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| NVENTI ON The invention relates to the devel opnent and nanufacturing of
vacci neswonoypssii cul ar the invention 5 relates to the fieptONoboseducti on
of viral proteins and/or viruses, nore in particular to the use of a
mammal i an cell, preferably a human cell for the production of viruses
growing in eukaryotic, preferably mammalian and in particul ar human
cells. The Thueéati ofrodupaion cof ardgcimesul for the 10 production of
vaccines to aid in protection against viral pathogens for vertebrates, in
particul ar mammal i ans and eci al ly humans. Means and nmethods are

di scl osed hEBfELR QBrTBanﬂgﬁﬂglﬁN virus and/or viral protein in a (human)
cell, preferably 15 using a defined synthetic nmedium and for purifying the
virus and/or conﬁ%nents thereof _fromthe nd/or culture medi um
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and vacci nepathopensefor Vertebrates, in particular mammalians and
especially humans.
Means and methods are disclosed herein for producing a
virus and/or viral protein in a (human) cell, preferably
15 using a defined synthetic medium, and for purifying the virus
and/or components thereof from the cell and/or culture
medium. Pharmaceutical compositions containing virus or its
components and methods for manufacturing and recovering
and/or purifying them are provided.
20
BACKGROUND

Vaccination is the most important route of dealing with

viral infections. Although a number of antiviral agents is

25 available, typically these agents have limited efficacy.
Administering antibodies against a virus may be 'a good way of
dealing with viral infections once an individual is infected
(passive immunisation) and typically human or humanised
antibodies do seem promising for dealing with a number of

30 viral infections, but the most efficacious and safe way of
dealing with virus infection is and probably will be
prophylaxis through active immunisations. Active immunisation
is generally referred to as vaccination and vaccines comprise
at least one antigenic determinant of typically a virus,

35 preferably a number of different antigenic determinants of at



at | east one antigenic determ nant of typically a virus, 35 preferably a
nunber of different antigenic determ nants of at WD 01/ 38362 PCT/ NLOO/ 00862
2 | east oveovssses or ot her pathogen, e.g. by incorporatinpCi/NLod/év86vacci ne
at |east one (viral) polypeptide or protein derived froma virus (subunit
vaccines). Typically the formats nmentiongd sofar include adjuvants in
order to enhance 5 an i mmune response Thi's al so is possible for vaccines
based on whole virus (pathogen), in an inactivated format. A further
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15 measures against contamination, etc. Also production on
bacteria and or yeasts, which sometimes but not always is an
alternative for eggs requires maﬁy purification and safety
steps. Production on mammalian cells would be an alternative,
but mammalian cells used so far all require for instance the

20 presence'of serum and/or adherence to a solid support for
growth. In the first case again purification and safety and
e.g. the requirement of protease to support the replication
of some viruses become an issue. In the second case high
yields and ease of production become a further issue. The

25 present invention overcomes at least a number of the problems
encountered with the production systems for production of
viruses and/or viral proteins for vaccine purposes of the

systems of the prior art.



3 DETAI LED DESCRI PTI ON The present invention discloses a novel hunman
immortalized cell line for the purpose of propagating and 5 harvesting
virus, favoprssderti on of said virus. PER C6 cells (WO 97PODBRG)008&x €
generated by transfection of primary human enbryonic retina cells, using a
plasm d that contained the Ad serotype 5,(Ad5) E1A- and E1B-coding
sequences (Ad5 nucl eotides 459-3510) under the control of the human 10
phosphogl ycerat e ki nase (PGK) pronoter. The follow ng features make PER C6
or a derivaPEV¥RILpRr PEEGRAPFYONseful as a host for virus production: it is
a fully characterized human cell line, it was developed in conpliance
with GLP, it can ge r own as,susEensiog,cuEtures 15 in_defined serumfree
medi um devoid of ﬁngrﬁﬁﬁﬁﬁ SRVERFHBR JL8FURPERoRePRYEL] PEMGPowt h i s
conpati bl e wiminbreallieedbetillledineshiakethkl pskposepoiineropbaskd ngndnd

bi oreactors, _wi th _doubling_ tinmes_of .about 35:-h__2 nfl uenza.epi.deniel ogy.
| nfl uenza vF?ﬁgggFlﬁgngéFgSOff?ﬁepF8%PF§g8P gérFﬁ%%y&%&%%rdggg'gke%g%gs Y
causati ve ag#ft §7dpoaaAlalereppdoriresedf bactirenséspitignoryf grdsasy. humaphe
US al one 50c. gl LIhop AJELhGaRs: gt ﬁlsqngag_hpx_s%idE%hb@at:%ﬂtg%teas t22 ad
wor | dwi de (1972-1992) "are 60.000 (CDC statisStics). There have been 3 ngjor
cases of pafBEREY®SoAt BPEAKSESR | APRUBABacOdARFePEIVRNESES (AS5ani sh 1 u,

est. 40 m | hi;encdeaths) asbn3£987 ublsianhkl uonesbl bemichel ordeat hs), and

in 1968 (Hong- Ko flu st, .700.0 ths). Infections with Influenza
vi rusest®30 8ﬁ8585g8&V8?§8gﬁdFﬁnﬁsﬁrg§§%2p8 F@m=5f i1l nesses and
conplications th@her éslildwingsfibstanesamawer PBRI. @6 owor bi detryvaansge

mortality, §§B€Ebﬁ?£¥1gnugégﬁﬁ.8308'ﬁo@?de§Fb§Qh§ bRucEREANT Gl Llsness.
Vacci nati on~agai ns nfluenza i s nost erfective in preventing the orten
fatal conpl fealvoabaracterized human cell line, it was developed in
compliance with GLP, it can be grown as suspension cultures
15 in defined serum-free medium, devoid of any human or animal
serum proteins; its growth is compatible with roller bottles,
shaker flasks, spinner flasks and bioreactors, with doubling

times of about 35 h.

20 Influenza epidemioloqgy.

Influenza viruses, members of the family of
Orthomyxoviridae, are the causative agents of annual
epidemics of acute respiratory disease. In the US alone 50
million Americans get flu each year. Estimated deaths

25 worldwide (1972-1992) are 60.000 (CDC statistics). There have
been 3 major cases of pandemics outbreaks of Influenza,
namely in 1918 (Spanish flu, est. 40 million deaths), in 1957
(Asian flu, est. 1 million deaths), and in 1968 (Hong-Kong
flu, est. 700.00 deaths). Infections with Influenza viruses

30 are associated with a broad spectrum of illnesses and
complications that result in substantial worldwide morbidity
and mortality, especially in older people and patients with
chronic illness. Vaccination against Influenza is most
effective in preventing the often fatal complications

35 associated with this infection (Murphy, B.R and R.G. Webster

1996) . The production of Influenza virus on the diploid human



35 associated with this infection (Murphy, B.R and R G Wbster 1996). The
production of Influenza virus on the diploid human WO 01/ 38362

PCT/ NLOOMO86283624 cell |ine MRC-5 has been reported (Herrer¢DNEW/B& L et a
1983). However, the titers of Influenza virus are prohibitively low 5
Strains of Influenza virus Present day fly vaccines contain purified
anagglutinin and neur am ni dase of Infuenza virus A and B. The 3 viruses
that represent epidem ol ogical inportant strains are |Influenza A (HIN1),
Influenza AFFF%hg}nanHRanlBéﬁzBeBn TREOXbedi VHersRrPnEYrALSNE Bt ¢pes is
based on anigggw CHdwéffefeneﬁé theeweesrt haiEnuBHekeoprakebre( NP) and nmatrix
(M protein hg 1he | nfluenza A virus is further subdivided into

subt ypes baRBARoRTEABSAXt 1G¥ni ¢ conposition (sequence) of haemaggl utinin
(H1- H15) and neuranlnldase (NI'-N9) nol ecul es. 15 Representatives of each of

t hese sqptyggﬁagggeogefﬂfhﬁghg%eg rHomaquatic bi rds, which probable are
the prinp uenza viruses for avian and manmal i an
speci es. Transni Bsesanhadapebhushiannipesweent pigsrandf hasals meged utdedm | y

(H5N1) betwega hifdam@ndaqhya®as. Iﬁ@uéﬂ&guem%asmcshaeg Thheest ypessek
i nacti vat ed Influenza vaccine are _currently used in the worid: whole

virus, splithpFodaEresRat SBifgRECARTEGRA 6WP§HEBHFtS§§€&Pﬁe§reThese

vacci nes al in2buenpkann (Hhm1syr factughyaopnr eieND$, ahaemagghuhtzm B.(HAE and
neur am ni dase | nf.l Za Vvirus, str |ns t cted to

o PRy Rtk ehcBoBur e HobfRet L¥ pabRa B blRLgRhTc, SYREEEACLE

whi ch are ibeowpenatbdirnntihéevprotaén (HP¢ gndwmatmizsniiMyopabedihens'
eggs, and the yiral PAL! [RkeSeA0aahCyS1RseIueRL LY nRY LhbadvREEAr ¢ntyr t her

processi ng.
subtypes based on the antigenic composition (sequence) of

haemagglutinin (H1-H15) and neuraminidase (N1-N9) molecules.
15 Representatives of each of these subtypes have been isolated
from aquatic birds, which probable are the primordial
reservoir of all Influenza viruses for avian and mammalian
species. Transmission has been shown between pigs and humans
and recently (HS5N1l) between birds and humans. '
20

Influenza vaccines

Three types of inactivated Influenza vaccine are
currently used in the world: whole virus, split product and
surface antigen or subunit vaccines. These vaccines all

25 contain the surface glycoproteins, haemagglutinin (HA) and
neuraminidase (NA), of the Influenza virus strains that are
expected to circulate in the human population in the upcoming
season. These strains, which are incorporated in the wvaccine,
are grown in embryonated hens' eggs, and the viral particles

30 are subsequently purified before further processing.

The need for the yearly adjustment of Influenza vaccines is
due to antigen variation caused by processes known as
"Antigenic drift" and "Antigenic shift".

"Antigenic drift" occurs by the accumulation of a series

35 of point mutations in either the H or N protein of a virus

resulting in amino acid substitutions. These substitutions



The need for the yearly adjustnent of Influenza vaccines is due to antigen
vari ation caused by processes known as "Antigenic drift" and "Antigenic
shift". 'Wovisgeaic drift" occurs by the accunul ati on of aPEENLe®00S&5 of
point nmutations in either the Hor N protein of a virus resulting in am no
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prevent the binding of neutralizing antibodies, induced by previous
infection, and the new variant can infect the host. "Antigenic shift" is
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This practice limits the time window for production and

15 standardization of the vaccine to a maximum of 9 months.
In case of an urgent demand of many doses of vaccine, for
éxample when a novel subtype of Influenza A virus arises by
Antigenic shift and Antigenic drift, limited availability of
eggs may hamper the rapid production of vaccine. Further

20 disadvantages of this production system are the lack of
flexibility, the risk of the presence of toxins and the risks
of adventitious viruses, particularly retroviruses, and
concerns about sterility. This presents a serious problem in
today's practice of Influenza Vacéine production on

25 embryonated hens' eggs.

Therefor, the use of a cell culture system for Influenza
vaccine production would be an attractive alternative.
Influenza viruses can be grown on a number of primary cells,
including monkey kidney, calf kidney, hamster kidney and

30 chicken kidney. Yet, their use for vaccine production is not
practical, because of the need to re-establish cultures from
these primary cells for each preparation of a vaccine.
Therefor, the use of continuous immortalised cell lines for
Influenza vaccine production is an attractive alternative.

35 The use of culture systems was facilitated by the

realization that the proteolytic cleavage of HA in its two



Therefor, the use of a cell culture systemfor Influenza vaccine
production would be an attractive alternative. |Influenza viruses can be
grown onwonusdser of primary cells, including nonkey ki drepNLowdB6KI dney,
hanst er ki dney and 30 chi cken ki dney. Yet, their use for vaccine production
is not practical, because of the need togre-establish cultures from these
primary cells for each preparation of a vaccine. Therefor, the use of
continuous inmortalised cell lines for Inflyenza va iine production is an
8 Zpat dnt

attractive 8PPERALEi VBAL38NEhBAGLe 16 FEGPLER WES*Paditfi%tat ed by
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ki dney (§C£%§7g?[ls (Tobita et al 5 1975). The MDCK cell line was recently
shown to support the 8romﬁh of Influenza virus for vaccine production
(Brand et al 19FBealBCKogellpdfagnhwast reFenydy) ShoWe Ge SHPPPEFpSPR
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- : wever,, cells are _cucr t approved _as a _substrate
for productF836oﬁnﬁnﬂpagnzga59FPﬁs?tlﬁ%oﬁgéhyryggﬁnysﬁoﬁ%h rEF st em f or
producti on ekquliptkbugnpatitacci ke MasKarneilibeienseduawlizele, thiseowe as 15
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Robertson ef;;al,5 1994, Gubareva et al 1994, Schild et al 1993, Robertson et

al 20 1987, Kodihalli et al 1995). In_humans, inmunization wth
Importantly, any non-human system for production of

Influenza vaccines has an inherent drawback, known as
15 'adaptation'. Human Influenza A and B virus both carry
mutations in the HA, due to adaptation in embryonated hens'
eggs. These mutations result in altered antigenicity (Newman
et al 1993, Williams and Robertson 1993, Robertson et al
1994, Gubareva et al 1994, Schild et al 1993, Robertson et al
20 1987, Kodihalli et al 1995). In humans, immunization with
vaccines containing and HA bearing an egg-adaptation mutation
induces less neutralizing antibody to virus that contains a
non-egg adapted HA (Newman et al 1993).
Human Influenza viruses propagated in canine cells such
25 as MDCK cells also show adaptation, albeit to a lesser
extent. Such viruses resemble the original human isolates
more closely than egg derived viruses (Robertson et al 1990).
Furthermore there is evidence that host-specific changes
in NA and host-specific phosphorylation patterns of NA can
30 affect the replication of Influenza viruses (Schulman and
Palese 1977; Sugiara and Ueda 1980; Kistner et al 1976).
Therefor, it would clearly be advantageous to avoid
adaptation or other host-induced changes of Influenza virus.
It may result in a more homogeneous population of viruses and

35 render the ultimate wvaccine more effective.



vacci nes contai ning and HA bearing an egg-adaptation nutation induces |ess
neutralizing antibody to virus that contains a non-egg adapted HA ( Newran
et al 19980 o1/3436mn | nfl uenza viruses propagated in cani nePCENLB)/®@8eh 25 as
MDCK cel l's al so show adaptation, albeit to a | esser extent. Such viruses
resenble the original human isolates norg closely than egg derived viruses
(Robertson et al 1990). Furthernore there is evidence that host-specific
changes in NA and host-specific phosphoryl ation patterns of NA can 30
affect the repli&htt8ntBerehPrudRzabieFlises LREenBFRERNENNVPREESE $977;
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PCT/ NLOO/ 00862 7 It is therefor an object of the present invention to
provi de human cells as a substrate for the production of high titers of

| nfl uenza vRebavizupt apferpsavaReifegel opment of vaccines. 5 Rotavirus and
rotavacci nes Fbt§¥t59§?ﬁs@EeaEQetHEShobHDQﬁb@BEaﬁ%U%SuQE 2¢VEeEkGere
dehydrating gastroenteritis in young children worldw de. In devel oping
countries | AFbrErahindi DRSREPEVIFHSESS| dadYPYNEy6hildrenovooddudsehs In
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four VP s: wPldOZlaBs per year

Rotaviruses, members of the family of Reoviridae, are

double strand RNA viruses consisting of 11 RNA segments, each

15 coding for a structural or non—structural‘viral protein (VP).
This inner core of the virus comprises four VP’s: VP1, 2, 3
and 6. The VP determine the three main antigenic properties
of HRV—group, subgroup and serotype. Seven antigenically
distinct groups {(A-G) have been identified, that are encoded

20 by the VP6. Infection with human Rotavirus (HRV) 1is
predominantly caused by group A rotaviruses, with serotypes
1-4 accounting for 95% of clinical illness. Natural disease
protection is serotype specific . Group A is further
classified in subgroup I and II.

25 The double layer outer shell forming the viral capsid
consists of two viral proteins, VP4 and VP7, that are the
neutralization antigens involved in protective immunity and
that determine the serotype, although the VP4 plays a minor
role in serotype determination. During co-infection with

30 different serotypes the segmented genomes readily undergo
genetic reassorting, a property that has been used to create
a vaccine (Marsha et al 1999).

