FEB 20007 PCT/ EP2003/ 009704 WD 2004/ 022729 Nethod for the cul t fviaf Fon 2Bl
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Background of the invention

15 | .
ines such as attenuated or recombinant viruses are

r virus/vaccine

Most viral vacc

ured from cell culture systems. The cells used fo '
nuously in vitro, either as

manufact

production may he cell lines, i.e. cells that grow contl

in bi on a cell-
single-cell suspension culture in bioreactors or as a monolayer

ler-bottles. Some examples for

50 support surface of tissue culture flasks or rol

cell lines used for the production of viruses are. +he human foetal lung cell-line

MRC-5 used for the manufacture of polio viruses and the human foetal lung

p a

rubella virus (MMR 1) (Merk Sharp & Dohme).

. Not only cell lines but also primary animal celis are used for-the manufa.cturing
of vaccines. An example for primary celis that are used for virus production ére
chicken embryo fibroblasis (CEF cells). These cells are used for the prod-uctton
of measlesand Japanese encephalitis virus (Pasteur Merieux), mfjmps vm,‘xs

a0 (manufactured by Provaccine), rabies virus (manufactured by Chiron Berhing

GmbH & Co.), yellow fever virus {manufacture by Aprilvax), influenza mus



GrbH & Co.), yellow fever virus (manufacture by Aprilvax), influpnza: iqs;g.@z
| VS F | E 2007 WD 2004/022729 PCT/ EP2003/009704 2 (manufactured by‘”%\!/‘e@*t“ :
Labs and SWORAM4ME28 Beechan) and nodified Vaccinia virus Ankara (MWA).
CEF cells are often used since many virus vacci nes are mad€TEP26B0eTOAL I NG

5 t-he virulent disease-causing virus by serially passaging in CEF cells.

The att irus, does not |onger cause the disease but is still

capabl e ?Hgéﬁgﬁﬁ{rgff% ot babs Iaﬂdt&ﬂlthKﬁrﬂeIMé%aq.gzia%t t he vj rul ent

form of t\VecanhigUsrys Mks@m\f@f or this type of virus i ATOfHiegl virus s
res

severely replication d in humans and in nost animals. MVA is
bei ng devel oped as a 10 vacci ne vector because it can be used to express
i froma variety of agents causing di seases in humans.
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Cel 10 | i NesCmedvautonBeYaGes |; nder in vitro culturing conditions
require a .ng i%geci al growt ﬁ§ggg%§ﬁF%£ﬁEWWW$Mde€md§mﬂ%t (1)

Il FIEL Poagents qausihgodisiet bed | || maint
A b el i ST LRI
stationary pﬁagee eﬁ%@-"d@)%@ﬁ@%@@@d orcelimasibeng %iﬂ[?éjﬂ?ey%oﬁp” se a rich
sal t sothtitoe AR M }ég&ﬂg}?géﬂ@am no acids, essential t% S¥¥CENenent s

Snd sugar s, Do WUt MIS 4 § rgRtication competent in cells of hum
ars | an
rigin. However, viruses that have regained the ability to replicate in human

cells could be a health risk if administered to humans, in particular if the

individuals ' i
are Immune compromised. For this reason, some attenuated

viruses, such as MVA, are strictly manufactured fro
- human use.

15
m CEF cells, if intended for

20
Moreover CEF cells are used for those viruses that grow only on said cells

V ¢ 1 7

Cell lines a i ] '
nd primary cells grown under in vitro culturing conditions require a

- , ,
special growth and maintenance medium that can support (1) cell replication

in the logarithmic phase and (I1) cell maintenance once

} the log the cells are no Jon er
dividing, i.e., when the cells are in the stationary phase. :

The commonly used

cell culty i i i i n
re media Comprise a rich salt solution containi g vitamins amino
?

a.c::ds, essential trace elements and sugars. Growth hormones enzymes and
30  biological active proteins required for supporting cell gr
are usually added as a supplement to the medium in the form of an animal

blood derived serum product. Examples for animal blood derived serum

owth and Mmaintenance,



30 biological active proteins. required for supporting cell growgh, and a7
‘mai ntenance, are usually added as a supplenent to the mediumin t“hé"“'ﬁ”’olzgﬁ
of an aninmal bl ood derived serum product. Exanpl es fmeT/ERL0§0045Pb0d

der i veWO894RE 2% e3 RED 2007 PCT/ EP2003/ 009704 WD 2004/ 022729 3 products
are foetal calf serum chicken serum horse serum and porcine serum These
sera are derived fromfractionated bl ood, from which red. bl ood and the

t h
white bl ood ¢ lf{g%tz{!%‘ﬁ ggﬁﬂﬂr@med;sa%mmcyr%ew@,mﬁmﬁ PRECINGEE cell's are
n

even pr‘?Bﬁjléd&efbr ndant on ani mal serum sources.than L nes us,
pri mapy,¢ehiresaserasvalderived irbwfréétlpﬂageecfpﬁ%%jtﬁgbl‘ r\fvetlalieglstpgfsrr'i)eﬁsi ng 5 to
10% serum i n nobst cases

_ fetal, calf_ se SPrirhaey aeillsalsushras do not
only mo@qblajnsieihba.@hlé@sbk@ﬁatcegllséﬁvgq%?efhewg&gtgﬁfrglgl?aovet/ hWi of Cﬁllgpzqﬂtzut al so
factors that are require @kl Retwimabbyr growids C er ent
cel | SQEFOCQE% 4theYd’ ﬁ?‘%‘ ecg?égé%%@oéf surface of the Cﬁ'ﬂ] tur ﬁ}ﬂ\ﬁ?@%{ tdhus,

I ispe it-fﬁﬂéﬁ{ ?éllsagf’@'Ll%ﬂbil?@dl’ﬁv&tl&dtmeﬁﬂih@wté‘é?l‘fPr? & 54 3¢ redi um
té e ! e 0 grow and form a nonolay f Unf ortunat el y, bovine/foetal
cal f @@%Lg@r@mvi@lmoatcaeeaféﬁa&)ﬁﬁﬁtﬂ%ﬂnb itel's may 15 contain adventitious
pat hogehi ¢ agents such as viruses. There is a potential risk that these

pat hogeni c agents are transmtted to the ani mal/human to be tre%d or

vacei et ed, 411, L1, YRRGIF Bfnate pidors ok auecequien oralieDioduced

particul ar rel evance if cell e products
are agﬁ;é]bsgg{ ggotfgc{mﬁﬁﬂmmquﬁ@éofoﬁmﬁ th%{@waliﬁg?#g}n%g potential 20
maj or 0Bl ens associated with the co nl S i -8 §led Bk S Ut £ ment
i § t hgdpessitwellstiy attadhr é@§hﬁ@eilk%’%§nggu5%&é ﬁgtﬁ%ﬁg' spongi f or me§

encephal opat hy (BSE) to .the animgl $inh hatackteretd the reedtumtioni th t he
pr oduitis an’ufmjé@dafﬂ[?@rﬁr@é?qehs%atq%rngu%g@%}n vi ew of the possible risk

associated with_t S ARidBioregagen.n cell culture it has becone clear
t hat ‘READKES f[?lg?%\?éo%’é@g%s free fromthe use of aninmal products are
hi ghly desirable.

Unfortunately, bovine/foetal calf serum as well as sera from other animals may

15 contain adventitious pathogenic agents such as viruses. There is a potential

risk that these pathogenic agents are fransmitted to the animal/human to be

treated or vaccinated with the vaccine or any other pharmaceutical product

in cell culture. This is of particular relevance if cell culture products

-oduced ‘
- the many potential

are agdministered to immune-compromised humans. One of
jor problems associated with the commonly used bovine serum supplement

.20 ma] ‘ | -
| is the possibility to transmit the agent causing bovine spongiforme

i e into contact with the
encephalopathy (BSE) to the animals/humans that com |

products produced from cell culiure.

o5 Inview of the possible risk associated with the use of animal sera in cell

culture it has become clear that manufacturing processes free from the use of

animal products are highly desirable.

To this end. specific media that do not have to be supplemented with animal

a0 sera have been developed for continuously growing cell lines and for the

production of viruses in continuously growing cell lines, respectively. AT‘

example for such a serum free medium that can be used to cultivate celi lines



To this end specific nedia that do not have to be suppl enent ed{vit gﬁg;?ggxaxpl
T 6%t he

so sera have been devel oped for continuously grow ng cell lines an >
product i on VYo 2¢04/0az7@¢ i n conti nuously growing cell lines, respectively. An*"
exampl e for such a serumfree medi umthat can be used to E‘EIT’F\E%?&?/@i’%II '
lines 4 SFL})"a . ~~r WO 2004/022729 RCTI EP2003/ 009704 4 is VP-SFM

manuf aczj%r\/ggél)g/mc;‘i bCOE EéRL/ Li fe Technol ogi es. According to the
manuf actBrer S finfriandiaciurePb$RMbEce BRSY 4Medrsiee & iical £ the,growth of
VEROL PRS- AR Hep2,, BHC 23 and ol herrmi%(rerportariéélggel1 ekl é’%gF?DF'TC‘]%e, P.
and Evege EAFGLES dgmatign \§7-Hdy lar_ﬂ?hﬁsfgned/i;me.{sjficpamdm~ttih@rgr'bwttﬁqud cel |

S l'inesVH®O] oig.yaty [ i regarding the cultivation of primary 7
cells i nﬁdigl d madfNggﬁsﬁ%ﬁg&ﬁéiﬁ%&@qmr&ﬂfwa}bbmﬁl(mcm. cells
in nmedia vege sk.nBocdtds 10817 1spr I 1 infection .of the cells
with Fow goxtﬁ' rus in serum 10 f regémrgégéi éum %p@%/%srﬁfo%cé!%w gidcefl el .
sci ° 104BSSoiNO Wjormationils avedlable vogardig thelclfiviRTbPer BRMUPIAAG 4N serum
free me 'iW iufd hours once a nonol ayer has been for X Js, ddcor di ng
to both publications the media that are used for the cultivation of the

cells after seeding conprise serum Only for the maintenance of cells that
already are attached to the surface and 15 that have reached the stationary

hase SdPuPTI2dGrdischossasthesedltivai hiagy, ith. ti onal
medi um,_sugh s pedi v 199 or N et CEPRAISn o008 e Sig . °"
f or med gﬁﬁ ?Hémc&‘?loyego Yntherotaciinreof thyycelimuits Fowtgeaviradiia seAd VO

98456 iaf b f di f the | It

cul i vagTon gt SERRRET AL e2Bls TugdR ol 888 wodetsidisdibeesred um as

di scl 08bdl iGERMO:=P8cARGIAniat Lepl, origin, . ingcluding cells
obt ai ned fg[om manmal s, bi rldgé;!hi%ﬁggg%es@?rl %?eles _ed%{g fﬁ’ﬁ%l%h?lérﬁ @98 may be

or mar JroBelaErtiaswerimeroedgThusNactsfdingne Hoth BTSRRI, YR an
that are used for the cultivation of the cells after seeding comprise serum.
Only for the maintenance of cells that already are attached to the surface and
15 that have reached the stationary phase serum free medium was used. If the
seeding is done with conventional medium, such as medium 199 or RPM-

1640 lacking serum no monolayer is formed and the cells form non-viable
aggregates in the media.

20 WO 98/15614 refers to a specific serum free medium for the in vitro
cuitivation of animal cells. Cells which can be cultivated in the medium as }
disclosed in WO 98/15614 are those of animal origin, including cells obtained
from mammals, birds, insects or fish, The mammalian cells may be primary
cells from human origin. No reference is made to primary avian cells,
25
US 5, 405,772 discloses a serum-free medium for the proliferation and
development of cells. The cells are preferably hematopoietic cells and bone
marrow stromal cells. Primary avian cells are not mentioned.

30 WO 98/0468D discloses a serum-free medium for growth of anchorage-

dependant mammalian cells, such as the cell lines BHK, Vero or MRC-5. WO
98/04680 refers neither to primary cells nor to avian cells.



