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METHODS FOR CULTI VATI NG CELLS AND PROPAGATI NG VI RUSES

BACKGROUNE, §d7384dE | NVENTI ON ~ Many established f(ﬁ‘/ﬁ@%}iﬂéﬁf are
avai lable Tor a variety of purposes in biotechnol ogy. Some cell |ines can
be cultivated as single-cell suspensions, but other cell lines do not
grow well w thout a support. The growmth of a cell line that requires
support is often limted by the surface area available for the cells to
grow on, since many cell lines wll formonly a nonocellular |ayer omthe
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when they are needed as single-cell suspensions, but nore especially when
the cells are to be infectedw.ih ﬁNﬂi AR d wth a

reconbi nant vector, since t%%kﬁ' 85 urégigg%ffnay NOt gain access to the
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can be severe problems in scaling up the cultivation of a cell

line, in particular in providing enough surface area for the
cells to grow on and/or avoiding clumping of the cells.

Microcarrier technology has been used to cultivate
cells in culture. For example, Forestell et al. (Biotech.
Bioeng. 40: 1039-1044 (1992)) disclosed extended serial
subculture of human diploid fibroblasts on microcarriers using
a medium supplement that reduced the need of the cultured cells
for serum. Furthermore, Ohlson'et al. (Cytotechnology 14:67-80

" (1994)) disclosed the bead to bead transfer of Chinese hamster
ovary cells using macroporous gelatin microcarriers. Finally,
Hu et al. (Biotech. Bioeng. 27: 1466- 1476 (1985)) disclosed
the serial propagation of mammalian cells on microcarriers
using a selection pH trypsinization technique.

However, in view of the problems noted above, there
is a need for improvements in methods of cultivating cell
lines, in methods of producing viruses for clinical uses, and,
in methods of scaling up the production of viruses for larger-
scale commercialization, especially recombinant viruses for

gene therapy. The instant invention meets these needs and
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2 nor e. SUVMMARY OF THE | NVENTI ON One
aspect of the invention is a nethod for <cultivating cells, conprising:

(a) cultivating the cells on a first batch of mcrocarrigrs héé t he
cells ar ewgayﬁ%%ti ally confluent; , (b) detaching t]ﬁ[é'r’géq% Heom the
m crocarriers without renoving-the m Crocarriers from suspension;

(c) Addingﬁ%rggcond batch of mcrocarriers; and (d) cultivating the
cells further. Anot her aspect of the invention is a nethod of
detaching cells froma first batch of mcrocarriers conprises the -
followi ng steps: (a) washing the mcrocarriers and attached cells to
renove soluble materials; ( { a&%ifﬁht gopcarriers and washed
cells with a chelating agent; C ating agent; (d)
trypsini zi ng the cel Iond aspacshofttiperiroentoodetisch maghodefos fromt he

mcrocarriers; .and. (e tralizi. 1e trypsin by adding protein, wherein
(a)-(e) aréniﬁﬁﬁﬁgfgg'%ﬁgggSié%ﬁéyég%nPﬁvation vessel . A further
aspect of the infeant iontivagingt thel ¢ekls ian sefarati BAteh e8l1s from

m crocarri %'%xgﬁa‘é‘}'i%&st DRY¥: Pavge hean cubld wabgdahbial 1preoit cledthiey have
become det ache ,

conprising I ntroducing an aqueous susgensl on of cells and

mcrocarriers thiuglierahing: that eehls o ien THEFPE8I TERES debFhaut
CoNpri si Ng yed AL thdl B crocdPridrs A suspeakian;outlet for the

collection of cells and the aqueous sol ution; .and d) _a _nesh screen;
wherein the ni cr&§ar rA¥H% Ae F%Pﬁén@ﬁt‘%h %‘ﬂgﬁ‘é:ﬁsﬂc r‘fgﬁflargn ﬁrﬁa/ard flow in
the separati on dgy cecultdivaténgethenedlls fuetlgeparati on device by a nesh
screen, and wherein the cells_and, ague j s re .C eggt hrough
the outlet. Alg?ﬁ'tt%}%r aSE’S Etggf&?%eﬁ'%éﬁeﬂnlt%o%si 3 g‘%@g?‘em for
separ at i ng @etdchifrpmedilsr 6ramr & ef sromn hetiakh ofh@1leEPF3TRAQES heawprises

the following steps:

(a) washing the microcarriers and attached cells to remove

soluble materials;

(b) contacting the microcarriers and washed cells with a

chelating agent;

(c) removing the chelating agent;

(d) trypsinizing the cells for a short period to detach the
cells from the microcarriers; and

(e) neutralizing the trypsin by adding protein,
wherein (a)-(e) are conducted in a single cultivation vessel.

A further aspect of the invention is a method for the
separation of cells from microcarriers on which they have been
cultivated but from which they have become detached, comprising
introducing an aqueous suspension of cells and microcarriers
through an inlet into a separation device, the device comprising

(a) an inlet;

(b) a column;

(c) an outlet for the collection of cells and the agueous
solution; and

(d) a mesh screen;
wherein the microcarriers are retained in suspension by an upward
flow in the separation device and are retained in the separation
device by a mesh screen, and wherein the cells and agueous
solution are collected through the outlet.

A further aspect of the invention is a system for



cultivated, the system conpri sing; (a) a bioreactor in which the cells
were cultivated on the m crocarriers; (b) a flow path fromthe
bi oreactor to a separation device; (c) a separation device conprising

(1) an iglﬁ’eéﬁ”"’ﬁseﬁls a(ii) a col um; (iii) an out! eicyngdosiotal

col l ecti nd the aqueous 8olution; and (1v) a mesh

screen; wherein the mcrocarriers are retained in S | t he
upwar d f lseparating sepdsafreR BECFISIFAETEr 8% @Pé&ﬁe@’? nc?ﬁjes Eheeaggér gﬁ%
devi ce by%ﬁggs%q:e%c,r 8 s98fehheofi®tissingnd aqueous sol ution are collected
t hrough the outlet; and (d M., wherein el t fl ow of
t he aqueoust®olautiGFeRFERTt hé ‘&lg'#iba@teoFeﬁ'gst Wépguﬁ%ﬂgﬁ oh e

BRI EF DESCR|iRHSM A et FI GURES Figure 1 is a side view of a
system accordi ng .0 the _present, .in i ed for SEPA i i

cont ai ni ng Red qwspﬁ‘ﬁg gf?‘ﬂst er\cﬁ)o%%%e%%é%gr ?loegf @idrﬂ%ﬁﬁﬂe 2 is an
expl oded vi @y of sepmapaiahi davilesi caprASd®gdi ng to the present invention
used for separatzfpiﬁquﬁetcontaining free cells and virus from

m crocarriers. ' DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The instant invefiiom agdiewses the |arge scale cultivation of cells for
the propagation pf; W rijser18ePeckathy cortionant vellseandothgene

t herapy, vaccine production, and so on. In particular, the instant

i nventi on attedsesalwtdeonispBets of large scale cultivation; the use of

bead-t o-bead trapsfera glesradheicent cells to sequentially scale up the
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mcrofiltration_to disrupt || ; | i ate \Hellds apar bigGkets
The term SEPRREEIRR %‘é’d&%é’ eian&le%gll gg(ra%&?]btg&%l y 2
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vi ruses, vagg)neqshigh NSt Arfpufigcanbloantond ilues ofnchidedbsbuare -
not limted ils ectors. conprisin het er ol .ogous gene. I n sone
enbodi nensoluginsl fepnf iR tPIRHERIC S, tgegh?c%‘ﬁ]g%t 'of the viruses is

provi ded by the host cell, a

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a side view of a system according to the

present invention used for separating media containing free cells
and virus from microcarriers. '

Figure 2 is an exploded view of a separation device
according to the present invention used for separating media

containing free cells and virus from microcarriers.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention addresses the large scale
cultivation of cells for the propagation of viruses, especially
recombinant viruses for gene therapy. vaccine production, and so
on. In particular, the instant invention addresses three aspects
of large scale cultivation; the use of bead-to-bead transfer of
adherent cells to sequentially scale up the number of cells in
culture, including the use of trypsin to dissociate cells from
microcarriers in bioreactors, the use of fluidized bed-like
separation of cells from the beads during harvest, and the use of
microfiltration to disrupt cells so as to liberate virus

particles.
The term "virus" as used herein includes not only




hel per virus, or a hel per plasm d. Representative vectors include but are
not limted to those that wll infect mammalian cells, especially human
cells, an 3 derived fromviruses such as retroviruses, adenoviruses,
adeno- assOcl atd vi ruses, herpes virusgs, and avipox viruF&IUSERENAYi ¢
vectors are preferred. Type 2 and type 5 adenoviral vectors are nore
preferr ed';amnatlliyyramcﬁraalagovirmeyecim albei pgcempisant |yifpisdssrred. ACNS3
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etc. out ftQ%/ﬁl%cLem)v' ng cells, mcrocarriers and nmedi a; and nmeans for
gltatln curture rredlumlnthe bi oreactor, preferably a spin filter
(which al so As used herein, the term "confluent" Sindirmftéorhats tire out | et
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where "all cells are in contact all around their periphery with
other cells and no available substrate is left uncovered". For
purposes of the present invention, the term "substantially
confluent" indicates that the cells are in general contact on the
surface, even though interstices may remain, such that over about
70%, preferably over about 90%, of the available surface is used.
Here, "available sﬁrface" means sufficient surface area to
accommodate a cell. Thus, small interstices between adjacent
cells that cannot accommodate an additional cell do not
constitute "available surface”.

The cultivation steps in the methods of the present
invention can be carried out in a bioreactor or fermentor known
in the art of about 1 to 5000 L equipped with appropriate inlets
for introducing the cells and microcarriers, sterile oxygen,
various media for cultivation, etc.; outlets for removing cells,
microcarriers and media; and means for agitating the culture
medium in the bioreactor, preferably a spin filter (which also




for the purpose of cell cultivation. GCeneral reference is nmade to the
handbook M crocarrier Cell Culture - Principles & Methods, published by
Phar maci a. However, it should be noted that sonme cell lines used in the
present n may not adhere strongly to the surface arriers;
it is W ﬁﬁn the ability of one of ordinary skill |F¢1Pt e ar'%ﬁfo
determ ne a suitable conmbination of cell line, virus (where applicable),
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m crocar rnlu‘%xsoéa%rrlaerp %Bﬁa'.onlﬁtgppreferred embodiment, the microcarrier
consists of substantially spherical microbeads with a median
particle size of about 150 to 200 ﬁicrons, preferably 170 to 180
microns. The microcarrier surface may be treated to modify cell
adhesion, in particular to enhance cell adhesion yet permit
proliferation and spreading; thus the microcarriers may be
coated, e.g., with collagen. Preferably, the microcarriers are
slightly denser than the culture medium, so that gentle agitation
will keep them in suspension, whereas simple means such as
sedimentation or centrifugation allows their separation. A
density of 1.03 to 1.045 g/ml when the microcarriers are
equilibrated with a standard solution such as 0.9% NaCl (or with
the culture medium) is suitable. The present inventors have
found that Pharmacia‘s Cytodex-3 microcarriers in general will
meet these requirements, although the particular requirements
that apply for certain cell lines or viruses may require the

selection of a particular Cytodex microcarrier.




Stirring can conveniently be effected not only by a paddl e at the bottom of
the bioreactor but also by a rotating spinfilter, which preferably ext ends
downwar dswiyggiasighe top of the bioreactor into the bul k of E.J[il gﬁm The
cells and microcarriers can be kept inésuspension in the culture

rotation of the spinfilter; the spinfilter may al so be equi pped W|th fine
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trypsinization is effected for a short period (preferably |ess than 5

m nut es, RRYEPreiEzpry absut %4%%%9) ml&ﬁanﬁhe F?e;p%%rrﬂféf Hfersuch

neutrali Zlﬁﬂcfb’céﬂ‘l&.e&%pwﬂeﬁddq\himﬁteifwmm 0. gson&dL nBsli 104 Id/rdesi re,
the cells Cfl{l be cent I‘fl f nflt ypsi n-ﬁont ai ni g rredl um r ermv.ed
bef ore th are prerer iva e O suc m;icr% ? léld&e 1I‘-ﬁ!i'.e
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S a uction biore

enbodi nmen ar gér ctor (tygl cally 150-180L vol une).
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bi or eact ogt depensls WRPB L BRe M8 D8 S8 dtQ M &N sl B8 B! é 1*6@&1'&_; propagated in
the first bjoreactor, hut is typically from5:1 to 10: |nthe range

of (6:8) : TPUBELT Cor GaghapEe BRABKe AHaB e EPBEaF i ef iyl top of

trypsini Zﬁhé%dﬁé&&dﬂﬂ gnper £ne MBElLi i beCuletiivatl | omhy esskls ieferably a
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X
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bi or eact ogy Woi €dy st AREVI QUSEY ERGGASH W HonGMhiBA® to remove a
substantial fraction (e.g., up to about 50%) of the medium and
then replenish it with the appropriate replacement medium while
still removing medium, e.g., through the spinfilter.

Typically, cells are scaled-up from a master working cell
bank vial through various sizes of T-flasks, and, preferably,
finally to bioreactors. A preferred flask is the CELL FACTORYTM
tissue culture flask (CF; NUNC), a specially designed large flask
that conveniently has several internal compartments providing a
large surface area to which the cells can adhere or attach and on
which they can grow. After cultivation until substantially
confluent, the cells can be loosened by trypsinization and
isolated. The trypsinization is effected for a short period
(preferably less than 5 minutes, more preferably about 3
minutes), and the trypsin is then neutralized by the rapid
addition of serum in growth medium. If desired, the cells can be

centrifuged and the trypsin-containing medium removed before the



medi a and m crocarriers. After the transfer of cell/mcrocarrier
suspension fromthe seed bioreactor, the production bioreactor (for

exanpl e, about 200 L) is operated, e.g., at about 37 C and about pH 7.3. A
per f usi ofwodfgshgsgsh nmedi um during cell propagation can thegppgsopssshier med in
order to maintain the |actate concentration bel ow about 1. 0 g/L. Cells are
typically allowed to grow on the m.crocarriers for, abqut to 7 da %ﬁ unti |
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performed in order to maintain the lactate concentration below
about 1.0 g/L. Cells are typically allowed to grow on the
microcarriers for about 4 to 7 days until more than 50% of the
microcarriers are completely confluent. Preferably, a virus
infection process is then initiated. A vial of 40 to 50 ml viral
inoculum, typically containing approximately 1.0x1013 total viral
particles is used to infect the production bioreactor. Virus is
allowed to replicate in the production bioreactor for about 3 to
5 days until about the time of maximum virus titer. Typically,
more than 90% of cells will have detached from the microcarriers
due to cytopathic effects of the virus. The final recombinant
adenovirus yield from the production bioreactor is typically '
about 8.5x102 viral particles/ml. This gives a total yield of
viral particles of 1.4x1015 from each 160-L batch.

