRG Vafridwe sersRH
zohe ofuitscewtttre vessel WO 2007/039600 PCT/EP2006/066981 12 is
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risk of oxidation of the ce onents, which is not desira
to add additives to the culture medium in order to modify the rheclogical

properties of the water such as the additives included in the group
consisting of surfactants, Pluronic F68, glycerine, guaternary ammoniums
20  and any other additive for modifying the rheological properties of the culture
medium.
in a particularly preferred embodiment, the essentially vertical
or inclined flow wall comprises a hydrophilic membrane.
Indeed, iIf the flow wall is not or does not comprise a
25  hydrophilic surface, it may be very difficuit to obtain a film of medium on this
surface. In addition, the film, when it is formed on a conventional wall, is
unsiable. Consequently, by covering the flow wall with the hydrophilic
membrane which {ulfils the role of a sponge, the medium is naturally spread
and flows evenly. Conseqguently, the contact surface between the film of
30  medium and the ambient atmosphere is greatly improved, which permits



Advantageously, the gas inlet orifice is connected to at least one fourth

medium transfer zone. 5 Because the fourth medium transfer zone also

serves as an oxygenation zone since it is in the latter that the gas-liquid
WEDHIHA S the greatest, with or without a flow wall, it is adifaHEGasecos1

for it to be the latter that directly receives the addition of fresh gas in order

to promote the oxygenation of the medium. In addition, the culture

medium which overflows 10 into this fourth zone is the medium used up

by the cells, and therefore part of the gxygen is consumed, it may also

need a modification to the pH and it is therefore an advantage for the gas
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wayl ofgf least,one second culture zone. This particularly preferred
embodiment allows a simplified taking of samples which minimises the

risks of contamlnaﬂbweP%eﬁ’l'EﬁIQFI?P@@%LRleedﬂYﬁﬁ%@oWﬁlErB%W?eF@se
taking rsaomplksuppiiet gerezd|ioaesteptsvithout any risk. To measure the

cell density, at the |Rr%ﬁ8”£&l!&¢téq 6833&%8}591&(&0%@3@&% according to
PCT/EP20061066981 13 only a few means, which are also not very
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dehsitprigiceampling carriers and observing them under the microscope,

possibly after coloying, Infegds 18, GRENEIP B IRERGIUSPH% Bas inlet

particular in the
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 example, 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

CQO2 in order to modify the pH, or any other gas generally used in cell

culture. The outlet orifice making it possible to prevent overpressures and to

discharge the gas with a low oxygen content or simply part of the gas of the

ambient atmosphere in order to reduce the ambient pressure of the device

25  according to the invention. Aiso, provision is made to be able to close off or

“strangle” this gas outlel 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 io the fourth zone of the culture vessel. The first and

30 fourth being preferential zones. The third medium transfer zone is not very

accessible for gas-liquid contacts and the second zone of the culture vessel



5 bioreactor of the patent US 5 501 971, taking samples is either
impossible because the top wall of the culture zone cannot be opened
simply or it represents a serious risk of contamination. Indeed, the user
WERHII d198% the cover of the culture vessel, which is often BGTKFE{86/066981
heavy and therefore difficult to move in a sterile flow, and then hold the
cover, generally fixed to a 10 blade or other device for raising the medium
and therefore heavy and bulky, and he should ensure that he does not
touch anything and hold it in one hand,in order not to contaminate it.
Next, with the other hand, he must open the top wall of the culture zone

and haldikindhe mierbags, ihemnchyirteaas-mackamacticadbitdianda
he must sa Ig Qne qr mor% carriers iq 15 arder to g ablg to evaluate the
sk .o o?}% afion of the ﬁ comgonen S ]yvhic S Nol desiraple, .
cell density. This requires the presence of a second user or impressive
dexterity. The invefAtisrnipaesiizlyirsigas ik sjsoiadikinopsiam ieaf tast
procuriyg aGaw erdingd tatbrteprwall of the culture zone; all that needs to
be_done then is to slightly lift the cover, the top wall of the culture zone
e 20 St O D e SR 2oe e TS an
tool sustyganaiigzene ainthdt likénfaiesiatinplingt dreassitbrd canireis ie the
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situated in the fourth medium transferéf\rea or at the [,nedium circu tiog it
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used in the Tield of cell culture, such as for example a thermostatically

controlRRFEHOB R RYREMAREX IR 1 gePBr very large scale culture, it
islBot always 5 eaby doppttcdaherdesiteastcorelipgstintbieisnvemtanien @ a
therm icplly,controlled device or room. Consequently the invention
solves this’problem by directly placing heating means in order to control

the culture mediun thePHFEEE I drfitter B orD1arHiEVRH: [ORTNERRURE 2
througtiepéthienasfltyreeous bubbles to be effected within the device according to

the invention. The dispersion of bubbies can be eifected by a sparger

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

25 in a particular embodiment, the cover of the cuiture vessel is
connacted 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. Parficularly

30  during cultures on microcarriers, taking samples is not generally & step
without any risk. To measure the cell densily, at the present fime there exist



vessel. Preferably, the device according to the invention provides a

heating 10 of the medium without any overheating point. In certain

embodiments, the device according to the invention comprises sensors
wiorzpa@aswiihg culture parameters, said sensors being in coRZDERAtRGthE&981

culture medium. Culture parameters means, amongst other things, the

dissolved oxygen partial pressure, the pH, the temperature, the 15 optical

density, certain concentrations of nutriments, such as lactate, ammonium,

carbonates, glucose or any metabolic p[rf?duct or product to be

metabolised which could for example reflect the cell density. It can also be

contengplated aGEOrRALO INGINVERIOALSING: reay/algadRoRHACEAHIRg

to thes parameters These regﬂ Iatron Ioogﬂs 20 would for example

modul&te BRI RIANRP P Bty JERT HHQntﬁ?tﬁ%”g%??&Msfs sampling
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pressure present %Hé%cﬂL!ﬁ%\féﬁ%’?é?'%%%%”&ﬁﬂ“ﬁ“ﬂéﬁ%@é{rth‘?rhe
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least o It 2ol IouT B e TOHARSIELE 8RR S APERI G Phe

zone for the positioning of the sensors since the values obtained by the
latter aﬁevere%{rrp%r%ewe%ﬁ% SRR SR ieBnSuhypRih R5AKE BAS %ﬁ%fofe
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invention comprises a series of mod €s, each culture mod o
comprisesiin R%aré’&@ﬁ’rtr‘a&?’éf@h?m@rﬁ@dﬁﬁ%ﬁé%’i@s"ﬁ@t%rﬁ“ﬁf&r%‘ rners in
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part a che%to rf in 19 means e%rsrIr\]l/esgr(rac)zl< 8 trgrd module also comprises in its
bottom part a Y cand IXIng means, said first fixing means and said

second fixing meaﬁ@eb@\’ﬁgt@ﬁrﬁ[ﬂéﬂﬁéﬁmﬁlﬁ%w Pleaes T camsies by
stackiw&eaag@%@mxé@ i@%bQH@méﬂ)dh@ré%ﬂrré base anadiiewalis o
least one ol#rl}e eerrenr(s) 90 s‘]n‘g%qy I%r the cover, the top wall of the culture zone rising
20 simulianeously, and 1o introduce a sterile clamp or a sampiing tool such as
a pipetie or the like for sampling one or more cariers 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 cerlain embodiments, the device
25 according to the invention also comprises a heating means, designed io
heat the ftransferred culiure medium. This heating means can
advantageously be situaied in the fourth medium transfer area or at the
medium circulation means. Naturally, the first zone can also comprise this

heating means.



head module. Advantageously, said first and said second fixing means
comprise means for producing said stacking sequence in a gas- and liquid
tight manner. 15 Indeed, according to the invention, it is possible to design

W& HBeEEmodules where the wall of each module would COFBHRAE @081
of 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
a head module comprising the cover. The assembly formed by these
modules 20 would then constitute the I&Lﬁlture device. According to the
culture volume necessary, a number N of modules would be fitted

together o construgicARAMEWRSMIHER Hevisemihca kel o deversl
particular embodiment, the device according to the inveption |s a
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the volume Af Srﬁl%g@@%ﬁ?%@hg\gur@%g}nmz plus the surface area

necessary for the user) multiplied by the height of the white room since
the volume of air alRAEREHTRUTRBISe PesTayias fPerdiahtadiginvention
additiorpriipeisste siisationpraseptigisgtianuveashmngetsanitssatonseictoeing in
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occupied, are extensive and tedious protocols which impose enormous
costs HUtIvitFregary s RieRR RALIMEISHEWSN BF BrodiR femAste e
pt'mqip@bty_:ém ﬂbasmaq@ﬁiml,doiﬁdeg_imbaﬁdoimhtﬁmmjcahdﬁb@wtmﬁeﬁe,
and !UMS&B&%%Q&%B?&%@\&%%!ﬁP&% tm SRBSFR ISR BP%%&[]D&HO be
requiring cleaning, sanitisation, sterilisation and asepticisatioh, Is being

increa8iRNAlisad| zeh wpale for example reflect the cell density.

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

20  would for example modulate the guantity of oxygen 10 be injected into the
gaseous atmosphere according to the value of the dissolved oxygen partiai
pressure present or the quaniity of dissoived oxygen consumed by the cells.
It could inject CO, according to the pH vaiue obtained by the sensors or any
other type of regulation generally used in this type of culture.

