PROCESS FOR CELL CULTURI NG BY CONTI NUOUS PERFUSI ON AND ALTERNATI NG
TANGENTI AL FLOW 5 The present invention relates to perfusion culturing of
cells. The present invention discloses a process for the culturing of cells
by perfusion culturing of a cell culture conprising cell culture nmedi um
and cells, wherein cell culture nediumjs added to the cell culture,
wherein the cell culture is circulated over a filter nodule conpri si ng

hol |l ow fi bers resulting in an outflow of liquid having a | ower cell 10
density than the cell culture and wherein the flowwithin the filter nodul e

s an_al tepnatlngol angentl Alefl Q0 cdikrfiAss SHERGLSL IabVadfiganLound that by
perfusion cpliHEing ﬁ.owan' nal, TN partrcular namallan, cel'lS or yeast

cells according to the invention, extrenely high viable cell densities can
be obt ai ned, whereas the cell culture further displays an extrenely high 15

cell viability. Furthernore, it was found that the perfusion process of the

invention | eads 1@ r&dft ifRntioPRHIEI8 eRlsibcditlifngdtlckiy €, and even to a
culture being a suspension of sin s without visible aggregat es.
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cells or ang he aggregates conprise int Yoor nore of the
total anpuntaltemating teagenfialflews usi on process is described in US 6,544, 424.
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A perfusion process is described in US 6,544,424, Although this document
25 mentions that this process may be used for perfusion culturing of animal cells, it does
neither disclose nor suggest the extremely high cell densities found in the present
invention. Furthermore, US 6,544,424 B1 discloses that the perfusion process could
diminish the aftachment and growth of an obstruction on the membrane surface of the
hollow fibers, but it does neither disclose nor suggest that cells in the cell culture itself
30 would aggregate less.
Voisier et al. (Biotechnol. Bioeng. 82 (2003), 751-765) review various cell
retention techniques in high-density perfusion culture of suspended mammalian cells.
None of the reviewed cell retention systems is able to provide the extremely high viable
cell densities combined with the extremely high cell viability, of the present invention.
35 Perfusion culturing of cells has its conventional meaning in the art, i.e. it means
that during culturing cells are retained by a separation device in which there is an




outflow of liquid having a |ower cell density than prior to separation and
in which there is an inflow of the cell culture nmedium In the process of
the present invention, the separation device is a filter nodul e conprising
hol | ow fi bers. Perfusion culturing includes, but is not limted to
continuous flow and sem - 5 contlnuous f OM/ for exanple step-wi se flow or
staggered flow. Wth the term "hollow fi I s nmeant a tubul ar nenbrane.
The internal diameter of the tube is preferably between 0.3 and 6.0 mm
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In the process of the invention, any type of cell culture medium suitable for the
culturing of cells can in principle be used. Guidelines for choosing a cell cuilture
25 medium and cell culture conditions are well known in the art and are for instance
provided in Chapter 8 and 9 of Freshney, R. |. Culture of animal cells (& manual of
basic techniques), 4th edition 2000, Wiley-Liss and in Doyle, A., Griffiths, J. B., Newell,

D. G. Cell &Tissue culture: Laboratory Procedures 1993, John Wiley & Sons.
Generally, a cell culture medium for mammalian cells comprises salts, amino
30  acids, vitamins, lipids, detergents, buffers, growth factors, hormones, cytokines, trace
elements and carbohydrates. Examples of salis include magnesium salis, for example
MgClz.6H:0, MgSO,4 and MgS0;4.7H,0 iron salts, for example FeS0,.7H,0, potassium
salts, for example KH.PQ,, KCI; sodium salts, for example NaH,PO,, Na,HPQ, and
calcium salts, for example CaCl,.2H,0. Examples of amino acids are all 20 known
35 proteinogenic amino acids, for example hystidine, glutamine, threonine, serine,
methionine. Examples of vitamins include: ascorbate, biotin, choline.Cl, myo-inositol,




met hi oni ne. Exanples of vitam ns include: ascorbate, biotin, choline.d,
myo-inositol, -3- D panthothenate, riboflavin. Exanples of |ipids include:
fatty acids, for exanple linoleic acid and oleic acid; soy peptone and

et hanol am ne. Exanpl es of detergents include Tween 80 and Pl uronic F68.
An exanple of a buffer is HEPES. Exanpleﬁﬂof growt h

f act or s/ hor nones/ cyt oki nes include | G-, hydrocortisone and (reconbi nant)
insulin. 5 Exanples of trace elenments are known to the person skilled in
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after a certain period usion culturing, generally when the cells
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after tim iiadendity ONaidéadd 80 kuUsP eelispet iUl préfdrably at least 100 x 10° celis per mL,
more preferably at least 110 x 10° cells per mL, more preferably at least 120 x 10° cells
per mL, more preferably at least 130 x 10° cells per mL, most preferably at least 140 x
108 cells per mL. Typically, a suitable upper limit in the cell density may lie around 500
x 10° celis per mL.