In other embodiments of the invention, the production

bioreactor is inoculated with cells harvested by trypsinization




A preferred enbodi nent of a separation device is provided in Figures 1 and
2. In sonme enbodi nents of the invention, the separation device is provi ded

as part ofw@essegem An exenplary systemis depicted in Figur ohipe
systemthus conprises a bioreactor 100 gn which the cells are cuo?l vated on
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which results in recovery losses.

A preferred embodiment of a separation device is provided
in Figures 1 and 2. In some embodiments of the invention, the
separation device is provided as part of a system. An exemplary
system is depicted in Figure 2. The system thus comprises a
bioreactor 100 in which the cells are cultivated on
microcarriers; a flow path 102 from the bioreactor to the
separation device 104; the separation device comprising a column
106; an outlet 108 for the collection of cells and the aqueous
solution; and a mesh screen 110. The microcarriers are retained
in suspension by an upward flow in the separation device and are
retained in the separation device by the mesh screen, and the
cells and aqueous solution are collected through the outlet.
Also provided in the system is a pump 112, wherein the pump
directs the flow of the aqueous solution from the bioreactor to
the outlet. 1In some embodiments, a microfilter 114 and an



Preferably, the flowrate is approximately 1-2 cnimn since the cells have
a specific gravity simlar to that of the mcrocarriers. The clarified
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Thus, the fermentation broth from the bioreactor is pumped
into the base of the column. The flow rate 1s regulated to
provide an upward flow sufficient to keep the cells and viral
particles suspended in the medium while allowing for the
retention of the microcarriers within the separation device.
Preferably, the flow rate is approximately 1-2 cm/min since the
cells have a specific gravity similar to that of the
microcarriers. The clarified broth containing cells and virus
passes through the mesh screen on the upper end of the fluidized
bed-like column and is collected for microfiltration.

For a 200 L scale device, the lower section of the column
preferably is conical. The cone allows for a gradual reduction
of the linear velocity of the fermentation broth entering the

cone. The fluid velocity of the inlet line is reduced to achieve



simul taneously lyse virus-containing cells and clarify the broth of cell
debris which would otherwise interfere with viral purification. For
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mesh may be varied based upon the volume of solution to be
processed, the concentration of beads, the particular
microcarrier used and the media formulation (e.g., specific
gravity of media). A preferred column consists of a bottom cone
custom fabricated out of stainless steel to be attached to two
Bharmacia KS370 section tubes fitted with a KS370 end assembly to
which the vendor screen was replaced with a stainless steel (ss)
mesh (preferably about 50 to 120 mesh, more preferably about 100
mesh) .

After the cells are collected, they are preferably lysed
to liberate additional virus particles. Homogenization or
freeze-thawing may be used to liberate the virus particles. In a
preferred embodiment of the invention, microfiltration is used to
simultaneously lyse virus-containing cells and clarify the broth
of cell debris which would otherwise interfere with viral
purification. For example, the microfiltration can be performed

using a Prostak (Millipore) system with a 0.65 micron,



12 agent; (iti)rapidly renoving the chel ating agent; (iv) rapidly

adding trypsin;  (v) trypsinizing the cells for a short period of tine
(preferably ranging fromabout 3 minutes to about 15 nminutes); and (vi)
rapi dly wewsssgss zi ng the trypsin by adding protein. PCT/Ososioeo1( 1)

above, the phrase "rapidly washi ng" neams at a constant bioreactor volune

perfusing one volune change of nediumat a rate of about 1-3 liters
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concentrations o sin can actually damage or even kill the cells
rather tPRERLsrAply B BBEn7Q<P1%nJr S$@ renoval of serumin Step (i) and of

(Cag er rT ] in Sfj emé;phl):?wplucsmzdmmm%ua&d@ixllﬂm n(eadedn OnBSeepat{buhland
% o ayoi ual ly | s, the r eat ment
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(et hy! end?iiParend ey auEhefs &2udy. P B R cpbodtfehe, fnel ude EDTA

bi s(oxyemliytlrerfelmratn-bo)@eLmaa@eP?l:lmId)SYStem (Ml'F-Hé-PS?éP&nWP-iérhrén%ved by a
process gf; 1qgd] ugpoﬁﬁﬁg@nﬂsleéﬁiafxagpm dbe-dmdi waigardpe tpeepedefhted

t hrough a spin Serum free wash nediumis added t.0 repl ace what was
punped ofceldwdosgemerbrane 36 RFed. CA CRRGRAGRARS theh & 1Zyit i ror'ﬁ Sof serum

free washimedirymeearibs se8bi AvsSpIM éRed hevs efmualidafs ;metieurirus is
concentrated for purification and diafiltration is performed to
exchange the buffer so that the virus suspension can be applied
directly to a DEAE column. The eluate from the microfilter
contains the liberated virus and is preferably concentrated e.g.,
by ultrafiltration. _
Between each cultivation step, the cells can be loosened
and stripped from the microcarrier by trypsinization, e.g., by
treatment with trypsin. In the present invention it is preferred
to remove the serum used in the cultivation, since the serum
proteins inhibit the trypsin; removal of the serum therefore
allows a smaller amount of trypsin to be used. This is
advantageous since addition of a larger amount may cause
localized high concentrations of trypsin that could damage the
cells. With regard to the next step, Ca** ions are removed since
the removal of these ions from the cells tends to loosen the
cells and enables one to use less trypsin. Thus, loosening and
stripping cells, especially of the human embryonic kidney cell
line 293, can conveniently include the following steps:
i) rapidly washing the cells to remove serum and other
soluble materials;
(ii) removing Ca++ from the washed cells by adding a chelating



13 through the spin-filter. The process is repeated until the serum
concentration has been reduced to a sufficiently lowlevel, e.g., less than
about 1. OwbosB3sdso preferably about 0.2% The chelating agﬁﬁtm %@Efrabl y
EDTA, is added in serumfree chel ati ngigredi um the m xture again I rred,
and the chel ating agent punped off. Alternatively, the addition of the

chel ati nggelg'ent In serumfree nmedium can be continuous with the renoval of
t he rrediu q}ggg ddes sinis preferably used in
step (v) to provi éfg%%l(??ﬁt ?at%?lgnc%lel?ﬁl;[% #éeﬁlahgt or of from about 0.05 to
0.1% and (V) srapidlepddingttrowsine cells for from5 to 10 mnutes, e.g.,

pref er abl Y(@) t rﬁ’ﬁ?péhrﬁﬁhﬁﬁj\ttﬂfét ican1af Faboyt sﬁo,@@%xfwd «%bplemé m nut es.

Prot ein, % cal in the Taormof bovine calf serum preferably added to
the bi or éBESERTINY F3HEDE FFBhaPebtoR EFnHBGﬁttq@]?WCZG"% fHIUERSHIt t he
trypsin. and Thus the addition of serumin step (vi) not only prepares

the cells furth cultlv t.i_Qn b so _neutralizes residugl trypsin.
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14 adding serum" means adding the appropriate volume of serum at a
rate of about 1-3 liters per minute, more preferably about 2
liters per minute.

If the serum is not removed in step (i), then the addition
of the necessary large amounts of trypsin can lead to locally .
high concentrations of trypsin, which can actually damage or even
kill the cells rather than simply loosen them. The removal of
serum in Step (i) and of Ca*t* in Step (ii) reduces the amount of
trypsin needed in Steps (iv) and (v). To avoid actually damaging
or even killing the cells, the treatment with the chelating agent
and with the trypsin should preferably be kept short (i.e., long
enough to detach the cells from the microcarriers, but preferably
not longer). Examples of preferred chelating agents include EDTA
(ethylene diamine tetraacetic acid) and EGTA (ethylene-
bis (oxyethylene-nitrilo)tetraacetic acid).

The serum is removed by a process of medium exchange; for
example, the medium can be pumped off through a spinfilter.
Serum-free wash medium is added to replace what was pumped off
and the mixture stirred. Alternatively, the addition of serum-

free wash medium can be continuous with the removal of medium



EXPERI MENTAL EXAMPLES |. OVERVI EW A. Cell 1noculum Preparation

Each viral fernmentation batch is started froma cell |ine propagated from
a vial of 293 cell Mnufacturers Wrking Cell Bank (MACB). The

bi or eact g ¢ nocul ated with 293 cells (ATCC catal og geiah@kndett 1573)
mai nt ai neﬁ%ﬁgsropagatlon in T-flasks 13and CELL FACTORY "using grovvth

Fepr osentirg il thgeipin b EHEEH ) e BrpeR fisc FEPRRLEY, Hnsd LA AT B e
for i ncontentuatibnahasdokdn arahintat .to a sufficiently low le¥aBl Felgy.,
MEDI A CCWBQ@'EhQH abgﬁg'i”% to 0.2%, 4?5ﬂ%%%§%y ag%g%g@gg%f T%Bécal

Typi cal
Cbnponenphelatlng agent, preferably EDTA, is added in serum-free Range

Medi um lchelatingCRbAium, the @RiledFOWdaiPMENPRedenhar eh 20
o (Grogplating fedtun, the : =h@ the chelacind)
d ut ani n@gent pumpgd off g gﬁ}ternatlvely, the addition of theesrhelpbing

Bovi ne Capbknbettinkefth-fPed MWedium can be continuous with thButéRéval of

Sodi um Bi_car bo ate /1, .Medi um Pr epar a- Reduce Calerr]

DVEM Pow&gﬁme 1um tgﬁﬁu‘g‘b td')‘ef s(%éf’l%rﬁtferree wash tion for for tryp-
Ca[err] free metthankrypsin is prefgrsibliyz usesi dhzatbpg(x) to provide a

ation

Cel | conbgﬁg%a%ggg in the bl?f?ﬁ?f?f /ﬁ from abou% 6 05 to 0.1%, and

Vi abi | i tyt is allowed to act on the cella;fffoe'r from 5Sgdi Uifh Binatbsnateg. 2-4
o/l Medi dpbBerably a tf§§§§¥” éﬁ%?&%idﬁab%f%bouQNENQBQQU br about g 10-20

o/l (Serun} ree for tryp- Ca++ free che ating medrum
trypSInlﬁlnu§ﬁﬁlzaFF9ﬁeln' typically in thg jfggm of bovine calf serum, is

Calerr] preferabEPTAdded to the G tor in a final concentration of
Chel ati on Cel |

el .
d ut ani n8gout 10 toozq%lF?)kﬁqlg¥{ the trypsin. Viability
Thus the addition of serum in step (vi) not only prepares

the cells for further cultivation but also neutralizes residual
trypsin. The entire sequence of steps (i)-(vi) can take place in
situ in the bioreactor; in some embodiments the suspension of
microcarriers and cells can be transferred to a larger
bioreactor, where further microcarriers are added for the next
step of the cultivation. The cells are allowed to attach to the
microcarriers and then are cultivated further. Once théy become
substantially confluent again (e.g., 3-4 days’ cultivation at
about 37°C), they can be put through the next stage, which may
for example be harvesting, loosening for a further upstaging, or
inoculation with virus. If the cells have been cultivated simply
for harvest, then they can be harvested at this stage, e.g., by a
repetition of Steps (i) through {(vi) above. If they are needed
for a further upstaging, then Steps (i)-(vi) above can be
repeated. If they have been cultivated for propagation of a
virus, the virus can now be inoculated into the medium.

The examples herein serve to illustrate but do not in any
way limit the present invention. The selected vectors and hosts
and other materials, the concentration of reagents, the
temperatures, and the values of other variables are only to
exemplify the application of the present invention and are not to

be considered limitations thereof.



