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METHODS FOR PRODUCI NG A54 9 CELL LINES STABLE | N
SERUM FREE MEDI UM SUSPENSI ON CULTURE FI ELD OF THE
WONRMBENGSAN The present invention relates to nePoods20081043494
growing cells in culture and the production of virus
using the cells. BACKGROUND OF THE | NVENTI ON There are
two maj or barriers in the d%velopnent of a suspension
process for the production of viral vectors. One is
the difficulty of maintaining long termculture of the
cell inoculum The second is the tendency towards
Si gnijeirEedY kYr NREBEERCVALAl cRTOdBedd Wil sORE Srkbf FrER
production cells are kept in the suspension
envi ronnment . Met hodiEDI@ SHEREVSAPH oFPIGIURAS49 cells to
serumfree mediumin stationary culture are known in
the art. For exanple, in Siegfried et al., (Siegfried,
et ah, (1994) J. Biol. Chem 269 (11): 8596-8603), the
A549 cell line was adapted to serumfree nediumin
stationary culture. In this nethod, A549 cells were
first adapted to basal Eagle's nediumcontaining 1%
fetal bovine serumover a period of one nonth. Near
conf | uent nDnoIayers of these A549 cells were washed
W th sallne and i 15d & §l R &2 nedium call ed

Sup DML G £ 1“8%{” dﬂ%*?%% } SaRting SRl Rt and the

proua&ﬁond@i;ﬁﬂu@gsﬁqg%@&ﬁq@t ation to RO nedium which took
approxi mately one nonth, colonies energed that

survived wi thout serum and eventually forned a

m xture of at E@&%&l&@@[@ @%}ﬁeﬁ\lﬁ#ﬁlﬁ&qﬂ oated in

clusters. Cel h-fact or

f r eBhéredidymonnnjer dasicgiiatieddAiPnidnoof 4. Mp&'fsél&r RoCess for
cells were propagated for over two years. in

the abedélﬁ%n of viggly eetors e is Msﬁcg@fa\mf mﬁem&long ey cudtare
of G e by M Ao b i BiA ot i
prodtwgtivitywhoe Fheq&bdiux:tlbaabehs gle lkbj)ﬂ inghd $uspensioreenyh‘bnmenﬁ en

o Bl e SRS S 1B S A
culiu?é‘é?reﬁéﬂ@wﬁfiﬁ Al PadRamsld & Sﬁgﬁﬁh%gaﬁs(s?eg%éﬂ Yt @l ,21994)

attached cell's and cells that ffoated Iin large c
J. Bibly fﬁ]hsmo%%(ltléi%f% 8698k thd AS549 el hmawgs axlaptadrte sam:h free

e U|r | cel lensi ty. f,qr, optimal growh. .Th
EtioB, @RGSR i 4p Bl WPt citanieqdd Brpe
Eagaéﬂa HRNIm Cothitiy DY, fBtabbaih®@8inh ot 4 Pérfod & ordelifonth. Near
production of viral vectors. The present invention

conblugnti rgerzolayers of these A549 cells were washed with saline and placed in a
serum-free medium, called R, medium, which was RPMI 1640 phenol red-free
supplemented with selenium (30 nM) and glutamine (2 mA4). During the adaptation
to R, medium, which took approximately one month, colonies emerged that survived
without serum, and eventually formed a mixture of attached cells and cells that floated
in clusters. Cells adapted to serum and growth-factor free medium were designated
A549-R,. The A549-R, cells were propagated for over two years in the absence of
any serum or added growth factors. The A549-R, cells were maintained at high cell
density (5 x 10° cells/ml) and were subcultured 1:2 every 14 days. The A549-R, cells

had a doubling time of eight to ten days and the parental A549 cells had a doubling
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novel methods for producing viral vectors in A549

suspensi on culture. SUMVARY OF THE | NVENTI ON The
wonres®aso7o nvent i on provi des an adapted A549 cePCTIUSZ®4/043494

stable in serumfree and animal naterial-free nmedi um

suspension culture. In one Snbodinent of the

i nvention, the adapted A549<cell |ine has the

characteristics of the cell line identified as

tinggned 0cpursty e A5%-Be eclbotrpwet a@fnlchirmGr)rata thragbe parental
Aﬁl@'@%ﬁ% eg-lé‘t%d ggﬁnl Lﬂ'f: eggti%%@d ggfr o 'drr%ﬁg }h% )t‘léaqg% 1 arge ‘ﬁ%l

I nvent’i on,

ching@sndri cliisesds @&vﬁﬁfﬁﬁh@@ﬁrﬁ' yleir&ahd wqﬁlr@)h hiygit detinlehAtAor )
acc SSIOﬂ nunber PTA- 5708. The present invention also

oppmgl g98dh-a et hod for adapting A549 cells to

ser f
cul te o8 AR R bbb o oA or o
statlbmrys:alrtummfomﬁlb @rcrdungomaﬂvm:{hvfﬁoto% e presewt ine@idn pravides
sgru c entratlon f on12 SOKE%ﬁbe|OMIl 2 % {e.qg.
noygldny pProdpeins Vﬁa YAstars H FHFPENSIqLy WFR roduci ng
the cells to suspension culture; (c) nmonitoring cell
aggregation {e.g., the nunber of cells per aggregate;

the degree of c THE INVASNTIN r i buti on of

sizes of the cell aggregates); (d) removing cell
c o pERE SR By B e S AR EER T Bap GBI i B

and ayingll heterDMee Atdiurd buspehsleh c@lhirel T ontenlBesied e
used for the adaptation nmethod {i.e,, the parental

1n\@@ppg,)t m@d gl lipehagthe q@g@ctmqgcwfétb@ gell line identified

as ABYEI¥ah 0pd PaIHITSIRCHR DRECE acLOBH GliBeAPTRARE
Ine stable In~seru ree an
anulhémrhl@ddiﬁlelﬁe)fIMmuamtﬁjﬁﬁ ﬂerﬂapue? ALA4DeR lige igthe sl Yné he
.. St, P ani ng the_cells rom serum.containin
idepitied At 652 R VA W0 GplIrigh (AT G aeestion FRbPORTA-
57H60m 2. 5% to below 1.25% {e.g. from1.25%to 0% in

adherent culture; (b) introducing the cells to
s us e presantduyentios alsogrovided 4 methmg foedtdapﬁggAégabéldHto

| | the d
sergri-fat PRy B LR GHA- R Rl FUsTRT GRS ST e steps
of (8 WeaBRGEIMIRHom Eéﬁnnr &ﬁRMh % g e&ihm 399 nRIRLE ith{ £8inal

contan|ng weani g he cell's in suspenS|on culture
serug epngemiration wiomh2 Ao Bvebalw 1245406 (d.g. foarh il 25PNt Qhkincathbent
mat. er |

|
cul e B UMb e e o O b ol mPRBHiigpt smsrosation

(e. gnaieudmser yOEYIB pRf xggﬂgatt@eh@@d:%ge @ffdeﬂraggfagaﬁcsn sep (e)
or. step (f). In yet another enbodi nent,
disgilioned sizovel thecell pggregates)s (d Femoving esll wgrmﬁes and (e)

comHuii8 &Eﬁﬁn@gﬂh@%ﬁ@h sﬁ%e%gloﬁlcuftﬁr%%o rar%ge!d drllcg sl,e%]nsl
and/or any other component of animal origin. The A549 cells used for the adaptation
method (i.e., the parental cells) may be ATCC strain CCL-185.

The present invention includes a method for producing an adapted A549 cell
line stable in serum-free and animal material-free medium suspension culture
comprising the steps of (a) weaning the cells from serum-containing medium to a
medium with a final serum concentration from 2.5% to below 1.25% (e.g. from
1.25% to 0%) in adherent culture; (b) introducing the cells to suspension culture; (c)
monitoring cell aggregation (e.g., the number of cells per aggregate; the degree of cell
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or under serum containing nmedi um conditions. The
met hod may al so conprise storing the cells at
woenp@ea7ar es OF COC or | ess. The present i nvenPCoOMS2004/043494
provi des a nethod for producing a virus conprising the
steps of (a) culturing A549 _cells of an adapted A549
cell line stable in serumfpree and ani nal
materi al -free medi um suspensi on culture; (b)
aggisgetinna theystriptienef szepiof the ¢el aggrageteg (@).removing cell

oefREARY (BLEmaHEd FopE ke AT it SkpbBSHP bRl ¢ ediom
with pseplim pxreh@ngiltuging hige edlils it sGuiieGlédsAdMrliial h&shal-free

medi um after step (a) and before step (b). The nethod
medim spspsndgpsrliwe. Fdhamepr, dhe matiod gavdnelnderynpissirdime the

: e ' [t.u i
kPRI ol @) BheP(n, LR, Sl I fbretBlvea
celt fihe isunozeh lundéerdstheesayum-foae qndrahitgalondterigif frermediem dohditions

The net hod nay. al so .conprise the step of freezing the
or R SegpY Epniahing ThediumEaRe A be meled st Gagprise
sto@ﬁgwﬁé@e@lstahfenge%m%ﬁ oP§IVeSikid1g the virus after step
(c). The nmethod may conprise harvesting the virus from
t he Thelpreseniridverttmnipsovides a inethod dorproduting atvirod cdrhygrising the

' ' .th A549 cell line. it
stegb 8P eitecfe Y & S et G pard BT Brdpid sorum-fipe and
antn@A Siatdr - HER HRSEREh Qlspehsios SHlAKE! @F irﬁ%ﬁlaﬁﬁ% R cells with the
material - free suspension culture. In another

Virgpiragli #eROViSES, steh asRAV)imd (ehiacehrsing sl insadatedcells. The

i i t apl iral . .
0855 9 DRP R B PR AR Byt Pl v g
mediinaftemsadrefa) ahd before IBLAbYNTEE BeeHisl B8y §l8b tothfrisel the SIBP of

nbodi mrent, of the invention, the virus is_an _ )
adine reigiuny ehloride toribe rulture apdlar echensing drebpeymedism with
freglgrﬁl@gﬁﬁxmﬁh'o}‘ wittioht B8 GhA%oAHLARYIA ldﬁIO{iIdQ @ g.t bﬁpé’r‘f&%n),

enmbodi ment, the virus 1s a reconblnant vIirds.”tn
aftersdeph@). Eho odtitheinhay Albe corepiisdthea aiep of fietifing derdells affer step

hﬁi ehol ogou ene.. hi one enbodi rreng of the jnvention,
©) fyrthgmyied 1_3%“6’ £y emigisedhe ttpR obhbarpestiae Abugryseafier step
(c)! T nStBdd Bial Bosdi ﬁk’é‘i‘iafr{fe%ﬁngﬂ% \ﬂﬂis@(lfm?%[&ﬁlb dha fHeSfedium.

suspensi on cql ture at inoctlation o e adenovirus IS
f r oin onBembaditentdf the mventporR tie adap®d ARIN @lltinelerhibits

not her embodi nent he .A549 |15 of e adapt ed A549
o iRt EonE erd PR virL et ok et wa Siraram e

freBAd biiThl SREMI-Gee Glpein Bl181rE " R ehiboBindht bihe
| at e exponential phase of growth at inoculation of the

InvgHeeTD vhe adaptedm foreHdmedp seitainerdt groviile audetalvte vihl
o0 AT Rt S b RS o

suspeivgdi tulture.t he rati o of adenovirus particles to

In one embodiment of the invention, the virus is an adenovirus. In another
embodiment, the adenovirus is a conditionally replicating adenovirus. In yet another
embodiment, the virus is a recombinant virus. In another embodiment, the
recombinant virus carries a heterologous gene.

In one embodiment of the invention, the A549 cell concentration of the
adapted A549 cell line stable in serum-free and animal material-free suspension

culture at inoculation of the adenovirus is from 1.8 x 10° cells/ml to 2.4 x 10° cells/ml.
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A549 cells, at inoculation is (40 to 60):1. In one

enbodi nent of the invention, the A549 cells, of the
wadestoesh78549 cell |ine stable in serumfree ardTAS2IvI043494

mat eri al -free nmedi um suspensi on culture, for the

met hod for producing virus ﬁ%e froma cryopreserved

cell line. In yet another eftbodi nent, the

cryopreserved cell line is frozen under either

In guethen embadiment, BieiAHO qells of theladapted AFdA celinline sidbleiin serum-

r.ynder .seru taiaing nedi.um conditions. The scaope
oAy SRR FROLR AR SRRt AR SR Bt
exPohtial fHAsQEPHOWH tSn6QIIdnSI Mk Ad¥Rosied Inahothe) embodiment,

weani ng A549 cell|s in a cell Line from seruntontaining

thearapuhof adegovirsymogilatedds 1 aok0s sfralnaricles/ml peliuge. Boyatne

anpiet Shbodfief R HRY LB Publ T S A MERREAThARHD
ABOhetlgrt imoalilatioeis @D )Xo bOX:T.oduci ng the cells to
suspensi on c%uture' (¢) monitori ng%cel I g gregation in

t he 1B ane gmbogiaegt of thy énvenhem iho A58 pells, pEc aganted 4049 cell
link REwRI R 88rudl-ik %@&%ﬁ%ﬁ%ﬁﬂh@?ﬁéﬁﬂﬁﬁ Susgfensg&{ J:ul}ulre, for the
e distribu the ce

aggregation; t tion of sizes o
meiyert fg ptelwpingdirus ermfroma apdpresggdegttlins; If g9t dnothicher

RS, e Frafbientivi o ShGRe B aRe R s ek dor seaitn e g enimal
mdténial TRBG AR b AGItIbAC oC @l def serfufl)coftethIAS Hedfimh B&ldﬁ%ﬂsu m

to a medi um supplenmented with a cryoprotectant; )
f r edidiersgonernd thepiesent anvgntion plgo pravidaswa method forpedpdusing

Lvi Walemy |s.caty a8t .of | ,
adphirih SBBibi Fheiners o b ER SR} i o b s o rprrim-
confalréiig Mbdie@. gnedntiihiay 3 PR ¥ehan (£, fatdldovide)serum)) to a

propagating the cells to | ate exponential phase of
megdigppHth 7 inad semanemegniraiiondigm ari% telRlewh 1vfit°/h (¢.g.05Am
1252} 00h By dhen BB @il PR B alBirdiitoures ©
mdniforiag délh gggragationrin ¢hd artucke(elgd thbaumbétdficells p&ageregate; the
.inc ﬁ)}?ti ng the jnocul ated cells; (p) exchangi ng the
Sizegipy 16 GEHRERERNF S3ETeS egellrgaregatiqrs thy distsibption peuzesad the

o R el R R, (P RO UE R
sugpshsibaculgst togntedamadethowi scusn ast/epany(domponent (fkhinal) |
. , and.(s) ar tiopal . Al LED DESCRI PTI ON OF
oriffe (D kihseResatertve 2ofte Bl PR oD s e
suSFlenedtbE Mithangy §Rstsciant; é&fng)ﬁhé’&'élﬁi (B%.,%%?di)?é@ef\}i'ﬁg the
€. 9., in suspension A5 cell s) w thout the probl ens
celi@sgbstm@twcplhs gragemiperature of 8% exlesse () sedonstithiéng the cells to

ser@%n?ér?eﬂgned a(l)ﬂcimg’tleﬁlg{grigf—frgé r%%&iu%egdsgé?ls%o%%?tﬁ?e? t(lg) p%gpgg%{ilqg Ithe

cells to late exponential phase of growth; (1) exchanging the culture medium with

fresh medium (e.g., serum-free and animal material-free medium); (m) inoculating the
cells with adenovirus; (n) adding calcium chloride to the culture; (o) incubating the
inoculated cells; (p) exchanging the culture medium with fresh medium (e.g., serum-
free and animal material-free medium); (q) adding calcium chloride to the culture; (1)
incubating the cells; and (s) harvesting the adenovirus. Steps (£)-(), (1), (), (p), (q)

and (s) are optional.
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Generation of an Adapted A549 Cell Line The present
i nvention includes a nethod for adapting an A549 cel
wOi2os/068970 gromt h i n the absence of serum and sBOStUAZWES43494
derived from conponents of animal origin to generate a
cell line which exhibits sugtained gromh in
suspension culture and a stable viral production rate
when |nfected with adenOV|rus Generally, the A549
cells are A DY Q R WIEANT L
fro
AR AR AR e
ademviran (4. a4 imgusperion2A 56 detls)lwihoat the plobRiMsZsSfdidtal with
of from2.5%to 0.5% or from2.5%to 0.4% or
g?W@ﬁf snisotee Gelds ok Bresencs AT serau, ar@tier agdivgp cPRPRRAISOE
mﬁ%% é@ or from2.5%to 0.05% or from2.5%to O, in
nt culture or stationary culture; (b) placing
the cells in a shaken, rocked agitated or stirred
vessel for sus enS|on pasuring cel
aggregati on or S¥ER 2y OpRicd s dLigg) |
ag g "I%fﬂrés@ﬂt 1!n{}eﬂtf8>% 1ﬁél{1<§ééraemet§19a f<5 ﬁﬁ@ar?§kh9 ceAl ling for
ggregates (by any nethod known In the art %
grqyo tip bl a’ogemarf Sﬂgm)éndt substerdels siermedsﬁremem»mponemd bf amimal
rmm 0 Ser medi um
origfh B SFBSreleCh ihiheaoig PATHY sPlRbasil gy Tnupion cnfrwre
ané BB vm 9&ﬁﬂmu@gfa&@$vﬁdl ﬁfe&éd WitB dd&RRILA UGHSdrilly, the A549
t hrough steps ( ﬁ (e). In general, the
a

cellyripedanterhby (4)@%%1 ykeaning ﬂ@eceﬂlé froiny thaeseruen-tentaining
| le f
ddfiR (L mplt) Etiting 1070 SRR e ol R AT pu0r,

comdnn‘aﬂlomﬁbmrj a%-tﬁ eX5 %1 iftom 383PRNE6%) oﬁﬂbﬁnuzr ftd 06%, or
he cells exhibit sustained growh in serumfree and

