Li qui d- gas- phase exposure reactor for cell culturing Description [0001]
The invention relates to a nmethod and a device for initiation of cel
grow h and for cultivation of cells in high densities, wherein the cells
to be cultivated are located in hollow s filanment nmenbranes and are
brought alternately into a liquid nutrient nmediumand a gas phase present
t her eabove. Prior art LiqQd@ghs-phascadxipasureakictonforiceRcultmrihgr t he synthesis
of bi opharnmaceutical drugs is operated to mainly in stirred reactors.
Heretofore airlift reactors have been used | ess frequently and hol | ow
fiber rpeeiiptisnvery rarely for servicing the market with drugs based on
mammal i an cells. To inprove the volunetric product yields in stirred
reactors, the cell density and the effective production tine of the cells
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cultiv é&%&ﬂﬂxegﬁgﬁalia” cells currently has a volunetric capacity of
20,000%}riters. ed-batch processes in stirred reactors are robust, can be

scaled up to the cited volunes and | ong ago were accepted by the
author&;les for drug synthesis. Disadvantages are the long dwell tines of
the 20 51¥fMEts in the culture chanber, the need for separation of cells
fromthe harvest supernatant, the cleaning and sterilization expenses
incurred during multiple use and the high investment and operating
expens ¢80020 Myphumalian edlicpbuation tfor thd syrthesinof diphainReR caFdiugdr Bt gpdpgteduch
as factor .VI.I, .which are _susceptibl.e to degradati on and thus inpose a
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chanber and thus continuous operation of the sti reactors.
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or st atdghmensyspeeifie ta kiR ¢tfi€lthes in FdiebdidlpRSthowd MR prdifiction technology is laid out in
1s  bioreactor trains containing three to four stirred reactors, each with a volumetric capacity of
approximately five times that of the preceding bioreactor. The largest available stirred reactor for
cultivation of mammalian cells currently has a volumetric capacity of 20,000 liters. Fed-batch
processes in stirred reactors are robust, can be scaled up to the cited volumes and long ago were
accepted by the authorities for drug synthesis. Disadvantages are the long dwell times of the
20 products in the culture chamber, the need for separation of cells from the harvest supernatant, the
cleaning and sterilization expenses incurred during multiple use and the high investment and
operating expenses for plants equipped with this technology.
[0003] For proteins such as factor VII, which are susceptible to degradation and thus impose a
short dwell time in the bioreactor during synthesis, there have been developed devices and
25 systems that permit perfusion of the culture chamber and thus continuous operation of the stirred
reactors. For this purpose, efficient cell retention with continuous media feed and product
harvesting is necessary. Spin filters are used here in the intetior chamber of the stirred reactor,
while support materials in the form of fluidized or stationary beds are used in the traps, where the

production cells can adhere to surfaces. The continuous mode of operation of stirred reactors can




production cells can adhere to surfaces. The continuous node of operation
of stirred reactors can al so be achieved via external cell-retention
systens, such as cell sedinentation, continuous cell centrifugation or
ultrasonic cell collection. Advantages of the continuous node of operation
are short product dwell times in the bioreactor, constant product quality
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20  system, the cells are cultivated in a bag system, which is systematically agitated in order to

improve intimate mixing. One advantage of this reactor technology is the one-time usability of the
culture system. Disadvantages are the low achievable densities and the limited scale-up capability.
[0005] In all cited methods and devices, uniform nutrient supply and in particular oxygen supply
at high cell densities is problematic. Neither the attempt to solve this problem via complex process
25 steps involving pressurization (1989, US Patent 4804628 A) nor the direct introduction of oxygen
into the cell culture chamber via a further membrane system 1986, German Patent 2431450 Al
and 1995, German Patent 4230194 A1) led to culture systems whose scale could be increased as
desired and in which the cells could be uniformly supplied. In hollow-fiber bioreactors, in which
the cells are cultivated between the hollow fibers and the nutrients are transported in the lumen of
30 the fibers, scale-up is limited by the length of the hollow fibers. However, the length of the hollow
fibers is limited by consumption of the oxygen from the hollow fibers. Thereby scale-up is

possible only by the use of parallel units. In practice, however, this leads to unprofitable




and 1995, German Patent 4230194 Al) led to culture systens whose scale
could be increased as desired and in which the cells could be uniformy
supplied. In hollowfiber bioreactors, in which the cells are cultivated
bet ween the hollow fibers and the nutrients are transported in the |unmen of
.30 the fibers, scale-up is limted by the length of the hollow fibers.
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oxygen lf ro‘gﬁ tdhe hol | ow fibers. Thereby scale-up is _possible only by the
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processes. In other words, the scale-up capability of the hollowfiber
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hal f-filled with mediumand half-filled with gas. An advantage of this
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cel | s, Conandgs bsimgselddiy the Sadenies®de0.11s thin bidhectvay the stlls thai alhardo surfaces are
immobilized on disks of carrier material. The disks are disposed in series on a shaft, and are

rotated in a cylinder that is half-filled with medium and half-filled with gas. An advantage of this
arrangement is the cyclic exposure of these cells to both phases. Disadvantages are the limitation

20  of the system and method to adhering cells, the presence of detached cells in the harvest fluid and

the limitation of scale-up capability.
Object of the invention

[0008] The object of the invention is to further improve the method described in WO 03/064586
A2.