25 Surprisingly, the extremely high cell density of the process of the invention is
accompanied by an extremly high cell viability. An exiremely high cell viability is a
viability of at least 90%, preferably at least 95%, more preferably at least 97%, most
preferably at least 99%.

It is to be understood that the very high viable cell density and very high cell

30 viability are reached after a certain period of perfusion culturing, generally when the
cells have reached a steady state, for mammalian cells typically 12 to 25 days after the
initiation of perfusion culturing. .

The process of the invention is suitable for culturing animal cells or yeast cells,
especially for cuituring mammalian cells.

35 The process of the invention is further especially suitable for culturing cells that
easily or inherently form aggregates during culturing, especially during perfusion




The process of the invention is suitable for culturing aninmal cells or
yeast cells, especially for culturing manmalian cells. 35 The process of
the invention is further especially suitable for culturing cells that
easily or inherently form aggregates during culturing, especially during
perfusion -4- culturing (so-called aggrggating cells). Surprisingly, the
process of the invention not only dimnishes aggregate disposal on the
filter menbrane, but also dimnishes aggregation of cells during the
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is the cells. Also preferably, cells known for their aggregating behaviour during culiuring
(aggregating celis) are used. Most preferably, PER.C6® cells are used.
Cell aggregation may for example be determined under a microscope.
25 The rate of addition of cell culture medium to the cuiture (the inflow rate or
perfusion rate) influences the viability and the density of the cells.
in one embodiment of the invention, the cell culture medium is added at a
perfusion rate according to the following formula 1:

30 Perfusion rate = SPR*otal csll culture volume*viable cell density &)

wherein the perfusion rate is expressed in liters per day, wherein the SPR is the
specific perfusion rate, i.e. the rate in which the cell culture medium is fed to the cell
culture expressed as the volume of medium added per viable cell per time unit and
35 wherein the viable cell density is the number of viable cells per unit of volume. The
number of viable cells can be determined by the person skilled in the art, for example




specific perfusion rate, i.e. the rate in which the cell culture nmediumis
fed to the cell ~culture expressed as the volune of nmedi um added per viable
cell per time unit and 35 wherein the viable cell density is the nunber of
viable cells per unit of volune. The nunber of viable cells can be
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period. If a step-wise approach is used, biomass removal is preferably started just
20 before or just after the celis have reached a steady state.

If a step-wise approach is uéed, a volume of biomass of preferably between 2
and 40 % of the working volume per day, more preferably between 5 and 30% of the
working volume per day, even more preferably between 10 and 25% of the working
volume per day is removed per biomass removal step.

25 With "working volume” is meant the fotal volume of the cell culture.

With “blomass removal step” is meant the time from the start to the stop of the
biomass removal. f a continuous approach is used, the biomass is removed
continuously until the end of the cell culturing. Preferably, the continuous removal of
biomass is started just before or just after the cells have reached a steady state.

30 Preferably, a volume of biomass is removed of between 2 and 40 % of the working
volume per day, more preferably between 3 and 30% of the working volume per day,
even more preferably between 4 and 15% of the working volume per day.

The addition of the additional cell culture medium is done to compensate for the
biomass removal. The feed wherein additional cell culture medium is added to the cell

35 culture may be merged into the perfusion feed, but may also be added in a separate
feed. The person skilled in the art is aware how much additional cell culture medium is




bi omass is started just before or just after the cells have reached a
steady state. 30 Preferably, a volune of bionmass is renoved of between 2
and 40 % of the working volume per day, nore preferably between 3 and 30%
of the working volune per day, even nore preferably between 4 and 15% of
the working volume per day. The addition,of the additional cell culture
mediumis done to conpensate for the %mass renoval . The feed wherein
additional cell culture mediumis added to the cell 35 culture may be
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(Synagis®, ReoPro®), Mab rlfiximab (Rituxan®), tissue plasminogen acfivator

(Activase ®, Actilyase®), human growth hormone (Protropin®, Norditropin®,

GenoTropin™). Examples of polynuclectides with a possible medical application are

gene therapeutic plasmid DNAs. Some gene therapeutic DNAs are presently tested in

