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sequence whose gene product one desires to be produced by the cells. This

class of cells can be grown in a fixed bed bioreactor such as disclosed in WO

2007/039600A, the disclosure of which is incorporated herein by reference.

When dealing with stem cells, the cells themselves can be harvested and are

20 accordingly the product. The product can be used, for example, for
regenerative medicine and for tissue engineering.

Experiments have shown that the culture of certain types of cells such as
stem cells is much more delicate than the culture of cell lines, due to several
factors. The cells turn out to be very sensitive to mechanical stresses and other

25  external influences. Typical procedures in use in the production of cell lines
both to expand and to harvest cells out from a bioreactor are often not
appropriate for stem cells; they easily damage or kill all the stem cells.

Currently, stem cells are typically grown in stationary conditions, in
tissues culture flasks, put in an incubator. For sake of clarity, “culture flasks”

30 refers to all stationary culture devices, as T-Flasks, Petri dishes, Cell Factories
Cell stacks and so on. Roller bottles are also associated with culture flasks.

These stationary flasks are provided with a filter for gas exchange. The
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20 and/or provide good growth in two dimensions and/or allow harvesting of the
cells with a desired quality level.

The object of the present invention is met by embodiments of a first
aspect of the present invention. In the first aspect of the present invention, a
bioreactor for the culture of cells is provided.

25 In an embodiment of the first aspect, the disclosure relates to an
apparatus for the culture of cells. The apparatus comprises a plurality of
carriers for cell adherence and liquid medium distribution. The carriers are
stacked to define levels between adjacent carriers for the flow of liquid medium.
The levels are fluidly interconnected via one or more open spaces in the

30  carriers so that the liquid medium can flow from one level to an adjacent level.
The one or more open spaces between a first and a second level adjacent to

the first level do not overlap with each other.
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any other carrier than the top or the bottom one, an adjacent carrier is the
25  carrier below or above. Preferably, it is the next carrier in the direction of the
flow imposed by the driving means (and, most preferably, the carrier above).

In an embodiment, at least one of the carriers may be provided by single
solid carrier (e.g., a plate or a membrane) wherein the one or more open
spaces are apertures in the solid carrier. The carriers are preferably provided

30 by plates or membranes. The plates or membranes can be non-porous or
porous (with pores smaller than 0.05 mm so that the flow through the material is

dominated by flow through the open spaces (e.g. circular apertures) rather than
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Embodiments of the disclosure may meet both the cell carrier area requirement
25  and the oxygenation/nutrient requirement.

In an embodiment, the open spaces may have an aspect ratio (ratio of

the length on the width) from 1 to 4, preferably from 1 to 2.

In an embodiment, the open spaces may be circular.
In an embodiment, independently of the shape of the open spaces, the
30  width of the open spaces may be 0.05 mm or more, 0.1 mm or more, 0.2 mm or
more, 0.5 mm or more, 2 mm or less, 1 mm or less, 0.5 mm or less. Measures

above 0.05 mm are preferred to allow for the passage of the cells.
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number of open spaces is of course highly dependent on the size of the laminar

carrier. In this embodiment, the number of open spaces per laminar carrier is

then suitably higher than 25, preferably higher than 50, more preferably at least

100 and most preferably at least 1000. The diameter of the open spaces is

25 preferably from 0.05 mm to 2 mm, more preferably from 0.1 mm to 1 mm, still
more preferably from 0.2 mm to 0.5 mm. This allows for the passage of cells.

In another embodiment, the open spaces are groove-shaped. The

number of groove-shaped open spaces per carrier is preferably from 1 to 30,

more preferably from 2 to 20, more preferably from 4 to 25, still more preferably

30 from 8 to 20 and even more preferably from 12 to 18 (e.g., 16). If a number n of

groove-shaped open spaces per carrier are present, two adjacent carriers have

their open spaces mutually displaced by a rotation of 1/2n turn.



For instance, ridges can be present on a carrier, either bridging carriers
separated by grooves or part of a sane carrier separated by grooves. Such
bri dgi ng woagasgi4isprove the rigidity of the carrier andpCharedionsrcef the
device as a whole. Such bridging ridges are preferably not penetrating the
open spaces. 30 Moreover, the architecé ure of the bioreactor of the

di scl osure preferably does not frustrate harvesting of the cells. In
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of the carngiefally Iddpara@edasly 8peREpaLSss P apaehBodimdrdsicBBwhh®herein groove
shaped open spaces extend over the whole portion between a center and an
20 edge of the carrier. Grooves are advantageous as they are more efficient in
distributing the liquid medium equally to substantially all points of a carrier.
Circular holes, due to their discontinued nature, distribute the flow of liquid less
homogeneously. In embodiments, the groove shaped open spaces may be
subdivided into a series of groove-shaped trenches, which improves rigidity of
25  the carrier.

For instance, ridges can be present on a carrier, either bridging carriers
separated by grooves or part of a same carrier separated by grooves. Such
bridging ridges improve the rigidity of the carrier and therefore of the device as
a whole. Such bridging ridges are preferably not penetrating the open spaces.

30  Moreover, the architecture of the bioreactor of the disclosure preferably does
not frustrate harvesting of the cells. In accordance with an embodiment of the

invention, the open spaces are designed so as to be appropriate for flow of



30 difference in flow rate experienced by the cells close to the
geonetrical center of the carrier and by the cells farther away fromthe
geonet ri c&D 2084es120f the carrier. This all ows optinm zaPCOEPI@105BR1 t he
flowrate can be nade substantially WD 2011/141512PCT/ EP2011/ 057621 8
equal at every distance of the georretru,:al center of the carrier.
Preferably, the open spaces have a surface area and are designed and/or
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For instance, in embodiments wherein the carriers are circular, their
diameter may be from 10 to 100 cm.

The thickness of the carrier is preferably as thin as possible for allowing
a higher number of carriers in a volume as small as possible. For instance,

25 carriers having a thickness of from 0.4 to 2 mm or from 0.6 to 1 mm can be
used.

In an embodiment, the overall surface area covered by the open spaces
in at least one of carrier increases faster with increasing radial distance to the
geometrical center of the carrier. This is advantageous because it reduces the

30 difference in flow rate experienced by the cells close to the geometrical center
of the carrier and by the cells farther away from the geometrical center of the

carrier. This allows optimization so that the flow rate can be made substantially



9 In other words, first open spaces in a first and second carrier on
opposite side of a single level are nutually rotationally or laterally
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per pendi cul ar projection upon the second carrier. Wth such a rotational or
| at eral displacenent, a risk is avoided, 5 that a set of open spaces
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within a |l evel before elng ab 30 reach an adj acent |eve typically
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medi um spends nore time flowng (e.g aterally) within a level than across
(e.g. verticegdiary) adj acent levels. This enables the liquid nediumto reach
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enbodi ment owbeagiwithstiedoPen nsgracssen Sp&cdsaifi draadp@ent sécdray eadienwiicn at
| east five tines and preferably at |least ten tines smaller than the average

di stance s®baeaiatnh§esadicuainh aPararthe esecongnftamicad) ddents | 2ANATBAIRUS | er
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to 2. between adjacent levels and forces at least some of the liquid medium to flow
25 laterally within a level before being able to reach an adjacent level (typically the
adjacent upper level). Although the global flow of the liquid medium is along
the principal direction (e.g., the liquid may globally travel from the bottom of the
stack of carriers up to the top of the stack), the liquid medium spends more time
flowing (e.g., laterally) within a level than across (e.g., vertically) adjacent
30 levels. This enables the liquid medium to reach all area of each surface of a
carrier and permits therefore to have substantially the same flow everywhere in

the bioreactor.



In an enbodi mrent wherein said open spaces in a lamnar carrier have a width
at least five tines and preferably at least ten tines smaller than the

aver age dweranc¢wideparati ng said | am nar carrier from aRCadjpagiens7eRam nar
carrier, and wherein said width is at |least 0.05 nm the open spaces may be
i scircul ar. I n an enbodi nent, V\/neé ein said open spaces in a |lam nar
carrier have a width at least five tinmes and preferably at least ten tines
smal l er than th r m an
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| ayer), wherein said open spaces in a |am nar carrier have a width at |east
five times SgREANGPEASEably at least ten times smaller than the average

di stance separa b I Jier,
and wherein sai ﬁd&g@%bﬁgé@tﬂf@a @B%@é%ﬁa&% %ﬁ?ﬂ@gee# of I%[ntm ngﬁ@(’:ar rier
in the casefdells, botrpasingaai stack oarlamérari carsietsubdrecelnbdieranicevdmd diqtiae

adj acent lamnar carrier in the case of the top nar carr.i i s situated
bel ow 1. MEQRE GaEBUEPN 0 oRRERAT GAfiAGY DAY HAAKECHAR BRSIRGSSEthe

bot t omgne.eagA i 6F%Gfac'eﬁﬂ‘ld}ﬁfna?%ra"rr‘l§r% ithih il ABARDERR SdRiralR RYPT
above. Prefera next lamnar carrier 1n the“direction of the
flow i rrposemlebgnoﬂinercby anngvarageadlstanléeeﬁ@rasoltw definei 8 letel baiwaesnr sa@r ri er
above. Wthin the sta arrlers 5 am nar. carriers ar

pr ef er abl y G é@m{n@ré’%rﬁe%tfﬁé&he (v ff sai lécﬁ“d (AT R é@'@ﬁ%@t is a
fixed di stasegs are fluidiPeinfirebRgscted J.aw%u%&@wpg bRt YRSt 0al AR

carriers is preferably fromO0.5 to nm pre erab froml to 5 mm nore
pr ef er abl y CRfrtgh aOmMeo® iansaid adjacent levels so that said I|qU|d medium can flow
20 between said adjacent levels, wherein said open spaces in a laminar carrier
have a width at least five times and preferably at least ten times smaller than
the average distance separating said laminar carrier from an adjacent laminar
carrier, and wherein said width is at least 0.05 mm. It has been surprisingly
observed that when the open spaces have a width at least five times and
25  preferably at least ten times smaller than said average distance, even in the
case when the open spaces of a first laminar carrier overlap when projected
perpendicularly upon the open spaces of a second laminar carrier, the liquid
medium do not travel in a straight line between adjacent levels and at least
some of the liquid medium flow laterally within a level before being able to
30 reach an adjacent level (typically the adjacent upper level). Although the global
flow of the liquid medium is along the principal direction (e.g. the liquid may

globally travel from the bottom of the stack of laminar carriers up to the top of



15 and even nore preferably from1l.2 to 2 nm The present enbodi ment has

t he advantage of viably (for the cells) enabling such a small inter-I|evel
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In an embodiment wherein said open spaces in a laminar carrier have a

25 width at least five times and preferably at least ten times smaller than the

average distance separating said laminar carrier from an adjacent laminar
carrier, and wherein said width is at least 0.05 mm.

It must be noted that the top and/or the bottom laminar carrier of the

stack, although not being common to adjacent levels, may nevertheless

30 possess any of the characteristic of any embodiment of the first aspect of the

present invention. For instance they may possess a plurality of open spaces in

so that said liquid medium can flow across said top or bottom laminar carrier (to



25shorter dependent upon the intended use and needed conditi ons.

Preferably use is nade of the ridges for providing a closure. The closures
of the | ewel2e1mysiRe obt ai ned by connecting ridges (e.gPCTHPAYedHSRD] ect i ng
outward fromthe edges) with a polynmer material. Such polynmer materials

I ncl ude adhesives, resins and the like.  The polynmer material may be 30
applied as a liquid or sheet like material and then be processed for
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of 130 to 180. 10Preferably, all carriers are structurally the sane, 1.
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of lam nar carrier. This 15 also permts to have the sane flow rate at
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st ack advantage of viably (for the cells) enabling such a small inter-level distance. In
static cell culture devices, such a small inter-level distance would not permit
enough space above the cells to permit sufficient oxygenation of the cells. Also,
the presence of a plurality of open spaces in the laminar carriers, wherein said
20 open spaces have a width at least five times and preferably at least ten times
smaller than said average distance enable such small inter-level distances to
be used by decreasing the time necessary for the liquid medium to travel from
the bottom to the top of the stack of laminar carriers while simultaneously
decreasing the liquid flow experienced by the cells.
25 In a further embodiment, the minimum dimension of the open spaces is
at least a tenth and preferably at least a fifth of the distance between two
carriers.
In a further embodiment wherein said open spaces in a laminar carrier
have a width at least five times and preferably at least ten times smaller than
30 the average distance separating said laminar carrier from an adjacent laminar
carrier, and wherein said width is at least 0.05 mm, the minimum dimension of

the open spaces is at least a tenth and preferably at least a fifth of the distance



25 conprises at | east two open spaces. In such a case, the bioreactor of
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conbi nati on of series and parallel coupling of fluid interconnects - which
are effectively portions of a level - turns out better than either a series
coupling or a parallel 30 coupling of Tluid interconnects alone. If the

fluid inter nmerely in series, they would extend nerely
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the advantage that the stack becomes modular, so as to be made larger or
25  shorter dependent upon the intended use and needed conditions.

Preferably use is made of the ridges for providing a closure. The
closures of the levels may be obtained by connecting ridges (e.g., ridges
projecting outward from the edges) with a polymer material. Such polymer
materials include adhesives, resins and the like. The polymer material may be

30 applied as a liquid or sheet like material and then be processed, for instance
dried, cross-linked or may be first melted and then allowed to cool down and

solidify. The polymer material may alternatively be moulded into a desired



15 that a single obstruction of a fluid interconnects (e.g., an open space
or aperture) blocks substantially all further flow. I n an enbodi nent,
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ur i
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structure fyregelor. culture with appropriate nediumflow and harvesting. The

risk of generating an entirely vertical flow of the nedi um over
With the relatively constant distribution across each carrier and primarily

20 lateral flow direction, the cells may be attached to the carrier and a good cell
growth based on a two-dimensional culture may be obtained. The open spaces
in a carrier may be suitably embodied as apertures in the form of holes or
grooves.

In a preferred embodiment of the disclosure, each carrier of the stack

25 comprises at least two open spaces. In such a case, the bioreactor of the
disclosure can be considered to be composed of a plurality of fluid
interconnects that are coupled both in series and in parallel. This combination
of series and parallel coupling of fluid interconnects - which are effectively
portions of a level - turns out better than either a series coupling or a parallel

30  coupling of fluid interconnects alone. If the fluid interconnects were coupled
merely in series, they would extend merely laterally on one level. In particular,

the medium would flow on a first level from a first aperture to a distant second



5 several levels that |eads to an i nhonbgeneous distribution of cells and
medi um which can be reduced by having the width of the open spaces at
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providing a circulation system for the liquid medium.

Alternatively, if the fluid interconnects were merely coupled in parallel,
one fluid interconnects would likely be shorter than another one. Hence
pressure drop would be inhomogeneous within the bioreactor, leading to

25 differences in flow rate within the system. Such major differences in flow rate
are undesired, as they may lead to turbulence and/or inhomogeneities that may
easily damage cells and cell growth. Moreover, flow rate in some fluid
interconnects of the bioreactor may be low. This will typically lead to dead
zones (zones with poor mixing) and, consequently, differences in cell growth

30 over the bioreactor. In a worst case scenario, cell culture in certain fluid
interconnects would not lead to an adequate final product of the desired quality.