Giﬁen the worldwide prevalence of rotavirus associated

infant morbidity and mortality, large scale vaccination



and 6. The VP determ ne the three main antigenic properties of HRV-group,
subgroup and serotype. Seven antigenically distinct groups (A-G have been
i denti fi edooi/bsst2 are encoded 20 by the VP6. Infection w thChomeiooBex avi r us
(HRV) is predomnantly caused by group A rotaviruses, with serotypes 1-4
accounting for 95%of clinical illness. Natural disease protection is
serotype specific . Goup Ais further classified in subgroup | and Il. 25
The doubl e | ayer outer shell formng the viral capsid consists of two
viral prot@sinyPRapavisrs thatonyderrd HeatPadt zaffontarei y@Nstenvol ved
in protecti Ve iy anfust hifte Ao er M feyd hiei SE PLY PRou B LAGUGRe the VP4
plays a mnor role in serotype determ nation.  During co-infection with 30
di fferent serevspesthdedsegaentiedt denoredugeatt$ ysevieleigo ark@netic
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mor bi di By and nofhalénly ¢EFert stal@aaiors rd bk (Al 3888 PCTENLD0/ 00862
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severe gastroenteritis, is associated with, int ussucegti on vgigrcl)wel

obstruct | orP il Skse!Y FEFVTRaLTF easer ter this, IS assoeiated
intussuception, a bowel obstruction disease. For that reason

this vaccine is no longer in use.



this vaccine is no longer in use. WO 01/38362 PCT/ NLOO/ 00862 9 DESCRI PTI ON
OF THE I NVENTI ON The invention provides a nethod for producing a virus
and/ or viw@bi/ps3et ei ns ot her than adenovi rus or adenovi ral PCENpo@aséns f or
use as a vaccine conprising providing a cell with at | east a sequence
encodi ng at |east one gene product of thg El gene or a functional
derivative thereof of an adenovirus, providing said cell with a nucleic
acid encodin%§ said virus or said viral proteins, culturing said cell in a

10 sui t abl e PREGRGMTARY 2F1 SRENGMVENTEFpagat i on of said virus or

expression of said viral proteins and harvesting said virus and/or viral
proteins fron1sa#g nedlunhand/or sai,d cell nt|I t he §resent i_nvent.ion
a R

there are few, n§nV? ﬁﬁﬁ)pESVFgthﬁtmﬁg Sdbggﬁ P& ﬁ&c Surt 8ol'e t'6
produce 15awnid/eseviand/ protieials pm@Eelm@ahoadesevasuwaccl@@@ﬁqvummﬂ

reproducy bl ?Ir%@@ﬁ%vg%%bh%e”%%”%r v%%@fl %Bfngkﬁ's%%h?éﬂ&vqf&l &l dgqand/or

easily pur| abl e ave now foun conp se adenovi ral
El sequence¥itpr éfer&Bsy ﬁnSeﬂﬁépﬁegéﬁ§ﬁ@1@9ea@aé&@ﬁé enes s mnestucte

propagati oncgf +2@ wiryegs bR Si glinkicankiaeyatat ilee thiesldt F cel |
according to the i.nvention i.s . derive fr W&tgenan primary c

preferabl y &960PVIFHEchPEEVE r 4t e PHFIGE& aézflészﬁr’(‘foéllnﬁene
I n order tosahé &bkestOrQBGMMavﬁma&apyocehhsltcuﬂt@mumgesmeed$eua hen 25

mror tal  zed,, 9090, 8T £l 348080000, L3cpIBdaLived Lramatumy

enbr yoni Cc retino n CQ accor I nven 1S | rrportant
that the Eexpersssenueficesidr &imefl Ip@,@ttedasl agdt heryelsit ingclsaid winus

therefore p%ﬁﬁ%&e@ﬁﬁi‘t $8kd i$2AYSRGE SBNEOFRg uAl ahegehr 3 iN&dane
product of the ene iS present in the genone of said (human) cell. For

reasons of safetyngaﬂetb§ B&sFepgképvention there are few, if any
(human) cells that have been found suitable to produce

15 viruses and/or viral proteins for use as vaccines in any
reproducible and scaleable manner and/or sufficiently high
yields and/or easily purifiable. We have now found that
cells, which comprise adenoviral El1 sequences, preferably in
their genome are capable of sustaining the propagation of

20 viruses in significant amounts.

The preferred cell according to the invention is derived
from a human primary cell, preferably a cell which is
immortalised by a gene product of said El gene. In order to
be able to grow a primary cell it of course needs to be

25 immortalized. A good example of such a cell is one derived
from a human embryonic retinoblast.

In cells according to the invention it is important that
the E1 gene sequences are not lost during the cell cycle. It
is therefore preferred that said sequence encoding at least

30 one gene product of the El gene is present in the genome of
said (human) cell. For reasons of safety care is best taken
to avoid unnecessary adenoviral sequences in the cells
according to the invention. It is thus another embodiment of
the invention to provide cells that do not produce adenoviral

35 structural proteins. However, in order to achiéve large scale

(continuous) virus production through cell culture it is



to avoi d unnecessary adenoviral sequences in the cells according to the
invention. It is thus another enbodinent of the invention to provide cells
t hat do oo opsssdruce adenoviral 35 structural proteins. HomnevarLposeoseorder to
achieve large scale (continuous) virus production through cell culture it
is WO 01/ 38362 PCT/ NLOO/ 00862 10 preferrngd to have cells capabl e of
growi ng w thout needing anchorage. The cells of the present invention have
that capability. To have a clean and safe production systemfrom, which it
i s easy to PEEbTEFEANO }i‘?"%le%?]r]a%l%?P%%l‘ﬁuﬁ?ff?r‘?‘ﬁ’en% virhsut pepding
preferred tantiayeage NeTHOdc@TTOr Of Nghé Optdgent NeNéhOlon WhaV€byhaai d human
cel l conpriggsanglgéher o dg@gvérgieggque ces Thg 3D5t1§£e£e§£§d ggll for
the met hods“2RBAa’ t5e%" of C A" T v ent TR T8 F@?f%ﬁpa% deposit #4° uhder TEGACC
no. 9602294@¥hich &t desieasyveothereodr AQdThuE déeiravbati oo puovfdesha

met hod uSing; Augel | BCCOrdEOOeAa {henkpyeatioodhetbhasal degethef Urt her

conprises a sequence encodi hg A_or a functional derivative or anal ogue
or fragnentiBVerebP, preeeehipl 5230 dernanned £l ncomRy Hseegieneeh@hcodi ng E2A

or a functigdehodierayatéygentedd el RGLE BFrefépgi®NEci DEFEPf ths REEEEAE N
t he genone of ;said h n cell and nost ferably.a cel| erein | 4 E2A
encodi ng seﬁ%%n‘é%e%n%gd © P ETpet AR ut g%ﬁs'?i% AR AL © A?néﬁ‘ftﬁg‘lg re,
as stated tihe. | 9ee22 900, absoa pdavidesivee teéheof according to the invention

wher el sal d_(hugRn) g6l |3 nalhd 5,6 3pAR1 £, 0f Orouiingyi s sigpensiop. The
inventi'on al so provides a nef od” fierei'n sai d human  celT~ can be cul tured
in the absemeecndingrien thhelrednsionc copelrenn terifhecehl eftrbherin

particul ar &5 {6885, t equae 1400641 AEVaSK a9 4 hplinkt : 688 bgee W ALI6d 1N
t he absence 25 of_serum of _serum conponents. Thus isolation is easy, safety

i s enhancedamP3 EPFaDi T t {ragmene SyR¥ent i PrpbraRintdetptl wherein

said sequence encoding E2A or a functional derivative or

15 analogue or fragment thereof is present in the genome of said
human cell and most preferably a cell wherein said E2A
encoding sequence encodes a temperature sensitive mutant E2A.

Furthermore, as stated the invention also provides a
method according to the invention wherein said (human) cell

20 1is capable of growing in suspension.

The invention also provides a method wherein said human
cell can be cultured in the absence of serum. The cells
according to the invention, in particular PER.C6 has the
additional advantage that it can be cultured in the absence

. 25 of serum or serum components. Thus isolation is easy, safety
is enhanced and reliability of the system is good (synthetic
media are the best in reproducibility). The human cells of
the invention and in particular those based on primary cells
and particularly the ones based on HER cells, are capable of

30 normal post and peritranslational modifications and assembly.
This means that they are very suitable for preparing viral
proteins and viruses for use in vaccines.

Thus the invention provides a method according to the
invention, wherein said virus and/or said viral proteins

35 comprise a protein that undergoes post-translational and/or

peritranslational modification, especially wherein said



media are the best in reproducibility). The human cells of the invention
and in particular those based on primary cells and particularly the ones

based onwER/ss3k1s, are capable of 30 normal post and perpeT/ansl/@ssonal
nodi fications and assenbly. This means that they are very suitable for
preparing viral proteins and viruses for, se in vaccines. Thus the

i nvention provides a net hod according to t i nvention, wherein said virus

and/ or said viral proteins 35 conprise a roteln t hat undergoes
post - t r ans| BPPéAACaEAGNST COPBiEPaAsVEOSYRAr 1RBdi A GROCoRXBBPEC Al Py

wher ei n sai dlwloﬂa%%?z@% RGHANLAS Be862 cuihbeli‘gdmfel cat I;ﬂb%iu@@rfﬁﬁ'ﬂ 0y

glycosylatlon1 ood exagpLe ﬁf i

to produce FRLAAPIS BAPRGTe IFadRd! WeRZPNFRTERDS v |ﬁ@ve?ﬁéopn§gﬁ

provi des aanmbhhddaacubddd@gth@einmeahtannwhheeeans@ﬁddenablppabeenQSS

conprise at ne . of /
CRBR NG 0N %{gtpr b8 apsugsﬁueﬁ)w a9l dase., A gl

haenagglutlnln er vira el ns uni t VI ruses

viral vaCC|neg®. heen cunbgﬁs me

ype to

be i nacti vaeady osr aateengarddbindaseSthematvicad paoseddisc dGubnniks) metidods

accor di ng t @;tfigelNVeAtiaeR yiaClkdd@eeAhAERY aked) S ¥l ad% chitiaR@W FUSusER

aphtovirus, or polionyelitisSvirus, herpesvir such as her S | ex
Vi rus, pseu&BF&bFé§ Per BT OGMasEy ithe ﬁ@rﬂ§§ °§§r€§cqﬁﬁﬁﬁg p??h g

I nfl uenza vuhUéntaonpam@Hmm@vemm&xosuﬁhsassneWCasth&uﬁo&&a&e V|rus

respiratory nci.tio virus VL I rus travirus,
such asl%unﬁﬁi¥ﬁ%ﬁﬁgﬁéf|0| q&ﬁov Sid 6%%59 afvg%% 5%%3%58' S&ﬁ%baglrus

such as

15

rot avi rus oheapesr syawiless vigwesh @§eUdpan§nE§sabE@Sga§t&m%mmnﬂﬁhﬁnpﬂSrus or
a flavivirug, guch 3syg Hk&%quQQG %ﬁggpgglﬁh5§u%h_%§vq&u%elgpm1fever virus,
u

a tOg&VlrUS SUCh as r la virus or eastern-, western-, or
venezuel eanPagaryEoAEEsShalss e st Neveretde 41FEF&E M%USeaﬁﬁsmrﬁtPEéf
such as hepai/htisif Ofi@Pakiunps BivueUsr & measles virus, retrovirus,

15 such as human immunedeficiency virus or a parvovirus or a
papovavirus, rotavirus or a coronavirus, such as
transmissable gastroenteritisvirus or a flavivirus, such as
tick-borne encephalitis virus or yellow fever virus, a
togavirus, such as rubella virus or eastern-, western-, or

20 venezuelean equine encephalomyelitis virus, a hepatitis
causing virus, such as hepatitis A or hepatitis B virus, a
pestivirus, such as hog cholera virus or a rhabdovirus, such
as rabies virus, a Bunyaviridae virus, such as Hantavirus.

In one embodiment a cell of the invention is useful in

25 the generation of an influenza virus strain that does not
grow very efficiently on embryonal eggs.

The invention also provides the use of a human cell
having a sequence encoding at least one E1 protein of an
adenovirus or a functional derivative, homologue or fragment

30 thereof in its genome which cell does not produce structural
adenoviral proteins for the production of a virus, or at
least one viral protein for use in a vaccine. Of course for

such a use the cells preferred in the methods according to

the invention are also preferred. The invention also provides

35 the products resulting from the methods and uses according to

the invention, especially viral proteins and viruses



pestivirus, such as hog cholera virus or a rhabdovirus, such as rabies
virus, a Bunyaviridae virus, such as Hantavirus. |In one enbodi nent a cel

of the i went/ssmzis useful in 25 the generation of an i NPCTARAGONSEY US
strain that does not grow very efficiently on enbryonal eggs. The
invention also provides the use of a hunap,cell having a sequence encodi ng
at |l east one El protein of an adenovirus or a functional derivative,

honol ogue or fragnment 30 thereof in its genome which cell does not produce

structural oiferd@dbls asereding fter thesershscansh of methadss, eapemiallanst

one viral prefedi briigHisad i HHAGRIdR: i 10 QWgR S 11 orS Ul USiid he cel |'s
preferred in the t hods according to the invention are also preferred.

The invent i &30 HrdiA dUSES (¥ pro @RS fREA%S ngt 13T e Tret ot Sand
uses accor disufpurd t s)hendjamertitd on Doaserciaald wawis af prdial s i of rdsse oD
01/ 38362 _PCT/ NLOO/ 0086 12 qbt ai | e,;accordi t.o thaose us and/ qr,

nmet hods, Sesp%giltael% f%%vw%élﬁqbllrggqudmr%laaﬁ é:lplﬁléchr?ace%u StHte clorfrpaossﬁalror?s Q:hey
“conprising agg trathl &edx aiv idmtisl eartdhdowadordief erlmstasiy( inresrits teatestl vi r uses,
subuni ts) adju¢anis,. Dosage and ways of administration can be 5 sorted out
t hrough normal clinical testin%,in as far as they are not yet avail able

t hrough the al r ede sr édics tiavedt 1pgc Gilses Prisieshe vy iogh aalvédadr ovi des

a virus or ardtedn IOt frdlfa WSRdithed OHRGGINS 1D} Akl HYY drmaihed or

by a 10 use accordi%. to . the invention, saidiﬁgrus or saidjéjral ei ng
flee of Wny 4on RGN e 1T PrOEaT Sfeote el Shapis vira

phar maceut i &elirigorfmelea td fo rmnyo nyumi-$iungrs ueimme 1Miamu o rcued/rec adu=aimarreatiai In.
The inventi gpqfuf Lhgl iQldesna JUaRA 49k RAHAG A kP SRAUIENSAFcOd Ng

at | east one protein of an adenovirus or uncti erivative,
honol ogue oendyagneAtalh@xedieim its

The invention further provides a human cell having a
15 sequence encoding at least one El protein of an adenovirus or
a functional derivative, homologue or fragment thereof in its
genome, which cell does not produce structural adenoviral
proteins and having a nucleic acid encoding a virus or at
least one non-adenoviral viral protein. This cell can be used
20 in a method according to the invention.
In a preferred embodiment the invention provides Influenza
virus obtainable by a method according to the invention or by
a use according to the invention. In another embodiment the
invention provides Influenza vaccines obtainable by a method
25 according to the invention or by a use according to the
invention.
In another aspect the invention provides a kit for
determining activity of a protease in a sample comprising at
least one viral protein or virus obtainable by a method or a
30 use of the invention said virus or said viral protein being
free of any non-human mammalian proteinaceous material. This
aspect of the invention is useful particularly for
determining protease activity in culture medium. Culture
medium is noted for being a difficult context for determining
35 activity of a protease. However, using a viral protein or a

virus of the invention as a target for the protease it is



genone, which cell does not produce structural adenoviral proteins and
havi ng a nucleic acid encoding a virus or at |east one non-adenoviral

viral proveon3s3ghis cell can be used 20 in a nethod accorBCTYLb@oossE
invention. In a preferred enbodi nent the invention provides Influenza

virus obtainable by a nmethod according tojghe invention or by a use
according to the invention. In another enbodi nent the invention provides

I nfl uenza vacci nes obt ai nabl e by a nethod 25 according to the invention or
by a use ac®OHIRY S §FU RECUTAFEIY Gt idfodr Vadge &t (7 d MAATS T

provi des a killsd dn ciater® mgag uatt ity tay pafe ferpled ead®dimentsa@refore
conprising at . Jeast one viral .prot.ein aor vi,rus obtai nabl e a ra
30 use of tﬁ@lidn ENHET S & J\Yil?‘ s or & p\/lier aciomﬁ’rrd’tsellnr‘clJ bceultixrg:g}Ll refmr%%eegﬂ g’\ﬁ)’any
non- human maEmel ipere flerotesl eadbeclisemt addiad prifiesseaspenrisfes Heryipsient ilan
is useful party f rmJni r.of,e YSRVA i I e

ol am Ol s e PO SaLT o e g A drran ¢ e o
determning 35 activity of a protease. However, using a viral protein or a

virus of the invélt V&% a8ohhesr GePecsr thive IVEFRE4S8 ProViaRe 1/

PCT/ NLOO/ 00862 cbadeessiablieid d nFQaienad=ewi gl emdigie cartitvidns efapsdile of
protease also.in %thure nedium 1ln_a pnefertegfggpodinent ther%;q{e sai d
prot ease acfitviltiiStn & PITH EIESTEriTEISh g *ET drd SredivdiY ISP R RS r ed
enbodi nent site iprigice as eeddnpliesesd sypsimmatiants comprafsdmoe & aartb ot mant
said viral pr i.n ri.s o | I i %ﬁﬁ%

provi des a Ilr?f:lg,:'?)hoél c?‘lggpléjgn?e%n'ltéréa?tlﬁﬁg%nﬁffu&gc%gq\%tr%zgﬁ dta%aq?on 17t 1 or??ant
capabl e of umddredsw ishegar comddsdonisng Infrlipenan Vdaisy IBREPaE&HHARE ng 10
obt ai ni Nng angehle tleRRIFRGnS LRBIRAINMAN Y IHyEiRG19F Ghadd 4o He P fGildd ure
of cells, and ultrafiltrating said supernatant_under |ow shear qultlons.
| nfl uena Viﬁ@g &ggﬁqaigl n of a vaccine. Purification typically

15 entails at least one concentration step of the virus.
Current technologies for the concentration of influenza virus
from such relatively crude preparations of influenza virus
are cumbersome. Using a method of concentration of the
invention it is possible to concentrate influenza virus

