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
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bed, and is absolutely not suitable for cell culture in suspension or on
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Such a culiure 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 external to an internal medium transfer conduit. The cefls are

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

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



sediment and to accumulate in the bottom of the culture zone since they
are subject to gravity and, as the flow of medium through this culture
zone takes place from top to bottom, this accumulation of cells in the
wWeottonPIeehe culture zone is all the greater. Consequently el deiRyres6981
packed on top of 5 one another and are in contact with each other and the
nutriments in this zone are not very accessible for the cells. In the reactor
of the patent US 5 501 971, in the case of cultures, on non-immobilised
carriers or microcarriers, of cells which are fragile species withstanding
few stresses, the cells are subjected to the 10 effect of gravity, to the
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contacts are present, the cells create protein bonds between them and .
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and natnmaettdhersiacaftigdrivathtaelis to mitigate the drawbacks of
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according to the invention, characterised in that it 25 also comprises at
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The aim of the invention is to mitigate the drawbacks of the
prior art by procuring a culture device making it possible to 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



3 culture medium circulation means, and in that the culture medium
circulation means allow a circulation of the culture medium from bottom to
top in said second culture zone. Said fourth zone more particularly
encloses a volume of gas consisting of the ambient atmosphere of the
bioreactor and can also constitute anjoxygenation zone for this culture
medium. Consequently, the medium 'which passed through the first
culmedineditransienzowe frombhotbdmatahaptheaches¢heddimof thedission means
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medium communication with the first zone, the medium tlows downwards,
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and then overflows intg the fourt dium transfer zone, which is in .
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dispersion of cells alone or on microcarriers in the culture zone and th
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characterised in that: it also comprises at least one third and at least one
betiguiirPosing, Arebsiglperroare cilkirsantsaiuim tharsibrigorss asdehadiymiul
stref@rselismvirere,said third zone is in medium communication with the

first and second zone and wherein said ) .
In a first aspect, there 1s provided a cell culture device comprising: a culture

vessel provided with a cover, wherein there is situated at least one first zone and at least
one second zone, wherein said first zone is a transfer zone for the culture medium
essentially containing no cells and said second zone is a cell culture zone, means of
circulating the culture medium, allowing circulation of the culture medium through the
culture zone, said culture zone comprising a bottom wall and 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,



fourth zone is in medium communication with the second zone (the culture
zone) and with the first zone (the medium transfer zone) via the culture
medium circulation means, 3a and in that the culture medium circulation
means allow a circulation of the culture medium from bottom to top in said
second culture zone. In a second aspect, there is provided the use of the
device as defined above for cell cultute. In a third aspect, there is
andriavitied thamethod ofiaiiltnriogceisdn aesturglvesaetinifiattidtw®ethe culture
me ;Sdi%@rgiﬁgﬁlaﬂ%‘1(90{1«?@%%{"5]% i]q 891%'01%% I(l)g culture medium into culture
meditim circuration eans, dlscﬁarge ot cditlfe medium from said culture
medium setaoul aspecmans iapleastcdnddirsetdndte doficutaréefiediabove for
cellt@@first culture medium upward transfer zone, at least one second
transfer of culture medium into a second cell culture zone, characteristed
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-, cells are being referred to, whether it be for viral production, proteins or
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meguffetrtlessefrom packing, in particular in the case of
When the terms cells on carriers or on microcarriers are used, it must be
understood that the carriers can be in a fixed or packed bed or in a fluidized bed.
Likewise, when the terms “cell culture” or “celis™ are used, it must be understood
in particular that animal cells are being referred to, whether it be for viral production,

proteins or other recombinant products,



5 a fixed bed, than cells in suspension without carriers or without
microcarriers, but nevertheless he will easily see the advantage in the
oxygenation of the culture and in the nutrition thereof of such a flow
WRREHEEH Within the culture zone. Indeed it is well known that R BRI THL
culture vessels is a key step in cell culture. The design of these must be
such that 10 there are no dead areas, not supplied with fresh medium, or
in which the cells would accumulate; it is also very advantageous for the
cells to be in direct contact with the culfure medium rather than with one
another for their reproduction and/or production metabolism. Hence the
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mediumesSeRHRINHiRR fromcs6isBaYRe-a wall situated at the top of the
culture zone or at a top part of WO 2007/039600 PCT/EP2006/066981 5

the vertical wall dehﬁﬂ%ﬁd%e@{ﬂﬂ?ﬁ? AU L ASHREASYICE iadAried 1B

tHése despeimtohabdivess and cultures on carriers or on microcarriers which
aliows a reduction in the stresses applied to the cells and which prevents
the accumuiation of celle in a particular zone of the culiure zone, by
reducing the effect of gravity which is exerted on the cells and preventing
the presence of dead zones not supplied with fresh medium or in which the
20 cells can accumulate. In addition, for application in suspension culture, the
device according to the invention allows a good dispersion of 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



Naturally the medium which overflows from the first zone into the third
zone can overflow over the top of the walls of the first zone and in 5 this
way reach the third zone or can overflow via an orifice or tube installed in
Wh el #etibttom part of the first medium transfer zone. The?63ri828HHes81
to the medium which overflows from the second zone into the fourth zone.
Advantageously, the culture medium circulation means consist of a
centrifugal pump situated in a bottom part of said culture device, 10
comprising at least one magnetic dewcg rotating about a substantially
central rotation axis (real or virtual), at least one inlet and at least one

outlet sfar JagicalvEe a@mm% , 1B AilFI 28RN IRG K RRIBBRES idRE Ao
suckln& the medlum"#ﬁ on created by a rotation of the magnetic

device ahd %ers Peﬁ the medium towards the culture medium
discharge placed iNaiurglly dnee regtirmaMucsaid ariaysctiodddeshaonm ithat
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example madefrom expensive silicon carbide and which passes through
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the culture medium. The medium passes through a pipé throug
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app"c%'ﬂlf‘eé(\’@ %Op&é%%%ggg%gg%qgé%gg%} efffecting a circulation of
medium with no communication with the outside of the device, and at least
one guidance device, 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



for long-life cultures. Indeed, the pipes used in this type of pump are

subject to wear during long life cultures, which also involves problems of

sealing and contamination. The medium circulation as described above
WAISHIGRAEMise to 5 a technical difficulty of achieving a "fourftaFERItaefoHos1

therefore does not suffice to make the liquid flow through the culture zone

at a very low pressure drop, it is also necessary to maintain a difference

in level inside the culture vessel simultaneously. Indeed, bringing the

liquid towards the top of the first mediu(gn transfer zone is a key step, but

also ensuring that the 10 medium does not accumulate excessively in the
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a particular embodiment, the device according to the 30 invention
compriS8e 36biNes &t hpasfesd SHiW iGN implising Sadawd edEm
séid sesonidrzame, wilidotbedopomerand said fourth zone, and in which

Consequently, the circulation means according o the
invention will comprise a magnetic device rotating about a substantially
central rotation axis, and a culture medium inlet and outlet.

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

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



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 in communication with said circulation
Wi @ellg138ef8ctly or indirectly. This embodiment makes it pos$GiEERP BloteiePs1

a particularly 5 flexible device and allows an increase in scale up to a

volume of 100 liters. Generally, the scaling up is a complex step in the

production of recombinant products, viruses, cell metabolites or others or

in the culture of cells since this scaling-up generally gives rise to

problems with zones supplied in a mediocre manner, whether it be with
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modules WI|| be stacked either in a sufficiently large vessel or by means
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medium which reaches the bottom of the culture zone in this patent is
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a volume from 500ml to 5 iters, including all volumes comprised within the

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

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

either in a suificiently large vessel or by means of modules that can be
20 interconnected so as to form said vessel.