Moreover, the serial and parallel coupling of fluid interconnects prevents



10 first carrier may be of curved (e.g., conical or pyramdal) shape with
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di sadvant age o ely destroyli ng grown ce In case of culture stem
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positioning said impeller. The impeller can be present in the fluid channel (e.g.,
20 in a central and concentric column providing a fluid connection between said
first laminar carrier and said second laminar carrier and providing a circulation
system for the liquid medium) This is especially advantageous when no lower
cavity is present.
In an embodiment of the disclosure, the bioreactor may further comprise
25 atop zone and a bottom zone adjacent to respectively the first and the second
extremity of the stack of carriers and in fluid communication therewith and with
the central fluid channel.
In an embodiment of the disclosure, the bioreactor may further comprise
inlet/outlet ports to the top and/or bottom zone.
30 In an embodiment of the disclosure, at least one inlet port may be
present in the bottom zone and at least one outlet port may be present in the

top zone and external circulation means such as a pump may be coupled



20 treatnment (functionalisation with hydrophilic silanes). O her
treatnents, nore sophisticated, can be envisaged (physical, chem cal

functi onavpDzatvemsikor exanpl e). Harvesting may PETERRel1A&T60Ut, such
as by an enzymatic reaction (e.g., 5 as with trypsine). Anchoring points
on the surface of the carrier may be present for adhesion, though a snooth
surface is typically preferred. In an enbodi nent, the bi or eact or of
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20 primary cells r .St eII i vvee 11 ,is N exc t _the
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ot her tiype fipdt eRtibr atayeleof alyved I(@g tmmformwhma)ﬂbhm@é evithehn @jg@h as
viruses, bacteria and the |iKke. In a second aspect, the disclosure

rel ates to”&atrﬂétﬂﬁ?delbm e fiisy gidengf thesbiesgadior hanaits eapieai Waile ao$eqatids
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2011/ 14%“%?%”0‘#%%@#&”39@5@%.9., conical). It may further be that the first and the
second carriers are curved and have same orientation, but that the curvature of
the first carrier differs from that of the second carrier. Such embodiments lead
thereto, that a level has varying height, which may be advantageous for
improved harvesting. Additionally, a stack may be subdivided into a first and a
20  second substack, between which an inlet and/or outlet for fluid and/or medium
may be present. Such port is then suitably coupled to a level with a varying
height.
In one further embodiment, physical conditions in the bioreactor may be
monitored and controlled adequately. This is deemed beneficial as stem cells/
25 primary cells are very fragile. Slight variations in physical conditions such as
temperature, biomass, pH, O, and CO,-concentrations and mechanical shocks
may damage the stem cells. The bioreactor of the disclosure is thereto suitably
provided with an upper cavity on top of the stack of carriers and adjacent to the
stack of carriers. Sensors may be present at least in the upper cavity.
30 Sensors may be present inside the bioreactor. In addition or
alternatively, composition and physical conditions of the external circulation

system, if any, may be monitored, for instance between the outlet port of the
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extending from the first side to the second side, therewith providing an internal
circulation system of medium. An internal circulation system for medium leads
to smaller footprint than an external circulation system. Moreover, the number
of external components is less than with an external circulation system, which is
beneficial for user friendliness. Expressed in other words, in an embodiment,
the bioreactor may further comprise at least one fluid channel separate from the
stack of carriers providing a fluid connection between a first carrier at a first
extremity of the stack of carriers and a second carrier at a second extremity of
the stack of carriers, therewith providing a circulation system for the liquid
medium. Preferably, the fluid channel is embodied as a columnar channel that
is located on a center axis of the bioreactor. In an embodiment, the fluid
channel may be concentric to the stack of carriers and internal or external to the
stack of carriers. For instance, the fluid channel may be a central column
internal to the stack of carriers.

The columnar channel suitably extends between a lower and an upper
cavity. An impeller may be present in the lower cavity and/or in the upper
cavity. The impeller has preferably its rotational axis confounded with the
center axis. As mentioned above, the impeller can be in the columnar channel
e.g., if no lower cavity is present. In this case, at least some ports need to be
present to interconnect the columnar channel with at least one level (preferably
comprising the lowest level of the stack). It is observed that the lower cavity
may be separated from the columnar channel by means of a wall having one or
more apertures, i.e., access ports for the medium. Such separation allows that
the flow in the columnar channel is more vigorous than in the levels of the
reactor. In such a manner both an appropriate mixing and an appropriate flow

rate for the cells may be achieved. Ports between such columnar channel and

e di sclosure, the
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Operating circulation means or punp in order to circulate the first liquid
medi umin the bioreactor, Stopping the circul ati on neans or punp

in order wo:alllwwizhe cells to 25settle on a first sidePofi/EPR@&10&TR] er s of
the bioreactor, and Optionally renmoving the liquid nmediumfromthe

bi oreactor, introducing a second |iquid,medi um corrpri sing cells in the

bi oreactor, operating the circul ati on nméans or in order to circul ate

the first 'M%ﬂbﬂaﬁ‘?&l}# 'S0 RAEREAH L AbgPEL EPe%%?ni“tﬁﬁ@?el gn?éfetrg@yonot

bi or eact or circulatron S Oor' punmp, rnin reactor

upsi de dovmprmmhtalevmg admentibhed taboset it he battom savitynid psesentaindtinthe
carriers of the bioreactor, In a further enbodi nent of the second aspect

of the di sCire¥'gHian MeaNset H@&m%@o%ﬂm@%%'%tﬂ%?%mr@ﬁ cHanpale p@(té@sar&bove
For i nst ancgereldlg Irﬁ?ég@rq ”Q?ﬂ ?PfHeSE olbiffhat L@RPnef is 6I”BF hasddp St
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l'iquid nmediumc I SIng ce | oreact or accor od| ment s
of the fir porigspecwitbfmaadres, Gusblaswtme or the like, f@@y@osidingycainponékiisiiold neans
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renmoving the ['iquid medium fromthe bioreactor, introducing a second I i qui d
medi um comgoirechgHcer celtune madiusn, mrecabebnutr@ptﬂ at paditiveé® The means may

be embodied as a tube, but could alternatively be embodied as means for
10  addition of components in solid form. If the means are embodied as a tube for
gas regulation and/or exchange and/or control and regulation of gas (such as
oxygen or carbon dioxide concentration), the means could be a simple tube for
infecting gas bubbles or could be a closed porous silicon tubing (this avoids
bubbles and foam). The columnar channel may then have quite some stirring
15 or at least rotational movement. As a result of which the components, such as
oxygen, may dissolve into the medium, and an appropriate mixing is achieved
prior to provision of the medium to the levels where cells are growing.
Furthermore, any bubbles may leave the medium prior to its provision to the
individual levels. Bubbles going through the levels might damage cells and are
20  thus undesired.

Such means for providing components into the medium can also be
provided at other locations (e.g., in the upper cavity). A filter for gas exchange
can also be provided.

In again a further embodiment, the level comprises a structured fixed

25  bed with cavity sizes adapted to the size of the cells to be expanded.
Moreover, harvesting may be carried out without shaking the bioreactor. Such
shaking has the disadvantage of likely destroying grown cells, in case of culture
of stem cells or primary cells.

In an embodiment, the carriers of the bioreactor are hydrophilic. This

30 can be achieved via a surface treatment. Surface treatment is advantageous
for cell cultivation. Basically, hydrophilisation is suitably carried out by a

physical (e.g., vacuum or atmospheric plasma treatment) or a chemical



15 circulation nmeans or punp in order to circulate the first liquid medium
I n the bioreactor, stopping the circulation nmeans or punp, turning the
bi or eact avoupsiidesidown and allowing the cells to settl ePom/ER261808T6A1 Si de of
the carriers of the bioreactor, Sensing the value of a paraneter of the
l'iquid nedium (e.g., oxygen concentratign), 20- Crculating the liquid
medi umin the bioreactor by operating the circulation means or punp as |ong

25, the val Y hohlRynBRSaon SuehRlANREedar B Rotle) HalmenShalhe

cells are grown e bi'orea Fom- s”liqurd (culturé) medi
by openi ng saphistithtet, f can t be émmsagbdm@:hymcaz5chénﬂ¢abdﬂmangnalrmlber fori qui d
medi um conpri Si n a releasing agent (e.g., trypsin), Grculating the other
l'i qui d medi€@¥AMAI$hi n the bioreactor by operating a circul ati on means or

pump, WO 2011/ %@é&%@%@%éﬁﬂ%@8&t ZAch fd%”ﬁ;‘r)élgl ShAM t"RIH%N e'd[ ecting

the grown cells anot aspect o ure relates
appar at 8s asdvitietrippsisef. oAnofnnrlrtg)pmlng; arelie gurcfm:ehoﬁ thel azdiiergmay loei presest acked
carriers. A first car{1|er above rier may include an
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carrier, it allows a line of sight to be maintained fromexternal to the
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Preferably, the surface for preventing cell adherence is associated with a
pi ece of t OgASHAr ERPElRLt 6F iRUMPiBE AR§Eh ey dPsphebaee shape and location.

Preferably, the bioreactor is further adapted to permit the linear velocity
of the medium to be increased to the range 10 mm/s — 20 mm/s for the
harvesting step. This helps in detaching the cells from the carriers.

15 The bioreactor according to embodiments of the disclosure is most
suitably used for the culture of animal cells (e.g., mammalian cells, insect cells,
fish cells, plant cells or the like), preferably mammalian cells including or not
including human cells but preferably including human cells. The bioreactor
according to embodiments of the disclosure can be used for the culture of

20  primary cells and/or stem cells. However, it is not excluded that the bioreactor
according to the invention finds application for culture of any other type of cell
or even any other type of biological material, such as viruses, bacteria and the
like.

In a second aspect, the disclosure relates to a method of cultivating

25 cells. In an embodiment of this second aspect, the method comprises the steps
of:

- Sensing a value of a parameter of the liquid medium (e.g., pH,

temperature, O, concentration, CO, concentration,...), and

- Circulating the liquid medium in the bioreactor by operating a circulation
30 means or pump as long as the value of the parameter is below or above

a predetermined value.



A bioreactor for the culture of cells may include first and second
carriers, each having at |east one inlet for admtting a fluid nmedium The
first carwDen11/i4s512ncl uding a first portion adapted for PCelHP2@dIO8TS@NCe, and
a second of the carriers further includes a second portion adapted to
prevent cell adherence. The second portjon of the second carrier thus
allows for viewing the first portion of the first carrier when the first
and second ' | i : [ L d.QN

comr i se suf thpaliegidt, ¢Bog BB sofolf bbbsk, MY B0 e 11
second por tstaps ofay i ncl ude an optically transparent material between the
second carrier and the first carrier. A single housing nmay be provided for
receiving the carriers, or the carriers may conprise stackable trays or
cubes, - “RAING 2 ¥AVEr Ohey BNV dld IR hHiTt MEHHTs (& For Qaon
adapted for celbongéhﬁgﬂﬁﬂgﬁqy and a third portion adapted for preventing
cell adherence for aligning in use with the second portion of the second

carrier. Still another aspect of the disclosure is a bioreactor for
the cul fure of &arquiatimphidediowic sadivmaobipe ibiereagtosthyckparatiagar Gienudation fir st

adapted 1o pr evaNENS6r GaimB ok el ol Ry 8, Refaeld “eapaRar® =

wi thout cel |l adhesgsteemimedamud.or viewing a cell growth area on the second
carrier through the first carrier. A bioreactor for the culture of cells
conprises a stack of N carriers. WD 2011/141512PCT/ EP2011/ 057621 24 Carrier
N-1 has at D edthghembedimenhmifetlis ©9508deAsPRE! IthadReas OMmtisesatea of

carrier ﬁ 9'@%@@’302%@"?6 %Q%@eﬁﬁ%‘%&E%rqréﬁvﬁ"%n%{‘bﬁf'f‘ééétsl'f agbért}frg;%h

carrier rier as at 1Teast two areas adapted to
pr eventlocelanyathieodimes} ohtHe first agdedt log thpr digelosuse:eas al | owi ng for vi ew ng
of a first cell growh 5 area on carrier N1 and a second of the prevent

ising a 1 ine of Eaneua fieoBareadter fratERTaurEleutrdnprlit R iShdihg ' gueq
another way, a BiuBEERELNS liG@E mé@ufrul ture of cells conprises a stack of N
carriers. Carrier NNMhas at |east Marea(s) adapted to prevent cell 10

adherence. These area(s) of carrier NMallows for viewing a cell growth
area on carrier IN@GHaG ANSHMET kquidimedium comprising dcledeaf’y A98Ht {el%ted to
a bioreactor comg%ﬁ'gng a stack of N carriers and having an optically
transparent |ine Tght froman external vantage point to a cell growh
area on a surface of carrier NN1. Preferably, a

15 - Circulating the other liquid medium within the bioreactor by operating

circulation means or pump,

- Emptying and thereby collecting the grown cells.
In another embodiment of the second aspect of the disclosure, the method
comprises the steps of:
20 - Introducing a first liquid medium comprising cells in a bioreactor
according to any embodiments of the first aspect of the disclosure,
- Operating circulation means or pump in order to circulate the first liquid
medium in the bioreactor,
- Stopping the circulation means or pump in order to allow the cells to
25 settle on a first side of the carriers of the bioreactor, and
- Optionally removing the liquid medium from the bioreactor, introducing a
second liquid medium comprising cells in the bioreactor, operating the

circulation means or pump in order to circulate the first liquid medium in



15col um of transparent material fornms the optically transparent |ine of

si ght. Vi ewed anot her way, a bioreactor conprising a stack of
carriers woebudgssian optically transparent solid nateri CTgEpétiossed i n a
space between adjacent carriers. Still a further aspect of the disclosure

is a bioreactor conprising a 20 vertiggl stack of carriers, each having an
inlet for receiving a fluid nedium and adapted to allow for viewng a

i afl . . g a
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conpri sing a st didreattoe apsider sow aadcalioniny sheacellstoasdttdd onoa 3echad difd ne
| evel s bet ween %5 agga_cent carriers for the flow of a liquid nmediumfrom

an inlet to an @ylmee iHers Akthei RipeaCtWr . Adj acent | evel s are fluidly
| nt erco””e‘?ﬁ%‘dlﬂ)’r't rt &R BHInERt SofOREN %cgjgfbeéi\%ﬁé{‘[tté‘fatthet 8i§clb%9ﬁ%8%b%ocan

flow fromone [evel to an adj acent east one o e open spaces
provi ded byomprisesta cambimatiost ol dues stgpar abhatd. y Fov énstapse winehmathagpherayspace
provi ded by af(_:ent carrier to create a 30 substantially

a secgﬁd, adé'n
unobst r uct E8TEBSEIEP SERFC 0 view a growth area on a third carrier.

Preferably, the gasdidfg 4 UufitsheliqlifCIriedfufn@ofpriBME @NEN|rFPRCEIBraRiYEeen a
first and an adjacent second | evel that do not overlap with the one or nore
open WO 2011/ 1488¢0R{IW kran embsdsnantsf i bt aspeoiedirihe Wischasts@d | evel and

an adjacent third | evel when projected along the principal direction.

The di scl osure absg BRIt AR ABhO'EHERRN il Bfad g Lt SrOfirdgbliy

conprising a stack o three™ca st "‘carriefr pro
| east 5ot hr ee opesdismpanale bidrbattor,.cel | adherence, and at | east one open
space on the first carrier aligns with at | east one open space on a second
carrier to allow. for, viewn cell growth area, on third carrier
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Preferably, the X3eeAE O&¢ O PIaEsOaPuMPast Of E’p@ W @e%e:ll.slw BRI EF
DESCRI PTI ON OF Tl RS side of thEGarRERY ARk YiordgERrdi ng to the invention

will be further elucidated wth reference to the %I gures, in which: Figure

1 shows a diagrammatical view of a bioreactor provided with an .
- Optionally removing the liquid medium from the bioreactor, introducing a

second liquid medium comprising cells in the bioreactor, operating the
15 circulation means or pump in order to circulate the first liquid medium in
the bioreactor, stopping the circulation means or pump, turning the
bioreactor upside down and allowing the cells to settle on a second side
of the carriers of the bioreactor, Sensing the value of a parameter of the

liquid medium (e.g., oxygen concentration),

20 - Circulating the liquid medium in the bioreactor by operating the
circulation means or pump as long as the value of the parameter is

below a predetermined value,

- Once the cells are grown, emptying the bioreactor from its liquid (culture)

medium by opening an outlet for the liquid medium,

25 - Introducing another liquid medium comprising a releasing agent (e.g.,

trypsin),

- Circulating the other liquid medium within the bioreactor by operating a

circulation means or pump,



external circulation system according to an enbodi ment of the disclosure;
15 Fig 2 shows a diagrammatical cross-sectional view of a bioreactor

conpri si yoaoti/meukati on systemintegrated in the biore&CrT@mP2@a®sTedi ng to
an enbodi ment of the disclosure; Figure 3 shows a diagramuatical top
view of a carrier according to a desi g% for use in a bioreactor according
to an enbodi nent of the di scl osure; gure 4 shows a diagrammtical top

view of a carri %mﬁﬁ&rg’ad’ ﬂcgl?e%tlﬂa tﬂ@{gré{ﬁr‘?cb a bi oreactor according
e e, I gur e

to an enbodi nent shows a di agrammti cal

top view of a carfetlemoth?@rcmmhong)fttbewlstﬂa@é@e rbtatesi s@ appasatbs aneadietiiods
according to an enbodi nent of the disclosure (| ef t% It al sq hows a graph

showi ng t ha®" fRATGUBE a1 STRWiACECKHANG mt'raev%taekae S87iae Bpl wt%@%r in
the cartl ehosicheasatolds Sbedhd fbdrﬂémﬁa;} Tocinad & BealaneBridd tha I

georretrlcal center e carrier ows a diagra tical top Vi ew
of a casri edaptssbiodineyeniothe g]tewtrgof (ﬁejis U¥bennhia anealoeaottmn |acal:|gne|d N‘gthto an

nmbodi t of the d f
e Al s Bt 3B dkieslininedide SIS adr BRATTRLI R alfansdhy, '
embodi ment @Qfm b?@rﬁél%@ltﬁéﬁf&ea(ﬁbgﬁﬁé tlgr%nghstﬁé’wﬁstfcbﬂﬁgrQé tﬁé’brcﬁkfﬂﬁlﬁﬁét i on of

the flowin a bioreactor according to enbodi nents of the disclosure; WO
2011/ 141512PCT/ §tiod fudbaeaspes of the disclosure relates to a carrier for culturlng

cells in a bioreactor. The carrier includes a surface having an area adapted for

10  cell adherence and an area adapted for preventing cell adherence. Preferably,
the surface for preventing cell adherence is associated with a piece of
transparent material, or may be hydrophobic.