30 clinical trials for their medical application. Examples of vaccines are live, oral,

tetravalent Rotavirus vaccine (RotaShield™), rabies vaccine (RanAvert™), Hepatitis B

vaccin  (RECOMBIVAX HB®, Engerix®) and inactivated hepatitis A vaccine
(VAQTA™),

The biological substance in the outflow may be further purified in so-called

35 downstream processing. Downsiream processing usually comprises several

purification steps in varying combinations and order. Examples of purification steps in
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Co(r) for the production of Biopharmaceuticals Introduction A nunber of
expression platfornms now exist for the production of biophar maceut i cal s.
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However to d¥edustion of Blophasmageul esul ting product|V| ty of these cells is

a factor of 10 -100 times Iess than a correspondi ng mcrobial systemif

t hese cells htad the machi nery to make such products. 20 A perfusion
culture setd%%%%&evel oped for the PER C6(r) cell line, a human cell line
t hat possessesurabanwiiberessiorf Eatfanme siowhexist fankiesprotiudtion of! bﬁblh@mﬁ@éutu&&l@
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per f or mance caf masSdVeblifiry pro@ittiGi A Mdse cdRVik 8928 bFAB —100 times less than

a corresponding microbial system if these cells had the machinery to make such

products.

20 A perfusion culture setup was developed for the PER.C6® cell line, a human cell line
that possesses a number of features that makes it favourable for the production of
biopharmaceuticals. A perfusion setup involves the separation of various components
of the culiure broth so that cells are retained, harvest is captured and medium
refreshment occurs. The performance of a spinfilter, an acoustic device and an

25  Alternating Tangential Flow (ATF) unit within a continuous perfusion culture of the

PER.C8® cell line was assessed.

Materials & Methods

Celi line and maintenance : A PER.CE® cell line was used in this study that produces
30 ahuman IgG. Cells were maintained in a serum free commercial medium (EX-CELL™
VPRO medium, JRH Biosciences), supplemented with 6 mM L-glutamine (Gibco). The

PER.C6® cell line is a human embryonic celi-ine immortalised with adenovirus type-5
(ad5) E1 gene using a phosphoglyceratekinase promoter.

35  Bioreactor Set-up: 1L and 4. working volume reactors (Applikon, Netherlands and




25 Alternating Tangential Flow (ATF) unit within a continuous perfusion
culture of the PER C6(r) cell line was assessed. Materials & Methods Cell
| ine and mai ntenance : A PER C6(r) cell line was used in this study that
produces 30 a human 1gG Cells were nmaintained in a serumfree commerci al
medi um ( EX- CELLTM VPRO nedi um JRH Bi osci ences), supplenented with 6 nM
L-glutam ne (G bco). The PER C6(r) cel1®rine is a human enbryonic
cell-line imortalised with adenovirus type-5 (adb) EI gene using a
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(KD, Dgrriren Germany) was used. Secondly, a Biosep ADl 1015 cell
retention systemand caontroller (AppliSens, the Netherlands) was used.
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haemacyt onet er was pl aced under a nicroscope and an appropriate number of
boxes was ccﬁ?ﬁF%‘éPopl"l"?es'UPB?fF"é’”cell density 25 was cal cul ated using the

followng fornmula: Viable cell density (X105 cells/m) _ (A+B) x E1320 (2)
20 Anaiytical methods: A cell count from the bioreactor was performed using the trypan

blue exclusion method. The number of viable cells was determined as follows: An

amount of cells stained with trypan blue was transferred to a Fuchs Rosenthal

haemacytometer. The chamber of the haemacytometer was placed under a

microscope and an appropriate number of boxes was counted. The viable cell density
25  was calculated using the following formula:

Viable cell density (X10° cells/mi) = (A+B) x E/320 2)

Wherein

30 A= number of non-stained celis in square A
B = number of non-stained celis in square B
E = dilution factor

Antibody concentration was determined by a analytical protein A column using a HPLC
35  with UV280nm absorption detection; the actual concentration was determined on basis
of a calibration curve of a IgG1 reference standard.