In the case of the reactor of the document US 5 501 971, if a
culture volume of 3 liters is required, a culture zone height H would be
needed. The medium which reaches the bottom of the culture zone in this
patent is practically 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



30 the culture zone and cell death follows. In addition, when the authors of
the patent 5501 971 contemplate a scaling up, it is in terms of width that
this is WO 2007/039600 PCT/EP2006/066981 8 carried out since in
WERAS/BPABIght it is no longer possible. Naturally, the space’6&GHBRE/ ¢§981
the floor quickly becomes uncontrollable. As it is known for the skilled in
the art, floor space is a critical parameter, especially in white rooms
where efficiencies are calculated according to the volume of air 5 to be
treated in order to obtain sterile air, thisgtype of air treatment being very
expensive. The volume of air to be treated is obtained by multiplying by
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inexpensive. Indeed, if 25 the vessel supplied is designed for a culture of
35 liteMO'HA§ é‘"&)’lﬂﬁ%@f ®nly 5 liters or 10 liters is required, it suffices to
place, for examplefahboxintheo coltelredveedagev ol calstmbrmeansoosenris

wo C%BF&WQH@EQ&&B@@@ an autoclavabile, empty, culiure vessel with a
predetermined height {made from glass or stainless steel) or an emply
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
culiure 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



This particularly reduces the amount of investment since the expensive
part always remains the same for any culture from 5 to 35 liters. 30 In
addition, whether for a culture of 5 liters or 35 liters or even more, the
wWibBa0#fate will be the same, and the scaling up does not iIRGEIEE2YE66981

2007/039600 PCT/EP20061066981 9 any greater volume of air to be
treated. In addition, through the fact that the medium is, between each
passage in a module, in contact with the ambient air in the reactor, the
problems of scaling up are greatly reduged. As mentioned previously, the
medium circulation means are 5 particularly effective by covering ranges

of valugsy RRS aEliASAPACS LU Reslenios asamirin dodherBanien ne

Conse uengg/ the flow rate in each module is identical and, at the |
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communication with at least one first medium transfer zone and at leas
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accessible zones for cl eanlnég procuring a base module which can for

exampiBOWRNB BT FRIR FEFE %?ﬂﬁ‘ﬁ‘f’éa"ﬁ{@% be inserted in a simple
glass vessel is particielgrbriadizahtageansgdhis Eassodinezhilehs adtapisitio
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first medium fransfer area of all the modules present 20 and the medium
outlet SPTHBUMERHEM i 5h ore 17 MRYUNJRRRIE R AR at least one
commenicaticsiinetweesialkthe foiurthyzanesiretall the culture modules

present and the ingj ol olrs g MHRIAEG MAELD IEUIBIN sone

means, directly or in tly, that Is to say passing through another module
or not PESeHisGEeHcef 5@@%@5@6@6@@%@@ ﬁ@aawerét%%h the

15 presence of some not accessible zones for cleaning, procuring a base
module which can for example, without however being limited thereio, e
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



head module comprising at least the cover. This head module being able

to be designed to close off the superimposition mentioned above. In an

advantageous embodiment, at least one fourth zone comprises at least
Wehd&ifsstdntially vertical or inclined flow wall. 30 The preseR€8 /EPHS/Hehns1

wall reduces the formation of foam which could appear during the

overflow from the second culture zone to the WO 2007/039600

PCT/EP2006/066981 10 fourth medium transfer zone. Indeed, without

this flow wall, the flow of medium from.the second to the fourth zone

would be a turbulent flow, which would necessarily have as its
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contact and therefore the exchanges of oxygen between the ambient
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15 surfad®ilanea. Advantageously, in order to stabilise the film, it is also

ppgsible to add aqgifjyssdn Tk GIHSISAN LSS0 g g&g‘a e in

rheologlcal roperties of the water such as the additives inclu in the

group ¢ %MUri%&ieﬁ%t,aﬁilW%ib%@@?@%é%%ﬁ%ﬁéﬁﬁﬁ%ﬂewce
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the essentially vertical or inclined flow wall comprises a rophilic
membiRasphere and the cuiture medium, by increasing the gas hqusci contact

15 surface area.

Advantageously, in order 1o stabilise the film, it is also possible
to add additives to the culture medium in order to modify the rheclogical
properties of the water 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



Indeed, if the flow wall is not or does not comprise a 25 hydrophilic
surface, it may be very difficult to obtain a film of medium on this surface.
In addition, the film, when it is formed on a conventional wall, is unstable.
WOGhEEHIEMly, by covering the flow wall with the hydrophilicERTEF BY&HEs6981
which fulfils the role of a sponge, the medium is naturally spread and
flows evenly. Consequently, the contact surface between the film of 30
medium and the ambient atmosphere is greatly improved, which permits
WO 2007/039600 PCT/EP2006/066981, 11 oxygenation compatible with
high cell densities. The coefficients of total transfer of oxygen obtained

are fromaBasicH)c3ipanmetirhgh Ibdn deammbotiderniieyrestal
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no undersupplied or d zone exists. In one advantageous embodiment,
the et SLESTAR G 0ty Wive Hiare o . A0 e e, B GRS g o
orifice aadoaieygpsisietippbedriive Ehect Wtavelhviessel poefegabbys in the

comprisgsat:ipast one gas inlet orifice and one gas outlet orifice. In this
way, it is possible to enrich the ambient atmosphere of the device

according to the inVelifofeYfR BERIBRIHEr BRLRY5RINs e 5aRjdRasase:
consumeshdyrtupmielisortesdizanpessitsle to 20 supply the ambient

atmosphere with ofes, gasgs foreXAmBIR,BY ALHING 028058 hg 1o

modify the pH, or any other gas generally used in cell culture. The outlet
orifice RN HOPOSYBRITE PR RAR S SRss LR Slicg d one gas outlet

15 orifice.

The culiure vessel preferably comprises at least one gas inlet
orifice and one gas outlet orifice. In this way, it is possible to enrich the
ambient atmosphere of the device according to the invention with oxygen
for 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 outlei 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



discharge the gas with a low oxygen content or simply part of the gas of
the ambient atmosphere in order to reduce the ambient pressure of the
device 25 according to the invention. Also, provision is made to be able to
WEGSLTER%610 "strangle” this gas outlet in the case where a slifiT/EP2006/066981

overpressure is desirable. The gas inlet can be situated or connected to
the first, to the second, to the third or to the fourth zone of the culture
vessel. The first and 30 fourth being preferential zones. The third medium
transfer zone is not very accessible forgas-liquid contacts and the second
zone of the culture vessel WO 2007/039600 PCT/EP2006/066981 12 is
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effected by a sparger 20 immersed in the culture medium in the first,
secon(ﬁeQH ?Bo&ﬂf %Mgﬁpatlon or modification of pH.

15 In a particular embodiment, the gas inlet is connected to a
sparger tube.

The invention, in a particular embodiment, provides for a
dispersion of gaseous bubbles t0 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



medium transfer zone (large bubbles or microbubbles, according to the
application). The dispersion of bubbles will preferably be effected by a
sparger immersed in the culture medium in the first or fourth medium
witbhsfer3gehie. 25 In a particular embodiment, the cover of thRECUERA@6/066981
vessel is connected to at least part of said top wall of at least one second
culture zone. This particularly preferred embodiment allows a simplified
taking of samples which minimises the risks of contamination. Particularly
30 during cultures on microcarriers, takj%g samples is not generally a step
without any risk. To measure the cell density, at the present time there

exist WQ\20040396[9 RC k2098100898 1 1340 ¥ A d6W MEARdious.
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sterile flow, and then the cover, generally fixed to a 10 blade or other
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culture e HIRtkEMReBds férd hand, he must sample one or more carriers in

15 order to be able to evaluate the cell density. This requires the presence of a
second user or impressive dexierity.
The invention greatly simplifies this step of taking samples by
procuwring a cover fixed to the top wall of the culture zone; all that needs 1o
be done then is to slightly lift 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.



be done then is to slightly lift the cover, the top wall of the culture zone

rising 20 simultaneously, and to introduce a sterile clamp or a sampling

tool such as a pipette or the like for sampling one or more carriers in
wWeradytgpthluate the cell density. The risks of touching a nEREEWG6/666981

object and the risks of contamination are greatly reduced.