A bioreactor for the culture of cells may include first and second carriers,
each having at least one inlet for admitting a fluid medium. The first carrier

15 including a first portion adapted for cell adherence, and a second of the carriers
further includes a second portion adapted to prevent cell adherence. The
second portion of the second carrier thus allows for viewing the first portion of
the first carrier when the first and second portions align.

Preferably, the first and second portions comprise surfaces on the

20 carriers, but may form openings as well. The second portion may include an
optically transparent material between the second carrier and the first carrier. A
single housing may be provided for receiving the carriers, or the carriers may
comprise stackable trays or cubes.

A third carrier may be provided having the first portion adapted for cell

25 adherence and a third portion adapted for preventing cell adherence for aligning
in use with the second portion of the second carrier.

Still another aspect of the disclosure is a bioreactor for the culture of
cells. The bioreactor comprises a stack of carriers. A first of the carriers
positioned above a second of the carriers includes an area adapted to prevent

30 cell adherence. The area of the first carrier without cell adherence allows for
viewing a cell growth area on the second carrier through the first carrier.

A bioreactor for the culture of cells comprises a stack of N carriers.



Figure 9 and 10 show di agrammati cal cross-sectional views of further

enbodi nents of the disclosure wherein the bioreactor conprises carriers

i ncl udi ngwe 2nondpsEependi cul ar angle relative to the pri mErgExRodiosmeti on in
the bioreactor; 5Figure 11 and 12 show di agrammati cal cross-sectional views
of further enbodlnents of the dlsclosurg wherein the bioreactor conprises
carriers including a non-perpendicul ar angle relative to the principal

direction I BEND] RBSIFIIS one area adaptdd @bBvAL SHPASCELNdiReY i g

to an enbodi nent € secon as ec I SCI'oSUr e; ure 14
shows a di @grcammtmdadallawsnkfr wmhgoailabllglr@mmére@ cbrncaﬁmcrtl‘d)rthr@ugbrcmrmng to an
enbodi nent of the d| scl osure; ﬂure 15 shows a digﬁcgrammt | cal top

view of a Orfri ErefgrRRly. dPW@'efd\lg B%%l eagh tvgg@r@:ﬁs &dgp &Et%‘?v%c% bi ng
to an embodiypepd deéf tfh’@t@l‘ﬁl%' &%U?ﬁ’b ar%%g'a%% 8aof%?ﬁ|%@§| n ctﬁgfﬁ;ﬁw of

a carrier accor to a desi Use G A bioreact accor
enbodi ment anéa bheoaltnercNe‘s and;a second Ei tjwrpre]zén’sam&s allodvmg;rf@mhimt\iie\alngt op
view of a carrier _accor

to a use in accordi ng
o an enbodl fbscard el bdeh quimesi i VSRasd Brcot SERE inaBhEt ng
that the oyps@dt o5&4 bresrrief §a1(A) covered 20by the open space in the
carrier increases faster with increasing radial distance (D) to the

geonetrical centWewed aneiheraweyee; bloreacton:fcgutrh@ agtusaoniscellsceoyprises @ onal
VLo of LSy RA05 Rleshy gk KaRlbr SENLNES 3 ke g RSB Bl o
per speabi veidnermoel Bheddakeats) chcdrrier Navcallss ortviewingZa eah oebwenareef t he
disclosure. on carrier N through carrier N-M.
The disclosure also related to a bioreactor comprising a stack of N
carriers and having an optically transparent line of sight from an external
vantage point to a cell growth area on a surface of carrier N-1. Preferably, a
15 column of transparent material forms the optically transparent line of sight.
Viewed another way, a bioreactor comprising a stack of carriers includes
an optically transparent solid material positioned in a space between adjacent
carriers.
Still a further aspect of the disclosure is a bioreactor comprising a
20  vertical stack of carriers, each having an inlet for receiving a fluid medium, and
adapted to allow for viewing a growth area on one carrier through an adjacent
carrier other than via the inlet.
Yet another aspect is a bioreactor for the culture of cells comprising a
stack of carriers. The carriers are stacked so as to define levels between
25 adjacent carriers for the flow of a liquid medium from an inlet to an outlet of the
bioreactor. Adjacent levels are fluidly interconnected via two or more open
spaces so that the liquid medium can flow from one level to an adjacent level.
At least one of the open spaces provided by a first carrier at least partially
overlaps with an open space provided by a second, adjacent carrier to create a
30 substantially unobstructed optical path to view a growth area on a third carrier.
Preferably, the carriers further include one or more open spaces between a

first and an adjacent second level that do not overlap with the one or more open



Fi gures 20-26 relate to a bioreactor according to an enbodi nrent of the

di scl osure. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBCDI MENTS 30The

di scl osurwownil/i4ia2descri bed with respect to parti cul ar PEREPAIINBHT6S1 and
with reference to certain drawings but the invention is not limted thereto
but only by the clains. The draw ngs deérs)cri bed are only schematic and are
WO 2011/ 141512PCT/ EP2011/ 057621 27 non-Timting. In the drawi ngs, the size
of some of I t -

1 ustraci SRo5ef VENRET R XGROnG AR o Afedf it el MnaF Brdieta

cor r espond alengathieyarinoial wivetthors. to practice of the invention. It should be
appreciated that_in the description.of exerr‘ta) 5 enbodi nents of the
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i nvention, vari di§ FSHARUER YBO tPRITIRG AL A et ithe LUHER i dcelSget her
!stnr ga?r; P%: %gﬁiﬁg%mﬁc%tac& 'o@Lth a &Y t{i6S Tak M O”Atlﬂef %QFrlefrOdroblﬁgspé’lrI@%te Of

osure an aiding In t e under standi'n one or
of the var itlnee oparespaces \ampmaitcsall m‘neremm reoat! aff Ieas’som@@pee splacamrethe is
not to be |n erpreted as refl an intention that ventlon

1 t
10 1 equi r edm SN ataSoutth 2t Feast '@%&%e&éwaper%@t%%?qnﬁ St I 5o o her

as the fol hsWiRg &!callMBrolved |#64 .0n AV c\,’eﬁ'rléﬁpqifrbferbbg e 1s@88nd rt%!‘r‘ruéﬂ !
features of a single foregoing disclosed enbodi nent hus, the clainms

fol | owi ng chepfisesiat éehsiégecpphispacase hereby expressly i ncorporat ed into
this detailed description, with each claimstanding on its own as a
separate enbodi nent of this invention. 15 Furthernore, while sone

enmbodi nent BRIEFCDEBERIPFIONTOF THEGGE®REAES but not ot her features included
in other enbodi nents, conbi nati ons of features of different enbodi nents are

meant to be witHiNhe b'ﬁéeafr‘é@rp@CQﬁrdmletol ineeinvenion wibbedurhean elusidaied with
enbodi nent ?efe?énd’é’fb'tﬂel?ﬁ/@ er Sk by those in the art. For exanple, in
h

the foll owi ng clal e cl'ai nred enbodi nents can be used 20in any

conbi nati on. FigurBur tshewsta dla@amatfcat hieve ob adviorsEcsorapre vidiesicwit b eh
herein as a net hod or conbi nation of elenents of. a od that can be

i mpl ement e@XRNa! PIRBQIRYSHMaAeLRHEINGLP %y%méﬁﬂmerwfgﬁ%gtsc H of
carrying out theFl%U@CéHde al 1 raﬁﬁéﬁws%gﬁlﬁg&‘oﬁﬁew%ﬁp%s rIyloree;[cr’[lord

i nstructions for Tarrying out a 25 net or elenment o

forms a rrea:nmpfrtsrng:ar cmLﬁgtlchtsysﬂem netep cadedrin ehenkioteaxftora ageardod to an
Furt hernore, ,an,el epe€th gtf ri bed herein of an apparatus enbodi nent is an
exanpl e of QMW?” the '?@Pﬁﬂ out the function perforned by the el enent

for the purpose mjureas raHoRG QWiaghenmBYEAtfoPNview of a carrier according to a
design for use in a bioreactor according to an embodiment of the disclosure;
20 Figure 4 shows a diagrammatical top view of a carrier according to a
design for use in a bioreactor according to an embodiment of the disclosure;
Figure 5 shows a diagrammatical top view of a carrier according to a
design for use in a bioreactor according to an embodiment of the disclosure
(left); it also shows a graph showing that the overall surface area (A) covered
25 by the open space in the carrier increases faster with increasing radial distance
(D) to the geometrical center of the carrier;
Figure 6 shows a diagrammatical top view of a carrier according to a
design for use in a bioreactor according to an embodiment of the disclosure;
Figure 7 shows a diagrammatical top view of a carrier according to a
30  design for use in a bioreactor according to an embodiment of the disclosure;
Figure 8a-c shows figures for explanation of the flow in a bioreactor

according to embodiments of the disclosure;



In the description provided herein, nunerous specific details are set
30forth. However, it is understood that enbodi nents of the invention may be
practi cedwwizbhitiisiehese specific details.ln other instaRCEEP2e¥@I0576Rhown WO
2011/ 141512PCT/ EP2011/ 057621 28 net hods, structures and techni ques have not
been shown in detail in order not to o%cure an understanding of this
descri ption. Figure 1 shows a diagrammatical view of a first

enbodi nent of t .0, r el j WolsW i@ rl
s provi ded vi t TP § e 20 FREPHAG il NERBhe TR P IEMEC, 2ok
of carri er embhodinieats afethe efisiehirg, whergin efentbioreative bompeases azardersThe
carriers are stacked al onIg a principal direction P extendi n% fromthe first
side 11 to RWediggcaiprspaidendicuigicang e, egatver toyihe RrncRa AiRCiANJpelespaces
(not shom)oiorg?gtopj oreactor 1 of this enbodinent is provided with an
external circulation system 30. The external 10 circulation system 30
conpri ses a nediFignret bt apd t2usko®2diapwminaticalupbestseotianad Vidws e@adudherl

through tubes 36. An ext . 33 Qs t f bl ing flow. of
modi um & GIIPIRENE: & obia oo g tRT 3 Moo e RRBIGGnCE e e Bitce
the bior ea%&lﬁdiﬂigaé_ﬂdﬂ-gér\ﬂ!é?wcu% Qﬁ%bhr%léti\/esto %h@'%rﬂq%ipr?l diftibhoheget or 1.

It passes each carrier hin the bioreactor 1 through the open spaces
therein, D®readiorhen | eaves the bioreactor at outlet port 22 on the second

o ovi ded it a HeTEe S0 A PRB AtThikRe 8% BRbadmme R &Sl or 55
for addbti empett sfanp@ieidsureThe nmeans 35 may be enbodi ed as a tube, but

could alternatively be enbodi ed as neans for addition of conmponents in
solid form 20 \W@Ure thehawaisiadramanriosh srOS2sediosRbyievhef @ Pirreadteipi cal
| aboratory J o‘ﬁﬁ [ ass, it wll be clear that

i npl enent atdlcglr%'ls [Ef%tﬁggrgboggrgﬁgt %‘ftggno %SXL% uded. Wil e the nedi um storage
tank 32 is showfiduaeel 5 ahbesca e grdmnoatitas ity vievbiob reeaartrier atcoiding $o @ot
excluded that it is coupled to a plurality of bioreactors 1,  suitably
arranged | WESIGNHPT BBS TRGIRIRARISY AGRRFRING 1o 2 embssiBeer oldhedisiosure:
conposition and [ h | 3dr8hsciRE Vi [ t A hdi gk &gt

Her et o,lgsensor s Fﬁ%gréb?%rée\\g%%tﬁéirnm éeBt h%wg?g%agﬁgo%c%jt g?ﬁdrgt)?%éélgy%
conposi t i ousearid aghigtactdr ansadding éman ambddimext et thal dis¢losureat i on syst em nmay

be nonitored, f%r. [ nst/ange bet ween t he ou Itet qurt f22 of. the bid%EQeECt or 1
and the nedi um St@EgE’ SHANSS IGFramAtEAL QR NIGW, O FeCaiLieT Aol i @
foreseen feofesigh for UsePirral bisrdiér a8cortMgb® BRaSHHEMMdME!dfdBet disciBElret he
t enperature, the oxygen and CO2 content of the medium the anount of
bi ol ogi cal (i¢#)eif iadgo, Skows 6r grape Yiavengithat teooverall surface area (A) covered
20 by the open space in the carrier increases faster with increasing radial distance
(D) to the geometrical center of the carrier;
Figure 18 shows a cross-sectional view of the edge of a stack of carriers
for use in an embodiment of a reactor according to the disclosure.
Figure 19 shows a perspective view of a stack of carrier according to an
25 embodiment of the disclosure.
Figures 20-26 relate to a bioreactor according to an embodiment of the

disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
30 The disclosure will be described with respect to particular embodiments
and with reference to certain drawings but the invention is not limited thereto

but only by the claims. The drawings described are only schematic and are



WO 2011/ 141512PCT/ EP2011/ 057621 29 Figure 2 is a cross-sectional

di agrammati cal view of a second enbodi nent of the bioreactor 1. The

enbodi mrerwoghovmdidiere i s a bioreactor in which a circul CreP26ya95me1 | S
integrated. In this exanple the reactor is provided with a | ower cavity 3,
an upper cavity 4 and a fluid channel % extendi ng between 5 the | ower and
upper cavity 3, 4 along the principal direction P of the bioreactor 1. The

fluid chan B ks in nﬁg/vr% er Ei'f”ﬂfe( ed in
t he center rp]% 'Eﬂ'@ﬁ%. or“]ieg[@ @mh% sﬁprOZf%)rrg ly o ?’?%ﬁ% (?Jé& ape.

The carri ema@gena@ecthadl«&ﬂ omhwngnrt beals dorilldsiratdid purposbs. Sthecdimegsiorsurs in
one enbodi nent by neans of nechani cal connectjons defi m%&gt he side wall of

10 the col @HaNecREAE diBIenpiansAoBehaRIeaROnh haerb FRAURIPNS g rraelice
ori ent atl ot ghe GRSHUBAT It Sholild Bé BpBlaGited Rkt frf’eraééd@%bédféﬁﬁelrﬁ& §

freedom for independent rotation o eac of t e carrier It is by
no means exchhabbuientsaof theeinsentidn, ofaricas featuses ntthﬁdinrvgnticbreacealsumeamashannel

coul d be manuf ac as. one. pi ece r t ance g
rocess.  addidred e ines S SHesciaenhils. o1 Yeqr Lo abeBAT N e
like) are upesodeosf étféﬁrﬁ‘lﬂwﬁ’@fﬁé Gl@cl%fsuFéWQnéfaﬁﬁr'fgz i PeaYRierstafBRgaf®ne or
manuf acture of the carriers has the advanta hat the stack becorres

nmodul ar, sdere efdhpevargde invenjve aspeshior tT@rs ottt ehdisglashre, lioweneasniged use

o needed 898! bh TSR BhokE oo P el NaL TP o e
bet weenpadjreq@irds mars fedtareé thantdre exprssthciedited in EAcH cla. t Rgthad vanthage
that the columar channel 5 nmay be used as a m xing and di ssol ution vessel.