ﬁoé‘h?% torfhd %r PRiTOR 20y ok 830 % @é‘eﬁél%)w @2 oF Bomrld>% to
|

0. ;g 353 ffor gLsg} 16, @s’%gréf Iﬂ%n;zg%)rtr? o ea%gﬁ}gﬂ{ecﬁd?fsﬁﬁatfo%a}f

culttpibi) placfrrgethe mw mmshaisperwked) agithted oe stifhal vdssel ifgr t he

range of o0 2.9 tinmes the doubling.tine of_ the
suSpRSTR SHIOREA () CBFISUTin CEl ASSTSRAION M iOBnE e dogree of cel

M
SIS AT o1 RS 1 18 e
art); mlid 4®)i qpmtinwing eveaning fof te cwﬂsl iusnspension dzlﬂmrer wrgeediim2with

to 8hour and he doubling.ti.ne. far.t nt al
no S aotne TRl cOmpanert g il e BRI RO i ool are
shdkieh | 1e€ked, %gl@«ﬁedlMtﬁed'cﬂnﬁﬁ%u@@ﬂﬁf&@h%ﬂ@ (©8ld), 4nld6). In
serumfree and animal material-free medi um suspensi on
gela,qyals theadaptpiaon progessdaies thyeptd Bk wsaks  dompdefepensi on.
r . t.hap 9 he ad t ed A549
1ac(r3g§’ Iqﬁé g U%E:Jee@%;eﬁgtaf éabée Porfg b/e%stolf geger S oréﬁgonths

in $mm%¢mﬂu abimal i0&8p Af frdehBedithl sSispdntionQultadet(Re e cbis @

grface 100% of the cells are suspended in the | i quid
exhibit sustained growth in serum-free and animal material-free medium suspension

culture and a stable viral production rate). Also, the adapted cells have a doubling
time in serum-free and animal material-free medium suspension culture that is in the
range of 0.8 to 2.9 times the doubling time of the parental A549 cells in stationary
culture in serum-containing medium. For example, typically, the doubling time for
the adapted A549 cells in serum-free and animal material-free medium is in the range

of 24 to 88 hours and the doubling time for the parental A549 cells in serum-
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medi um) . hi one enbodi nent of the invention, the

adapted A549 cell line has the characteristics of the
woebds/oesare i dentified as American Type Cul t ur ePCT/US2004/043494

Col I ecti on (ATCC) accession nunber PTA-5708 which is

al so called the A549S cell Line. Cells of the A549S

cell line are stable for at®l east 137 generations or 6

nonths in serumfree and animal material -free nmedi um

COBtEYRETIPEHICAI st tiongry, @ilture I8 0denrss Takhd astapted AT48i aslidine
seRAED 2 D8 gaiehﬁﬁﬁgé‘ﬁle&{ﬁhgﬁlspé%ﬁ dbuzd fﬂ? to‘E“i‘ Lym

suspensi on culture an Vi ra pr OdUC

popmlhm)n is Th euspendion. Nty drerentolihéie geeltdrshaf 99%0ef ﬁ&‘kﬁﬁpted
ﬁ%@ line in serumfree _and ani nal naterial -free
Felinsedn sespension (4.8-1 Lo pEthecellsarein sgwepsion, 100% ofthe

ceRPRE QX1 ABLRLY: 2?.!"’s1,{1rf3c%S § Oa?uéﬁh A1t e s@s?‘elgcﬁdclﬁ lehe fl

serumfree and ani ma erialfree un1suspens
medidm)ire, the total A549S cell population is in

suspensi on n one. enbodi nent. gr n.99% of the
A54 O’&%PWEOCL{F’&W of tEE UPERLG g aBtea %@%%‘f linefgs ghey | s

chattetiflics WS AR Uhe idQR Qs %?erfcﬁﬁ I$pataniRic@i eE ed
to a surface, 100% of the cells are”suspended I n

(ATC&hecession nmpbeﬂ%ﬁsgog mihoai imetso cofled the AWSruelldmp Cells

of 4 PARRES e et fon s oot T3t8¥Bi s e S Froufibat sy free
an@ Hllﬁhﬁl ifof¥al-5é0 Bothiint Budpensbis ulaa tzead thé @elfé%&%ltcs%ﬂamed

I|1e "A549" is a_lung carcinoma cell line which is
i TR iERR NG animpkmaterial-free madivengyspension culturpandsy o

staR% C@m ?}og:ﬁﬁt A&éﬁ“‘@ Sgﬂg ﬁgulﬁg{g Jhﬂg ?gt%% '%l?%&chg %ﬁbg eﬂ fine in
serinnfréd arghdnimandateriblefed Madivhhensp@isioh dudtvee i @ G ase of

coh.eregt Iaygr on the growth surface where all the
apRrgkimately 24ito, 88 faptic dn et Sl lingispaim-§ige epd animal material-

 fre¥ h{etdﬂﬁ‘lll ksp@hdi &ﬁuﬂé’ %ﬁé ﬁ?@%?\ﬁggf ?ﬁ E)egﬁlfggfg in sQ&rg)ﬁnsmn In

exanpl e, Con uent” een
on@aﬂnb@dlmenf graatentoan Q84 of the WAADS elbf arBassmpéﬁ&ﬁhﬂGecg.Lel@D% of

eSS S on s WYL SSl ANt ter o N, 9

theC@NS atsudddndéd LM liyhRI hedifh) Phery with other cells
and no avail abl e substrate is |eft uncovered". For the

pur Poeesserapodimentyfdbemventiore the asiaptet] Het4ronil line is the cell line

.. "substantiall confl.uent ..i ndi c hat the ce]l e

iden R HEER O b et TR O oA iemmpigpimber P

5708 rviichls §166 cATRY the ABUOS c8UBRe.t hat over 70% preferably
over 90@? of the avail able surface is used. Here,

" avat 48l is slins seemomserdl lingrwhieh srromyuenludeownaatheart. In
on@@ﬁﬁ’%ﬂéﬁ?ﬁg ﬁ} ?Aﬁ?jhﬂée%reﬂl‘zglucsell lﬁl%S(LJd forttheer g’c{apga%son tﬁ?ettl\{\cl?de 1s ATCC

strain CCL— 185.

As used herein, the term "confluent" indicates that the cells have formed a
coherent layer on the growth surface where all the cells are in contact with other cells,
so that virtually all the available surface is used. For example, "confluent" has been
defined (R.I. Freshney, Culture of Animal Cells-A Manual of Basic Techniques,
Second Edition, Wiley-Liss, Inc. New York, N.Y., 1987, p. 363) as the situation
where "all cells are in contact all around their periphery with other cells and no

available substrate is left uncovered". For the purposes of the present invention, the
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accommodat e an additional cell do not constitute

"avai |l abl e surface". Mammalian cells nay be adapted
wonrasogsom h in serum conditions to serunfree PCT/US2004/043494

conditions by gradually weaning the cells from serum

or by direct adaptation. Thﬁ gradual weani ng net hod

may be | ess stressful for the cultures and may cause

|l ess. gromh |ag. The direct adaptation nethod is
terahusekfg?-l}u%tcopguﬁﬂrg Aedigates, thptthe selitarg il general icantagtein the

L A ! ase. ] )

suff R oh B B0 b, el oL S G Ry B ver o0
of teravailabla guifarelisuted. deseravaifabResuifck ufitans St iR BlEace

when a culéagre glrovxg in the presence of serumis in
are o AFCFPRGEE 2 SFL g B Fual iHersticqsdeby gl agenitsiclls thpt cannot
acddmimBYat® &n didiHbRA c8ff 46 ndt Conlfitute SvhilHIOs ﬁ\gg". :

serumfree medium This process is repeated tw ce

we e Mamunatian cellsnsaysheatapepd dinmh grevth b séromconditions td deyum-

fef Rt O Era Ry i@ i e o PG adtngiion.
Th8 igfHdiubl w84iing ARthodimAeld Bs BBl fo8Bld uBRR IR gﬁry%se less

serum suppl enented to serumfree nmedium The ¢
groyrtbegh Flag diréos adantationymethodvsrquiickes dnbiihis rebativeboiansh frlr

iniﬁﬁ%eﬁi({eégiﬁgsegrg; %%?iﬁﬁgﬁs(%ge%s%bef ore returning to the

rates observe _ S Um suppl enent ed nmedi um

I'f Mgy qellafee wiag beslilRefly SibeGRSSH Wom HREIVGESMRAhIN3!sefim to

weani ng net hod_shoul d be used. "Waning" cells or a '
a seyigyfrep mediumaq Hox eample; whes mcaltare giawa il thearesenes off serum is

0 SO L, £ r Lapi.mal materi gl -free
in SRR el o BN LIS 0% PRBIRD LRy TRURNSR 0 1 2
1:3cratio mnto camenfieaiediven. oT hit peoceEis wepeatbd awipearkeily until
reducti on_may, be done by net hods which are wel |l known
consisign groyyvth is PBPH@aa HﬁP@,Yy efures arp mmpcplafedh at ghgherseeding
i e . ¢ '
TR R i Rl R e S s
whee directlyGreeded fremcetuns-suppléthentsd tosedumfrhieumediave The el

tg, a given cel] density, the . in turn, be used to
srcpi i EPaly plowie Hoxsiintissheetnt e By et eeselgpnthges
befbl RHRAREAS $hdM¥es DBsdrPRERE 8l sbiunt - B ihéePf@dium, If

grow ng in a nedium containing the desired anount ug}

thispogedure i roi suersssiel thepbeuentialwameaningmbtbed shddd beibesl.
ar € wn i.N basal nedi.um suppl.emented with, 10% )
ser ughfe(éﬁ]tnfgl P el P gﬁlcaﬁa?tﬁgg LM SCTHR aq FRIum Rrefgin
corphiabg édigiustaberuhll &Y adifal Sedekisl-B6€ meaReddrats esla bfdaal,

serumfree medi um base suppl ementedw th 5% serum "The
stepayipesredpetion gfdhe surmsonesit atienscof thg medivgm. aThogradealsi t y
(a3 ' e I t.ed W 1%
i R A S R G R R S
cellsan arfirkiym&ditmovntdinihf @ hipdr doateantion of sérufmhpbdadcdvo

inoct'llat%()é) second medium containing slightly less serum. Once the cells in the
second medium have grown to a given cell density, they may, in turn, be used to
inoculate a third medium containing even less serum. This process may be repeated
until the cells are growing in a medium containing the desired amount of serum.

In another example of weaning cells, the cells are grown in a basal medium
supplemented with 10% serum until the cells reach the peak of the linear log phase of

growth. Then, the cells are subcultured into serum-free medium base supplemented
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Then, maintain and culture the cells in a serumfree
medium |f cell growth declines at any point during
woheosadagab at i on, return the serum concentrati oRCTASR(aN43494
pronoting the cell gromh. Allowthe cell growmh to
stabilize at that serum congentration before
proceeding with the serum ré&duction schedule. Once the
cells are adapted to the serumfree conditions,
wigh Péeedni The eadSiaenybeoliwied upenitaachiog satutabign Idensityuote
as. .at _each subcul ture add . ual voluyne of
soff B 7% PR RSP Sa Rl A Pl B 1t ety
subctlfukd, @ediee BORAGA LGB OUNGIRT] tEEserhitn fcbBEenBAtoR 3 tERIw 0.06%.
material -free nmediumconditions. In a variation of

Thep; maintaimaed cylfee Beioels ey saemafirgimediuay rbeql] gropsh declines
. | - .
ot 3% O Al AR MRlor R BH s bt Bd b BB Bt ine
thé el frewtiex Altpvehotclhgantnt staliliss atitbattserupt aprgaiaiontefore
cells tog a 90% saturation density in serum contajning
progegsling with g sgrmpiedugtionsghednle dHhes the ggllssare adaptediothe
. . i i 0 . i ni
soRHRUL Bl bl 4 R DR SRHTLORNIA B
eaciufabehtureedt hequal iobumeof seeursdnee amdranenal mdtersalrfece medium

,nt, the cell doubling will decrease, and t time,
i cplshres Bravesa B RIS Spit-e® G4 Rmik el e e
coh@itidHO il 4 %‘Hﬁf‘atibﬂ l%fﬂﬁ‘é Sthbd 1th@%e1‘1’s‘3191§§ B& Ed’apté&'kllii’éctt:)@ 4§ Berum

time that the cells are subcultured on a daily basis.
fregrrod animal grdterial fras racthpmedndisions) avithontinsing the intermediary
cowgri tio S g%oceed wi th nmedi um protein reduction
SCLHILIGE MEIUM&Pas, at each 1:1 subculture using 50%
Ser Uhdth&examgld 0T vadadingQi1s,85 Wiplopatédhd calk 158d 90%
materialfree mediumuntil, such tine that the cells
sagiFation density rsetrnengoriaping medingl, suchygs hapalgngsdbim contaung 5-
(N di.yust tur . i 0
19 SRy UL P PSR BRI o
setui-freBBididadgn. Thenedldag, sibyulhge ddagelleth thesant hyanher. At some
serumfree and anipal material -free nmedi um conditi ons,

poiijts ths el dovbine: wal deqteassrind he yimedpierval SetreaCeihPdips will
inérﬁas%n o%hu@f&as‘ﬁghfluﬂé HRRNL 79 £8lebSssadt ?&ﬂ%ncrpaﬁém the
t he ITute t he

culture is into a mxture“o
ceHearermbaritmehoma dabdbasin. ddtetthe calbraneradapésl todlk semum-free

Initially a.1:1 ratio of the serumcontaining nedi
copBioBE FHYecP S & BN ot SHRG T H o SEsY S Beet
sub&3RRG8sing B6Y Bhal 1¢8 nfRHA tn@5 04 \R R hA SRR iR al-

Is increased until conplete i ndependence of serumis

fregghedvmdmtiftsuelatime plat slegyes]ls tahesubahlturee os holally baws. nAt this
Pl GOHERAS R Arip A ES £ o RubiSy Gioeti: R Lo i pleater
th&H PG Uitk hadatiod SRhRBMNKRE khe Allls BRAEHNASHRE Viredt] PRI free

and animal material-free medium conditions, without using the intermediary serum-

free medium step.

In another example of weaning cells, at each passage the culture is diluted into
a mixture of the serum-containing medium and the serum-free medium. Initially a 1:1
ratio of the serum-containing medium to serum-free medium may be used. With each
subsequent passage, the relative amount of the serum-free medium is increased until

complete independence of serum is achieved. At each passage, the culture should be
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flask should be seeded with a serum concentration

known to be adequate to nmaintain cell viability in the
weverstossdtat t he new nedi um condi ti on does not BAT@S2m4/043494

For cell lines, such as A549, which are adherent in

the presence of serum adaptation to serumfree nedia

or serumfree and aninmal nmaterial -free msdia wi |

of.ten result in the ul tures. becom ng | oose
in ’é‘ﬁi ghftase B@%@W&S‘P gndzihe dilptiongite gledawagj slwu@%ber &“@bl)@el R to

1:PQdbeqrlls §hou_f(l‘§e élﬂ)tcﬁ@ﬂjé& ft\!w% gg W%al | & éa%h%%fsﬁggsa' b%@k—uﬁ

culture may be done ICh are
flaskghogtd be ﬁ@deéwa}rplsa'um trncertrationdfnosm tadhedeniatciolhalngin

col By HERR <P el et s esdibion e poGuieBehake
f 1 aglsr 6611 BnsPiuRR s A5|493\|6h1ch raréﬂmlg&ﬁ Hf:he B}ésls&ﬁc% f%em

constantly agitated. I'n anot her exanple, ‘the cell's of
adaptafipnitg serupnirep mediarny wemnt- frgmmmgxabmatenshfrtaamdtaywm

t ol | owed b cti t|o fthe
oft YT 4 &8 ol bRGoyRHE fpoivadfrsBl phestl alhaPingp ean
withdhﬂgs,cenagg&gmés placing the cells in suspension

culture in a vessel. Alternatively, cells cultured in

adhdPeMtredyption of CI?H? topispensiasuydETd meyrbe dbes bamethogy which
t r en ta of
SRS B (UED T L SO,
rengayviet] diomi ﬂ@lrcgrmﬂesmfab@msm@ elcall ecraperfad tiongilided in a vessel,

suc Bk Rk e e E sk B eth theavtinge iaenstentiy asieted. In
ancﬁhéf%@llam@_iresﬁfé'ceﬁﬁbf‘@&llﬁﬁ‘é nﬁ#lﬁ% rmbyvd Abmhhe %ﬂ@lﬁ?&c‘e%y

acid (E be used. The suspension c
tryprénigitioe ﬁOl Of“@dlbe’dhe mgctivatiod of the trgmim or by Irerm@dll bﬁthe trypsin

by MBI 8 P ey TREE B mb  MSsl ™

Altespeedl deYls @ul@dﬂa& i Rihefdn® blilﬁiré YnaJael dlﬁgdgeﬁ%rﬁ Q%bstratum by
attached or an adherent cell liné. Cultures

nomy ghAyPrgc perss e fsuglend bygeptisdaniing ofity cdltmplvas'sel or by

trea‘#ﬁxtzlflte\{/ﬁlq Eolgﬁ&i@tc%%l&'ujggé agan‘-cr %zll q%of(}t 2? LF%{rﬂaﬁ)gie?%gftlgnt ion

1y
IS an | Ssu

cheMMs O fas uhtylynedlaﬂgfeea@b@e%}c a%ﬁi’@ﬁf&ﬂﬂ{de&%lbﬁ‘%??%lhbsis(ﬁ-

result in poor cell growth as a result of [Tmt
amingetipbetbe) NN Nielrdagetit 4did éEGWA),Fmay bensedr €he sdspbrksdaon

t r uct 1

culfi iy B Sk, ol BB Rl d Bl & rafla B i 1
susperfsioat | on ef ficiency by pr eventl ng int erl or cells of

t he aggregate from being infected and thereby reducing

¢ heMaUR Fslf PPes et tq giont aasllaglias i ingwspensioprealisre, especiaily a

{

T ferR g o b Ao R chor® B B R vt
Var)'agg eyt eteH ugpepsiopmaydisplag difaeRssowRih kifétidsN& he control

of aggI%ggtee 51ozfe 1g gl!l gmporgaglte 1%2&6' o(?eli geath and necrosis may occur within
aggregates. Severe aggregation may result in poor cell growth as a result of
limitations in space and metabolic diffusion. Furthermore, if the cells are host cells
for a viral production process, extreme cell aggregation may negatively affect
infection efficiency by preventing interior cells of the aggregate from being infected
and thereby reducing the overall viral titer obtained. Both biomass measurement and

aggregation quantification are important in determining cell growth and behavior in