Advantageously, in certain embodiments, the device 25 according to the

invention also comprises a heating means, designed to heat the

transferred culture medium. This heati g means can advantageously be

situated in the fourth medium transfer area or at the medium circulation

means. Naturally, fl‘}%fll{éét A @M@!@&r@éﬁel&%@é&ﬁ%ﬁ‘@@%ml
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15  optical density, certain concentrations of nuiriments, such as lactate,
ammonium, carbonates, glucose or any metabolic product or product to be
metabolised which could 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 quantity of dissoived oxygen consumed by the celis.
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



regulation loops according to these parameters. These regulation loops

20 would for example modulate the quantity of oxygen to be injected into
the gaseous atmosphere according to the value of the dissolved oxygen

W0 @8sure present or the quantity of dissolved oxygerfE3rdiztedas¢s1

the cells. It could inject CO2 according to the pH value obtained by the
sensors or any other type of regulation generally used in this type of
culture. 25 The sensors are preferably arranged in a bottom part of at

least one fourth zone. The fourth mediyg transfer zone is a preferential
zone for the positioning of the sensors since the values obtained by the

latter areAleadyrReSeAtAbYR, af taesertbcanspibatiagraineedhis, zonsnal

has the medium coming from the culture zone passing through it. 30
0 sald dqvnce. . . . )
Advantageously,”Said sensors are disposable optical sensors, provided
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stacking sequence from 10 the bottom to the top of a base module, at
least Ri#¥Snodule and a head module. Advantageously, said first

and s_aid second fi)é@d@nm;awstyo_mpﬁs@{anem Rrigpreerciagfigengl means
stacking SEAUERARSIR & O8%BRA M SLARINABAEIdPiNEI88E. and liquid

according to the invention, it is possible to design a series of modules
where 1 817 each module would constitute part of
15 indeed, according to the invention, it is possible to design a

series of modules where the wall of each module would constitute part of
the wall of the culture 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



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
WEBHTIEYSY would then constitute the culture device. Accordifg¥EAHE/ 166981
culture volume necessary, a number N of modules would be fitted
together to construct one's own culture device with a height H. In a very
particular embodiment, the device according to the invention is a
disposable device. 25 There exist at thespresent time a quantity of
bioreactors which give excellent cell culture results on a small and large
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contaipel i dfeactor. Unfortunately, such a bioreactor presents a problem of
scaling up since a 500 liter container, in so far as the stirring plate can be
sized, has an enormous floor surface which has a white room air treatment
cost that it is impossible 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



15 stirred by a stirring plate reproducing a wave movement, for example
the WAVE(r) bioreactor. Unfortunately, such a bioreactor presents a
problem of scaling up since a 500 liter container, in so far as the stirring
WRAEHBE sized, has an enormous floor surface which h&$ &R/ 066981
room air treatment cost that it is impossible to assume, without
mentioning the difficulty of 20 handling such containers, taking samples
and placing culture parameters sensors. Other solutions exist, such as
stirred disposable flasks called "spinngks”. The scaling up of these flasks
is also impossible and the flasks have a low oxygen transfer as well as
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procures a very innovative solution which solves a major part of these
drawbﬁlﬁ&ew 08{]rﬁ‘?‘é“&ﬁu‘?{e%é@‘fgacamer& the stirring of which affords

15 homogeneity of the culture medium without dead 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



system, applicable on a small and large scale, suitable for culture in
suspension, on carriers or on microcarriers, the stirring of which affords 15
homogeneity of the culture medium without dead zones nor cell

WELHIIMABN zones. In addition, the risks of contamination BEGALISE6{iq@81
absence of a central spindle are particularly low, or even non-existing. In
fact, the device according to the invention is a device which presents all
the advantages of conventional bioreactors, as mentioned here 20
previously, whilst being disposable. Thegdevice according to the invention
is stirred magnetically by medium circulation means based on a
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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,



accompanying claims. Another object of the invention is the use of the
culture device according to the invention for cell culture in suspension on
microcarriers or on carriers. Indeed, when the device according to the
WiZapHie1G¥ used in 15 culture in carriers or microcarriers, th&-SAPRi/Bp6981
microcarriers are confined in said second culture zone. When the device
is used for suspension cell culture, and therefore without carriers or
microcarriers, the wall provided with an orifice is a membrane permeable
to the medium but not permeable to thescells. The size of the pores of this
membrane is a function of the all 20 size. The invention also relates to the

use of.thg puliusevicer asaerdingdnuienbdientipiofer MEPAUEIRG medium

recombir\ln%% r%lcl;%H,_Bcrtg(br\]/eiruses, metabolites and the like. Recombinant
produclfg means proteins’of interest for research in the pharmaceutical

sector; tideapeoitie roprshignateicohelbigg ded2Baniibe e Bl Eshigs e
any othgrdnolecule able to be produced by cells in culture, whether this be
pr%duction by secretion orhint ac%llular rod ct'ant., The invention also
refates to a metho hd? i ’gs i gs%ufpureavggssézi Wit ciilation of
the cukt@tdassidinenthitd mphsthmedinmdsinsiensobeemuael tacsidniratteuiture

culture{BadiH ML ation: means, 8- dissharga aisulishe, medimdian
means, WO 2007/039%9

said céglture meéirium ?tirculati%{n ans, t "
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a first paheter eedjum upward transfer zone, - at least one second

tragsfer of gHlUERMBARHTLIMA S $RERMY FaNsFAH BB &QRP FoTEiRINELAY
is characterised in that it also _cor;]%lses: - z# least og,e thlrdﬁ%ilture
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third colterowiegliiomtithnstecauheyly®vorfowinghérdouthecfillsreuttetiam
mediquap{ggfs{.%gpne to the third culture medium transfer zone,
and in that said second culture medium transfer is a downward culture
15 medium transfer.
As mentioned above, unlike the culture methed of the patent
US 5§ 501 971, the culture medium travels through the culture zone
upwards, which prevents the accumulation of cells in the bottom of the
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



10 - 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 culture zone into the fourth culture
VA aiiis *finsfer zone, and in that said second culture medRfr ArBHEfAORIS1

a downward culture 15 medium transfer. As mentioned above, unlike the

culture method of the patent US 5 501 971, the culture medium travels

through the culture zone upwards, which prevents the accumulation of

cells in the bottom of the culture zone gxd reduces the pressure forces on

the cells. The culture 20 method according to the invention is therefore a

particukarbrd&nwaﬂ&r&rrm@r@ﬁlewhgﬁbaalww@ﬁwéutin%wim@rur PRI RS
and with Lﬁ yt%aggd (?re cells ac%unmsggte vi:héls’,,%o msrttr ultur%%
at very |crency dvant§ o°u§ %h Method atss comprrses an

oxyge@érm@ﬁn@f YHalR EMeeikMe @ﬁﬁ@@mtbernadﬁbtw &idneeiidnerde

25 Sai%@@%@@g%}@g@rg@ﬁhyé@ﬁ&%%{&th a direct gas-liquid contact
dugmg one or more gf sa id transfer q&a ﬁgrtrc bodrment the
10k

oxygenation is carfi (5)8u¥a&?r%%"fﬁ¥ "&ﬂt} el NEINSRN

fourth elsingre eidiphitic tkathsfer being a flow of said culture medium along

a flow wall. 30 In a@tﬁ@r"@ﬁ‘ﬂ%ﬂ@ﬁt@@ﬁﬁgim@%ﬂ%&@@ih&% imOTaRIRN
stabilise the film, ro ides for the additi on of additives to the culture
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cultureanvedipamyig drawingtong a hydrophilic wall. Other embodiments of

the method according 1 e XVERINS diagram of a culture device according to
the invention.
15 Figure 2 is an outline diagram of a variant of the medium
circulation means.

Figure 3 is an outline diagram of a culiure device according 1o
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.



are indicated in the accompanying claims. Other characteristics, details
and advantages of the invention 10 will appear more clearly in the light of
the following description, of particular non-limiting embodiment of the
WRHHIEAC R hile referring to the accompanying drawings. Fitfuf& 28 %#fo81
outline diagram of a culture device according to the invention. 15 Figure 2
is an outline diagram of a variant of the medium circulation means. Figure
3 is an outline diagram of a culture device according to the invention
comprising several successive culture zpnes, particularly adapted for a
scaling up. 20 Figure 4 illustrates highly schematically a variant of figure 3.
Figure 5 is a transygjis@l seciion ofabaiten pattiof the lasecunodulevice

confining the medium, circulation f.a pref gﬁggb [ ft
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of the PRIYEUACHERS ST BIRAHIAY the medium circulation means as

illustrated in figurerigrigiues aiscagkaiRgvasabsagiierpof a top part of the
base module Confllgg?%.tgreav%lrﬁélat'%%rrqéegpgil%fﬂm?&g@wecg r& %rrf%g been
rdin o}

embodiment of the device ac g to the invention. Figure 8 is a top
view oRlipratespiparsamnene BasiegpdtiaiRMm80iconfining the circulation means

of the device as illystiaieddnstgnna HgdhOr 20740836 QMkvice 1 comprises a
covice CECBIIA Yo 1 A e L e T e
in partieuklsaipesdsmean editednFiguhes ToestandepryastPigieny Srsgiais
9 & Inding,Sravieahisame. orremilprsefesencapighsBasiess rallpeated
toa Sailrrrn go?nrngunn?égggnuﬁvit Ieorpee régiother. From the centre of the vessel towards
the outside, the vessel comprises a first zone 3, a third zone 4a, 4b, 2

second zone 5 and a fourth zone 6.
The zone comprising cells has been hatched and comprises

15 the letter C whilst the medium is shown by the letter M.