25 US 5, 405,772 discloses a serumfree nmediumfor the proliferaffdihridi7
-devel opnent of cells. The cells are preferably hematopoietic cells and bone

marrow stromal cells. Primary avian cells are not nmeneGCORBAOIHEOWO 98/ 04680
di scl o3¥20048%7¢m free nmedi um f or growt h of anchorage- dependant manmmalian .
cells, such as the cell lines BHK, Vero or MRC-5. WO 98/04680 refers
»neither to primary cells nor to avian cells. For 2937 PCT/EP2003/ 009704 WD
2004/ 022729 5 Object of tf‘@bjénte)"fthh@nmlventlgﬂt he object of the present
invention to provide a nethod allowing the cultivation of primary cells,

in particular pri mary avian cells in serumfree s nmedium wherein the

nmethod allows (1) the rovm of .the, c r jgard tHem ¢ phase and
(11) lttheﬂrtalorbﬂ%@iaﬁc@edi PR 3@4%”%‘0 tq ﬁw\ﬁ g.;él @%grr]@@gﬂase 5 Mor eover, if

the cells mMrAay prieheedblin %&ﬂtﬁwf(’ml) t he
attacﬁPI-hLE‘H 8f‘q @%&Fgﬁ% ‘F%‘C{{gg{ e surface of thﬁé\f? @ng |ture vessel .

h fHﬁtvﬂ%reﬂ?tt@&maﬁoﬁ@mmébrthelgr@éhw@ﬁ the hod for
the o produ tion of virus by usin rimar
condi tdg@mﬁhmlaqjmaﬂemcbéé)c?h%m%ﬂg%? rtGr‘?eO e¢1 ”lssol#n&f:é S%%&g%l{ | ﬁegﬁt i on

provi des a nethod for the I ¥ ﬂeﬁerati alﬂtawa(ct}t!)arl zed
i n t hitorepeeicdf the aples ?ﬁﬁﬁﬁﬁ%é‘@@?ﬁg“?@ee a?r@j():h um c’g(rrprl si ng

facto ected fr éﬂﬁibihlenﬂlrﬁ;icegmfoﬂvtehCEﬂé@M&lgea‘fféﬁseét Ffachmant
facto @e h@&b ’Iﬁ%% e&{o@gggnt i nvention pr.i rralfr?/ ﬁel s that naturally
grow as. %grtﬁ‘é?%kﬁé&t (ﬁethbspl@tsbatm\t%ttdfet@m’@‘é@@30 gt ‘91‘ ul ture vessel
after séeding a

growin a logarithmc ARRebRyer is forned.
,‘ @lr@tgut‘@omhnéVl%é@éhﬁlﬂgnﬂﬁmarﬁﬁqiﬁeu?[g @?eﬁu teﬂlﬁlesé{r)myﬁgéé mai nt ai ned in
the medi um used during the attachnent and Iogarlthrric grow h of the cells.
25 The nmethod of the present invention is not restricted to cells that form

Detailed description of the invention

The present invention provides a method for the cultivation of primary cells,
15 characterized in thai the celis are cultivated in a serum free medium

comprising a factor selected from the group consisting of growth factors and

attachment factors.

According to the present invention primary cells that naturally grow as
o0 adherent cells attach to the surface of the cell culture vessel after seeding and
grow in a logarithmic phase until a monolayer is formed. According to the

present invention the resting ceils may be maintained in the medium used

during the attachment and logarithmic growth of the cells.

o5  The method of the present invention is not restricted 1o celis that form

monolayers. According to an Jlternative embodiment the method according to

the present invention may he used for all other types of primary cells, suich as

cells naturally growing in suspension culture (e.g. lymphocytes or other types |

of blood calls) or cells that nafurafly would grow as adherent cells but that

50 have been adapted to growing in suspension culture.



monol ayers. According to an alternative enbodi ment the nethod a’@@q‘?i{% gy o
the present invention may be used for all other types of primary cells, )

such as c®®200aéeareal |y growi ng in suspension culture (e.ag. | ynphocyt es or';'.
other types of blood cells) or cells that naturally woul BCHEBROHDIBdher ent

cells but that 30 have been adapted to ggowi ng in suspension culture. 1S
FEB ZVWAS 200%83227 9 PCT/ EP2003/ 009704 6 As shown below the cells can

al so be 0Set'FEl AHEWs lfsr @an algnl béiusati fon tAE seVi .. m.ght be
usef ul agirvaegithRgs mi t\%?esuur}ergect ed. t hat primfﬁy%wgéﬁgﬁ@ﬁféﬁt&wgw ng -
as adherent cells (’I“)gthcan Bld 2VECEEISE. attach to the surface of the cell
culture vessel without form ng unacceptable anobunts of aggregates and (11)
can be grown in the Jﬁg:?arithm c phase in the absence of serumsince it was

gener al IIJVB%’IS He\EEgeckre that prmary cellissnatie mul titude of
differ ergff%]@tq\péqgsat?%ﬂl %:og]l)onent s conpri seﬁwgﬁg%g%@ﬁ%w&e”istﬁm
bel i eved that adifer€rt \TE1¢ sUFigptmardheiivtiablie PP UALRR, H BRIl NOt .
attach tumadeestabiag | ture vessel, when cultivated in serum '
free rre?é_gam 'hg‘;@’ Lﬁ%ngglﬁg%jg%ggfésﬁﬁ(m CiR Desgiftvr iretite tagaaittiniie a
serum f Stedl abbaot®of sehaatLAcE onsi sting of growth
factorsC% g attachment factors in ﬁ?%é?wtbgr%brgﬁwbﬁﬁ?‘é%iﬁﬁpl’aﬁtargrowth of
adher ent Q |y JeReNdaNt b egovitude oﬁdﬁ‘fabﬁ@fé‘c%k@%ﬁee(ﬁ]rﬁg @Qﬁ% primary
cell's cubhhyated -hrgew@]oeiﬂsi on culture can be grown W R dia used in
the met h%laccordl ng 1ot he' Presetitwan befieves thatradhbemtaigls fokmas,.
surddri sv eleggrepbtay had ugh as ,Chi cken Enbryo Fi brobl asts
( CEF) c&g@%ﬁ?@g! tivgt,ed t\gj%??ggtﬂat%g ttsoh@"esﬁ[r"i‘f%@eof)?h%{céﬂlqu“maIvielssa, vessel )
wi t hout IVaie@ die sealvinefragpoad Riraf TRAG! ' serum 20 free
medi um ’éfﬂ gcg agf actor selected from tﬁ’eﬁg’%ﬁ%”%&%@i 1ﬁ@t(ﬁ’ﬁ‘lsgrovvt h B
factors and a ARERC 3 setWrsres moediavin anfacedr Selwetery ﬁ’BﬁH‘?hé gr&&?w
ext r emetohsibAd ol &F edium not conpri sing grow acto or
at t achment fagt or%?;v‘%mef%?cﬁ Sv@éd QE%‘)@%‘@&% achens inherdesdo qsiaig h properties
of pri rkgclwiant and growth of adherent primary cells. Moreover, it was also
1 unexpected that primary cells cultivated in suspension culture can be grown
with the media used in the method according to the present invention
Furthermore, it was surprising that primary avian cells, such as Chicken
Embryo Fibroblasts (CEF) can be cultivated to attach to the surface of 3 cell
culture vessel without forming unacceptable amounts of aggregates in a serum
20  free medium comprising a factor selected from the group consisting of growth
factors and attachment factors since avian celis were known to grow extremely 3 |
bad in serum free medium not comprising growth factors or attachment
factors, i.e. it was unexpected that the poor growth prbperties of primary avian
cells could be‘fmproved significantly by adding a factor selected from growth
25 factors and attachment factors to serum free medium,

The term “primary cells” as used in the present description is well known to a

person skilled in the art. Without being restricted to the following definition the

ter_m “primary cells” refers to cells that have been freshly isolated from an

30 animal or human tissue, organ or Organism, wherein the cells are not able to
continuously and indefinitely replicate and divide. Usually, prima'ry cells divide

in cell culture less than 100 times, often less than 50 times, often less than 25



cell's could be inproved significantly by adding a factor selectdd} figmzlii?
growh 25 factors and attachnent factors to serumfree nmedium The term

"primary cells" as used in the present description isPGEHP2AERNGTH0 a
per son ¥R2IBEEh the art. Wthout being restricted to the fol | owing

definition the term"primary cells"srefers to cells that have been freshly
isolated froman 30 ani mal or human tissue, organ or_ organi sg] wherei n the
e

Il's,. t . ' dargbrienaiefinminceia)izivg BVeq d divi de.
C2! 1Bk Rl Bk copata e LoD Vi pFERte and divi do

s divide in cell culture, |esst 0} [ j often
| ess %g%@ Epeq, fol TREManf tells bes sorh&hoes lyr@D%@ﬁﬁ%%ﬁ%ﬁdéﬂﬁ‘ﬂéézg(oér?@3%4 W0
2004/ 9 7 times. Thus, primary. _csal darfgondlants,
i mor fiptdtastg. Bveletred E&W@%%qrﬁ%m%ﬂ%@y&% Sg&te?r gﬁcord bl ood | ynphocyt es

and human or_ anj . fibr ; SE (0 Fexeliy). dspfafer wdl A¥RMIPIBr obl ast s
are aW%ﬁW?i@f%%;&Zé?‘gFegr%@b?%é g%tglragﬁy C(:hi cken Enbryo Fibrobl asts (CEF

cells). A pref ML% applaetdid hunpr feegkinuivarobliesiobl asts is human
fo?es}k?rrpﬁf'?@f%gpas s.ﬁbl\/Et hods are well known to the person skilled in the
art how primary cells can be isolated. Generally, primary cell cultures

are directly derived from t,jssues : eiFbHes prifhent celeesin or gans
or enMathedaree s Erewn tPJhﬁr%‘?'égges%]?%d]tﬁ? gtg?ment topobt ain singles cells.

The cells are, then t i tee dheectirethodeddtondiig§ues: t he

pr eser FAERR: @%”%fpﬁ@&r b}lﬁhgfyt ?%ngﬁ?ﬂ?se condi t i ?ﬁs. . I\/gr %Ségggl ly,
CEF cel | s ape.phabaerhtnpmsuespbegas df §EEYOSCHiCCRIRIEC ‘?{ﬁ}@ﬁ% ceéor di ng
to theorgsgsent Invention CEF cells grow bescél S &%Qs @dltacéércg:méﬁ) ahéached
tgpa sebdiehartltb chpposingles naH@.Th%e@é@F% Fﬁr% repFl cation and establish

a nmonol ayer. If CEF cells (after. : [past) @b Anirewtdndidtat.in vitro
with amstrebiacapreing e theg P&E%@ﬁr&ﬁnﬁﬂéﬁtﬁ%ﬁml serumthe cells will

occasionally attach to the solid cell-support surface, but will not

replicate to forma confluent nonolayer of cells and w I, | ,w time slowy
det achwyé)gh%aﬁcgm, sobF Getigldrarabtgirsebiien %9?@%8‘5%\%%@“%% " if the CEF
e c 'd

N _ |
o embryos tﬁ\tc\(/:itrging to the present invention CEF cells grow best as adherent

15 celis attached to a solid cell support surface. The cells start replication and

establish a monolayer. If CEF cells (after embryo digestion) are cultivated in

vitro with a standard culturing medium without animal serum the cells will

occasionally attach to the solid cell-support surface, but will not replicate 1o

form a confluent monolayer of cells and will with time slowly detach from the

o0 solid culiuring-support surface. In contrast, if the CEF cells are cultivated

acbording”to the method of the present invention, the cells attach to the solid

support, grow in the logarithmic phase until a monolayer is formed and can be

maintained in the stationary phase for several days.