10

15

20

25

30

suspension culture is inportant for nonitoring a

suspensi on process. The presence of cell aggregates or
wohwsps3d7e t he culture nay be determ ned by anyCmeiSkwd/ 043494

known in the art. For exanple, the presence of

aggregates may be visualized m croscopically or by use

of a cell sizing apparatus ch as a COULTER COUNTER

%éeckman Coul ter, Inc., Particle Characterization,

g62ued suspepsion evlivee. Apseswnent of the BgTEE! celéAggrsgatm ina

o5 ERfuEIORTRRSPAERES LSBETHO LG ZL |

104 The gnepencensf, ceRAg g 88T or (U%bs ifdhbeultadtroa@lieedbtermined by
SEUTNCR T T
v1s%5ﬁieli nli%g)sg Oﬂléﬂ%@bb yhERAr&le Elzn%'téﬁg%%hﬁ%luch 5 280UMCFER

I n“one errb e I nvention,
CQIWETEBI (B@dkman GTQakbereInca IPart(th Chmatterifrtiog, 195 WeEBB14

A5 S8 TaAd0RL ) s dkUiice? Sk Sigtio Bkl

Opticel SigsHPAGICRSieR! RHfs, 6@ %oﬁﬁ@lm@R@%M lsﬁutéqw Nt d@Rorne,
and SU ensi on Cuturelnamxtureo Sln

- @élllqrwm&lﬁe%mﬂhbdsa@g lqegattetmg ¢ellea,ggraget1<brs are

kn&Pﬁifb@‘rm R A RRLA S A piped Bk ne T Shonedhy Foeo

et dlBiedelpiod PrépALs: @eplssm?n(mm qgrbnﬁ&ﬁtboﬁﬁﬁ@iﬁbﬁﬂfe ih¥ention,
i.n serunt mat eri al -free nmedi um

thes‘ﬂ%‘gt%ﬁ% of bspocgiiay- dB[@t%%h EF% 367 80 8%%% @PPQ) mspy be employed to
quﬁ{tf@%[gﬁl?% da%ﬁ_{)egﬁﬂ)ﬂ Shd c% th &@stc ondi tions. The

anount may a so be reduced by addlng
a | iTpe ddapt&d A6é9 tells dre sespbhsisrecondsitériticelts kit grow in serum-

chem cal | deflnedl| id mxture may avoid the
frep fﬁ“?n SR %ﬁﬁxmﬁﬂfﬁe{%ﬂ %p%/qwncq?ﬁﬁ il sl i ng
ag YSRGSk OBel?kaﬁE’tt ﬁ& hﬁﬂo@l‘gﬁ)e@@%&%@llk $n aé%é a%es%lzes of 400

assocl at ed with [arge ce e sel ective
migrensinndigmetthto %@m@mnm duan@am i The a:dfapteé |A%9rvells have been

ssociated with.l.ar c c done b
e B8 e S e Rro it FHEHEAGFAL GRo Redsiligisgension
cullte b dd@bl aapahioh e aﬁé&ﬁﬁﬁﬁﬂéﬁénﬁéﬂt%ﬂ@td tﬁos%t&ﬁeﬁfén£ Ofhe
lto m nutes allow ng |large cell aggregates

amgpgtigfgcl glunprng mawftﬁodare rediteed by taddimgadind mlxtgw/toahe cieire.
Adéﬁ%)ﬂ%? a%%eﬁﬁ]c%llﬁgll f Hef Ié]?l ?(pugé: r%gtg %I&& ndl ¥ Idg#&)n o%eanlmal

proglubts td théroattuien a new vessel The remaining culture
vol une contai ning_large cell ﬂregat es inl g% of the

vol {vEngpusnsasigh P@@Hﬁ%ﬂorwﬁﬁﬂﬁée § cgllsBotrageqriatedhwith large

celgﬂ Ehtng a?,)%rgg gg’g\ggp %9@%& o Q8L Qhivt DG et PR 19 ot
associated with large cell clumps may be done by methods which are well known in

the art. For example, the agitation of the suspension culture is stopped for 1 to 2
minutes allowing large cell aggregates to settle to the bottom of the culture vessel.
90% of the volume of the culture, which contains individual cells and cells in small
aggregates, is drawn off and subcultured in a new vessel. The remaining culture
volume containing large cell aggregates in10% of the volume of the original culture is
discarded. In another example, the agitation of the suspension culture is stopped for 1

to 2 minutes allowing large cell aggregates to settle to the bottom of the culture
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to 2 mnutes allowing |large cell aggregates to settle

to the bottom of the culturevessel. 10% of the vol une
wofhodshe3oal t ure, which contains the | arge cel | PCT/US2004/043494

aggregates, is drawn off with a pipet fromthe bottom

of the vessel and discarded,, The remaining culture

vol ume that contains indivitual cells and small cell

aggregates in 90% of the original culture volune is _
vessgh cLi”0 off & voBune of e vukure) whish cps@insithe Bz aell agsreaates, is

i G AR pioe G mEbGHeRh SR e o Bl TP

cul@RRelumeg@r &gadifsSindBAdia3 bélNtandf snabllf R aBpiRdaes it @)% Sf the
or nore are elimnated fromthe culture e.

- [
origisphplfreohIeds seheniaredc ShutupyRssel o9 rfal SHR I and 1 L size
shVALRE é&%éﬁﬁw B! g;uftﬁllér\%%gﬁé o??({) f°dd A I%Pgnl\’,MaJF 240 ml,

repeati e procél ure. resul t1 ng cel
respedtiveiy. | ess clunping or I ess of a degree of cell

aggregation than the non-adapted cells in the same
sus B’éﬂg?' BHUETH t3ATesatRsfonmstingel eyt mdgrd qetlp primeore are

Dy ! i o . _
RS B SO0 43, N AT P A 0Bt ey v
enngrdibyenehiplersindg cfiselactute.ze by T@RABBCBe Progdere. The

reop i e T Rl LS A o B o e st

thd hihidaBleaensl it 8286 sRPEAdiSH Sulhite FRARM . €d. The anount
of |ight blocked corresponds to the cross sectional

ar edhefdegige op gvlture clmping ehageregation diting culfpingrmasebd

1ze. T ' ibution profile .of si,ngle.
nAABF R Frlpr o O BlRbl il Blatiiieg sl ol R0
78@/SPOSBiagledraitivle DpticAlSiietaln tiz@ktrirBerdPingividuallphiticles are
article sizes ranging fromindividual cells e.g., 10

, .€.9g
Pa%gsd by adpser Beaan prd the amopet of light blgoked by pachasticle i measured.

. . . Lo, _
TSR R R 8 AR e AR B e o
thua thecaieclimpsir zel$ agdreght&sine.c The distribuion profile Oﬁfﬁ'n'glﬁlclells and

ianeter. In one epbodjnent, the nonitaoring of cell
collg 5t fopArief i G0 o5 adh Oy ddmiRaliseer s able to

N e N e R

to calleqrzeeats49 to g0 nignoes indiameicst Forexseplayafpreferredgrobe used
il B S P Er P i R S ea P O bl bR 400

midBhsid Sagekireved in part by selectively elimnating
Iar%: cell clunps or large cell aggregates. It is
bel iegreiembedimenie theanonifnaing cfice nggregationmr e degreeef cell

ag%% %g{%gx?lg g%fg%‘?eggq%/ﬁﬂg élggg)é:cﬁsec ?ljs:eh 212 F%a%eet @ Ltﬁ%o%ec%lol. Prog. 16:
809-814 (2000)).

Cells of the adapted A549 cell line may exist in serum-free and animal

material-free medium suspension culture as a mixture of single cells with small cell
aggregates. This is achieved in part by selectively eliminating large cell clumps or
large cell aggregates. It is believed that the cell population that forms larger
aggregates has been removed during the course of adaptation. A cell aggregate or cell
clump that is removed may be greater than 400 microns in diameter. The cell

aggregates remaining and cultured are preferably small, in the range 100 microns to
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clunp that is renoved nmay be greater than 400 m crons
in dianeter. The cell aggregates renaining and

woubdswesdo are preferably small, in the range 180T/US2004/043494
m crons to20 mcrons in size. The single cell sizes
are in the range of 10 to mcrons in dianeter. Cell
aggregates or cell clunps present in the adapted A549,

al so nanmed A549S, culture stable in serumfree and_
20 zmicreas inmsizer The singlescll sigpewsiiptheganganfd Oigyl Saicransdn
diddhas 400 microns in dianeter e.g., 350 microns,
generally at |east 300 microns e.g., 250 mcrons, at
| easlell23@raghiet 0NGelEclgmps phlentiin fnwlapl A5@9silsd Bfined
5{29? ons e.g., .90, 80, 70, 60 nmicrons, at |east 50
A r%ﬂ@r%stgbl? inggerumcfren andgnamal gpgterial- fres uspension; cultyregnay
boildhe 6 P | o .
© AP PR Horcle M infer . R PR Bl o o Ao
e.gpr290indiesonis vt dease2 00omicrtiert g.t hE0 migorey at least 160 atierodk e.g., 90,
t ulture sinmultaneously w a curmul atjve cell . .
50, B finictgrae ok A PORT & g SDlICBT o it ert Ay misfens in
diASGSIFRIle (8N 1ARER dRIRALSinTRS Lanbt 6 DI %iéb%?.f IS
described by the follow ng nmethods. One nethod is a
hi stlisfriantienuefreriice siges providies infortmetionraboit theiagdragdtion state
ol u of_all particles i.e.. cells.and cell. .
of Y sl i MeaneB Rk st e iy GRS Qppifisation of
ag@%@itﬁﬁ@tﬁt@dsiﬁ% lt}@ ALBUSIAE 78¢/'SROSSI8E PaRtich Opbti®hl $izer t1€

cumul ative cell volune profile. The description of
deseiibed huthedhllpmipganetbode Prawmethodds 2 histogramsywmpatizing the

. . e i re c t, which,.th
i of S RRLC SORARCAR B8l % EBASE A MRk e
degree oheedl dgmpinganayheardpresdiited by AR U RItvD beSepitidn s16t &F., the

t hﬁa\t,ir es%Lt s, such_as _the 50%. mark, provides a
c ¥arethvoluma peofilsi dhe descaiptipnef agsregstion mayrisy aprgsented

. i t . T .

n PR ERN Qe RS AR R 16 TGRS ERIRC bl

cudes envbethe 28 %, 309Band 1396 ntaeksforethe histo ghytp@r Chidrt.UTRe numerical
Col | ecti ATCC), 10801 iversity. Blvd., Mnassas,

Prw,ta%aof?tg@ b0, s A0 T Pwﬁfc@a@@anwt an

co ?@rﬁﬁﬁ%bﬁﬁaﬁ‘émfth@éeg‘ré% J%) % 'Se%gg&g’ﬁéﬂve&‘?giﬁngléﬁ5498" ;

1
ATCC Acceéssi on Nurrbe_r: . AUrestri I ons on
accdbs adaptechs 5S¢ tell lingrwasidgpositedachdei the Budepest T&aty,|dn

be renmgv u rant .of t. By "sus i.0
Defiinbira 2ihe RRAAE At PuliatRie chllentinB Tt ooy
Un®fersity BIRE., Minkssak,W A, 201 10LI299VES A lind¥r ehdh8R8RH dathe and

suspension e.g., are not attached to any substratum or
accegypmpanberts fQliayis Depgsit aarae: AS4B " addiGie Acsessiomddumber:

i £4HoN ion cul t.ure b .
T APEARSORL o TLESSHIBERALAR SRR rce v
renx@iedtupon gidne of a patent.

By "suspension culture” is meant cell culture in which the majority or all of
cells in a culture vessel are present in suspension e.g., are not attached to any
substratum or surface, the vessel surface, or to another surface within the vessel. The
suspension culture may be shaken, rocked, agitated, rolled or stirred to maintain the
cells in suspension.

“Serum-containing medium” includes any growth medium containing serum

from any organism. For example, serum-containing medium includes media
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cells in suspension. "Serum containing nediuni

i ncl udes any growth nmedi um contai ning serum from any
wonrgEmcIT For exanpl e, serum contai ni ng nmedi URCT/US2004/043494

i ncl udes nedi acontai ning fetal bovine sera, newborn

calf sera, calf sera, human sera, horse sera, chicken

sera, goat sera, porcine se]r rabbit sera, and/or

sheep sera. Sera may be heat i nact i vat ed, dialyzed,
cogtanmngﬁatfdth@@mecseta., peaara galf serdegalbyern ausun syaeherse sera,
Chﬁgl\‘ll\? A %oga$ (sﬁ,rg %ﬂg 0L G dr’abl&? ger%)%%ﬁﬁllr sh%qpusg& ISr e?ep m%l be heat

erumftree ne es an
mm%ﬂém &@1@&&&1@, i5aed, ddlipidieddrtdefibEAMBAT €Be @@d infly R0 be
descri be cl’ass of nedia that do not require
SuBImlpmeewénﬁoatexamplw with gen gnerowvib dgnperst cel | growt h.

or ot Seerparrset oBRh BT ReSALGREnE SR RefY yBfetion-

ﬁ@tﬁéﬂih ﬁﬁlnyesdHt%faedlés@ @f aanEhel & hot réjiidel sapplementation with
serumfree nedia formulations are EX-CELL(tn) 520 and

semswpppmcskb growtho perRMIBE Biediagnay sontpiniscretg grpigips or bulk
t e
prdfSft BaciohC e bR A BRARR B0ten, Pl R iehts
comrhércmaﬁy aegiabld feadm dosetraddia fromatitiond adEXARLL™ 520 and EX-
conponen In.the art, cel
CIEae i R0 ienedsofe.-dp Sl W07 Sigesttenexe, Kansas,
66285 Uk Aree and animal material -free media may vary. A
serumfree or a serumfree and animal material -free
medi 'lSnnmmfrea lan@ atvignad esateriabdictehsultire sredimefes &9 culture media

chenj cal | | ned nmedi um Thes rredl e as bcl ass
tieoBlafiig F SR HEaT S DRROIE T oAt barabhenme
m&fﬁifilﬂ’ﬂi’@r £ QMRS TRerubl1BESE aﬁ@géré‘maﬂr& dnidemimil matenal—free

ani mal - derived conponents and all conponents have a
m%h@:myc'hem Haprugn-frae o soruibr ipeedng- a‘nm@@l melgiial- ﬁweemadlum may

f serumfree t [ eer.

IR s S s i e R gt sy s o
subaagswﬂséme-ﬁae ehedfd thed comefiehd abm 61@£1tmfd1nn¢ﬁwﬁ SPRPSLiHoN.

culture" or "serunfree and animal nmaterial-free
These predisiagp f1ge P arimal-deriyed campeupen 3ndall sompencats aye aj s

r .

b ARG G b SRS ARE B P PRSP} AR ey tha
ars fispefall proteind, but mag ooftningdant e lybast Apdrolyaatiesim The

culture contains pr t eins that are secreted by, =~
der | PEFIR RN Anighad A Bpe (iR SPSpeRtigRAugie” or "serum-
Ul Yhifal Aatb - AR Bnsioh cYlthies rﬁe%n?ﬁ %@ﬁlﬁgcuﬁdﬁ that is
ture conprises cells, virus and ture
prppa@tedlm gervin-frse maramahmp’teualefrﬂcsrneﬂm aflee feramfrdeend

cells an
animal matengl ftree meéhum suspension culture comprises cells and medium. The

culture contains proteins that are secreted by, derived from, or produced by the cells
grown or cultured in the medium. If virus is propagated, the culture comprises cells,
virus and medium. A culture producing virus contains proteins that are from the cells
and the virus.