25 The sensors are preferably arranged in a bottom part of at
least one fourth zone. The fourth medium transfer zone is a preferential
zone for the positioning of the sensors since the values obtained by the
latter are clearly representative of the celi consumpticn 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 o be



Alternative solutions to reusable conventional bioreactors exist, for
example culture is known in a disposable sterile container which is 15
stirred by a stirring plate reproducing a wave movement, for example the

W2 45ibreactor. Unfortunately, such a bioreactor preseRfsi4-Brofsapns1
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 mentioning the
difficulty of 20 handling such containerggtaking samples and placing
culture parameters sensors. Other solutions exist, such as stirred

disposagleflashkmealiedalsRinipssiestaetocalinpidnl elghe seciasksdaaisg
impos%bslei & gﬁgg flasks have a low oxygen transfer as well as stresses
on the Q&fs aring stirring. 25 There also exists culture in a CELLCUBE(r)

or CELLFACTOR\(B Risieetar\Serefeeprijtermbrodiioihadedta fecaing
bulky. (dnipgditipmitie npeitiransiaissate PASYAeY iE5eRUNESECHBaLRS

of large size. Once again, scaling.up is tedious. The BELLOCELL(r
e e o R T B i i T e e
poroudixitgtrisanswinivihishepddiasd MoslubuRiseCLOMEISTR & M dRUIANI Sl 3

lower F9Rg pieyideshwithia ﬁ@%%&@%ﬁ@c@@%&%@@%% bottom part a
PCT/EP2006/066981 17 bellows. The medium rigses ind fall aI_ternate%

in ordeF RS RIS ATEANSH A L&Y IR HRSE AT theF P RO 689 HBRR
the antigiegtcamplemintam divehy, tresuse &inyg apiohghisstyctiemssoalzae from
difficulfi, 4t i8I qH O #5ouale aRd-REaRUR IS CHHMIQ RFLMSIBES al a

addition, the 5 cells undergo tension stresses on their surface, being
exposgaﬁg?%t to a falling medium edge, drying, and then a rising
medium edge, whidkhisndgtrineintai=io thesir growtaid nsseomaaiyintheneans

exists g {ady mtm%mmés@@mea%g%u%@@tﬁ@ gelanted iQlig

culture on a large and small scaleé which is 10 easy to use, both in a white
room dHBtiN#AESRboratory. The invention therefore procures a very
indovative solutioninadsdh smiveig wdfar ipachobthése doasibadksdegign a

procuring anjinexpeeleth S¥SeMy APBIcabie Asais Al dd AafgR-Ss A o

suitable for culture in suspension, on carriers or on microcarriers, the

stirrindh@f WHlcH dpecrdture vessel. Next, it suffices to assemble this series of
culture modutes with a base module comprising the circulation means and a
head module comprising the cover. The assembly formed by these modules

20 would then constituie 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 o the
invention is a disposable device.

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

30 Dbioreactors to be placed in sterile white rooms. A 500 liter bioreacior
occupies more than twenty times ifs volume in a white room. The white



15 homogeneity of the culture medium without dead zones nor cell
accumulation zones. In addition, the risks of contamination because of the
absence of a central spindle are particularly low, or even non-existing. In
WPt TBYaice according to the invention is a device which PRiesEH/BI81
the advantages of conventional bioreactors, as mentioned here 20
previously, whilst being disposable. The device according to the invention
is stirred magnetically by medium circulation means based on a
centrifugal pump, which do not have ajly contact with the outside. Heating
means, for example an electrical colil, also afford homogeneous heating

of the ragelidmensthruhBaxneneoNas Wy kntieRuisse #ad r'taa{ddéti?mfaﬁe
menionsd Bhove. LI IeuAl pLefRen AL ael e sule fevice
according Ot e invention comprises sensbrs are ISpoSsa

opticahéehedts e &81g e Sy fﬁf@fhﬁrﬁﬁ BerepiRl f@l’gihaluﬁéﬁr%éiﬁﬂﬁ@ lefiéhe

parameé@hi%b@]mm?@@H&hgmgm@aiaiwlé%eme%@mh@m@&tm#ﬁs@l
receiver, exte nal to d devi gp % uentl the culture aram ters

ar alsaé%éa ureae% ISh wi eV|c c%?ﬁﬁ%’& B KOENEEN
and thiguigssiont W@@Mbﬂ@s%@o E@WEPQ@%#@%Q@F i® m\m«;@aawy

COntacéﬁ&i%mﬁé“#é‘éiﬁlecé@d&&jthﬁfgi%ﬁ@M@d@Wﬂé&b@é" pRﬂ%@@l% which
passing through the cover of S|ca biorea tors resentin k. of

poor LBy SHARERE pFOBE JELLaGiolRIECE il br i RBHAION o
througbrddoktef dkigaliss Fhe sempsib'anrbeobaﬂaweumme bottgivapaaof
the deyjcaheaseardinshiadhednusation whikthedar PsQs-RIR. Whemthe

sensors are present in the top and bottom ﬁ@nts this makes it Eossmle

by a sHAPFER P ARTE USRS HE RIS, YRR} dpTtsaign and
numbesebitataido, imakegarcordingyssertastraiment of the cell

respiration. 10 OthgraRpdimanial e Ledss e iicind ibtiescirs

accompanylng claims. Another object of the invention is the use of the
culturé4&vics eéewlﬁuﬁﬂ%etﬁekﬁﬂféhﬁb% {isPEaAe RIFES S LRBER IR
Migrocairrest $ra alircagrigese ngesticivhenwheadevicenamtofdirgxdotie the

'nventm%%ﬂ&&%&eﬁ%&uﬁa@w%% BISERRRS 'EF&JF‘E ﬁ%‘b%ﬁén?

microcarriers are confined in said Second culture zone. When the eV|ce
is useaq%ingdé‘béﬁ‘i@ﬁ)ﬁ oeh liter container, in so far as the stirring plate can be
sized, has an enormous floor surface which has a white room air freatment

cost that it is impossible o assume, withouf mentioning the difficulty of
20 handling such containers, taking samples and placing culture parameters
Sensors.
Other solutions exist, such as stirred disposable fiasks called
“gpinners”. The scaling up of these flasks is also impossible and the flasks
have a low oxygen transfer as well as stresses on the cells during stirring.
25 There aiso exists culiure in a CELLCUBE® or
CELLFACTORY® system. Such a system is difficult to regulate and is bulky.
In addition, the oxygen transfers are poor and it reguires incubators of large
size. Once again, scaling up is tedious.
The BELLOCELL® system is also known. This system is
30 based on immobilising cells in porous matrices, which are packed in a
culture zone. The medium is in a lower zone provided with a compressible



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
WRIAMTGRSPthe all 20 size. The invention also relates to the &' GFRRo/ 066981
culture device according to the invention for producing recombinant
products, viruses, metabolites and the like. Recombinant products means
proteins of interest for research in the pharmaceutical sector, therapeutic
or prophylactic molecules, 25 antibodigs, plasmids or any other molecule
able to be produced by cells in culture, whether this be production by

secretigdvsnrasetstanrnragection. i tb%imrﬁat@an inlspdeg|atepri9dse the
method gfeulng el Jp el e Rsssh b, Glisulaion of e culture

medium, comp rlsm Introduction o ure medium-into CUFUI’G medium

circulation means, @@@' @fﬁiﬁﬁré@@ﬁélﬂ‘mw@ MR IRSalepcliffows. itis

mediugmriigUiatiepmransd \M@aa&l@Mﬁb?%@&EGaTrﬁm&QGAQ%&ibnl%e

at least nef st tr nsfer of culture m dlum to |rst culture d[IUFn
%e gz ensmn TeSSes on ace lrs all to
upwar ans erzone, - at'least one secon tran's ure me

into a 8lebiG kAL IENS, e m@th@dw@h@m&m@n@éaan w&mtis
also cepmrisas: iahigagioane third culture medium transfer subsequent to

said first culture medlum trans 1%er into., thértdtcu tureer‘[tltegflhjemntéa@ able
zone, by overflowmg SHOMAKe fiRE cu)i c? i transter Zoné %’?ﬁ

third coflLeglifediveietradsfed tmeuiiore @Dleagtgm@nﬁbamﬁibmai@eﬂhlch is

m@diu%é(ﬁ@%f% WM@HH&QWQ@% %@%@r@nedium transfer into
a fourth culture medium transfer.zo ﬁ{e Iﬁﬁg)verflowmg from the seco
&

culture zone into t ?O'HH%“EmJPgr HErsfer” B’ng‘%ﬁ*‘h‘?tﬁ E‘Egﬁld
secondhightgrivasealimajcr angfef isescloianwharssduitarecutBasditnexpected

transfe, RS MERHRABHE AHOVE, Il k%ﬁ'ﬂelw@ & MEthAR8ldNe PaiRN US

5 501 971, the culture medium travels through the cu]ture zone igtltg)wards

which Wg%g%géﬁﬁﬁlﬂ oo EEREAH B SHT B RE W95 e
ard reluoegethaitpressiine fordescormtbdicelIsvifiogtculeag zones nor  cell

accumuiation zones. in addition, the risks of contamination because of the
absence of a ceniral spindle are particularly low, or even non-existing.
In fact, the device according o the invention is a device which

presents all the advantages of conventional bioreactors, as mentioned here

20 previously, whilst being disposable. The device according to the invention is
stirred magnetically by medium circulation means based on a centrifugal
pump, which do not have any contact with the outside. Heating means, for
example an electrical coil, also afford homogeneous heating of the medium
without having contact with the outside

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

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



20 method according to the invention is therefore a particularly innovative
method which allows culturing without a dead zone and without any place
where cells accumulate whilst permitting culturing at very high efficiency.
WAMEHIAYEBUsly, the method also comprises an oxygenatioX3fERI6/066981

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

of said transfers. In a particular embodiment, the oxygenation is carried

out during the fourth culture medium trgnsfer, said fourth culture medium
transfer being a flow of said culture medium along a flow wall. 30 In an

advantma@nm@mamhtm%mtm@l Lﬁhm(éiQhéOd@E%JNBaeoBh@éH%r pH
provides for the addl% no %%eétlv\}asft L %qul Fr@a?gos res ml a rick
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consisﬁimg;gﬁm%@t@g@[ﬂuronic F68, glycerine, quaternary ammoniums
an# any other additive for modi

ologic ro ert| s of th
e rdiam. & Es Sin b A s P o Trvice
a flow aghordjng by éhepnvtotinalbr Otiks @mmmmémwov\ﬁn@ﬁ#@tﬁeasors are

accor%éﬂtmﬁtﬁy%ﬁ'%ﬁd%&ﬂ&ﬂ'%@ 't'ﬂiéhﬁ@@&é)"f‘%é‘éwéi @@'E‘%smple
Other ch%acterlsi detal s and advanta 6%58 of the invention 10w

appealHBrE 2lAHG TR ISt ARG Bk FORGWIRY B¥SCDES Brg it %hg’rm
non-limitikg %mbtydlmen‘namh@mmdm veliifeswifetiting to the

aggompanying dragings. gl eMs2 RO UHEEBIAY ROl Rdidizte iHe wiee
accordlng to the invention. 15 Figure 2 is an outline diagram of a variant
of the AFSARANENBHAIBH means. Figure 3 is an outline diagram of a

culture device accéitigtobit Hentioercom e gsevdia sultteskiviee
CU'tUreaé@&@%%%‘e“i‘:%ﬁt@ﬁ%@ﬁ%@lF%G%%H'@Is&é@n&@féﬂ%%&&ﬂﬁé@t@ﬁ

highly schematically a variant of figure 3. Figure 5 is a transversal section
of a bd’('ib?ﬁfﬁ‘?;{ﬁ p%@doé@éen the Jevice according to the invention is used in
15 culiure 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 permeabie to the medium but not permeable
to the cells. The size of the pores of this membrane is a function of the all
20 size. The invention also relates to the use of the culture device according to
the invention for producing recombinant products, viruses, metabolites and
the like.
Recombinant products means proteins of interest for research
in the pharmaceuticai sector, therapeutic or prophylactic molecules,
25  antibodies, piasmids or any other molecule able o be produced by cefis in
culture, whether this be production by secretion or intraceliular production.
The invention also relates to a method of culturing cells in a
culture vessel with circulation of the culture medium, comprising:
- introduction of culture medium into cullure medium circulation means,
30 - discharge of culture medium from said culture medium circulation means,