The culture vessel 2 comprises medium circulation means in
its bottom part. The medium circulation means are, in this preferential
embodiment, composed of a magnetic device 7, for example a magnetic bar
7 in rotation about a central rotation axis 8, real or virtual, a first end of which

20 is housed in a top engagement means 9 and a second end of which is
housed in a bottom engagement means 10. The magnetic bar is driven by a
rotary magnetic drive motor external 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.



As can be seen in figure 1, the culture device 1 comprises a substantially
vertical and cylindrical culture vessel 2, although other forms can also be
envisaged according to the invention, for example any prismatic 10 shape,
WeraRvaMgtfegular. The culture vessel comprises at least folfKZoHe8¢ 66981
communication with one another. From the centre of the vessel towards
the outside, the vessel comprises a first zone 3, a third zone 4a, 4b, a
second zone 5 and a fourth zone 6. The zone comprising cells has been
hatched and comprises 15 the letter Gwhilst the medium is shown by the
letter M. The culture vessel 2 comprises medium circulation means in its

bottom part. The medipgiteiationamprns aie, im this pafeseptidle (star
embodiment, composed of a magnetic deyice 7, for example a magneti
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the relatively central zone of the bar so that 30 th,%éne jum i? sucked

thereiPXRYE R REAMESRIRRE 6L BB S5 1698 &t of the madnetic
PCT'/ER2006/066981 22 Advantageously, the inlets are in the same

plane (star configyation) ARddoe YRBRLES Kieisidd Wil i B HAGSber

such that their positions will exhibit symmetry. More particularly, if three

inlets &HENCHIRSIHSIE BORTE VAR LS SYBMRIEMm Math RE B et pala lRge
fraim oot Siareshembideredingte anfvapiamsdnsated 0 a&them bmbepavfiied
inlets ?:%%{hdé other by an angle of approximately 120°, if the number of outlets is

equal to four, the outlets will be separated from one another by an angle

substantially equivalent to 90°, if the number of outlets is equal 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



the inlets will be separated from one another by an angle substantially
equivalent to 90, if the number of inlets is equal to 10, the inlets will be
disposed with a separation angle approximately equal to 36. The medium
WERMITAIMeans also comprises at least one 10 medium dGilEER2806$a981
medium outlet 13 is advantageously situated at the point where the
medium is propelled by the centrifuge effect of the magnetic bar.
Advantageously, the number of outlets 13 will be a number such that their
positions will exhibit symmetry. More payticularly, if three 15 outlets are
considered it is advantageous for them each to be separated from the

other by am@rtete@tae&rtrmmetwmenye@emem@eaptuamﬁats{etreqmedt
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vessel,2. 25 The first zone 3 of the culture vessel 2 is a substantially
central zone and is a me@#m tr nsfe ne The flé%t omprls sa
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the basal part 3a of said first medium transfer zone.
The second zone 5 is a cell culture zone, with or without

15 carriers or microcarriers. The second zone 5 is also in the form of a sleeve,
at the centre of which are the first and third medium transfer zones 3 and 4.
The second zone 5 comprises a bottom wall 15 and a top 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



The third zone 4 is a medium transfer zone, external to the 5 first medium
transfer zone 3. The third zone also comprises a substantially basal part
4a (in the form of a sleeve) and a substantially cylindrical top part 4b. The
WE 8Tty cylindrical part 4b of the third medium transfe$3Ha2096/066981
essentially concentric with the substantially cylindrical part 10 3b of the
first medium transfer zone 3 and these two parts are in medium
communication. The medium communication is achieved by means of an
orifice or a tube, by overflowing (as shgyn in the figure) or any other
possible means for achieving this communication. The second zone 5 is a
cell C%&Hﬁg?é@ﬁ_?ah!‘\’iﬁ?bﬁﬁdﬁﬁfh%ibvﬂe@Qﬂfﬂtﬁzéﬁnﬁﬁi@@?@a@ﬁtﬂm?‘ﬁaﬁ@ﬂ@l
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previously, for example a substantiall¥ prismatic L ]
reaches the top of the wall of the substantially cylindrical part 3b, it

15 overflows into the third medium transfer zone 4.

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

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

20 medium transfer zone 3 is less high than the wall of the third medium
transfer zone 4 for reasons of efficiency and flow 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



vessel, preferably 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
WEaE#E% be envisaged as an envelope with a cross-sectéri SiPafidfyies281
the cross-section of the prism envisaged. When the medium circulation
means are in operation, the medium leaves them through said at least
one outlet 13, when there are several of them, through the various outlets
13, and is diverted by the 10 guiding mgans 14, it ends up in the
substantially basal part 3a of the first medium transfer zone 3. The

structyreneiiberiirstrieedismriansieosene da ansl @h@c@slt@dttﬁé tb@mg@ f
reqwret med u irected to stantl r
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effect by the imposed flow rate of the pump and reaches the top of the
second® 3 fire zone 5. The medium reaches the second culture zone 5
WO 2007/039600 PCltERPR006406G9&rential embodiment of the invention,

the fourth medium transfer zone 6 comprises an inclined wall 18 on which
the medium flows when it passes from the second zone 5 to the fourth zone
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@ct to the quantity of medium in this fourth medium transfer zone is



25 from the third medium transfer zone 4 via the orifices for the passage
of medium substantially free from cells 17 in the bottom wall 15 of the
second culture zone 5. As already mentioned above, the medium
Wp8AgvEfifices 17 5 are sized according to the type of cuRGrEER e/ 066981
culture is a culture without carrier, the wall 15 or 16 comprising orifices 17
will be a porous membrane where the pore size is less than the diameter
of the cells. If the culture is on microcarriers or on carriers, the size of the
orifices 17 will be less than the size ofthe microcarriers or carriers. 10
When the medium flow edge reaches the top of the wall of the second

culturg,ggn %r@v z%BW@@%H&%H@e ffodadmediendiaasdar#ane fim on an
Natura ﬂ¥ r|f| es are esent or at be, it mustfbe understood that,

when ﬂ)ﬁﬁ“i 89\? 59@50%& %Oh%‘ﬁ |8 &g?u%e it flows into the
fourth zone 6. 15 Astlerpbeicerymfigiereritiahentobdienspssst thegferably
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as possible the formation of foam. in order to stabilise the film. it is also
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rheologisatizopetiek abihiba\gie passgsdrtiowarly ofaherdiskiie thiedbbrine

T&h A3 W&b&ﬁ%'@&é&!g@?dﬁp@%g&HQ sonsisting-ghsHHRCANE 20 to
uronic F68, q?%cerlne quaternary 25 ammoniums and ant/ﬁgher addltlve

for moBfRPRY 4RE B Giddredn ordpeiqigad sPave ndrddiRguRrerigare 9-
hydrophilic membrarteiswiiicsdixampie mewemensiiremenchrisistiegref 22 to

PolyoxyRIbySE: T6'8iTaN &@ﬁ;&%ﬂ@m&@%wéhﬁﬂoﬂmg Walldsn 19 can
important 30 step since it allows oxygenation on "thin film". Indeed the
gaseoti8 TEmHR mtegral part of the top waH 16 of the second cuiture zone 5, this

15 part opening when the cover 19 of the culture vessel 2 is raised. In this way,
it is easy to take off a cell sample with or without carriers in order for
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