Commercially available animal material-free synthetic cell culture medium
may be used as the serum-free and animal material-free medium. An example of a
preferred serum-free and animal material-free medium includes IS 293-V ™ from
Irvine Scientific, 2511 Daimler Street, Santa Ana, CA, 92705, USA.
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Commercially available animal material -free synthetic
cell culture nmediummmy be used as the serumfree and
wanbeswie3atat eri al -free medi um An exanpl e of a pCcefusereds3494
serumfree and animal material-free nediumincludes IS
293-V (tm fromlirvine Scieptific, 2511 Daim er
Street, Santa Ana, CA, 9270 USA. Commerci al ly
avai | abl e serumfree nedia rray be screened for
sui tlemspmprcjallyaveileble serumy fpemeria anayhe Feened Earspigability as
r v f
thg %ﬁt@éeﬁggéﬂ%p?} %%&%ﬁglgecdcnﬁ}ngr%}éal %vﬁf‘fa[b %H)Egla r%rlyl!) §c'.réened
foFtheir ekditptoesuppett A5 40rcethgaswiadh eh&ret ﬂas]dst Foeexayplbecells from
t nsferred int suspens on using.the r&%?{l um of
grerigqul tu{‘“ﬂmé}ﬁg? Haps et suspaisian ysingihs medyma gfinterest.
S I
In?%’??* e Ay R St Dl e
S“gﬁcbﬁd froingher o ant ecedoym he theayedime tof interesin tGatlggroFieis

S g S SRS S
gﬂc E)@éi'ﬁ‘iﬁat‘ic'ﬂﬁt F 6rhﬁaﬁ%ﬂ:‘ fosule Gl ihis tsBeeRidP n?&ﬁ’od found that

fromJ ci ences, hi e,

thqmrﬂthla, rCe LL él‘{éﬁlai EXdﬁETab 3R tem DQ&)BIQW% Im<549

I
(AP St P 105 BEPR BTG und i AS 45t B,
w1ﬂﬁﬁ1tl lakge ;fgrg@éé‘gatdée These@ediagayeiciegelopet thirthepis @é’éﬂml-i@ee
the serumfree and animal nmateri al -free medi u

m%ﬁl% cAé%laena el o the saxeem@smtmm for @gample that the

lg:ug? %‘%Z a&(ﬂgm&%g&%%lail%ia rvine ié’?@ﬁ i‘?}{g“%é’ gp pFF@ ?(fte%m(ﬂ

Prog.t119: 137143RRURONEE sisifsioficBEok, of HEK09d GBlls 2eHS ZQBPV

(o oipmB o) supjsaanted vty P BELESVET B8 (Gt M

Tr_lﬁ_ﬁiﬁf@@n(%de} ARIOwKithker§) rl@@"i‘fhclé"'E‘ié?RéHt hapog £ QM&Q&?&%) and

ium may be devel oped further’as a serumfreé
13ahaigdnfermbis ghmemata (Flﬁkzé}s sumdrtadrASAP sel] gfagvth smiwpt arge
Wi comer.Ci abl e rredl id not
se5igpsRt A SR Foay rafereloney Bl EEe iy e e
ma&3al{ffdeB&diuhnVi t rogen) ; Al M V(r) (GI BCO, | nV| trogen,
Inc.,); RPM 1640 (A BCO Invitro Inc.,); 293 SFM

1 (ady exanmlw,ﬂb@@lowm&comme ley avpdablp yeNisdiid ot

s AP0l i basShiog RS R (G Coltanien

A]MWGIBU@%WB@ éﬁnln | REM] CEIP Ofl&@ﬁrdg@filmm £ 003
Sus ensi on Culture (P CF- CHO (Si Aldrlc hese

&REI: Imdirogery éﬂl@be@eﬁaﬂ?hdnmy Me umﬁs farahdenbyirus
Prlg%d”‘ ?ﬁ% %1@%&'— %c% ﬁ%‘% 415%8f §f EEI%S | I@f’d; %3?’98“[@&? itd CHO
Protein-free Medium, Animal Component-free Medium for Suspension Culture (PF-
ACF-CHO) (Sigma-Aldrich). These media were not developed further. In addition,

for example, cultured A549 cells formed large aggregates in the following
commercially available media; ULTRACHO™ (Biowhittaker, Cambrex Corp., One
Meadowland Plaza, East Rutherford, NJ, 07073, USA); ULTRACULTURE™ Culture
(Biowhittaker, Cambrex Corp.); and IS-CHO-V™ (Irvine Scientific). These media

were not developed further.
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commercially avail abl e nedia; ULTRACHO(t m

(Bi owhi ttaker, Canbrex Corp., One Meadow and Pl aza,
waasds/oessrher f ord, NJ, 07073, USA); ULTRACULTURBCTMS2004/043494

Cul ture (Biowhittaker, Canbrex Corp.); and

I S-CHO V(tm) (Irvine Sci en:rﬁi c). These nedi a were not

devel oped further. The seru ree and ani nmal

material-free mediumis supglerrented with an iron )
suppihefemim-fee prthenimabmatssialifiee meda isrsupplemsated with an iron

sl PR Ao AR St R Ebont A dnaliBiofd "

cofnanei Sy almﬂi]Abkérigomfsupﬁeﬁienﬁis )thel@ﬁﬁﬂic.%lﬁtr—D efiaed $ron [Spplement
63178, I t n 3153, that_ contain
frogs Sesisn Baichob B bork D Srt by, NP b5 75, baehgroduct urmber
e . . . :
136340 tﬂaeeazﬁ?lhg NSO gﬁgﬂ&myfgnn@gﬁig gﬁ}gﬁ %%é gﬁ?]ﬁ&i@tgaﬁmport

I's conplex I's tr orte e 1ron
maleculetoawkiell thencbridsndsrebhiavamp ek lietrimspotied ined tells where the

o R S reh ST BBl B0, R SN SRRh, !
Delfin8d &oh SpBrAREI 18 uddd & LATHRA G &lthpeR Yifdr bR Ble@idm.0R
supplenment  is Irvine Scientific's (lrvine Scientific,

preferrad exeimplee Seqramercidhyravailahie irocaupdanos, is Wme Jciemtific's

e 5Riefs B, Y Dy Sl e MR Gy Pss U el e

prafuctiaghbeno3Aglaisbe it dilgioarofe dnExesRll pedlitePo CABIMAL ppdfbdbly
avai | abl e iron supplenent is ferrous gluconate used at
3 ml peg kg of medivem Afother prgfeped exanple obp Compiergillyraeailable iron

sulgﬁgjnéﬂpié ferrotp gw%&iﬁﬁé ﬁ%d"ﬂt%%h%é?ﬁ&ﬁoﬁfjli *n%' A liter of medium.
recursors suth as choline, oleic acid, fof er e %ady!
et hdie nzsdivme is sppleheamdoetth Epids and hipidtppedudirs suchtag chbkne,

e R A
groRRIF SN TH R R B BrciGIE 2 P BIRY c%neémﬁ%em;pg@ k‘ﬁ%ﬁ}ésﬁh%t

avail able l'ipid mxture concentrate Is Sig ric
magySiegdized tir suphlenPnOhe Boodium 5 Bie eStmpleadiaxomvrcialy a8ailable

i rab B Mo AR AT G G Ay CFEE RS, 5o

LoiBAMON63The UK uibat MeRiel SShsleBed d6dxe) '}iﬁ)dlubpmgnber 12273,
Medi um Suppl enment (100;(} is as foll'ows:"100 nl/L of

useg); af gelilntion pEHO 8 perpliter o wedive. PreddunelatiombESigmasAkigich's

L ichlin R isel Uit RO TB P g s dibia
Migtind) @ioducbidfibert It 46, and!$60 F/lugpmlgtak@mmf-gg,q&rsd&& @hislﬂiﬂibr P

Suppl emrent E_lOO , is as follows: cholesterol (4.
13¢f)- Lff;le tosyulatign pf eigmarAldriphisdiipid Mixgirpyiroduat apmben b 5146,

e BPREE L SIS RO, of Bl Lo
(4.2xdyypta bier aildanyrasids, ahdtitylagid @DIgh); pplydx yathilefidorbitan

concentrate .is GB [ nvi trogen
monocr;leate (E? g)i); and D-ﬁ)}())ha-tocopherolgacetate (2 g/L). A preferred example

of a commercially available lipid mixture concentrate is GIBCO, Invitrogen

Corporation's, (Invitrogen Corporation, 1600 Faraday Avenue, Carlsbad, California,
92008, USA) Chemically Defined Lipid Concentrate, product number 11905-031,
used at a dilution of 1 ml to 10 ml per liter of medium e.g., 0.1% v/v to 1% v/v,
preferably at 1 ml per liter of medium e.g., 0.1% v/v, more preferably at 4 ml per liter

of medium e.g., 0.4% v/v, and even more preferably at 10 ml per liter of medium e.g.,
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Corporation's, (Ilnvitrogen Corporation, 1600 Faraday

Avenue, Carlsbad, California, 92008, USA) Chemcally
woebisrwesb7hi pi d Concentrate, product nunber 11986TM81004/043494

used at a dilution of 1m to 10 m per liter of nedium

e.g., 0.1%v/v to 1% v/v, ﬁ{ﬁ?ferably at 1m per liter

of mediume.g., 0.1%V/v, e preferably at 4 m per

o er of , me 0.4%yv/v, and even nore
1 ) byt EPVI@%“%FOH%IB@D inyitspeesr Corparation's Chemicgly Defined

LR ASET 3 By S 0. MR 5
( 1(1)1@1@51119@1, ethyl adeohiod(106ve00 nit/URQNbIssterd EEZZMQILQQﬁfween 80

(agfnes oS st BeSp et tag arasatcata é%mﬁﬁi&ié%i@ﬁé%%heml
acdThe QV’O ﬁl%?]% ) steei 289d (1 Ihk}qun%g} tﬂg@ma o&leﬁgl%mg
(70 0 ri's

stearic acid acl

mg»ﬂg) Ll}lolem asict (1Qohg/L):1m lmifld dcid (1|0|mg/@)ppmud1e(cmmg/omlgm)

0 al. toIe acid (10 ng/L);
aragﬁélc fc&g a@“&%ﬁ‘i’ a(nng)q?}co g/&senl c acid (10
g/ The sdiifr-H€¢ st ddigal ﬁﬁ@n@ﬂfr%ﬂne&ﬁhﬁfs sBbplbfmeRte SN Hon-
I.S suppl enented with a nonionic surface-active agent

ionéq Stgfﬁ%ﬁ%‘fﬁ 2eBLOT BRemeRis sufastanissuch es, fexexapipde, PLURONIC

?M I, es...of, noni o
08 TRatT aaie CS %gt hé}f@gﬁf’éﬁg 0%; esr u%aff?f‘%s g &ﬁ gfgg_liggstructure
HQ(ﬁmfm)a@mﬂm}bOHﬂ@E@mobﬂmm@ bls bbleadt 1I56aaat 15

(R i 1o 2 Ao D WEGhL e%;&%f{j%b % a0 hiso
knd3¢h %@éf@frﬁ)l ggwxaﬁ’ié st ﬂlréﬂl SR )ﬂ% i 1{/@%1?1@ Witn oxirane;

oXi rane; yethy enep yprop
ancbmlytptbylgnepqlmopylmd glytols, pobfinssrs.ed pmmnulml}Cpmfahfea@lbﬁMnc
t he .nonionjc

sl P (RO NI Gk THE GRERICoI 56 Monigat SHEpetabingish as
PLUROMISTFES, Q554 B¢ rihof b¥bwdRA0IG504 bl b)Y, %fﬁ;afrﬁé ?ﬁejy#l%gerred is

bet ween 0. 1% and 0.05% nore parti cul I'ar
betyeanf. 1 Ynand{0 5k dmaene Piil‘hcldaléjgmtfermi i§0r186,4h Itlye medidmt dThis

l.1s f t ffe
e e A R MR T
aerfiaat (MhﬂminnePﬁlﬁgGoﬁeheb4?99b4ﬁiot5’éﬁ@P tppeKics 14@?@@* Papoutsakls
Trends Biotechnol. 9: -324) Fur t her nor e,

19% e drsids B@téﬁﬁ'ﬁl é’rréh@‘éa“)m th inorganic trace eI errent s

t EEM%% h

g IO ut am ne, é up r@%cms%jlhls {lpé) qg!fléénftérx‘}‘ &'&g I?O?rg?@g trgged‘? %Fnts to
enhgadecthe gmwth iofi celdey kit 5, seRuriumd)i gluthniiir ey BEtRicesul RIEYRIMI! Bitrate,

dvana at.e, ﬁﬁnese sul fate, nickel sulfate, sodi um
sodiym seleqite, zoe sHiagaramPBRmyEo Ybfi@#ﬁn HumOBRMbYanadatehar i um

e G L AT A

chlgsiidey barium beettte, caslodimmhidrider ¢1ﬂemam:hlmde; oolydlt dichloride,

germanium dioxide, potassium bromide, silver nitrate, sodium fluoride and zirconyl

chloride.

There are commercially available concentrated mixtures of trace elements
such as, for example, Mediatech's Trace Elements A: 1,000X Solution, product
number 99-182-CI; Mediatech's Trace Elements B: 1,000X Solution, product number
99-175-CJ; and Mediatech's Trace Elements C: 1,000X Solution, product number 99-
176-CI (Mediatech, Inc., 13884 Park Center Road, Herndon, VA, 20171, USA). Each
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chloride. There are commercially avail abl e
concentrated m xtures of trace el enents such as, for
wexenspess70 Medi at ech’' s Trace El enments A: | OOOXBOTWIS2@M/043494
product number 99- 182-Cl; Medi atech's Trace El enents
B: 1, 000X Sol ution, product, nunber 99-175-Cl; and
Medi at ech's Trace Elenents C. |, 000X Sol ution, product
Inc., 13884 Park Center

d h
Of%ﬁgélﬁégha ﬁace%lell(i?w%iiﬁitf?%s@eme%ﬁoﬁnd HescrEdimendeh’ s
solﬁﬁ@ﬁ@arglugé@ﬂtasdlﬁﬁoﬁ ??‘?nl? ﬂFe?B? niedini T% £ E\IU%H%W S
di Tut 1 per Titer

C sol Utions are used fon o
Mghatedh Tirace Elemednts Aul,800% Sobiftiolbtodtcehithed 924 82-CL is as

RS im0 RRSeh s  1S Z%éié’l‘éfﬁﬁ%é%?v%%c@e%
%mj la)la f&ﬁh %ﬁfét@(rﬁ@@ 1(d ? TR h}nnur o?wléog t‘éag% Plafe

ormul ati on of l\/ I at ec ace
EleIl@WeBt é,ngOmSo@ct@n, soructinumbep PR d5CInisris doll@8s: VIS TH+H,0

©, ?g%infgﬁtay&%%ﬂ?%&& -0@%1%%%3@ AP pcEIU $2Ih G 14 -
W WEB, V(O %JU) NM@% 5 aﬁ@/shtlz (%}@d%t% 2

iinhydrous e for ation
(0. H}gé&)ecThesfomnw@emEp diateclt's Tlra@(Eimnemﬂsm |lcﬁ00Xp$Qiuhumn

. 145 kAR ER L 1

mgKBy; B(a(xzzrzom/(lz)ss rﬁgdu) ; KBE@ O%ngw)m:dcgﬁgzg &g@pd& HzO
@ IR oSl o 0 3 They el T e e t(ﬁc’g'ﬁ 5

e
OSBRI EIROE T S ST, |

sup ﬁlddrtmmalén the sdruitnefi-éecansl ami’ma:lhnditehai free medhhmh the pH

;
supe R e WO R GRS CooN SR (vt el qultures.
FoPHQsipia barrea 1h§ludé'@:cﬁ§n bidaMbotiaty ﬂfoﬂ&f{s‘i@éﬁd djbasic phosphate

erazi ne-i V- (2-enthanesultonic acid
SEllhyﬁEBEﬁe((Wl—l)}fdr@Qfeﬁwﬂ ppetazitehMA@sanltiamasud fomdd abid); 4+2-

hycf ?vlt( eﬁ@@ﬁﬂ}é&%&%}%{é -%g.ﬁf%m@aﬁ%d salts thereof)), and Tris
((tﬁﬁéﬂﬁax}&ﬂétﬁﬁ%rﬁﬂlb}r@fﬂaﬁ@ mw%n%ﬁbétﬁyﬁﬁﬁﬁl% 0fnd salts thereof)g

tionally, the serumfree and ani mal materi al
rredAd tlogalénﬁm sremt feee andtanim#lenaterialdieeonet]iuvm is

SUPEJIEQILI Rﬁ’t ea411éa g%gigic n%l%t%éfn%ni f g g}%ﬁg&m of:}jc\fp.@ to 20
mmrpeéeraaw azt ledst D eaitte. g, TMAE 003 mA7, rﬁMe ;ﬁeﬁMblp At 1zaml/lmM

referabl at | east 0 MV
& {’TE émh‘g Fy%ﬁ‘awewrefﬁwb%aé deast § né‘é emoP Bl malO mM in
the@i‘i’éd?&rh?" free medi um may be

|_

Optionally, the serum-free and animal material-free medium may be
supplemented with a carbohydrate such as D-glucose at a concentration of 0.1 to 10
grams per liter of medium, at least 2 grams per liter of medium.

In one embodiment, the serum-free and animal material-free medium is Irvine
Scientific's IS 293-V ™ (Irvine Scientific, 2511 Daimler Street, Santa Ana, CA,
92705, USA), supplemented with 0.1% PLURONIC F68 (Invitrogen Corporation,
1600 Faraday Avenue, Carlsbad, California, 92008, USA), Irvine Scientific's Iron
Chelate (3 ml per liter of medium), 15 mM TRIS buffer, Mediatech's (Mediatech, Inc.,
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suppl enented with a carbohydrate such as D gl ucose at

a concentration of 0.1 to 10 grans per liter of
waoradiswapo7at | east 2 grans per liter of nedi um PCI/USZ®4/043494

enbodi nent, the serumfree and animal material -free

mediumi s I rvi ne Scientific'!s IS 293-V (tm (lrvine

Scientific, 2511 Dainler Stlrgeet Santa Ana, CA, 92705,

USA), . suppl enmented with 0. 1% PLURONI C F68 (I'nvitrogen
1384 %%fké%qnéfﬁ Roadodemgdpmdédy. 200@hueSAcTiracsddements A (1 mi per

PR MGl MR ol (i Bt PRl e
Médateelt'€Thucs Eldieia€ €T gﬂ penliter as&lséuﬂg; KnOg it glntaﬁﬁﬁéj and
on, VA, 20171, USA) Trace Elenents A (1nd
G 8o ChgpticubaP el Do CapenEre i ¢V HIpfpeen
Colﬁ%raﬁéﬂ)er of medi um), and Medi atech's Trace El enments C
1m pér liter of mediun), 8 mM.-gl utam ne, and Qd BCQ,
I nvile poefber mliddanemmhle)selﬁlaf free dnd_amiial ﬁatecifahfreahfed(uh%s

v/ |t t th nbodi
irvfpelSciip TS B2 an 6 GRPRaISciraibe: Sy Koo Grddnei LA
suﬂglmaﬁemtw1%1&1&1@1@1@%8\@1@% éﬂ@&@&u@ﬁ) %Hfdlfs' &

anta Ana, California, USA) ff’ema

pp
glyoptreXi onEaer lifen of mediyan, Lonp6 RIS brifer, i\/éadlai@xsh’s Trace

e Sy AR TR e M RO IS Y e

of n‘ﬁdhmm and\Médﬁteaﬁ'B "TeacbrRlem etk €@@hBpd3 litdrdf nﬁ)é%ﬁuxh tSQﬁM L-
nedi una[ and Medi atech's Trace Eﬁ)errents

glqt@ql@p, (a,r@wtlg)gm gmigally Delingd I@@@@ncentrate 1% v/Iv)
emcally Defined Lipid Concentrate (1%
(mlvﬁy%gte? trog n Corporation). Cell Culture and Virus
Pr oduct| on Adapted A549 cell lines of the invention

may be propagated si Iy b culturlng .the cells in an
appropri ate nmedkt  and Vir QUCHAR and ani nal

8t olded A0 o ‘i‘h@é‘bfﬁ% @ﬁ\%ﬁ@g Maa&%ggpééég%ﬂ§in$ﬁlxa§/ be

culture. Once the cells have en” a
culbmyngpthe seltsviv dnapproptistegvedion, suchas e sasen-fiPe efdasbal

he eI | s are cryopreserved b propagati ng the adapted
maleb e gty e e BB oIS of  gr owe
CONCRIE KRtdend hweeoe%ﬁlah@te@ %ﬁéﬁﬁgy B8 cﬁyts?reeém& B B Tor

to a nedi um e. , serumfree and ani mal material -free
futpregisenPesiterablye Wﬁldmte&rynpmgsemd|bwmr01mgpmlgﬁemﬂmeomt5h9

ol PR R B Ao e S e
groRrtR hesdalih Yo a hiedivgek. |gS sazfuﬁl SO hRUarfinat méfePial-fe hR8fim or a
sergmgconta_mnslggn%dlu% slu?)pllelmqeg'lce(cjl with a cryoprotectant and a stabilizer;
freezing the cells; and storing the cells at a temperature of 0°C or less.