Buf f er Sodi um Bi carbonate 2-4 g/l [err] DVEM powder (avail able
from Anerican Biorganics, Catalog no. D2807): preferably used to
provi de Avéggé%?sgl ucose and 0.584 g/L L-glutam ne,; NO pegAisYsidoo11
bi car bona no HEPES. [err] Ca[era]-free DVEM powder (available from
Anmeri can Biorganics, Catal og no.’ D2807403): preferably used to provide
4.5 g/L glucose and 0.584 g/L L- gl ut ami ne; no sodi um bi carbonate, no
cal ci um ﬂgﬁﬁh@ﬁqw @_ﬁ%& 15 T[err] Bovine calf serum avail able
from HycTone, al 0g-no. 2151. [err] EDTA stock solution: 186.1 g/L EDTA
and 20 g/L NaCH pellets. [err] G utam ne stock solution: 29.22 g/L.
To prepage orrvtewtransfer of cells fromflask to flask during cell

the

expansi on, ent diwpis orgoff and the cells in the flask are

t hen msheﬁ'vﬁ%iﬁpﬁ%ﬁréﬁ%ﬁ?ﬁg?g%—sal ine (PBS). A trypsin__solution
is added to theh €itdl nnmeayation baech| askstamiad feommed celé é&pps are
exposed until they detach f.rgm u e St Y AGid 2K S cleien
| argel y F?EBP?%?P?%dP}B?}“ a%d%lr?g' 8&2\%&92 Eﬁ%g?g%]a?@%?lum 1, Tabl e cont ai ni ng
serun  Benkpl(MWEBheutThe idariesetiox snerendeegstryed Witde 4%5icqdds AYFSi n

will hav agg%scﬁﬁ‘\“h%;%ﬁ hl'y_esnéagl héig%giggdr???yﬁé@b@&&ﬁrﬁtﬁ iTffdaisksn and

resuspendae

in“fres ium ( Medi um Tabl e shows, t-he .t vRi cal
vol umes and (EBE. FACTORYABYES tng 1o¢m “@@UWEéMﬁgE‘ﬁ“Iﬁf TRANSF %?%ﬁsfs

Flask  Surfracge 1VBLUGR. OfgadWlur@sFerseephesendol ainmasfage vol une  area
0. 05% cont ai ni ng '

Medi um t SYPLcRraLY CePRSTRIU edrlsurgf 4 to 30 are erg%]rcih/el%-rfélxps' n

n | nactivate
Trypsin EnbeulatiodSofnd esédd Kiodeactor. 10 30 M T-500
500 cnferr] 25 m 50 m 200 m CELL 6000 250 m
500 m 1500 mM FACTORY[err] cnferr] B. Virus Inocul um
Prepar ati on Vi rus TARGE| 4 :caMED3Rpr CRYPEEIAFOMf ecting mature CELL
FACTORY[err] tissue culture flasks. 1In this procedure, 293 cells are first
PropagqtedThrom T asig g ORr T TEARI SRILET [Fybioave Typical
Function Component Component
Range
Medium 1 Cell Cell Growth | pMEM Powderl 10-20 g/1
(Growth medium) Growth
Cell Growth | Glutamine 0.1-1.0 g/1
Cell Growth | Bovine Calf Serum3 | 5-15%
Buffer Sodium Bicarbonate | 2-4 g/l
Medium 2 Prepara- Reduce Ca*+ | DMEM Powder, 10-20 g/l
{Serum-free wash tion for for tryp- ca*tt free
medium) trypsiniz- i ginization,
ation Later wash
EDTA
Cell Glutamine 0.1-1.0 g/1
Viability
Buffer Sodium Bicarbonate | 2-4 g/l
Medium 3 Prepara- Reduce Ca*t | DMEM Powder, 10-20 g/1
(Serum-free tion for for tryp- catt free?
chelating medium) |trypsiniz- |sinization
ation
catt EDTAS 200-400
Chelation mg/l
Cell Glutamine® 0.1-1.0 g/l
Viability
Buffer Sodium Bicarbonate | 2-4 g/l

1 pMeM powder (available from American Biorganics, Catalog no. D2897):
preferably used to provide 4.5 g/L glucose and 0.584 g/L L-glutamine;
no sodium bicarbonate and no EEPES.

Catt-free DMEM powder (available from American Biorganics, Catalog no.
D2807403): preferably used to provide 4.5 g/L glucose and 0.584 g/L L-
glutamine; no sodium bicarbonate, no calcium chloride and no HEPES.



culture flasks. When CELL FACTORY[err] tissue culture flask cultures are
mature (typically 80-90% confluent) they are infected with an i nocul umfrom
t he manuipaségtagde S wor ki ng virus bank_ (MAB). The i nfect escThishs/noo911
FACTORY[err] tissue culture flasks ar&’incubated until the 293 cells detach
fromtheir supporting surface, The_cells are collected entrifugation
and rugi.9 r°é'ﬁn%fa§r£uliﬁg‘b1f‘e AVBa R R %‘f]ec’él.e'ACT%tt%rc’gan%U%éé%Uent

centri féngﬁT?‘o?ﬁ“i‘h%“\)‘itﬁ%‘ i 48P e g0uriEdRi 3 A YipMWaPHIE 8nd stored as

al i quots HutamgEefEq® sPlWeraw. 2Pht&s 9fhterial is the "Virus | nocul unt' which
is used to infect bioreactors. Optionally, the virus inoculumcan also be
derived fromthe 16 bioreactor
harvest which T¢ pridparte S idHez atansEer”’ Bifodell & ofirdih Of Paxk oto HEI asist "

bel ow) . ._C. d Bioreactor Preparation.and Qperatio ref erably,
 seel TEIRACTETT| SRRMTD: pFaDaPEeRre 263 (erth FANESRu AT e
productcehldi dneacher £18%k seed bilreastsheds widanmpdbephbhteedubfelredhar ged
with a batehe of (Jd)ter- Sher et 0T oot ifll un (Madeim Lo Tahle doypbove)
for the iree ceﬁ I s)uspenS| on ocess. For e mcrocarrier process,
howevermorqkdyer Snerthe Flassdsr rswrfassadanfohedeseBlor aggui apesed are
pref er abhy; pddgdyaladdich SEAGR- the surfB@ S€€arPHOIRLARERL ohS ilsNOGke L ed
with the 293 cel ?’s harvested from CELL FACTORY, i ssue culture fl asks.

The opel®F9RY QRT3 diredhiy Siding grewsh mefadhe (Medivmel pHalbke dtssol ved

oxygen ¢&¥dadiEngoBbiant ed bymspatdi AguCEheisdt o iexygan, neespsaty vel y.
Extra growt h nedi f usi

(gmjga be added io t he iorea%t.or. by p . Cel |

growt h TSNt EBt P by S RT bR cBptt BRERI At GFaNd ¥y nedSurSHgt® et act at e
pr oductbenrandvgtedose censubptganiodyandatreyuspdreted him cEtésldegsowtghi n t he
suspensj on. cul . hes 6 S, it [ oreac it is

r eady f%‘%&%‘%‘gcﬁ% ll";]rgajtc)h'e pﬂra 0 uetlz'?)'l os(ri;l%%‘)isort ?gcttkag%ms\gggﬁés?n%uﬁ%ﬁddn
requires a few additional steps for the mcrocarrier process. Typically,

uhen the #ghte O BepHERECCPGELARS HSEpO Ui CoRhhEPER e cagism and
i upm D 0 € ol 0 SCT 1 i
Table [. gj&ﬁg n %gire °[é°'n aggg%%ggﬁg?dl y@%ﬁiyj{gﬁn%e cel | vﬁéﬁ%ﬁﬁ{mnt
reachep typical |evel, serumpg,added jto iwagtivadte tlhest rdé@‘:ﬁid}ow&hq seed
bi oreaftor contepts are how &g@pséerrdd tantdgvReoOdudti on bi or eact orj.
Optionplly, 293 tells hafvested fromnultiplgp&RELL FACTORY[ err] tisdque

cul t ur ppidsasks ChR Al pecy s )mibe used agio ml 30 ml
T-500 500 cm2 |25 ml S0 ml 200 ml
CELL 6000 250 ml 500 ml 1500 ml

FACTORYT™ | cm?

B. Virus Inoculum Preparation

Virus inocula can be prepared by infecting mature CELL
FACTORY ™ tissue culture flasks. 1In this procedure, 293 cells
are first propagated from T-flasks to CELL FACTORY W tissue
culture flasks. When CELL FACTORY tissue culture flask
cultures are mature (typically 80-90% confluent) they are
infected with an inoculum from the manufacturer's working virus
bank (MWVB). The infected CELL FACTORY  tissue culture flasks
are incubated until the 293 cells detach from their supporting
surface. The cells are collected by centrifugation and
ruptured by multiple freeze-thaw cycles. After a subsequent
centrifugation, the virus is recovered in the supernatant and
stored as aliquots at -20°C or below. This material is the
"Virus Inoculum” which is used to infect bioreactors.

Optionally, the virus inoculum can also be derived from the



I noculum for a production bioreactor. Typically, 8-12 such cultures are

harvest ed and pool ed to provide an i nocul um TABLE 3: SEED

Bl OREACT O g33i33d86l NG CONDI TI ONS Vari abl e Recom‘rerygﬁ%sg@&gﬁ

Typi cal or preferred Tenperature 16 34[err]CG-39[err]C 37C pH
6.9-7.5 7.3 Dissol ved Oxygen > 10% 30% ai r

sat ur at i bRoPeacker charvest whish0ie5fhhter-steriligefl Hsee "Produdtidker ati on
overl ay Bfo?Qa&&éPrﬁR%Et" 189kt ers/ hour Agitation > 20 rpm
Initially 50-70 rpm with -
optional stepw se I ncreases Spinfilter
> 20 rpm ¢. Seed BildHddctlohy PP8pdLatk and Operation

W th optional_ stepw se

i ncreases TrypsiTeSHaRyY: 2 s8¢, Bioreactor is Usefyfgr PRERRER i A%
m crocar cekl sinocuhavefor the productlon bivveacteirf.| ught seegonfl uent cells

|1 D P d t Bi t t t Th
Viral prBERtORE L el SERE R PP B IR, BERSR 95 or eact or
usi ng gr bl berestiem Y ivkefl lSDmOWthTmbB.EUIﬂ) (Médiurhd ,s Tapées il onaber¢ uriompr ocess,
filter-stgari przed opdi e%s%hcg gd.boLo t ‘5}: l?ﬂh%r 3 BEa;éJE%\P"er in the

m crocarrier process, ocarrl rs are eit stefiTrzed Th situ in the
product i BRO@eS? ed@:QVtﬁFVQﬁ: a;meééedvéaere;d@rmveqnqcaarme@hbneg@a (O¥feastex 3

m crocar &eéauﬁ;@lémn a&%"‘%@f@?ggl&rna&&@i WOWRh smedhbym, (Medium 1) prior to

i nocul ation with roduction bioreactor is inocul ated
with the 293 ce"?lll% ??"tﬁnﬁ%%&éﬂrbiﬁrb%f&‘f‘b]rateﬁwé’lébef-&?l A9 et i ons are

set as shapested aﬁ;cﬁn @ELIh@Anlrbamﬂ't dt§§&1é{%@l§1&m&t@erﬂé@@bt ar@héontrol | Sd by
spargin err]_an en, respectivel i a medi um
cgn ge gaﬁcqéa?%rlq hcéo Rt BF 0y ehett STBR Eel F%éﬁoax 'Fé n‘%’h ed by
ni cr oscoPiEsekeEsd rﬁiﬂf@tﬁﬁ“ M ayen@agm@l@ﬁ kot spacgang BPadeRdi on and
gl ucose BQ%&WQQ l\/le%.freEﬁu:Q vtytgq u%\ cQBpEQX %&\lé/ ﬁ(e 106

act o e a

cells/m e bior t hen |n VI Fus. erab
mul ti pl |]@3.@3;,e@¢tq>mf1@cmem£usmn Cell growth 1s monitored by

microscopic examination and by measuring the lactate production
and glucose consumption. Typically, when the cell density in
the suspension culture reaches 1 x 10% cells/ml in the seed
bioreactor, it is ready for inoculating the production
bioreactor. However, inoculation requires a few additional
steps for the microcarrier process. Typicaliy, when the cells
on the microcarriers are >50% confluent, the serum and calcium
in the bioreactor medium are washed off using media described
in Table 1. Trypsin is then added rapidly, and when the cell
detachment reaches typical level, serum is added to inactivate
the trypsin. The seed bioreactor contents are now transferred
to the production bioreactor.

Optionally, 293 cells harvested from multiple CELL
FACTORYIM tissue culture flasks can directly be used as
inoculum for a production bioreactor. Typically, 8-12 such

cultures are harvested and pooled to provide an inoculum.

TABLE 3: SEED BIOREACTOR OPERATING CONDITIONS

Variable Recommended Range | Typical or preferred
Temperature 34°C-39°C 37°C

PH 6.9-7.5 7.3

Dissolved Oxygen |> 10% 30% air saturation
Pressure > 0.05 bar 0.1 bar




(MJ) ratio expressed as the total viral particles per cell of 50:1 to
150:1 is used. Viral titer is typically perfornmed using the Resource Q HPLC
assay. Viwoiess3dssal |l owed to propagate pptil the cell viabi PCTssk8ps t o
about 10% The type of virus and its action upon the host cells may
det er ni hgevhei B8 ovérisy fecesdsaiyeto/Wetach| the hoseérsidsr from t he
m crocal agetacaed/ or |ysds>t 2@ ephl s. At abopfnfiheallyreb&f70raxdmam vi f us
titer (frequently when tHe cells start to dewath fromthe microcarri¢r and
sone of ywhich may lyse, 4o that the virus s apt:son@le%%%m@sethe i ncyibat i on
can be $topped and the increases celfs and
virus caspbafhireest ed. ||{rd@ddxemn t he nicr)ééiF%éll$r%%E%%3ﬂ§B 90% ¢f the
cells, $ometinmes even norle than 90% may de{ ¥&BBfrom the njcrocarriefs.

Wt hout |being Iinmited to |any one theory, th¢oB§i8 %%h?Eel%‘f’?*%%t of vi fal
propagation in the host dells appears to be P@gg% Ple for_ce

det achmpAEYPFAnid zathen adendAa®™ @& ACN53 is %é Q§§r3%$¥§le¥%e cells

start td detach fromthe JéPEEEFFE@F§ af t el EE ultivatiom with
the virds. TABLE 4: Egﬁoﬁ@éf |OREA€'? i&ﬁEgA‘Vr?Hsgcmol Tl

Vari abl Recorrereee—Range—Hypreat—or—preferred—Fenperature
34[err]C—39[err]C 37[err] C pH - 6.8-7.5

7.3 Dy ion B18cda Preparatibn’aflEbeddt 45 _

i nfection 6 oalr saturation Pressure

> 0.05 bar The vAralbprodecaidroprogesisajs sxsoplifiedsinmour20@900
Liters/ now gt 'bggr?acto QF 1%5) d¥th medium (ﬁ@di&nrpmmmli)t er

> 20 rp I nfection > > 50% of
m cr ocarkn dérhe tsuspension culturerﬁngqﬁﬁﬁ¢,ﬁ9&§er—steﬁé@ézed medium is

have Coyalﬂ{ﬁ{gd 1ntoCQ'P1E| HehtesltdS. However, in the mi&ebtartewest tine
> 50% 0 0% of m crocarriers crocarrlers

are process, mlcrocaﬁFéeéﬁp?Qe either stgpiddzed ip SpERqR: Y
Bi or eactgyfodidni@st bioreactédr orsﬁmﬁﬂdmavﬁa(ﬁkd&ihhilyranﬁwthangadr|er

Gepend! PS%m TAHERREE LoERe S0 RTe s O e g ChB oEbUL! RBaLdn
(Medium 1) prior to inoculation with 293 cells.

The production bioreactor is inoculated with the 293
cells from the seed bioreactor. The operating conditions are
set as shown in Table 4. The pH and dissolved oxygen (DO) are
controlled by sparging CO, and oxygen, respectively.