20 preparations under conditions that maintain at least in part
infectivity of the virus. Preferably, virus is concentrated
that is or can be made infectious. With can be made infectous
is at least meant the generation of infectious virus through
cleavage of HAO. In a preferred embodiment said concentration

25 is performed using a hollow fiber. A hollow fiber is
particularly suited tio concentrate under low shear
conditions. In a preferred embodiment said culture of cells

comprise in vitro cultured cells. Particularly suited for

contration using a method of the invention is supernatant

30 from in vitro cultured cells. Particularly when said

supernatant comprise serum free culture medium. In a
preferred embodiment said said ultrafiltration is performed
with filter allowing single proteins to pass while retaining
virus. Preferably said filter comprises a cutt off of 500 KD.
35 More preferably, said a filter comprises a cutt of 750 KD. In

a particularly preferred embodiment said concentration



harvested from enbryonal eggs typically need to be purified for the
preparation of a vaccine. Purification typically 15 entails at |east one
concentravoon3step of the virus. Current technol ogi es forp¢haLewmesentrati on
of influenza virus fromsuch relatively crude preparations of influenza
virus are cunbersone. Using a nethod of g¢gncentration of the invention it
is possible to concentrate influenza virus 20 preparations under conditions

that maintain at least in part infectivity of the virus. Preferably, virus
i s concent r fEEFhethgoMRy igiesc At Heafdde RFddEloremanalh UaPist Sidtke

i Inf ect ous ficsH;X@irillsqa@ arraw]f .tectdleugmm_rgaid Qa1 drfretdd o WD Lsngd hdcaegh

cl eavage o n.a preferred.e t said concentration 25 s .
performed uSHed xR SR r.dt}f%gﬁom'i %écre e r’tiscalﬁcgrﬁvjsétﬁciaé:dlodb
concent r at e iundehileowds hesaimg conlirttiiemsed Ifilaer.ef erred enbodi ment said
culture of cells, ¢ ri L Vit ul tur I 1. Parti: sl I for
contrati gn usi ng Iél t hg?il%gfh%trhéas{ll%\?gnttﬁ%nq‘?‘ﬁ?&ﬁ??n%&rﬁﬁ%osaflrr%ﬁn%eﬁto\%t ro
cul tured celinfluegyzs oilrars wrvear 94 td vesu pdiargdn tcstaivs Bat ek ik i rree
culture medigdphdd & cMLfief/el iIFPOH R validesaird di tirpfdddidtd on i's
performed wth filter allow ng single proteins to_pass while retaining
virus. Pref éfdiupnes imus & PSSt QY (YRR lofY 560 KL B35 Vo Us
preferably, psaitd dAd,i ldreriGRIPhretein G ot £¥eAdd £ Ithata geart thecwsayd y
preferred enbaodi.nent .saitd concentrati on. WO %3/1383&%2 PC'II'{tI\aILIiOlOS/ 0a08\/(51.2rusl4

furt her *€onpifs 8 H %8st a BiuHI%1® + eV al® of proteihs & edmprising a

nmol ecul ar weingitecsrlilter itrfeant 1500 IKD &tépwre preferably snaller than 750
KD. Preferably, said purification is achieved using a nentioned filter. 5
In yet another aspect the invention provides infectious influenza virus or
derivatives thereof concentrated wwth a nethod of the invention. A
derivative of an infectious



i nfluenze virus of the invention typically is a virus, virus particle, or
viral protein or part thereof that can be used 10 for imuni zation
pur poseswOypssset |y this entails a virus inffectivity i nRCT/NLa00862 St ep.
WO 01/ 38362 PCT/ NLOO/ 00862 15 EXAMPLES To illustrate the invention, the
foll ow ng exanples are provided, not intended to limt the scope of the
invention. 5 Exanple 1 MATERI ALS AND METHODS 10 PER C6 and MDCK Cel
culture Madin Ear%% Cani ne Kidney (MDCK) cells were cultured in Dul becco's
nodi fi ed E dium (DMEM Life Technol ogies Breda, The Netherl ands)
contai ning 10% heat inactivated fetal bovine serumand ix L-d utamn
(G bco-BRL), at BYG bBhastPatdSciERi nestpems) ortheufoll esing Skkintbesenee
cultured in 5 ( clen S I e am n,
at 37C andpg%ﬁféégj %%ts£ﬁ¥t%a§§y£§u ﬁ%%syﬁﬁ gg§§%|95“£hg 1A %?giﬁ%r) or
in 490 ¢nR tissue culture roller bottles (Corning Costar Corporation)
during contgpuplfe.rptation at 1 20 rpm Inmunofluorescence test Direct
i mrunof | uorescehce assays for the detection of |Influenza virus infection
were carried out using the | MACENTM 25 Influenza Virus A and B kit (Dako)
accordi ng tﬁh*ﬁﬁIﬁﬁéh&ﬁﬁdMﬁ?ﬁ68§O| of the supplier. Sanples were viewed
m cr oscopi cal g epifluorescence illumnation. Infected cells were
characteri sed by a bright apple-green fluorescence. 30 Propidium | odide
stalnln% Ce £ spe ded‘ln 300 pl of cold PBS/0.5% BSA + 5
pl of ﬁropl' ) et conce 3 550 pg/m) in

Madin Darby Canlne Kidney (MDCK) cells were cultured in

Dulbecco's modified Eagle's medium (DMEM, Life Technologies
Breda, The Netherlands) containing 10% heat inactivated fetal
bovine serum and 1lx L-Glutamin (Gibco-BRL), at 37°C and 10%
15 CO,. Suspension cultures of PER.C6 were cultured in ExCell
525 (JRH Biosciences) supplemented with 1x L-Glutamin, at
37°C and 10% CO,, in stationary cultures in 6 well dishes
(Greiner) or in 490 cm’ tissue culture roller bottles
(Corning Costar Corporation) during continuous rotation at 1

20 rpm.

Immunofluorescence test

Direct immunofluorescence assays for the detection of
Influenza virus infection were carried out using the IMAGEN™
25 Influenza Virus A and B kit (Dako) according to the standard
protocol of the supplier. Samples were viewed microscopically
using epifluorescence illumination. Infected cells were

characterised by a bright apple-green fluorescence.

30 Propidium Iodide staining

Cell pellets were resuspended in 300 pl of cold PBS/0.5%
BSA + 5 pl of propidium iodide (concentration 50 pg/ml) in
PBS/FCS/azide solution known to persons skilled in the art.
Viable and dead cells were then detected via flow

35 cytofluorometric analysis.



PBS/ FCS/ azi de sol uti on known to persons skilled in the art. Viable and
dead cells were then detected via flow 35 cytofluoronetric anal ysis. WO
01/ 38362 vRT#1/3d360D/ 00862 16 Haenmggl utination assay |n gPOENab/00862
haemaggl utination assays for Influenza virus titers were perforned
according to nethods known to persons 5 é‘ killed in the art. Here, 50 pl of
a two-fold diluted virus solution in PBS was added to 25 Al PBS and 25 vyl
of a 1% suspension of turkey erythrocytes (Biotrading Benelux B.V.) in
PBS and i ncubated in 96 well mcrotiter plates at 4C for 1 h. The
haenagglutlﬂ L1900 PaLigLp. yas_ ex m ned and scored, 10 and expressed as
henagglutlnagrngggnrks—%£$éﬁs%——$%e nunber of HAU s corresponded to the
reci procal val uelnfgeheral ghksemagglusivationoassans Shvweditvapket girus

haemaggl uti pat keg. we%S#;szoPJn@a 888b¥8i 8gOtot RerhBkhkURAZAnHAPHRLEbAS 15
I n general, obtained | uenza viruses were disrupted in a Laemmli buffe

accor di rig t 8kl ABd3NKRBAN2EE - pBeEBNsSOskE| PEda| AwphEokft daprted virus

different- vgbyﬁ€§oﬁf1ﬁbp@snﬁgspa@a@antonnstuneﬁBseaﬁdsgpapat@e Hshpg 10%
SDS/ PAGE gels. In brief bl ots were bl ocked for 30 nat ro nBe ature

with bl ock 9BSBBNEEPBNCESEHRERY f &FYHRYORY FRBoWELPEEBF P dPEPR ?%Sg
supl ement edim bBs 13(maabbtﬁsewm {fRRogkl aedl)mltﬁbt@wed pyaBeswasheScwEbh
TBST. Then, g gk wer e # uba&ed mnt? the anti d e B}3/97 HAd

2t ser um (beh7eanRl BaFFadrtIF SRR FeR0b A P AR TR o, 3h8F P er um
( Rockl axrd) &h& axpreeaeQSasehpmagghu91nagang thetbl 6HAUWe! e BashadmBeri nes
w th TBST. h ugr ba t abhiet t

antiserum ( gbél% grgégéﬁ? d? ?ﬁgo EgﬁPﬁ%é o 02 QE Eggu?%gﬁgggr 1
h at roon1t%hﬁésa@alétl%@téhas ﬁb@ﬂ@@ apmﬁleWBshaﬁmégg%BFénﬁté@ﬁjugate
conpl ex was visualised with ECL 30 (Amersham Pharnmacia Biotech), and fil ns

erfil Aner sh i
(Hyp n]Westernaglot analysis of the Influenza HA protein.

15 In general, obtained Influenza viruses were disrupted in
a Laemmli buffer according to methods known to persons
skilled in the art and different volumes of obtained protein
mixtures were separated using 10% SDS/PAGE gels. In brief,
blots were blocked for 30 min at room temperature with block

20 solution (5% non fat dry milkpowder (Biorad) in TBST
suplemented with 1% rabbitserum (Rockland)), followed by 3
washes with TBST. Then, the blots were incubated with the
anti A/Sydney/5/97 HA antiserum (98/768 NIBSC) diluted 1/500
in 1%BSA/TBST with 5% rabbit serum (Rockland) O/N at room

25 temperature. Again the blots were washed 8 times with TBST.
Finally the blots were incubated with the rabbit anti sheep
antiserum (HRP labelled, Rockland) 1/6000 diluted in block
solution for 1 h at room temperature. After 8 washes with
TBST the protein-conjugate complex was visualised with ECL

30 (Amersham Pharmacia Biotech), and films (Hyperfilm, Amersham
Life Science) were exposed. The antisera were obtained from
the NIBSC (UK) and applied in dilutions recommended by the
NIBSC.

35 Single Radial Immunodiffusion (SRID) assay




Life Science) were exposed. The antisera were obtained from the N BSC (UK)
and applied in dilutions recomended by the N BSC 35 Single Radial
| rmunodi Waei/sesel SRI D) assay WO 01/ 38362 PCT/ NLOO/ 00862 RET/Nnao/00862
concentration of haemagglutinin in supernatants, derived fromlnfluenza
virus infected-PER C6 cells, was determ{wd by the single radial
i munodi ffusion (SRID) test as previously described (Wod et al 1977). The
assay was 5 perfornmed using standard NIBSC (UK) antigens and anti sera
reagents. PIaqueT§§s§9nﬂePgF§F189 eEnhagmagglpsiaigefaspedirtteedsvi ral 10
super nat ant gewgked eeH ahed ueh MDGK reel s reliceh -weike cgr @an 1 sUntdals 95%
confluence in 6-well plates. After 1 h at 35C the cells were washed tw ce
with PBS andes¢erisgde@ynittys 3ipolef ragdadodamynedifinsion (SRIEYatess, 1.5
m 2x MEM  3Q L2009 onMy L oesutbamiene, (wddd ek ¥RShR7BPTATH2OQ dsahBYhs The
cells were 15 then incubated in a humd, 10% CO2 atnosphere at 35C for
appr oxi nat ePgriogaps asdng silanslaquldBRer d UK s galtihgencorad anyisgsa
infectivity, as3@ytETCID50) Titration of infectious virus was performed on
MDCK 20 cells.” In brief, cells were seeded in 96 well|l plates at a density
of 4x104 cells/well in DVEM supplenented with 2mM L- d utam n. Twenty-four
hour s Iaterpﬁglhg éggg infected with 100 pl of ten fold serially diluted
culture sup — guadruplicate, in nmediumcontaining Trypsin- EDTA
at the 25 concenfrabked of 4 glnbf Tdefbadr seafibédyi nfidattiecn vielall
nmonol ayers were washed two tinmes in PBS and incubated in. medium caontaining
Crypsi it or SFEE)aTaRt 5 URresTRR Ak RRS P MBRR Fadd S v aTos i Svaidh
tested i n annkAla9s8y coh€lledcet iiherswerne ptaleul. atad eacdomdiatg }56Ct ke
met hod of Kargﬁr , , ,
cells were washed twice with PBS and overloaded with 3 ml of
agarose mix (1.2 ml 2.5% agarose, 1.5 ml 2x MEM, 30 pl 200 mM
L-Glutamine, 24 pl trypsin-EDTA, 250 pl PBS). The cells were
15 then incubated in a humid, 10% CO, atmosphere at 35°C for

approximately 3 days and viral plaques were visually scored.

Virus infectivity assay (TCIDsp)

Titration of infectious virus was performed on MDCK

20 cells. In brief, cells were seeded in 96 well plates at a
density of 4x10* cells/well in DMEM supplemented with 2mM L-
Glutamin. Twenty-four hours later cells were infected with
100 pl of ten fold serially diluted culture supernatants, in
quadruplicate, in medium containing Trypsin-EDTA at the

25 concentration of 4 ug/ml. Two hours after infection cell
monolayers were washed two times in PBS and incubated in
medium containing trypsin for 7 days, at 35°C. Supernatants
from these cultures were then tested in an HA assay. TCIDsg
titers were calculated according to the method of Karber

30 (1931).

B-propiolactone Influenza virus inactivation




30 (1931). fl-propiolactone Influenza virus inactivation WO 01/ 38362

PCT/ NLOO/ 00862 18 For inactivation of the viruses to obtain whol e-

i nacti vatwol ovssses for the generation of vaccines derived PCDNLORERSZE, a
mut ati on protocol known to persons skilled in the art was perforned using
3-propi ol actone. (3-propiolactone is a 5yery effective agent w dely used
for the inactivation of viruses and well known in the art for its mutating
effects. It nodifies nucleic acid bases of the viral genome and the host
cel | genone and TRbckza¢lebraehen ovf t Heg caffeses He? | FFd WO ERT abl i shed
pr ot ocol USfﬁEéﬁh&E@Q@T@l£h§ PPl end nach d vat £6h 10r 1 phbugnza aéﬁﬁb@@ from
prepared on e @%onat ed eggs, the anount of wvirus corresgondl ng
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Briefly, one volume of 0.3 M Sodium phosphate buffer was
added to 9 volumes of Influenza virus preparation.

15 Inactivation of the viruses was carried out adding one volume
of 10% of P-propiolactone (Newall Design, UK) to 100 volumes
of phosphate buffered virus preparation and incubated at 20°C

for 24 h. Inactivation of the viruses was checked by plaque
assay and no plaques were detected for any of the inactivated

20 batches (data not shown).

Example 2A
PER.C6 Cell banking and preculture
Cell line PER.C6 (deposited under No. 96022940 at the

25 European Collection of Animal Cell Cultures at the Centre for
Applied Microbiology and Research), or derivatives thereof
were used (described in WO 97/00326). Cell lines were banked
by a two tier cell bank system. The selected cell line was
banked in a research master cell bank (rMCB) which was stored

30 in different locations. From this rMCB research working cell
banks (rWCB) were prepared as follows: an ampoule of the rMCB
was thawed, and cells were propagated until enough cells are

present to freeze the cells by using dry ice. Up to 500



banks (rWCB) were prepared as follows: an anpoule of the rMCB was thawed,
and cells were propagated until enough cells are present to freeze the
cells bywabnsggsezy ice. Up to 500 WD 01/ 38362 PCT/ NLOO/ 00B6E/NLAB00aezpoul es
containing 1 m (1-2x106 cells/m) of rWB were stored in the vapour phase
of a liquid N2 freezer. One anpoul e conta#i ng 5x106 PER C6 cells of the
WCB was thawed in a water bath at 37C. Cells were rapidly 5 transferred

into a 50 m__tube and resuspend y .ad f.the.s nsi on medi um
Eecol | 225 PTRBUBEGS CoBh CeTT s d Bl areeed b TR-hs 2 | (55 PR W er 3
of centrifugatbdniatth@O@appmrlphasabbé topigentr Nf ufjecezet| s were
resuspended, i.nal i gt 0 red in a
T80 tissue chPt% E?P?gsggﬂgggg%gé 8&6(:(%5Rl #6 %iféhreé9g§q§c§gY%$ cells
wer e seededthawed4do enwatersbashcakt 87&Crolfkdd shoetreeg¥apddiiii ng Cost ar

Cbrporatgon{rangﬁggrgddgﬂgbtg ab- %Ilgﬁbﬁeénﬁ‘r%%@s@%hh@ﬁe@y'adﬁgﬁ RUGIS
rotation at FE 15 Exanp S asg%ern153|ve ceII ine for

| nfl uenza A9§| § SPEEe6618§ &eE&HﬂnEégﬁﬂlwé§5nd RnBWRSFSETCES ) ability to
sust ai n | nf kupp2amenties wataculanLaGdutemhncanfaﬁr Bt maas o020 t herefore
verified wheth PER cells rn155| r nfl u vi rus, i-nfection
in conpar|38 snF %ﬁuﬁﬁ n ag ﬂ? e ﬁgd rb§ EaﬁFﬁerk?Hﬁ Eﬁfﬁﬁb

t hat servedwasearepuspendedcontaoﬁlnah checéayrbeﬂ@neOﬁnﬂadO?omelzalﬂs VDCK
cells pseedegh ca§g¥6x%e Eﬁe%le%%g}gtﬁséﬁé' cB'l%h‘%% fT‘él%ﬁ&tyafto%o url%—sl %toer

4x105 per wel'l "were'infecte
H1NL stralnTWPPGQrFBrR?C§P8F3AaE?FteFeéléxYG¥epﬁ@Fﬂﬁﬁ,ln&@bﬁgpnéw froml).