Wherein 30 A = nunber of non-stained cells in square A B = nunber of
non-stained cells in square B E = dilution factor Antibody concentration
was determ ned by a anal ytical protein A colum using a HPLC 35 with
UVv280nm absor pti on detection; the actual concentration was determ ned on
basis of a calibration curve of a IgGl reference standard. 6 -9- Results
Perfusion Cultures 5 Results obtained with the above materials and net hods
are shown in Figures 1-6. Legends to the Figures: Figure 1: Viable cel
density (x106 cells/m) versus culture tine (days) for two different
continuous perfusion fernmentations of an IgGl produci ng PER C6(r) clone
using a 10 Bpsulisi|ter separation device. Stirrer speed setting of the 1 L
Applikon fernmenter was 100 150rpm The perfusion runs were perforned in IL
wor ki ng vol unme. The specific perfusion rate (SPR) for both perfusion runs
was 0.1-0.3 BerusignQuites | n both cases the perfusion runs had to be

term nat esl bResUts 8bRined With tid dHoes matepelg iaRd metidds Wreshbivn@ Pigtifesals.! 9GL
produci ng PER C6(r) cells in a continuous perfusion system 15 with an
acoustic device as a ceII retention system Stirrer speed setting of the 1
L Applikon E re$00- 150rpn1 The settings used for the run/stop
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produci ng PHEpikohMefRibnier wis 206-9850rbMU THS sBfihds! B5for the run/stop cycle were
300s forward and 4.5s backwards. During the run this was adapted to a 300s/3s cycle

(day 15). The specific perfusion rate (SPR) for the perfusion run was between 0.1-0.3
nl/cell/day.

20 Figure 3: Growth of IgG1 producing PER.C6® cells in a continuous perfusion system
with an ATF-4 unit as a cell retention system. The experiment was performed in a 4L
Applikon fermenter. Setting for the stirrer speed was 125 rpm. The ATF-4 operated
between 0.5 and 3 working volumes per day. The SPR was set at 0.03-0.08
nL/cell/day. The inset shows the high cell density of the culture, being completely

25  devoid of aggregating cells.

Figure 4: Productivity of IgG1 versus culture ftime (days) for two different continuous
perfusion fermentations of a IgG1 producing PER.C6® clone using a spinfilter
separation device.

Figure 5: Productivity of IgG1 producing PER.C6TM cells in a continuous perfusion

30  system with an acoustic device as a cell retention system.

Figure 6: Productivity of IgG1 producing PER.C6® cells in a continuous perfusion
system with an ATF unit as a cell retention system.




30 systemwi th an acoustic device as a cell retention system Figure 6:
Productivity of 1gGL producing PER C6(r) cells in a continuous perfusion
systemwith an ATF unit as a cell retention system -10- Summary See Tabl e
| for an overview of the data obtained for the different types of
perfusion. Table 1. Overview of the viaple cell density, volunetric
production rate (based on reactor vol u'nﬁi' and the yield inprovenent of the
perfusion runs using the three different retention devices. Batch and
fed-batch results are added for conparison (data not shown). Process MaxX.
Viable Cell Productivity Yield (total anount Density (106 cells/nL) of

pr oduct pro&@é@ﬂ | nprovement Factor Batch 8-10 0.5 g/L 1 Fed-Batch
8-10 1.2 L 2gde THRYifoHEN R SithddatSBbEinkY #ar% dr@érsrjt éy;sya Parftflioh: 1- 0.2
g/L/day 2.8-5.6 device Acoustic retention 20 O [ L/ day 16. 8 8eV| ce ATF
retention device 100 0.9 /L/day 25.2 5 It can be concluded t hat conti nuous
per fusi on exaile merthertiew g ttie eialiéFoall ddnsibh QoluniitritnpiotiGaioh raet @atddbn t 0
achi eve ver yrdzicgh vokirle) dadsthé i yisld dmproperoshicdf the resfasiom tringd Sising X0 a6

cel | s/ mL anddiffe@ntyetentiory devioshi Batcmandiigdibetgh résaits afe ddded Ricldofbérisbn@ith s was
observed. 10ngbshawhle 2: Culturing of PER C6(r) cells by perfusion.

Equi pnent : Braun fernenter cont roI unit (Braun, Germany), 7L Braun vessel
and headpl aP&ea#s h associ at (gd Njabif Gelbl ved| Breshdiity DO Yisiti totehagiousE hs or
probes (Braun, 15 Gernany), ﬂﬂ’ﬁltm(@om“s@ml-)um t and houspPfRodwcth assogi at e
hol | ow fi bef nmembrane nodulle (Refine Techno| ogy, USA). | Piaduesd)
Improvement
: Factor

Batch 8-10 0.5g/L 1

Fed-Batch 8-10 1.2 g/t 2.4

Continuous Perfusion

Spin filter refention 20-30 0.1-0.2 g/L/iday | 2.8-5.6

device

Acoustic retention 20 0.6 g/L/day 16.8

device

ATF retention device 100 , 0.9 g/L/day 25.2

5

It can be concluded that continuous perfusion experiments using the ATF unit show

significant potential to achieve very high cell densities and product concentrations

(100x106 celis/mL and 0.9 g/L/day), while no aggregation of the PER.C6® cells was

observed..