Optionally, extra growth medium can be added to the bioreactor
by perfusion. Cell growth is monitored by microscopic
examination, and by measurement of lactate production and
glucose consumption. Cells are allowed to grow to
approximately 1 x 106 cells/ml. The bioreactor is then
inoculated with virus. Preferably, a multiplicity of infection
(MOI) ratio expressed as the total viral particles per cell of
50:1 to 150:1 is used. Viral titer is typically performed
using the Resource Q HPLC assay. Virus is allowed to propagate
until the cell viability drops to about 10%.

The type of virus and its action upon the host cells may
determine whether it is necessary to detach the host cells from
the microcarriers and/or lyse the cells. At about the time of
maximum virus titer (frequently when the cells start to detach
from the microcarrier and some of which may lyse, so that the

virus starts to escape), the incubation can be stopped and the




suspensi on or a microcarrier. In the mcrocarrier process, a fluidized
bed colum is preferably used to separate the mcrocarriers fromcells and
super nat apto gsf¥sggpward flow rate is naintained so as to reiai 41?']59%&{31

m crocarriers while the cells and supeigat ant pass through. ur di zed
bed is washed wi th nmediumor wash buffer to recover nost residual cells and
virus, andlibReandshings ecam boi@Envestedt h Théeabl i 4hd mipeocataigr as an
el vate. ghecbbul dpgedobess OpRl Adiag, 'gofaeh&@awe%dmfo% tREnf§6€, GRLY

suspensi Qn process te contalnin 5 and ViTus i's Yurther

pr ocessefefachnhfropnehe grieregarnipysd bVlﬁbg‘P\tm daniEpdate amyus, and
the e:c Ufibﬁej[ &hbbeg ctﬁéic}Sy%@hﬂ@@&ieet 8f C¥ DS ro agatléﬁ in fhOW
mcrofilfration, . Typica err ore or

equi val ehP Stefiftifie p%?%r%ste%l Be ﬁmﬁ}‘ﬁ%&?h oT &5d fieFE {’mzm

m cr of i | Thaki, owhehhaderbdeitad Q&GNSBV\ashedew whtiwed lkeflier te céErover the

r esi dual

u ofjltration,
he per nESPECORR BECRREI DR [P POGEREARFERFS 2T T PegEe SHRTF ns
BENZONASEL&Eiyatndonutteasies virus. The perneate fromthe mcr of iltration
is concentrated by wultrafiltration (with a typically 1 mllion nolecular

wei ght cutoff) and a buffer exchange is perfornmed using the wash buffer.
The concenEABLE] 4ad (PRODUCHION r BEORENCACOR) NPRERARENG: [RONDEITEONS t hen
passed t hYang@bbefinal fi|/{RecommandedsRangeg Typiaalaox prefenred as '|Viral
Concent r hTemperatufe eezer |[@4°C20P&Er|C or b3 BE 2. Conpodition
and PreppPBtion of Media [6-Bafll.& 1 above |ifgls3the nedia used in thg
preparat|on of the viral [6-80@ufum and in thé-4 &fkes ¥ErBA process. Al l
t hese CJIture rredla are pr pared by first d k%ﬁﬁqﬁlf?@the dry DVEM gowder
and ot hefD+839% (?Wﬁiﬁﬂ‘l i After 3SRV FGEUERELIGRY powddr s,
t hese mefl ﬁeﬁ lér%ld usted tid H % 6 with hl oric acid. The |media
are then ?EE P2 ed” 2Ry @0 PﬁFSﬁﬁ‘H"%mb _ I/f‘ i nto an
appropri ’f‘%% e conta| rie%g e sterile hgiiz ark ?981 refrlgerated bgl ow
10[err] C d_ong after prep o2 Tabl lists
vari ous Fg rs use%&%ntk> %8§§§iers TA aéd% 6%ﬂﬁﬁéﬁ§aﬁ§§ﬁ$N
FERVENTAT AND HARVESTIP@%a €Ronfluent LOsEUR cer1§0MPONENT
Typi cal Typi cal cells _ unction Conpongnt
Conmponenfgarvest time RangesCekl inocul un), 90fAF WikRocarriers

microcarriers are

are empty empty

E. Production Bioreactor Harvest

1. Separation of Cells from Microcarrier

At harvest, the bioreactor contents have to be handled
differently depending on whether the process uses free
suspension or a microcarrier. In the microcarrier process, a
fluidized bed column is preferably used to separate the

microcarriers from cells and supernatant.

An upward flow rate

is maintained so as to retain the microcarriers while the cells
The fluidized bed is washed with
medium or wash buffer to recover most residual cells and virus,

and supernatant pass through.

and the washings are combined with the cells and supernatant as
an eluate. The fluidized bed operation is not required for the
free cell suspension process.

The further

processed in that the cells are lysed by high shear to release

eluate containing cells and virus is

virus, and the eluate is then clarified by means of a cross-



preparation in PBS prior to flasks trypsini zation Cel |

Potassium 0.1-0.3 El ectrol yte Chl ori de
g/l WO 98/33886 Bal amce PCT/US98/00911
Cel | Pot assi um 0.1-0.3 g/l

El ect r ol fdew migwephiteation. Typically, 0.65 um DurapoBgl ai¥idlipomwenobasi c
lonic or ecRdiMdTlent RertrdHds are used. Towards the end %ﬂ’ e'&ﬂ‘éh

Chl ori de | Buf f er Sodi um 0.5-2 g/l
phosphatxglcroflltratlon, the retentate is washed withyiwash Cbuffer to -
20 recover the residual virusBufiitfffo the S%’éﬂﬁéate 1- Afgel
Phosphat e

nept ahydRLFECSHLFEREH 9 orthe Pagiatecapobe oPgifpally tréaddiivich a o
ranges pmepaeaseosuch as CBENIGNASER tdmdoniedebsens as conponents as above

+ n i+ S \
Vet ting agent ‘II ng %‘g“ rod-l%ﬁ%oﬁgg I%ngi%ls}'utlﬁﬁo ggd co@ﬁfepgi;amd yTr| S
Base  4uBtydfibtoatkwt owith a Begicaldyofl Imellltm vmslecular weight

ul t r afi l @Eo% and a buffexr e}a%@fx@ﬁ&e ltSh performed using t':IHé Sw@%ﬁf er
| oni c odi um trength
chl ori debuftfer. The concentrated and diafigtgxed g@(tentamg,q@gqt@hnlng

0.2-0.6 ghd virus is then é>assed through a flnal fllte Th@hlr‘érs'uQQJ.ng
St abi | i Sucy ose I e 6 _summari zes

i n- procé§§ CoRtF ot S %‘Eﬂ’i%ﬁg as p Ha?*e?ﬂ%%?%"ﬁa&ﬁ'?"ar’r& Raf¥ESERRgapr o@@sges

TABLE 6or heéDNWwROCESS CO TROLS Step | n- Process Control
Recommended Range T-fl asks; CELL M croscopi c Nor mal
growt h and FACTO?Y[ err]: obser vat i on nor phol ogy. No
contam nants. 2. i p_@ihd Prepan n i

Table 1 above lists the media used in the preparation of the
viral inoculum and in the fermentation process. All these
culture media are prepared by first dissolving the dry DMEM
powder and other reagents in purified water. After dissolving
the dry powders, these media are adjusted to pH 7.2-7.6 with
hydrochloric acid. The media are then sterilized by passing
through a 0.2 um filter into an appropriate storage container.
The sterile media are refrigerated below 10°C and discarded one
month after preparation.

Table 5 lists various buffers used in the process.

TABLE 5: BUFFERS USED IN FERMENTATION AND HARVESTING

Step Procedure Component Typical Typical
Function Componaent Component
Range
Cell inoculum Wash with
preparation in PBS prior to
flasks trypsinization Cell Potassium 0.1-0.3
Electrolyte Chloride al/l
Balance
Cell Potassium 0.1-0.3 g/1
Electrolyte Phosphate,
Balance monobasic
Ionic Sodium 6-10 g/1
Strength Chloride
Buffer Sodium 0.5-2 g/l
Phosphate,
dibasic
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pressure and feed
flow rate.

concentrations, transfer point, no
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count, sample
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Production Microscope Normal cell growth
bioreactor observation, and morphology on
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concentrations, prior to infection,
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volume to be
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column volume and
feed pressure
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1. Bead to Bead Transfer from Seed Bioreactor to Pr oducti on

Bi or eact or A. 293 Cell Inoculum Preparation for Seed Bioreactor 1.
Scal e-up fromvial to T75 fl ask A frozen vial of the 293 cell |ine
cont ai ni W 28/33886al of 2 x 10[err] cells was thawed in a 3¥¢EHUsIBCINAt er
bath. The cells were washed with 10 At of Medi um 1. The washed cells were

resuspdr ' g——vut cnk
tissue m%dr%hfdﬁfgs{t(ﬁﬁ 75)|.c %1 ;:EEEEESE%E{ ac | ﬁ?:El t or _

37[errliCwith a 5% CO err] Iq&%%éerfgo@,n ge un 190%| Thi s
was pagsage 1 of the cul t”f‘etentate and?2: %’ & ‘7% 1aﬂlnfure to

T500 Fljask Using traH<RStoraaat i on i_gg ture rleached

a conf ljuency | evel of 90% |15]¢é§y,ﬁ% d@ggenegté hi g relygutr €ul turfe was

trypsinized in the fol |l ow|ngmpeurelne 30 M ( bas_,upeﬁ:m‘ 8Pk« I um was
renmovedq fromthe flask. Ajvolune of 10 m of CVH-dBR1G mogegﬁggdphosphate

bufferdd saline w thout cdlciumchloride and w tjlgopse ,magnesi um chl orfi de)
was usqdlitrafdhrradtd oaul t Jiobseifia®Gen aA8 SUPE! el pENEshES Was T gnoved
fromtHe flask. Two m of | HoftkAS5YrCcrade trypsi rgnejutlg Bo83cM EDRA-|4Na)
solutidn was added to the |fdrasisurthanéll ask was Mpeed se@eipatatdree solfution
covered the entire culturé¢ =mehtaece The cel | s ddtzarhad hbenekds=d | adk
surfacdawithin five m nutgtenrperaturef Medi um 1 [Ba¥cadded to the fl gsk

i mredi dtRilnalaffiiditriatte ooel || Obdetraaltddnf anth t he s|yiffeadeprébeuegel I susdensi on
was control of feed 22 cqrhoulldgadtaexd&Ed 7 dm f or
ten mrutes _at anbient ter € with the bredbar The supernatant jwas
renoved. The cells were resuspended in five m of Medium 1. The cell
suspensi on was transferred to a sterlle bottle with 200 m of Medium 1. The
200 M TEHI sUBRE S - Bigndactorshe cul ture flask
(T500) . Tﬁ@d{u@ﬂ&qlmdﬁ@%&_@() was aI I ovved to equilibrate between chanbers
bef ore pl .L‘. iha orlzontal posH‘,lon in the incubator. The culture was
pl aced i rf*arfHhe o Ereparation fen, Sead.Biorgagkerbhere and a

humidity |evel. MWWE cul ture.

A frozen vial of the 293 cell line containing a total
of 2 x 107 cells was thawed in a 37°C water bath. The cells
were washed with 10 ml of Medium 1. The washed cells were
resuspended in a total volume of 30 ml of Medium 1 and placed

in a 75 cm? tigssue culture flask (T75). The culture was
placed in an incubator at 37°C with a 5% COy atmosphere and a

humidity level of 100%. This was passage 1 of the culture.

2. Scale-up from T75 Culture to TS500 Flask Using
Trypsinization

The T75 culture reached a confluency level of 90% in
three days. At this time the T75 culture was trypsinized in
the following manner. The 30 ml of supernatant medium was
removed from the flask. A volume of 10 ml of CMF-PBS
(Dulbecco's phosphate buffered saline without calcium chloride
and without magnesium chloride) was used to wash the culture
surface. The supernatant CMF-PBS was removed from the flask.
Two ml of TE {0.05% crude trypsin with 0.53 mM EDTA-4Na)
solution was added to the flask. The flask was moved so that
the solution covered the entire culture surface. The cells
detached from the flask surface within five minutes. Ten ml
of Medium 1 was added to the flask immediately after the cells
detached from the surface. The cell suspension was




3. Scal e-up and Passagi ng of T500 Cul ture Using

Trypsini zati on The T500 culture reached a confluency |evel of 90%in
four dayWo®B3ssée fourth day, the T500 cul ture was trypsipgTasds/ednd:
scaled-up in the foll ow ng manner. T supernatant nmedi um was di scar ded.
The culture surface was washed with 25 nj of CM~PBS, A volune of 25 m of
TE was &ddifraqee oY 2900 PRl 5D N URRFed tsBMPHERT tHRIPFEASHEEL | on

cover ed waldh tth{ee&)ﬁe’akﬁr sTak supéthigrsnk fvaee rembbredcel tise ctﬁ;ﬂ@%rér omthe
flask surface w ter, the.cells,detached, 50 of -

Vedr um EeREDaids g EiFer Paopt Madi b1 ¢ e rrLl cR AR st att eq wi th
t he nediumnsfemmadda ke steaske Hdnetles:ulﬁmmommﬂ.l of uMgxtnsn dn wakepour ed

o & 200 NI AL SRS LEUAE Bt ALEs NS SBb sPere il Lehed Y

centrifugati on at m nu esa eraturé with the
br ake. Hup&@atdant T%Gslélg%drd@dthe 'Iﬂ”ﬁé)ocedalssaﬁ\/b@eedetsuspended in5to

15 m  ofe iBdi iHPale -Bé%w%%hl cﬁ%ﬁ???é']&éfdﬁ@é pq'a%%ﬁantm@o& }{Hr:](z%%),am per new

T500 flas of Medium 1 suspensi on was m xed unme of 200 m
of the RIYiERHARsIHE w§u§aa@a t TR ldlurRoRS TBHRCEd 49k S8 The | i qui d
| evel i nireaddatfdmsic \BFSCavioved 5% mgjlaltmtmsa!herbeanéean loimirdigrys bef ore

pl acenent in a rizontal .position int ato The split ratio for
this pag“seé’gfg \%J;%f)o} T&k&gm%s&%%%@%e; "I‘g’r:é‘r uﬂ1 F¥Sas passaged in this -
manner for passages 4 through 13. At passage 14, four T500 cultures were
trypsinized in4the ngnRer Hgl gﬁ@ gggggg ;lﬂegfgslgosegggﬂg% q@i%\fre pool ed and
pl aced in a bottl I 23
suspensi on was addednvesindgagieni err] CELL FACTORY (CF) tissue culture
[lask. The L1k h3eel clilchie {Ladfhos Al lBTLEACCAMLVLDIA S oRetHeen

chanbers_before placenment in a horizontal position in the incubator.