Preferably, the cells are stored at —70°C or less e.g., —80°C, or in liquid
nitrogen or in the vapor phase of liquid nitrogen.

The cells may be concentrated by any method known in the art. For example,
the cells may be concentrated by centrifugation, sedimentation, concentration with a
perfusion device (e.g., a sieve) or by filtration. Preferably, the cells are concentrated
to at least 1 x 107 cells/ml.

The cells may be stored in any cryoprotectant known in the art. For example,

the cryoprotectant may be dimethyl sulfoxide (DMSO) or glycerol. The cells may be
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nitrogen or in the vapor phase of liquid nitrogen. The

cells may be concentrated by any nmethod known in the
wanves/oesa7o exanpl e, the cells may be concentr at edThg2004/043494

centrifugation, sedinentation concentration with a

per fusi on device (e.qg., gﬁve) or by filtration.

Preferably, the cells are cohcentrated to at least 1 Xx

107, cells/m . The cells na&\be stored in any

stagpd, ByAngstabiliger ko 1he arth Fos pxamipley the stahilizer mejbe methyl
Ceﬁ?%gpg ant may be di methyl sulfoxide (DMSO or
glycero he cells nay bestored in any stabilizer

knoBrioir o fibeziag towikdhe exrmomiraed td1B 184ypkd pdrzibhiedmdo R¥eral
nmet hyl cellul ose or s ﬁunl Prior to freezing down, the
SeRESHE G RCE O SET AT ﬁ%l§ déecelnmgy bastorad ber gample, in a

o126 BP%I%Et?c ﬁgﬂ&ghﬂg&ﬁntaoceﬁrc%ﬂ&% g %emg ‘éeusE}}@ nseedeh%or

e store exarrp e in-a ass or
ﬁlwrealhseoat pouioa ofthed eryepresrvedmells (frem kbag Jcofw‘l\hﬂler)trhay b@idlécted

i el Sanipalived 1l ol Bhisoiie oo mndary! Mgritlee medium
suéiféhﬁ@ﬁ@ﬂltﬁré%ﬁoh?acfa%tdﬁoﬁank thawed and used in

serumfree and animal material -free nedi um suspensi on
cul tAdaéthn Amnellammtmpr@pagawd@ptgemmwglmmettmddmywhen the

5 AL B SR e TE P N B i

se10@l-fise Bi&yalbﬁlagﬁQMal fre6 Sispbsidredi I RRs waRbi®turther adaptation.
naterlal-free suspensi on culture w thout further

Proppgatien may be dppphy asingle steponsemalinte $6p Brospdie.clnsa sipgle

u
steg pr dg&&t@% o%?(g%g Bc? Eéc?a%‘?e%l K54 d9héet11§ gj%k%%% %B‘l storage and
1ndoatabazhﬁrefct1§ma> abultage/emﬁwhmqmcaicﬁdn of viegd ﬂs)gohig ta take place.
ul ture vessel where production of virus is going

Ing UpJE step prwagaﬁ%mcf%e dhepgpicdoefit s ape e Fom
<o s o Lt SRS LT gl g
sizguatlzht¢hing therferms culgirs stseleherh theqaohm@gnhh goifig matake place.

| t duct to take
N TR T KR TR T
forddrOWth. UDElBire COMIAHSHQ Bfchild ¥m r@tu&PbHTH?s%’iv&%x eﬁ‘i‘% %nd

lture conditions, such as tenpefatdre,
thediliecpan thosg kshoam o bheptimildonthe pamgblr kﬂlbhne mnﬂ Wdl be apparent
for the . parti nd [l b
to B sk7Ri pem ph BB b Bl 50 o e R0mel e
Prafch@:hldﬁdrﬁ@:ﬁ:h@“@ edition) RiBkwé&d, ID. aHl Hakkss, B\ leds! Ogfird
proach 2nd edition, Ri ckwood, D. and Hames, B.D.

Uné‘crgsﬂy Ryﬁfs@mwﬁpxke(rlm)} Press, New York (1992)). When

br ORR: agaggﬁﬁgasgpté?ﬂ@@@él ssoraaap%&mtsﬁe' Ao i Svirus
eg., adenov1rus in the cells, the cells may be grown in serum-free or serum-free and

animal material-free medium from the original vial to the biomass. The biomass,
having high cell density, may be maintained in serum-free or serum-free and animal
material-free medium during virus propagation and production process.

Adapted A549 cells may be grown and the adapted A549 cells producing virus
may be cultured in any suitable vessel which is known in the art. For example, cells
may be grown and the infected cells may be cultured in a biogenerator or a bioreactor.

Generally, "biogenerator" or “bioreactor” means a culture tank, generally made of
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e.g., adenovirus, in the cells, the cells nmay be grown

in serumfree or serumfree and animal nmaterial -free
waoraiswasd7oom t he original vial to the bi onmass. PTNAIS2004/043494

bi omass, having high cell density, may be maintai ned

in serumfree or serumfre;oand animal material-free

medi um during virus propagdtion and production

process, Adapted A549 cells may be grown and the
stayn]egsisteg! puglessewith @ iorwne et frg Leran Sropisy, renRiifing #begitation
o Ak o TR o M LR BBt oo,
Typealtylit isreqdipped svithipogisss enasmingthe antbinal gaameters of the

.Generally, "bjo rat.or” or "bioreactor" nmeans a
iGEETEARE RS TG ARD L6 TR IELE AheBPSTATEhe gtk pressurc
or B8 phy¥iddehénita] piEnOErband Ldifke gBr ﬂf'sﬁtﬁ%@fhe_consumption of

conprising an agitation system a device for injectling
glugoss erafrpluimEEdrdhspraductam ailyganand emnceiins éons). The pH,

Typi ca it is i pped w,t robes neasuri t he
oxJ 9P, FtL eipsrebns Ped sFF utitd it SR ERsPRoL t bieD et aently
regiithted thesediasaRdt¥Rd IPSMSLBmbsdiMchRMI. Valsdl B.a diitet AR 2
rOlgqrgessure or certain physicochenical paraneters of the

bptileea ghaker flagkicanie e witbrastimber pravidingynedwswabagitation.
: - : 1 .
i S ol R BENE O B 5 PRy R

Bridgewetet, 8, UiS.A. oI THersusgmsion cultineimpebdharat, rycked, agitated,
egul ates these paraneters. In_other enbodi nents, the
TOI{F@ﬁ SHrrpd tomainiaip the qefls xsuspensiin. er hottle, a shaker
fla i:na | i s i-di
e A a8 o sffeiisio dufngimd e B VY sy mettod
knewes setheiast. & oy\xdnie orelladehsity (IMAYE dBienhimed microscopically e.g.,
Bridgewater, NJ, U S. A ). The suspension culture my
e EfHRREh o bieR Elretae chll s e a2 GOV HERo
COBNTERL Actd¥e,&ERbAPAS SHSRPREQR O ﬁ%l'dSi%&ﬂs' ty in an
adapt ed A549 culture nay be deter r% ne y any net hod
k novhe ket 'lgeneration Rombea aefptsdo thwedumishe of popyulaion dweblings

et erm.ned. m croscopi cally e g. emacyt oneter., ar b
a8 EURES nS T8 e el Tals oESRfon (oubfisgens wel
kn&FAMTER artAGS SicZ Patt&d0h, Mo ® MR yRRISIyCES. mtobg hd

Sizer). The term"generation nunber" refers to the
Pagigirifecadernicpdlpwl Berkobd: 42 1 0P 9)ndn oae embpdiment, theirhago

e T C hon of, popul ati on doubl i.ngs i.s

ccll BT RR b POt R R geB RS oy BRIcB RN i Spger of
cell divisiongrintiagyhe @fittre gatodhplRMdnPastfaRnulACAGBIN oF ind¥eMe in

Yor k, 58:150-151 (,1979)%. .I'n one enbodi nent, the in
cell,masey s Jn ongembodiasits the insrease Hbeall wassas mehsuredby the

- . | at | e I Vi sions

e R R DY B (Bl b B TS0 LF OO0 &

| n( Thé termf "récoarbémesy tefiers & 4 germms) whicR has BeeditRodified through

enbodi nent, .the increase in cell mass is neasured b
corvjgptiona recomb‘inant b?\JCA techniques. Y

The term "virus" as used herein includes not only naturally occurring viruses
but also recombinant viruses, attenuated viruses, vaccine strains, and so on.
Recombinant viruses include, but are not limited to, viral vectors comprising a
heterologous gene. The term recombinant virus includes chimeric (or even
multimeric) viruses, i.e. vectors constructed using complementary coding sequences

from more that one viral subtype. See, e.g., Feng et al. Nature Biotechnology 15:866-
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met hod di sclosed in Tsao et al. (Biotechnol. Prog. 16:

809-814 (2000)). The term "reconbinant” refers to a
waqgensme3ahi ch has been nodi fied through convenPComakood/043494

reconbi nant DNA techni ques. The term "virus" as used

herei n includes not only ngégrally occurring viruses

but al so reconbi nant virus attenuat ed viruses,

VaCC|ne stralns and SO oOn. Reconblnant VlrUSGS
870 REYTe In s0pre epbodipents; hatpes uncsion(s) for repkeation of the viruses is

pr&RaRy Bys‘fhg%o &ﬁ%ﬁﬁ%%ﬂ% S el J:hﬁs ﬁg}{{ g{egémét%ruectors

Vi rus i ncl or ev VI Tuses,

indlude, bitest nbshmcted; ta;, toise thati /il thfe MpneaEIdedells Capédiglly
sequences from nore that qne viral subtype. See, e.qg.,
hupgp gelly, and mayhe des Vel BPBCRRSFOBFh 15 TeraImTRS. pdeggyiyuses,
N S r replication
ad ﬁgérgl?gggggsgsl }%ergr ovi %Fedélgf/&vltl@%ﬁ%us%gcel |, a hel per
VI r wsny arusandyebppop pdateshindhe Eéébmﬂe&eastca"tthe/prem irestion. In

include, but are not limte se that, will
ong ﬁ?lge&%l RV ?@Vlré}%pg‘& fgrlrly %{Mﬁ% df FRIonyFQus with

théTt%Mn bsdéﬁewrm%c{o&'omfﬂefé@ﬁysvﬁiéedﬂoﬁﬁe g@ﬁdsoa\dbﬁ&\ﬁﬁ&ae The
ad enOV|ruses adeno- associ ated virus erpeSV|ruses

teraraflengyipdsae mfmseléectmﬂly tg aninsl a@qnolmumsmalyage@dsu n the
of .t he | nveﬂjtl on.

e 5T RBE b PR RO e, 0¥y fiine, canine

porcRitS fifivine Whd singiah WaHoYRSISubNehdial BEpdrBEulr, AHRAR iémhiruses
vector" and refers to viruses of the genus

inclusten dha Arlij$1&)senqrh as weH gs &tféﬁ@kyidmb%@éo%mhgreof For example,
| Lot
f SLESLE dpker ToTBrRSS0 P8 21! PE(RFTpa A1)

12bt84|1l4;315 a¥i e, lSe(uQJ,lZ(DeZI QHI;IIZBLEM ROSIG, 0G, 28]12913@3&11312 33, 34,
m an adenovj rus su In partlcular

33 e 0 157 i 8 s Ate 0544, S5 v 8. 354 almavds ¢ he

f
L S 5555 IR e i,
thegdef@yirklis (A detidedfrdmAte htlRhn adéhovikBs sekdtypdd? ok, 17,
%? h%gne éx%boéébené%@hg %g/e%tg%zt? eggﬂﬂ%@ﬁwgg g@/?l%iipe
unﬂlgltat&i?’genﬁﬁle 4R andfier éhlbodhBentafid v%%%&mgﬁséyaqgﬂt%‘eﬁ defofde;

culture of the invention. In the preferred
formxamplecfhe ofutathé genpreqniap he lackingadsegoent ersmaginghude one or

d fr n1t e human a enoy i rus.s s 2 or 5. hi
e atdifilnals R oG Y Fer nGERBish SrpRERREGE viwel o
selegRl d}} ®pHcAind re€bribiRgnt viHE b QK GQRORNEBeplAHAR AL .., a
enbodi ment, the virus conprises a nutated genoneg; for

Vlré&ﬁwbﬁeﬂttteh@t%tnaftomab@ﬂé éhileanaipleining Kirsgrenlieasignam tunagr
cel'l.gggeé Qg,n I ﬁg? ot Al eI?T%OIS(I ﬁdﬂygi—c}ﬁ?(%diztﬂe&aﬁ?% et al. Nature

nes her evwir
Bme&l&mldgweﬂé%y T2BRT CZUGORIR dreebaidra, VIt endll, m&pﬁéatﬁhg Adenoviral

Ve((::t%?sd%otr iC%rnlgérllyhe;aepgl 1%1 ¢ %tailvgc?ce\blt;zcr:al'}sljelziveiy Systems Marcel Dekker Inc.,
New York, pp. 321-343 (2003).

In one embodiment of the invention, the selectively replicating recombinant
virus is a selectively replicating recombinant adenovirus or an adenoviral vector such
as those described in published international application numbers, WO 00/22136 and

WO 00/22137; Ramachandra, M. et al., Nature Biotechnol. 19: 1035-1041 (2001);
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virus that is attenuated in normal cells while
mai ntaining virus replication in tunor cells, see,
we.2005/068470n, D. et al, Nat. Med. 7:781-787 (208QY/US2004/043494
Alemany, R et al. Nature Blotechnology 18: 723-727
(2000); Ramachandra, M et %n Replicating Adenoviral
Vectors for Cancer Ther apy% Phar maceutical Delivery
Systens, Marcel Dekker Inc., New York, pp. 321-343
Hopz093)., Mob Bree 24mbbi-9%008}; apf demeys - ieoal- Capeer Research
C eplicating recombinant virus is a
633@@ %dolg(wo‘{)epl i cating reconbi nant adenovirus or an
adenoydléctiveMaeplatifgy edtoaditdno sdendesas nbpdlsb be dekribehiag
i nt ernat i onal appllcatlon nunbers, WO 00/ 22136 and WO
bubggtdpiter to REriseRelyHs adengrirgs”s an "Oncﬂb}ttlﬁrf@f’lBiaBtl%é‘llﬁﬁ’@Vlms" a

"Gty s o S el Bpovil vy, ore
“CRAV’4003- (2003). A selectively repllcatlng r econbi nant
. adenovirus may al so he descrjbed as, but no L.t e

to, laAnot E?rcféntgadﬂram&&g HRsARY gRgion, g’ﬁ adgRAYEIUS £ ﬁld’ﬁﬂﬁ afto
knbWwh lab Eﬁ@TBg)r ) et "Ibgmodﬁied rt@ Rltifald @gh@ﬁ@ﬂ %’h&‘ﬁ{al cells by

vect or condi’'tional Iy replicating adenovi ral
deledonomn’ ”th@EI @ gtieRAd the EB region, heseridorbofith piSntesprnstviagromoter

|nvent t he. 10N rus, .is 01/ PEME, . al
ST imuesrmi SR LR R o D maief G Boter regulated
E3EIBIDJSK“g€ﬁé £ s AeSAbER fof Bt dn$pl8)in RenRich&{¥®a, M. 4k, Nature
El ar per g. poM ul r ne aaolfnnsStaanopeRtSnlatlreooenaj|d

Blﬁ@ﬂmﬂ 3%%&@413@%1};@@9@ §mm¢ntammgg&éﬂmmme
NGRLATRIBOFRNIEI hd BRIk, 6! 1B AREATUE LT KPS RS
(mam)ttaoauthphhoaANrtcncosvnctteanfeNaepevnaooshe4|ttsw
i et aAdoost yi dAsat i aPnrtrf hb6t f ohvi oocdl ort cecpsQhnpl g

aei neiter VipkegiingHeeANs SXROWRS he A te theadantpd ééi“rﬁ\rsﬁlé%linder
cortdlfi %%ﬁ*&ﬁ{%ﬁ ﬁHHﬁfQ&PInX he/ héié% i fEry ‘%fug E{Eﬁ?eoab&ﬂ{;%vg

cn| alrarti ttcr,r er naet ||e9

bedrosifetabyPmuitilecdpidsay] aagmewnmevhstafcdvmeehmesﬂaspfq v
ccw | ei nheunf ot yti hnasbo uochaocf

t oj.aoet j sp4ht hat
feﬂi’éﬁii%%‘ YiEPR R@%@@E&grag?l F‘?Qf’@ﬁ“t"&ngf;‘tlﬁ)é"zlé |P6%B@%‘f @%@c&@gwm
be QH}E%!&H%ﬁéH @b eNefd 195 Qidnfflaht £ Bﬁﬁlﬁtgﬁ‘hﬁtcthy ghd &Pﬁ@@“@éﬂé%re
t1'et nraest rodhcsf Al OC, kt ear | t eect amehAi o o odcfl snl s
mulgplytisfeciei Bithoha vimmsAngmpbcqu e oeadurqlep thad ebhpacesathdr t e