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
WEHHIIROMeans as illustrated in figure 5. Figure 7 is a tran&yEfeR006/066981
section of a top part of the base module confining the circulation means
of the same preferred embodiment of the device according to the
invention. Figure 8 is a top view of the top part of the base module 30
confining the circulation means of the dgyice as illustrated in figure 7. WO
2007/039600 PCT/EP2006/066981 21 Figure 9 is a transversal section of
the cultye slayiene apsOtdingdeo dhednventeaiprodices My asuassenddyef
modules, in artigular disposable modules. Figure 10 is an exploded view
of figuP@B?r'g i Se{°BEJIZr3nWe|hgs, a same or similar reference sign has been
allocated! teasiseitt sercandiegsigs e enier. Meciin b seepcimigetectlive
culture-ggvice 1 comprises a substantially vertical and cylindrical culture
vessel 2, although_gther forms can al%o,be enyti}s?gep accordings_to the
invention, for exam-%fg @ﬁy Bﬁésn?aﬁ{:a fgﬁ?&ﬁa, pa}e earg.‘%ﬁ/op UISF: The
culture wészast comn priskeuiitie asedoun Hansfer ipubsamRMtitasiad ivihcoliee

anothephrpA AR ReNHE af Hhe vensel laualds riiprutads, Byevesraling

comprises @ first zone 3, a third zone 4a, 4b, a second zone 5 and a .

fourth COReTEE T SHINE Sy e A B RaddG aRfe medium
comprisesiditztne.letter C whilst the medium is shown by the letter M. The
cufure veSsel2 SRMANES MG R GG fMmaaie dicHE BOLMMNsBREhd

The medium circulation means are, in tr}i]z referential embodi'ment,

compdd&lr REALGhSROEVIBLO7 21 Pk % Mgt BKIeT 3RNe: by
rotationvabitutirg cieortr aheotattonchrigti@ ereahorivictwize, bt @fidrof mérthm
20 is hpysed '%@et,op engagement means 9 and a second end of which is
housed in a bottom engagement means 10. The magnetic bar is driven by

a rotafPPniAghefiSarvePREh CHE NP R AN SR S WA OIS

nos showdivherandibe circulation means comprise at least one medium
inlet 11. The medigm jpigi-hl SABRESERIRL IFRSL AR HRlAES SYiehanss
na US 5§ 501 971, the culture medium travels through the culture zone
upwards, which prevents the accumulation of cells in the bottom of the
culiure zone and reduces the pressure forces on the cells. The culture
20 method according to the invention is therefore a particulatly innovative
method which allows culturing without a dead zone and without any place
where celis 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 tfransfers.
25 Said oxygenation preferably cccurs through a direct gas-figquid
contact during one or more of said transfers.
in a particular embodiment, the oxygenation is carried out
during the fourth culture medium transfer, said fourth culture medium
transfer being a flow of said culture medium along a flow wall.
30 in an advantageous embodiment, the method, in order ©
stabilise the film, provides for the addition of additives to the culture medium



25 diversion baffle 12 for the flow of medium. The magnetic bar functions
as a centrifugal pump, that is to say the medium is sucked into a relatively
central zone by the movement of the medium created by the bar and the
Vi 2396 ropelled outwards with respect to the central pdifit/Fid0o6/066981
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. WO 2007/039600 PCT'/EP2006/066981 22
Advantageously, the inlets are in the sajne plane (star configuration) and
the number of inlets 11 will be a number such that their positions will
exhibitigysmBetky . ivers Restipdarbygidathepdniets @renscangislerrdnitis the
advanta ouUS for lthEFrcE' ea&h to It:c)}e secp%rsffgt%g frgfmsorrgaectS nother tt?]Y an.
angle a'ﬁ\pl)?gx!ﬁﬁé" eETy 1% ,?f e hurberor hits gqua?ﬂ, 'tHe intets Wlﬁ’
be sepdly&sodrGRsHRaANGIEPIHY AR ATHRNS Gireaadeiiye dguRakiing e,

if the npathen@ ingisieeaunbekOetietnigis will be disposed with a
separation angle approximately equal to 36. The medium circulation
o also comprss A BABEBHRE 20 b JUtEe Hae 1 i o

outlet B®Ng advarmaiéowsly situated at the point where the medium is
propelled by the cengiugeitnskattiae maghelicy Bedotmvartagevshtion

the number of outlets 13 will be a number such that their positions will

exhibitEG AR 1818 FEARORPGLRASE 15 outlets are considered it is
advantageous for théer ehetntieheise pittatischfro aotaategeerdbyranramglion

Of GPPIRKIEHAIEY & LA RO GHAT AUHE R ISwRUA LR, biGaHials

will be separated from one another by an angle substantially equivalent to
900, 1t ¥E HOSer STBERIEIETs €tjudifo 1O/l MepcBedne
with a aemngﬁoyirwrgmmfmpproximately 36. 20 F_’referably, the outlets are
not situated in the game harizardal; RIang,2asBed UGS e ThsRoUem mRy &f

the culture vessel comprises at least one medium guiding means 14,
adjaceeElEFat least one outlet 13, which guides the culture medium
pidGpelled towards figtive tBpsobtheuwtinturgagresself2a 2arEhe dirstheanedBiof
the culfyre, ¥gssel s @ substantially central zone and is a medium

transfer zone. The first zone 3 comprises a basal part 3a and a cylindrical
part 3b. The diameT&iUet this Bagaihafiggrm of a culture device according to

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

Figure 5 is a transversal section of a bottorn part of the base
modute confining the medium circulation means of a preferred embodiment
of the device according o the invention.

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

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

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

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

30 confining the circulation means of the device as iliustrated in figure 7.



less than the diameter of the culture vessel 2. The basal part 3ais 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
WEhiTE8%He 3 to a cylinder 3b with a smaller diameter thanpfl:i‘émé& AN i

WO 2007/039600 PCT/EP2006/066981 23 3a. The top cylindrical part 3b
comprises an external wall and is in direct medium communication with
the basal part 3a of said first medium transfer zone. The third zone 4 is a
medium transfer zone, external to the %, first medium transfer zone 3. The
third zone also comprises a substantially basal part 4a (in the form of a
sleeve) and a substgoiially cyliadtieakiepsparsedionl e shbstantiallydevice
cylindrical part 4 he thir eélj r e[ zope 4. 1s.es ' :
conceh ﬁg%v?ﬂ% tBeqéébiq\%qggﬁ; y#:(lgwucfr%gz aé%lg%%r@lfhgﬁi@tgé rrll%ﬁee um
transfe@rEsHERIsRasHEs &aldigfarts are in medium communication. The

medium communicaias i9 achievgtbbydneansiotare @rifice or a tube, by

OVzY‘:.rﬂO."" ing (as Sh%wtﬂé“dtrg%ﬂgﬁ: Y ”ér%@%ﬁqf?&%i@h%é“ﬁ?ﬁ%&%rbeen
achieving this communicafion.*Thé sécond zone 5 is a cell culture zone,
with oBl@ieaEgt 1015 B ESCO R IRTBESRIAHER!: The second zone 5 is also in

the form of a sleevgs qiriibe seairen akuieioh aee dhefirseand thisehmpactir
transfer zones 3 and 4. The.second zpne.5 comprises t I

and a B LOTEN VEER G T B B o g ins
allowirgradiearfamdsagsit aeehidadiimiedgeeitiian Peerapicany Pragatic

SEEONdiHu Eﬁé&%iﬁ ASgdRrnTRe i ConByRinapewEhidas: relatbelys
basal part 4a of the third medium tﬁan er z%qe 4 b rr{lj?%nes ofsgéif'{gesar g
in the Wﬁafgnﬂfgqvﬁﬁﬁ O iR Sacs%n. h

e our\fﬁ Zone IS a
mediuthetravisiee, Zbaeyassriroeintyisae sdkgindboalidre 26k Bhat4ptetpak

to the gultiie Messel2q Thefgustihg@ne 6 25 is in medium communication
with the second culture zone 5. it is also irggnedki]um ﬁ%mFunécﬁigglmwirths
the medium circuli%%ﬁgmésggi&% 1858 B RS Eﬁ. emeditm
coBnmih et Cisbithibeadebiprméasimohdy thifiegeoMa tube, by
overflowing or by apy, othgrdossiie-rpeanades arkieMingrigtion means in
communication. ) ] ) ) _ _
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 1o the culture vessel 2 and which is not
shown here. The circulation means comprise at least one medium inlet 11.
The medium inlet 11 comprises at least one first end which ends in a
25  diversion baffie 12 for the fiow of medium. The magnetic bar functions as a
centrifugal pump, that is to say the medium is sucked into a relatively central
zone by the movement of the medium created by the bar and the medium is
propelled outwards with respect to the central point. The medium diversion
baffle 12 guides the medium in the relatively central zone of the bar so that

30 the medium is sucked therein and is then propelled outwards.