10

Example 2: Culturing of PER.C6® cells by perfusion.

Equipment: B.Braun fermenter control unit (Braun, Germany), 7L Braun vessel and
headplate with associated pH, dissolved oxygen (DO) and leve! sensor probes {Braun,

15  Germany), ATF-4 confrol unit and housing with associate hollow fiber membrane
module (Refine Technology, USA).

Filter

Filter model: CFP-2-E-8SIP
20  Type: 0.2 micron

Area: 4600 cm?

Amersham Bioscience




Filter nodel: CFP-2-E-8SIP 20 Type: 0.2 mcron Area: 4600 cn2 Anersham
Bi osci ence -11- Wrking volunme Setpoint: 4.1 L Range: 3.8 - 4.7 L 5 ATF
settings Paraneter Setpoint Range Pressure rising setpoint (psi) Variable
2-4 Pressure rising flow (Umn) 3.2 2.5-4.0 Exhaust flow (Umn) 3.2
2.5-4.0 Exhaust tine (s) Variable 3-8 Pre-pressure (psi) Variable 5-9

Bl eed rate No bi omass renoval was appl irdd-to this process. 10 Materials: 6
mv (final volunme) L-glutam ne (G bco) in Ex- CELLTm VPRO nmedi um (JRH

Bi osci ence, &EA; V%?% Na2CO3 is used to control the pH Cell Lines and

Cul ture Con R C6(r) cell line expressing a nodel 1gG was

I nvest i gat edSeétpointh4.4 Lst udy. The 15 PER C6(r) cell line is generated from
retina-deri v&%&gréﬁggwbunan cells. The PER C6(r) <cell line is able to
generate conpl €te human nonocl onal antibodies (including the glycans) (ref

1, ref 2). Cells were cultured in shaking Erl enynmer flasks at 110 rpm and

36.5C. The &fF gpace of these flasks was controlled using a m xture of

5% CO2/ Air. ke ~Jones D H van Berkel P H € logtenberg T and

Bout, A, 200@rametetRr c6 cell |ingSPBPIhuman anti bofl{f®M¥%duction’, Geh.

Eng. News ZQregg"@ﬁsind?@Epo&m(g@nes vihiabad al ., 2003, [2Hkgh-Tevel expression
n -t he

of reconbi ngnt 1 gG i hurph—eet—rePERC6 Biotechnol—Prog— 19,

=T\

163-168. 25 %%?W i iPitknt ef S€el | s were cul t ut8d1H%a fernent er| where
di ssol ved om@asstifionsi/mn) pH, tenps8Rature and agitplbem.Bate were
1.2

Ac Aot At l ad Whal Ay
controlled g acha e perow—I e 3-8
Pre-prassure (psi) Variable 5-9

Bleed rate
No biomass removal was applied to this process.

10  Materials: 6 mM (final volume) L-glutamine (Gibco) in Ex-CELL™ VPRO medium (JRH
Bioscience, USA), 12% Na,CQ; is used to control the pH.

Cell Lines and Culiure Conditions

A PER.C6® cell line expressiné a mode! IgG was investigated in this study. The
15 PER.C6® cell line is generated from retina-derived primary human cells. The PER.C6®

cell line is able to generate complete human monoclonal antibodies (including the

glycans) (ref 1, ref 2).
Cells were cultured in shaking Erenymer flasks at 110 rpm and 36.5°C. The
headspace of these flasks was confrolled using a mixture of 5% CO/Air.

20
Ref 1: Jones, D. H., van Berkel, P. H. C., Logtenberg, T. and Bout, A., 2002, ‘PER.C6
cell line for human antibody production’, Gen. Eng. News 22, 50-54,
Ref 2: Jones, D. et al., 2003, ‘High-level expression of recombinant 1gG in the human
cell line PER.C&’, Biotechnol. Prog. 19, 163-168.

25

Operation of Fermenter
Cells were cultured in a fermenter where dissolved oxygen tension, pH, temperature

and agitation rate were contfrolled as detailed below.