[ t 8t bdnhi i 6i 5 t
oY o P biehs adap el e i R AR B E PG b
cofphiRARg H{é&iéﬁ%bhéﬁﬂtﬂahél@uf e oetbsidristmpa elbivERR PiNRObREhat

hnt r nt oeohf nnOndfi rt sw, p" " dot | nobscdd4t nomacel. oi ve) pa

the/letad puwdeneidategtoms nes ¢plbmagdefee pighf Teseltng mtomcmffﬁ@tsdn the
ceffy Pl e Rl ORI T PRl R ok

celd, gtfn%dtlbﬂ&@(ﬂdt@mpsal clurcroicllanctset ous)te i gaedhh
bSof emmcgc(cccttcal t oBbrbnpnNent f r 5¢cl dt oaayh-itioudse;

anntlibe tergpmltaeng 2@@?5%9@@5@%%@%&6@18@8% pethgvaal t bt
sl B T A RO AT A S s 308D Wi

thdoeinea0 padpaghtca Ydaisioataddng o¢ls muluhe edistihfect3t G$ TR virnswnd
f bioreactors_ (B, Braun BIOtoE | nc Al | ent own, PA,
l%sw dpcing VERH At éﬁ by .to FRINT SP]i“HQ caRdtipRs sorasite Mg imize
EHEBA I Rl THRARPA ) S Ol BLBRL oAt nd
coutoricdiultie®nfldions hlmhea‘sftemp@aturar el;mlsohzad lomygcmnle ag1tat1on

amfRn 2 e Ry KT Foihe ARLEH BFERER o Ot RBD L o

known properties of the cell line, properties of t he
virus and the type of bioreactor. Virus, such as
adenovi rus, may be produced in the adapted A549 cells
or suspension A549 cells of the invention. Virus nay
be produced by culturing the adapted A549 cells;
optlonally addlng fresh gromﬁh nedlun1to the ceIIs

.
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exchange increases the level of virus production in
the adapted A549 cells or in the adapted A549

woubdsieego | n one enbodi ment of the invention, PCIAIS2004/043494
medi um of infected adapted A549 cells is subject to
two consecuti ve exchanges, gne exchange upon infection
and anot her exchange one d post -i nfection. Fresh
medi um may be EHOV|ded to the cells with or w thout

£

biergenters shell asthe SIOMTAGHlnS ofibieragcters (Br Bravadtioteshitlne,
Al?egll il ‘i)AA‘EffSQ 31%1 e @Jl%]l&rls i\ér {nﬁntoﬂgg? gll(?lg'll H‘Eﬁum Such

am r’s a e cu re in orm for

paesn@aigrk.e The Sp@miz@tlumﬁhifmmﬂ and tule@t cotditiond WAl eary somewhat,
Cal cium addi ti on |§%aeases the | evel of virus
howey ety EQdtionsifor the eilicightaeplicaon ard pro B?thnrf’ft"l’ﬁ@s miaheed

acﬁ%é&i l‘é“ih%ﬁ{ oL | h th 48 gggglgﬂ? %rﬁ? E{)enschJ r%tﬂﬁl T&V&ernbfénthe known

cal ci e 'S uré after - virus
propeieestafoime cdlinlimsen ptdpertmsbtﬁdieméms and alhe;:nypmﬁbnbmactzbe is

add two hours after vir ul.atjon, | t her

arb QUi e el 2 aAenayRisHRAY Pearodacediadhe sdppladeAtd qalls ar
susﬂenhhﬁ A5A9Ge1196f HhWeneRtiSih. Wim@ﬁié&%e?afr&ﬁfceéf bg Hﬁltunng the

i'nfection. In another enbod |nent calciumchloride is

adaptdé 4549 celle Opbwgeély@ﬁdmgérﬂsb gtcuwuhmdwmfto thre ¢edlsyrigoculating
ection of .addi ti cal ci um.
gt e S e by, S ol o RE teceP SNl il |
chidiide gehdjlz): } hdubaeng thelifi Gl ReLedlWI(fR aﬁy Befidd of thme)) Bptionally
enbodi nent of the invention, the infected adapted A549

ad@éllgl feeshy grovrih medhiamte theanegtlated pellsooptignally snpniementing the cell

SUDD g%%ﬂﬁu%Mﬁﬂéﬁ an aé@y 2§E%%g§%hﬁéaﬁggﬁﬁwﬂﬁgkaghnd

theediuh érymcﬂlyewhbmﬂ@&onmahaﬁ ef virglpastivldesa aoddienined by
exchan e _day _post-inf ectl on. . The adapted A549
copuienglqucineds, prciasdach praformapce kigpyd sroR B

Re%SMce {b%%d‘]ﬁ %%s&ﬂ%ﬁfm% Tt £48, {fﬁ%a&@eﬁﬁ'rpfraw 8:453-465

mat eria ree nedlun1con Itrohs or froma ce
(1997 Zleaginsrid plateasy tlmhamﬁsmsmerfgmmﬁl um conditions e.g.,

fro a.f oz n.cell nk. aberreth s for. ..
o BiAIRARE S HaAned 334D RN P caraie ofBintaining e,
prd)dd%tmn gf—‘ﬂi‘é Qﬁb&ﬁ%d@ﬂoxhﬂﬁ iR ﬂf%%@ﬁgeeoﬂ% Vioab 106t R° %/n'llrfor at
he culture, include imrunofl uorescence tests,

le%‘?ai/fibg@emtlmmgmtdm 6anmntltsad;cubgm nst one of the VI raI

r ot . _pol vcl onal Von Billow et al.

P e luBin b PRyif) el it ey e P
médma«a@hs Fby eXn@518,) the BeslyABdi@REMEY BE RddcRast sp@ms{oBCMe@ﬁm

nested PCR (Soine et al, Avian D seases 37:467-476

exchapgg jncreases tha lqvghal *Bmf\,pr@@uc@pn in the adppied 949 sells or in the
RULEH cilOAD S o8 PO KB B
adapted BFUD OElly iy sHFeR0 -t\i%B Gorﬁsk&ﬁﬂf)e ex\thatngﬁs one exchange upon
infection and another exchange one day post-infection. Fresh medium may be
provided to the cells with or without additional calcium.

Calcium may be provided to the adapted A549 cells after virus inoculation.
The calcium is added to the culture in a soluble form, for example, as calcium
chloride or calcium sulfate. Calcium addition increases the level of virus production

in the adapted A549 cells or in the adapted A549 cultures. In one embodiment of the

invention, calcium chloride is added to the culture after virus infection. In another
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neutralization, or any of the common hi stochem ca

nmet hods of identifying specific viral proteins.
wO05a63919 t he quantity of the virus in the cuPCUUS2008943494

be perforned by techniques knomn in the art, as

described in Villegas et al "Titration of Biologica

Suspensi ons, " In: Laboraﬂ%%y Manual for the

| sol ati on_and Ident|f|cat|on of Avi an Pat hogens , 3rd

empgdimany q@atrawa chlorige is addgd two kewigaifter i pgiintiops [ngnother
b M
e BHEURry PR B o U Bl BEROHLTERY
homafﬂaesmw tfectloas ﬁﬁghoﬁl’ierd:ﬁ&@ﬂhﬁﬁﬂ dayciGhahtoaide ieiddel in the
m}n CGene Therapy : 453- 465 (1997)T As us d her ei n
rangel twpnty-tp Prenty fqushepss afigr infectionptlie sange °t geditional Caleium
chidiae %oﬁ&eﬂ%r@ﬁéﬂsqge& t:hé Ereg'}}{ﬁieﬁnﬁ? r R&heEd] EM&FLe RYrdin 0.2 mM
variety of neans we nown i n t e art. For exanple,
to MrmM ilarone ehdbsodnmnt bﬁtﬂeymtlun,dhe infesteadepsadr 2549 cells or

fer .pressure) conditions, .b
b AR b4 O S SO At P CORFony© ekl of
freSIR MERRnh @lﬁmerﬁélﬁ@@%nh aﬁwci@iﬁbﬂﬁqse mVA Bal¥iubS11690Y, %hé" ng

cells may frozen. Virus may be harvested fromthe
ex¢hiange up@nnﬁmﬁnon gnd ehotheramxghartgs omediay posttinfegtien.

enb harvested.from hot
o r oAb psdo Celi Voot To ARHES B i B R Rk fromyp cen
link firo2ep fiddr Getud-freeaiiani®al matekigl-feé tediihoebidititths @8 ot a
and nmedi um are subjected to cross-fl ow
celhiing Srzen pader serUmaconipARIBE N goRslionsg.e fomng faesn cell
146, 891, under conditions to both sinultaneously
yse virus-containing cells and clarify the nedi um of
cel ISuutableimethdsdsdbr ident fying the prdseecel afttlkes ¥iewsan whe dultuie, ue.,

urificat] Viru be harves dfro
detpopEEatiag hep SPIRSHIge oby il Dapiging sl U et wéfey The
1mﬁiu§15ﬁu&%§geﬂb@fe§tg Which$h | ona@@clcﬁlﬁf %‘%b%@? ﬁﬁﬁlo}‘le of the

fromthe medi umby conv suc
virdi pﬁrbmnmtm mllycderd amﬁhmgml(vnn Biflow estledn Diddases maf\Pobkerv 10

RS R Pty Phors e R E i fercli o (7 CiBy o nested PCR
(Sélﬁé’ b %1&9[)95!6@5&9'7%'714965‘2@9'5; ) msge(m%dléﬁ%x al.,in

RNA may be_renoved ation wt

M 16 edlitias, Emm lmﬁa@r Prsas), |h¢mn ﬁvﬁlressm
VS S ket ARss &l OIS 1P O8N Toss

nettrdlizafibn, tor ahy @ﬂtlﬁrcofrﬁmgﬂﬁbtbalherﬁlb%éthbdsf Htil@ifisg specific
described in U.S. Patent Numbers 6, 146, 891 and

virgl REiEG9. Viral particl es produced in the cell
cul tﬁﬁgtﬁlgotﬁle tqﬁgntR{/ 658 tvidu? Yl?ﬁlte'cﬁﬂufm}{a}bge performed by

techniques known in the art, as described in Villegas et al., "Titration of Biological

Suspensions," In: A Laboratory Manual for the Isolation and Identification of Avian

Pathogens , 3™ Ed., Purchase et al., Eds., Kendall/Hunt Publishing Co., Dubuque,
TIowa (1989). In a particular embodiment, the concentration of viral particles is
determined by the Resource Q assay as described by Shabram, et al. Human Gene
Therapy 8:453-465 (1997). As used herein, the term "lysis" refers to the rupture of
the virus-containing cells. Lysis may be achieved by a variety of means well known

in the art. For example, mammalian cells may be lysed under low pressure (100-200
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i sol ated and purified by any nethod which is commonly

known in the art. For exanple, the viral particles nmay
woeoEwesd7o ed by cesium chloride gradi ent purif PCaS24/043494

col um or batch chromat ogr aphy, diethyl am noet hyl

(DEAE) chromat ography (Harypa et al. Virol ogy 13:

264- 267 (1961); Kl enperer al, Virology 9: 536-545

(1959); Philipson Virol ogy 10: 459- 465 (1960))
psirjEfersrijalmaessiee) epnditienso By Bpmgesnizationphy mvgrofipidizetion.iqsky
cmg%glbﬁﬁEﬁ%Eeh%ﬂp&k&ﬁﬁ@OOZ/0064860) and chr omat ogr aphy

using ot her resins such as honbgeneous cross-|inked

pol yi$eaiisicontatingwells hlnayrhlzl fusiens Mfitusgedysbe leargested from the

agar ose), macroparous nmers b s d on synt het
ViSRS %lﬁ@ﬁd h?clmfliﬁmp PBS ko meaﬁéle%‘gl%ﬁibmsted

fron® B ShM ik & rtﬂﬁ n\%tcgflé)mg 4 stnRHaAEMsBY CParucular
| C es t

sor bent s, e tentac at were deS|gne
enfbadingmt, the eiracpiodnsingictls qmdaneﬂhmn afesupjgetéd tacragdlow

gL Pof o s i O LRt be e, ity hder Tt o

botd éiin‘iﬂtﬁﬂleoﬁgly D%%Wstc%nfﬁﬁilﬁg EsSinl @1ty the medium of cell debris
Cer am cHyper Boschetti, Chronmatogr. 658: 207

wl(iqlgwaiyld qth.ﬁiwusgueter ere Wl@hvmmgﬁcatlemg 47-61 (1997))

coI SrRRahE By PR GORES vinkaontihit cefis B gty
Meglye Tie vatus-codtiRiin&esR ﬂi}%@@ﬂle&e&%@&r&é@&rdﬂ%ﬁdmm

S. Patent Nunber 5, 837,520; and U. S. Patent Nunber
by opeentignal methadsesush py diffarential esntufugeidom sHpmssed @falsgpay be

stoqgc?ﬂf}%’ éfsiﬁﬁhéy %\&D e{/&lﬁgglgsﬁg@%&gte’%éed'%r&el\lfﬁu%ﬁ be

I nven IOﬂ novi rus conprisin

hahekted ﬁﬂongﬁmsm@hmﬁ wruhedhatg grap]mo IngqaasxtE;d)gemfse ifiree EINEARNA
al so i solated and rotei
m%r%,fﬁ@}@w@gg dggrgdatinn \@%P@uﬁﬁe it §u¢§$ fst N4 i on

(Aﬂﬁ%CREH]tegﬁ&ﬁ@ F%hﬁpﬂ@gd met hods, including, but

not or al’cohol precipitation,
af f i Tietvrus mlaspairmay be ﬁUThsnp@eessed @cczcmopittrﬂt@ﬁleylrus by

mqﬁcl) l ot é% ﬁlﬁqﬁft{ %)r ta grg&l? y essfélﬂ'gglgrll 2&%‘3“]@%(} in U.S. Patent

Nﬁm&&ggﬁu@@glgﬁagqu4@@g ani on exchange and partition
chr omat ogt aphy, and countercurrent distribution. Such

pur i Yiral peitishesmsodingd i ths ol chltirapafithepreseat iaventiondnayt e

R ARER 8 el B SR hoRer

ex&ﬁ?ﬂ:; thRGAEIE Fhrtic s %S, beRI¥O bl cedilim @l@khﬁ@é‘dl&iﬁ’tq)unﬁcatlon
| owi n exarrples are provided to nore clearly
COlWRIE PY lyjaécgr( q«;{goglla y, diethylaminoethyl (DEAE) chromatography

(Haruna et al. Virology 13: 264-267 (1961); Klemperer et al., Virology 9: 536-545
(1959); Philipson Virology 10: 459-465 (1960)), hydroxyapatite chromatography
(U.S. Patent Application Publication Number US2002/0064860) and chromatography

using other resins such as homogeneous cross-linked polysaccharides, which include
soft gels (e.g., agarose), macroporous polymers based on synthetic polymers, which
include perfusion chromatography resins with large "throughpores", "tentacular”
sorbents, which have tentacles that were designed for faster interactions with proteins
(e.g., fractogel) and materials based on a soft gel in a rigid shell, which exploit the

high capacity of soft gels and the rigidity of composite materials (e.g., Ceramic



i nvention and should not be construed to limt the

scope of the invention in any way. Table 1 lists
woanismaw7oedi a used i n the exanpl es. Tabl e 1: MediraiS2004/043494

Medi um Pur pose Conposition ldentifier Dul becco's

nodi fi ed Eagle's nmedi um Medj.um 1 Adherent cell growh

(DMEM / Hi gh gl ucose suppl erfented with 4 vaM

L- %t am ne and 10% ganma-irradi ated characteri zed
Hypet 2P B (B osebetiie Glromptogr. 988560 7e1OP4); Rodriguszy b hypmatogr.

698 PRORTEB G s plr Mk b6 AR {00 b But Uy O’
chlfomatcsgﬁplgi ﬂ&mample hs)nﬁlé\dléﬂh;ail 1??2:3gg?"@a@le}nmtaar(ﬁeaie -Theey
6: DS ARG CIOSaT . Bl Mot b Sa and oS o Rking perter
5 62](&9? gper liter of Serumfree and animal nedium; IX
atech's Trace Elenents C, 8 material -free nedi um

nM L- gl utam ne; G bco, Invitrogen's Chemcally

suspensi on ceII grom_mmgmmpi d Concentrate (10mn
per

Lus. or od uct | Cg h

o1 i R bybighieS Wk R IRBR s i e

inv%dﬁ(m, ptefaably adaﬁwmms- coﬁlp]:lsﬁfg RIHdRENbEOUR 68 entbdindyl pblypeptide
[ rvine frﬁe and A
of interest, may also be 1solated and purified.

10 The proteins, polypeptides and antigenic fragments of this invention may be
purified by standard methods, including, but not limited to, salt or alcohol precipitation,
affinity, preparative disc-gel electrophoresis, isoelectric focusing, high pressure liquid
chromatography (HPLC), reversed-phase HPLC, gel filtration, cation and anion exchange
and partition chromatography, and countercurrent distribution. Such purification methods

15 are well known in the art and are disclosed, e.g., in “Guide to Protein Purification”,
Methods in Enzymology, Vol. 182, M. Deutscher, Ed., 1990, Academic Press, New York,

NY.

EXAMPLES

The following examples are provided to more clearly describe the present

20 invention and should not be construed to limit the scope of the invention in any way.

Table 1 lists various media used in the examples.