4. Scalf@up S -PasBaghsgierrdr fayrACeRES 00 sylBure was culture
flask CldyH8nized andTQ@aiEdCﬁ'ﬂ)tiﬁetH@GE‘JlQ%vﬁﬁgSQS(hﬁ@ﬁf| ulmcy |l evel in

(I ee daci e Siybelm el onphes per{or R Lty Lie ol gw ngmner Tor
cul t ur e veagHeal @8 ke S nﬂsbedCMFt-PB§DO z(*xfolujx&O)afntsaﬁl QfF--1#BwasAft er the
vas Toveael St d Fekeol TR oht 40y P TBXER SP PRE" OO Sfbs. After the
cel | s deaclotddrf rmvieried glilf abee;eSD@yems off Mediture lswafacridedheo t he CF.

The CF v@s 1OVRE R0 dd @t ochNendee 88k lsurface within five minutes.

After the cells detached, 50 ml of Medium 1 was added to the

flask. All of the surfaces were contacted with the medium by

moving the flask. The resultant cell suspension was poured

into a 200 ml conical centrifuge bottle. The cells were

pelleted by centrifugation at 1000 rpm for ten minutes at

ambient temperature with the brake. The supernatant was

discarded. The cells were resuspended in S5 to 15 ml of Medium

l; The cell suspension was placed in 800 ml (200 ml per new

T500 flask) of Medium 1. The cell suspension was mixed. A

volume of 200 ml of the cell suspension was added to each of

four T500 flasks. The liquid level in each flask was allowed

to equilibrate between chambers before placement in a

horizontal position in the incubator. The split ratio for

this passage was 1:4. This was passage 3. The culture was

passaged in this manner for passages 4 through 13. At passage

14, four T500 cultures were trypsinized in the manner given

above. The cell suspensions were pooled and placed in a

bottle containing 1.5 liters of Medium 1. This cell

. e e 10—



contacted each of the surfaces. The resultant cell suspension was
aliquotted into four, 250 mM conical centrifuge bottles. The cells were
pel | et ed WO 9883886 f ugati on at 1000 rpmefor ten m nutes wi PRTUSSMPHKe on.
The supernatant nmedi umwas di scarded fromeach centriflge bottle. In each
centrifugeshotdish wde Eg&iéds BT F0DDUSRENdEILI FAGIORY of ((Wditdssie The
celI's suspensions were d, In:éf one centrhf td18.owbiRe thhr ee

r emai ni n@uéé‘lﬁ?lﬂ@%kboﬁ ‘°e B eviRda Wi fR%aR a i tional 5-10 m of
Medi um lewhi Eimmase assiasedrn dienpnal e foalel pdacpent o arkoyigeptal
suspensi on was split, .equall nong six bottles containing 1.5 liters of

Medi um 1POBAERCBF 1T hER %l’fpﬁl}%aﬁ?ﬁ er cell suspensions was added to a CF. The
liquid level of each CF was allowed to equilibrate anmong t the chanbers

before the CF was pl 8689eifnaahe PZQHAnPas (GpDD FACTORY | r. The
cul ture was passaged N e same, man errfsor passage 16. Passagi ng

data are prOV| ded i ncwhpugezflask Cultures TABLE 7: PASSAG NG DATA
Passage Pareﬂea&@@@%@@éwd arSmeoEtsaaanaeaqm@mn three
Days Leve Fl as age 3
goty ) days.yj §he trypsinizgtion was pertorm %F 38€the follow:]I babl e 2
3 manne?0£88%assagel18. T70he 1.5 Liceks00f Medium 1 was drained
34 3 from £he; 3 culture, nggOf)u ure fur%s-rggge washél X\u—E%OO 4
90% 500 (+¥—Xlﬁﬁ®0ml of 6MR-FBS0 @fter the washg 250 (+/- 50)85@6
i § ¥288C§ZTE soﬁullog yas added to Eﬁ% CF culture. 70@hi_CF was me?e? ¥288 o
4 so tha%%the TE solumlgnnggered eacl of;ie; gurtaces. Aftf

95% a £8o% TRAOsddface, 500 ml 3f Medium 1 wak0%
1 x T500 the ceélé %ggclfg © 4 hat %?1;%/0 um 1 1 x T500
6 x T500 acRled to the CF4 The CF was,geyed so tha %ggb 6 x T500 14

gOW conté%%éd cach of theXsh®@Aces. ThE€Rrddltant cell s@spension
0

1 CF was ajﬁl%lo(ﬁied into %o‘% Z%gr@%ara 1 oG Fu?ﬁo%%tllﬁ%/f rom CELL

FACTORY] efid cells were pelfliex®de byukenteifhgakiaulatulds Ot BPRhEOBRRR
minutes with the brake on. The supernatant medium was
discarded from each centrifuge bottle. In each centrifuge
bottle, the cells were resuspended in 5 ml of Medium 1. The
cells suspensions were pooled into one centrifuge bottle. The
three remaining centrifuge bottles were washed with an
additional 5-10 ml of Medium 1 which was added to the pooled
cell suspension. This cell suspension was split equally among
six bottles containing 1.5 liters of Medium 1. Each of the
six 1.5 liter cell suspensions was added to a CF. The liquid
level of each CF was allowed to equilibrate among the chambers
before the CF was placed in a horizontal position in the
incubator. The culture was passaged in the same manner for

passage 16.

Passaging data are provided in Table 7.

P

TABLE 7: PASSAGING DATA

Passage Culture Time |Confluency Source Flask| Recipient
(Days) Level at Flask
Passage
1 3 not vial T75
applicable :
2 3 90-95% 1 x T75 1 x T500
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Immediately after the cells detached from the surface 500 ml

of Medium 1 was added to the CF.

suspension was aliquotted into four,

bottles.

The CF was moved so that the
Medium 1 contacted each of the surfaces. The resultant cell
250 ml conical centrifuge

The cells were pelleted by centrifugation at 1000

rpm for ten minutes at ambient temperature with the brake on.

The supernatant medium was discarded from each centrifuge

bottle.

in 5 ml of Medium 1.

one centrifuge bottle.

In each centrifuge bottle,

the cells were resuspended
The cells suspensions were pooled into

The remaining three centrifuge bottles

were washed with an additional 5-10 ml of Medium 1 which was

added to the pooled cell suspension.

The cell suspensions

from each of the four centrifuge bottles were then pooled

together, yielding a total volume of 50-100 ml.

An

additional

volume of Medium 1 was added to bring the total volume to 1000

ml.

This was the cell inoculum.

The total amount of cells in

the cell inoculum was 2.88 x 102 total cells and 2.84 x 109




liter flask at 121[err]C for three and a half hours on a liquids cycle. The
sterilized Cytodex 3 batch was used the next day for the 30 L Seed

Bi oreact W0 98/338% (On the day of the Ggtodex 3 addition t®BCT/usesa®oi1 Seed
Bi oreactor the follow ng actions were perforned. The supernatant CM--PBS
was hdec amﬁmllé ragishe fihee 10i00emlf bﬁsdxel Thineaudrunc avarsi eraskfieryedasowashed
W t two, | iter of di ALt roLge; was Is 1 S o the
flask toratFhy J%%%ﬁglgk flaFE lX@E&ia&QPfgﬂk)ﬁﬁg ara??gﬁ£of t he 30
L Seed mw@duweactor wh1il¢é1 SOnEaSeedl Bi ek twolupe off é8nﬂatﬁéel of -
spinfilt | £ane t 141 reactor was sterilized
for fi fthgé(#%ﬁtgs at cltzsilpgror%] %9%%}3%;& %yﬁg%l%%ﬂfrol@f%S cell inoculation, the
30 L Seed Bioreactor was filled with 18 liters of Medium 1. The two liters
contai ni ngg 66 Oy MifordaetOyt odex 3 microcarriers with Medium 1 sol ution

was added to the 30 I bioreactor, e 30, L Seed B 08360t QPerat Lo

26 TABLE 8: 30 SedSEFRMIeA@REACTOR OPERATI NG CONDI TI ONS
Oper ati ng Oondi tion
pH One bat:ch70§a 6% grams of Cytodex? f“lfrg%#g Er a‘f’ure

37[ err] Grepared in the Fpli®wenyg] Manbessol Teel &k \gyems of CyBO@(ex 3

20-140% %Pé?%%fér? rvf‘a%ggzllgced inabf‘{ve llter glggg |gﬁ9 2

Aerati on® |t t|on
70 rpm £lask. Two llteﬂ}-P@OCMEWPBSpWhthIQeQ ml of Tween 89Qwappm

10-100 rpfled. The mf%rocé?¥1hk§a%598 211493 Gl Iswe1n h&eaﬁglbngeed

Bi or eact or | s were propagated on the Cytodex 3
micr ocarF?’éP%rﬁ‘%‘Fr?lfxi%f cfeh)@ hPHésaE’Elﬁthb’E)"eYa{Hmﬁ:eéondlAtfltﬁﬁsthF-ﬁ the 30 L
Seed Bi 0§®@atlDfig dped v ! ine superpetantd ce-rastwedt dedahtkleffom the

flask leaving behind the Cytodex 3 microcarrier slurry. The
Cytodex 3 microcarrier slurry was washed with two liters of
CMF-PBS then resuspended in CMF-PBS to a total volume of two
liters. The batch of Cytodex 3 was autoclaved in the five
liter flask at 121°C for three and a half hours on a liquids
cycle. The sterilized Cytodex 3 batch was used the next day
for the 30 L Seed Bioreactor.

On the day of the Cytodex 3 addition to the 30 L Seed
Bioreactor the following actions were performed. The
supernatant CMF-PBS was decanted from the five liter flask.
The microcarrier slurry was washed with two liters of Medium
1. After the wash, Medium 1 was added to the flask to a final

volume of two liters.

2. Preparation of the 30 I, Seed Bioreactor

The 30 L Seed Bioreactor which contained a spinfilter
was cleaned and steam sanitized. The bioreactor was
sterilized for fifty minutes at 121°C. One day prior to 293
cell inoculation, the 30 L Seed Bioreactor was filled with 18
liters of Medium 1. The two liters containing 66 grams of the
Cytodex 3 microcarriers with Medium 1 solution was added to
the 30 L Bioreactor. The 30 L Seed Bioreactor operating
conditions are listed in Table 8.
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TABLE 9: OPERATI NG CONDI TIONS I N THE 30 L SEED BI OREACTOR Oper ati ng
Actual Range Tar get Condi ti on Tenperature

37- 37. 1] ewp]o8I33886 37[err]C pH 7. BctrSesioosia

7.3 Dissolved Oxygen 28-100% 26 30% Pressure

0.1 bar 0.1 bar Aeration Overlay 200 | ph

200 | ph Agitation 67-94 rpm 67-94 rpm Spinfilter
69-87 rpMoagre 8-
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8% werle i N aggnRpet £8no0f t mcrocarriers as deferm ned by exam nation of

a sanpfe_unader € M CrOSCOPEE_at _I0UX magnificatfon, Results are provided
in TablEH 10 TARLE 10: A3 TS EROM M CROSCOPL - ExZApMEON THE EL ETH OAY
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Bl Perc

10-50 Dissolved Oxygen 30% enpt y cells/ 20-140% cells/mcrocaryr
cel | s/ 506y BrelsaGakl | e o 14 gigearrier | $0.05-0.4 bar _ier_ 540
16% ) 7% 79 27 Bead to0 Bead

Tr ansfpRerabian gverlay 1.118¢ dpiy ation of (ytniAQO?QﬁﬁrlBharr|erq f

t he Agitation Production Eiegef&ﬁor One bapchogf ;go granms of

Cyt odeR—3 1M CrocarTrers was plepc ed—TTIT the IUITO’ C SE
grams lo$piaviidder 3 nicrocarr @8

volunme of 21.5 liters of CNF PBS mnth 2 0 n1 of Tmeen 80 was added The
mcrocarriers were afubi ens@E| R93 $ : PEECk or
After this swelling Bmsﬁg_ome super nat ant CIVF PBS was removed from the
carboy | eavi ng Bedi 2B tded 16y wedexpBopagabedron erhes [QyitogexTRe Cyt odex 3

m cr ocar Rierosauri§rsefomddiveddaveh 2Bhe | acurloforevRPRS cradifréenspended
i n CVF- PBB thBea3@ ok afeebBivresrtop furing this time period are listed

in Table 9
TABLE 9: OPERATING CONDITIONS IN THE 30 L SE§97B£9RE§EEOR
Operating Actual Range Target
Condition
Temperature 37-37.1°C 37°C
pH 7.2-7.6 7.3
Dissolved Oxygen 28-100% 30%
Pressure 0.1 bar 0.1 bar
Aeration Overlay 200 1ph 200 1lph
Agitation 67-94 rpm 67-94 rpm
Spinfilter 69-87 rpm 69-87 rpm

On the fifth day of cultivation, 54% of the
microcarrier population contained greater than 50

cells/microcarrier,

cells,

38% contained 1-25 cells,
and 8% were in aggregates of two microcarriers as

8% contained no

determined by examination of a sample under the microscope at

100X magnification.

TABLE 10:

Results are provided in Table 10.