Par anet er et point Range Tenperature 36.5C 35.5-37.5 pH > 6.7 7.5 -6.7

Active pH control

300 Staged increase as viable cell

cells/m Agitation (rpm

t'i on

P

i ncreases; VCD

125 Description: Cells are
viable cell density
Per

d

using 12% Na2CO33 if H<6.7 DO 50% 40-60% Agitation 100 -
density (VCD)
0.3-10 120 10-30 150 30-50 170 50-80 200
80-100 230 100 -120 260 >120 300 Proce
i noculated in a fernmenter with an inocul
0.2 - 0.5 x 106 ceIIs/m and a setp0|nt of 0 3 x 106 cells/m.

x10

range of
fusion is

11 Ok
1 Of

ay 5 of

begun when i 6 &
the culture ?gﬁ@%ﬁgﬁ' ggtpb’%. eve +s—eependent
on the cell NSttty o . ctt —the—r+ates—used—are-d ed in the
tabl e bel ow "Both the|flow rate A%ﬂfg gorqllpui%ég?ﬁg ﬁlﬁ%@s !E |§i‘£ﬁ {.}.l_sted as the
cel | densitygpm tiie fEE %:mel ||49r_3 zed for
cul ture of ) Sand ail f tofl rat e
Set poi nt of s%em 1F| C x1006 cel | %fa o ic/éggag%gpaéb%gbrsmg? W%?e nl/cell/da
Day 1 of perfusion 0.015-0.25 0. ‘I’O%em 060 0 agfaliion 25 - 0.035
0.03 >80 0. 01-0.03 0} 02 The acCpual{@ata anu resurte Maml e
(anongst otjhers flow fates and[gpegpfic 15 perfUSipRggates used—n this
exanpl e) arle shown in|[ Table 2 lWMe 7:
Culture tinme (days) versus floyws ay) and Speciiifs ' e (SPR in
nl/cell/day) for PER {C6(r) cel F'goCgbur ed USinNg a PEpagiST On process.

100 —120 260

>120 300

Process Description:
- Cells are inoculated in a fermenter with an inoculation viable cell density range of 0.2 —

0.5 x 10° cells/ml and a setpoint of 0.3 x 10° calis/ml. Perfusion Is begun when the

5 viable cell density > 2 x 10° cells /ml or at day 5 of the culture whichever is achisved
first.
The perfusion rate is dependent on the cell density of the culture and the rates used
are described in the table below. Both the flow rate and the dilution rate are adjusted as
the cell density in the fermenter increases. ‘
10
Perfusion rates utilized for culture of PER.C6® cells
Viable cell density Specific perfusion rate Setpoint of specific
(x10° cells/ml) (nl/celi/day) perfusion rate (nl/cell/day)
Day 1 of perfusion 0.15-0.25 0.2
3-50 0.03 - 0.06 0.04
50 -80 0.025 — 0.035 0.03
>80 0.01 -0.03 0.02
The actual data and results from this example (amongst others flow rates and specific
15  perfusion rates used in this example) are shown in Table 2 beiow and in Figures 7 and
8.
Figure 7. Culture time (days) versus flow (L/day) and specific perfusion rate (SPR in
nlcell/day) for PER.C6® cells cultured using a perfusion process.
20  Figure 8: Viable cell density and celi viability using the procedure described in example

2,




20 Figure 8. Viable cell density and cell viability using the procedure
described in exanple 2. -13- Table 2. Raw data obtained for exanple 2
Specific Viable Specific Volunetric Tinme flowrate dilution rate perfusion
count Viability product production production (FR) (D) concentration rate
SPR (VC) rate of | Gl rate day L/day | working nUcell.day 106/ nmL %g/ L
pg/ (cell volune/day day) g/L.day O 0.00630.00 0.00 0.6 90 0.012 NA' NA 1
0.00 0.00 0.00 0.3 77 0.008 NA O. OOO 2 0.00 0.00 0.00 0.3 73 0.008 0.0

0. 000 30. : .1 0.000 4 0.00 0.00 0.00 0.9 87

0.019 9.3 0.tREZRaw dala gbiapedih@xample 45 033 12.0 0.000 6 2.39 0.52 0. 20
2.6 95 0. 035 5.5 0.009 7 1.06 0.24 0.05 4.9 95 0.054 9.5.0.017 8 2.70
0.57 0. 39770073712 0 Be6 T O 60657605128 8T B0 3n = 040
10 4. 29 . 7 . 1 Brogioctl ). 140
7.0 0. 158“ %giﬁ "S. 1 %’"@lsorwemwlon %111. 83;’:% 84
41.4 9 i 880 044439801 0238 15]
10. 26 2d®3 e A Ankiealday] 197/méo %6 10. 7@/2. 43 19/69ap. 151
j.‘rlg g 5560. 2%'3&; lug'ﬁgg v @?ﬁﬁﬁ_ﬁgﬁg 428102)@5199 Q 2Qi W)Ogo
12.09 4.47|00.00 12608099 o. 899 6.3 B37g1 791 [11.040® 59 0NG2 135040098 (. 332
6.5 0. 806 2g0d3[ 7006098 [0- 8012 20,97 [0. 795 8. H.ded 12| 0.0 0.000