30 The particular embodiment described here comprises a substantially
cylindrical culture vessel, but other embodiments can also be WO
2007/039600 PCT/EP2006/066981 24 envisaged, as mentioned
WERIGHIOfor example a substantially prismatic vessel, pr&fefdBigl#6/066981
regular. Obviously, this is also the case with the various medium and
culture transfer zones. They can also be prismatic, preferably regular, any
combination of shapes being possible. In this case, the term 5 sleeve
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 operatoanitheoREdiune leawes tremrhigsigthsaidideasiar
one outlet 13, when there are ,several of them,, through vari lets
75, antPrdhvafoRs BBE RO et T Rk Al e QR R e
substausdiondasdl pxttida eyectivst Musdiurariiewter Zorbree TiRets are

StrUQ“H%}QBH?@gﬁr@i@é’éﬂ%h&@éiﬁé‘%ﬂ%&rﬁeéﬂd fdél%@mar_ : @cfefh%d?hlf?ﬁe
reguire the medium to be directed towar e, substantially cylindrica

e SEUNERD BT AP I N EREnSs et ou et dre
wall othteeirdatssteithtizpegdiacric Aiopare3h a00tB o riowaN o ksl
mediugy tansfendae 4 hbegirsstion pliraulation ef dre mediwm Miise
shown by the .arrows in the figures. It is clear }o the ril=§36q,in the art that,
in this PERAEEM B ABIRALOR PSR SHIRE E SRR cylindrical part
3b of the first 20 riibdinmditansiecutaive Irisdessisiyleamarisere alatest ons

third mediyim, tansierzene Adaureasas af sffiglentyandiiow @t Aukhbe
will easily understand that the wall of the substantial lindrical part 3b
Sie i

of the RPEY WIEIRIBE (FaleSr SAners e PyiLs 6RW FiThe

substamdrally cylindrical part 4b of the third medium transfer zone 4. 25

The medium is thegeforaRubIGed o R HOMGralaERP 9SS D6 1he Bk

and to gravity, it is directed downwards from the third medium_trangfer
zone AYGRARR) HRIPASE Qb SE B P AURREY pMe 8 LA GURY e He IRR
substalsui@lﬂs_l basabm@m aif &adh@dagmﬁarfotr&resafee@h@ e Nepartied
flow ofiadirahasg deiagAacligndlrngh SLLTWEANAG yessels

effect by the impose w of the pump and reaches the top of the
secon@MAIRTFIn 8 crligeliRm SRR e QRSnRNelIRi Y Aghégle

substantially equivalent to 90°, if the number of outlets is equal 1o 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
ona medium guiding means 14, adjacent to said at least one ouilet 13,
which guides the culture medium propelled towards {o the top of the culture
vessel 2.

25 The first zone 3 of the culiure vessel 2 is a substanifally
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 outiet 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



WO 2007/039600 PCT/EP2006/066981 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 second culture zone 5. As already
wWhhgaeatdabove, the medium passage orifices 17 5 are siZ&d/BReWRAIATS1
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 1Z4will be less than the size of the
microcarriers or carriers. 10 When the medium flow edge reaches the top

of the wallrabth spreneheylHrezenadisiovaripumintednadousti direct

medium transfer zone 6.. Naturally, if orifices are present or.a tuhe. it t
be untﬁ%?gi[%rgoc %%Tuv’?/ﬁg%or}ﬁ“ﬁ@e iB%’%I(Pv%éegagé) {?gga%‘:\%%{)tnﬂg%ﬂl Iégagg%gﬁ

tube, igflegvs into the fourth zone 6. 15 In the particularly preferential
embodiment of theripventiphonthe fouthsarmiLiiasiRNgoBRdINal 1o the

comprjses an inclined wail 18 gn.which the medium flows when it passes
o e R G 6T Jou i CURGORS B RS AU T
comprizssl @aydeofihitie inembraseavrard asubyroleyryirsncation sart
the filmwon said inclined wall 18. The film must 20 preferably be laminar in

order to prevent as far as possible the formation of foam, In grder to .

stabilise the film, it iéealé%b%@é‘gﬂi B0 R U c0o Rhan BT Fedim,
in orderatesigrodife this dssettiglyatqnaspért ediothhswbateniialy puitdidaryest
the culipre; pectim g esdhs-AdaRY esineiided Midh@r@rarPin medium

consisting of surfactants, Pluronic F68, glycerine, quaternary 25

ammoﬁm?ﬂya'ﬁaﬂaﬂy&ﬁép%d&aﬁi&ewv%mg%%%V@&%é&?aﬂs of an
properpidfceobthe auitireymmantiowithdasy drophilio rrentigrane ovilafor other
example e, 3 MEMRIENG ARG BPalRsyeihylene. The formation of

the film on the inclined wall is an important 30 step since it allows

oxygenation on "thifGiIFCANHSETR Faletils SIS RS RO SHE
quantibaofarsediotorotdhisfodith seedidmdnarisferzore iseVOn of a sleeve,

2007/ %%%S&Qeﬁt%réﬁﬁrﬁgpgr@ ﬁ%gfﬁg‘( %\Qﬁ third medium transfer zones 3 and 4.
The second zone 5 comprises a bottom wall 15 and a top wall
16, each wall 15 and 16 being provided with orifices 17 aliowing a transfer
of cultured medium essentially free from cells. The second culture zone 5 is
20 in medium communication with the relatively basal part 4a of the third
mediumn transfer zone 4 by means of orifices 17 in the bottom wall 15
allowing the medium to pass.
The fourth zone 6 is a medium transfer zone, external to the
second culture zone 5 but internal to the culture vessel 2. The fourth zone 6
25  is in medium communication with the second culture zone 5. i is aiso in
medium communication with the medium circuiation 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



large and improves exchanges. In addition, the formation of the film on an
inclined wall increases the gas-liquid contact surface area. As can be
seen in figure 1, the culture vessel preferably comprises a cover 19
wihestigheich at least one gas inlet orifice 20 and at 5 leastGHERFIMEP66981
orifice 21 pass. The gas inlet orifice 20 is preferably situated so as to
communicate directly with the fourth medium transfer zone 6. In some
variants, It may be preferable for the gas inlet orifice 20 to be present on
the vertical wall of the culture vessel 2.9y at the bottom of the culture
vessel 2, that is to say the gas passes by means of an orifice 20 through

the 10@%@&@%&%@%@@@@5@&@@@369 é&dﬁetaweuﬁ&aﬁmmmmtnc
orifice 20 t rovj ided |th tube der to.en th id level
(see f| eﬁsqu)ore[- t%tf’sy et %w?fen Ol’t‘ﬁ géi\./‘:’e'FO’ DgP (% %8 ﬁn Hérjnvggﬁg%
22 to timedivpvaall teliofeHssefeprenesitlireyz ope esWa?rmgﬁthéf@wly

19 canehadman apreatioh RArteidae tepyvsdstief tharseeans aubtisen
zope 5, this 1a?§§rto en| eqd[when the over Jﬂ? of the culture ve t ttte

rafsed FP RIS FILE4Y S‘?ﬂ‘ee?ﬁ‘? SRR EAAMBIERtR P Withot
carriergrdascteleiofopf é)empre epvsagiette the cell density, the structure of

the cells and othew@ﬁsi%l rharasieiislicyef thesel w@icm te@%ttanefne
health of the culture. Inde E(;g%nne t|n the two to

possitREHBh SRR EEI%F orf Gnd %?n?b% by ra@r?g mgrgoa\t/rgr
19 of the/etatttwtemessethmuwtheecaseocs cuiltigie ihSsumpskissidvgticdobidtbe

agyaniaQe S daRONNEELARAIBYS meetmeaﬁnwtetgpggﬁlb%pfpylmeﬂ

with orifices’17 of the second culture zone 5 th#s assem ?é can.improve

the rigiBR§ 7 thanYBUEPRGein BRI LS | o PSR L s fep one 3
Figurezddllirstratipsiaot driaptop theyumeagre ticcdevics detdeectesdiowmards the

C'fCU'aét%zmﬁarg%ctt%%aﬁpmﬁseetnaq@arr& Healmﬁ FLR08 9bAe Reliwnd e

design of the magnetic device 7 with a substantially central rotation axis 8
will deﬁ@ﬁaeés%tfﬁﬂygntﬂ?ewat’umet%? tﬁ'ébétﬁﬁ} S T

cuituresictfiews\rentibe isetsroaditoneaidde 2onasda simple bar such 30 as a
magnetic chip for cigulaling theMEd PR GEURINIAS WBwn by the

invention envisages a magnetic rotor, also driven by an external motor for
WO 26PH3856D0 18EAEP2006/066981 27 example rotors like the ones
used in aquariumsiwhichiegiow high sxigeiuin tieculatibatrateshis 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 raie, but he will easily
understand that the wall of the substantially cylindrical part 3b of the first
medium transfer zone 3 can also be higher than the wall of the substantially
cylindrical part 4b of the third medium transfer zone 4.

25 The medium is therefore subjected to the fiow 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



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 of bubble produced.
WRAHEHEYEBUSIY, when bubbles will be used, the pierced enBCbfEf806/066981
bubble production device, for example of the tube, will be immersed in the
medium at the bottom of the fourth medium transfer zone or in the first
medium transfer zone. When this type of oxygenation is chosen, it is
always 10 also possible to continue thg@xygenation on thin film, which
makes it possible to reduce the flow of gas and to form fewer bubbles and
the;ef‘?*@nL@]é?ﬂ#@&ﬁb@ilfﬁ_f"!lﬂéﬁ%?@rckﬁ:oﬁ@m via lgﬁésmi&l@s p@@\ﬂﬁq@hﬁﬁsoﬁf
made for having two gas.inlets in the caver of the culture ves ront
erticATA T PR R 2 B B SR B
the bupilerd B99eduction device be present solely as an SOS procedure,
and used solely whegReEeFaSNorldiPaBulisr e evier ISR SAPHsRES 17
sefies of cllure pargmelet sensors 22, for siample for he diseolved
oxégeﬁrﬁast'ﬁ% %{? SR ’ea@? it?/ pﬁt, {emp rature, cloudiness, op icaf
densitgatieicdye wa GOz, Iacemprisndmifiteh Bhyibhae stheiogaragieesne

normayiy4rsa pbraQpRile iBgarl FiHELERmd biesarRepaRy siake BiRiesabbh
optical sensors which do not require corér}ectior%s be}y/ee%eﬂp i
e

) the insjde o
iy R e R S AT
these seasbtbe2Big@aritcndrpesidon in that it is advantageous for these
tqpe situgted C'®W¥ﬁéﬁ“{ﬁé’%ﬁ@dﬂ§rﬁ%dﬂ%&§@%§dﬁ%§%ﬁb%ﬁ% Eﬂ@ma{ﬂ)&?%ﬁ@
contact with the medium M and preferably in str%e |Cép05|t|ons as in trée

a0 g esfs -

zone tRFGOIh SHHER TRBSRe digke PR LR dos LR AR FPle
cells oNpngtadiftet chifitastatherersnton tdetehpletds pexdaraianty hedcuriry

a disppsahlebiaraasienier lkdhes esenee cHIBLCTY Ak GH8NAELER
mentioned previously. Consequently, this is why the connections between
the inst8%ahd the outside of the culture vessel have been reduced. In WO