In this exd@VEng clmsirsfeslcinyentive aspeeisiligdn 16583 Hhaseaibfaatuiesraf §|99Ie14
15, e.g., rfegb[n‘y d%s’ﬂéé%f %g@t?c?dfﬁ%ﬂf‘geT fis PRk &énﬁsorfm &mggdﬂ{é'

liquid conpo arly a so vent suspenS|on

di spersion deaonlpta)rpatrd héﬂéby@xptéESI)aMdotpaDate@fmgﬁmmdetadedmeemmmn fwoth
[ [ Particul arl bles}éG resulting fromthe

| nstance air en or
2ddi 11 on oA SEoteBHBE RIS AP TR PPRAralR L rBOSeY Srnisod et ho
level s 1§ betveelk iR | @ Lo BghiodfABRisOtosk badPY ifbidd tome

|rrpeller9for stirring the medium The Inpeller 1s typica

particul ar ijat innt btteofeatorgs mmdeelrlmcnher embbdasnemtesemmbmwoea@f teatlresa
magneti c | a rrechanl en inpeller is not exc uded
This i npel REAMSTPA! aPpBrenE ehs Akl &0 Perwifin i shPs Abia i Bionetn
2011/ 141512611 /oﬁ%'%@ﬂnlé%aaaﬂer&@ BENEBEE B BnBERIRREbPthodOWEHRY artl fFor

desired, a separate gurrp may be used to control and drive such flow. The
i npel | er 9examnp iprt euf@lmvlng daies) e of ¢ clajmed embadiemesirican benesed

col um i s observed that the | ower cavity 3 may be separated
A ci*%ﬁﬁgﬁaaim

fromt by neans of a wall having one or 5 nore

apertures, i.e. Funteessrdlosdmef of thbeempauimentSuare skizaribéd oneraind Qs at hat
t he flowm the columar channel 5 is nore vigorous than in the Ievels 6 of

t he react ormathodprLesmpinaiigihAbelenrMs &h aapgtast ihat sanibe mplamegntad by
appropri at e fLawqf 3 § dMpdtBesF& 0By oftfer 384 carrying out the function.
Thus, a processor with the necessary instructions for carrying out such a
25 method or element of a method forms a means for carrying out the method or
element of a method. Furthermore, an element described herein of an
apparatus embodiment is an example of a means for carrying out the function

performed by the element for the purpose of carrying out the invention.

In the description provided herein, numerous specific details are set
30 forth. However, it is understood that embodiments of the invention may be
practiced without these specific details. In other instances, well-known



The bioreactor 1 of this enbodinent is provided with at least one inlet io0
port 21 at its first side. This inlet port 21 is primarily intended for
filling awoempdyiiag of the reactor. However, it is by mOTHEPa0s/08%e1 uded
that this inlet port 21 fornms the port to an external circulation system
that is used in addition to the intern% circulation system In such case,
typically, at |east one outlet port is present on the second side 12 of the

ever seo.  MEtRBYE Srucles AP lochBldy o< e Gpuenlofile 51 gBRlN WroTHerY

present intéo bescyppeaan cadersiandlinglof ithicassdriptidnf ur t her | eaves space for
sensors 23. It wll be understood by the skilled e{ison t hat, t he hi oreactor

lis at its secomdHre; aeSleNﬁ)raefj@QiBW%tiC@éé’ée‘goOfag_ st Rmbedimens s/ siheal
condi ti ons b?cﬂgra%r BRebrd F@%&irﬁ.@nﬁ@ﬁ.ﬂeﬂ‘h biore?c%tgtL 9YE $royibied Z/viﬁhg"ﬁrst ‘he

plurality o Iagranmati c top views of the different "enpodi nents o
carriers7 isidenddoanichrace opposite Isecomy esdé dizs. AAlstadkhek earigre di, nwhich arieow

circular carriers 7. With open ces 2 that are provided al ong several
i nes 11 ombRETakIA I PHEPeF 1 HES BIPTRRSIOr7 1 o s SAURYS A8 Scked Aong g
i ncl ude rotyhcRRRbIrSMBREP ekterlding FroRPURYRSt Biie"O PRBSsR6ALUIES! 1DNathel he
carriers 7 may have another shape. It is noreover not excluded that the

open spacesagieifd aid piavisiecavidin@penrspasesdnohsiamie). t hiee biaveaetor 7 ofdhiser

carri ors 2PmtodinREE s PR WA BB AE R B E PSR B Ehd el gl
spaces 180 Zirchiagon eystbm BroempriséOW ebiRgh novagehasr B0 thagro@veprizared
open spaces 2, wherein ﬁrooves extend substantially fromthe center 17 to

t he side ed@%bm.eaqtﬁbﬂjd raugh Wheeso. tAve eytestalerwRR PSd S speserdface’akling t he
hol e- WD 2 P sh peq, I ned
into a si nglgjg\/ ég%ﬂ{hgtg@énmé)ﬁogééﬁéﬁgt Wvﬂﬂ ﬁﬂl\éﬁg?@g@e@ﬁﬁhﬁ@ open
spaces may entersuhdibidrdacdtor rtar inles eortes! ofi the &rst lsidehaped trepbiorsgeioes. dnd t he

Spaces.  SFEAPES SaCARE IO MBS RERROT h UG PRORT FRRECARBE B ¢ he
15 and then leaves the bioreactor at outlet port 22 on the second side 12 of the
bioreactor 1. The medium storage tank 32 is in this example provided with a
filter 34 for gas exchange and with means or transporter 35 for addition of
components. The means 35 may be embodied as a tube, but could
alternatively be embodied as means for addition of components in solid form.
20  While the medium storage tank 32 is shown here in a typical laboratory
implementation, e.g., a beaker glass, it will be clear that implementations of
larger scale are not excluded. While the medium storage tank 32 is shown here
to be coupled to a single bioreactor 1, it is not excluded that it is coupled to a
plurality of bioreactors 1, suitably arranged in parallel. Though not shown, it is
25 preferred that the composition and physical conditions of the bioreactor 1 are
monitored. Hereto, sensors may be present inside the bioreactor.
Alternatively, composition and physical conditions of the external circulation
system may be monitored, for instance between the outlet port 22 of the
bioreactor 1 and the medium storage tank 32. A separate sensing vessel may
30 be foreseen for this. Typical conditions to be measured include the pH, the
temperature, the oxygen and CO, content of the medium, the amount of

biological material, and/or the effective flow rate.



open space 2 is independent of the distance to the center 17. Figures 5 and
6 show enbodi nents in which the overall surface area covered by the open
spaces 2 wQ?2atl/l4¢:8t one of the carrier 7 increases fasPer/Brei/0sTeer easi ng
radi al distance to the geonetrical center of the carrier 7. Figure 6 shows
a preferred 10 enbodi ment in which thezgurface area of the open spaces 2
increases with the distance to the center 17. Figure 5 shows t hereof
an i npl ement at i #lodrd whi gh J h&o‘é&%gbﬁ nd! drdfrdmmbatear Gienfagh £f sé’éanogrm
si ze, increases increasing radral distance to the center, e.g., by
reducti on emisdoimepaof tihg Weteseesr 1. NThe iethimddimpansispac @erdlis a boréagor i 6
shows an i nplenentatjion in which the width of the open spaces, 2 incyeases
with the divdtigheciicylaline syskae s infegrated.  Indihigy @xamplerbadeactopiscpiavided
embod ment s WH &t o bl dhoeR 8Y BPARRR! 2 1d0RBNAE! & BRtbrefdBeliedrl ! oW

rotati onal novenent o he medium i1 n the bioreac ot at 1 onal
novenent i sheéoveeradred uppeacanitypd i atoret the 20ial diecBan ¢ dethenisibrestatort he

flowin the biigregctor, in gccardance with one enbodi nent of the jnvention.
For ease ofi- SpiSe0iik SORANET S i R EnEtRBPRoRN N HYSrA R WINAR, SHANBR ¢ ne
open spacesgochted irftHd Edtite €8 theHioréadtd? 1, MBERlS preftably: of QliRdriNahbye. |

di spl aced with respect to the open spaces 2 in an adj acent second carrier

7. Figure Saeneqrsiers di d¢l sfacked lortd He same direstioscallbe stackingioceurs ure 8c

Fur thor - decaeemBPairf aiARERTEP: FroenaBR Bttt st TR EIRER € 1 S

al ong tibe ptié aelupAardiha@etl BN TRegt rhdehdnicdl @aghettidns mhayifixcthe dgenedtion

m croscal e a nghor conponent 10 extending laterally. Figure 8b shows hereof
a det ai | ed ofea@h erEiary ithystagkt belfalieenatively maydeayeiepdomriprindepgntanter al

Cnstead of : h . N . . g,
desi on of (RETGTATEAH BLUR Bolfry CRanLT I By edti UL ERS i R 0.
2. Fig 9 astackOofi ;arders inskidigctheorwlmiiaaghanmaltdotiéd beinesinufbiciotdeas\dbe

2011/ 141512PCT/ EP2011/ 057621 32 enbodi nent.s of the bio eacht or dii The
bi or eact or PICEOF MSIANGHPY JNGARE © @rmﬁvl@%cnr%@ﬁss el @OOPRVER" so

that they whddn éi'if&ﬁ}i§§§ﬁcrbﬁ98§ﬂ%}ikégr‘arbh§é‘cjt ﬁfeme&#'aqrpahfon bhhestaek. of

carriers 7 is of conica ape, i.e. ach cartiers conprises at
| east a poHaveeverhseparat¢ udaesut@choa- plethse cdirears anag ithe.gdvabtags ithatedheangl e

to the principal direction of the hiqreactpr. One advantage of sych coni cal
Shape.i & t A%k pe&iES meduh, dsnfs T TAd BrOTephabn o arRR A LAt 1 er <.
Fur t her nor gpe fiPAYeddsa BHd evwedidongitiehst he reactor is inproved as the risk
of form ng puddl es when enptying the reactor is avoided. Wiile typically

only one side offrafesaplyi a8 shows instbis Figure @, theygaknrar, channies Srdnes net

ol et adas ORBPEIH © i eE I SshoErtiBity Riefil o RLEN
and the | owes biagatter (1S eFhibitasr @idédddvahtggedthzg nhaicommdr ¢Himnel ermagtoer may

then be reversed. This allows that in a tfirst operation cells are 1 nserted
and are al USRERS ArBIXNY gedtdissution vessal darthissexampler da¢ digreactos I isact or

orientati onb5468\ihS&leral ports 13, 14, 15, e.g., a filter 13 for gas exchange, a port

14 for the addition of liquid components, in particularly a solvent, solution,

25 suspension, dispersion, and a port 15 for the addition of gaseous components,

for instance air, oxygen or CO,. Particularly any bubbles 16 resulting from the

addition of gaseous components are better prevented from entering the levels 6

between the carriers 7. The bioreactor 1 is provided with an impeller 9 for

stirring the medium. The impeller is typically, and particularly in laboratory

30 versions of the present bioreactor 1, a magnetic impeller. However, a
mechanically driven impeller is not excluded.

This impeller 9 is further responsible for providing the flow of medium



is and further cells are inserted (if needed) are allowed tine to settle on
the second carrier. Figure 13a-g shows a procedure for using both

si des of weachiigatyizer in a bioreactor accordi ng to enmbo#CrEre&l108762he
disclosure. In a first step (Figure 13a), cells Cin a nmediumM are

introduced in the bioreactor 1 and the3 ells C 20 are distributed

honogeneously via operation of the inpeller 9. In a second step (Figure 13

b), the cel t f r r 7.

The arrows tﬂ%@gr?{mqhg tﬁéom\éﬁqe '@%\]P&érc show la %tpa?éttg. on %’é@?l Uqeé‘r?gjrnlt% Thi s
is triggeredntrgl gnavdrivy suth flavw hdelmpelmr(gzrr@tyrtm ﬂaﬁ)vujed mfteerimieuoa\Myl S
renoved fromthe bioreactor 1. In a fourth ste ure 13 d) further

cell's C in3aakie gro Oiﬁhﬁ/l%’l“gnf‘%rt chRNEE®- i t s RBS V@ daat Hie 'P"‘%%ﬁd:atvmé cel | s
Care distr nhéwgs eBQF%Q&%?Nﬁ{é’céﬂhﬁ]n‘é?%héﬁhéﬁrbapﬁwefahs of éﬁﬁ wﬁgdh & fifth

step (Figurel e bioreactor I's turned upsi avi ng
swi t ched ofrmoretmoertqneisllee accdss pmrm Botrmhstrmdu(lrlﬁl g‘ﬁmceh &éﬂoar)atlom laﬂowelthat C are
allowed to se tIe o) seve h

1
CEoure 19155 bwrn We ol GERas oRAttel & et e e eus neD iagng BV S Mt Bl i on

and the celbgctbr Gan MWL WMRMP Bdih Hrd8p@ip rlﬁﬁﬁlﬁlﬁgrérﬁi %n7appropr|ate':' gure
14 shows a bioreactor as in Figure 2, wherein a second circul ati on neans

such as a plomprais fqirtbe eatls mﬂwbﬂaagfmﬁé@d cavity of the WD

down, TR TR HBRERIAE o QB BA ey E W v BB R AR RIS et o
enbodi nent popf 21 ha ity ﬁl@t@d&fe'ﬂhb Wiecpoither vé drimapily iMendse forsfilfcgand i n
the carrier 7 increases with the distance to the center 17. The carrier 7

i s here 5cémdyag dthareastaat Hayeyer. itds dxmaq @eﬁnﬁﬁxéh@egﬁbﬂt Wisaiokes pprt

SEa Bl 19 2robrR e ob oSl LRl BHEUANET systom naEIER HERa e gerton
di scl osur e internvdiiditculztien systeas b such baselg@dldayyraﬁmst baetdsmreemordﬁsfl ni ng
groove- shaped trenc OFi ure 7 shows a al toga)w ew of a

Bsa chefer
carrier ac®PEPHNPN BieaserUIGFdRol2 QEE'S FRACI; off S2STT8 0'6‘ i
enbodi qgnt Pghto@gepbéﬁhg%é bglrg@ér)sed't al so shows a graph shovm ng that the

overal | surface area A cove y the open space in the carrier increases
faster with incrAsashogn riadiiglired? sthendetDoarts t1Bel yamrsuitaklyl preseamntein thfe t he
carrier (r iu%%te? ‘cavity 4. This cavity 4 further leaves space for sensors 23. It will be
understood by the skilled person that the bioreactor 1 is at its second side 12
preferably closed so as to maintain physical conditions in the best probable
20 manner.

Figure 3 to 7 show a plurality of diagrammatical top views of the different
embodiments of the carrier 7 in accordance with the inventions. All these
embodiments show circular carriers 7 with open spaces 2 that are provided
along several lines from the center 17 of the carrier 7 to its edge 18 so as to

25 include rotational symmetry. It is however by no means excluded that the
carriers 7 may have another shape. It is moreover not excluded that the open
spaces 2 are oriented along circles at around the center 17 rather than on radial
lines. The carrier comprises open spaces 2 and solid carriers 27.

Figures 3 and 5 show embodiments based on hole-shaped open spaces

30 2. Figures 4, 6 and 7 show embodiments based on groove-shaped open
spaces 2, wherein grooves extend substantially from the center 17 to the side

edge 18. Though not shown, the groove-shaped open spaces and the hole-



15Fi gure 18 shows a cross-sectional view of the edge of a stack of carriers
7 for use in an enbodi nent of a reactor according to the disclosure.
Visible ave 20i1dge210 determ ning the inter-distance bePag@r2emosmd] acent
carriers 7 and the outward projecting ridges 19 that are neant to be
enbedded in a polynmer material. 20Figu%§ 19 shows a perspective view of a
bi oreactor 1 for the culture of cells, "conprising a stack of carrier 7

defining | . el S’ - | ' ) | st
cind 1 9 horiePd SpehaSh R Tha, e odhfin hi Bl Paklcry BLOgR: Thaldie
ki nd i s holndt showhatree dnoolveishgipatitauEneshdoesanag ier sulbdivided 2#to anseriesssofr es an
open space for fluidly interconnecting two adjacent |evels by 25not

ext endi ng tENChshAREA AReHsIRAseE RRdshgdele-shaped ppgh spaced May bewidenedy an
enmbodi nent t6 @?Y‘@ﬁ&htrén&fgha;ﬁé’é BEéﬁ S?ggé e, such as bioreactor 1, includes
o7, ed

carriers 7a and 1s further adap or viewing the growh of the cells
C on one or nor &igiresh? ananérshoay mingvadimeata an wahicte thersuvfane aareapdi thte. | n

{ranbpar enEPETRBAGE S ghiepr oS 165 ciingre BLERELT A NovaStnids 7,
Lhrough caishb@l smbobimers in which thé (VRPalpaliHaes! Aeacohrdbdasy thésogehoun 1 n

Figure 20, this may be achi eved by providing a surface are on each
carrier 7 Bpaces 2.in ai-leasinongDop el £adies V2iPCTaERs( asled SWBRINCaRsHg cadigkl | s

by usi ng. a A aRed IS I ool e EPhEY R S sRRisP 7 B E A bteBE e
or growhh, epibddisieah WiichsthaGrfateteeadf theapenaipatas [2yincriaged with the
prevents cell adherence and adapting it for growth in areas besides area A

5(such as KNstareatp el 11-zati on). These areas A anong the carriers 7 7
Figure 5 shows thereof an implementation in which the density of open

spaces 2, each of uniform size, increases with increasing radial distance to the
center, e.g., by reduction of the spacing between individual open spaces 2.