3 | 0.00 0.00 0.00 0.5 80 0.013 121 0.000

4 | 0.00 0.00 0.00 0.9 87 0.019 0.3 0.000

5 | 0.00 0.00 0.00 1.4 92 0.033 12.0 0.000

6 | 239 0.52 0.20 2.6 95 0.035 5.5 0.009

7 | 1.06 0.24 0.05 4.9 95 0.054 9.5 0.017

8 | 270 0.57 0.08 7.3 97 | 0.073 7.2 0.026

9 | 2.60 0.57 0.05 12.3 o7 0.067 35 0.040

10 | 4.29 0.95 0.05 18.6 o7 0.115 7.8 0.069

11 | 5.40 1.20 0.04 269 | o7 0.140 7.0 0.137

12 | 6.80 1.48 0.05 31.8 06 0.127 5.6 0.179

13 | 7.39 1.68 0.04 414 09 0.120 5.6 0.202

14 | 8.28 1.88 0.04 443 | 98 0.139 5.8 0.238

15 | 10.26 | 2.33 0.03 683 | 98 0.116 4.4 0.269

16 | 10.70 | 243 0.03 86.1 99 0151 | 46 0.318

17 [ 1210 | 2.63 0.03 80.3 | 98 0.163 4.9 0.397

18 | 11.83 | 257 0.02 1123 | 98 0.292 7.6 0.592

19 | 1250 | 278 0.02 123.0 | 99 0.291 6.6 0.780

20 | 12.00 | 257 0.02 126.0 | 99 0.203 6.3 0.781

21 | 11.91 2.59 0.02 1350 | 98 0.332 6.5 0.806

221370 | 298 0.02 127.5 | 97 0.395 8.2 1.012

2311000 [ 217 0.02 1285 | 95 0.470 9.3 1.114




23 10.00 2.17 0.02 128.5 95 0.470 9.3 1.114 { -14- CLAIM5S 1. A nethod for
the reduction of the degree of aggregation of aggregating cells in a cel
culture wherein a cell culture conprisiyjpg cell culture medium and
aggregating cells are maintained in a continuous perfusion 5 culturing
system the cell culture nediumis added to the cell culture, the cel
culture icgafiscul ated over a filter nodul e conprising hollow fibers
resulting Tn an outflow of liquid having a | ower cell density than the
cell culture, the flow within the filter nodule is an alternating
tangenti al fl ow, Aan@thdde foultieirredgetion of ahé i dewpde Wi laggtehatislesifr ed cel |

density is reached. 10 2. t hod according to clai.m1, erein the

aggr egat PAGEIRING Cefisdn arﬁ'rﬁ%“ﬁ%?nw e C§|I.' C%%FRB‘B”?BQ&PWH@"?O claim 1,
wher ei n piegliung girep aggregatieg |cellarare MainfdihedCGn cal danmtindousA peefusiod accor di ng
to any one of clains to,3, ,wWherei.n bionass,l I ved | east once from
t he’ cel | CE'LtH”t"l?r%’Stﬁ% éﬁcﬁe{licgn‘érle 'ES?"ch'aﬁ'@Pa t?i.'a*? ﬁ%rglélﬁ"r%tglhgd;e o the cell
cul t ur e. cdlurb.is AircEhieddovat Gofiltsr mgodude cbmiprisidg hollewdiberd hesullingrinss r enoval

is started just fare or just after the cells haye reached.a steady

st at e. 6?"&4@9%85%‘5‘32?&”993 fod"eélcﬁﬁrﬂeﬂs'g‘? ﬁ?,n tﬁ/ﬁ&re icHFtﬂre\’/qT%ﬂ%Wof bi omass
i's (215 r uitainetheofilteh ahodas i aarukedRfing ftandentinbflew, sed tiveecalfuringeiscel | cul ture
per day. 7.. A nethod accardjn 0 any one of the preceding clainms, wherein
the al tgP?lté{llieﬁg"r{hﬁﬂB%ﬁ??'Eﬁd ‘fq?'éfﬁnis@y écfﬁ?%(ﬁgd usi ng one punp to circul ate
theocell culture over a filter nodule conprising hollow fibers and using
anot her p to fempye 30 the |jquid having.a ower cell density than the
cell cultufe pr i’érm?tﬁo? IFECPl fr{gef,o Hggbgr éﬁhlegeﬁn ﬂée.’ aﬂg??@f“h?ﬁj °8@5c8'?%i ng to any
one of nidmemplistcegllisng cl ai ns, wherein the cells produce a biol ogical
substance. 35 9. A nethod according to claim8, wherein the biol ogical

substance is -15-
3. A method according to claim 1, wherein the aggregating cells are

15 PER.C6 cells.

4, A method according to any one of claims 1 to 3, wherein biomass is
removed at least once from the cell culture and additional cell culture medium is
added to the cell culture.