2007/039600 PCTIER20(pa/06628/1 pRicaatditionieliniers adtdracocmdioy
to the inventian Alse AN YSIES AR r&e%p%;@@lrgsﬁqtl?&lxg@'&gﬁﬂq Pigreagter

in which the risks of contamination are particularly low ein
disposBIECAYEAP R WRem I RARTER S MR RER 206 ailRy1te tpth zone

8. The inclined wall preferably comprises a hydrophilic membrane in order
to improve the formation of the fitm on said inclined wall 18. The film must
20 preferably be laminar in order to prevent as far as possible the formation of
foam. In order to stabilise the fitm, it is also possible to add additives to the
culture mediurmn in order 10 maodify the rheciogical properties of the water, in
particularly of the culture medium, such as the additives included in the
group consisting of surfactanis, Pluronic F68, glycerine, guaternary
25 ammoniums and any other additive for modifying the rheological properties
of the culture medium.
The hydrophilic membrane will for example be a membrane
consisting of polyoxyethylene.
The formation of the film on the inclined wall is an important
30 step since it allows oxygenation on “thin film”. indeed the gaseous volume
with resp@ét to the quantity of medium in this fourth medium transfer zone is



5 invention also envisages a modular design which comprises a series of
modules for cultures on a larger volume. For example, with this type of
modular design, culture volumes of around 500 ml to 100 liters are for
wexnplenvisaged, through the use of a very limited numb&¢ ESEfearers1
modules. 10 According to the invention it is envisaged providing a series
of modules that can be "slipped" around the first medium transfer zone 3
to be placed in a standard culture vessel 2 comprising medium circulation
means and a cover 19. Ina partlcularlgﬁlexible variant, the invention sets
out to 15 procure a mounting system which comprises various standard

modul%ger?%Sﬁa F&@@é@i&ﬁ%&@ﬂ@@aqroﬁxagemﬁraaﬁmtaam;me@man
module to ced at the botto of the one or more culture
i R

modul@§ il Wé?%?%&ﬂ%g%cé%%ﬁ% n |on, although other
means of fixing thésecatotialesearirbégsnvidaghe, thikuraomaes) wikiseably

clampeg Q5 QRe,2Q,aotherr SagIeHMERIS: yaBIeRBY 88 fa@tcbﬁﬁwg@t@ﬁa at
perfectly impermeable  from the liquid and |fﬂaseous Iggmt of

e S A A e e
the useo il thecaiivunidateedirentyhigbtduk aitsenatbdulsaseiaiprisiafiie

mediugy Hiclglion MeRILAE NI ANGANE (KB BHLEES BB oson

number of culture modules that he re U|r accordl%%ho the r U|re

culturePOdffmE R #ahahke &W&gﬁ 16 Obrkd 8%‘%8 e eulige
Next, abdbeise mmmmsd;ein@gammgesl iy stesite fhshiorfidecWitirongindhe

”?@d QAHNRARK énmwgs&'woaaggﬁeqe%%\o%m@ aHa%rTﬂﬂ@ oRtREKIAg.

can form the "disposable bioreactor” or can e%@ in an
4]

appropRAtE Ve ¥ tALE8 iy AF3YE0 FHEPRP i86e! | Sf‘? FRER

therefore illustrate nanhieentagiment, didleverotiuiafixed iyrixitiguicens 22 to
accorqgégvv%% Wﬁl'%e&'t RE- s@@&wﬁ%ﬂf{{ﬁedfa’ﬁ‘é%l |ﬁ%ﬁ§%ﬁe%vé¥e1 9 can

vessel comprises medium circulation means like those explained

in detdiFifAgRIAS ‘Stﬁgf?‘}'@ﬁégéhﬁ\@&ﬂ@lmg Ef)m%ﬁgﬁ?aqﬁétw%&%?oﬁ this
maansaearmmmadh@wthe boitomoafttine cullureevesssied 2 caisanh @l tusheay,

slid intg fhe, 't% ggesso? 2 (e SmPRAMA Y AGRIFGARAR LR SREP for

able to |spos It an
example to evaluate the cell density, the structure of the cells and other

physical characteristics of the cell which reflect the health of the culture.
Indeed, connecting the two together makes it possible to open the culture

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

In the case of culture 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/membrane assembly for taking samples.

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

30 as a magnetic chip for circuiating the medium. For large volumes, the
invention envisages a magnetic rotor, also driven by an external motor, for



another one for another culture and thus prevent cross contaminations.

The base module mo comprises the circulation means. As in 10 figure 1,

these circulation means comprise a magnetic device 7, rotating about a
WELHW P ftion axis 8, a first end of which is housed in a tof” €hEBtjelaptsl

means 9 and a second end of which is housed in a bottom engagement

means 10. The circulation means comprise at least one medium inlet 11.

The medium circulation means also comprise at least one 15 medium

outlet 13. The base module mo of the giture vessel comprises at least

one medium guiding means 14 adjacent to said at least one outlet 13,

which guifgs toeeuiy enaedssnmisropelirddawasdsHibe iapohife eotiure
vessel %_CEEQ? gg{lﬂtyrse vessel 2 comprises a series of culture modules 20
(m,, m?, Wn) Which are, in this embodiment, stacked one above the
other. It could alsobeaen#aagerrerdpehiy the dnaplradRreRYigRerRt Using
?nOtthME@t &d&@ayd 1 rp@eﬁ%bl §icdﬁéiﬁ¥‘>§hiﬁx)!ﬁﬁ?&aegﬂhﬁﬁtbm' sante]jﬁu@t:rdamecw
igure 3, the modules are clamped to ane ther of rapi
coRmeBPLTY of oS LSRR, TS TSGR T Mia o oGk ces
afirst 3, a secondAflvarisigg B nadesrpbion eVl Cenesesl ZBIReRiescerl NG
havebanIZe m@@amdﬁa@%@@?ﬁ@@mm@m figstrendi e petelisiond ih
may be advantageous for each module to_comprise a.gas or gas mixtur
inlet (n0F TSATER e S5 AI AR AR T SR RTEEr S B e
cultureadduldamblenaeneeMhay Hisoywsnpraxoforitepacweasuties fivae
eX§eSHEaSRESISE T XEHFRANOt I SaERAIBRT W GhRORIMOINE0 makes it
PCT/EP2006/066981 30 egam%le, the asas ;nlet %gfiéficg g/ berPc{) sené at
the boRGTHAF R S, ALK Sh ARk 6 L) BHech BRI AL il
of an drifiegitbedhgHaimativallcbffthe clittinis vasselPouppvsitedionieadevier
3 and TSI RSN iR YV IHESWERAR EPG.IN & (850 6NShaRove i dal

level (see figure 9) of the 5 module m,. Con quentll‘zvy;i the gasequs

) 5 mo s
mixtur 8RR B el SARCIR 16 ETHISHE HBLUIE B
médulermigiat ddvitedye phesendeuillyms eaSaQB proatriseaacubed/dsiely
enablgﬁﬁgg@@éggégﬁ mixture present in the fourth zone 6 of the culture
module m, to communicate with the fourth zone 6 of the module m2. This

tube therefore advaRtadeBtSGy Padees Hsfolgiiises @ series of culiure

parameter sensors 23, for example for the dissolved oxygen partial

pressure pO2, acidity pH, temperature, cloudiness, optical density, glucose,

20 CQO2, lactate, ammonium and any other parameter normally used for

monitoring celi cultures. These sensors are preferably optical sensors which

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

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

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

25 the cuilture 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



10 bottom wall of the module m2. In certain embodiments, for long
duration culture, it may be advantageous to replace part of the culture
medium with fresh medium or to carry out an addition of nutriment.

WESALE &MY, the base module mo can then comprise a ndfiFERP {981

(not illustrated). Also advantageously, the 15 culture vessel can comprise,
at the medium circulation means, a medium outlet (not illustrated) in order
to prevent overflowing. In a similar manner, the culture vessel 2 comprises
a head module comprising a cover 19pgdvantageously connected to a
top wall 16 provided with medium passage orifices 17 by fixing means 22
in ordefdu)tia0, i pidyetakon g caniplg sdnHh ewaatoealdin sitimiget aooveiras

in figure é%@‘?ﬁ%@ﬁ%qaﬁg B 1BGG0HSY GHIHrSR3RACTe BENRRAFMAI are

also be ture module. It is also possible to provide
sensoRAHYIAYY P W%%%Q‘Eﬁﬁﬂ'@ modules at all zones or in the base

module. 25 In the emhndirmentabusiratedis figure Jdiecmedivming to the

L

only two ¢u Ire o modu e mo, but it is
certalﬁ“ﬂ%f%é%m%%e%é HUBEIAYRY TP thietin GBI ca’ﬁhbg?ﬁpwgé &

very largeiurrabanef thems 30lmtedaseumodioe miothemeiisraie for

outer T s BT CERra S MRS B ESE 8
severaﬂf‘@ﬂﬂ’fﬂé?m, through the various outlets 13 and is diverted by the
gyiding means 14. Abeidisdg/ ithehavenbstaniodivzagal prelidme bilberifessf

medium transfer zone 3. T es bstantl rt3 i
embodim mdap |S(t,a}~I a%zcgﬂeb%o%p on t%roTPt%%%%'ftuﬁrenprﬁo uaflreasn ?i%dz?rq 60 be

embodiaestt B Hlgkraasd ,qétgrmaeéaeir?thmwmmdwm@léi*@ﬁlmeans
whethgthg Giture. modules are stacked or juxtaposed. The structure of

the first medium trﬁlnsfer Z0 3 of }h)((aib @ev\}(:ﬁan ?bdln etn% ;[)he Ig%éer(l)tl qh
and the output of the 5u‘?ﬁl &u re the medium to ratied fowards t

stibstapialivecqlimpoting sussiroMhierficsmadsasny AP uwa Atsfedaid naglges.
the firsmaeéi%lsrﬂﬁrd%ﬂ&ta%%b&i@mﬁ&é %&ﬂ&@iﬁ@ﬁ'w@%ﬂé’ﬁd&fdb@d‘iﬁét

medium transfer zone 3 of he seconoUnodul
placed at the bottom o the assem 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 culiure and the
required volume, the user will be able to take from his stock a base module
comprising the medium circulation means, he wil 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.