25 Achievement of the object




the limtation of scale-up capability. Cbject of the invention [0008] The
object of the invention is to further inprove the nethod described in WO
03/ 064586 A2. 25 Achi evenent of the object 3 [00091 The object was

achi eved as specified in the clains. According to the invention, the

initial rowth and cultivation of cells is undertaken in a
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alternative ﬁnbodi ment of the inventive nethod, the hollow filanment
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has been fillied; . he nmenbranes are covered with nutrient medi um
By rotating tﬁgmlhg c%gnrlg%%% in one 15 direction and then in the opposite
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the cells_in the gas or_.]|iquid phase is achieved. [00111 Rotation in one
di %ot i o aP¥IE KRS ?fﬁEe gﬂ&%—%!@lear rasyss preokthe sellsrontainsd tberein i e ed
to the reachforfliil figgom ng twi sted. [0012] According to the invention
the rotation is stopped for a certain tinme after 180 in order to 20

achi eve equal exposure tines in the gas and |iquid phases. The hol ding
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filament membranes are orjented horizontally in the bioreactor. After the reactor has been filled,
half of the membranes are covered with nutrient medium. By rotating the reactor 360° in one
15 direction and then in the opposite direction, cyclic exposuré of the hollow-filament membranes
and thus of the cells in the gas or liquid phase is achieved.
[0011] Rotation in one direction and then in the opposite direction prevents the tubing connected
to the reactor from becoming twisted.
[0012] According to the invention, the rotation is stopped for a certain time after 180° in order to
20  achieve equal exposure times in the gas and liquid phases. The holding times can be variably
adjusted. Thereby it is ensured that the cells are supplied sufficiently with nutrients during the
dwell time of the membranes in liquid nutrient medium and sufficiently with oxygen during the
dwell time in the gas phase. By varying the holding times, it is simultaneously possible to adapt to

the individual metabolic requirements of the individual cell lines.

25 [0013] Alternatively, the cyclic exposure of the holow-filament membranes can be achieved by
immersing the hollow-filament membranes in the nutrient medium and then lifting them into the
gas phase. Different dwell times of the cells in the two phases can be achieved by this procedure.
[0014] To implement the inventive method, cells of low density are first introduced into the
culture chamber, whereupon they grow to cells of high density. By using gels -as described in

30 International Patent Application WO 03/102123 A2 -it is possible to introduce, into the culture




dwel |l tinme of the nmenbranes in liquid nutrient nmediumand sufficiently with
oxygen during the dwell tinme in the gas phase. By varying the hol ding
times, it is sinultaneously possible to adapt to the individual netabolic
requirenents of the individual cell lines. 25 [00131 Alternatively, the
cyclic exposure of the hollowfilament menbranes can be achieved by
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fluids or fluids conposed of microscopically small gel fragnments. [0015]
The cells are introduced into the conpartnents via a central charging
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i nvent ovmamehdiod cells.sui t abl e for cuI tivating protozoa, bacteria, yeasts,
fungi and plant or mammalian cells. [0017] The nethod is novel conpared
with the nethod described in International Patent 10 Application WD
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15 publication, there is needed a device for production of the variably adjustable mixture of gas and
cell culture media, and so movement of the membranes - especially by rotation - would
necessitate further complicated provisions with respect to the connections.
[0018] The inventive device is composed of a cylindrical or spherical two-phase supply chamber
(which can be charged with gas and medium respectively), in which -parallel to the longitudinal

20 axis of the cylinder shell- polymeric, cell-retaining, micro filtering, hollow-filament membranes
having an inside diameter of no more than 5 mill are fixed in the end plates, the inner volumes of
which form culture compartments, in which the cells to be cultivated are disposed, the supply
chamber containing a gas phase through which a gas mixture can flow and a liquid phase through
which a culture medium can flow, each hollow-filament membrane having a spacing of at least 5

25 mm to the neighboring hollow-filament membrane over the length of the cylinder, the hollow-
filament membranes being symmetrically disposed relative to an imaginary cross section along
the axis of rotation of the cylinder and no membrane being disposed on an imaginary cross-
sectional plane along the axis of rotation of the cylinder.
[0019] The membranes are permeable for all substances but not for whole cells. The culture

30 chamber, composed of the total volume of the compartments, is partitioned from the supply




[0018] The inventive device is conposed of a cylindrical or spherical

t wo- phase supply chanber (which can be charged with gas and nedi um
respectively), in which -parallel to the longitudinal 20 axis of the
cylinder shell- polymeric, cell-retaining, mcro filtering, hollowfilanent
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boundary. No membranes are located on the imaginary cross-sectional plane along the axis of

rotation of the cylinder. In this way it is ensured that, during the holding times, all membranes are
20  either completely in the gas phase or completely in the liquid phase.
[0024] The inventive device is novel compared with the device described in WO 03/064586 A2,
since two-phase operation is not provided therein. Furthermore, it does not need any special
device for production of a mixture of gas and media or for collection of liquid from the spent
mixture of gas and media.
25 [0025] For input and removal of gas, every end plate of the cylinder contains at least two ports
Which are respectively disposed above and below the imaginary cross-sectional plane, so that
- continuous supply with gas is ensured even during rotation of the cylinder around its axis of
rotation.
[0026] Furthermore, at least one tubing port for media perfusion and at least one inlet for

‘30 introduction of seed cells into the culture chamber are disposed on the head faces.




possi bl e packi ng density can be ensured in the supply chanber. Further
space-savi ng devices are is not necessary. [0023] The hol |l owfil anent
menbranes are symretrically arranged relative to an i naginary cross

section along the axis of rotation of the cylinder -which for practical

pur poses represents the phase boundary. No nenbranes are |ocated on the
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¢ features of the invention follow from the elements of the claims and from the

description, both individual features and also pluralities of features in the form of combinations

representing advantageous embodiments for which protection is applied for with this
specification.

20 [0033] The substance of the invention comprises a combination of known elements (partitioning

of culture and supply chambers by membranes) and new elements (arrangement of the membranes

~ in the supply chamber, rotatability of the device, alternating exposure of the cells in the gas and

liquid phases respectively), which influence one another mutually and in their overall effect lead

to an advantage in use and to the desired success, which lies in the fact that there is achieved the

25 capability of effective continuous cultivation of cells in high densities and of recovery of products

from these cells with simultaneous cell retention.
[0034] The invention and its function will be explained hereinafter with reference to figures. The
purpose of the figures is to permit better understanding, but they are not to be construed as the

only constructions with which the claims can be implemented.