15 Figure 6 shows an implementation in which the width of the open spaces
2 increases with the distance to the center 17.

Figure 7 shows a specific embodiment, in which the fluid interconnects 2

are defined so as to follow rotational movement of the medium in the bioreactor
1, which rotational movement is generated by a pumping system

20 Figures 8a-c demonstrate the flow in the bioreactor in accordance with
one embodiment of the invention. For ease of representation, an
implementation is shown here, in which the open spaces 2 in afirst carrier 7 are
laterally, e.g., rotationally displaced with respect to the open spaces 2 in an
adjacent second carrier 7. Figure 8a herein discloses the flow on a microscale,

25 while Figure 8c discloses the flow on a macroscale. Figure 8b illustrates the
microscale in further detail. It will be clear that even though the flow on
macroscale is along the principal direction P of the bioreactor 1, it includes on
microscale a major component 10 extending laterally. Figure 8b shows hereof
a detailed view clarifying that effectively the flow is primarily lateral instead of

30 primarily vertical. This is achieved through design, e.g., design of the width of
the level 6, the size and density of the open spaces 2.

Fig 9 and 10 is a cross-sectional diagrammatical view of other



- a- - n-1generally align, such that a substantially unobstructed |ine of
sight is provided to a cell growh area kg on carrier 7. Thus, by using a
m cr oscopwOoQovi4hiike device, the cells on this growh aP€a/HPgoImAy76eBsSi |y be
observed without interference fromcell growh on carriers 7 7 - a. - n-1.
The area A may thus be 10 consi dered as,a wi ndow. Figure 21 shows an
alternative enbodi nent, in which the desired line of sight is provided by
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Preferably, this 15 nmaterial conpletely fills the space between adjacent
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Figure 22, chbrigtBOUtgHRGnRIE! 8RIpALSE dﬁ@aﬁar@bﬁﬂé@g’ BNthé r&&&oPls FhsHaledms be

0
provided for different carriers in the sane device, such as bioreactor 1.
Thus, for ékarskeof tformingwotddes evherremptying tharreaeior 7is avridedr aMfeileent i s

subst ant i anrgeRLPate a? B PEVE, el 7 dtefCkr, oG chelor, at s ot
provi dad bympbssibrr trit @stgh A& of hke cRirti@s poaeél ged 61 tell aidhasion/NChe
Furthernore, the path nay be extended in a different area A3 to reach the

growt h ar edMptengematien thereofs thg usadlhiaa inpeldphpeldi indee UPPAT sayitand Wemay be
repeated a : | t i 0ahs ' K ne of

the carri e?os\p&ggé\i'ﬁ}l’ XS% F?@ﬁ%gggl t;lleheeot%@ghltsaéﬁﬁh@é@a%&?%ﬁ@ﬁggﬁ?g tb/%v%%ng t he
cel | growt hewgrsadi Mhidellaed thatuh auirsingperppan atlis aressimcbriad dpidoareaatioaredl Wit h

stacked carriers 7 within . the sane _housi , as descrihed herein, it also
may find ud@§ i seleromd frgh ¢ ie{51 ?@%2(5*1%[ PRcigp grientation Is reverseg’

15 and further cells are inserted (if needed) are allowed time to settle on the
second carrier.

Figure 13a-g shows a procedure for using both sides of each carrier in a
bioreactor according to embodiments of the disclosure. In a first step (Figure
13a), cells C in a medium M are introduced in the bioreactor 1 and the cells C

20 are distributed homogeneously via operation of the impeller 9. In a second step
(Figure 13 b), the cells C are allowed to settle on a first side of the carriers 7.

The arrows stemming from the cells C show the direction of settlement. This is
triggered by gravity. In a third step (Figure 13 ¢), the medium M is removed
from the bioreactor 1. In a fourth step (Figure 13 d), further cells C in a medium

25 M are introduced in the bioreactor 1 and the cells C are distributed
homogeneously via operation of the impeller 9. In a fifth step (Figure 13 e), the
bioreactor 1 is turned upside down after having switched off the impeller 9. In a

sixth step (Figure 13 f), the cells C are allowed to settle on a second side of the
carriers 7. In a seventh step (Figure 13 g), the bioreactor 1 is turned back in its

30 initial orientation and the cells C can now grow on both sides of each carriers 7.
Figure 14 shows a bioreactor as in Figure 2, wherein a second

circulation means such as a pump is present in the upper cavity of the



35 applications. Thus, for exanple, Figures 23-25 illustrate the use of the
enbodi nents descri bed above in a cell culture device (which may conprise a
bi or eact ovoRp11c@myIei sing a plurality of stackabl e carri @C3/EPA11/A8I628Nd 7, ,
each having a separate inlet. In Figures 22-24, carriers 7a and 7b include
areas A for 5 preventing cell grow h, 3\§hi ch allows for the external
observation through these areas to the gromh area Abg on carrier 7,.
Simlarly, . Laur 5 t] - ent material T positioned in
"cube” stylblle&gglr:tr%r'eﬁg aeagﬁjg c%ﬁ c}%é?#egl#p;e%@@i&?@r preventing cell growh,

whi ch al |l ows forFigure e%t eshoals ecbseardat ifon tée oingha tiiessactore agcoxitdietogr owt h
area Abg on carrier 7, &Wni ch of course requires that 10 any intervening
portions offMRRAIRENES af herdisgiRgurtyinaBichpiiecHIdly of ths 9psP sipaces &in the
sufficlent GARMCE ifGeREEMitV RS td'thdlEshic?d ATRAME! darribh 7@1s! figfe case,
the ability to view lower |l ayers avoids the costly and tinme-consum ng need
f or havbng composstiack alieynaipygersotidr carge(s)27 ranar dpent spacesy 2 rsepaedtinggr owt h
for the Ioiﬁr qfréi er&g). 15Fi gure 26 shows an enbodi nent where the
carriers 7&CAIYIRE S9EY SRR E openi ngs to al low for the viewi ng of the
cells on sel ect %@r@ﬁre ShSws §Rﬁ?!ic§rﬁ 6fhlcyrridrhigr Qéé’frﬁé“bﬂd?éaéto%}écérﬂﬁ{wﬁﬁ an
inlet 21 and an outlet 22 positioned within a housing that contains a
plurality @ﬂnbﬁaﬁm‘ee&ofatheaﬁgwsura i whicicReen spateyrese bodgedbyiridgesdé ri er

7a may be . | t one 20 open space 2 for

al | owi ng ﬁ@‘%@@??’%&ﬁ@waqsrf??g%%hgi%@?ﬁe??@%g??de 12 of the housing (which is
at | easp parti alFigurer enspawend disyrairimhticaut@e yiw b sacarriendecardidg AbG on

t he next-adjacent carrier 7b. In like nmanner, the first and second carriers

7a and 7b SEpIgEY Vi WRe B RgPietPasienaseiding o parerpbedimaniPfdheudiselanyical | y
cont i nuous 1 - adj ier : [ nyy, may
be repeat eé%@’ Ingogsgtoglsésgri/rQ@? eﬁé\é’:r@gﬂg%f gr{gaP?‘f:;rrvaillﬂfsglrrfatE ﬁearé-lgéﬁvmcﬁ\gérgg tB’he
growt h ar edlse openalpactdd teacarrarinéreasesufastat githahcreasinggedizbididgtanese Oh t he

first carrier preferably having a nunber of openings corresponding to the
i nner nost (‘i%lm‘?@'?om@trE@YG?@\‘ﬁéH?t@n%ﬁrﬂ%H'ggﬁ)ccessi ve carrier providing one

fewer ggening t kNt BR&LS4l &Ssél@ﬁ':ti K/FévPBﬁ{HeYed%é of 8 RASSHILLribR
conbi ne or adapt I's approach to allow for the 30 vViewng of carriers
from t he sé&clondssiinlankmbaedimentiot atredctoy acpenirgptactheisciosaer iVGsibignare

" S s sl R Ay BARELSAd) i sy P
2011/ 14151 2RCHuBR2@1340 O?itﬁ éricﬁfésef@w&tr‘&etﬂﬂ@aﬁpﬁi béeshbedle! il &WoRfméd ui d,

oxygen, and nutrients |"ayers, as outlined above. For instance, there
may be two ngdtefiak ent sets of openings in the carriers (7), such as a first

211 gnedbopent nod 907 BRSPYEY BfsRtve B ‘b A Perdiilo™ IBF R B Y,
that the " %bﬂ@,icgﬂﬁb'riéihge)w dthelogbbarriee 7aldfigireflcoprRre. nTae agddre 7 ard GMwo

relative to the main flow through the offset openings).
alternative kinds. A first kind'is hold in place by its edgé and has a central open

space. A second kind is hold in place by being attached to a central axis 24
and assures an open space for fluidly interconnecting two adjacent levels by
25 not extending to the wall closing the stack.

Figures 20-25 relate to an embodiment in which a cell culture device,
such as bioreactor 1, includes carriers 7,...7,,, and is further adapted for viewing
the growth of the cells C on one or more of the inner carriers from an exterior
vantage point. In one possible approach, this may be achieved by providing an

30  optically transparent line of sight from the external vantage point V to carrier 7,
through carriers 7,...7,.1. In one particular embodiment, as shown in Figure 20,

this may be achieved by providing a surface area A on each carrier 7,...75.1 On



As used herein and unless provided otherw se, the term"conprising" is not
synonym of the term "consisting"” which has a narrower neaning. The term
"conpri siwg@20sh@dusid not be interpreted as bei ng restri cPEU/HPROLIIOETAEANS
listed 10 thereafter; it does not exclude other elenments or steps. It is
thus to be |nterpreted as specifying tQﬁ presence of the stated features,
i ntegers, steps or conponents as referred to, but does not preclude t he

presence on,addi ééllgndBfn&ngoc?& nq{h@?so% 2 ch/abargéh'ﬁ{"% Areihg heé%(’%ev. ce

conmponents,” of groups ther Thus e expre SI on

conpri si ng treaanent sach a3 b)&h@ﬂ@@. prbBesoto b@.kbl the taeda hgdaghiobstocqaesest i ng
only of conpgnents A an It means that with respect to the disclosure,

the only r@pavaém@rea&%r&rﬁw&h A InpiEad i ¢ng peAlARG TR NRBHBlY ERardSH ter m
,conprisi ”%re@éﬁ‘ﬁ@yc%ll' AdhetEREe LMt LBEHHNG AN bl IR MO TR LKA

"conprisin appears 1n an enb Isclosure, this
enbodi nment (sunr as bytusing bydnopboiaaiien). nbfieseepicase’ anong Hﬂlemefrﬁéxso@ﬂrm ng"

is al way s al so od| of th cl os urthernore

torms 11 Jeneraly AGRasuck figt s ndfatall ARG Fusiop e ST iR PE BRI n ¢ he
claims, arg b'él?@rcﬁ\ﬁt’h it Anggéhsdfﬁrﬁ@r bet Vﬁﬁ‘.fé f'dy”bélﬁé e?'n‘ﬂﬁﬁﬁbé arg diotke
necessarlly for “descri bi ng a sequence, either tenmporally, spatlall , In

ranki ng or demcanyhetmﬂs eanthés .growth airea /b@ tmyeestslbo@et phseved wihewt 25

cnbodi ment SBRCRES RaBner b AEL A BARRE Zeri7are HpABrE o apdbleiosh i n
ot her %QUQ;aag.sjetétaas@aﬁmdeed or illustrated herein. Mor eover, the
terms "top", "bottoni, "over", "under" and the like in the description and

the clainms are U@erdh spews anpaliejeative pevedinert. Howhminidedesined Kper o
d i bi
Goscrt 10418 BBEL bATgnkl ckh ACHOS M) 4 bl LR,

2011/ 14151 2P@pticERY rbhepaiEd ndateralbD dissecibtedolith kach ra:amrérl an. fasbut bed
herein are capabl e r orientatjons than _describe

f th
T bty ot cd 6 BaBIaE 7 for Wikt peh oEW I ARHVAION In oSiset | PRt T one
embodi 118Nt " 2R RERAS WAL e B2 08 IerPad@ii i gga s PRI ur e

or characteristic 5 desc I n connection he enb ment |s I ncl uded
in at | easta sulestentimlyi cerinuotistdpdical path)érorretheTUesuredaprpeba@wpemt M. tAse
enbodi nment vari

h
P avebout Wil € TagtorenempRtimert, JPufBROGLES i, sight ‘Pay 38 F%888, 10s sane
embodi ment prhple Higer/ibhs e @mfeeentt|Bee|eaﬂtth@%h@éaét@at Wi BSth &hboaimems, or

characteri stl cs may be
it is preferred that the area A is as small as possible to avoid minimizing the cell
20  growth area while still permitting the desired observation to be made.

With reference to Figure 22, it should be appreciated that different lines
of sight may be provided for different carriers in the same device, such as
bioreactor 1. Thus, for example, to view the cell growth on carrier 7,, the
arrangement is as shown in Figure 20, with areas A on which cell growth is

25  substantially prevented. For layer 7., a different optical path is provided by
similar areas A, on the corresponding carriers 7,...7,3. Furthermore, the path
may be extended in a different area A; to reach the growth area of carrier 7,.3.
As should be appreciated, this pattern may be repeated as necessary or
desired to permit observation on one or more of the carriers.

30 While it is possible to use these approaches to viewing the cell growth
area in the cell culturing apparatus, such as bioreactor 1 with stacked carriers 7

within the same housing, as described herein, it also may find use in other



10conbi ned in any suitable manner, as would be apparent to one of ordinary

skill in the art fromthis disclosure, in one or nore enbodi nents. As
used her evo 2andi4usikess provi ded ot herwi se, the term "| eRGTIEP201@¢I0516e5 t 0 t he
| ongest di nension of an object (e.g., an open space). As used

herein and unl ess provi ded ot herw se, the term "W dth" relates 15to the
| ar gest di nmensi on of an object taken at " right angle to its length. The

"W dth"is - n r« | ang . oregming
descri pt i o FOPIEARIR, DoYfile | RROBkabBRS Fifired AR nusirate 55%3#5 MU
pur poses ofembbddisients describaadalos\vee imo& delitcidesl deicke(whidtausdy gemprise a

limting. Mdifications or _variationségre al so possible in light of the

above 20 t QHYRRAGS. 1) TIRMBHEBAI B8l Yl csiBIRPIaATEC Re e Gnd¥En /e FaSMovi de
the best amplieed kBaidto et SRIFiGHAR 2>-onecafioft i 3d v, Hdidde hpdshe réir ¢ to

utilize the osed 1 nventions®in vari ous enmpodi nents and w vari ous
nmodi fi cat i gpneverdingreelisgriomdio, wbichhalopesr forr ¢t @xtansal clsereamrathedugthessuch

di ficati d.variatj i thin the.sc: f the i tiop. 25 WO
2011/ 1415196630 py51 14D e85 Toe ell et = aSHT Bt Slolfer2% 57° Rloal ur e
of cells (@anspargt in%t@ﬂgﬁﬂpﬁ%iéi@ﬂéd%r‘?@&wé GH1& IcBFfers 7), aRACH), fBAMidigadin | east

" syl
one inlet for admtting medium the first 5 carrier including a
first portifehpeyeptied dadr groavth, pdjcha@hewerfoe the exéeroati obsemviadior dhraughs

rter potugl B SRR S I3RSl PR o 8 b RETBR P
first portiamy infervdring ipostiorsaot irey caiers Thandi7,sdreasisticaiy aiadhspardnt an
algn. sufficient degree to permit viewing in the desired manner). In either case, the
ability to view lower layers avoids the costly and time-consuming need for
having to unstack any upper carrier(s) in order to view the cell growth for the
lower carrier(s).
15 Figure 26 shows an embodiment where the carriers 7,...7, include
aligned openings to allow for the viewing of the cells on selected carriers.
Specifically, the bioreactor 1 may include an inlet 21 and an outlet 22 positioned
within a housing that contains a plurality of carriers arranged in a stacked
configuration. A first carrier 7, may be arranged so as to provide at least one
20 open space 2 for allowing a direct view through the first side 12 of the housing
(which is at least partially transparent for this purpose) to a growth area A4 on
the next-adjacent carrier 7. In like manner, the first and second carriers 7, and
7p may provide aligned open spaces 2 for providing a substantially continuous
optical path to the next-adjacent carrier 7.. This pattern may be repeated as
25 necessary or desired to allow for the viewing of the growth areas on selected
carriers from an external vantage point, with the first carrier preferably having a
number of openings corresponding to the innermost carrier to be viewed, and
each successive carrier providing one fewer opening than the preceding one.
Additionally, it is possible to combine or adapt this approach to allow for the
30 viewing of carriers from the second side 11, as indicated by open space 2 in
carrier 7, (provided, of course, the housing is adapted for this purpose).