In this embodiment, it is the assembling of the modules which creates a
large first medium transfer zone 3 comprising a substantially cylindrical
part 3b. 15 When the medium reaches the top of the wall of the
WeubsEeRsaly cylindrical part 3b of the second culture modul@@TZLRR006/666981
overflows into the third medium transfer zone 4 of the second culture
module m2. 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 toyards the bottom of the third
medium transfer zone 4 of the second culture module m2, flowing down

the substantially cylindriealpacide Al L1 188coNd AutMFRMQdUlR MdaRd

reaches the substan ﬁ&ﬁléy basal part 4b of the third medium transfer zone

of 25 tAYHERBRUCEARTRETRBRUBSTYERISR. the flow of medium has a rising
direction through altemmiuncatingyesseinpfifest anduthwreugéstiee 2 which

imposed flpuprateaf i %.Psdﬁa@oar}ﬁer&%c|ﬂ&%ﬁ%§é%wme fegenq sultie

zone 5 of the second culture module m2. The medium reaches the

sedond ZDHRP8S5 MALUE:Tls/FATBRIEIRS B ALY RISHIRAIREINIRG REdilie
transfescrone ¢t tictlbe!lBt:sessaid?coltoee aier bk s ivia the adifice sdesdhe

passa%zgcg freg%g}}t\/\ég?%@ég/%aﬁ%(? RCILERZOQ6/H Lit3%d 1o use

substantial e from cells 17 of the bottom wall 15 of the second culture
moduléﬂﬁ@%\?ﬁ@ﬁoﬁ%‘ﬁ%@dua‘t‘w %w@da@sr@saﬁe%qﬁa%wmﬁ@%ma
wall of the second thifuresz onsibiehtheseposs: cuduiewztidolexeadsitAs in

°Y8rﬂ°rY§nH2é‘tP thed ‘%:'H?'JH%H%HRQ Gef HB@@&G&Q\/@&C’#“ £

modul orifices or a tube aregrese tin this externa wal

Naturall
of the3QAkire f@ﬁ%ag resatiaeedard 18 dicRetant WHiEh vih SRUBRI b GidRp
flow edagatrairesibamerdieadn tubenit o intmidreisonstisedred miitire

second, euiufe, odls 2010 aadiohnpeelerapyel entiodinens

of the In ion the ourth medium transfer zone e second culture
modulé”ﬁﬁjZJ'BdNﬁ?r@eg g MRsiWe C FRaIPY e ORSARTCAIYA S IMBHRTHIBRR one
wien ikarsrsullemihe second zone 5 of the second culture module m2

to the fourth zone &, af i, SREA0E S W HORTHIR a:INGRSHNR 1 Rks:
preferably comprisesa
one medium guiding means 14 adjacent to said at least one outlet 13, which

guides the culture medium propelled towards the top of the culiure vessel 2.
The culture vessel 2 comprises a series of culiure modules
20 (my, ma, ..., 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 io one another by means of rapid
connectors 24 or clips.
25 Each culture module my, my, ..., m, comprises a first 3, &
second 4, a third 5 and a fourth zone 6. These zones 3, 4, 5, 6 have each
the same function as that mentioned in figure 1.
in addition, it may be advantageous for each module to
comprise a gas or gas mixiure inlet (not illustrated) in communication with
30 the fourth zone 6 of each culture module. The vessel may aiso comprise for
its part an outlet for the excess gas or gas mixture (not illustrated). For



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

WEN093% Mo possible to add additives to the culture mediub FESFIY §66981
modify the Theological 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 m2 overflows either through a tube or over the
top (D) of the wall of the fourth mediurrégansfer zone 6 of the second
culture module m2 into the third medium transfer zone 4 of the first
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reachegahaeéwmrﬁheﬁm sl R APBblaeithikd isvenives tignsier some
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rate impposéd YWEe 200 7339600<° T ER2086IR46I8T BBV tiecmeiulp m:

and reggheg thetonof thesesand sHAMER 2ene-2Rf helifste HLHR in the

module m1. The medium reaches the second zone 5 of thﬁtft'

rst culture
modullPHIE 7O ! IS TR e SOREWOF RIS RS e 2ome

modulé oftheianthielenificéifoiupadsapénef aeaitagessuishtantisdly theedndhe
5ieellsphidm s Rt s@ilclm of the first culture module m1. When the

medium flow edge reaches the summit of the wall of the second culture

zone 5 of the first cOIRFEIMGRRSIRE ol RRE AN B CluiRh hiaLRT
transfercdzanageofithe fiystcalfarshios aldgurelm@divio wati fiésbrifiedisrornato

tube a@ﬂ%ﬁﬁ%%ﬁ@iﬁoﬂ%’ﬂﬁméﬁp%m{%ﬂﬁg m@bé@_@%&gl%h‘ﬁo can

medium flow edge reaches the orifice or the tube, it flows into the fourt
mediuti3PafERi 58 BEFAR ARk ORLALHHHTE ME0 PAVRIBIRPIMAITTH
tram sferunore esdathafirsprephiss e antdutecdinincarvaltgmconeprisesamedium

inc””egu‘{@'&&é ﬁﬂsi’rvz%gd? @8@?9&&;@&@%\,@ Gliftgpasses from the
second culture zone 5 of the first culture module mI to the 15 fourth
medium transfer zohé GHHHF RN HPCHIYERIERTE! FHOTRIRRSE WaRds
possibhidaioyidespuiihgayerephi amendyensiascattased to a top wall 16
provided with medium passage orifices 17 by fixing means 22 in order to

20 simplify taking samples in the module m, situated above, as in figure 1.

in addition, advantageously culiure parameter sensors can
also be provided in each culture module. It is also possible to provide
5ensors in only one or several culture moduies at all zones or in the base
module.

25 in the embodiment ilustrated in figure 3, the medium
circulates in the following manner. To simplify the explanation, we will use
only two culture modules my and m, and a base module my, 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 m;, the medium is propelled from the
medium circulation means M via said at least one outiet 13, when there are



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

medium present in the fourth medium transfer zone 6 of the first 20 culture
WRBHIEMHA overflows either via a tube or over the top of thePfyAiFBF¢pace981

fourth medium transfer zone 6 of the first culture module m1 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 basegynodule mo. 25 in a variant of this
embodiment, illustrated highly schematically in figure 4 and in detail in
figure Sbvalstackesh mbdulgs e cemstititeutsculiusadesettethisy the

varang e dhdnare can e st Dhe YRR RS %??Oféaooqtiﬁ% firs

base s mo, modulés m ..., N _comp r ur zones an
a headRTIEARSISNBIEh I %@a@@*&e@%m@ P bihisREPARHBRME
mo CORPYiSBRIMEMHHAICIIEUAAtIDE Means mL@@@mlyﬂnaar@maslmem

igned t irst n
SR R Ll A L
aboveMeHties aErEaias MlaLBabeiedof the vessel. The head module mt is
designed to engagetharnseeens asseaIbhedmeansdl ebadowt Zanesvice

module m1 2 e four zqnes mod ed
base r%%c Pntc{)) tc%n[%vg %%nsagwn%gw Out F{ﬁ {ﬁ‘elguméa %ttf?eg %ea é/d g%u‘%
mt or @%dtﬁwtﬁ@m@&alﬁdédﬁ%sﬁbﬂaﬂt'@“y éﬁ@‘dgé@f §9Fth°é0 b?éé@erﬁ@@@wdﬁ@?

Cf er%?@fﬁf%dﬁbasZ@frlﬂé ﬁlfsmbé@@@ﬁ,m%&stﬁr%ls%ﬁangéfﬂ?dﬂhmﬂ%
engage module mt is conse the second four zones

: modulgﬁﬁb%%%i ne%tgf :szté%néserrﬁ%n u?eg?r%fy § %UUFh@ variant
functions in the sainéfli@agv@@dhmféxﬁblalﬁ“@daﬁﬁaﬂﬁwgféf ﬁ’@um@*%g’m@@
> and @@&@r@tqah’@éf AEthadnsal pansel therbasecdnprityMP shigiHRifs

a cross tlon weg and figure 6 is a top view. As can be seen, the
medlufﬁ Hgglaﬁg B enter the base module through at 15 least one inlet

i@ substantially céfeal dreamepienerrachby thieeldter finhethevijupbsthe
The rolagign #xiy ewn&[eaae&@% BEMERLARBERRIBTALENENIS, BB

whether it be real or virtual. When the circulation means are in operation,
the mdgALER GEGiTEHT ErSStEA S R FEENGPALIES fhoule 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 bottom of the third
medium transfer zone 4 of the second culture module m,, flowing down the
substaniially cylindrical part 4a of the second culiure module m,, and
reaches the substantially basal part 4b of the third medium transfer zone of

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

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



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
whave79eEishown, but their number can be much greater, fGCEERHIE86981
4, 5, 6, 8, 10, etc. The baffles will preferably be disposed symmetrically
on the circumference defined by the whole of this. 25 The spaces 13
between the baffles 25 are medium outlet orifices. Indeed, the medium is
sucked by the siphon created by the rofation of the magnetic device and
the medium is expelled towards the outside of the zone delimited by the

baffleg gaihramohdberarificas 13 betnesnths waffesySircabyabalies

25 have been shown, there are two medium outlet 30 orifices in this
embodiRrR Bat their number can be much greater, for example 3, 4, 5,
6, 8, 10, etc. As thiberffiibs arechrafdeabBodispesbeN® 2G0T I3D6e8EMal

PCT/ ﬁ?a%o&G{Q@%%%éné%%Wﬁﬂéaﬂy@ftﬁﬁelOé‘étf&faescgftdr’@ m&ﬂjwr}nz, it
outlets 13 are also advant dispo TJ Elly Whe %

mediuRIERNS MR G 1 DB e %f{? o BEARASAY g,
zone 27odnighis. éﬁaihﬂdimefmrlﬁnesbawttmatﬁ mesbasie thischxiems Walkob
in it orjfices; 20, syhstantiallytubulas in shapganhich sl fisesaiawing,

for example an introduction of gas or as mixture, fresh medi
dischdrtEESPEREP R R 60, ISk RO RO RHHurane G i second

additianjtareenessi8inis provided for accessing these orifices 20 from the

opgside, which makes s g;%%ﬁeﬁlsnap cRMestdhestolhRriicesite %%#H{BW

of gas or %gs mixture, fresh medium, etc. Figure 7 is a view in sectjon of
the tofa WHtheBRlYe nsast ﬁ%‘%c%o?alﬁﬁté?ﬁ@%m&% TRaigure
8 is a vipiicam abonetithislistenen paithThe topdpeant trovapvisesit passes

subsipaliubuiashapsdyssiuminil aifnal These lterices

11 guide the medium comin ourth 15 medlum transfer zone 6 of
the de@id@%%%‘éﬂ'&‘i‘n@'t’é%@‘ﬁ%%ﬂ@nEhﬁw"i‘ﬁ@’%?p‘ﬁ%h%?é%{%’&?%'%s a
rotationyefdhainagneliardeviceddiiemthevmnagnetinaderioetie iffrrotatismic

the medigm suaied G ARALBIN Sl BICIEHal pons-Todsslaiadl

fig ures enterst epe rat per oratlon €eing

commfﬁﬁlééﬂi@ﬁﬁ!ﬁm Tﬂ@e@ﬁf*ﬁi‘&ﬂ§?f§’@ﬁaﬁhﬁ@ﬁﬁé%@i§§lf@@ W@d‘ﬁjﬁnaﬂéo
reach gozeie 30 isdueditinaeonmysication witiile fissbrder 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 moduie . 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 m;.