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

exchanges. In addition, the formation of the film on an inclined wall

Wi 2A8Z8&% e gas-liquid contact surface area. As can be se@f TFEhgihEr95981
the culture vessel preferably comprises a cover 19 through which at least
one gas inlet orifice 20 and at 5 least gas outlet orifice 21 pass. The gas
inlet orifice 20 is preferably situated so as to communicate directly with the
fourth medium transfer zone 6. In somgvariants, It may be preferable for
the gas inlet orifice 20 to be present on the vertical wall of the culture

vesselgz s thechottemref thescubivuen esselihshatiis aioayhihe gagium

passes, .”lg Jeans gsf an orifice 20 through the 10 wall of the culture vessel

2 opposite 10 the E:O\'/er 19, and for this orifice 20 to be provided with a
tube in order to enll &dd\AEStheRgRieine\el tRadrignliem)barefyisaged using

embodimei, theigaver 48visdixesbbyshizing, nesBscdhiacte terme| 16 0f
the second culture. zone 5. In variants, the cqver.19 can made an
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Indeednedumettirrictrongoibgoting irnskeloiygessiisie ifochpeantidscivare
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th f culture | ion, it could be advant t t
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variant of the m%gnetic device of the medium circulatjion means H?&rebthe
magne‘ﬁcﬂﬂ)%rjaf‘t aér{h%dgiil'ﬁﬁe'hfsaa iROTH ’edé%iﬁﬂvbﬁﬂ% %g‘hgt ubble
déviceprodithiensidvatabégipsenitsalelotatom3IOR Bwibdepend essbadially

on theWQéHngCQgQ@_culture. Indeed,

The culture device alse comprises a 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



for small cultures, the invention sets out to be able to us a simple bar such
30 as a magnetic chip for circulating the medium. For large volumes, the

invention envisages a magnetic rotor, also driven by an external motor, fqr
W55 889439600 PCT/EP2006/066981 27 example rotors Tik& &8s

used in aquariums which allow high medium circulation rates. It can also,
according to the invention, be envisaged using bubble production devices
(not shown), more commonly referred to as 5 "spargers" or
"microspargers" according to the size afgoubble produced.
Advantageously, when bubbles will be used, the pierced end of the
bubblexpgaductientieyictyfacexdimple tithe tnbe, widbbenagesspddnrithe
medium ?érﬁ&ﬁs @“Péﬁ‘a%”b%ﬁ%%{%r”ﬂ‘?%i&”ﬁﬁ%%’kéQ&GcBHQrM?n%JHﬁtare
medium transfer zone. When this type of oxygenation is chosen, it is
alway P2 BYLRRHBIHRRAERPhe oxygenation on thin film, which
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optical sefsors Which "do Not reéquire connections’between the inside o

the cultlfrecdds SesiandRTH CUbWS RS SR PeeTTPHEI NSy STe sl T AF R BISHRshIaRans
these g@ASPESRB18.a critical position in that it is advantageous for these

to be situated close to the wall of 25 the culture vessel 2, for them to be in
contact with the mzl?jiﬂn? %%'é‘#%%”‘hﬁéﬁ@%ﬁ il as%a%ésic{nﬁ){gél%{?gnssggs ?rlfttﬁ[%
zdbe tiwoogk whivbutiacnrysiam mihich comprises various standard modules.

These standard modules are for example a circulation means module 10 be
placed at the bottom of the assembly, one or more culture modules and a
cover module. According to the invention, although other means of fixing
these modules can be envisaged, the modules will be clamped on one

20 another, for example by means of rapid connectors perfectly impermeable
from the liquid and gaseous point of view,

Consequently, according to the type of 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.



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.
WOagwgepsetly, this is why the connections between the insidé & @ 2#e/066981
outside of the culture vessel have been reduced. In WO 2007/039600
PCT/EP2006/066981 28 addition, the bioreactor according to the
invention also envisages procuring a particularly reliable bioreactor in
which the risks of contamination are p%ticularly low by being disposable.
As can be seen in figure 3, the device according to the 5 invention also

envisages a modulapgesigmyybish RIBPIseSA srTiRdiRforneriesiobular

cultures on a larger volume. For example, with this type of modular

desigrCHEe AP VERAREY BPAR BB 1AM o 100 liters are for example
envisaged, throughtiee audteref deviery limitatprisgaberofistandasd! Aodbias.

10 Accoydingde Msinveatomibls aBMRagedVItinaAcAHERA in figure
modules that can be "slipped” around the first medium transfer zone
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modules. These standard modules are for example a circulation means
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modules and a coVee mastutecd\dsondingrprites itneetittiztialihoagis ofitein
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clamped on one 20 another, for example by means of rapid connectors
perfecBeHperPRBERISORbPR ®dSiGuia At §AS<SudIne J1Kese in a top
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the ‘%S%F%Va{”é?%‘ aple L takeqroppchi r%%%ﬁ DR QUG EOIPINIRO LRE
medium w%ula?lon means, he Wﬁ| aiso ave to taﬂe
medium inlet 11. The medium circulation means also comprise at least one
15  medium outlet 13,

The base module myp of the culiure vessel comprises at least
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



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,
WeE200iIoiteely need to unpack them and "clip" them one ab8¢3/#fa18t{ispo81

The stacking can form the "disposable bioreactor” or can be placed in an
30 appropriate vessel. WO 2007/039600 PCT/EP2006/066981 29 Figure

3 therefore illustrates an embodiment of the modular culture device
according to the invention. The cultureﬁawce 1 comprises a culture

vessel 2 which comprises medium circulation means like those explained
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means comprise at least one megqu iniet 11. The medluﬁnémgula ion
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140adjggﬁ%tg,§%qtﬁélﬁg§h@qﬁ outlet 13, which guides the culture

medium propelled towards the to of the culture vessel 2. The culture

vessel 2 comprlseéna@é[ﬁ&%’?@ﬂfwtrﬁofaﬁI@Egﬁ‘fﬁf%ﬁ’,’mm NnHhR%
are, indtiaeayzodie rdpistackat o ecalntive thedothevitit feh datiober to
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placed side by side. In the embodiment illustrated in figure 3, the modules
hre cARSCBIBRIE ArBHENRE) RIEASLHHSERIed) Also avantagoousl, te

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 19, advantageously connected 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



connectors 24 or clips. 25 Each culture module ml, m2, ..., Mn comprises
a first 3, a second 4, a third 5 and a fourth zone 6. These zones 3, 4, 5, 6
have each the same function as that mentioned in figure 1. In addition, it
WP HEE A antageous for each module to comprise a gas SgaLMiRele®!
inlet (not illustrated) in communication with 30 the fourth zone 6 of each
culture module. The vessel may also comprise for its part an outlet for the
excess gas or gas mixture (not illustrated). For WO 2007/039600
PCT/EP2006/066981 30 example, theygas inlet orifice may be present at
the bottom of the culture vessel 2, that is to say the gas passes by means
of an gdfisethyougimtheraugh ahéheacilisrentzssel 2 appasiteviitiemover

3 and hl 'f#f 35259 k%e p"Yr'n”?h% ‘gl%%ﬂéhﬁéﬁzt?é%ﬂ%ﬁ%%"& Rt
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mediusaea?eﬁsagﬁ dfiges hédyfixinadeeanhe Binaipsio 20 simpihtaly
taking s ‘ﬁ\fﬁim the module Mn situated above, as in figure 1. In
addItIOCf¥ "37R sly culture parameter sensors can

When the medium reaches the top of the wall of the

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

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



also be provided in each culture module. It is also possible to provide
sensors in only one or several culture modules at all zones or in the base
module. 25 In the embodiment illustrated in figure 3, the medium
WOiRdaTARIsAh the following manner. To simplify the explanatiBf FEERHI/¢fsas!
only two culture modules m, and m2 and a base module mo, but it is
certain that the culture device according to the invention can comprise a
very large number of them. 30 In the base module mo, the medium is
propelled from the medium circulationjneans M via said at least one
outlet 13, when there are WO 2007/039600 PCTIEP2006106 6 9 81 31

severa) ghihamnthugbihanaiings utisischs aal 18 divededdydn@iiure

guidin meians 4. 1t ends up in the substantially basal part 3a of the first
mediulPPd4RFer zone 3. The substantially basal part 3a of this
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substany %&Mﬂ'm@%}'eﬂ@@é@é&.fa!:g%ofuﬁaénﬁ%ﬂ«é@ Wiadstes ARR%IR Abw
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is the asisembiioglefthe modules which creates a large first medium
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the medium reaches the top e wall of the substantially cylindrical part

3b of the darBhdeemum HSRE AePeit W ABRSSHBAHE IR MRdEm™:
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Circulaﬁj&ﬁ f?,‘;tQ&B?ﬁd}HﬁB %"o‘ﬂﬁg&‘-ﬂ\é&#&y e Module ms to the fourth zone 6
of the second culture module m,. The inclined wall preferably comprises a

15 hydrophilic membrane in order to improve the formation of the film on said
inclined wall 18. The film must preferably be laminar in order 1o prevent as
far as possible the formation of foam. In order e stabilise the film, it is aiso
possible 1o add additives to the culture medium in order to modify the
rheological properties of the water, as mentioned before.