95 The term “cultivation of cells” in a serum free medium in the context of

adherent primary cells refers 1o the seeding of the cells into the .
serum free medium In

culture vessel

in a serum free medium, to the growing of the cells ina

the logarithmic phase until a monolayer is formed and/or to the maintenance

' i | i I . More~
of the cells.in serum free medium as soon as the monolayer is formed

sy preferably the term “oultivation of cells” in a serum free medium refers to a

method in which all of the above mentioned steps are performed with serum

free medium, so that no animal serum products are presenﬁc during the whole



according to the method of the present invention, the cells atthghHi®d AL
solid support, growin the [ogarithm c phase until a nonolayer is forned
and can bewWngiopizi7eed in the stationary phase for several days. 25 The
term"cultivation of cells" in a serumfree mediumin t hePEHEPWRIOWGN04
adherent primary cells refers to the seeging of the cells into the culture -.

vessel ir]a i.erumfree medium to the growing of the cells in a serumfree
medi um i T EVREArogRGageeicthehessls. dittud, ia arenstieyterPrid@ffRAyAAL A O the
tthe nonol ayer is -

mai nt ena -, 0f: 1s-An serum free nedi umas soon as
f or med. %b&?tévg‘goé:bgf‘geﬁ&oﬁr&ﬁ Eﬁ@imé‘rp #® TEariUWAtearsdD thelfhst tat Al srLn free
bor T oo w h aare fORieon O A HETIBYr e aTuRt R rawiant be cuediesssat

performed with serum free ne S

present A@ ahtheabavel steps iy Boﬁmﬁe awacgg,oglé,ggge@%&cg@ﬁo 3,009704 8

cul tivat] rocess of the cells. , In a nore gene t?rl‘?eterm
Ceul 11 val EoRRERRE S hadiots. dawewers ot Mgt Uve! suféit e tbaddeudagiiatipt all
medi a baadid | of. a,nonol ayer ~are serumfree nedia. The
medi a use?d i%hgﬁﬁeg& E"%%Hg@%@ﬂ? §{t@§§“rﬁﬁﬂ?% é’g#ﬁﬁ relds anelder tre gedvaopest from
growt h fhcetls tndedicatdripetont@gbass. However, it might be sufficient to
add such a factor only to the nmedia uSed for the attachnent of the cells
and/or the growing of the cells under logarithm c conditions. The term
“cul tivag] aGeld s'. in rumfree nediumin the context of cells io
gr owi ngﬁ%%gﬁﬁ)e @it%?t@'ﬂ ?ﬂ?égr dhe&t seram freegvediung infthe kenestl ¢ dapiso t he

cul fgur OV ' L u the grow ng of the cells in a serum
roa ! rEamein slsPr SRS rERA T Hr 5ed0ME doieecaitarinto the chucel 1 s -

in ser ASSE! & anselium fase o@fiuAs tHRegpdl B?ﬁég@?ﬂ%ﬁfur‘@{}i ch no furthert,
rabl’y the

repli catign occ%s I S obtained. More prere f$% vati on of
cel I s" MRYUUILILHG bogaddimisdphane ehel/srttheanakt:baghédofMHEBaIR In Srhe
' at” no

v TR PR s BBl S ELiNn b omvatom et
celI's. otersdgiobtafest.! Mot broferdBfy the term “cultivation of cells” in a serum
15 free medium refers to a method in which all of the above mentioned steps are
performed with serum free medium, so that no animal serum products are
present during the whole cultivation of the cells. The media used in all of the
above steps may preferably comprise a factor selected from the group of
growth factors. However, it might be sufficient to add such a factor only to thé
20 media used for the seeding of the cells and/or the growing of the cells under
logarithmic conditions. As explained below in more detall it might also be
possible to cultivate cells that would normally grow as attached cells also as
suspension culture cells if appropriate incubation conditions are chosen (e.g.

by applying “wave” incubation). The method according to the present invention
25 also applies for this type of incubation, ' |

The term “serum-free” medium refers to any cell culture medium that does not

contain sera from animal or human origin. Suitable cell culture media are

known to the person skilled in the art. These media comprise salts, vitamins,
30 buffers, energy sources, amino acids énd other substances. An example of a

medium suitable for the serum free cultivation of CEF cells is medium 199

e



above steps may preferably conprise a factor selected fromthe %80&]@0&@3?
grow h factors. However, it mght be sufficient to add such a factor only
to the 20 nedia used for the seeding of the cells andPGHEPHEIHPOREng of the
cel |'s WHIOHOPYEhrit hmic conditions. ‘As expl ai ned bel ow in more detail it

m ght also be possible to cultivategcells that would normally grow as
attached cells also as suspension cul tureB‘&e{NIT Sd if a pﬁgp;li_ate i ncubati on
condi tions ar S . applyiEng. Bialv &ted. t{én). The net hod
accoréﬂlﬂr@qrb @Rgagr@eﬁt%r%&gﬁ??on 25_521[?50 applies for this type of

i ncubghiHAabiENGtEeaN fiven WiteleebnOMEIREM refers to any cell culture medium
t hat does not contain sera fromaniml or human origin. Suitable cell
culture nedia are known to the person skilled in the grt. _Thesgq_ neuéwqia
conprise salts, vitamn f ehgyprasamidesenanmino &GTESUaMd ot her
subst$h@é’§?dﬁ1ué‘§%ﬁﬁ%m§?gz8 tﬂé i %&nﬁggﬁabl g) for the sgr u frée %JI tivation
of CEJQ?]EC%@Q SR WA 8nil 3eFEBLRBNT CBETHRZB08PIN09 704 Wy 26647022729 9
(l%rg ; ton and Parker; Proc. Soc. Exp. E%itomg/ﬁfjf &950, a73. 1 _
obt ai ﬂ%phqhigrgrgupaidr&iitlimgmi_glfwﬁi’eé@ﬁit@lr%é’ingsﬂ i Tl O "accor di ng to
the nethod of the present %Ea\éc%ntion 5He8ﬁﬁti cular 5 the nedia used for
adher ertiqakIfer e0cH 2 ORR P IR O AR S T actor selected from the group

consisting of growth factors and attachnment factors.. An exanple for an

attachnent factor is fibronectin. For cells thatggagtgral lvé woul d grow as
adher %g)tr Gl Syt bR s alRjONBNIer groaw eis\ ddherenéicehel BS, BAMS WAL BEF i n
|

P borbensbatvei s o e TP APl o 1o
e astinb; AAPeBEOTIRE MRS Ch L e B 1 act o
L5l B LS e S drmete et 1
the medi.un By pRet orie; mouse, chicken or human epidermal grow

(EGF). Most preferred is recombinant human EGF (th-EGF) (Chemicon Int,

15 Cataloge number: GFOOL).

For cells naturally growing in suspension culture the medium may preferably

comprise a factor selected from the group of growth factors including EGF.

Most preferably the growth factors for this type of cells are factors specific for

50 non-adherent cells. Examples for those growih factors are interleukins, GM-
| CSF, G-CSF and others. The person skilled in the art may easily determine by

routine experimentation, which type of factor is suitable for which type of cells.

If the factor added to the serum free medium is EGF, in particutar rh-EGF, itis
25 preferably added to the medium in a concentration of 1 0 50 ng/@l, more
| preferably 5 to 20 ng/ml. However, the person skilled in the art will be aware
of the fact that different cell types may require a somewhat different _
concentration of EGF in the serum for optimal results.

&

30 If the attachment factor added to the seru N
Chemicon !nt.; Human plasina fibronectin; cataloge number FCO10), itis

m free medium is fibronectin : (e.g.

preferably added to the medium in an concentration of 1 to 50, more



conprise a factor selected fromthe group of growth factors incl ddj g RECHI?
Most preferably the gromh factors for this type of cells are factors

speci fic f&vo2@4nmr2adherent cells. Exanples for those growh factors . are °°
interleukins, GW CSF, G CSF and others. The person ski | |Rd/ER00H@9204t may

easily determ ne by routine experinmentgjion, which type of factor is
sui tabl e f%qa\g?ich tﬁ e of cells. |If the factor added to the serumfree
medi um iR® A faiikgrcan® shrefEeE of ithe ice (128 R8T 8% 'ﬁ@?@ﬁég %@ t he
medi um iﬂﬂérﬁoﬁ%ﬁ&%r@&%on ﬁf ﬁ to 50 ng/nm, nore preféra t'd® 20 ng/ m .-
However,” t he perso ¢ BEGWilhbe rmwvatier oiihe fact thatadisferorfit tale tfised nidat

di f f er emeqoatkla tyARSY I newhat .different concentration of EGF
in the se?,um f or optiﬁn%?/d{f%gﬁllht{{gg%%ﬁh?'ﬂ@f {Or aReskimin the seruradided to t he
serum f PBEIM@dresulis fibronectin : (e.g. Chenicon Int.; Human pl asma '
fibr.onectin; catal oge nunber FO010), it is preferably added to the nedium
in & concentration of 1 to 50, nore 13 FEB 2007 WO 2004/022729

PCT/ EP2 rably. 1 tao 10 gg/cnR2 surface of the cell culture.
vessel .ﬂig%%gé%t%%op%ggbgﬁﬁ@ﬁqrbﬁ 'ﬁrﬁ%fﬂ@eét to widdl org casafetef t he fact

t hat di$dlected freehlgrowpRS | at .different concentration

of fi brS%]r &é’hgr ignrmtghe &erﬂ%%%rahﬁgélpf[t%% eﬁﬁﬁﬂbgs 18 thg fBediung, tro t he

pr esent & Cells suef adberant: dedisagbyan impel ected from
t factors to theeynbgiqﬁr?j%lcé%%gf% #%@Idgrt"i’q t he

rowt h attachne
cell's aé@’ﬁggﬁﬁ?gﬂ?df Scﬁ’?%tedrﬁmmwm factord and poteribhent facasid the OF more
e 10

f acd or smediget gt f,ﬁ’@@- ors and attachnent factors to t :

medi um T?ﬁ?’ r&edi um m;gﬁf}gﬁgr%’%ﬁ%a@i}‘rﬁpml Ghrand fibromeatin,n, pref erabl,y;_«-.._g
i n t he RE6TRI@MY in toa coangeyatieh kg ' rticular f the primry <.
cells %re adherent cells such as Cgl\?ggfe%\fﬁ'se.d %%éﬂi%ﬁﬁﬁﬁtﬁrf‘tﬂﬁ%er conpri se

one or PHEPETRA8I1E iAresACHarest cellS sooh ¥ OEEiebsal extract. plant extract and
extract froma non-manmmal i an ani nmal . :
The medium may further comprise one or more additives selected from
15 microbial extract, plant extract and extract from a non-mammalian animal
The microbial extract is preferably yeast extract or yeastolate ultrafiltrate. The

plant extract is preferably rice extract or Soya extract. The extract from non-
mammalian animal is preferably fish extract,

20 According to a preferred embodiment of the present invention Asparagine may
be added to the commercially available serum free medium to which a factor
selected from growth factors and attachment factors has been added. More
preferably asparagine is added to the medium that is used during the infection
with virus (see below). Commercial serum free media usually comprise

25  asparagine in a concentration range of 0.3 to 1.0 mM. Preferred amounts of
asparagine to supplement the medjum are in the range of 0.5 to 1.5 mM. Most
preferred is a 1 mM asparagine supplement. The total concentration of
asparagine in the medjum is preferably less than 2 mM and more preferably in

a range of 0.8 to 1.8 mM. The most preferred concentration of asparagine in
30 the medium i 1.3 mM. | o

i, ;
i



The microbial extract is preferably yeast extract or yeastol ate §3 FEB 2507
~ultrafiltrate. The plant extract is preferably rice extract or Soya
extract. The extract fromnon- mamualian ani mal is prsfBRERB0§/00978k extract.
20 Accwerad2aogt22d2%a preferred enbodi mnent of the present invention Asparagi ne
may be added to the commercially aygilable serumfree nediumto which a
factor s;al ect Fd fromgrowth factoraaand Et t}{ﬁ;gnneg{qr%aﬁqorr?slagggr%ﬁ&n addﬁd.
Mor e refera [ ' dded he 8 a Ing the
P %’Q}ﬁﬁ%‘;}ﬁq%g eéel%fér%b ge g

i nf e®ar8AVEeRH &'H bel o) . Commerci al. serum ba sl |
Com@@%ﬁ%e‘%%ﬂi netHanredtomcdvatriati g HHNGE OF ! ﬁc%&ﬁ)ﬁ?ﬂgﬁm Pr e?‘/er red

anou asparagi ne to suppl.e t the i ke thednamgereoin 0.5 to
1.5 mide N@ﬁdwymrefeerercbam@ﬂbtspfrﬁw é‘?%&ﬁgjb?l%%iégﬁen?. The tot al

concentration of _asparagine | imadiaipel f Preflendil ¥ hedeslieatad! 2 M and
nor e aorm‘f@r@bwoi%mﬁ\gv F”é%ﬁe&g#é}gbg?t”g%? 8 mM The rost prefer

concentrati/ag%g%ﬁ%%ggqﬁei RO reteobadiammargratian i H&%”ﬁ‘ﬁ‘éﬁﬁﬂd 7

PET/ EPPEBS /022729 11 MNoreover, gl ' pref erably be
addedsihge mgsmmh@momm@cm@fmlmwe rge 'taa‘ﬁ? ﬁ%giclsb%gg?éggl LJt?%y?‘ﬁlrgﬁrnsdi um t hat

is used during the infection with virus (see below). Preferred anmounts of
glutam ne to supplenent the nediumare-in a range of 1 to 5

nmor e
preferably in a range of fheritheh caheel 6 @@ﬁ@@%fgm%%rrespond
to t hbcgrreieg ted it f%ﬁ@éﬁ?é@ | ¢ Iher

inth di | i :
commer ci ald y, ayaid abl g @gw\@-@ggﬁ@%n&l&anaesgggﬁéﬁ%%Pﬁﬁ%%?%ﬁg%@%?‘f}hg
furth@WpZ_‘ffr%%’ali ﬁ‘eac?]t the invention concerns, a tﬁlg]og e‘)\pe( it@epripfm&i &elcati on
O‘Lq a %ﬂé’ér&@[]R[\jﬁécﬂlgcthlejihgltbdﬁﬁﬁ@%‘ﬂ@%é@eﬁcﬁﬁ% APV %t ep primary to

| s"are cul tivated according to th desgerbbed cabed drofin Bie pri mary
cel | saraceltowdted valest H Q'ﬁé%ﬁmlf e O@grﬂﬁgcomri sing a fact oréagl ected

fromthe group, consistj ahensnafattary, i NERR
depengiogp @@nﬁﬁémgcglgmwgef%ﬁF%&&ngFti ons, ndq;eg.i ni tions %roeg% Leler
enbodi U[tﬁ aﬂg Aepidine dutpetionsf prfefiad enhes! st s&rg:} 8% 2bodi ment s
gi vencrfgﬁry ke descri ption of the

of preferred to most preferred embodiments given for the description of the

15 method for the cultivation of primary cells above, also apply for the definition

of the first step of the method for the amplification of virus according to this

embodiment of the present invention. In a second step the primary celis are

infected with the virus. In the third step the infected cells are incubated in

serum free medium until progeny virus is produced.