30  Figure 1: Schematic diagram of the bioreactor system




10 the two phases. [0030] Alternatively, the ports for the gas supply are
nmounted not on the head faces but on the «cylinder shell, above and bel ow
the i magi nary cross-sectional plane. [0031] The inventive use of the device
lies in the cultivation of cells at high densities and in the recovery of -
cell products, cell constituents, viruses, proteins or |ow nolecular weight
substances, is such as drugs as well as diagnostic and research reagents

[0032] (i i nventi o romt he el nt ) e, cl
00321 1Jiey e orleckile VRO ot dtom e el besfiscal’ OF
f eat ur esppip chdifber Q1 2). e QOIFRNBRAI IR NSt tHeSRACSRThEIBAS &%’Q&&aﬁgﬁﬁib%r eﬂ‘ﬁeﬁwmt s
f or Wn:ﬁih prot ection is applied for with this specification. 20 [0033] The
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phases r}gﬁ) ectively), which influence one another nutual and int
over al FURIY ghamhepisnsyrgd by agay ling, agech in cormposed ot a gav- Wlaegﬁaa@u(@mmb%gas
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of proifgtisr thergamdischage oat bf thai ctyitlnderrrﬂl"hé ﬂm&ouﬁh@u&ﬂ Ipha@t thrduighnhe cOGRI#L isThe

i nvention dits,functipon wll X alndherernaf with reference to
fi gur &% “*i"ﬁ@’y Hards %‘rﬁtﬂhés Wweﬁ HP tlg ﬁerﬁrﬁwmbélﬁ LPuTpp g dor amrfgla but
they arRd raﬁa of Qpﬂﬁp ¢ ?igg ergga%& RGilecaR) ves%afrgéj 8¢ eQH&thE?r \Llﬂ

clains _can be inplenen ure 1:” Schemat’ic di agram-o oreactor
syst enFurthgrposs mh@uﬁngtﬂmsor @]ame(s]ér}rtfer meesurmgsﬂle mxggen h bind rtempdrmﬁures;ast em

th | d hanb Th | t b t
Che. r oimReeRtaL S A6¥are s AsirehliBa fodinRire wlid 121 At et uloghian modul
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lines in the sup chanber. The cylindrical vessel is driven by a rotary

devi ce®q Les')merafe,sﬁelt(ﬁ . Thesreduce-fres dilrae if dischacgrdnat the bettoratofship aitrafiiratiunl y
at 2 sibh@ARlfa Hgé’e{rﬁéﬁ V\;Elhl% tflé g&vlcgﬁtrageds prgduc% % }egyrnﬁe@% tEle product-collecting vessel.

Advantageously, all elements of the bioreactor system, beginning with the port on the gas-mixing

station, are disposable materials The pumps are designed as hose pumps.
Figure 2: Longitudinal section of the cylindrical two-phase supply chamber

[0036] During reactor operation, the cylindrical supply chamber (12) contains a gas phase (5) in
20  the upper part and a liquid phase (6) in the lower part, the two phases forming a phase boundary
(7). On the left, the supply chamber is terminated by an end plate (1) for the feed of gas and
medium, and on the right it is terminated by an end plate (2) for discharge thereof. On the right
terminated which terminates. Gas is passed through ports (3, 4) in the end plates. Media transport
takes place via central ports (8, 9) -located on the axis of rotation of the cylinder -in the respective
25 end plates. The individual culture compartments for the cells are designed as identical hollow-
filament membranes and are represented in the supply chamber by parallel black lines. Input of
the cell suspension takes place separately from the gas and media supply, via ports (10) shown in

solid black in the end plates. For uniform seeding with the cells in all hollow-filament




supply chanber is ensured by a gas line, which is conposed of a gas-m xing
station (13) and a gas humdifier (14) for the gas feed into the cylinder
and of a nmedia trap (15) and a contamination trap (16) for the gas

di scharge out of the cylinder. The flow of |iquid phase through the
cylinder is ensured by a nedia |line, which is conposed of the nedia

r eser volemiranes, thepgrtsend)in tdl-distributingl cheniteerd @@y whrich 0f imcqummnicaton witls tHehe

product - i sse). .(2 or the discharge fromthe cylinder.
Furtherﬁ%%%#gé(ﬁgggﬁgyﬁgﬁgéﬁngﬁ?W' ﬂn?%éwmﬂﬁw%heasuring the oxygen, pH and
tenperature is integrated in the discharge line. A circulation containing
a punp (21) and an ultrafiltration nmodule (22) is connected to the

pr oduct ¥igyre dcTomyiewafdbe endplagesrnféhe supplpphashbéerhe product in the product -
coll ecting vessel (20). The product-free filtrate is discharged at the
bottomof this ultrafiltration is nodul e and di scarded, while the

concent 088 Hdinpthe decvicwsofrtiee sl @dd rtl]aihté (e thére Gy Rlusefbd 6&d bf‘&p‘éﬁ:ﬁﬁ@émcnts useﬁ
e bioreactor system beginning wth the

Advant agequsl y, all elenments of th .