Scientific's Iron Chelate (3m per
material -free nmedi um nedi um ;
wahkersmaswo A (1 suspensi on cel |
medi un) ;

El enent

cel |

ok

gr

s B (1m per
owt h gl utam ne;

’fa of medium.

liter of
| X Medi atech's Trace
growth; m per PCTRIS20f/043494

| X Medi atech's Trace Serumfree and ani ma
liter
medi um Medi at ech' s Trace EI
G bco,
d V|r s production Defined Lipid Concentrate (10 mi
90% Medi um 2, 10% di net hyl

of, medium; I X material-free
ments C, 8 mMLsuspensi on

Invitrogen's Chemcally

SuITOXI
MEELRY !

|\/de um|5
Idémdtfmir

ACAQ A

de NVedium 4 Cryop
qfa ddbose. 80% Me

yopreservati on
ovi ne ser um Exanp

Caoritm E
=

eservatton (DVSO and 0. 1%

HcUBnBsitidR YOMS0 and 10% gamma-
??%d‘ated characteri zed

e 1: Adaptatlon of_Adherent

™I J

di
Mfl\)@}}’ingﬂ]c
trypsirn
Medi um

adapt at
conpl et

r
CT OUrir 1T

| I S 1 O
Cul ture
)I%SCﬁ% 8’%?@‘19?”%9
i zation, A549 cel
1 (Table 1) in T-
i on process takes|t
e. To initiate the

¥
IUU

B niRg e e o

A /HE $18cdR¥ supplemented with 4 mM
S were thawed and passaged in

76~ gurdatrunnaaarfd H¥% gamTaeirradiated
e LS

adapt at
MEdigm B¢
medi um
This wa
i Ncr eas
mat eri g
1), at
| evel s
f et al t
to a fi

i on, the attached

rAdﬁp&ﬁoﬁ@cs kedhmpas

cont ai ni ng _progre
dregsnd aalyna@n lutin
| es se
llnq;fqr ee ‘sus peen5|
eaqh:nmeh kelt giotmhe

Sorie ettt |

RRdteriBFree medium

suspension cell growth

and virus production

GoldeS @i c8neduaiv 'y, W@ﬂented with
sages of the cells t hr ou

,@nw@gwmkmc PG 116 tob Buks dmeL
errl}f%)gll Ww% Iﬁ‘é%ﬁa%e&)s Wa&@

Fixhhaniod AIVE @hlqm Btet lsemea“mhi)ga 1X
esul t Se

S@ﬁdsaéecwsf“&ﬁﬁ El@rr@ms@l?» (ol pguiter of
hﬁ&ﬁﬁn)?XXEIQe/ﬂlﬁfecﬁgTﬁcQ Hafdfts C; 8

mM L-glutamine; Gibco, Invitrogen's Chemically
Defined Lipid Concentrate (10 ml per liter of

medium).

Irvine Scientific's IS 293-V™; supplemented with

Medium 3 | Adaptation to serum- . .
0.1 % PLURONIC F-68; 15 mM Tris; Irvine
fr d animal
ce anc amma Scientific's Tron Chelate (3 ml per liter of
material-free medium ) )
medium); 1X Mediatech's Trace Elements A (1
suspension cell growth; . ) .
ml per liter of medium); 1X Mediatech's Trace
Serum-free and animal . .
Elements B (1 ml per liter of medium); 1X
material-free medium )
Mediatech's Trace Elements C; 8 mM L-
suspension cell growth . . ) .
glutamine; Gibco, Invitrogen's Chemically
and virus production o i
Defined Lipid Concentrate (10 ml per liter of
medium).
90% Medium 2, 10% dimethyl sulfoxide
Medium 4 | Cryopreservation
(DMSO) and 0.1% methyl cellulose.
80% Medium 2, 10% DMSO and 10% gamma-
Medium 5 | Cryopreservation

irradiated characterized fetal bovine serum.
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concentration below 0.3% Each passage takes three to

five days. The cells were passaged until sone the
woebdswekgecanme non- adherent, (e.g. axenot attacRew/uSe004/043494

the surface of the culture vessel). After one passage

in 0.3% FBS contai ni ng rredi%g;n the cells were

trypsini zed fromthe T75 flask, reseeded into a 250 m

shaker fl ask 40 culture voI urreﬁsj n the s me 0.3%
pmn@&Adaﬁ@n@Aéﬂ%Cp Wt PekEY ﬁeﬁ@aﬁé\m@nal

FB
Mgglag %@iﬂ%&ﬂyg,g?gﬁsﬁzgﬁlw@th an at nosphere of 5% CQ2

ng at rpm “Upon transfer to the suspension
cul thollewimd $tarsdabd prpicols foribdtiringraddherentace]lp by ftypsmdzation,

ARl ars Gadoda Besyeed s Mightan di @ bRe) b Brverig sk
Th%g“g% 2 %ﬂo%eé’ﬁél@es "ﬂlnjegy@nqqx Rk &V&ohﬁ)lﬁg p‘l’@%ﬂlﬁ%%é’ﬁﬂ%cé‘ss of

106 cel The culture was then sp
sudpeBsion Bﬂaptﬁabn,l ﬂlGZat(aslmi cEb Iv&@relgradmlb’ Wi fifons $ra@rby serial

fla_s 4,[ i cu g vol u | s were, a Ilclvveei
vessarnpiithe e e M s e oeRetvg 19ve Vs sorum.
THEWhSdote Mlﬁftﬁig%édiﬂrnslpdsbé Tleg 1) Rit@ 1ﬁcrbésn§§"@thﬁlﬁle§ bEsekum-

(240 M culture volune). The culture viabil

ﬁmmdtaam@dnﬁmefrmmsmmdmm&iewnﬁ ésien .Tﬁ lev&)x 3 each
I
cefrlré:ﬁﬁ s Ip%%s%ga.i fi? a resulf %r[ﬁn%\qell A e ecﬂ:@feagé?i s\f\%’xﬁ om the

u5|ng a par € sizer, i zer
oriéﬁﬁvl o¥Tetall thﬁe Rauin (TBS) @yl EyﬂBO%IaZ esich passagehie@a final FBS

ggregation profile of theclt 50% readi n
con@%%ra 1omRelgr G dtalEach Pavass: VEidgEs ﬁ}f‘ewg'ég‘tere
pagsfag 1%{%1 J@Lémf c¥h@hbd- aga/ Gl h&Chitash&bto the

e excl usion an yt onet er.

sui\fmracbfcthenglturhe*essel)l aggregat e si ze permtted the
determnation of cult ndi {i.ans, uch
OFT oot ADRT RBYPETERIRIO e BN RatAaE it B oftiwere
SRl R 11feT )5 ﬂ£s‘RV\feQeetd@ﬁ aeh 250 '?ﬁlrsﬁhk&fﬂa‘él@ t4o ml culture

ggregation. Duplicate cultures were nmade and one
voprne)rie tleer sanees0. &%alf@& dorftainingimeediwint andegrovmdh iisbaleer aicubater

o §Femtiy ot HECubpan BroRhER et ¥t 6 md S ksgom

over t {Upentahier e Bapbhskdecilh#€ all shbseadeitisubéulturing was
particle size nmeasurenents were conti nuousl K’{ per f or ned

performed withitheseumciite andianinal onterialesee mrediupaiadime 2 (see
f
T B et G S PSR TSP Wikl sg e

appRsimaelypaKk aoétoez s x T0Reclixahl. Trr&saﬂuueadamemphus@ evitho
det er m ne_whe split the culture as t he

Megjhm 2 sge il ableﬁéﬂntp e 09 efrbataaritiask HYaPrmi mﬁﬂ%téolume) Cells
0/ -
wé%g 8ﬁ F?Qgﬁ? ‘?J H%I%\xﬁt% Fﬁ@ﬂnﬁ‘t@l 16‘8% %.gtﬁg_o@’ EelRAHPbefOR

gave pest’ gr owt
being split 1:2 into a 1L shaker flask (240 ml culture volume). The culture viability

was maintained above 90% as determined by staining with trypan blue.

Cell growth and aggregation were monitored daily using a particle sizer, an
AccuSizer 780/SPOS Single Particle Optical Sizer. For the aggregation profile of the
culture, a 50% reading of less than or equal to 100 cells/clump gives the best growth
rate. Culture viability was measured using trypan blue dye exclusion and a
hemacytometer. Monitoring the cell aggregate size permitted the determination of

culture conditions, such as the effect of medium modifications and agitation rate, for
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For continuous propagation of the culture in IL
flasks, cells were continually nonitored using the

weantsiessosi zer and subcul tured as descri bed abOvVaIS2004/043494
Particle sizer analysis showed that A549 cells tended
to formlarge aggregates dut{ng the first few passages
i n suspension culture. Largéiaggregates were al |l owed
to settle to the bottom of the shaker_fl ask

b
optimabptlhgromite thigshaonial pirellnraragationolD R %H%?Sd’i’%e
acq%ba‘ﬁﬂlotng e@e(l‘ %haﬁd%ﬁ BO8E %ﬂﬂﬁ%@%oﬁ(ﬁﬂbgs &one of the

im nat rom ul'at1on through pipeting.
duﬁthba'tm cdsureefsectsadupithtion getednartdths degranef aggnegaltlon was

ation was reduced to de w(ﬁ e Ieve
mGHreheNes dmaistng Be BrGclesagh: Thaddies %Pﬁ% g @P@Sélfemems
wéf!e H&ﬂﬁm*oﬁﬁ& g@ﬁ&frﬁ&i tBQieEé?ﬁnQ:%B&ﬁ’t&i‘n tsBRedaltst ume pfaﬁﬁffé(mzer

ter m nut es and a 50% cel | readl ng usi ng the
glmratneuhng sf eadl magsawhick id cqmivaldnato onll degsidy andomaimoenance of

ceIIs/cI The culture 0 S nain
cegagomtit et et PRl iy Foalfl JRY MR iflprnine
wiRshaBspkt the cElUED 89 HeDas BHewpliDratio. FoF e dobRpafloklprfledhe

materi al -free nmedium may be referred to as "suspension

migieganse|afs'S 08y readina ot dess Apagr eanaldo 160 cellggdargp ggye the best
0 'LC%‘,[ accessi on nunber PTA-5708". Table 2. Details of an
ey apfati on of A549 cells to serumfree and ani mal

mit GT dr%bﬁﬂilﬁﬁ)uﬂ'pfbpugat’ﬁdﬂfdfehlstﬂmr@ui 410 ﬂeSksTd:erm were contlnually
Observati ons and_acti ons 3{3 fromth

maqnitoredyng; thgpagicly ﬁéer/.m@u‘a%! iked g8 dlesqrib EOYe‘m ricle sizer
an%fﬁgfscg})‘%ed thafA%49 gl c?eﬁ th ﬁﬁklaféé”&g%ii&%teg r&ﬁnﬁ? W ﬁ‘rspfew

S resurrecte ¥rom t vial
padsaghs il sas;benéibni?:u]tblreaﬂ.laige&gge&gates iwer@alBbowedro Shﬁhstk $he bottom

usi i.ni zation One T-75 fl t
of i gks ﬁs@ﬁ el e ST ShfostorBR e BE R 2
sugaﬁtlﬁﬁ he T 5 a@%?téé'lohlﬂ Ye@inlRAEY MolPide ?}%ulﬂhéﬁ ﬂlrough

Split (1.2) at 1l:4 ratio into 4 T-75
p1ﬁ¢tm=gk Culwiasgrare ywwinktiredtin grs Hmnnerllntlmwfrgﬂwnf\v@gkduced to

oSPIEI? FSIETRE Sp F SlfS B
to the bottom of the culture flask after 1 to 2 minutes and a 50% cell reading using the
particle sizer that is less than or equal to 100 cells/clump. The culture growth rate
was maintained. The growth rate observed is at least 0.3 day”. Cells adapted to
suspension growth in serum-free and animal material-free medium may be referred to
as "suspension A549 cells" or "adapted A549 cells" or “A549S” or “ATCC accession
number PTA-5708.



5 1.5. Medium exchange on flask (1.4.1) with 100% of
Medi um 2. The serum concentration in the nmedi umwas O.
WO 200586392l | s in T-75 (1.5) detached by trypsi RCTAS2@M/043494
(1.3) and resuspended into 10 m of the original
condi ti oned nmedi um and agitgted at 105 rpmin a 125ni
shaker flask. The serum concentration in the nmedi um
was 0. Maintai ned culture in serumfree and ani nal
mat eri al -free i um suspension culture from.thjs
bl@ﬂntD?taﬂweal %%‘PWEO%OF Ant2 celfs tggemuat-fres ﬁama’ Brterigh
freg nedém @Bspepsipn eeliEed ve to shake flask size and
condition of the culture. 8 1.7, Culture (1.6) split

Tiat aObadrvati@fs ahd 3ctidrisnal 30 m) with Medium 2 and
(Dhysahsferred the 30 m culture to a new 250 m shaker
frobd ask agitated as 1.6. 11 1.8. 30 m of Medium 2 added
thdw® the culture (1.7). 14 1.9. Day 14: culture (1.8)
fspl t at aratio of 1:3 (final 30 m) with Medium 2.
v1a,1;),, [.10. Culture (1.9) split at a ratio of 1:4 (final

720 ok VA1 [ A cebls v B T 1
acmr iulr 1e2.110n9 Y- rﬁlask cgntaips one fwrgﬂro 1tgezc¢, Srrﬁswntqd%%n the vial.

T 28 L1E3Splibedr & flask1(2)2. Drat 3 1gtip difo BT & flasisorsing
shak&ypsinghiont.o renove the cells adhered to vessel
wal || . 12811044 T-BWskeditains Sxhaithe netlivoy bsadrie 1(2L atd@ 0% of
wi t h Mi&ihid 1D, 2T Hefsefudd cdridenttation ip the3@edinkbwasl5%. spl it of

4 cul Tyre spik: hE)T-v8 HhskNE D) U :4 rbfid HRd 4 T-2%f183ks udthgkrybbinization.
L2/splhy Ohe @Wstﬂﬁréf cortatR )5 sHnVadaHm dsed38 112 3 75% of
chifefrdtich in R Jiluﬁ{x% Wséh Medi um

& ol ety Q G éﬁ%ﬁ%@‘%{ R T porum

'fn culture (1 152\ 42

2014 Cﬁﬂs m Tt7r§e( S)etaghed by trmsiigaion & k) @l feapspepded into 10
pr eparlafithmoriging copdijiencd madismy adangidcpted gt AMRYAIRIKa 125 ml
1. 20 sHakeFfloske rilhe setunp fondestrataapingtie wed@nrwhs 0] | ne

Maihtadded talthe: i3 selei-fied sndinimaboateetalsfreo mediunasiegptesdon culture
frofp s it forivael ishgod Bage bPaditalkion thalifeasfad 14349 @] telative to
shilleBasRUBRGRAAIcOAIGEH bf h@RkItb. Time (Days Observations

g AN [0 I ard (1BY'sh P a ratio of 1:3 (final 30 ml) with Medium 2 and
transferred the 30 ml culture to a new 250 ml shaker flask agitated as 1.6.

11 | 1.8. 30 ml of Medium 2 added to the culture (1.7).

14 1.9. Day 14: culture (1.8) split at a ratio of 1:3 (final 30 ml) with Medium 2.

18 1.10. Culture (1.9) split at a ratio of 1:4 (final 30 ml) with Medium 2.

20 1.11. Culture (1.10) split at a ratio of 1:3 (final 30 ml) with Medium 2.

25 1.12. Culture (1.11) split at a ratio of 1:3 with Medium 2.

28 1.13. Culture (1.12) transferred to new 250 ml shake flasks to remove the cells
adhered to vessel wall.

28 1.14. 80% medium exchange of culture (1.13) with Medium 2 (final 13 -14 ml).

132 1.15. 1:2 split of culture (1.14) with Medium 2 (final ~ 22 ml)

34 1.16. 1:2 split of culture (1.15) with Medium 2.

36 1.17. Split culture (1.16) to 0.4 x 10° cells/ml with Medium 2.

39 1.18. 10 ml of culture (1.17) was removed so that ~ 28 ml of the culture
remained.

40 1.19. 25 ml of Medium 2 (1.17) was added to culture (1.18).

42 1.20. 8 ml of the culture (1.19) was removed for the preparation of 2 frozen vials
(Stock) in Medium 4.

1.20.1. Frozen vial of the adapted A549 cell line stock.
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of vial) 0 2.1. One frozen adapted A549 cell line

stock vial (1.20.1) thawed into 2 untreated T-75
wohemsks3d7a Medi um 2 (20 m/flask) 3 2.2. 15 ml pof/uSkm®4/043494

culture fromone of the T-75 (2.1) was transferred to

a 125m shakerflask (agitated at 80 rpm with 5 m of

Medi um 2 added. 423. 15 of the culture (2.2) was

transferred to a 250 nl shaker_ fl ask agltated 0
Tablordy Wgtels o somicomD Mth AP dbdB o 1ot 3O ey 203
adapid ASei9pieldint onspeasian pelbhenkefl. measur ement 8 2. 5.

Culture (2.3) was split at a ratio of 1:2 by adding 30

Tintd (D% 81| @Bsérvafidns?arfd. acBOngrl  of the culture (2.5) was
frofignsferred to a 500 m shaker flask (agitated at 80
ofxﬁ&lﬁ") W|th 30 M of Medium 2 added 14 2.7. 55 m of the

0 ‘(‘;'gll;*; f(?rie ‘&%n[a 5 lg @15% Bel Hn@stéy&l@@i'&l (131@5)3%1&%%%2

2.8 1 523

1Pl
3 18 2.0. 2A2f1|56§1e‘?ﬁ13%F‘r‘1t‘HSiﬁfl? (9 'lu'c efrgdtoa
A549 call25mishakgrilask @gistad) ?%gﬁw% ml 0 %wég% ded.

4 cul t ur d 22.16)mlef the cwibie W)swase@wwﬁqr@dzo 2@5Rpak shaksr flask
t he armuagitaddatlS0 oy vatiats mhoHMadumn 2eflded from

7 di ffer §m.4.qallturé (NEpwigsasipd@iids hanagidmheteemeBmrémentt he

g serumt r29§ @nﬁu@@ IRl ad@MiC bt Bfatib o€ ¢ : 2 WAAddIMSBIG Pk Deddim 2.

ITECEP T S ol (19 AP saenind Al 1
suspensiafi el ggv&lal&@mwefmdmgaa@éd assoc at ed

el s 5% L Supiafi TP T B oD o P

to a sur ,4”.