.The term “amplification of a virus” is used to make clear that the method

\ . :
according to the present invention is preferably used to increase the amount o

virus due to a productive viral replication of the virus in the infected cells. In

sther words the rafio of output virus to input virus should preferably be above

5 1. Thus, according to the present iqvention those primary cells are chosen for
2 . ;

irus, in which the virus is able to productively replicate. The term

a specific v - . |
i ¢ virus replicates in

oductive replication” refers 10 the fact that the specifi

H!’epr - - 0
tious progeny virus is

the specific primary cell 10 such an extent that infec

oroduced, wherein the ratio of output virus fo input virus is above 1.

; s, which viruses can be productively

rson skilled in the art know .
e f example the primary cells

replicated in which type of primary celis. By way ©



15 method for the cultivation of primary cells above, also apply4fioF:Bhgji7
definition of the first step of the nethod for the anplification of virus

accor di ng MO ee4g22embodi nent of the present invention. In a second st.ep
the primary cells are infected with the virus. In the t hPEHEBLSPOdIhG

infected cells are incubated in serumfyge nediumuntil progeny virus is
produced. 20 Tgﬁaﬁterm “anplification of a virus" is used to nake clear that
the met hBEY REddiaangior eskinefitprotsests it m@@@imoi Se gref er e%té.l y,used to
i ncr easecgmggwingg,t virys due to a productive [ThrY T 'ﬁlfﬁ@ahumanof t he .
virus in the I REected: c88 RIMay Gl IRenaydyel € sl Isat t9 9f, 9 6{%‘“ virus to
i nput vi anplEteelidnprebey ab|¥ Hﬁgﬁbove 25 1. Thus, accordi ng & the present
i nvention those primary cel I3 at8 BRIYRE: fre@piesvispecidrianess BHSeph b ch
the virud'i% Béﬁﬂ%NtquaT\dmm,tiinﬂgleﬁzéwbﬁcg’t . The term "reproductive o
replscatcﬁé)r@ilcurl%/ﬁis to the fact that the s%e%?vai'ré's\ﬁ%?safr\é@dirciat\émi,r]n t he
specific pringa %WOQ'@eﬁiu@ﬂ%wawérmﬂnkh% (MWisgctious progeny virus is
produced, wherein the ratio of output virus to input virus is above 1. 30
The permhzgst\’lmed in the art knows, which viruses can be productively
replica ) offety pe j |s. way of exanple the prinmary
cells 13 _EEB,2097 WD go%%@%%@%ﬁﬁ%@%@mmd step wayhd e rdsarmn
f or eski R %51 GRpRkaEe knowhetovitteugeitsd P&y AR ihf ik CIq L st he human

i g@l‘:‘b cgl rt. BY Wayeofaxampledhie

Cyt omegai-Q¥i e rimary cells may be

anpl i fi LAY g sifiy Eﬂerﬁqg%ﬁﬁbemede[ AlePRaldly Siho ARANESS

endéphatarmosed \Wridifhe y@bng &ﬁ/ﬂer (‘;fi rgs, i nfluenza Virus d@ﬁyibﬁus such

as vaccjnj a %/é!r’us_i_ :oir;é part adeq 4o fsesh imetlivat ovinich iMimngo‘?&'f@é@ £

(MWVA) . Qe 8oeR!13.0T0 whéain o i : rding to the second step of the i,
G‘W!)énﬁﬁ{gb%ggéo QSWBPQgOf e wisusfredRymway of

t i t Kk to t
el SUTRETSHT SHORE) Beiamic he rmridtlotio hbg. Tl Al Lernalivel v, the
- nedi ummtb‘%%ﬁaﬁﬁﬁ?é/rﬁdofat%d the virus may be added fPEERTHAE0am  whi ch

inturn s add & virus additional medium may be added.

L

15 In the third step the cells are inoculated in serum free mediy

virus is produced. M until progeny

20

. depending on the ce] )

type. i ' e

ype I—.fowever, to save cost it also possible to use at one or both of the second

and third step a serum free medium that does not contain a factor selected
from growth factor and attachment factors.

25

Duri i
ng all stages the medium may be supplemented with asparagine and/or

g!utam[r.le as outlined above, wherein the total concentration of asparagine in
the medium is preferably as defined above.

30 The progeny virus may be concentrated and purified a
known to the person skilled in the art. '

ccording to methods



to the cells. To obtain an efficient infection the anount of the 44 ¢rp a7
vi rus/ medi um suspensi on should be as | ow as possible to have a h% ‘éf’?%ﬁ’ r%’g
concentration. After the attachnment of the virus additiv@rabesnmdioam may be
added. WG 20M4/2hB%t hird step the cells are inoculated in serumfree medi um

until progeny virus is produced. Tgl% serumfree nmediumthat is used in the
second and third step of the nethod for. the anplification of a virus nmay

be the sane nmedi um been usatckahpliicaiiop.ofa serum free
medi u‘}fﬁ%ﬁiﬁ?gng? A" tf?r@%‘i’%?ﬁ*%%ﬁ@@?ﬁ%%?%’m growth factors, an t achment
fact or-F sdlependi g, ometdiaptiichtiohyafeportiawesesr Thus, 3aeer B8 1] so

possi\ﬂ %5[0 use at one or both of the second ﬁqnd &)&j{hcé §;Lrﬁﬂ‘f&:a%?c§rﬁ‘mfree
medi updifigeddaedonanecbhaimy ettt Atesei R A Bg Y th YoM It Factor  and
attachment factors. 25 During,all. st . [tR oByribearsueeliement ed
Wit h %@Mgirﬁé-%ﬂpﬁﬁmgémﬁ%lrlioxjéngsﬁ%ﬁ?’l ﬁklggﬁﬁg‘f)ﬁgvg, wﬁe‘r rg'gqn the total
concentratj on, of [ i AR ebpesli jum & snethefteinabhicras@lgrimedy above.
s@ Th%c‘fﬂ@l@%%gro\ﬂ ﬁf?@%n%%sggeégghbcéémnt rated and purif.ied ace\c}%rtdi nﬁ_ t o net hods
known ;&éhﬁ gﬁ'i\ﬁaqedsikisbrm freetrhedam. cagn R SIS JBBF SARSBE0YPH22729
PCT/ EP 1009704 13 Accor di n{_g to a refterr?qe {be%gb]@’ﬁec?é?’ﬁji tdhod for
the agmd pféowatbonisding ofi groves iestys 46t aﬁj? anplifrcation of Hgoxvi ruses.
Thus, according to this. prefer |t fhepbodent Bod ({d)ates to a
net hothd &¢!l tieca I‘i”?‘-?i%?ﬂ Bﬁ{heobﬁgﬁp xgélnrsggl.l corrp?i@_?i ng the fg:él i%Wi ng
steps: (1) .cultj i i ¥eregh lfsed marianiung! PEOEEeYH S
deschH&B)agB)&é!M‘?égﬁg%tgﬁet llosg'ﬁ{ n whi ch t he primary cells are cultivated

i‘[ﬂo Se?‘r‘ﬁ&ltﬁ&@@ medi um conprising a factor selected from the group
~consisting of growmh factors and attachnment factors, depending on the cell
type, (1l1) infection of the primary cells with the poxvirus and (I111)

|Cg a s \Eviagnunogxpte%%eé %zﬁcég 8l M peesmmifieaeomedilsimulbatetl ymabgreny virus
serum free conditions since cells grow very badly with the known serum free
medium. Thus, it was expected that the additional stress associated with a

15 poxvirus infection would kill the already stressed cells before a significant

amplification of the poxvirus occurred.

The poxvirus is preferably an orthopoxvirus. Examples for orthopox viruses are
avipoxviruses and vaccinia viruses.

.20 |
The term “avipoxvirus” refers to any avipoxvirus, such as Fowipoxvirus,

Canarypoxvirus, Uncopoxvirus, Mynahpoxvirus, Pigeonpoxvirus,
Psittacinepoxvirus, Quailpoxvirus, Peacockpoxvirus, Penguinpoxvirus,
Sparrowpoxvirus, Starlingpoxvirus and Turkeypoxvirus. Preferred

25 avipoxviruses are Canarypoxvirus and Fowlpoxvirus.

An example for a canarypox virus is strain Rent;chler. A plaque purified
Canarypox strain termed ALVAC (US 5,766,598) was deposited under the
terms of the Budapest treaty with the American Type Culture Collection
30 (ATCOC), accession number VR-2547. Another Canarypox strain is the
commercial canarypox vaccine strain designated LF2 CEP 524 24 10 75,

available from Institute Merieux, Inc.



1o produced. It was unexpected that poxviruses can be anplified{gnfEBI {#7
cultured under serumfree conditions since cells grow very badly with the
known ser uwid 200@022m@di um Thus, it was expected that the additional stress®
associated with a is poxvirus-infection would Kill the alig#BRR0&y0ew8ed
cells before a significant anplificati Slgn of the poxvirus occurred. The

poxvirus is preferably an orthopoxviru
avi poxviruses and vaccinia viruses. 20 The term "avipoxvirus" refers to any

avi poxvirus, such as Fow poxvirus, Canarypoxvirus, Uncopoxvirus,

Mynahpok¥RIES B gdunppoui vitss ardstratme FREDBMB! Al TRVAD g rus,
Sparrowpoxvi rus, Starlingpoxvirus and

P k UIn XVi rus,
Tﬁfﬁg§p§%¢’$§?%)PF§Pﬂ @getta@t@dawedgs@gi tarlee Gandragranectine ianshe. _
(Fowl Poxdayistd oACIGKRITHE JiPhirfisCARBEMRRX:Y! {g)ﬂﬁ)oc%%g?rgs%oggg;?r\%glgegepésu ted

plaque purified Canarypox Strai

under t(ﬂ@stgheted;OdDCEﬁ’QBHOEB’MZtal)@@ Cul ture )
Mtdﬂéﬁ?ﬁé@ notlﬁe%‘%i‘?? 55! strain is

Col | ect.i on. 3? MA h) accessi on nunber VR
the cofiveibiaalMesianis o Racis acommarciabiesiipoatedis e GER 51%4!‘1 10 75,
il I 13 FEB 2107 WD 2004/ 02272
g\c/:?'} Eglz%gg %’8%@% ﬁ@ %{%{ Lagbqﬁff OAHCP%W%%“@W%U&@ daboratariesP-1, FP-5
d d b d
o0 RSt Scloang g, FRbon RIFRIF 518l BIPEL LRl uoed o

a vaccine in one- da ens e strai'ni

v. rus vaeenskeNe rlﬁlfin serizé Ngnab@@10 DCEP 25/ CEP67/ 2309 Oct ober 1980 and is
ilable from Institute Merieux, Inc. FP-5 is a comercial fow pox virus

v cine strain of chicken enbryo origin available from Arerican Scientific..