20 Next, the culture medium present in the fourth medium
transfer zone 6 of the second culture 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



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 m2, flowing down the

W H98TAREEMy cylindrical part 4a of the second culture modul8RAEZPg/ 066981
reaches the substantially basal part 4b of the third medium transfer zone
of 25 the second culture module m2. Next, the flow of medium has a rising
direction through a communicating vessels effect and through the
imposed flow rate of the pump and reaghes the top of the second culture
zone 5 of the second culture module m2. The medium reaches the

secongyzpaebri dhe reeoad pultsie npduledddimitbe dhird roetlieimist

transfer zone 4 of the 30.secqnd.cylt d Vi rifi for,
passaa%%s&oef ?711%8 & m?n\)\'/ 0%%55‘%%@%%/%&2%%8@6%%% g?;%?%hg f}QF
substaitiEIRy fieditfom Eamstay Birthaestipiianaienzeoe thesedhet culiie
modulesadic\Mhenetheenaatdiues fippaestie rercherhetop oty exdemran
wall o the second eullute, 2ane; 5 Gl Neceeshnd Siligre odule m2. it 5
overflows into the fourth medium transfter zone 6 of t esécor_ld culture
module m2. Natur¥fijeif bfificediush BomBeasrEcprase b Rig B ichear alif

of theyealiEEreonMReisHrREEESRY fRUNMeIsiandbah, Wher thaveiadiume
flow efdgg reaches the %r%ﬁce oréuQethit po S irto the (fjoyrth zane 6 of thT

secont? MU o dAaSNs 0 Trote Barhcu iy SR E Al e odimEn
of the inifieggiona thecferathresediimittianefe it 7008 bofersiaesHiadunias
meadulgMNAGOMPHRESIABR BsiRedMEd St MBigibthe flaedin tewsurth

when it passes frgm the sgc nd gaone ﬁ (r)f tmhe (—Fc%nd cultu.re module m2
to the B %ﬁ%é%ré?ﬂ?e §)§5%%orsgtﬁ? M (ﬂsﬁjlg m2. The inclined wall
preferably comprisBwdaBthyrirdighilicanséen bemadinfdheditso ¢iiprevacgide
formation.gf theofppRseaid iHReHBE etk 13- Witienftie mustipredehheha
laminar in order to prevent as far as possible the formation of foam. In
orclor RRSEERTCE 8 RO Sl Sl 1 it SabIR Rt e e
médiufnLithordeiue matifgrthene 6 of the first culture module my. The inclined
wall is possibly provided with a hydrophilic membrane as above.

Next, the medium returns to the base module my and 1o the
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



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 to
WY Wall of the fourth medium transfer zone 6 of the SechfE2eL(
module m2 into the third medium transfer zone 4 of the first culture
module m,. 25 The medium is therefore subjected to the flow rate imposed
by the pump and to gravity, it is directed downwards from the third
medium transfer zone 4 of the first culgare module m,, flowing down the
substantially cylindrical part 4a of the first culture module m,, and reaches
the subsiantisibsbasalipatt: 40 of, thedhixd amedi wivotransiena eoastfitieethe
first S%Stlt%wr%f RQLUSSQQ ét ﬁ@fdﬂfﬁ e’ﬂ%d'fé”& ag lfc%"%hgq e the

direction t rou a communicatin t%vess seffecta hroug

rate in62ed W@@D%g%é’é /P E0E068TRIC 33. by the- pﬂiﬁﬁou"
and reaghesibeutemef the, seseag iy meezeme mofitherfiyskhrcolidie same
meodul 1. Them es t C f ulture
ot dual b L S AT N
modu@W%%@@rﬂ%@sm@ﬂwaﬁa@érbwn@emrﬁt dussearaRIR) fAvE FRORE
5 Czll%ii?%ﬁigwboyom k\]’Maéin&S*ﬁé tbﬂefi@ig@@ladre}yn@@uteamﬂn\bﬁml theis
medium flow e eaches S 0 C

ot S i SRR P R SRR ot e
transfengiirs Gofthe first culture module m1. Obviously, if orifices or a
tylge are present inrHiswaddnitiondss e iMnae rsiprdihatawhen ddbthted in
mediuH% i\ﬁ/ e?% §aches the orifice or the tube, it flows into the fourth
mediu € 6 of the first culture module m1. The fourth medium

transfer zone 6 of fhaufiestT@idré Merlidie hell chnhalswIVAprisd e base

inclinegiyualb 18, 0RiguiRich e Bﬂé‘%@ébﬂ@r\(\@éﬁhgﬁdﬁﬁgﬁ@é$§ fsagpthew. As
second culture zonaS of the first cultug(gnrﬁ % te 1 to the 1 { rth
oGt

medlu%’?rgﬁﬁ% O B, S@ﬂ? “frie m%Fned) u\%al‘?l
pb&suugapr@mmemmaashpmmwmmbamragram@d by the letter x in

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

81

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

20 medium 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



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
wiaaliesasdioverflows either via a tube or over the top of theRVAIEBE#hE66981
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 base rpodule mo. 25 in a variant of this
embodiment, illustrated highly schema{lgcally in figure 4 and in detail in

figure 9y ihrcstagked modiesighscanstifwie Fhsoﬁuﬁursux@w Anthis ais0

variant of figure 4, there can exist for exa é&Ie three kinds of modul

ase BRI SES I OERSE e TSGR CURRB{LIn G BRCTOLT SORESARY
a headhmodiges i trevishovimihd hesbaeBCmtaienmdor basal module

mo comprises medwm&m@im&vwea%aﬂpm?m@lw,e%@uléIﬁlo has
designed to eng égthe first assembly means 24a of WO 2007/039600

POT/EPATHR5E 6 SURBiAR RN LBHIES hetrng: #17ich are orfices,alaiag, for
above sanddie corstitute-the diatterorafatheivesselrdBhertesunmdstiergst ¢

desgn&%t& ﬁ{g)gcg%a sg,%%pgqﬁsgm@gﬂme%ns 24b of a four zones

modulé m1, 2, . efour zones module m1, 2. .... engaged by the

base module mo cgh HOBRO sAMESSSR ﬁaﬂ%@%ﬂ%@b?fh@%@ﬂ%&ﬁ?ﬁ@
mt or thefitear 2 nesnmbeduleatsitl, 2yhich engeged ppdtibldasecorodaleimee

cay be, Yé? é&{ E& %ﬂg@ SF&;QIE %&%&&r@%&#ﬁﬁéﬂ&xﬂ? etc; - and the one

engage IS consequently the second four zones
module in said serfégW# f%[?razﬂﬁé’énﬁﬁﬂafb%f e, 9P par i faehFse/aRdNE
functiomg #zdb@isgmeatyayvestdraiexpaircsliin detairfor figure &.ihigsues
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mediu@fif §%§bﬁ@§%‘éﬁf&f @%%é&@%dﬁ%@%ﬂﬁﬁ%‘mg 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 Hllustrations of medium circutation means of the present
application can also be produced in various ways. It goes without saying



15 least one inlet in a substantially central area represented by the letter x
in the figures. The rotation axis of the magnetic device 7 passes through
this centre x, whether it be real or virtual. When the circulation means are
Wi 20580, the magnetic device 7 is in rotation about its réfatiBRz4%4 66981