por t’ oﬁgfﬁtﬁ lggfés 1y8ah gshown s isgill erckesdpap fyantdiumdBeintaths sipplypihamben The

desi gn : ol €n2: i i.nal_ segtion.of the cyljndrical

oo phags e SRS ey BHlsCF stbPhaht SEEE poBfr abrft dierd ONaR G

suppl y achagbeent(us2] fardhe gasdischagrspdiiasichre sliowr28s Al BRASY. AL erbdpld
the two _phases form ng a phase boundary

| i quid phase; (6) int ower part, tl ) [ ] _

(7). Gfg‘ﬂfr%oqseﬁp,fesﬁﬂﬁé] Shbla\égd%af%ﬁedmg wigh the sell suspensionare infegrnigd én ¢ach of or
t he feqgrk &fo 138 wiiBAHBe A . t i % m nated by an end
plate (2) for ische‘ﬁ ge thereo%%&gq%ah%%ﬁr%%p}blig[ecrollr%lﬁ%ctél?’{eld whi ch term nates.
Gas is passed through ports (3, 4) in the end plates. Media transport
takes place via central ports (8, 9) -located on the axis of rotation of
the cylinder -in the respective 25 end plates. The individual culture

conpar [063%] THeGfvdnfien &8l s cRplainde ?kgﬂgaﬂs 3f {}}agﬁ&tl ieﬁah%géz lv!riﬁ'}ﬁ'uf fejéfih% Fﬁg{cf{?d to

menbranes and are represented in e suppl anber par al
Iines.ﬂﬁﬁﬁﬁ¥m@@k&the cell suspension takes place separately fromthe gas
and nedi a supply, via ports (10) shown in solid black in the end pl ates.
For uniformseeding with the cells in all hollowfilanent 8 menbranes, the
ports end in cell-distributing chanbers (11), which are in comunication
with the interior space of every individual hollowfilanment nenbrane.

Fi gur ePEacticghexamplesit t he end plates of the supply chanber

Example 1: Cells of high density

[0039] Two bioreactor systems were constructed according to the scheme illustrated in Fig. 1.
i5  The cylindrical supply chamber had a total volumetric capacity of 14 liters. During the process,
the liquid phase contained 7 liters. In both cases, 144 hollow-filament membranes each 500 mm in
length were disposed in axially symmetric arrangement in thé supply chamber. Seeding with cells
in the interior spaces of the hollow-filament membrémes took place with cells of high density in
PBGI.0 basic medium containing 0.02% of added human serum albumin via the seeding ports in
20 _the end plates. The cell line produces a human protein, which can be isolated from the culture
supernatant by a one-step chromatographic method and then assayed exactly as to its content, The
culture time was 10 and 23 days. Over this time, a mixture of air and 5% CO, was passed
continuously through the gas phase of the supply chamber. In total, a quantity corresponding to 11
liters in 10 days and 24 liters in 23 days was used to supply the cells in the runs. During the




[0037] In the top view of the feed end plate (1) there is illustrated one
of the arrangenents used s for the inlets for gas -shown as small circles
-and for medium (8) into the supply chanber. The top view of discharge end
plate (2) shows the central port for product discharge (9) and an

arrangenent us t he gas di scharge ports, which are_shown_ as

circl egxperlﬁl%.tg Lﬂ%}fhﬂ pnsl gasliase exn%wﬁééfém &Fre Fagh 30 ﬁecea@%betwsw the
seedi Nghaih tdkehiAf &elAﬁéruemgn r[}%e ge.si

pl at esﬁhwhl ch ca(r)l be charg d%@gogkﬁrrlg d%ﬁ%?%gwg{)eﬁﬁ%gﬁ%dnﬁ%%e kfe\gg(g The
i nvent filiment inembeanex plaghe sebding poetamad dfe qaﬂakehsltyedndaamhﬂyasere detehoined. Bidieng
limted to _thes | es a cal | es:. Exanmple. 1l: Cells of high
densi ti&mﬁ%@@fl et %Wofsvftsfihs el1-ieF BrodBRChATVSE BRe IS8 EUFERt TSR
schemeThé kIRiiR 881d $hokisGhe éeu delfsltgfaﬁd szdbamgira'cﬁl@be@hapﬂﬁle moﬁ@@rﬁaﬁﬁeﬂa%quare
‘total volunetritc capacity of ers. During the process, the liquid
phase ewmpaginipaés. 7 |iters. In both cases, 144 hollowfil ament rrenbranes each
500 mMmin length were disposed in axi al | y symretric arrangenent in the
supply chanber. Seeding with cells in the interior spaces of the

hol | ow-fi | anent nmenbranes took place wth cells jof high density 1n |PBA.0

basi ¢ [medi um cont ai ni ng 0. 02% Bforemttte curh LfEhdas) |u Bicr:daton mn Zi(23 déys) geedi ng
ports |in 20.the end plates The cell line produces a human protein, {which

can be irsQ| ulture sup tant byl a one-s chromatcgraphi C
met hoo tg@e}t%gcg’uét;@g}f/&e‘% engxactly as toﬁﬁ‘g content. The l‘VI%Eture tim was 10
and 23 Over this time, a mxture of air and 5% CO2 was passed

~conti rub’@ﬁﬂpﬁrﬂlﬁr(tf@glﬁum%mg‘a@] phase of the supply chanber. In total, |a
quant ijty nnrrncnnndi ng to 11 |liters in 10 days |and 24 liters in 23|days

was uge W&g sugﬁl ells in the rups. During the 9 experinent, [the
I i qui d- gy Se exposure c Wes wer e |each 30 sé¢onds betveen t he
phase tatternattons—AHer—eonptett+on—of—culturing,—t-he—eets—were—hdrvest ed

fromt hgotggéehc&w df'h%%&t menbr anes \éigEl:{]he seedi ng por ts 535;),d t he cel |l
densi t Vi abi |ty wer e determ ne proteln was |% ated fragm an
al i qugt—ofthe ctett=freeproduct—tarvest—and—its—content—was—assayed. 5 The

foll ow Vﬁbflﬁ@bﬁh&b&%@%j he cel| densitysand viabillity achigyed in the
hol | oy fil anent culture

Total quantity of protein (mg) 48 168

[0040] High cell densities were successfully achieved in the system. Furthermore, 48 mg and 168
mg of protein were formed during the process and were collected from the cell-free culture

supernatant into the corresponding product-collecting vessel.
10 Example 2: Cells of low density