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

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



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
WHidHIEEHh the bottom part depicted in figure 5. Naturally, H44/BE&We/ 066981
module 25 mo 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 connectegitogether in a preferentially sealed
manner at the recesses 29 illustrated in the two figures 5 and 7. 30 All the

illustragiome elme dikinrsashdation Breans ekt Mesaite appHCRbO hedinst
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in whic etic rotation w is_ confined by baffles
The sﬂ‘&é érﬁ'g??ﬁéé%nﬁ\é?ﬁfﬁe%ségu %Ie?ﬁlﬂ%s ﬁgure is a medium
outlet 15 orifice. TAReisobgbaneeitmetirraion zored ckdtk Bystraiiphoipdule

creategh by, 1B si@tignsef hmmAenRHs ﬂ@awma@m@aﬂ@@dm@rbws when it

lled t ds th I of th
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tHé togiouett oithenbisesieodate rﬁa(frfﬂaﬁ)flr@mpm@wﬂstmu&hy totimed
20 shapgd pedig mc%w dhydFBeseiplsterificessldbaude the

medium coming from the fourth medium transfer zone 6 of the device
according to the inVERAEITRHHE JBHEI LBfebass MeFdEatsrPBe dfete

medium circulation means through the inlet (pipe) 11, that is to say the
cuiture medium present in the fourth medium transfer zone 6 of the first

20 culture module my 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 a pipe 11
which ends in a substantially central zone of a siphon created by said
centrifugal pump whi_ch constifutes the medium circulation means according
io the invention of the base module m.

25 in a varant of this embodiment, illusiraied 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 mp, modules ms, Mz, ..., »
comprising the four zones and a head module m, (not shown). The base

30  module mgy or basal module my comprises medium circutation means and
assembly means, it is designed 1o engage the first assembly means 24a of



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 enablin
WP QBLHEEY medium to reach a zone 30 in medium commt]’rﬁ@éﬁ?&ﬂgﬁﬁﬁ?%m

the first medium transfer zone 3 of the device according to the invention,

in particular with the essentially tubular part of the first medium transfer

zone, 30 a first culture module m1 as explained in detail in the

explanation of figure 3, WO 2007/0396Q0 PCT/EP2006/066981 37 (r) a

second culture module m2 (see figure 3), (r) a head module comprising a

reces 33upraride thadineam optical seneepldIetnievsedrit iheadture the

mediug AAOYeLA0\LamPriSing fdno Lo 2 conapier i aarkLiR

of the top wal e second culture zone 55 of the second culture
modul&ERFP0 ABTREBHOTIGRI A i SUKIFERR ISR Tinel 24b-dSe four

illustrategsesehedortieally, in, fiawes dd Bvand Bosdaachunadiitaconpesesne

ec%%’l%i%&%‘%ﬁﬂw&ﬂﬁ?‘ﬁﬁﬁ&%&ﬂﬁf%e used

several h which,
o(;%/no{:‘é,lst?lttft5 %k%%sr?%ge%yitt%oss e to obtain a single culture module Which’

can 1Gheageddm BIedPBeRHMIRH I estsen Agltihe Hd iR sEgSWHHe 29088

modulggithe head moquigdTbesedixiaggmeansargdonexnmploven; is
concentric _circles provided wi circular s i 1ectqQrs. we

ourcseSUIEIEy, PIEXesteiiLe At iRl [RRAL SO ol e
devicenofulgssEmbling-these modules according to the invention. 15 n this

efabodiment, the basal\padrefitheidasemes Weamaonsy kendavidymsifieesn
20 substantjally tubylar in shape which are orifices allowing in this case
AN

an intr n %Lfra S or gas mixture. The gas inlet orifice 20 is
connected to a tube®PesHickneritgiagicie e lelvElobasal patturehvcdnsm,

enablingh 4R 9RS PiyHRSIUERER-ERRGhAlid0AEHA figuré el MRdiviw. As
transfer zc&nﬁe 6 of the culaﬁ:re device 1 %adccor(%glg &o téle énv%réthnfhrAbl Tlt»]ea ‘
ambiefitatMdSHe 3 P ARSI IR PAASTS 230 B0 thée™ a ice
11&ccordisigpte thietinvensidrsarsidyresteldbisagieniesenibe g 2hedetieattie
gas mixuire ¢80 FRAChINRIPRKL & PRIHGYAEH AdvRRIageAUSd Ao SiVIAR
with modules stackable for height which C\?\P rise ver hl%h to provide .
centre x, whether it be real or virtual. When the clrculzition 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 circutation 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 can be much greater, for example 3, 4,
5, 6, 8, 10, etc. The baffles will preferably be disposed symmetricaily on the
circumference defined by the whole of this,

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

30 orifices in this embodiment but their number can be much greater, for

example 3, 4, 5, 6, 8, 10, etc. As the baffles are preferably disposed



25 a gaseous supply through the bottom of the reactor. In a variant, the
basal part comprises a gas or gas mixture feed tube for bringing the
gaseous substance into the zone in which the magnetic device is
WEitEeotaothis way, the incoming gas is stirred by the rotal6R/BPpes/066981
magnetic device and the dissolution of the oxygen is 30 improved by the
movement of the medium. The excess gas is also stirred WO
2007/039600 PCT/EP2006/066981 38 and moves upwards again in the
form of small bubbles. This variant is ahsg) applicable to the embodiment
illustrated in figure 1. In addition, a recess 31 is provided for accessing

these gificesicffroméneuipie. shiskmalaninassible 1a5oRReChiso

these 5 orifices to a supply of gas, gas mixture, fresh medium, etc. The

top parE OGO T A AR el e B AT
virtue dfd¢hatissnipiieads 28iatit ssatindgdviyroitare@feldé. circular seal 34
on the bottom part;mpa ahihshass: TRAMEMANAUEHY O tBIERER, has

invention is in no way limited to the 10 embodiments descrjbed above
anel mAhY SHERRR R oHSEITRN HRIdR theraes WK REIARRS e
scope ofdinpiacrompaiaying ofajas oFoaexarpe it desdoeraciznlingg tof
the inv&ggimﬁ&%&tw % W& &@Qf%giwgi_se a nutriment feed,

t

either ih a tube through the cover, or a tube through one of the walls of

the device accorditly A5 53RN Like rO¥OREalfi gatResRo S dhese
also beiiesenitrthe firstaartdioerthviionenakdbeitdpisblactordingeto these

In¥prigeLaba Doghie al-8aehau F9achdneRkig, RosRIDY. the device

according to ntion"can also comprise several medium circulation

means, for examplE@E0erH BRNNGACIATRPE VRS BRIH ) 50RtsE module
PCT/ERZ006aP8n8 thvieisicof aaniporedis alvienltume devieat Zisshure

vessel 53 1 ¢ %gﬁ“&%?%@%@ Eﬁﬁ%B&ﬁﬁER@%&f%iﬂﬁt inlet
culture’medium tranSfer zon top cylindrical part of the first culture
mediuriificasstdr Togne inlet orifices 11 guide the medium coming from the fourth
15  medium fransfer zone 6 of the device according to 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 eniers the perforation 26, said
perforation 26 being in communication with the conduits 28 enabiing the
20  expelied medium {o reach a zone 30 in medium communication with the first
medium fransfer 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 depicied 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 {op part and the
bottom part are connected together in a preferentially sealed manner at the
recesses 29 illustrated in the two figures S and 7.
30 All the iliustrations of medium circulation means of the present
application can also be produced in various ways. It goes without saying



4. third culture medium transfer zone 4a basal part of the third culture

medium transfer zone 10 4b cylindrical top part of the third culture medium

transfer zone 5. second culture zone 6. fourth culture medium transfer
WEOWA7/I3%98gnetic device 8. central rotation axis 15 9. top eR§ageif@ppesrsl

means 10. bottom engagement means 11. medium inlet 12. diversion

baffle 13. medium outlet 20 14. medium guiding means 15. bottom wall of

the second culture zone 16. top wall of the second culture zone 17.

orifices in top and bottom walls of the sgcond culture zone 18. inclined

wall 25 19. cover of the culture vessel 20. gas inlet orifice 21. gas outlet

orifice Rg: anemasaiixipg jhricamgrie theiter walbedithengseomntkcuisdiem

zone 23. sensors 30 24, assembl 4 f|r S
007G PR L DR ionD Daese SRR el e
bafflesseepadlishefaaigdseotasiiRie 26. breakthrough in the base module

27. essentially CirCF':@Iré@ﬂ@ B 8L ondidits/ % 6€§%$ﬂﬁzlfél{ythmiﬁ€a@§®us
seal 30. zgone in m um communic tlonthhe fir§t CU“H’{& frgu upa is an

trahsfef” 89‘@§T ESEVECIS e drifice' 20 ™"
exploded cross section view of the same embodiment. The exploded view

gives a clear understanding of the particutarly practical and inventive aspect
of the present invention.
Conseguently the two figures will be commented on at the
10 same time. As can be seen, the device according to the invention consists,
from boftom o top, of a clamped stack of
= the bottom part of the base module mo (Mg cOMprising a zone in which
the magnetic device is in rotation which is confined by baffles 25. The
space 13 between the baffles 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
baffies 25 through the orifices 13 between the bafiles 25,
= the top part of the base module me(mae) comprising substantially tubular
20 shaped medium inlet 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 expelled medium to reach a zone 30 In medium
communication with the first medium transfer zone 3 of the device
according to the invention, in particular with the essentially tubular part
of the first medium transfer zone,
30 = a first culture moduie my as explained in detail in the expianation of
figure 3,