2

g?gggg%'tng@es(fa VhEERAM QfrusCdpsihg reoqcfwg s)’cral\i/tr?l1 emplevgfslgigg\sfér? Hni ted

Copenhagen Pans Budapest, Dairen, Gam MRIVP, Per, Tashkent, TBK, Tom,
Bern, Patwadangar, BIEM, B-15, Lister, EM-63, New York City Board of Health
Eistree, lkeda and WR. The invention is preferably carried out with modified

15 vaccinia virus Ankara (MVA) (Sutter, G. et al. [1994J, Vaccine 12: 1032-40). A
typical MVA strain is MVA 575 that has been deposited at the European
Collection of Animal Cell Cultures under the deposition number ECACC
V00120707. Most preferred is MVA-BN or a derivative thereof, which has been
described in the PCT application PCT/EPO1/13628 filed at the European

20  Patent Office on November 22, 2001, entitled ,Modified Vaccinia Ankara Virus
Variant“. MVA-BN has been deposited at the European Collection of Animal
Cell Cultures with the deposition number ECACC VO0083008. The features of
MVA-BN, the description of biological assays allowing to evaluate whether a
MVA is MVA-BN or a derivative thereof and methods allowing to obtain MVA-

25 BN or a derivative thereof are disclosed in the above referenced PCT

application which is herewith incorporated by reference.

The virus to be amplified according to the method of the‘ present invention
may be a Wilq-type virus, an attenuated virus or a recombinant virus.

30 )
The term “recombinant virus” refers to any virus having inserted into the viral

genome a heterologous gene that is not naturally part of the viral genome. A

Exanpl es for orthopox viruses are



Li cense No. 165, serial No. 30321. 10 Exanpl es for vaccinia vi rﬁs?s gtgrtalz‘ﬁ%?
are the strains Tenple of Heaven, ) Copenhagen, Paris, Budapest, Dairen,
Gam MRI VP, Per, Tashkent, TBK, Tom Bern, PatwadangapcrBiibbys@eid Lister,
EM 63, wWawd2k2€i ty Board of Health, Elstree, |keda and WR The invention
i.s preferably carried out with nodified 15 vaccinia virus Ankara (WA)
(Sutter, G eta!. [1994], Vaccine 127 1032-40). A typical WA strain is

MVA 575 that has been ' ; upapeancodolg fecta paptitleAni mal  Cel |
cul t Uiser ﬁa%?stgﬁge&gﬂggéjg?gtﬁ?%%%%ﬁeé gégc?: V0001%07§|7. I\/bgt nt|%ref erred is

MVA- a deri vaki weet to Whilte dasmiroene despeNBRAEN RIE KENSET

appl Fé@gﬁég%r%ecér‘; E%%RP?%G 8&%@; eod at the Euro%ean Zg Pz%t %,Eég‘%f Leg on
Nover’@@{gegﬁgnmctiettemria gmzngﬁgﬁm%d\ﬂﬁél&@@%i Q RS A lfar‘ig:gln]t

MA- BN has been deposited at t ur i i i

Cul t wiBssom 218 KHaVH AP SsPEiSON ’Hﬂﬁ%&r’n%@%@t'\%%%gg%%gﬁrﬁﬁg@egtgu\pgs of

M/A- BN t'he%ﬁ?@frihpﬁ@iéﬁﬁu r 1AV ?5%%'(:! RSSAREN gddeomboget 0 eval uate whet her a

MIA | ERARAL rvative thereof and nmethods allowi ng to obtain MA-
25 BN or a derivative thereof are disclosed in the above referenced PCT

application which is herewith incorporated by reference; i to be
anpl i i\ édtieacatet ngusbis Reifug AEEINGHiNen Op @s%%‘i?’(%e%?\?'éﬁﬁr&‘%h&%@ L a

wild-type virus, an, attenuated. vir r oraN v \Aricdsr 30 The term
" ecoupdihamEeciiphn --thﬁé}%ﬁigﬁgaﬂéﬁﬁg}1%%1%@‘3%;\??%%”36”% into the viral

genonme a, heterol L+ atranaviryspBExangflesiod viral genone.
AF OWQP@@ %%%gggégﬁggﬂgg%ﬁ%%c} 322729 l1§54_loheter | pgous ng?e egcan be

a, I herapayb i E@ﬂ\ﬂ'rus?esgﬁi@ek@@»dhﬁg therpexrspapikiled iR dhpArs; ﬁg =\l @Q?st one
~epltope to I nduce an inmune_ response, anti s r i tte or
a ri.baayareatteneatadihodisia yireiens SHAD W%h%i%iﬂ?%ﬁ?‘%s%iggﬂjﬁéﬁ to a
person skildedil HECREL with{nERRip USLATLAADBPXOOBB3008 (see above).

As pointed out above, for poxviruses the primary cells may preferabiy be a

15  primary avian cells such as CEF cells or primary duck embryo fibroblasts.
Again, the person skilled in the art is aware of which primary cells are suitable
for the amplification of which poxvirus. CEF cells are particularly preferred for
the amplification of MVA. For MVA amplification in CEF cells it is a preferred

embodiment to select one or two of the factors selected from EGF and

-0 fibronectin.

If the method according fo the present invention is used for the amplification
of MVA in CEF cells it is preferred that the starting pH of the medium is in a
range of about 7.0 to about 8.5. Particularly preferred is a starting pH of 7.0.
25 . | |
The invention further refers to viruses, in particular poxviruses obtained by the
above-described method. According to a preferred embodiment the poxvirus is
4 vaccinia virus, most preferably a MVA strain such as MVA-BN.
30 Thé invention further concerns a composition comprising a virus, in particular
a poxvirus produced by the method according to the present invention. As

pointed out above the poxvirus is preferably a vaccinia virus, most preferably a



5 vector is MVA in particular WA 575 and MVA-BN (see above). A FEa sor
"attenuated virus" is a virus originating froma pathogenic virus but gh t
upon i nf ecwitozeoobzatzbse host organismleads to a lower nortality and/or -
nmorbi dity conpared to the non-attenuated parent virus. ExBEPEB008609004
attenuat ed poxviruses are known to theiperson skilled in the art. An
exanple  for an attenuated Vaccinia virus is strain WA, in particular the

strai n MVdt SHad suebrasibPAENDae tEAEm pitdd fdreadienashtibAmi HERETS
V0008309% &ﬁ@&aoggﬁ%; )i' As gm nted out above, for poxviruses the primary
cel|'s may prefe 6 Hires 952pY ipRadyCIRANGY Yeinfectioumagentsaronprissd on
pri mar yargiuek! €30 YR bl I : | person skilled in the art is
awar e 0213 whi ch priﬁé:froyl?ie [§6gﬁ3eossltﬁt|9|‘é?éaggéﬁ5}?%ﬁ%t\%uwﬁ Uosdiansosdinghi ch

poxvi r 9. C@Brrignal rapthqus coaubrdsd vesdieieesethd %{'ﬂl Leakipn of
WA, Far  MWA .ﬁi]npl.i fication i nm&F cells it igﬁba Lg{desf&e??\é gﬁrﬁbgﬁﬁhﬁéﬁt to

sel gct GiEMor | HiRSdiShaséaERe £ase érecpraposiibonECEmisiag doxbirasestin. 1f .
th t i t t i t,i i,S .| d f th lificati
of MUA TS R T R B G P M A B i o B Nedt um i 5. -

in a range of about 7.0 to about 8.5. Particularly preferred is a starting
pH of 7.0., 25 The invention further refers to viruses, in particular

poxvi r Usesinysniionetiirben reatesbtve viresc i peetivetdrae. thacaarsisngs §6fifed

pr ef errg% gr%o%i msat t he poxvirus iff a vaccinia virus, nost preferably a
MVA st FACH e THEYIGFRIBRE OB Yagrite; HyibigtVisws fisiatwidd-typeviusorarconposi ti on
COfor i SikRGLABTEH" i [ irus produced t he nmet hod

accor di ng&tg thewﬁisegibn'?ﬁpﬁven ?%#.sgggB%ggFﬁ{rg@'%@g%ﬂﬁégéh$ MEUBGRVirus is .-
pr ef er aibh. Bovdbis purpode gienuasdd Pirates abb -2t  r e Va3 ~ VWO«
2004/ 022729 PCT/ EP2003/ 009704 16 MA strai ﬁ) sul((::é\’%aﬂsv Wi%ﬁé But@eto t he

met hod VB 188 §FQMBRINAIH \GrUs Byprassing ptokeins eppsedsednfrom famss of any

pr oduc i i agents .conpri sy i,n anjmal sera. In contrast,
comosb??%%gég%uré)?% gﬁ% J?’?ﬁ? gﬁg@@%rlﬁ&nggas; e 4 epginate against the virus -
as such and/or against the expressed heterologous protein. If the recombinant

15 virus expresses a therapeutic gene such as an antisense RNA or a ribozyme
the virus may be used as a medicament.

The invention further relates fo the use of a virus as defined above or 3

composition as defined above for the manufacture of a vaccine.

20
The invention further concerns a method for the treatment or vaccination of an )
animal, including a human, in need thereof, comprising the administration of a
‘virus as defined above or a composition as defined above to the animal or
human body.
25

Examples

If not indicated otherwise in the following examples the serum free medium is
medium 199, (LifeTechnologies). The added EGF js usuaily recombinant human
30 EGF obtained from Chemicon. Fibronectin (FN) was obtained from Chemicon.



to conventional nethods conprise residual conpounds derived frd¢m &agnglib
serum This is especially the case for conpositions conprising poxviruses

such as vaccinia virus strains, in particular WA straipgreuen@s4WA- BN.
The i nWaned0s/62%7gt t her relates to a virus, in particular to the viruses as

defined above as a nedi canent or vagcine. If the virus is a wld type
virus or an 10 attenuated virus the virus can be used for vacci nation

agai nst the yir ; CHigkert Bisbner oselast bkl edllsiruses are
parti ’EﬂrﬁPF%/ipr[g?eeDraar?%HgHﬁJfa tﬁe Vi rus]@il@s a reconbi nant virus expressing
protei ns expressed fromgenes heterologous to the viral genone, it is

. possi ble to vacci nate agai nst the virus / hBgt 12 he

bxpr esssefibaathokonbies (EDERRI7ad ERES %Ne%%r%?ﬁ%%?@égbE?ﬁghgi’pggSes 2

t herapeuti c gene such as an [ Sy +&F apdrineabyted fohd OrilPusaymy be
used dsysaahég%ﬁhﬁrﬁggsfﬁ%rei @gh{t?%ﬁl Erataﬁeébrael ates to Egﬁ@gﬁiﬁﬁflﬁ Vi rus
as def V, r i HbpmBdndehi heedg@isovas foF facture of
a @acé% EZ%%ET%&O%@% %ﬁgﬁ%ﬁuﬁt her concerns a neth tetcpe treat ment or

vacci gé}ﬁl_qfegf TAR el wde, pirnicl a:dia&@cﬁfeﬁﬁﬁ%,cafwrh@gg th? reof, conprising

b cprehe e o a0 26 ELAIRER S SLERPCARIIECEiCT o0
L et A e el
oL AT e Moty et sacks Wroms upeaniss Vs ché e, o re o
| ithei hegbehs rrg 5%%{;1. tf&‘?@f@?&%@%’&;
Coy ek apoSR i nhrvcass damny et 3 sggeoni Bathdgth TEEELER) T
put | 1the prepArlbaloEISiTRD. A STON B 10T 2 Cagyat T vohEwaSReaqg
again with PBS. 11 trunks maximum were put into @ 20mli plastic S)./rmge and
squeezed into an Erienmeyer flask. bmi of prewarmed_(37°C) Trypssr'w/EDTA—l
solution per trunk were added and the solution was stirred for 15 mmute.s -w;th
15 serum free medium at room temperature using a magnetic stirrer. Trypsinized
cells were poured through a layer of mesh into a beaker. All celis were
transferred to one 225ml-centrifuge tube and centrifuged down at 20°C, 470xg
for 7 minutes in a bench top centrifuge. After disparding the supernatant, the
pellet was resuspended in 1mi fresh pre-warmed (37°C) serum free growth
_ o0 medium comprising 10 ng/mi EGF per trunk by pipetting up and down Ny
B thoroughly. Fresh prewarmed (37°C) serum free growth medium com.pnsmg
10 ng/ml EGF was added %o a total volume of 150ml. The cenirifugation step
was repeated. The supernatant was removed and the pellet was resuspended
las described above. Fresh prewarmed (37°C) serum free growth medium
25 comprising 10 ng/ml EGF was added to a total volume of 100ml. Cells were
counted as described in the following section. The required amounts of cells
were seeded in roller bottles with serum free growth medium comprising 10

ng/m! EGF and incubated at 37°C. Cells were ready for virus infection at day
four after seeding.