E. Caas, LeidsleUBuvenskt YoMBdirCBbttles (Corning Costar Corporation),
with a density of 3x10° per ml and cultured in continuous
rotation at 1 rpm.

15
Example 2B
PER.C6 cells as permissive cell line for Influenza A virus

PER.C6 as a human cell was not known for its ability to
sustain Influenza virus infection and replication. It was
20 therefore verified whether PER.C6 cells are permissive for
Influenza virus infection in comparison with the dog cell
line Madin Darby Canine Kidney (MDCK), that served as a
positive control.
On the day before infection, 2x10° MDCK cells per well
25 were seeded in 6-well plates. Twenty four hours later, 4x10°
seeded PER.C6 and the MDCK cells per well were infected with
the HIN1 strain A/Puerto Rico/8/34 (titer 3.6x10° pfu/ml)
(obtained from Dr. E. Claas, Leiden University Medical
Center, The Netherlands). Infection wags performed at various
30 multipliticies of infection (moi's) ranging from of 0.1 to 10
pfu/cell. After about 2 hours of incubation at 37°C, the
inoculum was removed and replaced by fresh culture medium. A
direct immunofluorescence assay for the detection of
Influenza virus infection was performed 24 and 48 h post

35 infection. The experiment showed permissiveness of PER.Cé6 for



Center, The Netherlands). Infection was performed at various 30
multipliticies of infection (noils) ranging fromof 0.1 to 10 pfu/cell.
After abowo oR3d36urs of incubation at 37C, the inocul um weeT/Nenwwse and
repl aced by fresh culture medium A direct immunofl uorescence assay for
the detection of Influenza virus infectibgn was perfornmed 24 and 48 h post
35 infection. The experinment showed perm ssiveness of PER C6 for WO

01/ 38362 PCT/ NLOO/ 00862 _ 20, I nfluenza infection, th percenta .
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PER. C6 usedidpsndidaifit uend acdmyaralsl @repelgabor. (Figwas. veri fied whet her
replication and propagation of |Influenza virus could be supported by

PER C6. On the day of infection, PER C6 cells were seeded in 490 cn®
tissue cul tikgmpi@l3er bottles, with the density of 2x105 cells/m in a

final 10 vol urre of 40 m, in the presence of 5 pg/m of trypsine-EDTA
(G bco- BRL)PERTS suswdef@rtIQflm@m|1h0u¢1a$mr@mag«ﬂtmmed with the H3N2

t A/ Sh hen/ 227/ 95 t 5x10 fu/m), . (obtained f
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perfornmed anfibiedba 1ﬁ1mandod_'0dao@fmmfte@\ﬂbxerPERhcef Omctibatday af 37C,
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resuspendi ng the €& 1s n° ure me trypsi ne- EDTA.
Harvest of doBled lhotitles, s‘ustplentshe)rdmlt}ca@fl@dl@utceéé@%“&a}n fer drndly 1
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haenmaggl utination assays. pell'ets were used f di rect

i munof | uor@%Jeké‘ﬁ%eBme)st sc%ﬂﬂjds f‘ﬁ?r?)r%b"rléﬁ’{mﬁ‘?%]ﬁl H’éo%‘ﬂ]a??ﬁ‘illgor BEspreds 25
Per m ssi vengsish ofhEERIED $©Fa th T4 alenizhen ) penzes steates Toskuet pgfu/ml)

inVEStigate|£g§3 negqggé%eness OfC gggfxiéfﬁen University Medical

Centre, The Netherlands). Infections were performed at moi

15 10" and 107 pfu/cell. After 1 h of incubation at 37°C, the
inoculum was removed by spinning down the cells at 1500 rpm
and resuspending the cells in fresh culture medium + 5 pg/ml
of trypsine-EDTA. Harvest of 1.3 ml of cell suspension was '
carried out each day, from day 1 to day 6 post-infection.

20 Supernatarits were stored at -80°C and used for
haemagglutination assays. Cell pellets were used for direct

immunofluorescence tests and for propidium iodide staining.

Example 4
25 Permissiveness of PER.C6 for different Influenza strains

To further investigéte the permissiveness of PER.C6 for
propagation of various Influenza strains, an infection by
using the HIN1 vaccine strains A/Beijing/262/95 and its
reassortant X-127, obtained from the National Institute for

30 Biological Standards and Control (NIBSC, UK) was performed.
On the day of infection, PER.C6 cells were seeded in 490 cm®
tissue culture roller bottles, with the density of
approximately 1x10° cells/ml in a final volume of 50ml. Cells
were inoculated with 51 (10™* dilution) and 50 ul (107

35 dilution) of virus in the presence of 5 pug/ml trypsin-EDTA.



propagation of various Influenza strains, an infection by wusing the HLN1
vacci ne strains A/Beijing/262/95 and its reassortant X-127, obtained from
the Nati ov@bi/ssss1itute for 30 Biol ogi cal Standards and CoPCTALOGMNBE&SC, UK)
was performed. On the day of infection, PER C6 cells were seeded in 490
cn tissue culture roller bottles, withythe density of approximately
1x106 cells/m in a final volume of 50nml. Cells were inoculated with 51LI
(10-4 dilution) and 50 Al (10-3 35 dilution) of virus_in the gresence of 5
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renmoved by spprokimgtdelyn 1 he ckliscabalbod apm 2 thesuspendiung wadsem i n
fresh cul tuy I f ypsi n- EDTA. _ At n ay 4

post -i n#’ec#%}llg@n%!rl:ag%r%%lgérgln%a%o‘g%dg%ét% ﬁhé;\ %er}) 6}4. r%%cgt of 1.3 m of
cel | susperssesperdirarthed butffesm dalture onedyus HostHaOml ndécti on.
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further infections; cell pe wer e used I rect 1 nmunofl uorescence

or
tests. ResWWas adirdi pRdthf t PARPEE bR eRE | hel- 3 nihirdf | €@t tscence and

_hi'sllerraggl ?F@@é%&ﬁ's?c?ﬁ&&’&s %@rﬁf@i\ﬁbl_ ut ﬁc&g‘ld@gﬁ?l Fti@-@?ylﬁ pespect i veg, |
illustratin e efficient replication an rel ease t he, vi ruses. anpl e
5 | nf ect’i vi{g?/%%?tjv?rﬁussﬁ%‘b% R o‘ﬁeﬁR?f(%r?g 3t V\%@ S énd iuegtfcslﬁi%wer t he
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ds.
infected w T tHESS TR it 2 Bei T RYF 26 95 SHd T s T eazsorT ah 127
obtained with the above mentioned immunofluorescence and
haemagglutination assays are shown in Fig.4 and Fig.5,
15 resgpectively, illustrating the efficient replication and

release of the viruses.

Example 5
Infectivity of virus propagated on PER.C6

20 It was verified whether the viruses grown in PER.C6 were
infectious and if adaptation to the cell line could increase
virus yields. Virus supernatants derived from PER.C6 infected
with the strains A/Beijing/262/95 and its reassortant X-127
(dil.10-3) and harvested at day 6 post-infection, were used.

25 At the day of infection, PER.C6 were seeded in 490 cm’ tissue

" culture roller bottles, with the density of approximately
1x10° cells/ml in a final volume of 50 ml. Cells were
inoculated with 100 pl and 1 ml of virus supernatant in the
presence of 5 pg/ml trypsin-EDTA. In order to establish if

30 trypsin was still required, one more infection was carried
out by inoculating 100 pl of the strain A/Beijing/262/95 in
the absence of the protease. After approximately 1 hour of
incubation at 37°C, the inoculum was removed by spinning down
the cells at 1500 rpm and resuspending them in fresh culture

35 medium + 5 ug/ml of trypsin-EDTA. At day 2 and day 4 post-

infection more trypsin was added to the samples. Harvest of



(dil.10-3) and harvested at day 6 post-infection, were used. 25 At the day
of infection, PER C6 were seeded in 490 cnR tissue culture roller bottles,
wi th the wienssd3y2 of approximately 1x106 cells/m in a fipal/Nvaleosse of 50
m. Cells were inoculated with 100 Al and 1 ml of virus supernatant in the
presence of 5 g/m trypsin-EDTA. In order2§o establish if 30 trypsin was
still required, one nore infection was carried out by inoculating 100 Al

of the strain A/Beijing/262/95 in the absence of the protease. After
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Fig.6 and F a ob ai ne ent experiment showe
|nfectlV|tyOfoth?hﬁlvpﬁa§e§rgW@wﬁnlﬁEﬁEQGCBSaye&éIBSa§naHnFﬁ@ﬁ§§sénln
virus yieldgi-4Q Bxampke 6 The presence of cell surface receptors for

I nfl uenza virus on PER C6. Propagation of human Influenza A and B strains
in 15 &hwbryonated chicken eggs always |eads to a sel ection of
receptor-bi gdbpgiuagi ants that harbor am no acid substitutions at the

distal portion of the HA globular head in the exposed and functionally
i nportant r&peopsesencheof cell surface receptors for Influenza virus on

PER.C6.
Propagation of human Influenza A and B strains in

15 embryonated chicken eggs always leads to a selection of
receptor-binding variants that harbor amino acid
substitutions at the distal porgion of the HA globular head
in the exposed and functionally important regions of the
molecule. Because of these mutations, the egg-adapted strains

20 can differ from the original human viruses in their antigenic
and immunogenic activities, as well as their virulence. Human
Influenza viruses isolated from MDCK cells usually present a
HA protein that is identical to the HA protein present on the
virus of the original clinical sample. A recent study

25 (Govorkova 1999) clarified the molecular basis for the
selection of variants in chicken eggs and the absence of this
variant selection phenomenon in MDCK cells. All human
Influenza A and B strains isolated from MDCK cells were found
to bind with high affinity and specificity for alpha2,é6

30 sialic acid-galactose linkages present in oligosaccharides
present in cell surface receptors, whereas their egg-grown
counterparts showed an increased affinity for the alpha2,3
sialic acid-galactose linkages in cell surface receptors
carrying oligosaccharides (Sia2-3Gal). Using specific lectins

35 it was demonstrated that only Sia2-3Gal-containing receptors

were present on the surface of chicken embryonic cells,



nol ecul e. Because of these nutations, the egg-adapted strains 20 can differ
fromthe original human viruses in their antigenic and inmunogenic
activiti eQomss3eel | as their virulence. Human | nfluenza pCT/NEeBIOSED] at ed
fromMDCK cells usually present a HA protein that is identical to the HA
protein present on the virus of the orighnal clinical sanple. A recent
study 25 (Govorkova 1999) clarified the nolecular basis for the selection
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Surfac%ﬁ Both l%ﬁ&ingﬁggfﬁéégxwgs carried out on PER.C6 cells in
suspension and adherent MDCK and CHO cells. MDCK and CHO
cells were released from the solid support using trypsin-EDTA
(Gibco-BRL) . The cell suspensions were then washed once with
Mem-5% FBS and incubated in this medium for 1 hour at 37°C.
20 After washing with‘PBS (Gibco-BRL), the cells were
resuspended to a concentration of approximately 10° cells/ml
in binding medium (Tris-buffered saline, pH 7.5, 0.5%BSA, and
1 mM each of MgCl,, MnCl, and CaCl,). Cell Aliquots were
incubated for 1 h at room temperature with the DIG-labeled
25 Jlectins SNA and MAA. After 1 h, lectin-treated cells were
washed with PBS and incubated for an additional hour at room
temperature with FITC-labeled anti-DIG antibody (Boehringer-
Mannheim) . Finally, the cells were washed with PBS and
analysed by fluorescence activated cell sorting using a FAC-
30 sort apparatus (Becton Dickinson). The results shown in
Fig.8B demonstrate that PER.C6 cells were stained by both
lectins showing the presence of the Sia2-6Gal as well as the
Sia2-3Gal receptors.
In the same experiment MDCK cells were used as positive
35 control for both the sialylated receptors, whereas CHO cells,

due to the absence of the alpha 2-6 sialyltransferase



fromthe glycan differentiation kit (Boehringer-La Roche). 15 The
experinment was carried out on PER C6 cells in suspension and adherent NMDCK
and CHO oed by3836DCK and CHO cells were rel eased from t hepeDNL/@sgpOr t
using trypsin-EDTA (G bco-BRL). The cell suspensions were then washed once
with Mem 5% FBS and incubated in this nmegijumfor 1 hour at 37C. 20 After
washing with PBS (G bco-BRL), the cells were resuspended to a
concentration of aEprQXinater 106cel I s/ M in binding nmedi um
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their oligosaccharide chains. Exanple 7 _
Due to the absolute trypsin requirement for the

propagation of Influenza viruses in cell cultures, the
15 effects of different concentrations of trypsin-EDTA on PER.C6
cell viability and virus replication in PER.C6 cells after

infection using several Influenza strains were investigated.

Infection with Influenza virus strain A/Sydney/5/97 in the

20 presence of low concentrations of tryvpsin

On the day of infection, PER.C6 cells were seeded in 490
cm® tissue culture roller bottles, at a density of 1x10°
cells/ml, in the presence of trypsin-EDTA at final
concentrations of 0.5, 1, 2, 3 and 5 pug/ml.

25 These trypsin concentrations did not interfere with the
growth characteristics of the cells and their viability (data
not shown). Cells were either, mock infected or infected with
PER.C6-grown Influenza virus A/Sydney/5/97 at an moi of 107*
pfu/cell. The viral production was monitored by direct

30 immunofluorescence (data not shown), haemagglutination
aséays, single-radial-immunodiffusion (SRID) above and plaque
assays, all as described above. Results from this experiment
are depicted in Fig.9 and show that the HA content as
measured by SRID as well as the biological activity of the

35 virus, expressed in HAU, were highest when a trypsin

concentration of 1 pg/ml was used. Fig.9 also shows that by



10 Effect of different concentrations of trypsin-EDTA on the viability of
PER. C6 cells, on the Influenza virus production in PER C6 cells and on the
HA prot eiwodess3ved t hereof. Due to the absolute trypsin reqniNLeness2 f or t he
propagation of Influenza viruses in cell cultures, the 15 effects of
different concentrations of trypsin-EDTA on PER C6 cell viability and
virus replication in PER C6 cells after infection using several Influenza

strains were investigated. Infection with I nfluenza virus strain
Al Sydney/ 5/ 9%1ipa Bh@lagugr aseavethe haahesihc BHIPSEE 6fis PRIy FRLM N8N t he

day of infeghkes, BEB) CBegelils waBr pgeeded iin 49Q semBlel souecagondiag
roller bottles, at a enS|t§ of .1x106 cells/n eﬁgr sence of
n

t

t rypsi n- EDTACaCe i §a BT oWEN BN FEILHEn SOBF 3¢ ng gy 2 fg/§ga gPN* 25 These
trypsin concentrations did not interfere with the growh characterlstlcs
of the ceII -nd thelr. ahi |_it data ot shown l.s mere either, nock
i nfect ed E ¢ eh ?. AP e b Hg%£ : ‘vo%‘ /5/97 at an
noi of 10- 4 pqunethe ahg wfrahfpcbduutPER Wéscﬂ@ﬁstwﬁéé peediededn 360
munof | uor gReehggaddald fote SROMM HACERODI ML | 2206001 £ ASERY Bt ot

a u5| on SRI Djjr

si ngl e-r adi |nnunod ove and plagque assays, all as
descri bed aﬁéﬁés/mésuﬂpstﬁﬁo@Fﬁﬁﬁ§C§xﬁérﬂﬁéﬁﬁre§ﬁecﬁéﬁﬁ€ﬁé& iens @9 and

show that the,HAiga0RDERAL %%n@&ﬁ%upf%mbll SBI B ag/wel.l caslsheebicoliogicetled
activity of t 35 virus, expressed QB e hlghest .when % frypsin
concent%%tlwﬁthPFRgFﬁi9%8¥“u§éHUSF?éH§r§P§d7 S 34 38362

PCT/ NLOO/ 00867 / c23 1us prgdackliaguerashay viiliesh mgh;es\bnriumstﬁeld ol diagee

formng units was, gbserve d.i.n_the _sa re N
cells grownlpwuggéﬁéﬁgfgﬁfglﬁlngafmﬁﬂ ugt Eﬁﬁ?iﬁgBS%H%%ébt%%%% %S
| nfl uenza vihognstinaiFngBikar Bhe/ 1hG4ctabifllicyday @ERlﬂﬁe@tld@YPER.Cﬁ cells
wer e Seededih@r@%@ed with the concentration of trypsin. At day 3
15 however, no significant difference was observed in the

percentage of infected cells when 1, 2.5 or 5 pg/ml trypsin

was present. In the absence of trypsin (0 pug/ml) no Influenza
virus infection was detected. At the day of the last harvest
(day 4 post-infection), the biological activity of the virus,

20 as measured by haemagglutination assay, did not differ
significantly. Interestingly, the infectivity assay performed
in samples that were taken at day 3 and 4 after infection,
showed a difference in the production of the virus. The
highest titers were obtained at day 3 and day 4 when a

25 trypsin concentration of 2.5 to 5 (day 3) and 1 pg/ml (day 4)

were used.