As should be appreciated, the open spaces 2 may also be arranged for



I 02. The bioreactor (1) according to claim1, wherein the first and second
portions conprise surfaces on the carriers (7). 3. The bioreactor (1)
accordi ngvoaod/@isml, wherein the second portion includesTarapiosmal |y
transparent material between the second carrier and the first iscarrier.

4. The bioreactor (1) according to any Lane of claims 1 to 3, further

I ncl udi ng a S|ngle housing for receiving the carriers (7). 205. The

bi or eact or ok)iag 0% o9 b AN MPoChuaLEka b8 idfETS i LBy | er

(7) corrprlses trays or | Or eac ngto

any one of oultlmemsatﬂoweo Ror mstahberthere:mnyi begtveo tiffierehtcsets oEOpd;rang@gw thieze
first portion adazt ed for g adherence and a t h\od 25portion adapted for
prevent i ng CAEI8rSddhesUeAEs 8 drst38tGavatpd 19 Haszapt FowHer g@&BHW't'BBr aNdR of

o5 o SERON 30 ot Lo Ao ol O P o
carriers 3Guch\@haiohe/ “sirakgh? PEIw ER20gh/ 106 Z8ighed Dpenings create is Iow relative
to the main flow through the offset openings).

As used herein and unless provided otherwise, the term “comprising” is
not synonym of the term “consisting” which has a narrower meaning. The term
‘comprising” should not be interpreted as being restricted to the means listed

10 thereafter; it does not exclude other elements or steps. It is thus to be
interpreted as specifying the presence of the stated features, integers, steps or
components as referred to, but does not preclude the presence or addition of
one or more other features, integers, steps or components, or groups thereof.
Thus, the scope of the expression “a device comprising means A and B” should

15 not be limited to devices consisting only of components A and B. It means that
with respect to the disclosure, the only relevant components of the device are A
and B. Moreover, the term “comprising” always includes the term “consisting”
and when the term “comprising” appears in an embodiment of the disclosure,
this same embodiment wherein the term “consisting” replaces the term

20 “comprising’ is always also an embodiment of the disclosure.

Furthermore, the terms “first’, “second’, “third” and the like in the
description and in the claims, are used for distinguishing between similar
elements and not necessarily for describing a sequence, either temporally,
spatially, in ranking or in any other manner. It is to be understood that the terms

25 sO used are interchangeable under appropriate circumstances and that the
embodiments of the invention described herein are capable of operation in

other sequences than described or illustrated herein.

Moreover, the terms “top”, “bottom’”, “over’, “under’ and the like in the
description and the claims are used for descriptive purposes and not
30 necessarily for describing relative positions. It is to be understood that the terms

S0 used are interchangeable under appropriate circumstances and that the



a first of the carriers positioned above a second of the carriers having an
area adapted to prevent cell adherence, whereby the area of the first
carrier wohkouti4takl adherence allows for view ng a cel PCgmpaih/0aT@t on t he
second carrier through the first carrier. 5 9. A bioreactor (1) for the
culture of cells (C, conprising a sta I§ of Ncarriers (7), wherein carrier
N-1 has at | east one area adapted to prevent cell adherence, whereby the

area of cary rrﬁt%dukt ?lwts""]c_%%@dﬁ%nt}’d We@@rlﬁt?oc%le% ﬁré?r‘@ @a@étﬁg Q@o@?@a{tﬂ%ﬂgi’n’\‘

t hrough carrier | oreac accor

wher ei n camnth@rorinativas thtnldesstibéahvor Ekluemateaidmmmd to prevent cell
adherence, a first of th revent area |l ow ng for vie of a fjrst

cel | growth aredfIRIeELer %Bughqu al;rﬂls‘aS l?ﬁ‘HO'EBf[%t h@”%r%mglﬂ@?’ a®" al@owi ng
for the vi e iRt 15 9 laR C 1 , |d ne of
si ght thro%gh%efenrﬁevent aregio F?:%Pgr ﬁﬁ% %Uéte{n c%reg}gt%o%tg?%tq‘or

t he cul sur elestriloed Ils ca@neationpwithi tige @nshadifnent 8l inaludedr : () leashems n

carrier s .at S ted to prevent .cell, adherence

S oby t nerRent S *tna HRANTE, 3ARS: SopbRrdlicEs: At S e BSES ol P %0ar ea
on carrier éN‘ltBéH/ﬁféﬁh QR FineraN- dbodinert BinonaasLier p(a%bsc@ﬁﬂéﬁﬁﬁbﬂﬂ tRisst ack
of N carriers and having an opti cal Ib/netrans parent |ine of t from an

ext ernal va&peaifeatiwi are not raeczeélsarllgrai ferdngdo e aa@@rerab@dlmerttabmtu ey N- 1.

25 13. Th 1 I.n her. ri
col umn of  TAREREREN e HarTTet FoRlue ShAPRIAE 1oy SheREle feET R el
l'i ne ofjosi @ainbinddtin én@sgita@étrﬁanrﬁélr) as avaU1d Dergpprarshitakory ot ardinay sk(l7)
havi ng an optically
in the art ffom this disclosure, in one or more embodiments.
As used herein and unless provided otherwise, the term “length” relates
to the longest dimension of an object (e.g., an open space).
As used herein and unless provided otherwise, the term “width” relates
15 to the largest dimension of an object taken at right angle to its length. The

“width”is therefore never longer than the “length”.

The foregoing descriptions of various embodiments of the invention are
provided for purposes of illustration, and are not intended to be exhaustive or
limiting. Modifications or variations are also possible in light of the above

20 teachings. The embodiments described above were chosen to provide the best
application to thereby enable one of ordinary skill in the art to utilize the
disclosed inventions in various embodiments and with various modifications as
are suited to the particular use contemplated. All such modifications and

variations are within the scope of the invention.

25



30transparent solid material positioned in a space between adjacent
carriers. WD 2011/ 141512PCT/ EP2011/ 057621 40 15. A bioreactor (1)

conpri si yoaouetiical stack of carriers (7), each havi nG@CREPROIAE762Dr
receiving a fluid nedium (M, and adapted to allow for viewing a growh
area on one carrier through an adjacent,carrier other than via the inlet.
516. A bioreactor (1) for the culture of cells (C, conprising a stack of
carriers (7), the carriers (7) being stacked so as to define | evels (6)

bet ween adj@achpigcarriers (7) for the flow of a liquid medium (M from an
inlet (21) to an outlet (22) of the bioreactor (1), wherein adjacent |evels
(6) are fluidly interconnected via two or nore open spaces (2) so that the

liquid di fl f 10, | |, (6) to. ' t | 6),
v " ok Boskaer NSt 8 et S ob bl PuSRorib e shite] (©
| east particabhers QYEEhER halnghataBadPEie FRacRr GAMiihgVA HeR REdRins akefst

adj acent carrier to create a substantially unobstructed optical path to

vi ew a gr owahieirisgludingaa flirstrrpriian idapted] B1 TeltH€ ) Hdheserienra & phihet o

cl aim 16, i [ further Incl r paces
(2 bet weenad'q pultinen GRS tdohr L blvdith aubt o eyl L EaReRsE ey
with the orRghePebyh@ sepend SRALES of 2he hricomancdrher aRewsdot aling Ghe fasd an
adj acent third level (6") when projected along the principal direction (P).
20 18. A posixnelibe firshcarder when dig fitgt @ngrsesend oriens digor i si ng a st ack
of at least three carriers (7), wherein a first carrier provides at |east

t hree open spaces wi thout cell adherence, and at | east one open space on
the finst @arrThy bdregoorwitt) hacdordiegsto afemopewispeire tioa farsts eadnseany i er
to allow for viewwng a cell 25growth area on a third carrier. 19. The

bi or eact or PCIYONSCYPBIISRSYERCASPHNESCaNIRES €i)n t he second carrier conprises

at | east two open spaces.

3. The bioreactor (1) according to claim 1, wherein the second portion includes
an optically transparent material between the second carrier and the first

15 carrier.

4. The bioreactor (1) according to any one of claims 1 to 3, further including a
single housing for receiving the carriers (7).

20 5. The bioreactor (1) according to any one of claims 1 to 3, wherein the carriers
(7) comprise stackable trays or cubes.

6. The bioreactor (1) according to any one of claims 1 to 3, further including a
third carrier having the first portion adapted for cell adherence and a third

25  portion adapted for preventing cell adherence for aligning in use with the
second portion of the second carrier.

7. The bioreactor (1) according to any one of claims 1 to 3, wherein the second
portion comprises an opening formed in the carrier.

30
8. A bioreactor (1) for the culture of cells (C), comprising a stack of carriers (7),



WO 2011/ 141512PCT/ EP2011/ 057621 41 21. A bioreactor (1) for the culture of
cells (C, conprising a stack of carriers (7) for cell (C adherence and

i quid newsloemi(Msidi stribution, the carriers (7) form ngCrareds/ofBr1 bet ween
adj acent carriers (7) for the flow of the liquid medium 5 (M, wherein

adj acent levels (6) are fluidly interc%Pnect ed via at | east one open space
(2) so that the liquid nmedium (M can ow fromone level (6) to an

adj acent |l evel (6), wherein the open space (2) between a first and an

adj acent sec ' i | 0, ween
t he second%l |((grl\%feilo* Fdéeegcag%g? gﬁgg ﬁ%%%‘rt]ﬁt% K/Jtaﬁa??%l&f@vé?mf G%He?lsgﬁg\gng% %%actor
(1) accor diadgpten o pievedil celhadbérenchewbpeabysihecasa(dt)thardiestf carrredwithotithe

carriers (7 and do not oveylap in the i ncipal direction (P)., 23.The

by or eact or CPl)AdssEes ioRs T afiavde g ol SPHED ardharotie SetPad EiSone of
the carri eigrough thé fiRdt@ergied by a single plate or nmenbrane wherein the open
spaces (2) are apertures in the single plate or nenbrane. 24. The bioreactor
(1) accérding to claim 23, wherein each of the carriers (7) S

provided by axsh0@lgid? @) fortd QiufETPLENE (P WG K08t R cdRER
(7), wherein carrier N-1 has at least one area adapted to prevent cell
adherence, whereby the area of carrier N-1 allows for viewing a cell growth
area on carrier N through carrier N-1.

10

10. The bioreactor (1) according to claim 9, wherein carrier N-2 has at least
two areas adapted to prevent cell adherence, a first of the prevent areas
allowing for viewing of a first cell growth area on carrier N-1 and a second of the
prevent areas allowing for the viewing of a second cell growth area on carrier N

15 using a line of sight through the prevent area of carrier N-1.

11. A bioreactor (1) for the culture of cells (C), comprising a stack of N
carriers (7), wherein carrier N-M has at least M area(s) adapted to prevent cell
adherence, whereby the area(s) of carrier N-M allows for viewing a cell growth

20 areaon carrier N through carrier N-M.

12. A bioreactor (1) comprising a stack of N carriers and having an optically
transparent line of sight from an external vantage point to a cell growth area on
a surface of carrier N-1.

25
13.  The bioreactor (1) according to claim 12, further comprising a column of
transparent material (T) for forming the optically transparent line of sight.

14. A bioreactor (1) comprising a stack of carriers (7) having an optically
30 transparent solid material positioned in a space between adjacent carriers.



20apertures. 25.The bioreactor (1) according to any one of the preceding
clains wherein at |east one of the carriers (7) is provided by a set of

pl at es (8yoapivmmzanes (8) separated |laterally by the ®PEEPIPAOEB2(2). 25
26. The bioreactor according to any one of clains 21 to 25, wherein the
open spaces (2) conprise grooves in the.carriers. 27. The bioreactor (1)
according to any one of clains 21 to 26, wherein the 30open spaces (2) in
the carriers (7) are symetrical. WD 2011/141512PCT/ EP2011/ 057621 42 28.

The bi oreaqizor (sl hiRESQHA! Qgc%rﬂpﬁﬂﬁgOJ‘QeﬁlcaFE%cﬂsofzéarFl8r32@7 ), BAEH )i

overal | surface area cove e”open spaces (2) in at' l'east one f the
carriers (@&n int&irfemeseifnagt@rﬂum niedimor @A) iangl adalptabl tdn gitcmder Viewing lae
geonetrical center of the carr ctor. ccordi ng
to any one %PWE) &SRO GATET t*{}\ﬁéﬂgéa}?%@a%@&af% g*ﬂ.‘g!ﬁ fces (2)
gets wider wth increasing radial distance fromthe georretrl cal center of

the carrier (7). 1030. The bioreactor (1) according to any one of the
precedi Ag diBai n# bigreaaion(1) for the culture of cells (C), comprising a stack of carriers

(7), the carriers (7) being stacked so as to define levels (6) between adjacent
carriers (7) for the flow of a liquid medium (M) from an inlet (21) to an outlet (22)
of the bioreactor (1), wherein adjacent levels (6) are fluidly interconnected via
two or more open spaces (2) so that the liquid medium (M) can flow from one
10 level (6) to an adjacent level (6), wherein at least one of the open spaces
provided by a first carrier at least partially overlaps with an open space (2)
provided by a second, adjacent carrier to create a substantially unobstructed

optical path to view a growth area on a third carrier.

15 17.  The bioreactor according to claim 16, wherein the carriers (7) further
include one or more open spaces (2) between a first and an adjacent second
level (6') that do not overlap with the one or more open spaces (2) between the
second level (6') and an adjacent third level (6”) when projected along the
principal direction (P).

20
18. A bioreactor (1) for the culture of cells (C), comprising a stack of at least
three carriers (7), wherein a first carrier provides at least three open spaces
without cell adherence, and at least one open space on the first carrier aligns
with at least one open space on a second carrier to allow for viewing a cell

25  growth area on a third carrier.

19. The bioreactor (1) according to claim 18, wherein the second carrier

comprises at least two open spaces.

30 20. The bioreactor (1) according to any one of the preceding claims, further

comprising an at least partially transparent sidewall.



the nunber of carriers (7) conprised in the stack is from5 to 500. 31.
The bioreactor (1) according to any one of clains 21 to 30, wherein the
rati o betwoenitylesioveral | surface area covered by the opENEPRP@EIOSTLR) and
the 15overall surface area covered by a solid portion of at |east one
carrier (7) is from1l%to 10 % of the grea of the carrier. 32. The

bi oreactor (1) according to any one of the preceding clains, wherein at

| east one of the carriers (7) has at least a portion that is oriented in a
20di rection including a non-perpendicular angle to the principal direction
(P), which portion conprises at |east one open space (2). 33. The

bi oreact or 2(11) dcbioretcigr (10 fantheotidtuné of lsellp (@) edimpistiga rsbackwiesagtiarsat

| t h [ 7) i .1 ent ed havi B f i
non . 28per BBl CAIIC AN erbe st TSR ERdY (OF: SaPBlfonr e Sifer® (e
l'iqui d nedirgimihg 16ds B)BaRebR adiddent cdftierd 1B B RGN OF tHelliqne eRedlung 28

any one of the preceding clains, wherein the carriers (7) are conical.
WO 2011514180 2worvarP0eceobipyeis @3 are fluidly interconnected via at least one open

space (2) so that the liquid medium (M) can flow from one level (6) to an
adjacent level (6), wherein the open space (2) between a first and an adjacent
second level (6') do not overlap with the open space (2) between the second
level (6') and an adjacent third level (67).

10
22. A bioreactor (1) according to claim 21 wherein the open spaces (2) are

formed in the carriers (7), and do not overlap in the principal direction (P).

23. The bioreactor (1) according to claim 21 or claim 22, wherein at least
15 one of the carriers (7) is provided by a single plate or membrane wherein the

open spaces (2) are apertures in the single plate or membrane.

24.  The bioreactor (1) according to claim 23, wherein each of the carriers (7)
is provided by a single plate and/or membrane comprising the one or more

20 apertures.

25.  The bioreactor (1) according to any one of the preceding claims wherein
at least one of the carriers (7) is provided by a set of plates (8) or membranes
(8) separated laterally by the open spaces (2).

25
26. The bioreactor according to any one of claims 21 to 25, wherein the
open spaces (2) comprise grooves in the carriers.