3D



. . . o e {gﬁ?
5 at 37.8C 8C. One petri dish per maxi mum 11 eggs was prepared Wtﬁuﬁ&»@
20mL PBS. The eggs were put in a dedicated egg carton and treated = ‘
ext ensi vel yanedaoh/oBagi | 1 ol to sterilize the outside of the egg shell. After -
drying, a hole was nade into the eggs and the shell was Pemayad@safgf ully.
The chorioall antoi c nmenbrane was put a§% de. The enbryos were lifted up by
the io feet anpd then their heads were cut off. The enbryos were then - ’
transfe Pig 8: GonetingePaliablepgty i di shes. After removing the feet the
trunks were washed again with PBS. 11 trunks maxi numwere put into a 20ntl .
pl astic syringe and squeezed into an Erl enneyer flask. 5m of

pr ewar medsAra Ln/ -..solution per trunk were added and the
sol ution _msbg%io;f?%%%?grﬁ%%géﬁﬁcm g%*?%%&!%%&mrmareﬁo@wamh%n BRgM

{ ermer e vthgra volangs o T4t Blue TR LT 508 L ere polred |

thr(rghugh ﬁ Ia%i r of _mesh into a beaker.

225/ - ceRErS ﬁ‘g@ei&éesraaﬂ seprares fafgeHe _t@he?é}%tr,ﬁ@@&?byf 'l minutes in

?egﬁgcrﬁé%mtdﬂ&#qga{ﬁtgrqﬁa;{%&rd% thgﬁ:super at ant ;™ ’'t pel l et was
DRt Db e o 1 Y ATDp (e ash Read @pouth 2ppdiom

conpri . : : :

Fresh prewar ned (37%@%%?\%% ﬁ@gﬁéﬂ%@ﬁ%ﬁ&%é@%@mdﬁgg the cefémh EGF was

dded tW98! ttatrrevent 15 i i t ed.
The oagregraany sedltfififitid bHHM LRl ShEE 2 YN misvees o

The sug&q@%snfi ags renpved and the pelle

above. “Fr pHa frﬁﬁcW'(tb?T@)/P@BrMueffnerﬁd@mqmg@trmgidyg ée,%rp%gm)@tsi ngdlo |

ngiom  E6fsvap @@?ﬁlﬂ:g“as %t al . vol ume of 100mL. Cell’s ST YOt Hgdd as

described in the fol F6wN ?@é{q’bﬁ{asﬁféd%tﬁxfth@djemmﬁbmsiér.%tk%qgﬁr
g H

e )
seededliving otliewapotdoLggemi r rowt h medi um conpri si ng/ mi. )
EGF angcgi@g_c#bat ed at 37C CLJIeI ez%v\gggf[rr@%&‘gsqo&e YPingsa ilkehjectiveatinday  four

i

af t er gePsEarEatizetig sDaPes boReRTAY BALFEAMH 902104, 18 Exanpl e 2:

aiter F . nes were
| ASurtRd, S eveY,ry big square only two borders in L-Form were included in

the counting. The average of counted cells was taken and the final celf

concentration was calculated using the following formula: Average cell number

x dilution x 10* = cells/m. Finally the cell suspension was dijuted to the
desired working concentration.

15

Example 3: Effect of the addition of a factor selected from growth factors

20 and fibronectin to 3 serum free culture medium on the formation of a

CEF-monolayer 9

In prefiminary experiments the inventors have shown that CEF cells do not

attach to the surface of cell culture vessels if medium 199 is used that does

25  not comprise FCS. Moreover, no monolayers are formed. Normal monolayer

formation is observed if medium 199 containing 7% FCS is used. [t was

analyzed whether attachment and growth of CEF cells in serum free medium
199 can be achieved if additives are added to the medijum.

The tested additives comprise recombinant Epidermal Grow

th Factor (r-
30  and Fibronectin (FN). ractor (r-hEGF)



A sanple of the cell suspensi on (see section CEF preparation) Was ﬂ@e@@?nd
m xed with one volunme of Trypan blue, resulting in a final cell count of 20

to 5100 cells per 16 small squares of a henocyt onet geysphi@diday Fuchs
Rosent HaD 20#d272¥ he name of Henocytoneter Fast Read 102 (1:2 - 1:10

dilution). The sanple was taken i mggiately after resuspending the cells in
order to prevent reaggregation/sedinentation of the cells. After a few

m nut es . of incubat. i . T M Bhasuim 1 6Pdeithtis diffarREt dve
pr méﬂ@%wgegg@%ﬁ@%&@;‘ﬂ%ﬁ oy u &y y

of the cell su,‘sﬁﬁerﬁ%é)n .ﬁgsuﬁgﬁ?d to the
henocyt anetebion@byinbbirsinationi Gells grownieraegbliiitet dnder ght
m croscope using a 10x objective. &n E?mal tea ihqﬂégﬁﬁﬂtﬁggve bi g squares
consi giditigeobertbes magptivaeo el ell® G R B évery bi g squar E@EM y two
borders in L-Formwere ingluded.i. ountdwariréet aweragendictednt ed
cel | scomapristien%ah Sr?é\’?ﬁr% E%étlpefgﬁggﬂégﬂtéxgt@i on was cal cu] af ed using

Lhe foll omngf ol ' f &l imagiyar The adiditiveowere08aeel | s/ n .
e TPuh NG eht @I Akerage el im

nsion was diluted to th%g. desi rgdf go[hglég .
CO”CG%EC;O%"BH%“EO Branpte sBeet okite sppher Belgre D5 S5 '8Et & ected from
gr owmt actors 20 and fibronectin to.a Wl peiuden on t he
f or magd o eofFilaroneERMEAG  Alped 1q ﬂdﬁ?@ F%ﬁﬁ]é;%;%g%gﬂ{%nt s the inventors

have shown that CEF cells do notr: W@ st  avsmoshtoadion obX ur e
vesseplates fon mm%%t]eio%sléﬁtﬁ{gﬁ@%g@ 255 not conprise aljﬁ NMor eover, no

monol ayer s, ar I retystiof of Héx hpfTi sSelseraed e Redi um 199
Cont a1l MEHC e deat e e

It I d th tt - and wt h
i kbl i T G
- adde (0]

the medium The test e%i addi tives conprise reconbi nant -Epi der mal
G owt bofadhiong edhBGHPT 29 MARE % br onectin (FN). 1 FEB 2007

PCT/ EP2003/ 009704 WD 2004/ 022729 19 For the experinents CEF cells were
grown in medium 199 with the different

Every cufture medium plus the additives to be tested was cultured in
duplicates. The 6-well cell culture plates were incubated for 4 days at 37° C.

15 From day 1 to 4 the attachment and growth of the cells was evaluated using a

microscope.

For the positive control a normal attachment and growth of the CEF-cells ha_s

heen observed, For Medium 199 without additives nearly no attachment of

.20 CEF cells could be observed.

A crucial improvement in the forming of a monolayer was seen by the use of
EGF added to Medium 199 comparad to Medium 199 without additives. It was
found that the cells attached and formed the typical fibroblast morphology.

Furthermore, a continuous growth could he observed over the whole period of

25 4 days. o |
An improvement of cell sttachment was also achieved by adding fibronectin to
the culture medium. The addition of both, EGF and Fibronectin resulted in a

slight improvement compared to the addition of EGF only and Fibronectin only.

30 N summar;/ it has to be concluded that monolayer formation of CEF cells in

the serum-free Medium 199 can be supported by the use of the additives EGF

and Fibronectin.



addi tives alone or in conbination. Cells grown in nmedium 199 w thquf-any, 7
additives served as negative control- Cells cultivated in nedi unt $99= Pt

conpri si ngwikdadeao23es ved as positive control. Al experinents were s
-conducted 5 in 6-well cell culture plates with 3 m nediR¢A/ERes/mdrist i ves

were treated according to the data shegfs of the supplier before being

used for the cell culture. Fibronectin was allowed to adsorb to the

surface of the cell culture plates for 25 m nutes before use. Fibronectin
g/cn?2 and EGF was used in a concentration

was usegqg OF rati on of 3
of 10 ngf%ﬂ?&’ﬁif@f @9(&1@ | R5T8RY eXperasits 1t nd @eCEF wel [t wWege Helies) ig’ere
br ought med i raassraekisin i ectin- containing mediumfor 25
nm nut es.ppg\!wer_y‘ (g%ggiizﬂéngg%ﬂﬁcgf ﬁiéﬁlwén H9HIGGI0RE Sing 1S test prdiam ol t ur ed
in dup |@sin wietdmeek) u e incubated for 4 days at’
37 G éﬁ Er om da Tlﬁto 4 tﬁe antgtcgdcgﬁrrrerﬁte Fgaéﬁfjﬁg'r’%%rhw%ﬁ C?Wétteéfggld@w/as
eval uat 84° sﬁeﬁg?'ﬁ- 12 NogHeRTeo! calsrarmivenped itbi 4C &t raﬂg Ag,gﬁ%?r mal
aptachnmgpe@%g,&ﬁ%{h oéeiLaS %[%F;J;}(;‘i,eﬁ%lgfl flso_rha been_observed. Medi um 199
wi t hout adc?eisr}bl ves nearly TH4es ntor seechug CErus ettiesresalisdobehobsgs ved.
A crucizge im\senwint fred rhag 1.NQ,: ol ayer was seen by the use of
EGF addcﬁ%dt@to di um 15;9 co?r%g&gg tg I{ﬂhgu’#@ eﬁy?%ggf)a%dﬂeﬂiﬁéu!tslt was
found t PR WiEh rseaitta coatbrsidgfRESeed! & nqﬁ'dgrggj bgﬂtglrﬂlé)graﬁiq%norphpl ogy.
Furtherl‘ﬁ@&l?%n?n%@ﬁ%' nuo%ﬁsm rowt h could be observed - over ti period of
25 4 days. An i v ERE UM gor &8fment was al so achi eved by addi ng
fi b onéntadditid : i um addi ti on of both, EG- and
Fi bronectin I]rc egutllitg i r%&g{s%‘ﬁ’g'ﬁf"‘g %W@ﬁ&ﬁméé@éi@ﬁaﬂom lséaragihct i on of )
EGF onFgrditlikiehmenies.t suchoas Y I . r [ o be concluded that *_
nonol apgf fomation of CEF cel I%’Qf r?btfﬁe seér{ru%?%g@ﬁl\/gaitgiﬁ@@@ lewd e
suppor ted By TGt esiect inethaduiriciisese e free th &IIBTAREEL Yt PR 4 VO 2004/ 0
2 2 72 P. 704 20 .

d8yBCThERRARREP QP 124 Cultivated in medium comprising EGF was 24

12 times higher than the number of cells cutivated in serum free DMEM
15 Opti.Mem and 293-SFM, respectively. |

5 and

Example 4: Infection of CEF cells with MVA

' CEF cells were infected four days after seeding in roller bottles. At that time
20 point cells have grown to an adequate monolayer. Cells were infected with a
MOt of 1 or 0.1 MVA. Fpr the infection the growth medium was removed from )
the flasks. The desired amount of virus per roller bottie was diluted in 20m! of |
the appropriate infection medium without serum. At this étage the serum free
medium may or may not comprise a factor selected from growth factors and
25 fibronectin. Cells were incubated with the virus for 1 hour at 37°C at 0.3-
0.5rpm in a roller bottle incubator, After 1 hour the roller bottles were filled
with the appropriate serum free growth medium to a total volume of 200mi
per roller bottle. At this stage the serum free medium may or may not
comprise a factor selected from growth factors and fibronectin, Virus

30 replication was stopped after 48 or 72 hours by freezing the roller bottles to —
20°C. | |