Infection with Influenza virus reassortant X-127.
On the day of infection, PER.C6 cells were seeded in T25
30 tissue culture flasks, at a density of 1x10° cells/ml, in the
presence of different concentrations of trypsin-EDTA ranging
from 0 to 7.5 pg/ml. Cells were infected with PER.C6-grown

virus X-127 (egg-reassortant for the strain A/Beijing/262/95)
at an moi of 10 and 10 pfu/cell. Viral growth was
35 monitored by direct immunofluorescence, haemagglutination and

plaque assays. As shown in Fig.ll and Fig.12, HAU titers were



cn? tissue culture roller bottles at a density of 1x106 cells/m, in the
presence of different concentrations of trypsin-EDTA ranging froml to 5
g/m. Ceiweowssse2z i nfected 10 with PER C6-grown virus B/ HapOT/NLG/@86at an
moi of 10-3 pfu/cell. Production of the virus was nonitored by direct

i mmunof | uor escence, haemaggl uti nati on anggpl aque assays as shown in
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and 10-3 pfixk@] celVisrall gmowtie \Ea?§8§510|¢0m t Jr&d oy gione@ntrations of

i munof | uoresgence. piee Bggh thd NetdRNo andl 1P| RAue/RBSaYS1 1 SSwsROW tRer
Fig.ll and Fi 12 HAU titers were WO 01/ 38362% CT/ NLOO/ 00862 26 i denti cal
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moi t hat Wﬁ@VS&&ﬁéyfﬁVﬁﬂGWﬂﬁmQ at an moi of 4x107° pfu/cell. HAU's

15 present in the obtained batches were determined as described.

Importantly, data depicted in Fig.13 clearly show that
trypsin concentrations up to 10 pg/ml do not interfere with
the cell viability. Moreover, the biological activity of the
virus obtained at day 4 after infection as measured by HAU

20 was highér when a trypsin concentration of 2.5 to 5 pug/ml was
used. Furthermore, the TCID;, was measured (Fig.14A) and
plaque assays were performed (data not shown). No relevant
differences were found in these plaque assays, in the
infectivity titers (TCID,,), in the HA cleavage and quantity

25 (approximately 10 pg/ml) as determined by western blot

analysis shown in Fig.14B.

Example 8
Influenza virus production on PER.C6 cells in a hollow fiber-
30 perfusion bioreactor system.

The scalability of Influenza virus production in
suspension growing PER.C6 cells was studied by using 3 liter
(total volume) bioreactors containing a 2 liter cell cell

suspension volume in serum free medium, which is also free of



no significant differences were observed in the infectivity titers, as
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protein western blots using two different anti-HA antibodies

obtained from NIBSC were used. SRID assays as described above
15 were also performed. The results depicted in the two western

blots in Fig.16 show that the Influenza virus batch produced

in this bioreactor yielded an HA content of an estimated

concentration of 15 pg/ml which was confirmed by SRID assays.

The HA produced is comparable to reference NIBSC HA in terms
20 of subunit composition and immune reactivity with the

reference subtype specific antisera.

Example 9
Infection of PER.C6 with A/Sydney/5/97 in a 15 liter
25 bioreactor followed by a specific Down Stream Process (DSP).
Suspension growing PER.C6 cells were incubated at 37°C
in a 15 liter-bioreactor hollow fiber perfusion system, with
a cell suspension volume of 10 liter in serum-free ExCell 525
medium (JRH Biosciences). Influenza infection was carried out
30 at 35°C at a cellular density of approximately 3.3x10°
cells/ml in medium containing 5 pg/ml trypsin-EDTA (Life
Technologies). Cells were inoculated with PER.C6-grown
A/Sydney/5/97 virus (passage number 3) at an moi of 1074

pfu/cell. Perfusion with serum-free ExCell 525 medium



ani mal or human derived proteins (ExCell 525, JRH Biosciences). Influenza
infection was carried out at a cell density of approxinmately 3x106

cel |l s/ M w@el/bsénere i nocul ated with 5 PER C6-grown A/ SydrepNb/GIS# rus, at
an noi of 10-4 pfu/cell. Sanples of 5to 10 ml of cell suspensions were
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The resul t SCoRtaiptag éxpas@mﬁ@% ar¥@s spenhinnedi gursng Tehenfesst gaf eht he

presence agﬁ%éﬁelﬁ%é&9§oﬁf the &stp§8£€lﬂnﬁ§éE§6H bEQI§sU§éPQ E&Q with

di fferent I -HA anti bodies obtained from N BSC were used. SRID assays as
descri bed a@oﬁ%digaﬂehesalgblﬁér¢@$ﬁ@ﬁnlﬂﬁeg¥@@9$@s @épﬁ@te@lln the two

western bl ghg; %§61§n§h8%££§a%1ﬁ@§méﬂélU@@Zﬁl %éPSlP@éfhsgéggHgfgn in

this bloreactor yle an HA content of an esti concentration of 15
}.g/ M vhi chonasinbngi Pomdvhys BREGs@s $MPBI- TiaeNephpr bdnded, i 80xonpar abl e

to referencg %\%ﬁfhafw‘aﬂmﬂlﬁ%@dg Pﬁhéﬁ'@”@iﬁ £eiBa 'éhﬂ“m?‘%(’ '”m‘“e

reactivity w srence sub pe speC|f|c antisera
| nfecti on Ofe@ER B6gwnesh am&wa&@ymﬁl@rutmmana5 Gibeo- BBLbLDfeactor follomed

wre | noubal S ARt Th B e TR E o T8 R P berober FEatDn
system wi téwvenycady suspederonovpénﬁermfsﬂ@ndarercehlseountéreeeEmEEbl 525

medi um (JRH_ Bi osci engces),-In I n [r] ut 30 at 35C at
a celldﬁar dén5|ty 0 ip%rbx? P? %Pa%hg COS §§ e?ﬁrﬁgdlun1contaln|ng

59/m trypseanleEHn@er(ltsfereiebhslodslm@mesz)n E‘chlwwerEghnognhIampd W thct
e, O 0 Ot M SYANEL L1 ey (PEF SO0 AUIEL B\l 20 % 96 19
infectivity assays (data not shown). Furthermore, the HA
protein was investigated by western blot analysis and
15 compared to a NIBSC standard HA control (Fig.20). On the day
of the final harvest of the entire cell suspension (92 h post
infection), a cell debris clarification was performed in a
continuous flow at 20,000g using the Powerfuge™ separation
system (Carr, JM Separations) according to the protocols
20 provided by the manufacturer. Clarified supernatant was then
concentrated twenty fold using a hollow fiber membrane
cartridge of 500 kD cut off (A/G Technology, JM Separations).
The results depicted in Fig.21 show that the quantitative
recovery of live Influenza virus after concentration by
25 hollow fiber as measured by haemagglutination and infectivity

assays is very significant.

Example 10
The immunogenicity of PER.C6-grown Influenza viruses and
30 vaccines derived thereof.

To determine the immunogenicity of PER.C6 grown
Influenza viruses an in vivo study and challenging model in

ferrets was designed. Two batches of trivalent whole-



WO 01/ 38362 PCT/ NLOO/ 00862 28 containing trypsin-EDTA was conti nued during
the first 24 h wupon infection. Two days post-infection, cells were fed
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JM Separations). The results depicted in Fig.21 show that the quantitative
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ity O )
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bioreactor systems with cell suspension volumes of 2 liter.

Fedbatch was performed with the addition of the following

15 solution: A total volume of 96 ml containing 50m/v% glucose
(NPBI), 50x essential amminoacids without Gln (Gibco-BRL-Life
Technologies), 200 mM glutamine (Gibco-BRL-Life Technologies)
and 7.5 m/v% NaHCO; (Merck) was added once. Influenza
infections were carried out at cell densities ranging from

20 1.8x10° to 2.6x10° viable cells/ml, in ExCell 525 serum free
medium containing 5 pg/ml trypsin-EDTA. PER.C6 cells were
inoculated with the PER.C6-grown A/Sydney/5/97,
A/Beijing/262/95 and B/Harbin/7/94 virus batches at different
moi’s: 107 (A/Sydney/5/97) or 107° (A/Beijing/262/95 and

25 B/Harbin/7/94) pfu/cell. During the virus production period,
samples of 10 ml were taken every day to perform standard
cell and viability counts, glucose concentration
measurements, direct immunofluorescence and Haemagglutination
assays. Fig.22 (results from the A/Sydney/5/97-infected

30 PER.C6 cells) shows the total and viability cell counts after
infection with the virus (upper left panel), the glucose
consumption (upper right panel), the percentage of positive
cells in the direct immunofluorescence detection (lower left

panel) and the HAU’s (lower right panel). Fig.23 (results



ferrets was designed. Two batches of trivalent whole WO 01/ 38362

PCT/ NLOO/ 00862 29 inactivated Influenza vacci ne (conposed of

Al Sydney Voo 91738362/ Bei j i ng/ 262/ 95 and B/ Har bi n/ 7/ 94), cont BCTVNDg/d86pg HA of
each of the three strains, were used. The first batch was obtained from
fertile hens' eggs and the second was obtgjyned 5 from PER C6 cells.
Production, purification, inactivation and formnulation of the trivalent
whol e-i nacti vated PER C6-derived |nfluenza vacci nes were perfornmed. as
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and total cell counts of the PER.C6 cells were comparable.

15 AAlso the production levels of the three viruses, as measured
by direct immunofluorescence were similar. Although the HAU
and infectivity titers differed between different strains,
PER.C6 sustained replication of all Influenza viruses that
were tested here.

20 On the day of harvest of the entire batch (either at day
3 or at day 4 post-infection) viral supernatants were
clarified by centrifugation at 2000 rpm in a table top
centrifuge and concentrated ten fold by ultra filtration
using a hollow fiber membrane cartridge of 750 kD cut-off

25 (A/G Technology, JM Separations) following the protocols
provided by the manufacturer. Influenza viruses were purified
from the concentrated supernatants via two subsequent density
centrifugation steps: a 25-70% block sucrose gradient (1.5hrs
at 27K) followed by a continuous 25-70% sucrose gradient

30 (4hrs at 23K). Viral bands were diluted in approximately 50
ml of a Phosphate buffer and finally pelletted at 24,000 rpm
in an ultracentrifuge. Viral pellets were dissolved in 1.5 to

2.3 ml of a Phosphate buffer, aliquotted and frozen at -80°C.
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Ferrets and mice represent two well-established animal
15 models to study Influenza infection and have been used to
determine the efficacy and immunogenicity of Influenza
vaccines. Using the mouse model test system, the
immunogenicity produced by the PER.C6 and egg derived
trivalent vaccines containing A/Sydney/5/97, A/Beijing/262/95
20 and B/Harbin/7/94 are compared by analyzing sera of
vaccinated animals by Haemagglutination inhibition assay.
Using the ferret infection model, immunization is followed by
a challenge with A/Sydney/5/97. Virus recovery on MDCK cells
and Haemagglutination inhibition assay performed on the sera

25 are used to compare the immunogenicity and efficacy of the

two vaccines.

In vivo study in mice.

Ninety female Balb/C mice are divided into nine groups
30 of ten mice. On day 0, up to 100 pul of blood is collected.
The serum is separated and stored at -20°C. Each mouse is
then vaccinated with the appropriate vaccine according to the

schedule in Table I. On day 28, a further 100 pl of blood is



at 27K) followed by a continuous 25-70% sucrose gradi ent 30 (4hrs at 23K).
Viral bands were diluted in approximately 50 m of a Phosphate buffer and
finally pebbesssed at 24,000 rpm in an ultracentrifuge. VPCBNLpEISEE S were
dissolved in 1.5 to 2.3 nml of a Phosphate buffer, aliquotted and frozen at
-80C. WO 01/ 38362 PCT/ NLOO/ 00862 31 The ﬁgrnulation of i1nactivated

I nfl uenza vaccines is based on the amount™(in mcrograns) of the

"immunol ogically active” HA protein, as neasured by the SRI D assay (Wod
et al 1977) takKea. tSestumnds pacfredmed t-@08Gar BatkrngesehésHAgednt ent of the

5 batches. At the sane _tine total anmpount of praotein measur n
Uhe Lowr y- b48EG BETRroCSIR T540sy 1 ¢ (oS Sa L o QARG Chie bt GEddres °
suggest ed by 0Dh@lmbiwhalctsarmgle Lits takenf awmadd allamildé earstsiaicutids calsout 20
to 30%of the total protein content of the viruy epar atii gn._ 10 Exanpl e
11 1n vivo PRRIfodeniSERRy S5 ARC TVACER Facciies - ASHRSEE Y o " g and on
PER. C6. &ermghsrand o GINEReS§RL atred celducesidialin shetmriafleslE doadel s
to study Influenza infection and have been used to determ ne the effiggcy
and i munog@avcifry 28f ansk YdenPdl FRESENESSAUS AF St KOTWNGEE hddeParédt! e
system the rohMA4RPIRRICIFY BoRUUeed Bvnd ke 1RER ChmaRd rege sderi ved

trival ent vacci nes containing A Sydney/5/97, Al'Beijing/262/95 20 and

B/ Har bi n/ 7/ 94 are conpared by anal yzing sera of vaccinated ani mals by
Haemaggl uti nation inhibition assay. Using the ferret infection nodel,

i mmuni zation is followed by a challenge with A/ Sydney/5/97. Virus recovery
on MDCK cells and Haenmaggl utination inhibition assay perfornmed on the sera

25 are used to conpare the i munogenicity and efficacy of the two
vacci nes.



In vivo study in mce. Ninety female Balb/C mce are divided into nine
groups 30 of ten mce. On day O, up to 100 | of blood is collected. The
serum i s wepassated and stored at -20C. Each nouse is thencvateoi/ondsed wth
t he appropriate vaccine according to the schedule in Table I. On day 28, a
further 100 | of blood is WO 01/38362 PCH{{NLOO/ 00862 32 taken. Serumis
stored at -20C. Each nouse is again vaccinated according to the schedul e
in Table I. On day 42, a 100 | blood sanple is taken and all mce are
sacrificed. TaBéfum i s separated and frozen at -20C. Haemmggl utination 5

| nhibition ¢hh)n8geaysialereqpdygt gd.gn serum sanples from day 0, 28 and
42. Al these assays are conducted 1n parallel for each day for both egg
and cel | gy &WH® vi r|US'EEEENWD 01/ 38362 PCT| NEOW/200887 VASENATEQH| e || TOTAL
| mmunogeni cT¥MPER egitTYPR i ce. GROUP ANTI [GENUHEVINI 4APYTBN VACCI NATHoOM $TAL
NUVBER TYPE VOLUVE (m ) ROUTE J1g HA per dose 1 Egg trival ent [whel e virli on
0.5 S.C 9 P—2FgagtriyaheRhers o 95563 0—3Fggrivalent

S r W. rion . 5.8 .
whole viripn0.5 9 & T E g Eaga-trivallent whole Mirion Q5 S . ¢C 0 15 H

PER C6 tri /Al ent widPe ™0 B°% 718 6**%i y9'on 6 PER|G6°trival ent |hble 0.5
S.C. 3.0 pPrion 7 PERCEIER yeAletisidio) €50.5 S. C|s1¢5 virion|8-PER C6

trival ent whol e 0.[%g®. t€ivQedbwhole virion [ 0.5 s.c. 0.15
5 PER.C6 trivalent whole 0.5 s.C. 9.0
virion
6 PER.C6 trivalent whole 0.5 s.C. 3.0
virion
7 PER.C6 trivalent whole 0.5 s.cC. 1.5
virion
8 PER.C6 trivalent whole 0.5 s.cC. 0.15

virion

9 PBS 0.5 s.c. 0




virion 9 PBS 0.5 S.C. 0 5 WD 01/38362 PCT/NLOO/ 00862 34 In vivo study in
ferrets. Eighteen adult fenale ferrets (al bino or polecat) were divided in
t hree gr ou@e1/sd36si X divided as follows: Goup 1 receivedprthaLeggseerived
test vaccine Intra Muscularly (IM, 5 the aninmals were challenged wth

Al Sydney/ 5/97. Goup 2 received the PER derived test vaccine IN, the
animals were challenged with A/ Sydney/ 5? . Goup 3 received the test
vacci ne diluent only and were challenged with A/ Sydney/5/97. On days 0 and
28, the tesIﬂv‘at‘C@r@SUdmerienaﬁﬂ!ﬁm@ered On day 10 56, all the ferrets were
infected intra- fed / us at
TCI D50 103. Nasa %Mséév}l/el?ces%%rl loér)rrfedprgnt}’[ S%%%Tcgt%r?f %+£®gm}%’%é

t enper at ur edJa\nUieAélghttshme tdecdies ref ssiverdi wioted cxredf @htews dagrqup rbm day
57 to 63. S 5 r arayed and
stored at A%AOCC?{% nasa‘%ge%vaf%%‘%[i\;écg t?eés)pv\\/ga?%c% o?ﬁ%ltlgaﬁ b}ﬁg%eg\@%dlsgy éﬁﬁ "wash
recovery cethe Mlmmrdmmw nglﬂhypp/ﬂydnem/@}km ustoou@ssay. The
titer of thec\:/e':lréjed qt% Ip%? omthe sal, wash . s | es vvasr(ljete mne]g
measuri ng the" W Tus y on erZJOV cel\faccjfhe pear}}ran‘-"alnlgia arber:
(1931) cal cehallemnyeuisy tsedit Dy dme g0f A9, T did Wa&emes;vdrﬁetm@gtemt nat i on