27.  The bioreactor (1) according to any one of claims 21 to 26, wherein the
30 open spaces (2) in the carriers (7) are symmetrical.



the carriers (7) include at | east one side edge (18) provided wth at | east
one side ridge (10), side ridges (10) of a first and a second adj acent
carrier (WP20gfi4miing a nut ual di stance between the carr PETEPIN/0&T62t he side
edge (18). 536. The bioreactor (1) according to any one of the preceding
clainms wherein the levels (6) defined ?}%tween adj acent carriers (7) are
hernetically closed at the side edges 8) of the carriers (7). 37. The

bi oreactor (1) according to claim 36 wherein a polyner material 10provides

the cl osuregof the higk é;'p{c?or(@) accéﬁjlnqlﬂ? Bl Y, aéln@)m%c% g@ﬁ&fgfth‘é' aim

37, wherein the si de edges he ca rler conprise ridg
pr oj ect i ng cvatalasdrfaceareheovdpss banitheeapen dpacea (Rhen gl least onatarinal . 15

39. The bi t d t di
Furthor cotBITarng) BElqaget agie N eaiege o el taGye Fiom BERBETHE 1 ow
of the IiqudtdrefithechMer\yhin the bioreactor (1). 2040. The bioreactor (1)

according to any one of the preceding clains, further conprising at |east
one flufd channel (5) separate fromthe stack of carriers (7) providing a

carriors (70 and "8 QURRO )i fdhg Elery allot Bty "51 Wiagapldtfingaf "

carriers (Toastiomersiwhe bp@h@pa@eégzﬁg@nsr\mubawmnncsmatsmg\r aral ditgahdditiomh
medium (M. 25 41. The bioreactor according to claim40, wherein the fluid
channel  ( 5}he geedediaal ceater of thcairigbk/)of carriers (7) and internal or
external to the stack of carriers (7). WD 2011/141512PCT/ EP2011/ 057621

10 30. The bioreactor (1) according to any one of the preceding claims, wherein
the number of carriers (7) comprised in the stack is from 5 to 500.

31.  The bioreactor (1) according to any one of claims 21 to 30, wherein the
ratio between the overall surface area covered by the open spaces (2) and the
15 overall surface area covered by a solid portion of at least one carrier (7) is from

1% to 10 % of the area of the carrier.

32.  The bioreactor (1) according to any one of the preceding claims, wherein
at least one of the carriers (7) has at least a portion that is oriented in a

20 direction including a non-perpendicular angle to the principal direction (P),
which portion comprises at least one open space (2).

33.  The bioreactor (1) according to any one of the preceding claims, wherein
at least one of the carriers (7) is oriented having a major surface with a non-

25  perpendicular angle to a principal direction (P) of flow of the liquid medium in
the bioreactor (1).

34.  The bioreactor (1) according to any one of the preceding claims, wherein
the carriers (7) are conical.

30
35.  The bioreactor (1) according to any one of the preceding claims, wherein



44 43. The bioreactor (1) according to any one of clainms 40 to 42, further
conprising an upper cavity and a |l ower cavity adjacent to respectively the
first andwOhleligetiind extremty of the stack of carriersPCT)EP20Id/ 0521 | Ui d
conmmruni cation 5therewith and with the fluid channel (5). 44. The

bi oreactor (1) according to claim43, fyrther conprising inlet/outlet ports
to the upper (4) and/or lower cavity (3). 1045. The bioreactor (1) according
to claim43 or claim44, wherein an at |east one inlet port (21) is present

in the | owgre ?%ﬁég%a(@g nchigb %E 4R TNeCHBe WY mgdee 1 CHrBw(:iéa)wU? PIEREYnd N the

upper cavity xternal circulation re coupl e between t he
inlet (21) sadﬁjrldgel @0),psidesrid@®) (1Q)5df6aTiret bindr 2 @econd (djjacerd acatiien (Y)o any

ai monsi one BTG el dilZb8s Bebyer R B3 LIt BB oB Bl o5

dianeter. 47. The bioreactor according to any one of the preceding clains,
further 20conprising a probe (23) for neasuring a paranmeter of the liquid
medi um ¢M 36. 48 . Theneiorgapterad) @ccarsing th agy voedli dhenpagceding cmsmﬁfeimi ng a

Funct i on o etk P pEARED pABbelCEatRiL I B ARl o & s

49. The bi Qﬁ@@@e@dgi;sc(qsylbﬂmet@rﬂébs @ye of the preceding clains, wherein
alternating carriers in the stack have alternatively a central open space

and a peripheral open space. WO 2011/ 141512PCT/ EP2011/ 057621 45
37. The bioreactor (1) according to claim 36 wherein a polymer material

10  provides the closure of the levels (6).

38.  The bioreactor (1) according to claim 37, wherein the side edges of the
carriers (7) comprise ridges (19) projecting outward from the edges and
embedded in the polymer material.

15
39. The bioreactor (1) according to any one of the preceding claims, further
comprising at least one circulation means (9) for driving the flow of the liquid
medium (M) within the bioreactor (1).

20 40. The bioreactor (1) according to any one of the preceding claims, further
comprising at least one fluid channel (5) separate from the stack of carriers (7)
providing a fluid connection between a first carrier (7) at a first end of the stack
of carriers (7) and a second carrier (7) at a second end of the stack of carriers
(7), therewith providing a circulation system for the liquid medium (M).

25
41.  The bioreactor according to claim 40, wherein the fluid channel (5) is
concentric to the stack of carriers (7) and internal or external to the stack of
carriers (7).

30 42. The bioreactor (1) according to claim 41, wherein the fluid channel (5) is
a central column internal to the stack of carriers (7).



each pair of adjacent carriers within the stack being separated from one
another so as to define a |level (6) between the adjacent carriers (7) for

t he fl owwb 20t14hi31qui d nmedi um (M, wherei n adj acent | eveC3/EpP@)11asm2f | ui dly
interconnected via a plurality of open spaces (2) in a carrier (7) common
5 to the adjacent levels (6) so that ttﬁ liquid nmedium (M can flow between
the adjacent levels (6), wherein the open spaces (2) in a carrier (7) have
awdth (W at least five tinmes smaller than an average di stance (H)
separating the carrier froman adjacent carrier (7). 1051. The bi oreactor
(1) according to claimb50, wherein the open spaces (2) in a first carrier
(7) do not 48ver [Tane wiareacthe (dperccemhingdo( 2Ny ianeanf alhfissedd wed@ndurdtier i er

(7). 52.The bhioreactor (1) accordiing, to claimb50 or claimb5b rein at

| kst 150nGoBIPTID earuePet sy ant Hiouthr e hypclp i o 2 hestiveltRrdid: ane
wher ei n t hen@NfAe YecBRE xBBRTIySHTARE Stdck ofERridReI WneiSniflljd BEmphuGdiow! at e
or nenbrane. 53. The bi'oreactor (1) according to claimb51, wherein
each of 5t héheramithang with theflgidshageal 6. a si ngl e plate and/ or nenbr ane
conprising 20the one or nore apertures. 54. The bioreactor (1) according
to any one of clains 51 to 53, wherein the open spaces (2) have a ratio

| engt h on wiadt h Thicopiotedatord (1)25ddarding tbi caaaBRofultddr esmprisihgdnlc®oatnyst one
of claims 51 to 54, wherein the open spaces (2) are circular. 56. The
bi or eact or PRI tadkdHBPAG(4) @ngry lewer 6aviy @)ns 51 to 55,

10 45. The bioreactor (1) according to claim 43 or claim 44, wherein an at least
one inlet port (21) is present in the lower cavity (3) and at least one outlet port
(22) is present in the upper cavity (4) and external circulation means are
coupled between the inlet (21) and outlet ports (22).

15 46. The bioreactor (1) according to any one of claims 21 to 45, wherein the
open spaces (2) have a shape and dimensions allowing the passage of a hard
spherical object of 0.05 mm diameter.

47. The bioreactor according to any one of the preceding claims, further

20 comprising a probe (23) for measuring a parameter of the liquid medium (M).

48. The bioreactor according to claim 47, further comprising a controller
connected to the probe (23) for modifying the parameter in function of the input

received by the controller from the probe (23).

25
49. The bioreactor according to any one of the preceding claims, wherein
alternating carriers in the stack have alternatively a central open space and a
peripheral open space.

30 50. A bioreactor (1) for the culture of cells (C), comprising a stack of

carriers (7) for cell (C) adherence and liquid medium (M) distribution,



wherein the nunber of the open spaces (2) per unit area of the carriers

30i s constant on the whole surface of the carriers. WO

2011/ 1415Y0RCI/HPAR11/ 057621 46 58. The bi oreactor (1) PaCEFR@iLO§/62D any
one of clainms 51 to 57, wherein the open spaces (2) in a carrier (7) are

| ocated rotationally symmetrically ar o%d a center. 59. The
bi oreactor (1) according to any one of Clains 51 to 58, wherein the overall
surface area covered by the open spaces (2) in at |east one of the carriers

(7) increases f%%kﬁér%éﬂ‘ é?adjjag%rﬂ‘?%ﬂgrsr\ﬁ@ﬁlﬁlthg's‘i%@rg‘ﬁgm atrﬁ't’édgr?cﬂﬂ%trf cal

center of the carri e bioreactor Ing to any one of
clains 51 to 59 anwt‘rmreamaaﬁo Idease a)haavebt6tb&tmperthsmi;mer(t&)ar@erss(ﬁmfmjer

(T 156 The " ithd BBt o VUL gD, Wi Aoty Ehaiefush ' S
uherein the numiag@fnssidd Ahs ﬁm}aw@pbpéﬁ SpiaBod 9 inlebednied (7 @oro SO0

62. The bioreactor (1) accord to an%/ ohe of clains wher ei n
the carfiers cofngika @dJ@De@bﬂeN@SO(@D 60 dhat tﬁﬁdlqolpbmeﬁpﬁﬁéhﬂ @ﬁd fignebeiweenhe

oo T s SRR S G ewBeSh P BT Bhed R wABRP R0, e

preferably each $Wdth%\N) ait flegen Ve tiies28falldh BarT 2 Bl eragacdietar(cd) (H)
according to any one of clains 51 to 62, wherein at |east one of the

carriers (7) haSeaerategdhegapianiiun anradiasentsarisi@d in a direction
i ncludi ng a non-perpendi cul ar angle to the principal direction (P), which
portion conprises at | east one of the open space (2).

10  51.  The bioreactor (1) according to claim 50, wherein the open spaces (2) in

a first carrier (7) do not overlap with the open spaces (2) in an adjacent second
carrier (7).

52.  The bioreactor (1) according to claim 50 or claim 51, wherein at least
15 one of the carriers (7) is provided by a single plate or membrane wherein the
one or more open spaces (2) are apertures in the single plate or membrane.

53.  The bioreactor (1) according to claim 51, wherein each of the
carriers (7) is provided by a single plate and/or membrane comprising

20 the one or more apertures.

54.  The bioreactor (1) according to any one of claims 51 to 53,
wherein the open spaces (2) have a ratio length on width from 1 to 4.

25 55.  The bioreactor (1) according to any one of claims 51 to 54,
wherein the open spaces (2) are circular.

56. The bioreactor (1) according to any one of claims 51 to 55,
wherein the number of the open spaces (2) per unit area of the carriers
30 is constant on the whole surface of the carriers.

57.  The bioreactor (1) according to any one of claims 51 to 56,
wherein the open spaces (2) comprise grooves in the carriers.



30 64. The bioreactor (1) according to any one of clainms 51 to 63, wherein
at |l east sone of the carriers (7) having a major surface making a

non- per pewodioul/asiangl e to the principal direction (P). PCWBP2011/057621

2011/ 141512PCT/ EP2011/ 057621 47 65. The bioreactor (1) according to any one

of clainms 51 to 64, wherein the carri ers (7) are conical. 566. The

bi oreactor (1) according to any one of Clains 51 to 65, wherein the
distance (H) is a fixed distance (H). 67. The bioreactor (1) according to
any one of clainms 51 to 66, wherein the distance (H) is fromO0.5 to 10 mm
10 68. The bioreactor (1) according to any one of clains 51 to 67, wherein
at | east sone of68 he Tdar biczeacto?)(1haaccoading elmsangnenasiafecladye §18p Hrovi ded

with at | east one side,ridge (10 side. ridges. (1 of first and second
A acent  carri oTGFRINGHIS GRRG. SPARRSIE 1 & Sl di enCeied EdRPndh: °7)
at the side edgeyfmifdtricaBParoling Leefeactor (1) according to any one of
clains 51 to 68 wherein the levels (6) defined between adjacent carriers

(7) areshernetically closed at the side edges (18) of the carriers (7).
59.  The bioreactor (1) according to any one of claims 51 to 58,

wherein the overall surface area covered by the open spaces (2) in at
least one of the carriers (7) increases faster with increasing radial
distance from the geometrical center of the carrier (7).

10
60. The bioreactor (1) according to any one of claims 51 to 59,
wherein at least one of the open spaces (2) gets wider with increasing
radial distance from the geometrical center of the carrier (7).

15 61. The bioreactor (1) according to any one of claims 51 to 60,
wherein the number of carriers (7) comprised in the stack is from 5 to
500.

62. The bioreactor (1) according to any one of claims 51 to 61,

20 wherein the carriers consists of solid carriers and open spaces and
wherein the ratio between the overall surface area covered by the open
spaces and the overall surface area covered by the solid carriers in at
least one and preferably each carrier is from 1% to 20%.

25 63. The bioreactor (1) according to any one of claims 51 to 62,
wherein at least one of the carriers (7) has at least a portion that is
oriented in a direction including a non-perpendicular angle to the
principal direction (P), which portion comprises at least one of the open
space (2).

30
64. The bioreactor (1) according to any one of claims 51 to 63,

wherein at least some of the carriers (7) having a major surface making

a non-perpendicular angle to the principal direction (P).



2070. The bioreactor (1) according to claim69 wherein a polyner materi al
provides a closure of the levels (6). 71.The bioreactor (1) according to

cl ai m 70, wotrerigi4nsiehe si de edges of the carriers (PLTaEpaquiosS®s2ti dges
(19) projecting outward fromthe edges and bei ng 25enbedded in the pol ymer
material. 72. The bioreactor (1) accor49i ng to any of clainms 51 to 71,

further conprising at |east one circulation neans (9) for driving the flow
of the liquid nmedium (M wthin the bioreactor (1). 30 73. The bioreactor
(1) according to any one of clains 51 to 72, further conprising at |east
one fluid channel (5) separate fromthe stack of carriers (7) providing a
flui d connecti o5het idnen bioréactst (daradcerdingd)toaang o of claims 51 to 64,

2011/ 141512PCT/ ERP201.1/ 857621 45%7{; r st extlrem'ty of the stack of carriers
(7) and a second'NEPINBF EMerg7haeeYNPlext rem ty of the stack of carriers

(7), therewith providing a circulation systemfor the liquid nmedium (M.
574. The bioreactor according to claim73 wherein the fluid channel (5) is
concentfic to tIe6.stdde bforeactor gy qcrpraing fonasynane oof ebeiras il toobdhe

stack of carri e%eﬁ%@gng%tax&e(ﬁf @raef%?éooaisfa]r?cea(?ﬁpr ding to claim74,

wherein the fl ui |

67. The bioreactor (1) according to any one of claims 51 to 66,
wherein the distance (H) is from 0.5 to 10 mm.

10
68. The bioreactor (1) according to any one of claims 51 to 67,

wherein at least some of the carriers (7) have at least one side edge (18)

provided with at least one side ridge (10), side ridges (10) of a first and a

second adjacent carrier (7) defining a mutual distance between the
15 carriers (7) at the side edge (18).

69. The bioreactor (1) according to any one of claims 51 to 68

wherein the levels (6) defined between adjacent carriers (7) are

hermetically closed at the side edges (18) of the carriers (7).

20 70. The bioreactor (1) according to claim 69 wherein a polymer

material provides a closure of the levels (6).

71.  The bioreactor (1) according to claim 70, wherein the side edges of the
carriers (7) comprise ridges (19) projecting outward from the edges and being

25  embedded in the polymer material.

72.  The bioreactor (1) according to any of claims 51 to 71, further
comprising at least one circulation means (9) for driving the flow of the
liquid medium (M) within the bioreactor (1).