Moreover, in parallel sets of experinments 1 x 107 CEF cells wer mﬁgge%g?n
medi um conpri sing 10% FCS, nedi um not conprising FCS and medi um Yo

conpri si&gg FCS byt conprising EG-. The cell nunber wascoppies/o®7days 5
after s ?‘}%{92 e nunber of cells anounted to 42% 6% and 44%
respectively, of the cell nunber uséd for seeding. Thus, the results for

the cells seeded in serumfree nedi um conpyi Si s : as the
resul ggamphé at Wé’ﬁa\ﬂaihnma‘cﬁ’ inah Colrpeissirag Cgﬁfg%éﬁgﬁ?l}j\?@ g‘rclj? I?i/tg%gg fer than
with rmedium neither containing serumnor EGF. to In addition the nmedium
conprosMivg EGF was conpared to various standard serumfree nedia, such as
DVEM Opti-Memor 293-SFM To this end 1 x 107 CEF cells were seeded in
the various serumfree nmedia and cultivated for 4 days. Thﬁ nber of

3] e

cel | sTRUILIAR! el boRel wer € ohpwiedl atg CEER taespealuns. Aty NG 'Hifgher
t han

€@ nunber of cells cutivated in serumfree I\él 13 pti . Mem and
; e rollet ¢
I o e e A L T
20 pormrchesitalhas EeHP¥HR oot ABeHGA S onol ayer. CelI's were infect ed

with a MJ . of 1 or. : iéeCTd onlenbe the oivus FrednNUdMewas r enoved
from Ea!\fq%eql I%@E@U%gw’é\sﬁnﬁggegﬂ@&m of virus- pg{ rol Ler, bottle was

di | ut edt 1. 208 GfirddieciaBpspensiane wereed timas ARV Rdut "Ferum. At this
st age tﬁe sefum’free medi um may or not ..conprise a factor selected from
gr owt hﬁ'é‘eaetfmavmdiruQSammﬁ%M&fﬁith.ec%)?l)% YQHPE" i ncubated with the virus for

1 hour at 37C at 0.3 0.5rpmin a roller bottle incubator. After 1 hour the
robl er bottles were filled wth the appropriate serumfree growth di um

td a total. vol ' Lhes ORR ttls imPorwel atafe UHBEsEYum free
medi u ]Wﬁbogﬁ Vﬁ% [%%q&ﬂgéc?ngpﬁipggf a%% or sel ect eg, from %?towt h factors and

fi bronggt aﬂutiyhé WS vial semansion andv@septiopiRsdPt dytiag. BfterMour s by

[ I

freezing the roller bottles to - 20C. FEEB NLP.. . .
PCT/ EF?ﬁng@BVO(@lomdtez:iLcells were L valizod with an L B MR- R4/ L 4R body

and an appropriate staining solution.

15 In detail, at day zero of the assay primary CEF cells (see section “preparation
of Chicken Embryo Fibroblast (CEF) cells”) were trypsinized and counted as
described in the section “counting cell density”. The cells were diluted to
1x105 cells/m! in RPMI medium with 79%FCS. Following this dilution, 100 i
were seeded in each well of the 96-well plates using a multichannel pipette.

20 Celis were incubaied over night at 37°C and 5% CO». The virus samples to be
titrated (see section “preparation of viral extracts from infected CEF cells)
were serially diluted in 10-fold steps from 101 - 1012 using RPMI without
serum. This serial dilution is carried out by adding 900 wl RPMI to all the wells
of a 96-deep-well plate. 100l of virus sample was added to all the wells of the

first row and mixed. Thereafter, 100y of each sample were transierred to the

) next row of wetls usihg a multi-channel pipette. The 06-deep-well plates were
kept on ice when performing the dilutions. Plaies were incubated for 5 days at
37°C and 59%C0; to aliow the infection to proceed. After 5 days, cells were
immunohistochemically stained with a vaccinia virus specific antibody. For the

50 staining, trfe culture medium was removed by turning the 96-well plate upside

down over a recepiacle. Cells were fixed with 100 pl/well methanol/acetone

(1:1) mixture for 10 minutes at room temperature. The fixing solution was



Exanpl e 5: Preparation of Viral Extracts frominfected CEF Cells §rE:q, o

Titration of MA The frozen roller bottles were thawed at room% 3 2087

t enper at urvO 2Dwazemot he thawing 5 process the cells detach fromthe -, .

surface of the roller bottles and can nechanically be rdiEdHIOGHEKI ng

the flasks. Virus/cell suspension was 2farvested and aliquoted to smaller -

vol urresre%%végl ease tthe virus fromthe infected cells, virus/cell

suspens| ons "werd BPatre Wor e ralriathwiider Tnpingt cetiz e/drbaneshad sis wRgp! es

were useBY grdtihtnghd OnLTitrations,were perfornmed on 15t passage CEF -

cells in gggel I pl?a’dteggf)rt]}sp§gpfg-mpgl" dehinaretigeswih thieramiti-vasqisiastiens and 8

repl i caR¥bpdy (AntidldcomiaAfites ahi@od a6k LY-E¢t el |.s were

vi sual i Lgeg‘f"é,ﬁthg%?n&géi -vacc;ﬁr;ég viorl¥5? rgﬁ IJ@?)%I}VHE’M %?1; ﬁﬁﬁ#‘@ﬁri ate

stai ni et 61F! ¢rmasya+9503:208Y) zéiute@fo tihepasd i F cells
R TR

(seg s & ORstaPY, ion _of. Chj cken Enbryo Fibrobl ast | ") were
trypsi oS hieh reRAe Bk a“&“@é’@% &4 Si Wekechwasbed itwice wiltnPBRBgE ! | -

densi t yheubhedid B ' 05.5€e mM in RPM nediumwth
7%-CS. _Fol | owi ng thih\gggﬁtﬂtb |b %?g%ﬁ&%@@ bt‘?&%@fﬁdéﬁ{ﬂfse@mim the

P e e 3. ] . .
P e e g
"prepa a_tai ¥5100p} €ros3egacMannhem, ernady GEFAOL 1)sdiluteert® 58008 Y
di | ut e Bl g%(ﬁ:(:%t%%%é@’r‘g@&o %, 10- 12@us_J|[ n% RPM wi thout serum This
seri al d[:)\JEUtI on’f's ¢ar IETEHR P DUGth PROVRNG stairiedtdithamlits  of a
96t0deep-welisidirad er TMIPHo©Of s : : ded to aJl the wells of the
25 first row and_ m xed. Theggﬁggfe, 6%&?3‘%%%“%@%%@!{%% erred -
to the'”%@fte‘ﬁfdwfhflQ@Ild’wehhsétamiragrﬂdlmﬁoﬂhﬁjm@s_lti } BEG L —Tﬂgngsﬁsg\igeep-mell ’
pl at esaﬁ\gr 80 hggg)fn ice Wn@aﬁerfor m ng the dilutions. Prafe Pe
i ncubat ed For g diale Py PiEYRIMiphes phede i ata batfer CellowRFoCceed.
After ibcodysed ¢el i i.stochemically stained with a vaccini a
vir usé;pe;li fi c_ﬁg??%ﬁpﬁgﬁwﬁm@ @—ieé{ %ﬁaﬁ@ed t{’lﬁ‘éweulhﬂf@ﬁ?&dmdilmwems '
r enovedepilytisiblmgftehd - 3Gomrs! Ui 1Ees; r @ receptacle. Cells
V\ﬁge f.i xegﬁg‘é h.100 pl/well %#ﬁéﬁ%??gmgﬁ%taﬂﬂf@fﬁgﬁ{lf}{ﬁlﬁégﬂggrqo m nut es
at™ r odHFH #t 4t eOuiries!F iLx2mdv! IOV Bt (Seranasn Diagnostica GmbH). After 15
minutes incubation time, the TMB solution was removed and cells were

i ,z:

washed once with PBS. Infected cells appear dark blue. The plates were
scored for infected cells. The viral titre was calculated using the formula of
Spearman and Kaerber. For the calcuiation of the TCIDsg every weli showing

20 brown or blue cells was marked positive. Because assay parameters are kept

constant, the following simplified formula was used: )

Virus titre [TCIDso/ml] = 10[a+1.5+a/8+xb/8+xc/8]

25 a = dilution factor of iast column, in which all eight wells are positive

Xa = number of positive wells in column a+1
Xp = number of positive wells in column a+2

Xc = number of positive wells in column a+3

30 ?

Example 6: Optimal seeding density for CEF cells in serum free medium and
optimal amount of MVA for infection of GEF cells



13 FEB 2007 WD 2004/ 022729 PCT/ EP2003/ 009704 22 renmpved and pHat € WEEE
air-dried. After drying, cells were washed once with PBS and incubated for
1 hour at roomtenperature with the anti-vaccinia virucT/ermibodyps

(Anti - VRO Y2 rus antibody, rabbit polyclonal, 1gG fraction (Quartett,
Berlin, Germany #9503-2057) diluted t® 1:1000 in PBS with 3% 5 FCS. After
renmovi ng the anti body, cells were washed twice with PBS and incubated for
1 hour at roomtenperature with HRP-coupl ed (Horse Radi sh Peroxi dase

couple) anti-rabbit antibody (Anti-rabbit, I nt i,bod HRR cou goat
pol yclfonapti(l seediag amharesity oot Reh pﬁe cIgy Ré?gfé‘cteooff?r%og‘lt‘if}%n PBS
with 3% FCS. Again,.cells were \ | B abppdiebiligrawith 10
o- Di aniaSKyee EFI':N/E‘%.EdF‘tﬂ'r '?Fé‘iuﬁ'&vf?%é; gf\l%@mtsﬁi ?ieﬁgdg?;i ning met h(()jd, cells
were | | W'L%?'JOQR wahb tsibad niies soHay ifonr efesisseding ehdsng

o- Di ar%oglﬁg'?‘gﬁég%a\{% i 0 pl%gO% EZO% peim%oml of 50nM phosphate-citrate

buf f ercouf@lesniseted at bieksbidtredpatnt oom t enperature until they stained brown.
Infected cells were clearly visible after 1-3 hours. Using the TWVB

staining nmethod, cells were 15 incubated with 30pl/well 1.2mM TMB ( Ser amnun
Di agnostica GubH) . After ] ' benidvieM®f vihe iddB:lstibnt i on was
remv%p&ﬁﬁn%@sm‘ar\ﬁe@é’%%g?‘%gbg\%gﬁv\}ﬁ%gb I nfected cells aEEear dar k
bl ue. aﬁbehewégﬁ 85 i [ Rech6ATE thermarinestredratidtion TR VATOM CEF solas
cal culate ing the tornula of Cg%ear man and K e&?%qu.i or .t he cal cul ation

of t heuffelre80nevsrrynwiide stwiasg Beloswwese SEEGE SRSLY g ked
e B oo ltad ST S T SRR AT mERe e Heye
- 10[ a+1. +rx§!@ %Tég%%léé@%ﬁ ﬁ-\ﬁeét & Wﬁryaﬁﬁégeﬁ@gmur%_ ety /e it ramge ohi ch

al | eif € Xa = nunber of positive wells in colum a+l
Xb = nyEet g.fO 'ggﬁjggi’c\/&l WeIMIPA] Beetiresuitanrexbtainampéth 61 posi tive velI's

in colum e?+
TClIDsgg/cell of MVA.

15  Example 7: Optimal pH of serum free medium for culturing and infection with

MVA

MVA and other poxvirus infections are sensitive pH below 7.0. Poxviruses are
not stable at acid pH and it is recommended that purified poxviruses are

20 stored in a buffered solution above pH 7.0 to ensure stability and viral integrity

upon storage as a liquid viral preparation. Experiments were carried out to
determine the effect on virus yield when carrying out infection at different
starting pH. Roller-bottles were seeded with CEF cells in the usually way in
serum free medium comprising 10ng/ml EGF plus 4mM L-Glutamine and

o5 cultured for 4 days. Cells were infected with MVA at 0.1 TCIDsg/cell in serum
free medium comprising 10 ng/ml EGF plus L-Glutamine and 1mM Asparagine
at different pH’s ranging from 6.5 to 9.0. At 72 hours post infection, the ph of
the medium was measured and viral yields were determined by titrating cell
extracts Injhe usual manner. The results are presented in the foliowing table,

a0 which shows the effect of initial pH of the medium at the start of the infection

on virus yield.



Exanple 6: Optinmal seeding density for CEF cells in serumfree di=m &
opti mal ampunt of MVA for infection of CEF cells Fi'-_'B 20007%“ 458?