I nhi bition _anal ysis, were conducted on ser.u ke da

and 63, Fr oIS CEpEM et S5S COrol A S TRt et AR (8 ¢ eat
vacci ne wasorefdegd | ¥ean@ Ex atripd Etés?t Ghad @it et | waté oafdmin;l.—wtepr@d eion dexy ved

fr0n1Iq%lue@gﬁ.gifL%he[¥é¥¥g§§iég&é’ln§1%ted intra-nasally with 0.5 ml

of the A/Sydney/5/97 challenge virus at TCIDs, 10°. Nasal
washes were performed and inflammatory cell counts,
temperature and weights of the ferrets were monitored once
daily from day 57 to 63. All animals were sacrificed on day
15 63. Serum was separated and stored at -20°C. The nasal wash
samples were stored on ice and a nasal wash recovery cell
count was performed using Trypan blue exclusion assay.
The titer of the virus obtained from the nasal wash
samples was determined by measuring the virus recovery on
20 MDCK cells. The Spearman and Karber (1931) calculation was
used to calculate TCIDsy, values. Haemagglutination Inhibition
analysis were conducted on serum samples taken on day0, 28,
56 and 63. From this experiment it was concluded that the
PER.C6 derived test vaccine was effective.
25
Example 12
Characterization of HA protein derived from Influenza virus
produced on PER.C6.
In order to study the glycosylation of HA in PER.C6
30 cells, a batch of uncleaved HA (HAO) was generated. PER.C6
cells were infected with virus A/Sydney/5/97 (passage number
5 on PER.C6) at moi’s of 1, 0.1 and 0.01 pfu/cell in ExCell

525 medium containing trypsin-EDTA at the final concentration



In order to study the glycosylation of HAin PER C6 30 cells, a batch of
uncl eaved HA (HAO was generated. PER. C6 <cells were infected with virus
A Sydney Moo 8773g3passage nunber 5 on PER C6) at noi's of 1pCDNLo@evde0. 01
pfu/cell in ExCell 525 medium containing trypsin-EDTA at the final
concentration WO 01/38362 PCT/ NLOO/ 00862 335 of 5 g/m. After 1 h of

i ncubation at 35C, cells were washed twice with PBS to renove trypsin and
i ncubated O/N at 35C and 10% CQ2. in the absence of trypsin. The day
thereafter, 06e5|”§6@ben§féﬁ§ hePeohat PeuPaE1aRd2EAPTG f U S {S00g)  and

cell pe"etaagﬁég Esdwa Cep¥i £ QEHbUQ]t ?béhn SHEeE RakBatsqweyR frozen
at -80C and sanples ereo were used in western blot assays as descri bed

to investigab¥ taved b@egéhoel@rt@§8@ﬁ@@n@ﬁ Pric [teapsd "HA Tieotd@ivh.  Uncl eaved
FA proteln (HEQLa6Ras! Ste: 9f ShOgLupoaUbHDLLSha Ot aR] EBA: iRabear e

connected via-a arsu nce |s di sul srupt ed
by reducti oi50Dtgh Eﬁa,ceHAlpahaetweweaa mesbepatutied mndhvinsdahinzedioala

Cubuni (9. *1 PUPROPRSRF 5t HeRCobharelsSharioer 4R LRt o S, "

vi si bl e thahsstgiat @esskoneblbbr asgayanaSD3ePAGEbgl toasneespagedet bhehe
HAl subunit and the fastest mgrating HA2 subunit. The results shown in
Fi g..25 suggEseepre 6Fe§€ﬁ€écﬁf°fnﬁpﬁ@9aﬁﬁélEév@ﬁoﬂﬁﬁﬁfron1PER C6

i nfections when QHE@@E@gdtﬁA E?@t@gﬁ @ﬁAbYegoHQ§bEbV8fC9HérQ%OtBﬁbuﬂ@%s
obtained fromthe 20 N BSC . To confirmthat the band detected was

i ndeed Uhclé&@eénﬁaéﬁﬁgth?Fnﬁﬁe gdppesceddanipad dafpléidasbangesféacew th
di fferent CQQ%E“QE@B&@E OEoB8y9§h“béaHQEPQpE58”b§ Pelifct18nP@hRh bRTiEd UM

O/N at 37C. |geste proteins were hen | oaded under reducing
condi ti ons BAlaan8DBARAGENgRE. SQEaféFB@V\éddbylﬁééﬂélzﬁdbPOt aaRaPysi8gusieRg

tpetﬁane ant}$¢L3eASpydG8CEERARILT BEsFLGi hE- aAB18B0UNchBt Fir@c28A: 26! ea%age

subunits. If the HA protein consists only of HAO, one band

15 will be visible that migrates slower through an SDS/PAGE gel
as compared to the HAl subunit and the fastest migrating'HAZ
subunit. The results shown in Fig.25 suggest the presence of
mainly uncleaved HAO from PER.C6 infections when compared to
the egg-derived positive control that was obtained from the

20 NIBSC (UK). To confirm that the band detected was indeed
uncleaved haemagglutinin, digested an HAO sample was digested
with different concentrations of trypsin ranging from 2.5 to
10 pg/ml in medium O/N at 37°C. The digested proteins were
then loaded under reducing conditions on an SDS/PAGE gel

25 followed by western blot analysis using the same antisera as
described for Fig.l14. As shown in Fig.26A, cleavage of the
HAO could be achieved, confirming the generation of uncleaved
HA protein on PER.C6. Based on these results an assay to
determine trypsin activity in culture medium, using Influenza

30 HAQ as substrate is developed.

Trypsin activity assay

To determine whether trypsin, present in the culture

medium of an Influenza production run is still active, a



HAO coul d be achi eved, confirm ng the generation of uncleaved HA protein
on PER C6. Based on these results an assay to determne trypsin activity
in cul tumeoneskdemm using I nfluenza 30 HAO as substrate i sPAEXeb@@sck
Trypsin activity assay To determ ne whether trypsin, present in the culture
medi um of an Influenza production run is,gtill active, a WO 01/38362

PCT/ NLOO/ 00862 36 trypsin activity assay has been devel oped. This assay is
based on the neasurenent of the enzymatic activity of trypsin to cleave

t he substratleymm ISt HOSEY reseyantas dreemfderenlkepedackhhe peoduciton: the

HAO 5 It Eﬁaﬁ% &n 944@9@&9&@@ @f%c%tg )ﬁ%g\ Fﬁg&lwe ubate P#‘!‘éiﬁl

I nfl uenza 10-3/10-4 p e trypsih renal
active overte hél%&nw riehe p$l@i@l$,|‘€r¢*©¢l that T® ndsts eedievant pfonf Infipeemza ant

taken at d %c 315101 ?‘B §t|29(?1 were used to cleave 68 ng of 10 the
Substrate t consisted o IF—IA I? luenza A Sydney/5/97 virus, 0/N at
37C. Folsl owi ng ditgestis oteteroired evhétigbitrors swleuzeldet PR L6 0 nal
concentratio { ( rﬁ[\w ?% a ? ehri nger
Mannhei m) ﬁ'og&l aeecrlri‘?o uffﬁgh%r?%ga%%{é &P«H Erﬁ i il' e/ggrrpl es were 15
| oaded on ap0l6drls-HGE Sﬂabm&rgedm@eaﬂoacaw)van@ivennthé'hentmeetern bl ot
was perforned descrij bed. . .Th resu 'E %?
denonst r at ep]f%% J?lrlorclzuﬁutluresoo r& |nocula é%a ue%g%nﬁ?-larbi n
Vi rus trypsday renme? nedd acpose dmlfecrgldmneﬂermlnseqbrbducleamer&& ngsoful ture
20 supernat nts ble to cleave (ﬁc n}‘% #—iA | e 13 Di gestion
of HAD i T HORE CrURber R o e ST a TR A Vi S n s FeRe T
gl ycopr ot e|$1ydr|ﬂ@jz/52,59”¢:omﬁmﬂ,s 3/ 0a® NT(Enklecdlm\ytm@ydiageemom gosacehae i de
sites. inhibitors were added to a final concentration of 1x

(Complete protease inhibitor cocktail, Boehringer Mannheim)

in 3x Laemli buffer with 150 mM DTT (Fluka). The samples were

15 loaded on a 10% Tris-HCL SDS/PAGE gel (Biorad) and run. The

western blot was performed as described. The results are

shown in Fig.26B and demonstrate that in cultures of PER.C6

inoculated with Influenza B/Harbin virus trypsin remained

active during the entire production run, as culture

20 supernatants were able to cleave HAO completely.

Example 13
Digestion of HAO with N-Glycosidase F
The Influenza virus HA protein is a glycoprotein that
25 contains 3 to 9 N-linked glycosylation oligosaccharide sites.
The number of sites depends on the virus strain. The location
of these sites is determined by the nucleotide sequence of
the HA gene, and since the viral genome of Influenza is
replicated by an error-prone RNA polymerase, mutations that
30 generate the addition or removal of glycosylation sites occur
at high frequency. The composition and structure of the
oligosaccharide chains present on the HA is then determined
by the array of biosynthetic and trimming glycosylation
enzymes provided by the host cell. Since glycosylation of HA



The nunber of sites depends on the virus strain. The |location of these
sites is determ ned by the nucl eotide sequence of the HA gene, and since

t he viralw@enssse2 of I nfluenza is replicated by an error-peDNeodRNSG2

pol ymerase, mutations that 30 generate the addition or renoval of

gl ycosyl ation sites occur at high frequ%@cy The conposition and structure
of the oligosaccharide chains present on'the HA is then determned by the
array of biosynthetic and trimm ng gl ycosylation enzynes provided by the
host cell. Slage g yoasytidnonrole Hin WO 011 8836 2aRECTY AEODNE08621¢8FY pl ays

an | Thortant, Lol £l 0 Vi Ll Rce, 306, Nacchnen e pagy, . Lheoprepepthescol HA

pr oduced on” dhza Th was i nves at e I gestion of
A/ Sydney/ 5/ @55 unweatlxagjatt-w@ @r@i@eﬂtmm ho £ hie/ N@mgxzbéyﬂ&senéleazqdefl&%s
performed usi

ng 5 protoc |ded th n rer
seven oli g%lé%tg%ﬁ AR %x%ect% & £ 9° %Xsb? eésseegrﬁz %%g?\‘réﬁ%g/ S/}’LHEIA
E)ol ypE|)ot5| dq:rétﬁ&@mzlarcﬁ;éﬁyd@ew&@é m:sufg/setdra\rtho 1%mérvetbheXs&®®n
Mer c ease | or was al i quot of th 3
correspondl?l 9%° %%C emex?%cgﬁg t?okﬁ%l p%%%%rént?%t ?SYX %Qﬁ%{)?ete
pr ot ease |nfhmbpépypepﬁ;cd{éalinBD@émzalgE!Smm@%E$M7 W@sslgae@lelmasr

i ncubat ed th f100_m\M NaPO4, pH 7, 10mM EDTA Bak 1%
SDS (3. T, EKbHT™ aRe 00 BIvErkhpt BERGRGTS (NEY Ht) COTRT S v HnEBbat o 1 or

10 min at r@Dﬂ’q&&Up@f athii €. 1§F§@dsaﬂpu§ wsrel@dmélm@dtds €8meg oA KA Na@PO4
pH 7, 10mM EDTA (J. T. Baker % ? fO/ NP- 40, and 1% B- ner cag}t_loeh nol
(Mer ck)L0 ofa t hiRal 4ePppentedt LR AOF of ¥ t heCPHebe PHPHRIET o FBit0hi s 2 pl

1U pl of gtyercdii I\B&éryﬁpls%élas&ahhgmhrImﬁé)smplédﬂgs andubatubat ed
for a mninumperiod of 16 h at 37C. _Then 3x Labenh buffer 20 with 150 nv

DTT (Fl uka) thRsPERRRRCE o°h P Aam cBrRentthation 1! BBIA Thb Saff & Mer® run
on a 7.5% SHig PASEr gepakdhp SRS- PROB-mépdapest®imo bl plie ek p. pehioraesd as

follows. In brief, the
incubated for 10 min at room temperature. The sample was

15 diluted 5 times in mM NaPO4 pH 7, 10mM EDTA (J.T. Baker),
0.625% NP-40 and 1% B-mercaptoehanol (Merck). Of this, 40 pl
was used for the glyco-F digestion. For this 2 pl 1U/pl of
glyco-F (N-Glycosidase F, Boehringer) was added and incubated
for a minimum period of 16 h at 37°C. Then 3x Laemli buffer

20 with 150 mM DTT (Fluka) was added to a final concentration of
1x. The samples were run on a 7.5% SDS/PAGE gel. The SDS-Page
and western blot were performed as follows. In brief, the
blot was blocked for 30 min at room temperature with block
solution (5% non fat dry milkpowder, Biorad in TBST

25 suplemented with 1% rabbitserum (Rockland), followed by 3
washes with TBST. Then, the blot was incubated with the anti
A/Sydney/5/97 HA antiserum (98/768 NIBSC) diluted 1/500 in
1%$BSA/TBST with 5% rabbitserum (Rockland) overnight at
roomtemperature. Again the blot was washed 8 times with TBST.

30 Finally the blot was incubated with the rabbit anti sheep
antiserum-HRP labeled (Rockland) 1/6000 diluted in
blocksolution for 1 h at room temperature. After 8 washes
with TBST the protein-conjugate complex was visualized with

ECL (Amersham Pharmacia Biotech), and films (Hyperfilm,



bl ot was bl ocked for 30 mn at roomtenperature with block solution (5%
non fat dry m | kpowder, Biorad in TBST 25 suplenented with 1% rabbitserum
(Rockl andyQ of/sdsbowed by 3 washes with TBST. Then, the bl pcTM™was0/e08cubat ed
with the anti A/ Sydney/5/97 HA antiserum (98/ 768 NIBSC) diluted 1/500 in
19BSA/ TBST with 5% rabbi t serum ( Rockl and), pverni ght at roontenperat ure.
Again the bl ot was washed 8 tinmes with TQ 30 Finally the bl ot was

i ncubated with the rabbit anti sheep anti serum HRP | abel ed gRockIand)

1/ 6000 di | ubmerghambLofRsELdGENGA) f ¥Ere AXROSEBonPEeAPerat PeligfL2dr 8

washes —with IBSl.fbe,prat %g,e §9g5y9§a§s§9ﬁpgﬁé iﬁ@scib%@}/ ;@eu%ahthgct

(Amrer sham Pharmacia Bi otech Hyperfilm WO 01
PCT/ NLOO/ 00862e 3& Aher phakelinfeitti eppepximptcéypd8edOkBs §ﬁémﬁ in Fig.27,

L oatment whbheLhe gLuegSLAase; Eagnee) sLEaCEY sbsiucadibhpe sl e of Lhe

protein wt ppr oxI ma roximately t predi cted | oss
of abouts 4 k[hgesaEcbhkgdsacTharpdeteIhebpndtéeplbaﬁd dephceadaniehigks

P Csubuni ¢ Tl otcEPELAE dIEERYO e HAG AL giates yfidthy 8 the
subunlys_(rtghtHAanesbuniﬁ Bxadpte ddtelipaedagétel HAGawaph Afcthfseéntdhe
possibility %?o?n$e§§2b ngl Ilanhgeilved trypsi n-EDTA with

non- manmal i & te| s 'was investigated. Recently, a

m xture of proteolytic and 15 collagenolytlc enzynmes (AccutaseTM PAA) from
invertebrate spe0|es becane avail able for routine cell culture. Due to its
non- mantfal | B¥a8BLRcd4Accut ase is free of prions, parvovirus and ot her

conponent s &bggvgggegglﬁhbnggﬁ £apLagkRate trypsin- EDTA sol utions. No
information regarding the type of 20 proteases present in Accutase could be

obt ai ned to dat eTh@hpossibility to replace the mammalian-derived

trypsin-EDTA with non-mammalian or recombinant proteins was
investigated. Recently, a mixture of proteolytic and

15 collagenolytic enzymes (Accutase™, PAA) from invertebrate
species became available for routine cell culture. Due to its
non-mammalian source Accutase is free of prions, parvovirus
and other components that poteﬁtially can contaminate
trypsin-EDTA solutions. No information regarding the type of

20 proteases present in Accutase could be obtained to date. The
cleavage of HAO was studied using western blot analysis. A
constant amount of HAO proteiﬁ, obtained by PER.C6 infected
with A/Sydney/5/97 at an moi 1 pfu per cell without trypsin,
was digested with serial dilutions of Accutase, 0/N at 37°C.