10 32. gas feeding tube 33. recess in the cover for sensors 34. circular
seal mo = base module m,... to Mn = culture modules 15 mt = head
module M = culture medium C=cells D = top of the wall of the fourth
WOuUFe ke 41 Claims A cell culture device comprising: a RGRIFREUAeL66T81
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 andsaid second -zone
isa cell culture zone, means of circulatigg the culture medium, allowing
circulation of the culture medium through the culture zone, said culture

zone g:orgg@gm argHOmLWAY ADGadagured) wherein each wall is
provided wit flces allowin rg?a transfer of uIture medl es en
d

free from e ﬁeg fﬂgﬁgggﬁgéo o %%trel?%ﬁ%o Igasq 'ﬁ% thi e of
and at lea88 ineémadhnzbaeulinteersEdibotia aaeanﬁlaﬁemnéemm&xm@f@ﬂs

zones essptighyfiee 1frapreliss Wharahsald 1Rk #RNR4sAR ARGEEbNe

communication with the first and econd zone and wherein said fourth

zome is in “AERRE SR AHIHIEANBAitfethe second zone (the culture
zone) and with thé\lir§tezoned(tiee redipisetrixigfemanns) M thoCRtreas

mediuf cirgulationmeansy andiin,ihatihe culiure mﬂ@ﬁ’%&!ﬁ%"%%f'ses

means allow a circulation of the culture medium from botto g top |n ald

seconGRVGHRIR! J§isE: YHrReagatitb AR Brairg g e ‘é‘?’a
third zook big ddapteklesat tuaticldttor e iasirgie didws freiutheviirgt can
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The device according to claim 1 or 2, wherein said third zone is a zone
interndt 8 AiA3E BINIS 0 BESRA SRE IMERTS S5 R PEEPRISaNEP Sagcentric

circles provided with a circular seal, rapid connectors well known in the art
of celi culiure, a screw pitch and a serration or any other device for
assembling these modules according 1o the invention.

15 n this embodiment, the basal part of the base module m, is
bond with orifices 20 substantially tubular in shape which are orifices
allowing in this case an introduction of gas or gas mixture. The gas inlet
orifice 20 is connected 10 a tube 32 which ends above the level of the
culture medium, enabling the gas or gas mixture to reach at least a tfourth

20 medium transfer zone 6 of the culture device 1 according to the invention.
All the ambient aimospheres 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 botiom of ihe reacior.

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

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



fourth zone is a zone external to said second zone. 42 4. The device
according to any of claims 1 to 3, comprising a series of culture modules
(m-1, ..., me), each module comprising said first zone, said second zone,
WO THiFbYbNne and said fourth zone, wherein the adjacent Bddieelce9s1
said series of culture modules are in medium 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 (mo), ang wherein said base module (mo)

is ig ”ET@Uﬁﬁ\%@!?ﬂ%ﬁ%ﬂ-‘@ﬁ@é_lMﬁﬁh@tft?ﬁﬁbpﬁﬂafg}féhﬂ?%ﬂ.Miﬁw&f&fiéiﬁ_ﬁ?
ana at least pne fourt edium transfer zon iIrectly or indirectly. 6. e
deviceagﬁﬁcﬁ@ﬁ'u’a i)gea%'{}rgc?fgj é:’f}ﬁ% i s?raie& 1k @ure )

s 110’5, alsg’comprising a head module
(mt), said head mddutsitan.ceniperiagHt lieastareasbver. ecesringelhese

accordingrie any e efclaind Rlchheies sagbaiiirash esmioyiRese

zone congprises at least one essentizlll)évertical or.inclined flow wall. 8.

The dQUNEEROR RS daRPF RAVENSHIU ReLE SIS vertical or
inclined flow wall corpeisesramydfghilicnseiabraisearoc e siggigned to

accorgipg,taany oG RkClaiMms AA8maleR CaMpiisRAREESSLANR Ga%he
inlet orifice and oneéggﬁqo}gtlet orifice. 10.fTE|e device%%f‘:{:ordlng to any one
of claiffS4APEa R INRR BN R & IR RS L s @onnected to at

least part of said tofnivalofiz paserorievestiomdscirtue wendind@dlin Tise
dRYICEARCAFRBRIORRKBRE RIAHME AR WRRISIRIRASH G IWEE made

module (mo, . mrt) comprises in its top part a first fixing means, (24a) and

in its HBREA paPoXSEEaHTa LG 1R SRR S ARUIPEN NS S8 Frodule
(mo) also comprisésimabapepdrt (adby adirstii hy thesansn(4aleainted in

said hegadmpdule () ISP AAMPHSEMEhIRBQ1eMPaH 2 RRRPRLiINGhe

means (24b), wherein said first fixing means (24a) and said second fixin
mean$ P92l KA SIEpHERtaRe MliMPriedR SR iRt PG NEdRgh
segueneerfliom brtieise iddamgfrachasemn athderé¢rpodsatt lpabeding ouftungh

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 circutation means, for example several centrifugal

puMmps.



module (mo,..., m,) and a head module (mt). 12. Use of the device
according to any one of claims 1 to 11 for cell culture. 13. A method of
culturing cells in a culture vessel with culture medium circulation,
WELIHPAHSR4E? - introduction of culture medium (M) into culture? Pi&diEfip/ 066981
circulation means, - discharge of culture medium (M) from said culture
medium circulation means, - at least one first transfer of culture medium
(M) into a first culture medium upward transfer zone, - at least one
second transfer of culture medium (M)4gto a second cell culture zone,
characterised in that it also comprises: - at least one third culture medium
transfeissubsegpensAg said first culture medium transfer into a third
culture medium transfer zone, by overflowing from the first culture
medium transfer zone to the third culture medium transfer zone, - at least
one folrehitiiRgRYiAFedium transfer subsequent to said second culture
medium dranafekiatg a fourth culture medium transfer zone, by
ovgrﬂ%w;r::gnfrcfm the s COIj[]d culture zone into the fourth culture medium
trahsfer Zone" A8 TRAM LAY #oHat said second culture medium
transfé@aibasabioarinvidie aleuéuraseidivniriaritar zene14. The method of
culturing gglls, mesRMlinsHter elaimsl 3uRlROseMpRsiAGRXaaRatoN of the
culture medju during one or more of said transfers. 15. The method
accordin ’Eé (irtgt%rle ﬂ,%?@ﬂstﬁ;éz(g%genation is carried out during the
fourth uhasel pastivinnardingferiiuadnatioreirasaier fsuneh culture medium

transtenisadianplsaid colimeame dinmd Mbaignaradiow mal. WO

2007/039600 PCT/EP2006/066981 1/6 192021 22M22-1L 11 T~16
17 5. sacond cuiture zone

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

25. paffles or walls of the base module

26. breakthrough in the base module

27. essentially circular zone

28. conduits

28. recesses for the circular seal

30. zone in medium communication with the first culiure medium transfer
zone

31. access recess to the orifices 20

32. gas feeding tube

33. recess in the cover for sensors

34. circular seal

mp = base module

my... 10 My = culture modules

m; = head module

M = culture medium

G =cells

D = top of the wall of the fourth culture zone
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Cilaims

1. 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 ftransfer 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 cuiture 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, 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 communication with the second zone (the culiure zone)
ang with the first zone (the medium transfer zone) via the culture
medium circulation means, and in that |
the culture medium circulation means allow a circulation of the

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

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

that culture medium overflows from the first culture medium transfer

zone 1o the third culture medium transfer 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 3 zone exiernal to said second zone.
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10.

The device according to any of claims 1 io 3, comprising a series of
culture modules {m-1, ..., my), each moduie 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 in medium
communication, and wherein said first zone and said fourth zone of each
module is in communication with said circulation means, directly or

indirectly

The device according to any of claims 1 to 4, wherein the circuiation
means are confined in a base module (mg), and wherein said base
module (mg) is in medium communication with at least one first medium
transfer zone and at least one fourth medium transfer zone, directly or -

indirectly.

The device according to any of claims 1 to 5, also comprising a head

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

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.

The device according to claim 7, wherein said essentially vertical or

inclined flow wall comprises a hydrophilic membrane.

The device according to any one of claims 1 to 8, also comprising at

least one gas inlet orifice and one gas outlet orifice.

The device according to any one of claims 1 to 9, wherein the cover of
the culture vessel is connected to at least part of said top wall of at least

one second culture zone.
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The device according to any one of claims 4 to 10, wherein each cuiture

module (Mg, ..., my) comprises in its top part a first fixing means (24a) and

in its bottom part a second fixing means (24b) wherein said base module

(mg) aiso comprises in a top part (mob) a first fixing means (24a) and

said head module {my) also comprises in its bottom part a second fixing

means (24b), wherein said first fixing means (24a) and said second fixing

means (24b) are-complementary fixing means for producing a stacking

sequence from bottom to top of a base module (mo), at least one culture

module (my, ..., mp) and a head module (my).

Use of the device according to any one of claims 1 to 11 for cell culture.

A method of culturing cells in a culture vessel with culture medium

circulation, comprising: - introduction of culture medium (M) into culture

medium circulation means,

discharge of cuiture medium (M) from said culture medium circulation
means,

at least one first transfer of culture medium (M) into a first culture
medium upward fransfer zone,

at least one second fransfer of culture medium (M) 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 medium transfer zone to the third
culture medium transfer zone,

at least one fourth culture medium transfer subsequent to said
second culture medium transfer into a fourth culture medium transfer
zone, by overflowing from the second culiure zone into the fourth
culture medium transfer zone,

and characterised in that said second culture medium transfer is a

downward culture medium transfer.
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14.  The method of culturing cells according to claim 13, also comprising

oxygenation of the culture medium during one or more of said transfers.

15.  The method according to 13 or 14, wherein the oxygenation is carried out
during the fourth culture medium fransfer, and wherein said fourth culture

medium transfer is a flow of said culture medium (M) along a fiow wall,