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

4, 5, 6, 8, 10, etc. The baffles will preferably be disposed symmetrically

on theygiramferange definedanthewhealoef thiso@imdresspraees hadium
between the baffles 25 are. medium outlet qrifices. Indeed, t iym
sucke&"b%ﬁﬁ%l nsz %rﬁsb?é}geiﬂélg )%H(g?rgtgj[ﬁ)%a%% t%%‘?‘#?%@#&i@%%ggﬁgﬁ
the megionn 05 tbrs@li@edVRigaEcthe outside of the zone delimited by the

baffles 25, through-thaotficasiidednrRanihie chaiiascdingabvembading
25 have been sh (ilium autlet 30 or'fi[:S

own, there are two me in this, .
eood R BEE o OB G e CEoT T 5 yoe
6, 8, 1expiedeASIERS I5affies irnvppbibeatiyndispinasimard 200 BaBaB0view
PCT/ER2Q0606698 43R symunsiiealbritherocatensniibemedivmaspect
outlets Iqiliare also . advantageously disposed symmetrically. When the
mediufl 185X FEREH BT HRE outlets 13, it ends up in the essentially circular
zone 27. In this enfbgirneeniiyhthddwal figutess il basemoeitiRe mb BASS
in § orificas #9-SUBANHaketbHAIB RRARB MNP ORlioRD R leMsRE,
for example an introduction of gas or gas_mixture, fresh medium,
dischaVQ@@P%%ﬁ?ﬁiﬁh?é"ﬁf’%&g, Sﬂ?gw)ﬁg off of medium, etc. In
addition, heclostas18dais @i haddforaitte sritigdheseinices ZO¢ronvikes
outside, which males BRRSSIDIR 1R ERANGHIERSS RotfhekTisesiaea seprle

of gas or gas mixture, fresh medium, etc, Figure 7 is a view in section oJ
the top pafPBFthe BERCRLEGIRAHRS géc\ﬂ?mﬁd%hfﬁg%(?eﬁt?oW%q{Wia Hrgt

818 a viewofiiam ahsve inddhissdmenedium 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,



part. The top part comprises substantially tubular-shaped medium inlet
orifices 11. These inlet orifices 11 guide the medium coming from the
fourth 15 medium transfer zone 6 of the device according to the invention
WO HtRe3%siPhon created by the rotation of the magnetic deviBETRAPERc{{E981
magnetic device is in rotation, the medium situated in the essentially
circumferential zone 27 depicted in figures 5 and 6 enters the perforation
26, said perforation 26 being in communication with the conduits 28
enabling the 20 expelled medium to reggh a zone 30 in medium
communication with the first medium transfer zone 3 of the device

accordan%tgb%d%g;@ﬁ,owhl@mp@g@ggwfg fglj]e essentially tubular part of
the flrst medium transfer zone.. The to%g %8 |ct d m{ ure 7.Is
t

n
element oaeg?gaﬁ’e@% N 554 848 8Pe8’°“° E%er%sgf
Naturally, ZRisripagreath sdibie c@BHg 0eOUlt. RSO SE w)t@metﬂsingainma@may

but for reasops-AbSEBRAGLYPf 1Rk FtiomH has fRegnnRrasieRLIRNE one
embodiment in M%Cg?ﬂ that can be connected together. As can be seen

m8reover tAERG YRR MSSHE Bart are connected together in a
preferentially sealedl nfznmeecuiebecoareissefaw illustrageddin diwltwéb as

figurespand 4 30MLthallustigiipns of medincircationmeanspfitas

present appllcatlon can also beéroduced in various Wa%s Iteg es without

sayingNVEBEHYIBH 5508/ 660681 %S TR NETHRR 4531 ©F
produciog mbemarmabeemlnmdmbtmts aibttie aeodlercutivey fatidmeneizcs can

copfingd oL REhiR NG RARRIAAEHS: @ﬂmcmgaqe%wmeb%&@ﬁodme

claimed protectlon Figure 9 is a cross section view of a partlcu ar

advanfidBBU%as dPRAHETERED HHRIIBGRES Aol b iR tiﬁ?/éi‘??ﬁﬁntr'c
whilst ﬁgcuaae pidisian wikpiodedierassiseatid conewcalr sheciidmevn in the art

embodimegy. Jlig xsloded VB OlEs 8 dRRKAJBISIADIRLPIdBRce for

partic practlca’l and inventive aspect of the present invention.
Conseﬁ??@ﬁi@“ﬁﬁé%@ ROGHRSRIPBEIRE ARG YN AL the 10 same time.
Asscan be seen, the figviretadtoctdingto dhsainwentdrhedngistsiodule my 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



from bottom to top, of a clamped stack of the bottom part of the base
module mo (moa) comprising a zone in which the magnetic device is in
rotation which is confined by baffles 25. The space 13 between the
wEAHEHPSWisible in this figure is a medium outlet 15 orifice. FH&ER2006/066981
because the medium is sucked by the siphon created by the rotation of
the magnetic device and the medium is expelled towards the outside 27
(essentially circular zone) of the zone delimited by the baffles 25 through
the orifices 13 between the baffles 25, ;the top part of the base module
mo(mob) comprising substantially tubu?ar 20 shaped medium inlet orifices

11. Thagediesonbinard bgunds the (dnrdiLsmapRigSEOMhihedatis aiso

medium transfer zone 6.0 ice cordln to the invention 1 in the

smhor?%?é%ﬁg& B%/t e%%?nghezéﬁ/ I ag'ﬁefl c%e{\)nce 7. When the

magnetic device iginaotiivon, aheeaseliGin iSitRddemh thie acpasainglyhese

circulagepe 29 GOIEIhNSREHOr iRt 28RS A pRINsalioBoABRe iR éa

communication with tpe conduits 28 en ’bllnﬁ; the egpelled medium to
PR T

redch A'95%38 THREALERS B MUMERS R medium transfer
zone 3 of the devidéedoparalingab mmmmmtmaﬂmma%@m to

essenualléﬂ Ig&ﬁnl ygq.qheogmegﬂ{sp@%ggﬁg Bans{erLaney Py afiist culkse
module m1 as ex$la|ned in detail in the explanation of fftlgure 3, WO

2007/6468B05% P08 ERIGEDEA Tre P NS BRSH AT B module m2
(see figure 3), (r) aNagadliyndeu e esEmipisiegienrdeess83vsrp Vidkiewith tae

opficaLagnsfhens pBaereed IndhR Cyﬁaﬂeﬂa}? Bk SRS L8RP

fixing means 22 connected to a part 16a of the top wall 16 of the second

culturd"E57i8 51Bou} ﬂ‘?@%’&'&%ﬁ&%%?&%%&h %erﬂ%c%“PfHH ReCRIgE:
comprise fixing maans2drapin d24tedse tlerstrditents treimatidiathydrpiited s

- 9 and 0. Fagh Sl SAmLISER AEVEIALL! iRt YiaBe AR e

to the required assembly, will be used or
cover, or a tube through one of the walls of the device according to the

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

puMmps.



not, but this makes it possible to obtain a single culture module which can
10 be assembled both with another culture module and with the base
module or the head module. These fixing means are for example two
WEbIeERtPROcircles provided with a circular seal, rapid connet&drER|f/066981
known in the art of cell culture, a screw pitch and a serration or any other
device for assembling these modules according to the invention. 15 n this
embodiment, the basal part of the base module mo is bond with orifices
20 substantially tubular in shape whichygre orifices allowing in this case
an introduction of gas or gas mixture. The gas inlet orifice 20 is

conneci@@éfeciulede: which ends above the level of the culture medium,
enabling the gas or gas mixture to reach at least a fourth 20 medium

transfer zone 6 of the culture device 1 according to the invention. All the
ambieiht GtHIPRGEES of the fourth medium transfer zone 6 of the device
1 accarding te thedsvention are connected by similar tubes 32 so that the

gas mixture can reach.the top. It is particularly advantageous in a device
w?ﬂi m%d%i%@fjaf@kna%?‘eu%}rﬁgsi"é?{tzvc\)/%h?ch can rise very high to provide 25 a
gaseods kagshRathed tigHitilecWiite mesiEneliRRtesEarea variant, the basal

part coppiisemiraes SiroaamiNsra.fiaeddshefordringinghthe gaseous
substance into the zone in which the magnetic device is situated. In this

way, t etﬂl{go%iﬁ‘fée ég%c?grgt 1783 %fﬂ% rotation of the magnetic device
and théadigsalptdroohehibickggireisgdiwmpraneidrizgne movement of the