[0041] Celis in living cell densities of 1.3ES5 cells per milliliter of culture chamber were used for
inoculation in two two-phase exposure reactors, each containing 12 hollow-filament membrane
shaving a length of 200 mm, and were cultivated for 4 days while both plastic reactors were being
rotated. Prior to inoculation, the cells were mixed with microscopically small gel fragments of
15 HSA. Media exchange was effected discontinuously. The metabolic activity was measured via the
glucose consumption. After completion of the runs, the cell densities were determined by

harvesting the gel together with the cells contained therein and counting via Trypan Blue. Within

10




conpartments. Bioreactor run 1 (10 days) Bioreactor run 2 (23 days) Total
cell count in inoculum1.5E7 1.8E7 [cells per m of culture chanber]
Viability of inoculum[% 67 80 Total cell count of harvest 2.4E7 2.25E7
Viability of harvest (%9 54 29 Total quantity of protein (ng) 48 168

[ 0040] Hi gh cell densities were successfully achieved in the system

Fur t her #8sbort 48ltyrg timed cxp@sionpfdlie pallstteitE v Gebls permilititen of chieurp chaabs

and wer cite mthe.cell-f. cultyre upernatant into the
corres p@nbgﬁ}n&ggp%%d;aféf ?138131 ‘éeé]giﬂ?é U@}L@ﬁ%ﬁ ‘.’tl ‘F‘g“@(éi Rer A 3.8cimey) was susaesaBlyi ¢ v
[ 0041] 4chiedvedin living cell densities of 1.3E5 cells per mlIliliter of

cul ture chanber were used for inoculation in tw two-phase exposure
reactors, each containing 12 holl owfilanment nmenbrane shaving a | ength of

200 mMm r | . for..4.,days while both plastic reactors were
bei ng B tlélg'. ﬁﬂ%ﬁ%élh%( gﬁﬁéniglgt?lfgﬁb&ﬁ%éa‘ftﬂ%syém s were mxed with
m croscopically small gel fragnents of is HSA. Medi a exchange was effected

. The netabolic activity was neasured via the glucose

di scontj |y s
consunmd? B‘gﬁ uﬁﬁf aply peingipks 9ighe bioreagtor isased emexposing thkoertls mlternatelyr i medium

det er mgagd,hy : ti ther with.the cells contained therein
and counting ¥ a irypé%l%@&ng\ﬁﬁs%%ﬁlg %Ix}%og%g}etsugaﬁrt ﬁf@etqe IR X on
of t he coplphsedtvaitibémvEntianabsysehiss per milliliter of culture chanber (4.6

times) and 5E5 living cells per miIliliter of culture chanber (3.8 tines)
was successfully achieved. Exanple 3: Functioning principle of the

bi oreagxgﬁlpw&t@dﬁsém{tgg%%}hegggte@uppI y principle of the bioreactor is based
on exposing the cells alternately in medium and in a gas m xture, thus

making it possible to inprove the supply of the cells with oxygen conpared
W th C?WﬂﬁTtIih% nc%lre ];S)I\égét': oF Bie bioreactor is a cylindrical plastic reactor mounted horizontally. In
10 this vessel, hollow-filament membranes are clamped over the length, parallel to the axis of
rotation, as illustrated in Fig. 2. Hereby two chambers separated from one another by the
membranes are created in the cylinder. One is the supply chamber, which surrounds the hollow-
filament membranes and is composed of a liquid phase and a gas phase. The boundary between
these two phases is sketched in Figs. 2 and 3. The other is the space inside each hollow-filament
15 membrane. The sum of all hollow-filament internal spaces represents the culture chamber for the
cells. Via the number of hollow-filament membranes disposed symmetrically around the axis of
rotation, the system can be scaled-up to any desired size in terms of its culture chamber. The two
chambers have separate inlets, and are partitioned from one another. The only communication
between the supply chamber and the culture chamber is represented by the pores of the
20 membrane. With an advantageous pore diameter of 0.1 to 1.0 pg per milliliter, these pores are
permeable for small molecules and proteins, but not for the cells. The overall device cited and

described in Fig. 1 ensures that gas and liquid can be passed contiﬁuously through the system.
[0044] The bioreactor system also includes a mobile hardware unit, the pumps and COMPIessors,
as well as measuring and control units. Furthermore, this unit also includes a drive motor and a

25 - rotary device, which permits mounting and rotation of the plastic reactor.

Example 5: Functioning principle

11




Exanpl e 4: Construction of the system[0043] The core piece of the

bi oreactor is a cylindrical plastic reactor nmounted horizontally. In io
this vessel, hollowfilanment nmenbranes are clanped over the |ength,
parallel to the axis of rotation, as illustrated in Fig. 2. Hereby two
chanbers separated fromone another by the nenbranes are created in the
cylinder. One is the supply chanber, which surrounds the hollow filanent

nmenbr a i Wauid... . ry
ot wee DUh B bk SFRRAG0P hoiys, kil el 100 30Uy Re DD RIS Bxis S RRUNIAL
space rastidecyeRahathvahlbewdptédtmahé rdspeciivaelalige. THiCrosdtivn@lyclalis advantageously
hol | ow-fi |l anent internal, spaces represents the culture chanber for the

cel | s. repeated Rathauhidsruption gverothe entitgRipreastahaiias. ‘Hiepighlophasemefed Fatatzan v

ar ound i i . system can be scal ed-up to any desired

si ze iﬁ%tPg?%ng%fj%Hoﬁ%ﬁ%&?gﬂg@ﬁ%er. The two chanbers have separate

i nl et sPhaedrotatieonpatiteirighohed8dr om one anot her. The only comuni cation
betweeg thﬁﬁ%ﬁ@" chanber and the culture chanber is represented by the
pores bR rane. Wth an advantageous pore diameter of 0.1 to 1.0
- 19 pephdbe! dotdtioh®s theld}@e By PQGes are permeable for small nol ecul es and
proteins, but not for the cells. The overall device cited and described in
Fi g. 1Phassuladdingiiate gas and |iquid can be passed continuously through the
syst er 0044] Th i oreagtor system al so i ncludes a nobile hardware unit,
the pu ?L'arﬁﬁ?t%ﬂl%&ggﬂs@[’%?g& as wel | as measuring and control units.