RESULTS FROM MICROSCOPIC EXAM ON THE FIFTH DAY OF

CULTIVATION OF 293 CELLS ON CYTODEX 3 MICROCARRIFRS IN THE 30L

BIOREACTOR

Percentage of Total Microcarrier Population
>50 10-50 1-10 empty
cells/ cells/microcarr { cells/microcarr | microcarrier
microcarrier ier ier
54% 16% 17% 7%




The 200 L bioreactor which contained a spinfilter was cleaned and steam
sanitized. The 20 liter Cytodex 3 mcrocarrier slurry was transferred to

t he bi or waxasiss8ssFi ve |liters of CVF-PB$H was used to wash R@T/USIS0®OL ||t er
carboy and transferred to the bioreactor. The bioreactor was sterilized for
50 minutes at 123[err]C. The bioreactor was maintained at 4[err]C

over ni ght _TheB%%_ét gageaé@réﬂ%@gﬁ b cMadigm 1 was added to the 200 L

bi oreactor carrier ut ron was agltated at 90 mfor ten
mnutes in thelbl or Exeparation b|QOoRYs 3LRACEAEARBI ers by

w thdrawi ng |iquid tgiaughibhersotdddddyer. An additional 110 liters of
medi um 1 was added to the 200 L bioreactor. .The_microcarrier solution was

agitated at 90 qn@mbPGth eh ﬁ??lﬁ%"é“% Rt F¥EBABK eAPHTEOTHE ML Shas

br ought leintae "
Nedi im Fi%m LA 5% IcheeEs1 Dywithg hekiraiirng Thauitdot franghot ey et i3 ter.

s added to the bioreactor t.q.b th I '
bi or eac RO EHEALSNY2EoRUFE FON? \ﬂarfxte&ézéf'[ H‘égg&g?%%o}lfjgefg&oe%%% ders. The
$ABLE Bh.s ﬁtailéAG“EORmGPE@AHNG LONBATbENSween 8Qpeasmtadded. The
3$r g?t 1[%%({9&171‘181‘8 were g@fg‘gfd tﬁ E%E‘q.l k.:og.mgggﬁerééﬂtg&ature for
7.1-7.4 T¥ $snineed @frgenthis s@Oing perlod the suggmqgﬁma¢yQM§ﬂﬁﬁ§

(2) 5 é Ob ?L A aﬁg | J{emoved £r3n0end: éaPBtBOy pf'éaﬁ‘ztln%n beMehEa¥he Cytc?&&@ 3 p h

60- 100 rpigrocarrier slggrypo Then Cytodex 3 mlcrocarrler slunp aPI nfil ter

lggdzg?odgaé%g%ﬁﬂrp%bll%%gt 8k M@S—ﬁmtd;%eho rféeﬁﬁpuﬁdéﬂem neNEH PBS f rom the
sini zation of the Seed Bioreactor Culture
On the f§9td EREALVEWE Pht ?Bnﬁ'f'e’{*ﬁe 293 cells on the Cytodex 3

?e(r:L%C::urjl g;lsc fre jét)\ﬁf)ala_l, mfb?adtbfgmi(ﬂf qunreddescawapiptiivenedas The

per f usi ngtoane t@i %ﬁ%aswegfiﬁh iz :aulﬁ% %Of)rkﬂf(é%l Egﬁgd%g?mr ﬁﬂ?geﬂs%g t he
spinfil txeicmctdnrmmnﬁmy aer bmenofernasl wee thef bipgearterr s Five per fusi on

was cont W ¢ 2 g ‘éfa%l grgggggé' %33" Futd t}?l‘:ér %'ésig?eefaégr}gcf)y Zathdit ers

per mnu rfh a constant tor vol une of liters. This duced
t he serutrramslf@alteﬂmn |theebdorgacher: The blo”eaCtOI was sterl ilzeg

for 50 minutes at 123°C. The bioreactor was maintained at 4°C

overnight. The next day, 120 liters of Medium 1 was added to
the 200 L bioreactor. The microcarrier solution was agitated
at 90 rpm for ten minutes in the bioreactor. The volume was
brought down to 55 liters by withdrawing liquid through the
spinfilter. An additional 110 liters of medium 1 was added to
the 200 L bioreactor. The microcarrier solution was agitated
at 90 rpm for ten minutes in the bioreactor. The volume was
brought down to 55 liters by withdrawing liquid through the
spinfilter. Medium 1 was added to the bioreactor to bring the
volume to 125 liters. The bioreactor's operating conditions

were set according to Table 11.

TABLE 11: BIOREACTOR OPERATING CONDITIONS
Operating Target Actual Range
Condition

Temperature 37-37.1°C 36-38°C

pH 7.3 7.1-7.4
Dissolved Oxygen 30% 20-100%
Pressure 0.1 bar 0.05-0.5 bar
Aeration Overlay 2500 1lph 2500 lph
Agitation 50-90 rpm 50-90 rpm
Spinfilter 60-100 rpm 60-100 rpm




Medium 3 contained disodium ethyl enedi am netetraacetate di hydrate
(EDTA) which chel ates divalent cations such as magnesium and calcium
A third wowsdsssef perfusion was performed using 33 |iteegngésddbdi um 2
whi ch was designed to further reduce the serumand calciumlevels and to
reduce the concentration of EDTA in the nedium At this point, the
medi um was wi t hdrawn through the spinfilter to reduce the total culture

volume to 15.5 Ipeerspo 1A i i8h 43Q0r8acbrawasS%ddaipsts seluiven vas
added to the bioreactor in one nminute. By mcroscopic observation, eight

mi nut es difterinogd &H‘dﬁFP‘Bnth%fse%é’loFP?ﬁ PR- solution, 90% of the

cells had detached fromthe mcrocarriers. At this poi nt, four liters of

serum was addedzto t he blsoreactor tt gd thglIef r'gonutce to inhibit the

action of trypsin an%#%@%%ﬁ%%% transfer

procedure to thenPtheutifon diwrefactdtivatioe ¢f Wisi i98ededdls| snante

m crocarr/ r t ; t h oduc sure.
odex""% crr%gétzlg%ézglggh?hé Segé 98 Heg g @;rgfx‘é%&# grg%éﬁgﬁﬁé

The trans Was “aChi eve ransf er,
five |i tev@ aferifiodine. 1 Was satdad angl tdaé-@gl@d lBV@l%a@fothasmadiMShnand

transferrgd t&lk%%epwe%%l 2 eact%éﬁ@%g%s% PEESPll s ofOMeaLig at

conditions of the seed urin the bead-bead transfer
procedur @ Bakeppévideliters dpge mnute ‘15112@ trapispipfilteppptidh NeS

CONDI Tl O\é%ﬂgiaﬂﬂE §E§Pe£&tEBEAQ'5%e of 20 DDJBEB& THE BiAPuBESR TRAMSFER
PROCEDURE

er Act_yal nge
Condi ti orf qét gn "% liters pf Medium 3 "aeeg perf%?f%?rf?:é%l—iof 2
7.2-7.5 liters per mInBt@l sdehved Espgeant bioP8abB8s volume of 2030%
Pressure .. 0. 1.bar

200 | ph liters. Thlszoﬁe?u%edAgtl;k%eats%lﬁmn ané) ca{)@_{ux% igﬁé?g 96%{:{1@¥
89-94 rpi¥eSpiunf i | Ber contained  @ERAUPM ethylenedlan&mtrrpﬁpetatec.

Cul tivati rh ate 293eptR) | %ﬁxl'c@l %ﬁgl;e? laivBReHHCt Qi ons  suchBi gkeact or

Before In were _propagated on the
Cyt odex nﬁgqﬁséﬂ@baﬁnﬁer%akcdﬁﬂ%l x dhyschirthergedial ofopateatiugg oBonRsi ons

in the 2Q8bdsd2mRAUGldioRy Bioreacdr Slundivmizs Whith PRas Odedigned i gbed in

Table 13. further reduce the serum and calcium levels and to reduce the
concentration of EDTA in the medium. At this point, the
medium was withdrawn through the spinfilter to reduce the
total culture volume to 15.5 liters. A volume of 480 ml of a
2.5% trypsin solution was added to the bioreactor in one
minute. By microscopic observation, eight minutes after the
addition of the trypsin solution, 90% of the cells had
detached from the microcarriers. At this point, four liters
of serum was added to the bioreactor in two and a half minutes
to inhibit the action of trypsin and to protect the cells from
shear during the transfer procedure to the Production
Bioreactor. The trypsinized cells and microcarriers were
transferred to the Production Bioreactor by pressure. The
transfer was achieved in eight minutes. Immediately aftexr the
transfer, five liters of Medium 1 was added to the Seed
Bioreactor as a flush and transferred to the Production
Bioreactor by pressure. Operating conditions of the seed
bioreactor during the bead-bead transfer procedure are

provided in table 12.
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Tabl e 13: OPERATI NG CONDI TIONS IN THE 200 .L PRODUCTI ON

Bl OREACTOR Oper ati ng Actual Range Tar get
Condi t i orwd®espIesat ur e 37-37 ,, 8[err]C pPCIA{ses/oobii pH
7.2-7.5 7.3 Dissol ved Oxygen 43-160% 30%

Pressuremagre 12: oBERRTRAG conpITrOoNs OF bRE AEED | BIORENITOR

2500 | ph 2500 Eph Agi tatiaon 88 %
69- 74 rpm -Spi-nii IDLE%ING TH B& '.l:RANSFER PR E %_:%pﬂ*——__‘ A
t ot al B I\/E&r"tfﬁ‘laf- \A&?“{S’@rfused fronta W% our thrlough
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decr edeiggolvued Qxygen/od ax 2802 %\ 0l (percent-o 3 i : o)

per mmi|REeSIWEO decrease/ni hl-teb@hed 1 65% minl8nldRErsiy Results
from nﬂ_@w&\@mﬂjn t hel 289 iph day of cult 209 18R of 203 calls
on Oyftagfiesatidn nicrocarrj erk89n94 hepr00 | bi or ea¢t88r94r EPBr avi ded in Thbl e
14. Spinfilter 86-87 rpm 30 TABFE711pMRESUI TS EROM
M CROSCOPI C EXAM ON THE SI XTH DAY OF CULTI VATI ON CF 293 CELLS ON CYTODEX
3 M CROCCARRI ERS | N THE 200

||+nrn rf ol

24 WS V,:B\vf&cu =2 unc. Ret—on day

Per cent ageCof TE - £ ogd =8N -1

1-10 Mﬁ@ﬁ' s/ cel sl

mcrocarriers mcrocarrier m crocarri er mi crocarrier

23% The5og93 cells wermy, propagated| nPBct FBR oFyFﬂée’2933Cel I's

\INQ t he ZﬁfictfogEQQtﬁﬁ&éoﬂor six daﬁéore&ﬁteoractuall opetheihyoreadtialonsl t ure
s inocuyl ated w viru iral _inocul.um had_begn ored

frozen at™ §BEefPPct P‘fﬂ? %c}lorfgc Ut He v'? ol t-‘lrrlnc“?cE?Ieurnggz %‘L'

thawed i nigtedatiar TApld 3. 20 25[err] C The total amount of virus added to
the tank was 1.1 x 1013 viral particles as nmeasured by the Resource Q
HPLC assay. The VI raI |nocul um was mxed and placed in a bottle wth one

liter of Mediabhel Y3203.0PERATPING COMREBIQNS g f1HEd260 ghcPROPRCEIAN vii t h
L- gl utam ne and sodi um BIOREACTOR
Operating Actual Range Target
Condition
Temperature 37-37.8°C 37°C
pH 7.2-7.5 7.3
Dissolved Oxygen 43-160% 30%
Pressure 0.08 bar 0.1 bar
Aeration Overlay 2500 lph 2500 lph
| Agitation 69-74 rpm 69-74 rpm
Spinfilter 71-80 rpm 71-80 rpm

A total volume of 115 liters of Medium 1 was perfused
from days four through six. The rates were as follows; 24
liters was perfused in one hour on day four, 40 liters was
perfused in one hour on day five, and 50 liters was perfused
in one hour on day six. The oxygen uptake rate measured as
the decrease of the dissolved oxygen level (percent of air
saturation, % DO) per minute (% DO decrease/min) reached
1.65%/min on day six. Results from microscopic exam on the
sixth day of cultivation of 293 cells on Cytodex 3
microcarriers in the 200 L bioreactor are provided in Table
14.




bi carbonate (3.7 g/l)). The viral solution was filtered through a Cel man
Maxi Culture Capsule into a sterile five liter addition flask. The viral
suspensi qfp ygzggdded to the 200 L Production Bioreactor githeosidsy! €

connections made via the tubing weldgy. Production bioreactor operating

conditions after infection are provided in Table 15. TABLE 15:

PRODUCT| CABBEOREACTRESOPERARONGMTORDEGOEINS MEAMRN THE STFECIAONOFE

?per ati pgy crvarron of %S48 B8 cyropex 3 MrcKY 558"
enperature ST1T-9o1. -

7.08-7.23 7.4 Di ssollvBACKEACEOR 20- 73% 30%

Pr essjur e Percentad8 dfaTotal Microcarried HupulAehah on Overl ay

2500 [»hso 2b0%d ph Agit at 1jon-10 ;T pm

69- 74 ¢pmSpi nfilter cells/ 71- 8( dgis/ mi Qarrgrﬂars

Thr eg} Mbyso@dteirer nf edtmidrod@¥ielr t hd miicriceaattieers |did not have atthched

cell sf angl the oxygen um3ake rate neaduwsed was 0.53% maig he total

i nfected cell concentration present 1n the supernatant broth was 1.0 x 106
cells/m. The total volune in the bioreactor was 162 liters. The

bi or eact obD. Inf8dtiomsofarbhest29B aCelhss it nehe 2B0 1. Rerodecyidder ati ons

A vol une of 40§ f the harvest recovery buffer was prepared and
filtered throu Bibtigs IOUItlpor N66 (0.2 micron pore size) and aliquotted

into sterile véssebsorendtny fopllitunengasmimerulafimdewishi yuots of @40 liters,

130 |It%I’S, T8R4, 90411 5&%%‘3@#?%%?%88}%8 f’P& & ZYeclitgrs was used

for the bioreactor was unm o eratlon The 130
liter aMPduese @bsidsel furthey viielmieeerlwms eﬁ"l?on waph&nggegj ieraal i quot was

]tgt i1 Zﬁ@a@e&l Bathhgr upgradad. tr @héoeo@épceaia?&xat ofdlr‘ruusssaaéat £ONc1é Oﬁl I's
flrlcj)lmdltzga‘nl\%c{ffg%:ir ers]téjl?edg&ﬁq Bagt;:ca}g;%sl §‘|Eﬁzqeﬁ"1r§ﬁ P@' $OR sodi um e
hydr oxi #@soufcé- Qi HPLOGswss.comhectreédal inoculum was mixed and

placed in a bottle with one liter of Medium 4 (293-1-R07

Dulbecco's modified Eagle's medium with L-glutamine and sodium

bicarbonate (3.7 g/l)). The viral solution was filtered

through a Gelman Maxi Culture Capsule into a sterile five

liter addition flask. The viral suspension was added to the

200 L Production Bioreactor with sterile connections made via

the tubing welder. Production bioreactor operating conditions

after infection are provided in Table 15.