25 As a positive control the same amount of HAO digested with
100 ng of trypsin-EDTA was used. The digested proteins were
then loaded on a 10% SDS-PAGE gel, under reducing conditions,
for western blot analysis. As shown in Fig.28 digestion with
2 pl of Accutase treatment resulted in complete cleavage of

30 HAO; partial cleavage was observed using 0.2pl.

These results suggest that treatment with Accutase

during Influenza replication and production can replace

trypsin-EDTA during Influenza infections on PER.C6.



cl eavage of HAO was studi ed using western blot analysis. A constant anount
of HAO protein, obtained by PER C6 infected wth A/ Sydney/5/97 at an noi 1
pfu per oedbisdsshout trypsin, was digested with serial dPCTNLoME&SS
Accutase, O/N at 37C. 25 As a positive control the sane amount of HAO
digested with 100 ng of trypsin-EDTA wasused. The digested proteins were
then | oaded on a 10% SDS- PAGE gel, under "reduci ng conditions, for western
bl ot analysis. As shown in Fig.28 digestion with 2 | of Accutase treatnent
resulted in conplete cleavage of 30 HAQ partial cleavage was observed
using 0.2l._Thes fgults suggest that treatnment with Accutase during
I nfl uenza rep?m%a?l on and production can replace trypsin-EDTA during
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El ectron m croscopy analysis of Influenza viruses on PER C6 cells. 5
Tr ansni ssi d*P¥tRctron nicroscopy studies were done on PER C6 cells that
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that the | ast €s o virus life cycle are represented by buddi ng
and rel easeStUir@&ﬁ/@@lpeﬁlWrm@mriabrﬁotcﬂﬁt%lgﬂt\bfpﬁf aélflﬁ? cPhendt vpe. O@pﬂkb%

Co”espond'ﬂgff_ ,3%; Yﬁﬁm ML vigal, Phet &k Hs Me{ ey det 86¢ Qrwﬁg@nt'ng

t he periphery o on particles. The figure also shows t
char actier i stsed palee onpt bhksowofte rfe rernra vkilbed. inExagphet 16Fiafe2ti on of
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represented by budding and release of enveloped virions from

the cytoplasmic membrane. Spikes corresponding to the HA and

NA viral proteins were detected, ornamenting the periphery of
15 the virion particles. The figure also shows the

characteristic pleiomorphism of Influenza viruses.

Example 16
Infection of PER.C6 with a large variety of Infuenza A and B
20 virus strains
The use of PER.C6 as a platform technology for the
production of Influenza vaccine requires PER.C6 to support
the growth of a wide range of strains of different Influenza
. subtypes.
25 Static suspension cultures of PER.C6 cells that were
| grown in T25 flasks and/or in 6 well plates in ExCell 525
medium, were infected at a cell density of 10® cells/ml with
16 different strains of Influenza viruses shown in Fig.30A.
These strains comprised several H3N2, HIN1l, B type and Avian
30 strains. Infections were performed in the presence of 5 pg/ml
of trypsin. The viruses were obtained from NIBSC (UK) as egg-
passaged wild type or reassortant strains and are noted in.

Infection was performed with a virus dilution recommended by



The use of PER C6 as a platformtechnol ogy for the production of Influenza
vaccine requires PER C6 to support the gromh of a w de range of strains
of diffemvemb1/88362 uenza subtypes. 25 Static suspension cubPt¢TNeso/@B6PER. C6
cells that were grown in T25 flasks and/or in 6 well plates in ExCell 525
medi um were infected at a cell density aofg 106 cells/m wth 16 different
strains of Influenza viruses shown in Fig.30A  These strains conprised
several H3N2, HLN1, B type and Avian 30 strains. InfectiqQns were rf r med
in the preséheeNeFSE &Qlﬁpe BFOQPﬁﬁsFﬁee?ﬁetU?Fu§§§em€FélBSF&ﬁn@d %

NI BSC (UK) @sre¢@denpassagedsW hd1t YR ksl eagsent aBkeSthphBs cabd are not ed
in. Infection was perforned wth a virus _dilutjon recomended by WO

01/ 38362 PCPFRPBOAG68B20N4EERRE CNPBSTLISHALAESHr BUTEREEL S ERECREFe

del i vered wi HQt’éhﬁotdeB@E‘?nEn@t rcawgtlehl o gu%%b%b%d fIRL@scapablrg of
propagati on on PER C6 as visualized by inmunofl uorescence (data not shown)

and tltr%tléﬁséw dbperAddBant fluids in pfu s assay (Fig.30B). These

results show t ha n t S p ri ch
as A/Johannesburg?gé%QrgQL% %e§ﬁo§ ;%g@/eGQﬁ raEedenb¥ aRrasherigks)cted

Al Duck/ Si ngkpora- @EE19s8697, Svﬁhtaéré/JﬁbﬁnﬁEE?uW§/93dﬁﬂﬁlcult to produce
on e”bryonah?ﬁeﬁggﬁgg§§4993rEBH'%agﬁc§9§é?§pP699U69@lq@ %Z®7hu%ﬁﬁtpg@e

cells neration of rpes type 1 Vi rus,
Herpes Si npbexatypeveryHEVLZ) cuiltuscapdonNkasl es emb@ryoaﬁtPEReG@S 80t was

tested yhet igh 9LORE YhEUBESLUANCLAT LHERRE KLRUA pBRICAIRAGWISUS, such as

Her pes Sinpl€X Virus ype and~ Measl es virus coul d also repl|cate
on PER C6. Vaccines that are derived fromthese PER C6-grown viruses and

t hat |nduceExQ%g&ga552|ng effects in humans for protection against wld

Generation of Herpes Simplex type 1 (HSV-1l) virus, Herpes
Simplex type 2 (HSV-2) virus and Measles virus on PER.C6.

15 It was tested whether other viruses than Influenza virus
and Adenovirus, such as Herpes simplex virus type 1 and 2 and
Measles virus could also replicate on PER.C6. Vaccines that
are derived from these PER.C6-grown viruses and that induce
neutralizing effects in humans for protection against wild

20 type infections are generated from the PER.Cé6-grown virus
batches. The strains that were obtained from ATCC and used

for infection of PER.C6 cells are depicted in Table II.



20 type infections are generated fromthe PER C6-grown virus

strains that were obtained from ATCC and used
cells aravoepsssted in Table I

for infection

Her pes sinplex virus and Measl es strains that were obtained

and that were used for
Passage history Titer
y.s./12, PR RabK/5, 106.

Lot nr.
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i nfecti on of PER

cells. 5 Virus St
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WO 01/ 38362 PCT/ NLOO/ 00862CT/ALoo/aéd e | |

The
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Ib Sinplex Md 1, PrRabK/5, TCI D50/2001 Type 1

Vero/ 4, Ver®dgp¥ecl&d -81)/1 Herpes M5 VR-540 216463 Sheep choroid 10

Sinpl ex ple 2 2 - 0L2Q0 V 581)/3
Veas! 65 Edmonsees %/l%%e’z{lg%g%ﬁ%gﬂeﬁ%ﬁﬂ%?Piri‘/g%?wi%a%/ ?%9%/%%?% CCL-
TCI D50/ M fzey/ the\CADIL 38882t PET/ M08/ 08862forn2iTEerbspnwhét RER. EI8V- 1 and

HSV-2 and ngashes viruses

produced o

| abt ekchanber s,

skilled in
from ATCC)
controls a

n

al |l [

Nenle

S obtained fromthe ATCC could replicate and be
PER. C6, passage nunber 46 cells were seeded in 5
coated with Pol y-L-Lysine using nethods known

to persons

a)
-

‘5iﬁ§sﬁrf! $train’/Y YSHTEC ' LothZU'N :Yassggéu %Yé’ltgrlyerﬁ Cefliltér (O_bt a'
were culftured at | passage{nunber|137 and were used as positiv
nd seedeld at a dgnsrdxy of [2. 5x104 cells/well. At day 0, when
Herpes Macintyre [ VR-539 1327850 | y.s./12, PR RabK/S, 10°%-7 V
Simplex Mb/1, PrRabK/5, TCID50/200pl
Type 1 Vero/4, Vero(ATCC

CCl-81)/1
Herpes MS VR-540 216463 Sheep choroid 10'?
Simplex plexus/?, Hela/?, TCID50/200ul
Type 2 PrRabkK/7, Vero (ATCC

* | ccl-81)/3

Measles Edmonston VR-24 215236 HK/24, HulAm/40, MRC- 107

5/1, MRC-S(ATCC CCL- | TCID50/ml

171)/1

ed



10 wells with PER C6 cells were 60% and Vero cells 80% confluent, cells
were infected with different nmoi's ( 10-3, 10-2, 10-1 and 1 TCI D50 per
cell) . AodmBd3y2intervals upon infection, cells were fireDNandoodesayed in
i mrunof | uorescence using FITC-conjugated type specific nonocl onal
antibodies 15 using a kit (lmagen Herpes,Sinplex Virus (HSV) Type 1 and 2,
(Dako) and FI TG conj ugated anti bodi es against the HA and nmatrix protein of
neasl es virus (neasles I FA kit, Light diagnostics), follow ng the
procedures suggested by the rranuf acturer. The antisera are directed

agai nst HSV-1 ang, -2 20 gk Meastes Vidhts piligensa ddies 1esultsygdymari zed
in Fig.31 showthat PER Co Is permssive for HSV-1 (Fig.31D), HSV-2

(Fi g. 31E) arlet adead ebrowi the %m@ FN)d | rerbicare . amrbhdr rRteced Hen
Kinetics sugge g&s nﬂi‘@éséé‘ﬁe ML HSES £&P14 Gt £o 0N ERRy G in an

noi - dependent It was Investigated whether HSV-1, -2 and
Meas! es s vilalst €loch anber pr om@mqédﬂxirh FIRR. Yo6L— IS £ e susReld o tloger nown

HSVo2. (i o, TP AT ERe A kot 1 0F 600K T ThoT sell 507 To) Measl coViTus
(Fi g.32B) (ctm:s:s‘asgé Venbecell)s mbtdmale@cﬁmmezhﬂécbfwwmmlt@mﬂie@@ cpe,
cells and S“a°e£ &rﬁr ¥““’1[ dﬁ{é’%éree t%é‘%é%% ypéé?%f@e'@o%‘#%’%? and

thawed. Affter superna were passaged usi ng
appr oxi rratesle;ﬁdm q;tt atcd)erEER:ﬁ)Goi(th&l@ padsadechdnblk WOQLBQB@E

CT/ 00/008 h hi d
esnodd (ot s 4 Al pdR 18 LEPENINGE IPP o SOTPLEL S EPEL AR N, A

passagéL (pa Inasim manner. The noi'.s
of the pas&agefmmte,r @e Bhel e e in fhet texdi wieth | dhi £ fet s peet’ sby ( TADEO

assays. 2re ths 0 exper i s show t hat Her Lex Virus
type 1 and 5g¥£§-3%§§§%§9 q%gf . Sk Qar'fy ferpes., ' pbs

1nfectlon, cells were fixed and assayed in immunofluorescence
ﬁsing FITC-conjugated type specific monoclonal antibodies

15 using a kit (Imagen Herpes Simplex Virus (HSV) Type 1 and 2,
(Dako) and FITC-conjugated antibodies against the HA and
matrix protein of measles virus (measles IFA kit, Light
diagnostics), following the procedures suggested by the
manufacturer. The antisera are directed against HSV-1 and -2

20 and Measles virus antigens.

The results summarized in Fig.31 show that PER.C6 is
permissive for HSV-1 (Fig.31D), HSV-2 (Fig.31E) and Measles
virus (Fig.31A) infections. Furthermore, the kinetics suggest
that these viruses replicate on PER.C6 in an moi-dependent

25 manner.

Next it was investigated whether HSV-1, -2 and Measles
virus could be propagated on PER.C6. To this end cells were
infected with moi of 0.01, 0.1 and 1 TCIDso/cell for HSV-1
(Fig.32C) and HSV-2 (Fig.32A) and an moi of 0.001 TCIDs¢/cell

30 for Measles virus (Fig.32B) (passage number 1). At the
occurrence of almost complete cpe, cells and supernatants
were harvested, quickly frozen in liquid N, and thawed.
After this, clarified supernatants were passaged blindly

using approximately 100 pl, to PER.C6 (this is passage number



replicated on PER C6 and that replication and propagati on can even occur
when noi's as low as 10-7 are used. 10 Exanple 18 Screeni ng of rotavirus
for repliwabi/sasepn PER C6. To test whether PER C6 coul d ¢ BOLSu@sert t he
replication of a rotavirus, PER C6 cells were infected with a Rhesus
rotavirus (MVJ 18006; ATCCHVR- 954; strain G;USA: 79:2; i5 | ot#2181153). PER C6
cells (passage nunber 41) were cultured "at a density of 1x105 per m and
Monkey derived Vero cells (obtained from ATCC, passage number 139) were
cultured at2h- Aepertyeathingxabaopercomplerrl cemsagrent |§ Skerddrapsage
Labt ekchanb t e - L th, pol y- 1 - i US4

ot hots enogreTsia8 nafile DOFT RS, SORLEI I PO drme da B RERAO LOIRE |
moi of 1 TG®BE0# cef |thd Rhesage rowmver ud amd 3 heepe edehermanedabsence of 2

yg/ m of tr I 0= A Af 90 Lp_of infections, cells were washed with
Lol 1 55 2Ot P T raBlated at 57 At 1006 G2 N a hum dif1ed

25 at nosphere. Ohé pomsktstéoVetlvdays dxpeniments nfleet i omt Benpées of
super nat ant g, rvest clarjfie I LS by
centri fugatié%r}rg\gg X% u$p€n3?$% % %Ilé%l egt%%grpé%%ir% u‘ggg%l%% a%% %%d in an
ELI SA speciféeplfcatedtavi PER. C§ | Didl A liRot avép UscaDadm) and heropsgat sodepact ed

in Fig.33 30 cl earl%%s ow t hat, Rhes? r ot a\é{(izus replui gates on PER. C6. WD
01/ 38362 PCTINE007 00862 <441 EGENDS 1O FHE FI GORES'FIrg.’| . Percent age of

infected cells (positive cells) viewed mcroscopically after
i mrunof | uor escence assay versus 5 percentage of dead cells neasured via
FACS af¥%er F¥¥pPHeub8 i odide staining, at noi's of 10-3 and 10-4. Poor

Gt g ve e i dr AOMTRER RolChERALER of PEL O T Soted col I s
vi ewed m croscopre¢alést whether PER.C6 could also support the
replication of a rotavirus, PER.C6 cells were infected with a
Rhesus rotavirus (MMU 18006 ;ATCCHVR-954;strain S:USA:79:2;
15 lot#2181153). PER.C6 cells (passage number 41) were cultured
at a density of 1x10° per ml and Monkey derived Vero cells
(obtained from ATCC, passage number 139) were cultured at a
density of 2.5x10* per ml, and subsequently seeded in
Labtekchambers, that had been pre-coated with poly-L-Lysine
20 using methods known to persons skilled in the art. Cells were
infected with an moi of 1 TCID,,/cell of Rhesus rotavirus in
the presence and absence of 2 ug/ml of trypsin-EDTA. After 90
min of infections, cells were washed with ExCell 525 medium
and further incubated at 37°C at 10% CO, in a humidified
25 atmosphere. On 5 consecutive days following infection,
samples of supernatants were harvested, clarified from cells
and cell debris by centrifugation at 2000 rpm in a table top
centrifuge and analysed in an ELISA specific for rotavirus
(IDEIA Rotavirus, Dako). The results depicted in Fig.33

30 clearly show that Rhesus rotavirus replicates on PER.C6.



after i munofl uorescence assay. Sanples derived from infection at noi 10
and 1, at 48h post infection are not shown, because of full CPE 15 Fig. 3.
Ki neti cs vwb ovss3es propagati on neasured in hemaggl uti nat i PQT/NRIG/@SEHAU)
fromday 1 to day 6 after infection. Fig.4. Percentage of infected cells
(positive cells) viewed 20 mcroscopicaljy after immnofluorescence assay.
Fig.5. Kinetics of virus propagation neasured in hemagglutinating units
(HAU) fromday 1 to 6 after infection. 25 Fig.6. Percentage of infected
cel s (posi LEFENDS| ITQ TFe WeEURESr oscopi cal |y after i mmunof | uorescence
assay. Fig. 7 Kinetics of virus pr opagatl on rreasur ed in hemagglutinating
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and t he Maadkidddgmstedsiiaigaggitummodi's EVAAYL A0aoe/ 38362 PCT/ NLOO/ 00862 45

l'ectin that pgpecCifiigalliy %@ogmieze.%ﬁlsa%-x%@alsammlé@g@%mm fsehemat i c
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15 Fig.3. Kineticsg of virus propagation measured in
hemagglutinating units (HAU) from day 1 to day 6 after

infection.

Fig.4. Percentage of infected cells (positive cells) viewed

20 microscopically after immunofluorescence assay.

Fig.5. Kinetics of virus propagation measured in

hemagglutinating units (HAU) from day 1 to 6 after infection.

25 Fig.6. Percentage of infected cells (positive cells) viewed

microscopically after immunofluorescence assay.

Fig.7. Kinetics of wvirus propagation measured in »
hemagglutinating units (HAU) from day 2 to 6 after infection.
30
Fig.8. Expression of Sia2-3Gal and Sia2-6Gal linkages on cell
surface receptors present on Chinese Hamster Ovary (CHO)
cells, PER.C6 cells and MDCK cells. (A) Schematic
representation of the interaction of the Sambuca nigra
35 agglutinin (SNA) lectin that specifically recognizes SiaZ-

6Gal linkages and the Maackia amurensis agglutinin (MAA)



the FITCGanti-DI G anti body (open). The upper panels show the shift in the
FACS anal ysi s obtained by using the SNA |l ectin and the |ower panels show

t he shiftwon/sd3e2 FACS anal ysis obtai ned by using the MAA per/NLm/00sd5 Fi g. 9.
Infection with A/ Sydney/5/97 on PER C6. (A) Effect of trypsin-EDTA on HAU
titers. (B) HA concentration in g/m andgg(C) virus infectivity titers in

pfu's/m as nmeasured in crude viral supernatants, 96 hours post infection.
20 Fig.10. Infection with B/ Harbin/7/94 on PER C6. (A) Effect of different
concentrat i BREEHE EhahsFPeEDTRCHE b SFRCUNR T IRF antP2ad¢et YIRERIEH eb1F on on

growt h ki negérs:&nat{ﬁ) HALLALEISn PRI th Sh Pl raRd (fDeVisdsanpfepigvity titers
inpfu/m. 25 Fig.ll. Infection wth X-127 using an noi of 10-3 on PER C6.