Fung hephae Boldidy hme/ni t al so includes a drive motor and a 25 rotary device,
which permts nmounting and rotation of the plastic reactor. Exanple 5:
Funct i Beasagopstionée tiedefiby 1845] By nmeans of the rotary device, the plastic
react opy I.S. n ground its axis of rotation in a rotation cycle that can
be ada%lfléesg' 1{O(ll)ﬁlflﬁglmreespecti ve cell line. This rotation cycle is

advant ageously repeated without interruption over the entire bioreactor
run tine. The eight phases of a rotation cycle are |isted bel ow by way of

exanpl 046l Hp gheTespliiodta sratian exsde. the Feactsy tpsperfpraed on SHbiravglutioneinpengs e:
rotati @fectin A8 JrleIfii AVorhBOn in the opposite direction and is once again disposed in the

15 original starting position. The alternation of direction of rotation permits media and gas to flow

through ports, which are integrated in fixed position in the reactor and to which plastic tubes are
fixed. In contrast to the majority of mammalian-cell bioreactors, therefore, the system operates
effectively without mobile structural components that project into the sterile supply or culture
zone, such as impeller shafts or media and gas feed tubes. Thus the associated contamination risk
20 does not exist, and no expenses are incurred for safeguarding corresponding rubbing surfaces, for
example by double rotating mechanical seals.
[0047] The system construction and mode individual of operation simultaneously ensure that
every hollow-filament membrane is subjected to identical exposure conditions in both phases over
the entire bioreactor run time, regardless of the number of such membranes in the system. The
25 exposure in the gas phase primarily achieves the supply of oxygen, while the exposure in the
liquid phase achieves primarily the uptake of dissolved nutrients and the discharge of metabolic

products. Both nutrient medium and gas mixture can be fed continuously.

Advantages / novel features:

Reactor with integrated cell retention system as disposable article

12




Phase: holding time Phase: rotation to the left by 180 10 Phase hol di ng
time Phase: rotation to the left by 180 Phase: holding tinme [0046] As the
result of a rotation cycle, the reactor has performed one full revolution
in one direction and one full revolution in the opposite direction and is
once agai n disposed in the 1s original starting position. The alternation
of di r eMkentansris penmenble fonmeetein, penmetling calldreghsrvesiinfgl ow t hr ough ports, which

e 1A Rl LB PR o b G SPGBy 5,

t her ef oieurt difRision PLRTFRRRY B furin@ ik Psdurd/ Bl the Yisthgiy robile structural
conponents that project into the sterile supply or culture zone, such as

i npel | N0 grashiens fosmatipriinthe aes pjuse oEtbd expisers.redbrovettbe dmgticoftherbactor

cont.am i i n i.st, ;and no penses are incurred for |
saf egu aI? glfl%‘gﬂ%éff% S g’gﬁg?‘ﬁ%d% 3{)%‘?‘%‘%8@? iaBBrQBflat%rove’éﬁ’frﬁ?flézaB@ a’H{)WEPE‘ permit
rot ati ngpstefbarthagh S@aﬁinaoudﬁlﬁ%ﬁ]duﬁlﬂg rSB&EmM constructi on and node

i ndi vi dual of operation simultaneously ensure that every holl owfil anent
menbrane i s subjected to identical exposure conditions in both phases over
the entire bioreactor run tine, regardl ess of the nunber of such nenbranes
in the system The 25 exposure in the gas phase primarily achieves the
supp! y éfindkiygen, while the exposure in the 1iquid phase achieves
primarily the uptake of dissolved nutrients and the discharge of netabolic
products. Both nutrient mediumand gas m xture can be fed continuously.

Advant g of hivdhsibye al Ylifive Ol ¥ LeL SRLIOR SYShem
as di sposable art |?:1 e 12 ?\/%ﬁg%l %eémg}egrl%lggﬁgé‘%g%gﬁrg{léé}SIrtlfeS ef B}ap?%
cel | - f celds permuidldliternaf cultenetcharaberexposur e conditions for every i ndivi dual

hol |l ow-fil anent nmenbrane in the system Short diffusion paths for oxygen
during exposure in the gas phase No gradient formation in the gas phase of

t hao ex gRENE 168 AehOly HY BELERG WRAOHE Lfl dehdty iR36d Miture chamber lies between 154
and 1E7 per milliliter of culture chamber.

Cells of lowest density: A culture with the lowest cell density is achieved at densities lower than

1E4 cells per milliliter of culture chamber.

Nutrient medium: Nutrient medium is an aqueous solution containing the nutrients essential for

15 the cells, such as glucose, amino acids and trace elements.
Gas mixtyre: Within the meaning used here, a gas mixture advantageously describes a mixture of
air and carbon dioxide with variable mixing ratio. Furthermore, the present meaning of the term

gas mixture also includes variable mixing ratios of nitrogen, oxygen and CO,.