TABLE 15: PRODUCTION BIOREACTOR OPERATING CONDITIONS AFTER

INFECTION

Operating Actual Range Target

Condition
Temperature 37-37.8°C 37°C
PH 7.08-7.23 7.4
Dissolved Oxygen 20-73% 30%
Pressure 0.08 bar 0.1 bar
Aeration Overlay 2500 lph 2500 lph
 Agitation 69-74 rpm 69-74 rpm
Spinfilter 71-80 rpm 71-80 rpm

Three days after infection, 89% of the microcarriers
did not have attached cells and the oxygen uptake rate
measured was 0.53%/min. The total infected cell concentration
present in the supernatant broth was 1.0 x 10%® cells/ml. The

total volume in the bioreactor was 162 liters. The bioreactor




to the harvest port of the bioreactor. On one side of the T- fitting, a
sanitary hose (15.9 nmid) and valve were connected to the fluidized bed
col um. AV@E§3388@l ti c punp was placed (9n this |ine (Wat sorRCMiIsSIsmastibdel
604S). The second side of the T-fitting was connected to a sanitary hose
(15. 9 mpddhanedstaldvat eadsngihe.t he buffer tank. The outlet of the
fluidized bed colum, through which the broth containing cells and virus
passed, was connected to a tank used as the mcrofiltration recirculation
vessel . E.  ReEgovenyvt Ppkrakiong bi oreact or was passed through the

fluidized bed gl [ h@Rgf]iltéJ:QW)f aglfe Yardredt! bGP R FUL €. The
flowrate was contro eg wth the peristaltic punp. Agitation was
mai nt ai reas iprepards @nshdidterpdebhronglyisaddt FLteertni66atli%ess t han 100

liters the s hdid t8zaanluaNEdudtfea WD IHtR AT 0a6EQTs VDA Wi Was | ess
than 30-liters, the agitator was turned off. Af&er t he g#’@reactor contents

ver e pr oLk Rt MaReT he TREBR IR 2 2EUDEY Aol2hth 11EREShI OF BatttitSvas washed
vviht h 9g éﬂha es-]gos P%téw wge&ge pelépaeé&. bUf‘lie@rvoldeefS o\ﬁﬁahomﬁeﬁ:@lwﬁas processed
t hrough t he ui di.zed .bed colum. At the end.of. t.he .process, the
mcrocar‘ﬁ%‘?s%‘?rerﬁ?en c’lrﬁaf:g@rf?’ﬁ? i?’é% %%%&Wegn%eée?%lmcarded. Dat a
are provopethtiiomablmel@30 liter aliquot was used during the

32
TABLE 16,; DAJA FROU A FLULZED SED.OCLLIM CPERATLONTLAE aglywtan) Fl ow

Rat e ( rs per
Broth wultrafiltration pirogesy. processed

(liters) 0 9.8 0 Start 10
2.9 20 60 2.9 , X 16%1 70
2.9 F.  Sepagpption of geldsgfirom,the Microcarriers using the

of harvest Fluidized Bed Column recovery

buf f er Y . . t o bi oreactor

100 TthQ}uldlzed bed w§§3san1tlzeqqqﬁ%ﬂg a cau@Flc

M crofil$shitisn of0 thel Modiasahyteoxtday i fizedrifiattting was conndgsedig t he
oot edpgeble i BRERNSHLeEL BotanuElanee o one sibESAHTBIL
t he fl ui flizethded csAnimaryhioseadl18l. Srivhj &) and valve were connected
to the fluidized bed column. A peristaltic pump was placed on
this line (Watson Marlow Model 604S). The second side of the
T-fitting was connected to a sanitary hose (15.9 mm id) and
valve leading to the buffer tank. The outlet of the fluidized
bed column, through which the broth containing cells and virus
passed, was connected to a tank used as the microfiltration
recirculation vessel. '

The broth from the bioreactor was passed through the
fluidized bed column at a target flow rate of 2-3 liters per
minute. The flow rate was controlled with the peristaltic
pump. Agitation was maintained in the bioreactor. When the

bioreactor volume was less than 100 liters the spin filter was

turned off. When the bioreactor volume was less than 30

liters, the agitator was turned off. After the bioreactor

contents were processed through the fluidized bed column, the
bioreactor was washed with 90 liters of harvest recovery %
buffer. This wash material was processed through the
fluidized bed column. At the end of the process, the
microcarriers remained in the fluidized bed column and were

discarded. Data are provided in Table 16.
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of the mcrocarriers and contained cells and virus. During the
mcrofiltration step, the cells were |lysed due to the shear rate used, the

broth wasygbgiskd ed of debris larger than 0.65 mcrons %&WI dual
err

nucleic acids fromthe lysed cells di gested by BENZ

endonucl ease (e.g., 0.5 mnillion units per 200 L batch), an enzymatic

pr epar ati on. The mcrofiltration unit was a Prostak system
(MI11ipore). i l . < al j

hydr ophi-tic N e e St erjof
54 sqUFiae e 219 F ' i t
were donnected to the | ‘di%%%| &8 i oy ' ' whi ch
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25-35[ferr]C. Wien the Broth 2f.8eding ijnto t hd6Prost ak | dddedd LédaEsd to
a volUme of 10 to 30fliters in the nilcrofiltration red% &@FIESén vesspel ,
50 Ifiters of the harVest recovery bufifer was added tq Iier?%‘,’\?éé’s HEfezy

the microfiltration comtinued This Qf:p was-—r-abaat-ed 1’9"J¥ea§ﬁ85 Hhe
m croftiltratis®0contimbed untid-%the vol mmwn
recircul ati on vessel was reduced to 10 to 30 liters. At this tinme, 0.5
mllion units of, .er ] I fi
both in tH& ult 1 1L adt Ole OF LHR M+ SRR ST RECON =5t he
vessel were m xXggs i HENZONASE femdonumifease t he
ultrafiltration was started. Data are provided in Table 17. TABLE

17: DATA FROM LTRATI ON OPERATION Ti e Feed Permeate |nlet
Retentat Per nedbite stBrmting materfibdwforf tlewmtarofijdésetiieneprocess pressure

vol une Cg”{‘ﬁ%%ﬁk} hfrr)c{n?tt%e flﬁ%?&ééélﬁ%%qol(\ﬂ@@rthat %%S_éma@ifigaar)

va

processe‘ﬁa ‘ . _ , iters) O 9.6
0.17 of 180e micpF®mrriers grg contapngd cells @nd vigusg Duringg 278
664 tﬁ% ﬁchofﬁﬁé%atioﬂlégéf, the28811s webd lysed duélto thed6 36 9.6
0. 15 1230 249 55 98_50, _. 9.f6 0. :.ILG %225

244 sheay rate ugep ddhe bypth was clarified o debris’ largexr than

153 . 0Sb9pPmaBtons and the residual nucleic acids from the lysed

gf 0 cells was digested by BENZONASE™ endonuclease (e.g., 0.5 buffLLterS

million units per 200 L batch), an enzymatic preparation.

The microfiltration unit was a Prostak system
(Millipore). It contained a Durapore, 0.65 micron pore size,
hydrophilic, membrane (catalog number SK2P446EOC) with a
surface area of 54 square feet. The feed and retentate lines
of the Prostak filter unit were connected to the
microfiltration recirculation vessel which contained the
microcarrier-clarified broth from the fluidized bed column. A
line used to feed the harvest recovery buffer into the
microfiltration recirculation vessel was connected. The
permeate line from the Prostak unit was connected to the
ultrafiltration recirculation vessel. The temperature of the
broth was maintained in the range of 25-35°C. When the broth
feeding into the Prostak unit was reduced to a volume of 10 to
30 liters in the microfiltration recirculation vessel, 50
liters of the harvest recovery buffer was added to the vessel
and the microfiltration continued. This step was repeated
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and r kbt ent af &1¢% nes| HOVERE RSFEFEHT LRIt wer d B ﬁﬁg& ‘ﬁ“et Comelfts
ultrafiltraf afe recy euhat i qri™bessel .Prefﬁ§rﬁl Phtrag tpmcesser meate |ing
was cpanect d ‘ £ \/eg t-ai-a-ng—i-H °'"°ft eeovel Yy
buffefo(50 EFIS pddd 15 1#ﬂpsodi,ﬁﬁ¥hlnr16§3 2 nﬂj@nnneclnrnphlnridd
hexahydr at e, saad 2% su®r ose)l 8§ conhdt® ed t o §8e ul i1 afiltratilon
recirggpati ¢n . gesse] o.Mhen tihezal traf 23& rati dremet ent 4156 _vol ung_reached| 5
to 10| REtEerg,9.an addpiason off baolitefsanf the dmarvest |mecovery |buffer was
made ’”ébi L'ne UETTar bTfeal 1011 @S confpigied. T3y stepjwas repegt ed once
The u ha. - tyatTonwas COMtrmuedunf 1 the retent at € [Mgkune WiSsdogSsnd han
51to LB litgrs. Thelretentatje fromthe ultraffltrationl contai ndddaheo
conceptrated virus.{The retgntate wap coll ectied fromtihe Pelliclaicepst. | A
flushjof 3 tjo 6 liters of the harvest recovery buffer [was used jt€ col | e¢t
buffer
71 9.6 0.18 1250 268 541 176 Start
after
buffer
addition
81 9.6 0.18 1250 249 532 207
91 0 0 234 Stop and
add 50
liters
of
_ buffer
86 9.6 0.18 1250 253 522 237 Start
. after
buffer
. addition
102 9.6 0.18 1264 249 527 258
112 9.7 0.17 2284 249 524 286
118 299 Finish
H. Ultrafiltration of Broth to Concentrate the virus with

Diafiltration to Perform Buffer Exchange
The starting material for the ultrafiltration process

in the ultrafiltration recirculation vessel was the

BENZONASE™ endonuclease-treated,

microfiltration permeate.

Pellicon system (Millipore).

clarified broth from the

The ultrafiltration unit was a

It contained a 1 million nominal




all of the material fromPellicon unit. This flushed material was added to
the ultrafilter retentate broth. This was filtered through a MI1Ii pore,
Dur apor ewdass3sssi cron pore size filter (catal og nunber Cgqité&dBabedinto a
sterile bag. The material in the stessl e bag was stored frozen at
-80[err]C. Data are provided in Table 18. TABLE 18: DATA FROM AN
ULTRAFI EPRATROR OPERATE Gt Tofle, PellicmnodIr-aegenensbed ceRarkoreait e
Pgr meat ﬁlem(S%ﬂ)!ét Qéht?ibd;';ﬁﬁrﬁber( Wﬁf)iﬁlﬁc‘bS)pﬂﬁ%ﬁuéesurP&jeé Sak&a 09116"3%55

;
8 9 squgre feet. The feed apg petentate llnes19f5the Pe¥g¥pon 3.1

0.4 39%unit wereléodnectedOtd the ultdkafiltratiOndre8brculation 17.3 0.9
2déed 'vess%14 The uf%ggquggation peqmﬁqqgrligg was connqﬁggg to ag g

3.0 wasledvessel.StAartesdérrcontaining the harvest recovery buffer

buf fer l%idl tion 100

St op an(}50 mM Tris base, 150 mM sodium chloride, 2 mM magnesi added

buf f er chdpride hexaBy@rate, #nd 2% suckoge) was conrected tsithe after

?nger ultrfgl%tratlo% ﬁec1rcul%§%?n vess%% 4 When Flus%ed addi tion

unit - ultrpfiltragépnl rebprieaiie volume xeached gefp QI LERESi AIT75, T500

and CELth&GI@BYBer L 1icspe oflldny Qlafrlv@%lts reebGeei b Fed£dvd & iRt um 1 in
an i ncubat_or ié%erric 100% hum d| g:lua 504 err] at rmsEF)here

open op&P& | Bﬁs aipLtFrar Y ‘%%Stapﬁq ndéPi§ F%‘%a‘faé’f VeeatiSthr rovv)
hood. l\/bdjcum f Thesuanda £l fa toien werse mtﬁmuﬁaduhbimugﬂne aréhéatratmr on pore

si ze, PALL | pQr N66 I n-1d ef| t-er_installed e of the
bi oreactor w%g %?ﬁls er?l | zeld'tfegr SOLFErﬁSnE gg‘ﬁg Z%jexémﬁ

ot her a@@tradnétt@}:uhe touratnedrshawcageatirecrgdvaeaeh. usthy a steri I e
Erl enmeyek ehlatk WabkhoETOERMEDE 8F S dn Rl RR1MNbn"™ARit. A flush of 3

to 6 liters of the harvest recovery buffer was used td collect
all of the material from Pellicon unit. This flushed material
was added to the ultrafilter retentate broth. This was
filtered through a Millipore, Durapore, 0.45 micron pore size
filter (catalog number CVHL71PP3) into a sterile bag. The
material in the sterile bag was stored frozen at -80°C. Data

are provided in Table 18.

TABLE 18: DATA FROM AN ULTRAFILTRATION OPERATION

Time Flow rate Inlet Retentate Permeate
(minutes) (liters pressure pressure pressure Comments
per {bar) {bar) (bar)
minute) :
0 16.5 0.9 3.1 0.4 Start
5 16.5 0.9 3.1 0.4
39 17.3 0.9 3.1 0.4
86 17.3 0.9 3.1 0.4 Stop and
added
buffer
93 17.3 0.9 3.0 0.4 Start after
buffer
addition
100 Stop and
added
buffer
107 15.7 0.9 3.0 0.4 Start after
buffer
addition

B



aseptically connected between the bioreactor and the addition flask by a
buffers used in the recovery process were filtered
t hrough a¥0993388&r0on pore size, PALL Wdipor N66, in-IinePCT{5g/00911

tubing wel der. Al
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concentration of fromabout 0.05%to about 0.1% for 5 to 10 m nutes.