20
5. A method according to claim 4, wherein the biomass removal is

started just before or just after the cells have reached a steady state.

6. A method according to claim 4 or 5, wherein a volume of biomass is

25 removed of between 2 and 40% of the total volume of the cell culture per day.

7. A method according to any one of the preceding claims, wherein the
alternating tangential flow is achieved using one pump to circulate the cell cuiture
over a filter module comprising hollow fibers and using another pump to remove

30 the liquid having a lower cell density than the cell culture prior to the filter

separation.

8. A method according to any one of the preceding claims, wherein the
cells produce a biological substance.

35
a. A method according to claim 8, wherein the biological substance is




a therapeutic or diagnostic protein, such as a nonocl onal antibody, a
gromh factor or a peptide hornone, an enzyne, a polynucl eotide, such as a
viral vector wused in genetherapy, or ggvaccine, preferably a nonoclonal
anti body. 5 10. A method according to claim8 or 9, wherein the biol ogical
substancg is further. purified in dowstream processing.. 11. A perfusion
Sul tur & DEraRsHEI & Sp0aosts Bl U ar e MORO ARG LRRY: &I %PW 1 (o 10
conpr i $acdigr v & peptideuhdrioneradiengyraeda pglynagesdtideg sach amla vrl hegtor 10 wher ei n
sai d ani rr(?l cel Iﬂ? arerdpresen.t i n failﬂ gerfusi on Cut%bt §re at a density of at
| east 86%9 BLotherapyoF 3 vaggine pgetably 8J8rpianekanibody. | east 5 cell's
conprise at nost 5% of the total anount of cells. 12. A perfusion culture
accprdi ng clajm1 erei,n said aggrggating . 15.animal. cells are
present i n*@ai d %emegtﬁqd\gkr‘]im&?ﬂdf% 3°a?|ag'90€n%"i ty ‘Hperg{n {}@%2?'0%86:? 06 cells
per mM suBfande durftheipurified int dovenstreaor ghoogssirg. cl ai m 11, wherein said
aggregating aninmal cells are present in said perfusion culture at a

density of at |east 110x106 20 cells per m. 14. A perfusion culture
accordi ng 1t cl aApetilisionealtarerobtainabla by ragathod gs claimedlin asy bse af e pr esent

I n said _perfusi cul ture at density of at |east 120x1 |1s per nl.
25 15. ¢l 'rB§r1f &sﬁ@r‘?oglﬂ"ﬂﬂgea gg@&yﬁwﬁgﬁgmgq SP%%Q?G%#QQ eqn?{ﬁglaﬁ?eglsaggr egati ng
anioral wherdis saideamimas eells ane rasehtpe shidsparfusian tultuee at aadehsity of gt of at | east
130x10 | sseper, M. 30 16.. A perfusiqn culiure accprding.to claimll,
wher o Pk SRRl Rer ] Sndrpndtecasarebalf 8 pb e BRI BB efsf on

cul t ur encat 5% ofehs kdtyl ahowtt of eelst 140x106 cells per mi. 17. A perfusion
culture according to any one of clains 11 to 16, wherein 35 the aggregated

animal cells are PER C6 cells.
12. A perfusion culture according to claim 11, wherein said aggregating

15 animal cells are present in said perfusion culture at a density of at least 100x10°

cells per ml.

13. A perfusion culture according to claim 11, wherein said aggregating
animal cells are present in said perfusion culture at a density of at least 110x10°

20 cells per ml.

14. A perfusion culture according to claim 11, wherein said aggregating
animal cells are present in said perfusion culture at a density of at least 120x10°

cells per ml.
25
15. A perfusion culiure according to claim 11, wherein said aggregating
animal cells are present in said perfusion culture at a density of at least 130x10°
cells per ml.
30 16. A perfusion culture according to claim 11, wherein said aggregating

animal cells are present in said perfusion culture at a density of at least 140x10°

cells per ml.

17. A perfusion culture according to any one of claims 11 to 16, wherein
35 the aggregated animal cells are PER.C6 cells.