List of reference numerals:

1 Feed end plate 11 Cell-distributing chambers
2 Discharge end plate 12 Cylindrical supply chamber
3,4  Ports for gas supply and removal 13 Gas-mixing station

5 Gas phase _ 14 Gas humidifier
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5 Aplurality of gas ports, which are distributed appropriately over the
end caps and which permt gas to flow through continuously even during
rotation Definitions: Cells of high density: A culture with high cell
density is achieved at cell densities greater than |E7 cells per
mlliliter of culture chanber. to Cells of |ow density are achi eved when
the celd dedddwigphaset he cul ture chanbelS|i eMedisttiapen 1E4 and 1E7 per
mlliliter chanmber. Cells of.lo ensity. Aculture with the
| owest 7tceI I ? Eelscr%lsqortll{;&l achi eved at deni?t i 2@3{‘%&%&%{’%?@ 1E4 cells per
ml1iliger dilecfol mediancandd portNut ri ent7,medpum MNahpd ent nedi umis an
aqueous, sol &i Oﬁq cont ai ni&g the nutrients essential for is the cells, such
as gl uCose, ‘SRirHPoEdPHRrodNd discheee el emdht s. Uttrafilisationypeduley t hi n t he meani ng
used hgge, @Oggﬁ)r@%g(&ﬂlﬁ]& %@{ﬁ,@; ageousl 3d63§6!aﬁﬁ§eﬁcem xture of air and
carbon dioxide wth variable mxing ratio. Furthernore, the present meaning
of the term gas m xture also includes variable mxing ratios of nitrogen,
oxygen and CQ2. List of reference nunerals: | Feed end plate 11

Cel |l -distributing chanbers 2 Discharge end plate 12 Cylindrical supply
chanber 3, 4 Ports for gas supply and renoval 13 Gas-m xing station 5 Gas
phase 14 Gas hum difier 13 6 Liquid phase 15 Media trap 7 Phase boundary
16 Contamination trap 8 Inlet for nedium (central port) 17, 19, 21 Punps 9
Central port for product discharge 22 Utrafiltration nodule 10 Ports for
the culture chanber 23 Rotary device
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14 Cains 1. Anethod for initiation of growh and cultivation of cells,
conprising: introducing said cells into culture conpartnents of a

| i qui d- gas- phase exposure bioreactor conprising: a supply chanber
conprising hollowfilament nenbranes having an inside dianeter of no

| arger than 5 mm wherein an inner volunme of said hollowfilanment
menbranes forns said culture conpartnents; filling approxi mtely one half
of said supply chamber with a nutrient mediumand the other half with a
gas m xt urkddimgher eby obt ai ning a gas phase and a |iquid phase; turning on
perfusion of medium and gas sinultaneously or separately; and cyclically

xPOST N9 S2AKhoiB) kPN Lioh BTG, FRIBRANGS, 0] SRhdkigel | o contalned thereln to

t he gas and 1 d accofr
in that said htﬁ‘FfP‘BW‘Q Fﬁ'th??éﬁ'ﬂtoﬁb'm@ﬁééﬂ%ﬁ”@ of fiquisgas@hars eKsE al | y, wherein
af ter thepoeachbompaggheen filled, half of the menbranes are covered wth

nutrient medium a”QgLﬁ)%éﬁ cka%b%%@%iH%rggdﬁnom}rﬂeg?lée?%?.hér%é’}%ﬁés hQ\HE?fnaté. g 0" ANES 'S

achieved by rotatin € reac I'rection nin the
opposi te directi on. dignety ot Inger andorai greinandings Yalume of it kedevefipped i n t hat
the rotation takes pkatigndsorhveid@d@e séepamentyhi ch are separated from one

anot her by var bl il bl o PLLId e RS i RRGLIR aha ¥l V1 vl

hol | ow fi ber same ase as in the
gas phaseOmeﬂw”ﬂ“%@ﬂ%ﬁﬂ“ﬁ@d@ﬂﬂﬂﬁ@mﬁwg@Ba?WﬁiswﬁﬁﬁﬂﬁéP@ﬁPzed in that the
cyclic exposur iy ca@bifle df hatiuni dnaeassingtahé@isip ol depavately] maent nmenbranes in
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t he gas phase accord to c a|n1 , Characterized in that
cel I s of [Mswegi@idindiyrPrase i ntroduced into the culture chamber and grown to
cells of high density. 6. A nethod according to claim5, characterized in

t hat cellg &mrhaﬁ fol E i [QQM I b cul ture
chanber toget er %# ﬁﬁg%f%ﬁticg$%§%l(“R&%Hmqulpeﬁ%§%%59$§ﬁf%%r ave a
oriented horizentally, wherein after the reactor has been fllled alf of the membranes are covered

with nutrient medium, and cyclic exposure of the hollow-filament membranes is achieved by

rotating the reactor 360° in one direction and then in the opposite direction.

3. A method according to claim 2, characterized in that the rotation takes place in two 180° steps,
which are separated from one another by variably adjustable waiting times, so that each

individual hollow-fiber membrane spends the same time in the liquid phase as in the gas phase.

4. A method according to claim 1, characterized in that the cyclic exposure is achieved by
immersing the hollow-filament membranes in the nutrient medium and then lifting the hollow-

filament membranes into the gas phase.

5. A method according to claim 1, characterized in that cells of low density are introduced into the

culture chamber and grown to cells of high density.

6. A method according to claim 5, characterized in that cells of the lowest cell density are
introduced into the culture chamber together with gels of cross-linked polypeptides, which have a
high glutamine content, and/or with semisolid media of viscous fluids or fluids comprising

microscopically small gel fragments.