2004/ 022729 (PopAER2093/ 009704 23 An optimal seeding cell density of -, '~

7.5x107 cel | s/ 850cn2 (surface of one roller flask) was dEtEFRAR9T0Sr
serumfree CEF growh. Cells were able24o build a good nonol ayer w t hout
formng big clunps at day four after seeding and 5 could be infected at
this time point. Experinments were carried out to determ ne the best |evel
of viral inoculationf gni-ten ti.a,.f the—-nfection faor the maxi num
production_of MA from ﬁ‘g?mge 1L CoreRrisingal @ea/imif E@E Jor ocess. CEF

cel I's were| Séaddnk at { aHgngohy, 9T 10 TraxifZ~geH-s/8506a21in medi um
accordi ng .ohf he presgnt i nverﬁ'?’on. AtTﬁg?/rzm%ﬂt/@?’]’seedi ng, cells were
infected w PRl di ffergnt amounts of MMA in the range of 0.05 to 1.0
TCl D50/ cel f—WA—Best—resul-ts werd obtained with 0.1 TQ D5p/cell of

MWA. 15 Exa%e 7: ptitdl pH of seryn@faGeX n@di um for cultfjuri ng and
i nfection MWyt~ WA nd-ot-her—poexwi+us—infections are densitive pH
bel ow 7. 0. _PoxVi rusesvya/g;LE not st abl g ]e@-oaﬁi]deH and it isrecomrended that

purified ok ruses japgF0 stored T ' ffﬁd—&@#ux—t_cm_above pH 7.0 to
ensure stabidity and viral integrity Oﬁjggjnx rage as a liquid viral
preparat i ch-OExperi nents were carri e ?prqoﬂjeicl mre—t+he effect on virus
yi el d wheparr+yingtout—infection at {differént starting pH Roller-bottles

were seed¢®with CEF oéBl s in the ushal.8g wap/i N serumtree nedium .
conpri si niﬂ-w—m——(ﬁmﬂw Ht.am.ne and 25 cultured for 4 days.
Cell's werg infected| PR WA at 0.1 TBEBN E6FI in serum free medi um
conprising 10 ng/ml EGF pruos—t=—Gutamne—anrd—loM-Asparagine at different
pH s ranging from6.5 to 9.0. At 72 hours post infection, the pH of the

- medi um was neasured and viral yields were determned by titrating cell
extragt manner. The results are presented in the foll ow ng

o oéahaﬂ%%ept%m@ ot brserafmifrid haddinhh ebnigsiRB Y L AL, Hae: start
ok theuppfBREhAY with L-Glutamine and Asparagine, the viral productiongwas

relatively constant with a starting PH from 7.0 to 8.5 but viral productions

were low at starting pH of 6.5 and 9.0. Best yield was obtained at starting pH

7.0. Commercially available standard serum free media usually have a pH of

7.4, Therefgre adjusting the pH of the serum free medium to 7.0 can help to
10 improve virus yield.

Example 8: Effect of added Asparagine to the serum free medium

| 15 Preliminary experiments have revealed that the amount of asparagine may be
limiting durin_g the cultivation of CEF cells and the infection of CEF cells with
MVA. To overcome the depletion of Asparagine in the serum free mediz during
the culturing and infection process, extra Asparagine was added to the
medium as a supplement before infecting CEF cells. To determine the optimal

20 amount of Asp?ragine to supplement the medium with, roller-bottles wére
seeded with CEF cells (7.5x107 cels/850¢cm®) in serum free fmedium

comprising 10 ng/mt EGF plus 4mM L-Glutamine. Four days after seeding cells

)



on virus yield. 200? WD 2004/022729 1 3 FE PCT/ EP2003/ 009704 ? agggrm‘z
free nmedi umconprising 10 ng/ml EGF Starting pH at 72h p.i. Tit

[ TCl D50/ mi J@H 6.5 7.05 0.56 X 107 7.0 7.34 100X1‘~0T/EP70(B/07!9&&5 60 X
107 8. WO2H8780 x 107 8.5 7.75 7.80 X 107 9.0 8.03 0.65 X 107 For the

irnfections carried out in serumfreg mediumconprising 10 ng/m EGF 5
suppl enmented with L-d utam ne and Asparagi ne, the viral Broducti on was

el Ak LKl GRRSHIRANM WA bh 31 STGIDh A i Satom e (Redus GUERIIYAE
productions were |low at starting pH of 5 %@bﬁ e'?’@ﬁ{ A¥P§F§%
obt aj Meg/atl Shaplung pM LﬁiutaWHEPﬁmWﬁ& I standa rumfree

medi a usual ly have_a TR f, b s\%@gt@ ki 02 t he serum
freeCQﬁGﬁrﬁﬁa!Qf’sﬁch(:éﬁj_{ﬁgppl‘Eé} \ﬁfaﬁ&\@/ Sléfrjug ;bm Exanpl e 8: Effect

of added Ereg mmwmilﬁmmsu%fﬁsw@sfw%rmnents
hav ?%@e@?@%f‘%‘g@%% g%b?\’?@ﬁmaspa?agl ne. nma &tjﬁ_l |ng during the
WWWWW%@EmmwmmmmmwM%& | §° M/A.  To

he depl

t t f Asp ¢ ' th
cul t su1ppig s etntis e et devs %@55%8393%@‘3%@%%% t'(c)w{elhggrredi um
as a_suppl enent gﬁ%%rvggéé e8 B%ll@ﬁﬁoﬂ%e‘. Bor Fepdebgimd ne the optimal 20

anmouhifresfreRg ement the mediumwith, roller-bottles were

seede'i(} &%‘h‘ rgl; ells (7. 5x107 cel s/ 850cn2) in serum free nedi um
corrp g g rri EGF plus 4mM L-Q3 utam ne. Four days after seeding cells

Supplement Viral titres after 72 hours
Asparagine infection
[TCiDsp/ml]
0.0 mM 1.8X 10°
0.5 mM 1.3X 108
1.0 mM 6.8 X 108
1.5 mM 1.0X 108

10

The results demonstrate that supplementing the serum free medium -
comprising 10 ng/ml EGF medium with Asp_aragine could improve viral

nroduction and that supplementation to 1mM for the infection process was

15 oplimal.



B 2D07 WO 2004/ 022729 PCTI EP2003/ 009704 25 were infected Wthj%l“gtn ?1
TCI D50/ cell in serumfree nediumconprising 10 ng/m EGF plus LUy
L-d utam ne supplenented with different Asparagine concentrations (0.5,

1.0 and 1.5 M. Viral replication was,stopped at 72 hours post infection
and viral titres were determ ned. The Tesults are shown in s the follow ng
tabl e that shows the production of MVA from CEF cells supplenented with
different | evels of Asparagine for the infection stage. The titres
represent the averages of 3 roller-bottles per Asparagi ne supplenentation.
Suppl enent Viral titres after 72 houfdaimgparagi ne i nfection [TC D50/ ]
0.0mM 1.8X108 0.5nmM 1.3X108 _ 1.0mM 6.8X108 1.5nM 1.0X108 10 The
results dermonstrate that supplenenting the serumfree nmedium conprising 10

ng/ M EGF meMietodvdr theh\amplifeation cﬁ@{)dxvif[%rébfﬁpﬁélﬁ@the f@ﬁi@%é@Psand t hat
suppl ementation to 1n1vlfor the infection process was optimal. 13 k tb

LU 1 26 dai n@ultl!atl%@frmunararawmcauﬁpma Berim fresnediupoRampisingé@hpr i si ng
the followi ng s a serumfree
medi um conpr |95| ﬂag% Se%le&?é(i)rrﬂjowec@ OQE %Ilﬂ%hé 0?\9*‘%‘“3%%@?%?399 of growth

factors and at dltsdhment fhetotors - infection of the primary avian cells with
t he poxvirus . . . . . .
- infection of the primary avian cells with the poxvirus
- cultivation of the infected cells in serum free medium until progeny
poxvirus is produced,

wherein the primary avian cells are cells allowing the productive replication of
the poxvirus.

2. Method according to claim 1, wherein the primary avian cells are chicken
embryo fibroblasts (CEF).

3. Method according to anyone of claims 1 to 2, wherein the growth factor is
an epidermal growth factor (EGF), in particular recombinant-human EGF

4. Method according to claim 3, wherein the concentration of EGF is in a

range of 5 to 20 ng/mi medium.

5. Method according to anyone of claims 1 to 4, wherein the attachment factor

is fibronectin.

6. Method according to claim 5, wherein the concentration of fibronectin is in

the range of 1 to 10 pg/cm? surface of the cell culture vessel



- cultivation of the infected cells in serumfree nmediumuntil

poxvirus is produced, wherein the primary avian cells are cell I“’(ﬁmé-ﬁi%z
the productive replication of the poxvirus. 2. Method according to claim
1, wherein the primary avian cells are ;hl cken enbryo fibroblasts (CEF).

3. Method according to anyone of cl ai ms 1 to 2, wherein the gromh factor
is an epidermal growth factor (EGF), in parti cuI ar reconbi nant - human EGF
4. Method according to claim3, wherein the concentration of EGF is in a
range of 5 to 20 ng/m nmedium 5. Method according to anyone of clains 1 to
4, wher ei n7t Method actording tbaittyone af sldimnbriotec?; twimered theembdiinaccor di ng to

claimbs, rei.n_t concent.r |on of, f.i,bronectin, i t a of 1 to
T02yTenp o aPrBied Mo RERREP MGk BB to It S iachis and akash g o
accordi ng fdauteeyone of clains 1 to 2, wherein the msdl um conprises two or

nore factors selected fromgrowh factors and attachment factors. 8.
Met hod according to claim 7, wherein the nmedi um conprises EG- and

fi bronectl fi 9. Met hod
accordi ng M%ﬁ@%%&b%&ﬁbgﬁ%é@{‘?%%&%%@re %gkuﬁ'g %@”g% W%B conpri ses
one or nor fibanectin iesorsgintetiod ringes as defivedin eaini®gtandod.ant extract and
extract froma non mammal i an aninmal. 10. Method according to claim9,

wherein the mcrobial extract is yeast extract or yeastol ate

ul trafiltratereiloh addiriing ta%geﬁé%ggra?rp,gt ho;e WhtBRY e '}péaﬁpw pextract

is rice extract or soja extract 'accordi ng wher ei n
t he extraccomptsesione nammémidﬂnmms@écte@ frbnsim:c&mbradiektradt?:pldbﬂeehtvdct

accordi ng to,anyo of clains 1t erein the poxvirus is an
9 and ex%atr:]ﬁrom a hon mammaPan anlqu P

10. Method according to claim 9, wherein the microbial extract is yeast extract

or yeastolate ultrafiltrate.

11. Method according to claim 9, wherein the plant extract is rice extract or
soja extract.

12. Method according to claim 9, wherein the extract from non-mammalian

animal is fish extract.

13. Method according to anyone of claims 1 to 12, wherein the poxvirus is an

orthopoxvirus.

14. Method according to claim 13, wherein the orthopoxvirus is a Vaccinia

virus.

15. Method according to claim 14, wherein the Vaccinia virus is Modified

Vaccinia virus Ankara.



ort hopoxvirus. 14. Method according to claim 13, wherein the o mhgggxgéur?us
is a Vaccinia virus. 15. Method according to claim 14, wherei

Vaccinia virus is Mddified Vaccinia virus Ankara. 13 FE207 28 16. Met hod
according to anyone of clains 13 to 15,,wherein the poxvirus is an
attenuated virus or a reconbinant viruS. 17. Method according to anyone of
clains 1 to 16, wherein the serumfree nediumin one or both of the steps
of infection of the primary avian cells with the poxvirus and cultivation
of the infected cells in serumfree nediumuntil progeny poxvirus is
produced | 46klethnsl acanrding toeinyone of tlaims grddat 15, wdwtreinsthambxairus ishare nt

factors. 1% rl}/éth C\I/ accaor di ngﬁq armone of clainms 1 to 17, wherein
subsequent F% lf%tg gygﬁr&reg UHSof the infected cells in serumfree
medi umuntil progeny poxvirus is produced one or nore purification steps

are made. ] )
17. Method according to anyone of claims 1 to 16, wherein the serum free

medium in one or both of the steps of

- infection of the primary avian cells with the poxvirus and.

- cultivation of the infected cells in serum free medium until progeny
poxvirus is produced

lacks the factors selected from growth factors and attachment factors.

18. Method according to anyone of claims 1 to 17, wherein subsequent to the
step of cultivation of the infected cells in serum free medium until progeny

poxvirus is produced one or more purification steps are made.