5. The nmethod of claim1l, wherein a virus capable of infecting the cells
i s added winps/3agsq d) . 6. The net hod of cl ai m Spemeses/gasithe Vi rus
i s added when the cells have become sabstantially confluent on the

m crocarriers. ) The nmethod of _claimb5 wherejin the virus
conpri sMﬂ—&d@h&ﬂ@—&ect or. THIS SHE®T HAS BEENTEt hod of claim 7
wherein the virus is ACN53. 9. The nerArodCBD claiim 1l wherein the
cells are 293 cells. he net hod of clarm 9_wherein the cefls

are incubated for fRoRPENPS ﬁolaaﬁlsltl"atlng ceils, ACHBRRBILADT t he
ts)e'E)a][ ati oc\hof thSLl sc{ﬁl@mg&pﬂ@qﬁ{é |C%r1%sgramw{g| @mrg{aeyat@tyeo@een cul tivated

u rom, whi c ave e ache | si in uci ng an aqueous
suspens F“&ﬁrSFaEEFFE 'i('\}%fcé:r‘%ﬁér &Th Fb‘%ﬁngﬁﬁl?ﬁ%étc‘? Separ at i on
devi ce, the devybge déﬁ@thﬁmquhe cells (fapmamhenheétrocarriergb) a col um;

(c) an ouh{_let far tge cot ectd on of cells an% %hg AQUEgUS sol ution; and
(d) a e QEFeJéﬁmOV\h%?el F ST ESEEF T 5?’? BRETAIed in suspensi on by
an upward flow(eh thédsepar atecondidateh arfdmdceocaraiaes; | and hepsanal Alind Replace:

device by a ne sc ?@ﬂ:ﬂ@{ I 1,qt:he and aqueous sol uti

col |l ected throzg?'u ngghY et il f%?'}:k%rnet hod of claim 1mﬂﬂamﬂﬂml III[
the aqueous suspension of cells and mcrocarriers further conpri

propagated in phe cehbSmethod of claim 1 wherein the step of

' detaching the cells from the first batch of microcarriers

comprises the following steps:

(a) washing the microcarriers and attached cells to
remove soluble materials;

(b) contacting the microcarriers and washed cells
with a chelating agent;

(c) removing the chelating agent;

(d) trypsinizing the cells for a short period to
detach the cells from the microcarriers; and

(e} neutralizing the trypsin by adding protein,

wherein (a)-(e) are conducted in a single cultivation vessel. |

3. The method of claim 2 wherein the chelating agent
is EDTA.

4. The method of claim 2 wherein the trypsin is used
in (d) at a concentration of from about 0.05% to about 0.1%
for 5 to 10 minutes.

5. The method of claim 1, wherein a virus capable of

infecting the cells is added during (4).
6. The method of claim 5 wherein the virus is added
when the cells have become substantially confluent on the

microcarriers.

7. The method of claim 5 wherein the virus comprises

R AR R O

an adenoviral vector.




13. The nmethod of claim 11, wherein the cells are 293 cells 14
The nmethod of claim 12, wherein the virus is an adenovirus.. 15

The met hW@9513386ai m 11, wherein the fhow rate in the seprHPSBMOUdyice is
about 1 to about 3 cmimin. 16. The method of claim 11, wherein

the cells and 38 [
_ _ aqueous nedi um
collected are subjected to mcrofiltration. 17.the nmet hod of

claim 16, wherein the mcrofiltration conprises a shear rate of

' > ) , out 200
-10,000 1/sec. 8.  The mé8hodhef nelaion Tofwheralm the WAEMEI ASt ﬁ@N%EWd fl gw
i s generated by punping the aqueous solution through the inlet, wherein the
inlet is situated at the bottomof the device and the qutlet i ituated at
the top of the9devi Ge method of 1@laimel yarSI ot &5 flarﬁhéPgin t he

col um qgng'ses an upper section and a | ower section, th [

n _ , e |l ower section

conpri si g about 20 to 50% of the volune of the colum and containing the
inlet. 20. The nethod of claim 19, wherein the | ower section is

coni cal . 10. 2hneThetneahed efaihad midreinhate wetlile argl e of the

| ower section is about. 15 to_abput 45 degrees. 22. A
the || borRRPRAFEY PrcrPRConEe] LS - A method for

11. A method for the separation of cells from
microcarriers on which they have been cultivated but from
which they have become detached, comprising introducing an
aqueous suspension of cells and microcarriers through an inlet
into a separation device, the device comprising:

(a) an inlet;

(b) a column;

(c) an outlet for the collection of cells and the
aqueous solution; and

(d) a mesh screen;
wherein the microcarriers are retained in suspension by an
upward flow in the separation device and are retained in the
separation device by a mesh screen, and wherein the cells and

aqueous solution are collected through the outlet.
12. The method of claim 11, wherein the aqueous
suspension of cells and microcarriers further comprises virus

propagated in the cells.

13. The method of claim 11, wherein the cells are 293

cells.

14. The method of claim 12, wherein the virus is an

adenovirus.

15. The method of claim 11, wherein the flow rate in

the separation device is about 1 to about 3 cm/min.

16. The method of claim 11, wherein the cells and

K, 0N




fromcultivated cells in an aqueous nedium which conprises mechanically
shearing the cells by neans of exposing the cells to a shear rate, wherein
t he shearWP#8@3886r nechanically shearing the cells is genaCIvgsishesii
collecting the cells in a mcrofilter 3and rapidly recircul ating the aqueous
medi um t hrough the mcrofilter. 23. The nethod of claim 22,

wher ei n adwedtfeaediame cod lapbad 2090SubIEE T to) gagrofiltrationy. The

met hod of claim 22 wherein cell debris is collected by the mcrofilter and
the desired cell_ constituents pass_throu 25. The nethod of ~

cl ai m 22 wher eil’f th&mEéFPtESQSPﬁtﬁ%@&ml%é%iWh?ﬁﬁ%n the 26. The
met hod Ghicdcalimdativheeenpribes va rsltedss witaaddnabouus2000 -10,00R7. The
met hod of , cl ai m 26, wherein the adenovirus carries a heterologous gene.

28. A syst®fifor separating cells fromnicrocarriers on which the cells

have been cultivated, the system conpri sing: (a) a bioreactor in
which the cel | gier anguliiaked 0y Lhe 1 CLORALICTRE upyara Ebbyd fl oW
path fromthe bioreactor to a separati on dev Y f a separatlon

devi ce cigersnaged by pumplng(tbeEﬂgueﬂwﬁ Solutlon throughj $ha col um;
(i) anerﬂh%d elyHle | \%\)ﬂ%h%ohhfé{:' 98 S eflds aa@%htehsoegeﬁoyﬁ ggbution; and

(iv) a Screen; wherein the njcrocarriers are retained_ in, suspension by
an upwardevicayand the SupARt LonsHeNAted A e toBr 8EnERSi deYheesepar at i on

device by a nesh screen, and the cells and aqueous solution are collected
through the cnﬂﬂ;#; fﬂgjmethod of claim 11, wherein the column
comprises an upper section and a lower section, the lower
section comprising about 20 to 50% of the volume of the column

and containing the inlet.

20. The method of claim 19, wherein the lower section

is conical.

21. The method of c¢laim 20, wherein the angle of the
lower section is about 15 to about 45 degrees.

22. A method for the liberation of a cell constituent
from cultivated cells in an aqueous medium, which comprises
mechanically shearing the cells by means of exposing the cells
to a shear rate, wherein the shear rate for mechanically
shearing the cells is generated by collecting the cells in a
microfilter and rapidly recirculating the agueous medium
through the microfilter.

23. The method of claim 22, wherein the Shear rate is
about 2000 - 10,000 1/sec.

24. The method of claim 22 wherein cell debris is
collected by the microfilter and the desired cell constituents

pass ﬁhrough.

25. The method of claim 22 wherein the cell

constituent is a virus.
* [ L ] S I!II




(d) a punp, wherein the punp directs the flow of the aqueous sol ution from

the bioreactor to the outlet. 29. The systemof claim28, further
conprisi ngVQ PGt i | ter, wherein the cglls and aqueous solREEEBEMIC) are
subjected to mcrofiltration. : 30. The system of claim29, further
conpri sing an ul2é.af iThemetloer eifnclaemp2 Hdudtendir | thienwiguss iajba'nect ed to
U|traf'|t£$%ﬁ85ﬁrus 31. The systemof claim28, wherein the cells
are 293 32. The system of claim 28, wherein the upward fl ow

40 conprises punping the aqueous solution through the inlet, wherein the

inlet is situategh at Hhe r&&tﬂo@%@f cilhemdsyi Cegnawshin heheodedloviisnay t uat ed at

the top of the device. . The systenlof claim 28, wherein the

col um coﬁ%¥¥%%% QNPQHﬂﬁﬂlqg@Bﬁlgﬁnﬁnd a lower section, the |ower section
conprising 20 to 50% of the volune of the colum and containing the inlet.
34. The system of claim 33, wherein the | ower section is conical.

35. The system of claim 34, wherein the angle of the |ower section is about
15 to about 45 dagreex system for 3épaatithdodeibs frxrayduciqpcrmecorhi nant

virus for th et C (a) cultivating
the cells B rﬁﬁ gﬁven$§g30§$?§£§%gﬁ%t ﬁh%l$ %ﬁﬁ“‘s are
substantlebmprrsmﬂguent, (b) transferring the cells fromthe

mcrocarrriers by,def aehing &he §8l {fiEh0PRL hee Tl £RGA IS vated on
the microcarriers;
(b) a flow path from the bioreactor to a separation
device;
(c) a separation device comprising
(1) an inlet;
(ii) a column;
(iii) an outlet for the collection of cells and
the aqueous solution; and
(iv) a mesh screen;
wherein the microcarriers are retained in suspension by an
upward flow in the separation device and are retained in the
separation device by a mesh screen, and the cells and agqueous
solution are collected through the outlet; and
(d) a pump, wherein the pump directs the flow of the

aqueous solution from the bioreactor to the outlet.

29. The system of claim 28, further comprising a
microfilter, wherein the cells and agueous solution of (c) are

subjected to microfiltration.

30. The system of claim 29, further comprising an
ultrafilter, wherein the product of claim 46 is subjected to

ultrafiltration.

31. The system of claim 28, wherein the cells are 293

cells.

32. The system of claim 28, wherein the upward flow

| U0 N




by adding trypsin without renoving the mcrocarriers from suspension, and
addi ng a second batch of mcrocarriers; (c) infecting the cells
with a reswodsassse virus; (d) separating cell spetussrogbfiom

m crocarriers on which they have beeggcul tivated but from which they have
beconme detached, conprising introducing an agueous suspension of cells
and m croompriiees phmpind tthe iadustousnsolutaoseparatglontidevirdest ,t he devi ce
COMPriSi ffarein the inlet is sid ated ataEPénbg£% m of the device an "X

a col um, . . (r'ir)an outlet for Pe TolTection Gt €6l I s

and the bBh8eouslebl usidhtuatrfl at the top of the @evdce. g nmesh screen;
wherein the mcrocarriers are retained in suspension by an upward flow in

t he separation device and are retained in the separation device by a nesh
screen, and wheféin The B¥FEN ofyfd adfuéSus WEsFaLRoRhare 8 ect ed t hr ough

the outl ebmp2fifles an upper sedtfod iabar at 16@eyi sesciswmian lIRsdad cells of
(d), . .. 41 . whi ch conpri ses
mechani cEPFY18ReSPTRELFHY @& 1% AP ¥@fnbb6r VRLIBSi A TR Y A8h  shear
rate, wheortaihhegstiearinkdte f or mechanically shearing the cells is
generated by <collecting the cells in a mcrofilter and rapidly

recircul ating the aqueous nedium through the mcrofilter. 37.
The met hod of cBéi m 3Bevsesteém athedaimud3cowperses tine ablewewigedtiarect or.
38. Th?s”@%ﬂ?éa?t claim 37 wherein the virus is ACNS3. 39.

The met hod of claim 36 wherein the cells are 293 cells. 40. The
met hod of claim 1, wherein steps (a) and (b) are carried out in the sane
vessel . 3541. The TO@s @b hofd Afaial 3UM dhevBehetRe Sd@pPre (G0 iy ough (d)

are carried out without renovi the mcrocarriers from suspension and
Wi thout APNBRI AECEHER & AR | o £ GPGBF( . degrees!

36. A method for producing a recombinant virus for
gene therapy, the method comprising
(a) cultivating the cells on a first batch of
microcarriers until the cells are substantially confluent;
(b) transferring the cells from the
microcarrriers by detaching the cells from the microcarriers
by adding trypsin without removing the microcarriers from
suspension, and adding a second batch of microcarriers;
(¢) infecting the cells with a recombinant virus;
(d) separating cells of (c¢) from microcarriers on
which they have been cultivated but from which they have
become detached, comprising introducing an aqueous
_suspension of cells and microcarriers through an inlet into
a separation device, the device comprising:
(1) an inlet;
(ii) a column;
(iii) an outlet for the collection of cells
and the aqueous solution; and
(1v) a mesh screen;
wherein the microcarriers are retained in suspension by an
upward flow in the separation device and are retained in the
separation device by a mesh screen, and wherein the cells
and agueous solution are collected through the outlet; and

(e) 1liberating virus from collected cells of (d4d),

e




42.

The nmethod of claim1, wherein existing culture nme

W e

during step (b) and new culture nedia is added.
qaaits ol

of cl ai V@

rein the existing cul fure nmedia is remvm%{qwl

rotating spinfilter. 44, The nethod of claim1, wherein the
m crocar agich af&nﬁﬂm.:ﬁd\etcﬂnamihamg shearmnediomwells by means. of The
met hod of claim4

SHE M en INEIEIS (NG THELRCRLEL O indf i BHeS Grilalen r@bl agen.

for mechanically shearing the cells is generated by
collecting the cells in a microfilter and rapidly
recirculating the aqueous medium through the microfilter.

37. The method of claim 36 wherein the virus comprises
an adenoviral vector.
38. The method of claim 37 wherein the virus is ACNS3.

39. The method of claim 36 wherein the cells are 293

cells.
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