mediuny, TRSIRXEGSD PAS & ASARIBRRINY AR 13360 one
PCT/EP2006/066981 38 and moves upwards again in the form of small

bubbleb SPHREYSHLAE &5k applicable to the embodiment illustrated in
figure 4. foudialditiore enedites§ BBy peoeided for accessing these orifices
20 from Fﬂ&gﬂ%!{i%i%viwi‘:h makes it possible to connect these 5 orifices to
a supply of gas, ga_s mixture, fresh medium, etc. The top part mob of the
modul& FRSTEHRTBIBMEN? designed to be gripped by virtue of the fixing

méans28@ecysgatmeghnmanirtue of the
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



circular seal 34 on the bottom part moa of the base module mo. Naturally
the present invention is in no way limited to the 10 embodiments
described above and many modifications can be made thereto without
WEEPATEeP¢om the scope of the accompanying claims. For SXaifFrRoCer{iecIs1
device according to the invention depicted in figure 1 can also comprise a
nutriment feed, either in a tube through the cover, or a tube through one
of the walls of the device according to the 15 invention. Likewise, heating
means can also be present in the first g fourth zone of the device
according to the invention or of a module or each four zones module.
Possiblypthedeviessartn@irgde the invention can also comprise several
medium circylation means, for example several centrifugal pumps. WO
2007/(%58%%@%%8%%&)%%0 ® List of componegnts:pl. cﬁlture
device2® beedtgirsopabde tedaissineditlere medium transfer zone 3a basal

part oftheféshalfie-madisme transfer zone 3b top cylindrical part of the
fir%t culture medium transfer zone 4. third culture medium transfer zone

4a’bas ‘68ﬂd8ft?he third culture medium transfer zone 10 4b cylindrical
top palCPofatrsshirdoctiitueisoniadianh transfer zone 5. second culture zone

6. fourt crlire-meshiim KaRSiBREaNS: Fimagnete davice fe@eRidhnste

rotation axis 15 9. top engagement means 10. bottom engagement means
11. médilfm inlet 12. diversion baffle
31. access recess to the orifices 20

10 32. gas feeding tube
33. recess in the cover for sensors
34. circular seal
mp = base module
mMy... 10 My = culture modules
15  my=head module
M = culture medium
G =cells
D = top of the wall of the fourth culture zone



13. medium outlet 20 14. medium guiding means 15. bottom wall of the
second culture zone 16. top wall of the second culture zone 17. orifices in
top and bottom walls of the second cu‘l}yre 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 assembly means WO
2007/039600 PCT/EP2006/066981 40 24b. second assembly means 25.
baffles or walls of the base module 26. breakthrough in the base module
27. essentially circular zone 5 28. céi@iiit§ 29. recesses for the circular
seal 30. zone in medium communication wh the first culture medium
transfer zone 31. access recess to the orifices 20 10 32. gas feeding

thbe 33/ YERA IR ERYGEHINBERLSHs 34. circular seal mo = base

modulem,... dacMiure Ggiises mrodigles viifhnat coheaduinodineMre dikittated at

medium

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.



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

culture device comprising: a culture vessel provided with a cover, wherein
there is situated at least one first zone and at least one second zone,
wherein said first zone is a transfer zdife for the culture medium

essentially containing no cells andsaid second -zone isa cell culture zone,
means of circulating the culture medium, allowing circulation of the

culture medium through the culture zone, said culture zone comprising a
bottom wall and a top wall, wherein each wall is provided with orifices
dllowingragraesfee afaaudtdiegntediny fsdeantially freefraomgelisng a series of
character| in that: i 0 comprises. at Jeast one third and at least.on
fourth 20 e Aol are uliTe Sach e S ol o) Lt SERn o, zone.
free fropaidefiscanibzmnsakbitiidirdrronsimntedaich tommanivatiodhertn the
the first aid segond aoRe apdauherein saiddouih 2oneds i MeAluUm medium
communication with the second zone (the culture zone) and with the first
zone (tHEMBYRIRRHehsed28heieinsdid Bt wenarpsaidifedrtigane of each
means, mpd.R thatithe: s IR RadHMWekcUlatoRieans AlleWahs, directly or
circulation of the culture medium from bottom to top in said second

culture M@C’Q}’The device according to claim 1, wherein said third zone,

is adapted so that culture medium overflows from the first culture medium
tgfansfe_r.rﬁgng cté‘eaﬁ?:'é%‘?hﬁ%e S?dé‘*{”@jg‘ﬁpssf?rtéoﬂ?mﬁﬁe-@ﬁ qﬁ\élc?rcuiation
according to (ﬁalm 1 or 2, wherein sai thlrd Zone is a zone  internsl fo

said sedde@nzoAEcanandixedndl t& Secfirvodoie nd saidd fedreheionesid sbase
Zone ex{elAald QMR GsSECANMI KRR S Gn EARSHPVIRR ACRUUhERIY AEdium

claims 1 to 3, comprising a series of
transfer zone and at least one fourth medium transfer zone, directly or -

indirectly.

6. 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.

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

flow wall.

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

inclined flow wall comprises a hydrophilic membrane.

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

least one gas inlet orifice and one gas outlet orifice.

10. 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.



culture modules (m-1, ..., me), each module comprising said first zone,

said second zone, said third zone and said fourth zone, wherein the

adjacent modules in said series of culture modules are in medium
communication, and wherein said first %dne 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), and wherein said
base module (mo) is in medium communication with at least one first
riédiunt heatiefmezaveoatidatderst one fdwikmeditvni®andfersiorach culture

direCt'VrRBdi&gir(ﬁ‘Fé,lyr:HGrHH]@o H%Pe?ﬁggggﬁ é%ﬁ%y{%ﬁ&lﬂ%r%etg (?28) and

40 n
comprising a hea odule (mt), sal mt) comprising a

least thi® dgverttommparidedeecasciriiagneisy (8Ak)oF bririts SBid Base module
wherein sgichaleathPREJOHIT ZNQERNIPLSSSALeaskeReResratiBNa) and

vertical or Inclined flow wall. 8. The device according to claim 7, wherein”
said esSRitiARFY PR D M RIRSRIAPHEFSCBisrRedcmparbargeond fixing

membrarer. (Pae)derieasaceardingithany ore ot ¢faig)abdeSidadseond fixing
utlet orifice. 10. The

comprising at one gas inlet orifice and one gas he .
ovion BB, (3351 206 RS EREET] TR THErR Hb LIS s acking
culture segsehis dormedrttdnotatieast pdresé samtitoe (wal) ohbklestsbnensulture
secondn%léw!%e@%pg. fh’_;, E}rjélndTQ%gg({i&%gg% @i@g to any one of claims 4

0
to 10, wherein each ¢ module (mo, ..., mr) Comprises in its top part a
first fixing means (24a) and in its bottom part a second fixing means (24b)

WhereinsaigrhRsSIRAIR CINANG RO HAIRESSSIR IO fa4t (PRIl re.

fixing means (24a) and said head module (mt) also comprises in its
bottom part a second fixing means (24b), wherein said first fixing means

(P3a) andreaibsesanghivigoceneans Gdrarecoaplemantary édawim
meansg%ug %%,Ciggﬂapﬁtsallgg:m-qntroduction 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.



sequence from bottom to top of a base module (mo), at least one culture
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,
comprising: - introduction of culture medium (M) into culture medium
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
setondrenshetivicifuee maaiuee{) antemivscondetsin ddtuaisgonernprising
characigyahin b Al ARAHRERm AUAS! AP NI RUHEE B e dERers.
transfer subsequent to said first culture medium transfer into a thir

culture medium transfer zone, by overflowing from the first culture

mediuntHanséer zpaederdneythirds aHtue mediami@psieeransn iakinast out
one fourth culture medium transfer subsequent to said second culture

mediun? B IERIREY FEUH S MR AL M AR R AR RV NSRE Bjid fourth culture
overflowiagifronydhefsecondonlbiresioraliote thedpurtivewiong meeimall,
transfer zone, and characterised in that said second culture medium

transfer is a downward culture medium transfer. 44 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 transfer, and wherein said fourth culture medium
transfer is a flow of said culture medium (M) along a flow wall. WO
2007/039600 PCT/EP2006/066981 1/6 19
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