30
73.  The bioreactor (1) according to any one of claims 51 to 72, further
comprising at least one fluid channel (5) separate from the stack of
carriers (7) providing a fluid connection between a first carrier (7) at a



10(5) is a central colum internal to the stack of carriers (7). 76. The
bi oreactor (1) according to any one of clains 73 to 75, further conprising
an upper wawotwy4aiid a | ower cavity adjacent to respecti PETEPROIG/OSTREL and
the second extremty of the stack of carriers (7) and in fluid

15comuni cation therewith and with the fluid channel (5). 77. The

bi oreactor (1) according to claim76, ﬁUrther conprising inlet/outlet ports
to the upper (4) and/or lower cavity (3). 2078. The bioreactor (1) according

to claim76 or glgi ; | - n 21) 71 resent
in the | ower ca3|?$yé%t§§mlmﬁg¢é :%}aagig(t éiﬁéeﬁ%ﬁét I(@t g?)%:gt Q%%C%H F%I(r%%e@e%%%l n the
upper cavity (4)eaondestteamity afi theulstadkonf nesingrsald), ctbhepveth hrovidany tahe

inlet (21) and outlet. ports 2) 5 79. The biqgreactor (1) according to any
one of cl ains 5f|rpgla%|gr? S\X}ﬁ@(@ﬁ% tﬁﬁﬁqw&efﬁea'ﬁgbt!@f(z) have a shape and
di nrensions allowi ng the passage of a hard spherical object of 0.05 nm

diametes. VO 203 14TRIZBHORGAMLY ARG 13 LidiR P wHatei1Ak APK Ofart P51 N0
to any one of clainms 51 to , furtltler conprising a probe (23 ?or
measuring a par éreoecentfictthethei sjackl ofrediniars (W) anbigipierhel bi exteealoto (he)

according to cl %'tanc}kBOJT’cafrHértsh(%. conprising a
75.  The bioreactor (1) according to claim 74, wherein the fluid channel

10 (5) is a central column internal to the stack of carriers (7).

76.  The bioreactor (1) according to any one of claims 73 to 75, further
comprising an upper cavity and a lower cavity adjacent to respectively
the first and the second extremity of the stack of carriers (7) and in fluid

15 communication therewith and with the fluid channel (5).

77. The bioreactor (1) according to claim 76, further comprising

inlet/outlet ports to the upper (4) and/or lower cavity (3).

20 78.  The bioreactor (1) according to claim 76 or claim 77, wherein an
at least one inlet port (21) is present in the lower cavity (3) and at least
one outlet port (22) is present in the upper cavity (4) and external
circulation means are coupled between the inlet (21) and outlet ports

(22).

25
79. The bioreactor (1) according to any one of claims 51 to 78,
wherein the open spaces (2) have a shape and dimensions allowing the
passage of a hard spherical object of 0.05 mm diameter.

30 80. The bioreactor (1) according to any one of claims 51 to 79

wherein the open spaces have a width of from 0.05 mm to 2 mm.



controller connected to the probe (23) for nodifying the paraneter in
function of the input received by the controller fromthe probe (23). 83.
A bi or eacworzo(1li41f1or the culture of cells (O, conprisi RgTEPMAOKI6f 10
carriers (7) for cell (C adherence, the carriers (7) including a first
carrier at a first extremty of the stagk to a second carrier (7) at a
second extremty of the stack so as to define |evels (6) between adj acent
carriers (7) for the flow of the liquid medium (M, wherein adjacent |evels

(6) are fluidlygynt eﬁ%”ﬂ@?éﬂoﬁQF&angEgfah&hodﬁéjofr% i@ S Mo G0 gy from

one 15 level (6) to an adjacent [eve erein the bioreactor further
conprises at | easmprisng &yrdbe K23)rfelr magsariage pammetee of thecliquad dnedinment ri ¢
wi th the stack, oviding a fluid connection between the first carrier (7)
and the second é&ﬁﬂ er (7), therewith providing a circulation system for
the Iiquid medium (M wherein the fluid channel (5) is internal 20or

external 1o the sst ack oRAEALSE 1 Bhoordify 1Sl B1OTBHAEr CHndRRT & no to

claim 83 wherein at | east one of 'the carri is provid a‘single
pl at e or nenbr arcentrobsr. cameedieédrtedbeoprope) (28 cfor dnodjfyirng ¢chaipar8metathier ei n

each of the 25carriers (J7).is provid a_singl | at e _and/ Qr., menbr ane.
56. "The bi or eactBICEnoBe sRtRESH K Pyt et dickn € plEE Cahe of the
carrier (7) is provided by a set of plates (8) and/or nenbranes (8)

separated laterally by one or nore open spaces (2) CPr oviding the fluidic
30i nt er connect i &3 betAwbigrneadier {U)j facdme clbwiel ef ¢dls. (C)weomprising a stack of

2011 14§912°CT) SR UREhT8) el i, CORBREPRBEU R iy Rl T ©
| evel and an adjaacenirsts eeardity efethe( Stgekd BOte®RS lcamiod t#) 4the Sewrer nore
open spaces (2) between the second level (6') and an adjacent third |evel
(6"). 5 extremity of the stack so as to define levels (6) between adjacent carriers
(7) for the flow of the liquid medium (M), wherein adjacent levels (6) are
fluidly interconnected so that the liquid medium (M) can flow from one
15 level (6) to an adjacent level (6), wherein the bioreactor further
comprises at least one fluid channel separate from the stack and
concentric with the stack, providing a fluid connection between the first
carrier (7) and the second carrier (7), therewith providing a circulation
system for the liquid medium (M) wherein the fluid channel (5) is internal
20 or external to the stack of carriers (7).
84. The bioreactor (1) according to claim 83 wherein at least one of

the carriers (7) is provided by a single plate or membrane.

85. The bioreactor (1) according to claim 84, wherein each of the
25 carriers (7) is provided by a single plate and/or membrane.

86. The bioreactor (1) according to claim 83 wherein at least one of

the carrier (7) is provided by a set of plates (8) and/or membranes (8)

separated laterally by one or more open spaces (2) providing the fluidic
30 interconnection between the adjacent levels (6).

87.  The bioreactor (1) according to claim 83 wherein adjacent levels



88. The bioreactor (1) according to claim86 or claim87 wherein the open
spaces (2) are fornmed in the carriers (7). 89. The bioreactor according to
cl ai m 87 w0 288/14vd1erei n t he one or 10nore open spaces (PLTAPROIAPETRUr €S i n
the carrier. 90. The bioreactor according to any one of clains 87 to
89, wherein the open spaces (2) conpri%ﬁ grooves in the carriers. 1591. The
bi oreactor (1) according to any one of "Clains 87 to 90, wherein the open
spaces (2) in a carrier (7) are located rotationally symmetrically around a

center. 92. Th%ré’ifl@u[cﬁ?‘%tefcoﬁw?ﬂ)act%%cx%ddr@oi? d;@tcﬁ%iﬁo%‘é‘cé%fggém%yﬁ%eto 91,

wherein 20 the overall” surface area covered pen sp S In at
| east one of theneaorineore OF¢nispaceas@s etween aifirbt leve! easd @g adjdceant

di st fromth trical f th ' 7). 93, The bi t
(1) accordi ng. t G0 GaeeJFT SRk ShaTan, W5, 1 b or horenShen 0%t oF e
open spaces (2) tﬁ%éeﬁ%ﬁ@éed&r{&ebé!(c(?;aaaﬂog@ hafdicght Wirgl@npagefyr om the

geonetrical center of the carrier e bioreactor (1) according to

any oneSof claims 83 to 93, wherein the nunber of carriers (7) conprised in
the stack is fr %8 S tT%eStgllg'rech?or (1) according to claim 86 or claim 87 wherein the

open spaces (2) are formed in the carriers (7).

89. The bioreactor according to claim 87 or 88, wherein the one or
10 more open spaces (2) are apertures in the carrier.

90. The bioreactor according to any one of claims 87 to 89, wherein the

open spaces (2) comprise grooves in the carriers.

15 91.  The bioreactor (1) according to any one of claims 87 to 90, wherein the
open spaces (2) in a carrier (7) are located rotationally symmetrically around a

center.

92. The bioreactor (1) according to in any one of claims 87 to 91, wherein
20 the overall surface area covered by the open spaces (2) in at least one of the
carriers (7) increases faster with increasing radial distance from the geometrical

center of the carrier (7).

93. The bioreactor (1) according to any one of claims 87 to 92, wherein at
25 least one of the open spaces (2) gets wider with increasing radial distance from

the geometrical center of the carrier (7).

94.  The bioreactor (1) according to any one of claims 83 to 93, wherein the
number of carriers (7) comprised in the stack is from 5 to 500.

30
95.  The bioreactor (1) according to any one of claims 83 to 94, wherein the
overall surface area covered by the open spaces in at least one and preferably



WO 2011/ 141512PCT/ EP2011/ 057621 51 each carrier is from1/0 to 10 % of the
area of the carrier. 96. The bioreactor (1) according to any one of clains
83 to 95 wO2011/mMitarei n at | east one of the carriers (7) POREPA11I0EBHSL a
portion that is 5oriented in a direction including a non-perpendicul ar
angle to the principal direction (P). 7. The bioreactor (1) according to
claim96, wherein the portion conprises a periphery around the | east one
open space (2). 10 98. The bioreactor (1) according to any one of clains

83 10 97, WhRhSfidls kAR YOI 9% BMecAbhl diflo fAidias a mj or sur face

oriented in a direction making a non-perpendicul'ar angle to the principal
direction (P). 1s99. The bioreactor (1) according to any one of clains 83 to

98, wherein theogarriers (The taoseammi (dallaccortm{g toraey bherot aidios 8{3L)o 95,
according to any one of fl ainms 83t in the carriers (7) have at

| east one side dHWECIN1BY I§35\ANGQ \m? f?aéﬁrt'ersﬂﬁl Ras @t 6‘?\%9’[5‘? d@m?r@id@at( 10) ,
side ridges (10k @hicdy fih! tdﬁ‘@@tldﬁ 3?18?%’19 nﬁe %h& Efar(%hg;@eftd) nih’églol

nmut ual di stance between the carriers e SI
The bi oreact or (ptincipat dirédétion ¢RY. cl ai m 100, wher ein the | evel s (6)

97. The bioreactor (1) according to claim 96, wherein the portion comprises
a periphery around the least one open space (2).

10
98. The bioreactor (1) according to any one of claims 83 to 97, wherein at

least one of the carriers (7) has a major surface oriented in a direction making a
non-perpendicular angle to the principal direction (P).

15 99. The bioreactor (1) according to any one of claims 83 to 98, wherein the

carriers (7) are conical.

100. The bioreactor (1) according to any one of claims 83 to 99,
wherein the carriers (7) have at least one side edge (18) provided with at

20 least one side ridge (10), side ridges (10) of a first and a second
adjacent carrier (7) defining a mutual distance between the carriers (7) at
the side edge (18).

101. The bioreactor (1) according to claim 100, wherein the levels (6)
25 defined between adjacent carriers (7) are hermetically closed at the side

edges (18) of the carriers (7).

102. The bioreactor (1) according to claim 101 wherein a polymer material
forms a closure for the levels (6).

30
103. The bioreactor (1) according to claim 102, wherein the side edges of the
carriers (7) comprise ridges (19) projecting outward from the edges and being



25defi ned between adjacent carriers (7) are hernetically closed at the side
edges (18) of the carriers (7). 102. The bioreactor (1) according to
cl ai m 10Iweatrerigi4nsia pol yner material forns a cl osure forPCrhP20iewsiogl (6). 30
WO 2011/ 141512PCT/ EP2011/ 057621 52 enbedded in the polynmer material.

104. The bioreactor (1) according to any one of claims 83 to 103, further
conprising at |east one circulation neans (9) for driving the flow of the
liquid 5medium (M within the bioreactor (1). 105. The bioreactor (1)

accordi ng G ENELINA tﬁégﬂyﬁ,é}qng%ritag 104, wherein the fluid channel (5) is

a central colum intern o the stack of carriers (7). 10106. The
bi oreactor (1) according to any one of clains 83 to 105, further conprising
an upper céao4ty Tardbréaster (taactyrdatd) deemy doerefsgaihs \83 yo t1108, ffurtisér and
the second extremty of the stack of carrier 7). .and in flui .
communi cat COMRSE R/ fqa%memﬁlfw'aw Me&d @Eé&h@r'v'vs)theif@mﬁ? theydiquid
bi or eactor nﬁédiuﬁ‘l‘:@ﬂbr\ﬂ'itmﬂ t@?bﬁjr LopLlep, further conprising inlet/outlet
ports to the uppe (45 and/ or [ower cavity (3).

105. The bioreactor (1) according to any one of claims 83 to 104, wherein the

fluid channel (5) is a central column internal to the stack of carriers (7).

10 106. The bioreactor (1) according to any one of claims 83 to 105, further
comprising an upper cavity and a lower cavity adjacent to respectively the first
and the second extremity of the stack of carriers (7) and in fluid communication
therewith and with the fluid channel (5).

15 107. The bioreactor (1) according to claim 106, further comprising inlet/outlet

ports to the upper (4) and/or lower cavity (3).

108. The bioreactor (1) according to claim 107, wherein an at least one inlet
port (21) is present in the lower cavity (3) and at least one outlet port (22) is

20 present in the upper cavity (4) and external circulation means are coupled
between the inlet (21) and outlet ports (22).

109. The bioreactor (1) according to claim 83, wherein the open spaces (2)
have a shape and dimensions allowing the passage of a hard spherical object
25 of 0.05 mm diameter.

110. The bioreactor according to any one of claims 83 to 109, further
comprising a probe (23) for measuring a parameter of the liquid medium (M).

30 111. The bioreactor according to claim 110, further comprising a controller
connected to the probe (23) for modifying the parameter in function of the input
received by the controller from the probe (23).



108. The bioreactor (1) according to claim 107, wherein an at |east one
inlet port (21) is present in the |lower cavity (3) and at | east one outl et
port (22)wp=20p0Biagent in the upper cavity (4) and ext ePQAIEPCIIMO&I6At i on
means are coupled between the inlet (21) and outlet ports (22). 109. The
bi oreactor (1) according to claim 83, erein the open spaces (2) have a
shape and di nensions allow ng the passage of a hard spherical object 25of
0.05 mmdianmeter. 110. The bi oreactor according to any one of clains 83 to
109, further conprising a probe (23) for measuring a paraneter of the
liquid nmedium (M. 30111. The bioreactor according to claim110, further
conpri si ng 1d2c ofthedbibractaniateatding toranyporobef h23)retedingwthimgi hathene
parameter in functign of the input received by the controller fromthe
probe (23) .'”C"&%“Q(‘?fﬁ?-1415lzpcw EP2011/ 057621 53 112. The bioreactor (1)
according to any one of the preceding clains, further including cells.

5113. The bioreactor (1) according to any one of the preceding clains,
furthersincl udi ig3a fTiNet kipreactard(1) @asoeding fie asiyoereaof thre plgcesibel@img, t o

gg?/l gne of the %r?ﬁeerqinglgdﬂgaéﬂﬁerf. or the culture of stemcells or primary

114. Use of the bioreactor (1) according to any one of the preceding
claims for the culture of stem cells or primary cells.

10
115. Use of the bioreactor (1) according to any one of the preceding
claims for the culture of mammalian cells, insect cells, fish cells, or plant

cells.

15 116. Use of the bioreactor (1) according to any one of the preceding
claims for the production of viruses, both for human and animal

vaccines.

117. Use of the bioreactor (1) according to any one of the preceding

20 claims for the production of proteins or antibodies.

118. A carrier (7) for a bioreactor (1) for use in culturing cells, the carrier
including a surface having an area adapted for cell adherence and an area
adapted for preventing cell adherence.

25
119. The carrier of claim 118, wherein the surface for preventing cell

adherence is associated with a piece of transparent material (T).

120. The carrier of claim 118, wherein the surface for preventing cell

30 adherence is hydrophobic.

121. A bioreactor including at least one of the carriers of any one of claims 118



10 115. Use of the bioreactor (1) according to any one of the preceding
claims for the culture of mammalian cells, insect cells, fish cells, or

pl ant celWe.20u%4182 Use of the bioreactor (1) accordi ngPCo/ER2M106B2Df t he
preceding clains for the production of viruses, both for human and ani nal
vacci nes. 117. Use of the b%greactor (1) according to any one of
the preceding 20cl ains for the production of proteins or antibodies. 118. A
carrier (7) for a bioreactor (1) for use in culturing cells, the carrier

i ncluding g,s{yface having an area adapted for cell adherence and an area
adapted for preventing cell adherence. 25 119. The carrier of claim 118,
wherein the surface for preventing cell adherence is associated with a

pi ece of transparent terjial (T). 0...Jhe carrier of claim.118 erein
Phe surt acd 2ok piavadtpr i ind 2stwanBras 08 Sl of Bpkone.s! Saims: 8o,

122. A bionegctor including a plurality of the carriers of any one of

clains 118 to 120.
5