I5serumf r?e% ]d-lenmeﬁ‘ﬁan %ma@,adéﬁdtp,ﬂ&cu uy{?n"?)mmnnncl on

18cul t ur €.2.9h fvesi celtbarkl (21 pisplicAthegnianied A9 cehdmenyas
mul ti pl|eprepared font ~ 820 ad of te dultuet (@B using tvMediugti X at i on

of the culture and allowi ng large cell aggregates to

Exél%felze é&nfai}?soa%tﬁmmﬁ becdll askeganion 086U Celld fagmt he
elr'Ts that” stay suspended. The resulting cells of the

dlfﬁﬂamceﬁilmm suepansionsultupsr e | ess aggregated than the

non- adapt d A549 |
(oo DU RS e ap i ot 3 e B GAT Ghl at tation
of WBHE célltBThdate ,adz;as@ Ad4%ﬁ§peﬁﬁm cetl H.ne(, seldas Whichevet§ not

once, and then seeded into 125ni shak(? zi\sks iLn a .20
asaqrmatedwuﬂplargq\ce& qlwaps were selectively retamed. Cells or a subpopulation

of the cell line not attached to a surface was selected for and propagated in serum-free

and animal material-free medium suspension culture. The desired cell population was
enriched by multiple rounds of selection by stopping the agitation of the culture and
allowing large cell aggregates to settle to the bottom of the flask and subculturing the
cells that stay suspended. The resulting cells of the adapted A549 cell line were less
aggregated than the non-adapted A549 cells in the same suspension medium (see, for
example, Table 3).

The A549 adherent cells were trypsinized, washed with Medium 1 (see Table
1) once, and then seeded into 125 ml shake flasks, in a 20 ml volume, in either
Medium 1 or 2 (see Table 1). Cells were grown for six days in a shaker incubator

with a 5% CO, atmosphere, at a temperature of 37°C, and an agitation speed of 85
rpm.
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Medium 1 or 2 (see Table 1). Cells were grown for six
days in a shaker incubator wwth a 5% CO2 at nbsphere,

wano@/oesatper at ure of 370C, and an agitation speed/ustood543494
rpm Tabl e 3: Conparison of cultures derived from

di fferent A549 cell lines. A549 cells derived from

A549 cel |l s derived Adapted 49 cell an adherent

culture from an adherent e in_ser and r own
Table R Gomprnsennef cfites ds ngﬁﬁ%&ﬂm%f tn&%‘[ ]elﬂlileél 9free
ptaced 'AB@%%ﬁghéﬂx% AGHTU 5L4 &'fgl%ﬂvéd" TEAddPled A549 cell
suspenst on #ﬁlleng Me #R* fifte éi -freeand
cultureg(\?% anlrra erla -
medi um| (RHRL g’g 8{?  aptial patgfipl-fiee
prior to ﬁ§?§5’ﬁn%1 t qslﬁlmrbamea B P pension
Vol une Cﬂklﬂiuredtsil om_ﬁﬁramrfv@ g une oiEwe{Mpdium 2)
Di stributi onfof 8k dyst ri but evmal Watmiakdicebut i on (%
(mcroms) 15.00 1 5 47 3. oedam Mediumd). D0 38 40 98

60. 00 54 61 99 75.00 65 77suyfdhsidn.cilureXoBs 100 Exanpl e
3: Production of CRAV by |As#d&yseld sridrmoserum free and
ani mal |material free medi Um sugpgpaiien cul ture. Viral
productii on by A549S cel | s was ;gafihdigd out |in both
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Example 3: Production of CRAV by A549S cells in serum-free and animal material-

free medium suspension culture.

Viral production by A549S cells was carried out in both Erlenmeyer flasks on
an orbital shaker and in a stirred tank bioreactor. In both cases, production was
achieved by infecting cultures with a virus inoculum.

For virus production in shaker flasks, the temperature (37°C), CO; level (5%)
and humidity were maintained by placing the shaker in a tissue culture incubator. The
suspension A549 cells grew to a density of approximately 1.8 x 10%t0 2.4 x 10°
cells/ml prior to infection in serum-free and animal material-free medium, (Medium
2, see Table 1), in batch mode. Before virus inoculation, a medium exchange of
approximately 90% of the original culture volume was performed with serum-free and
animal material-free medium, (Medium 2, see Table 1), by centrifugation. Virus was
inoculated at a final concentration of 1 x 10 virus particles/ml, the equivalent of an
approximately (40 to 50) to 1 ratio of virus particles to cell. Two hours after virus
inoculation, calcium chloride was added to the culture to provide an additional 1.6

mM calcium chloride to the culture. Approximately 20 hours post-infection, another




10

15

20

25

30
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The A549S cells were continuously passaged during the test period, for six
months, and at predetermined intervals culture aliquots were infected for the
evaluation of CRAV productivity. These infection experiments were performed
repeatedly in an identical manner throughout the life of the culture. Productivity was

evaluated over the in vitro culture age expressed as cell generation numbers.
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cultures were split off and were infected with the adenoviral vectors for evaluation of
virus production. For the satellite cultures, the A549S cells were allowed to grow to
approximately 1.8 x 10°to 2.4 x 10° cells/ml prior to infection. Before virus
inoculation, a medium exchange of approximately 90% of the original culture volume
was performed with fresh culture medium (Medium 2, see Table 1). Virus was
inoculated at a final concentration of 1 x 10% vp/ml. At approximately two hours post-

infection, calcium chloride (800 pM) was added to the culture. At approximately 20
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performed as described in Example 4 for the satellite cultures.

Table 5: Cell growth of A549S cultures from cryopreserved A549S cell line.

Total Cell Growth after Thawing (Fold in cumulative cell growth)

Time Serum-containing | Serum-containing Serum-free Serum-free
(Days) Bank 1 Bank 2 Bank 1 Bank 2

2 5.0 4.2 3.8 4.0

4 21.0 18.4 13.6 14.9

8 174.7 153.6 125.4 140.8

11 424.3 409.0 330.2 364.8

14 1781.8 1605.1 1397.8 1505.3

Table 6: Production of virus by A549S cultures from cryopreserved A549S cell line.

Productivity of CRAV (10° vp/ml)

Serum-containing Serum-containing Serum-free Bank | Serum-free Bank
Bank 1 Bank 2 1 2
110 108 104 113
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Total Cell Gowh after Thawing (Fold in cunul ative

cell growth) Tinme Serum containing Serum containing
waenusrmesa7ee Serum free (Days) Bank | Bank 2 BaRETiUSBamk43494

22504238404 21.018.4 13.6 14.9 8 174.7

153.6 125.4 140.8 11 424.3 9.0 330.2 364.8 14 1781.8

1605.1 1397.8 1505.3 Table &: Production of virus by

A54 [tures fro eser A54 cell line.
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At days two and three post-infection, flasks from each cell line were frozen at —~80°C
and processed for Resource Q HPLC analysis. The total amount of virus produced by
the cultures was divided by the number of cells present at 24 hours post-infection to
determine specific productivity for the two cell lines. Infections were performed on
the suspension-adapted cells, A549S, in stationary culture dishes using DMEM
containing 10% FBS (see Table 1, Medium 1), the formulation used for attached
culture. The A549S cells showed no reduction in the level of virus production in
comparison with non-adapted, control A549 cells on a per cell basis (see, for example,

Table 7).
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At days two and three post-infection, flasks from each
cell line were frozen at - 800C and processed for
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(Nﬂaﬁﬁm’y 2)d4é8 Table 1) in batch mode. Before virus inoculation, a medium

ot

exchange of approximately 90% of the original culture volume was performed with
serum-free and animal material-free medium (Medium 2, see Table 1) by
centrifugation. Virus was inoculated at a final concentration of 1 x 10® virus
particles/ml, the equivalent of an approximately (40 to 50) to 1 ratio of virus particles
to cell.

At approximately 2 hours post-virus inoculation (post-infection), calcium
chloride solutions were added to the culture to achieve the target calcium chloride (in
addition to the amount of calcium already contained in the culture medium)
concentration of the 200 a4 to 1600 p, specifically for the following calcium
chloride concentrations of 200 a4, 400 pM, 800 M and 1600 pM. Second, a

medium perfusion was performed by centrifugation at approximately 20 hours post-
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g
t

rowm h. 3wgp one Titler shakgydyask cultures were grown
0 a concentration of approximatery 2.7 x 106 cells/n

Example 8. Effect of viral inoculum concentration on CRAV production

The effect of viral inoculum concentration on CRAV production using A549S
cells was examined in shake flasks. A549S cells from a frozen bank were thawed and
passaged in Medium 2 (see Table 1) until they displayed stable growth. Two one liter
shake flask cultures were grown to a concentration of approximately 2.7 x 10° cells/ml
and the cultures combined. A medium exchange of approximately 85% of the original
culture volume was performed by centrifugation, and the cells resuspended to a final cell
density of approximately 3.6 x 10° cells/ml and aliquoted into fourteen 125 ml shake
flasks. The cells were then inoculated with CRAV virus at concentrations ranging from
0.125 x 10® vp/ml to 8 x 108 vp/ml (see Table 9); duplicate infections were performed for
each concentration. Inoculated cells were grown at 37°C, 5% CO,, and high humidity in a
tissue culture incubator. At two hours post-infection, calcium chloride was added to each
of the cultures to provide an additional 1.6 mM calcium chloride (CaCl,) to the cultures.

Approximately 20 hours post-infection, another 85% medium exchange was performed
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approxi mately 85% of the original culture volune was
woeodsmesead by centrifugation, and the cell s resaspsodeds3494

to a final cell density of approximately 3.6 x 106

cells/m and aliquoted int oOfourt een 125m shake

flasks. The cells were then i nocul ated with CRAV virus

at _concentrations ranging from0, 1 to 8 x
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The present invention should not be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention, in
addition to those described herein, will become apparent to those skilled in the art
from the foregoing description. Such modifications fall within the scope of the
appended claims.

Patents, patent applications, publications, product descriptions and protocols
are cited throughout this application, the disclosures of which are incorporated herein

by reference in their entireties.
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descriptions and protocols are cited throughout this
wappisiosss7o on, t he di scl osures of which are i ncecpasatoeds3494

herein by reference in their entireties.W Caim 1.

Al adapted A549 cell line stable in serumfree and

animal material-free nediu uspension culture. 2. The

ceI | Iine of claiml1l, wherein the adapted A549 cell
WeGlaint's the cell line identified as ATCC accession

nunber PTA-5708. 3. A nethod for adapting A549 cells
1.1 §&E)%@A54@ﬁc@ﬂ%eas@éﬂi@i hn SRR R anl bRRndTBgH AR free medium
suspensi on culture conprising the steps of: (a)
suspeasipngulfive. cel | s from serum contai ning mediumto a
mediumwi th a final serumconcentration from2.5%to

2 OB R PN bbb S By S B

idEile@ A8 WTTTG adddksibemmdbaPTeeliogggr egat es; and (e)
conti nui ng weaning of the cells in suspension culture

to a nediumwith no serum 4. The t hod _ of clalm

3. hareshad foradamting AddP|csllniosepprdesppd ppmestmateinl-fige medium
sulfehbigd ool ré%ggﬁﬁggﬁgﬁ% apt ed A549 cell line stable

I'n serum mat eri al -free medi um

suspension culture conprising the steps of: (a)
(a)asdwﬁmg@lekﬁkl@froml desmbyomthielinmhdidnat@wn@ldingl with g fiaphserum

3; cul.g urin L] s, mfree and
cogﬁwﬁa %g%g}ggf‘P#@gmﬁggﬁgﬁp%ﬂgﬁ ]ﬁngulture 6. The

nmet hod of claimb5, further conpr|5|ng storing the
(bribbgudhg tRMGREE & dispénsidh lGrepr | ess. 7. The method of

claimb5, further conprising cryopreserving the cells.

8. A nethod for producing a virus conprising the steps
(clnopigrng gell AEFRgalEGHo cell's of the adapted A549 cel |

line of claiml in serumfree and animal material-free

cuture; (b) inoculating the cells

(dﬂﬁﬂhHﬂhf g%%ﬁd c) incubating the inocul ated

cells. 9. The nmet hod of claim 8, further conprising
(e¥ comtiniiimg weapingedflte ediisén suspepsi¢ryuliureto amediwt Wil nofserum.

claim8, further conprising harvesting the virus after

4. theep mét%?)d of claim 3, wherein the A549 cells are ATCC strain CCL-185.

5. A method of producing an adapted A549 cell line stable in serum-free and animal

material-free medium suspension culture comprising the steps of:
(a) adapting A549 cells by the method according to claim 3; and

(b) culturing the cells in serum-free and animal material-free medium suspension

culture.

6. The method of claim 5, further comprising storing the cells at temperatures of 0°C

or less.
7. The method of claim 5, further comprising cryopreserving the cells.

8. A method for producing a virus comprising the steps of:
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11. The nethod of claim10, wherein the virus is
harvested fromthe cells and the nedium 12. The
worilswd3wobd claim 8, wherein the virus i s an adeqoawiSeees/043494
13. The nethod of claim8, wherein the virus is a
reconbi nant virus. 14. The thod of claim8, wherein
the virus carries a heterol ogous gene. 15. The nethod

of .cl.aim.12, wherein_the novj r us ondi ti gnal |
@RBETBBRSTE calfptsoe Prprody RS STl i afsdeify T B aripafes and

QA umchlorldetothe
an%l%ﬁénﬁg%gﬁéﬁgsﬁﬂﬁhgg%gﬂk%e nmet hod of claim 8,

wherein the A549 cell concentration at inocul ati on of
t.he virus 8x1 cells/m to 2.4 x 106
(b)c‘EP‘F"ﬁ?tmgthigeﬁWghﬁiﬁ claim12, wherein the
anount of adenovi r us |nocul ated is 1 x 10 viral
particles/m nedium 19. The nmethod of claim 12,
(chihewhating thesinpertlated ofllsvi rus particles to cells at

i nocul ation, is (40 to 60):1. 20. The nethod of claim
8, further corrpri sing exchanging the culture nmedi um

9. Wielnéthes bf flegh B/ fusthérongirRhe( ffdezaipcthb €€ty AHies kiep (D) -
21. The nethod of claim$§, further conprising after

step (c), the steps of (d) exchanging the culture
i : . nd :
107 3R SEQIEBER, ARRk: o Pifhel Bhvesliy R i abBben )
exchanging the culture msdi um vvi t h fresh msdl um after
step (a) .and bhefore_ step after_ ste
11T‘Hbe methogepl Gl 195 phret P’éfi“ﬁ lst SatAldrora esceilﬁ @n‘f %‘tﬁn
ighyopreserved cell line. 24. The method of claim 8,

erein the A549 cells are froma cell line adapted to
serumfree and aninmal material -free nedi um suspensi on

c ure 5. A nethod f roduci ng _adenovi r us

12034““51‘?@??@‘)5 ‘H%mgg’e‘gléer‘?}fl?he({ﬁl‘fumﬁﬁl TAEHS cells from
serumcontaining nediumto a mediumwth a final serum
concentration from2.5%to below 1.25 % i n adherent

13¢ (Mheunethod pf clpim B.odhereinghe Yisuscis lalrscamabisys yemsi on
culture; (c) nmonitoring cell aggregation; (d) renoving
the cell aggregates; (e) continuing weaning of the

14¢ &tHeSmétho® UBEIEIS B Ohdibih ithd GirlisOcatri 8RshateloWgolls feneser um

15. The method of claim 12, wherein the adenovirus is a conditionally replicating

adenovirus.

16. The method of claim 8, further comprising adding calcium chloride to the culture,
after step (b).

17. The method of claim 8, wherein the A549 cell concentration at inoculation of the

virus is from 1.8 x 10° cells/ml to 2.4 x 10° cells/ml.

18. The method of claim 12, wherein the amount of adenovirus inoculated is 1 x 10®

viral particles/ml medium.
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(f) propagating the cells to | ate exponenti al phase of

grow h; (g) exchanging the culture nediumw th fresh
waoraiswe3970h) i nocul ating the cells with the adeqoaiSeasg/p43494

(i) adding calciumchloride to the culture; (j)

i ncubating the inoculated cgls; (k) exchanging the

culture nediumw th fresh nediunm (1)incubating the

1oE 8L Silemoradding cal ebum chlort de Lo Lbe el hres (R,
is pre®ohnus. 26. The nethod of claim 25 further

conprising the steps of: (1)concentrating the cells;
(ii) exchanging the nediumw th a medi um suppl enent ed

: TR ; s (iv) .
200 b7 PR b Ko cbihiibps PEFEHBReCHE s o
frdsk medaan afibd dtetf (apgnd Beorsdtds()0 serum free and ani mal

mat eri al -free nmedi um suspension culture; after step
(e), but before step (f).

21. The method of claim 8, further comprising after step (c), the steps of (d)

exchanging the culture medium with fresh medium; and (e) incubating the cells.

22. The method of claim 8, further comprising exchanging the culture medium with

fresh medium after step (a) and before step (b); and after step (c).
23. The method of claim 8, wherein the AS549 cells are from a cryopreserved cell line.

24. The method of claim 8, wherein the A549 cells are from a cell line adapted to

serum-free and animal material-free medium suspension culture.
25. A method for producing adenovirus comprising the steps of:

(a) weaning A549 cells from serum-containing medium to a medium with a final .

serum concentration from 2.5% to below 1.25 % in adherent culture;
(b) introducing the cells to suspension culture;

(c) monitoring cell aggregation,;

(d) removing the cell aggregates;

(e) continuing weaning of the cells in suspension culture to a medium with no serum;
(f) propagating the cells to late exponential phase of growth;
(g) exchanging the culture medium with fresh medium;

(h) inoculating the cells with the adenovirus;
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(1) adding calcium chloride to the culture;

(j) incubating the inoculated cells;

(k) exchanging the culture medium with fresh medium;
(1) incubating the cells;

(m) adding calcium chloride to the culture;

(n) incubating the cells; and

(o) harvesting the adenovirus.

26. The method of claim 25 further comprising the steps of:

(i) concentrating the cells;

(11) exchanging the medium with a medium supplemented with a cryoprotectant;
(iii) freezing the cells;

(iv) storing the cells at a temperature of 0°C or less; and

(v) reconstituting the cells to serum-free and animal material-free medium suspension

culture;

after step (e), but before step (f).