7. A method according to claim 1, characterized in that the cells are protozoa, bacteria, yeasts,

fungi, plant cells or mammalian cells.
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hi gh gl utam ne content, and/or with sem solid nedia of viscous fluids or
fluids conprising mcroscopically small gel fragnents. 7. A nethod
according to claim1, characterized in that the cells are protozoa,
bacteria, yeasts, fungi, plant cells or mammalian cells. 15 8. A nethod
according to claiml1, characterized in that the cells are introduced into
the conpartnents via a central chargi ng system outside the supply chanber
and wherein sinultaneous and honogeneous input of the cells into al
conpartnents is possible via one port in the supply chanber. 9. A device

conpri si Ng; A ey hd&drrdlngaicaaw\@ RRBEIz84IR MY hE B@e‘a@nntmc@@.n@aﬁb be charged
wth gas and qmen erein parall | ongi tudi nal axis
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mcro-fil w@ﬁﬁewglmqﬂm@w|hpra¢ﬁ§mouwwpbth@ge"wtﬁa'igoremrtmﬁ@tis g@oehibienea er of not
more t harn®pdith @eudplyc@shien an end pl ate, wherein the inner vol umes of
said hollowfilanment nenbranes formculture conpartnents in which cells to
be cultivated are disposed, characterized in that the supply chanber
cont ai ns & Q8evigsRaRrisingr ough which a gas mixture can flow and a liquid
phase t hrough %j{liﬁh}'n’:ﬁl&ﬂv&ipﬁlﬁé $UBb!Q cimfbe tARichaan bé eakgee @is@n@aelhture

hol | fil
ngl gﬁ\()v;)r : ng‘gﬁg}[ \lvfga?elr% pe1ranlel fo Fne Ionﬁggmacl axa%ofgarsh?lhof s?lgsud)tpﬁ & e*mrgnhgccu)lzrzm?rl hder

wher ei n t KeFRBINNgvipiePiikaTagtholiviaMendaenranes aving en neids ﬁlﬁm@tﬁ@ﬁa@@w el ative
to an i MaghBadny ae figkisn SeakipRR, AhPagiht Med ONBES trdbidabloaxXiatesf the cylinder;

wher el n O FEIRLAL, 45, LIRGRGEN HOF TRALNANYL SI08g5 sesl | onal bl ane

along the itu Said device is
sui table for éiahﬁfeﬂéeédf‘ thafrihe sypRly %T'Lainé?f CB'Fta'@ﬁi’)gﬁswh%@dhre‘tﬁ‘t"‘ih\?&?ﬂéﬁ of ~cells.
10. A deVif@uréceaibdlianga k@idphadeMrBugh GiARh adid entbzetkdium chingds; for input and

renoval of gas hl [ t, | east two
e B 0 A S T S B3 s
neighboring hollow-filament membrane over the length of the cylinder;

wherein the hollow-filament membranes are symmetrically disposed relative to an
imaginary cross section along the longitudinal axis of the cylinder;

wherein no membrane is disposed on the imaginary cross-sectional plane along the
longitudinal axis of the cylinder; and

wherein said device is suitable for being used for initiation of growth and cultivation of

cells.

10. A device according to claim 9, characterized in that, for input and removal of gas, every end
plate of the cylinder contains at least two ports, which are respectively disposed above and below
the imaginary cross-sectional plane, and so the supply chamber containing the hollow-filament

membranes can be rotated around its longitudinal axis during supply of medium and gas.

11. A device according to claim 9 and 10, characterized in that the ports for the gas supply are

mounted on the cylinder shell, above and below the imaginary cross-sectional plane.
12. A device according to claim 9, characterized in that the hollow-filament membranes have a
wall thickness smaller than 300 pm, a water permeability of greater than 6 m> /m**h*bar and a

pore diameter of 0.1 to 1 pm.

13. A device according to claim 9, characterized in that the membranes are disposed in a

hexagonatl array in the supply chamber.
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the i magi nary cross-sectional plane, and so the supply chanmber containing
the hollowfilanment nmenbranes can be rotated around its |ongitudinal axis
during supply of mediumand gas. 11. A device according to claim9 and 10,
characterized in that the ports for the gas supply are nounted on the
cylinder shell, above and bel ow the imagi nary cross-sectional plane. 12. A
devi ce according to claim9, characterized in that the holl owfil anent
menbranes have a wall thickness smaller than 300 pm a water perneability
of greater than 6 nB8 /nm2*h bar and a pore dianeter of 0.1 to 1 pm 13. A

g_evi ce 369@.&0&0% 5&0@%@%0@3% Q,Qhﬁrééfrtﬁ&f ih ﬁﬁﬂ?tiléastfﬁh@fubih@ﬁ‘orgf@ﬁédﬁﬁﬂz are
| Sposed I N, a. e onal array | S .cnanoper. . evl ce
Sy di ng PEERED AT o 2he PRLE beicute bR AP RR 45 Peag et Chse g ¢ f or

medi um perdmbsi.on and at | east one inlet to the culture chanber are
di sposed on head faces of said supply chanber. 15. A device according to

at | east f clains 10-14, further rising at |east one nenber

Sel cored franraesBrilebames gt sPae AR AlaBngat et PREFE™ i um
trap i n asgestedfiomdhe gipup cansistieg 4f tybinga opmimidifiers. # medium irardin etsahiinevasst i ng | i ne,
a har dwar @irbfitrbtion RMTRS proBQIPArQEHQY Pe, dTRRSMIEI AR puHBY, ESmprésaftt astigts, a
drive mot o g2 fik A QoReI L TR RA, ARG 0 Al R o Je. devi ce. 16,
The use of™PHE Haliee Reea? i ng f'STEIH TR 9 T OE fOT kUM VafTon of cells
in high densities and for the recovery of cell products, cel

const i t uend.She Wdeldii e Gevidela8¢oRdindIo B1kimk 0\ THFbRGkINA6n MREIBIM higrsdthstcanRges. 17.
The use agc rdin | ai m.16 ror Lecovery of drq9§. he yse accordi ng
oig] es, proteins or Iow

. e fec \93 t(? &l roducts, cell constitygnts, viru I n:1l'§écul-|a;r ig
to clains and o7 for syn?he3|s or aiagnoé%lc reageﬁ%s. ki

substances.
17. The use according to claim 16 for recovery of drugs.

18. The use according to claims 16 and 17 for synthesis of diagnostic reagents.
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