(A) Effect ditihgdsire Pl ohingilgiRER 1aPHAFE0l pFtandeB)d o rivae

infectivi tyoiié@é§cér'i‘af’i&'é nin g i Hg éxé’adélﬁfé@ffaéé‘fﬁ%téﬂn 30 H&12.
Infection wth” X-127 using an noi of R (A) Effect of

trypsi nSEDTERACHU gl HenFAGS mmﬁ%nsm %f\dC%B}S 3\141@%51?%(?%3&?}% Pistiters in

fu/m duri / R 8 e
T, 0y ST CeEd o L SR LN LR

bi ol ogi cal wcth in‘I"&CoIabehbe@u ansi- l&feCE |anv Biedy tys ag pPrecsdiees akreyn to

t rypan- bl ue%es &iﬂé n%fjf Ak dojfﬁ elSe V‘Q{@_Er@éz U S npSr aéo QréPg%f‘&&&ave”

per 50 Al trypsi n- on virus infectivity titers and
HA protein mmiresntt e ef Lhof ¢ seezee i iiteen s oy of £ PERCCBn-sedligedi ¢dlls

A/Syd”%%/5/gg£a§f9a§TE%$£ﬁ§£&iNiEH S5PRY Weft were incubated only with
the FITC-anti-DIG antibody (open). The upper panels show the
shift in the FACS analysis obtained by using the SNA lectin
and the lower panels show the shift in the FACS analysis
obtained by using the MAA lectin.

15
Fig.9. Infection with A/Sydney/5/97 on PER.C6. (A) Effect of
trypsin-EDTA on HAU titers. (B) HA concentration in pug/ml and
(C) virus infectivity titers in pfu's/ml as measured in crude
viral supernatants, 96 hours post infection.

20
Fig.10. Infection with B/Harbin/7/94 on PER.C6. (A) Effect of
different concentrations of trypsin-EDTA present during and
after virus infection on growth kinetics. (B) HAU titers per
50 pl and (C) virus infectivity titers in pfu/ml.

25 -
Fig.ll. Infection with X-127 using an moi of 10" on PER.CS6.
(A) Effect of trypsin-EDTA on HAU given in HAU/50 pl and (B)
virus infectivity titers in pfu/ml during 5 days after
infection.

30
Fig.1l2. Infection with X-127 using an moi of 10™* on PER.C6.
(A) Effect of trypsin-EDTA on HAU given in HAU/50 pl and (B)
virus infectivity titers in pfu/ml during 5 days after

infection.



10 carried out by inoculating, in quadruplicate, MDCK cells with a total
of 100 Al of 10-fold serially diluted virus containing supernatants, in
serum freeonesisean Wi th trypsin- EDTA (4 g/m). After sevenCTay.80/00862
supernatant of these cultures were tested for HA activity. The infectious
virus 15 titers were cal cul ated accordingﬁ;o t he net hod of Spearnman- Kar ber
(1931). (B) Western blot analysis of the Sydney/ 5/ 97 HA protein.
Harvesting of viral proteins were carried out by disruption and
denaturation of proteins using an SDS containing |lysis buffer. The

el ectrophoretic.run s 20 perforned 10% SDS, gel ;under _reduci ng
conditions.ﬁl%mb ra?ﬁ%eﬁéo?giﬁgyﬁﬁfﬁ'gﬁ%ge m%gi)éﬁésggeg?}?ﬁ %ﬁ?F}glty

A/ Sydney- Hramat (Berliologieasi agt avbint sf othe hreiposi t Ceel voabibityW &ydney
HA anti gen 4.1 - f ~ o S n t

i ndi cat ed té%%%?ﬁe?n%ggé%eggggégaﬁ%?gssf$?§%§§5 ﬁéﬁe§§9§£%ea%ggd@%$£%%§§15.
PER C6 el | 3svieprribgd gndcaseeropeentPation and growth kinetics of :
Al Sydney/5/97 in a hollow fiber perfusion system 30 Fig.16.
Characterization and quantification of Influenza virus A/ Sydney/5/97

pr opagat ed Bhg PER, 8ffach hbl toyp$iheEDTheot usi vns sysfent 1 BDSy PREeand

West ern bl of s3Wex e, H9Pg; AS [ N 04 £ 4. forst ep
anti - A/ Sydney- HA g% gﬁ%f oﬁ?ﬂgéﬁ% %gﬁ%%|%%§gggﬁ%%b%§§§§%%? FgftggR?gi pr obe
(F7), WO 01¢8B3s2wPdr/ N 8pAne862/ 227 MdusBeohREFehAVItY Sapsay (vas) was

used imol: 108Br dbdUbh@Nby AScduBLEOR, anhi §REANrapUoahtant iporusel HRRvith

conjugated antibody_(Biorad), _.in 1: O dilutjon s used, 5 Fig.17 PER C6

cell's viabi#it9t¢ e%g bgﬂeF¥ aﬁdl%Tﬁ%igeseEbﬁi t?ngBﬁa(Y?ﬁﬂ? panel) in a

12 liter bicsrasintnygpstipedRaténaé einvsenmi fifeet nediusi wytW Sydpeyns/ 97

VIiTrus. EDTA (4 upug/ml). After seven days, supernatant of these
cultures were tested for HA activity. The infectious virus

15 titers were calculated according to the method of Spearman-
Karber (1931). (B) Western blot analysis of the A/Sydney/5/97
HA protein. Harvesting of viral-broteins were carried out by
disruption and denaturation of proteins using an SDS
containing lysis buffer. The electrophoretic run was

20 performed on a 10% SDS/PAGE gel under reducing conditions.
Separated proteins were probed with the specific anti-
A/Sydney-HA antisera. Increasing amounts of the positive
control A/Sydney HA antigen (left 4 lanes) and 10 ul of
PER.C6 cells supernatants of the indicated trypsin incubated

25 samples {(right 5 lanes) were loaded.

Fig.15. PER.C6 cells viability, glucose concentration and
growth kinetics of A/Sydney/5/97 in a hollow fiber perfusion
system.
30
Fig.16. Characterization and quantification of Influenza
virus A/Sydney/5/97 propagated on PER.C6 in a hollow fiber
perfusion system. SDS-PAGE and Western blots were done as
described in legend to Fig.1l4 for the Sheep anti-A/Sydney-HA
35 antibody. The monoclonal antibody anti HA-tag (HA probe (F7),



Fig.18. Infection of PER C6 with A/ Sydney/5/97 in a 10 liter 10 cells
suspension in a 12 liter Bioreactor. Kinetics of virus replication as
measur ed w@ oi/ss3enof | uor escence assay are given in percenpPapyasomiose2
positively stained cells. Fig.19. Infection of PER C6 cells with

Al Sydney/5/97 in a 10 15 liter cell susgppsion ina 12 liter Bioreactor.
Kinetic of virus replication as neasured by Haenaggl utinati on assay are
given in HAU s during several days after viral infection. The bar depicted
with an astmseiisk menppéonaiber SantpACryzdbrvapnededatned : POREr Addatiprn.

clarificat gn assdesgsl brdibighne kext. 2305 Fhgu20- kNEsLER).Bhekal ol | ovi ng

an infection o virus in a

suspensi on antabdgdy IBneraBDoreacﬁoﬁ503hdmhutsoﬂhéaéhaﬁadterlzatlon and
quantification of the Influenza virus A/ Sydney/5/97 HA 25 pol ypepti de.

SDS/ PAGE and Western bl ot were done as described in legend to Fig.14. The
differers sbbgni?sPERAC6andlHA2yiahdlitkie (hehAtcbeneed BAD pﬁgpesns are

depi ct ed by rrow. he r osi.t hye
cont ol . 30oRrGeRE P BERn, I BaPEoRTar THALY s and bt GFh DaPEeroraFodPi 58 of
PER. C6 mnthhAéSydneyi5é97lnﬁeat16nlusenchVByduepéﬁéB@nvumua 12 liter

bi oreactor. The infection was foll owed by Down Stream Processing (DSP). The
recovery of viral yields after WD 01/ 38362 PCT/ NLOO/ 00862 48 hol |l ow fi ber
uItrafiItraFiganZOIhﬁédtmonceﬁtPERLOE)wﬁShaASSydsthﬁ/9Fign22.1Dnﬂétbkon

of PER C6 mnﬁg A/Sane [5/97.i g #L er BS cel ct uspg ign in ? 3.Liter
bi or eact%r . CPERS B 58? glogléBIFI b%ﬁ@r FRFTFC gf ucosBcofieRtr 4t 6R
(upper rightgplasdtgoowes keastkes by Cheunbflsorastbecpensenyageeotiven

itivel |n|n | i i )
positively f%aperc gggég S%Oggg1L$gglyaggakﬁééscg£?§?r right) are given

Fig.19. Infection of PER.C6 cells with A/Sydney/5/97 in a 10

15 liter cell suspension in a 12 liter Bioreactor. Kinetic of
virus replication as measured by‘Haemagglutination assay are
given in HAU’s during several days after viral infection. The
bar depicted with an asterisk is ﬁhe number of HAU’s obtained
after Powerfuge™ clarification as described in the text.

20
Fig.20. Western blot following an infection of PER.C6 with
A/Sydney/5/97 virus in a 10 liter cell suspension in a 12
liter Bioreactor. Shown is the characterization and
quantification of the Influenza virus A/Sydney/5/97 HA

25 polypeptide. SDS/PAGE and Western blot were done as described
in legend to Fig.14. The different subunits (HAl and HA2Z) and
the non-cleaved HAO proteins are depicted by arrow heads. The

HA obtained from NIBSC served as a positive control.

30 Fig.21. Determination of HAU’s and pfu/ml after infection of
PER.C6 with A/Sydney/5/97 in a 10 liter cell suspension in a
12 liter bioreactor. The infection was followed by Down

Stream Processing (DSP). The recovery of viral yields after



10 Fig.23. Infection of PER C6 with A/Beijing/262/95 in a 2 liter cel
suspension in a 3 liter bioreactor. PER C6 cells wviability (upper left),
gl ucose oomowss3sati on (upper right) and growh ki netics PETANR@)/MSELS i N
t he percentage of 15 positively staining cells (lower left) and HAU s
(lower right) are given. Fig.24. Infectign of PER C6 with B/ Harbin/7/94 in
a2 liter cell suspensionina 3 liter Bioreactor. PER C6 cells 20
viability (upper left), glucose concentration iupper right) and growth
ki netics ofh@EéOVifmbernuﬂhéaéeﬂééﬁtégé 620 pesft Feargnsraitiaconyg éél péso
(lower left),and HAU s (lower right) are given. 25 Fig.25. Western bl ot
anal ysi s of uncl eaved A/ Sydney/5/97 HAO protein. Positive staining
proteins are detected after incubation with the specific anti-A Sydney

anti sera obtai f - b i ?gﬁ i 10k and
in the textﬁ%?blfi glrr%gdg(%%P V(‘jzfgsb e@ﬁﬁ(ﬁ o“?&glna /ygs}{hsr{éc}%‘e/é Sy(;&%éoé} 5%:9191%;1% ved
FM()prot%incﬁﬂée§P§EemﬁﬂﬁHtF9p§iﬁ.1PF6FePﬁ§r8?§t8§teEFBdCGaﬁﬁﬁﬂSincubation

with the speehbii¢iapt i(uppSydneytant y3ataseOdontbatkattoa shg@@%r@igheayed
A/ Sydney HA, qn the ﬁlg.t Fw()vm%01§38362 PCT/ NLOO/ 00862 4 trgated with
i ncr easi ng @HBUATCBFDt FYPSFACEBP T DEREr i-hEEi Ot “6F PRYFSPR38EtPVity in the
cul ture supponatantlef saainlingl venza BlBaebi heprodaati HAUrsn,(loserng HAO of

I nfl uenza @%gx?zeééglézvgﬁmzubstrate. Western bl ot analysis of HAO 5
cl eavage proddc nd as visualized by anti Influenza
A Sydneyd 5/ 97 HA specific antisera mentioned in legend to Fig. 14. Fig.27.
Vestern blof anglysi s ol oY 9Re%eRA0: L 98 §9p 2 4 g /262/95 in a 2
liter cell suspension in a 3 liter bioreactor. PER.C6 cells
viability (upper left), glucocse concentration (upper right)
and growth kinetics of the virus in the percentage of
15 positively staining cells (lower left) and HAU's (lower

right) are given.

Fig.24. Infection of PER.C6 with B/Harbin/7/94 in a 2 liter
cell suspension in a 3 liter Bioreactor. PER.C6 cells

20 viability (upper left), glucose concentration (upper right)
and growth kinetics of the virus in the percentage of
positively staining cells (lower left) and HAU's (lower

right) are given.

25 Fig.25. Western blot analysis of uncleaved A/Sydney/5/97 HAO
protein. Positive staining proteins are detected after
incubation with the specific anti-A/Sydney antisera obtained
from NIBSC and described as in the legend of Fig.14 and in
the text.

30
Fig.26. (A) Western blot analysis of A/Sydney/5/97 derived
HAO protein digested with trypsin. Proteins are detected
after incubation with the specific anti-A/Sydney antisera. On

the left a standard cleaved A/Sydney HA, on the right HAO



10 N-glycosydase F. Proteins are detected after incubation with the
specific anti-A/ Sydney antisera. The protein band depicted with an asterisk
is the davgbyssssyl at ed product. Fig.28. Western bl ot anabP@BiN£0060862

Al Sydney/ 5/ 97 HA after 15 Accutase digestion. Proteins are detected after
incubation wth the specific policlonal aggti-A/ Sydney-HA antisera. On the
| eft, HAO before and after trypsin treatnent, on the right HAO digested
wi t h decreasi ng anount of Accutase. 20 Fig.29. Electron mcrographs of

| nfl uenza AtSedried /igh ifwreaRERICETsRINts of2 e sidgst (BinfRediqr.nytB oand ©)
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and Ver os celdlsawgec et B twi tHAlviangs ¢ 2otdse v itshva ilaefd Jenzenti Anfluenza

Positively stainin cell s,upon i.nf.ectiqn w th | es vi.rus,.
Posi 11 vel y eaey el SRS g i S Vg e Wi et 5 rus.

(C) Positiveliy.dt4ai ning cells upon infection of Vero cells wth HSV-2
virus. (D) Positively staining cells upon WD 01/38362 PCT/ NLOO/ 00862 50
infection of PER C6 cells with HSV-1 virus. (E) Positively staining cells
upon i nf ect iFdny .&7 .PBR s roeld 1 twianta 1S\-R o fv iA/\$y.drEe yFiHRA B 2 1 dawftest iwditthy

titers deterym ned after propagation of I vir (m.ddl & Ranel ), ; fisv- 1
(bottom1 an )grlé/r%:é)slkfg;%-sfp E?‘t ggfogaer%es) avﬁer/gl%sc(?% .aﬁec%hqgé.u |g$§£.meﬂs
Repl i cati on tdfe RutemMdifrivs aafttierd /iSvideetyl emtafsePBER. he iprqtedm fearal ) and Vero

(bottom pangjl cel | Wg’g different , noj'.s as neasured.by ELI [ n..crude
super nat ant e)%ecﬁflsé’@i aIBC‘Ia/ﬁ%Le(fC}/sdi)BIGGZ chd uTAPRG 1 - pPdd e
Fig.28. Western blot analysis of A/Sydney/5/97 HA after
15 Accutase digestion. Proteins are detected after incubation
with the specific policlonal anti-A/Sydney-HA antisera. On
the left, HAO before and after trypsin treatment, on the

right HAO digested with decreasing amount of Accutase.

20 Fig.29. Electron micrographs of Influenza A/Sydney/5/97. (A)
PER.C6 cells 72 hrs post infection. (B and C) Negative
staining on virus derived from infected PER.C6. (D and E)

Negative staining of sucrose purified material.

25 Fig.30. (A) All different Influenza A and B strains tested on
PER.C6 cells. (B) Infectivity titers of three depicted A- and

B-type Influenza viruses derived from infected PER.C6 cells.

Fig.31. Immunofluorescence of PER.C6 and Vero cells infected
30 with viruses other than Influenza. (A) Positively staining
cells upon infection with Measles virus. (B) Positively
staining cells upon infection of Vero cells with HSV-1 virus.
(C) Positively staining cells upon infection of Vero cells

with HSV-2 virus. (D) Positively staining cells upon
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at | east one gene product of the El gene or a functional 5 derivative

t hereof of an adenovirus, providing said cell wwth a nucleic acid encoding
said virwoansi3er said viral proteins, culturing said cePCT/NROGOOSER t abl e
medi um and allow ng for expression of said virus and/or said viral
proteins and harvesting said virus and/or.viral proteins from 10 said

medi um and/ or said cell. 2. A nethod according to claim1l, wherein said
cell is a human primary cell. 3. A nethod according to claim1l or 2,
wherein said primary cell is immortalised by a gene product of said E
gene. 15 4.€ hod according to any one of clains 1-3, wherein said cel

is derived froma human enbryonic retinoblast. 5. A nethod according to any
one of clainms 1-4, wherein said sequence encoding at | east one gene

product of thenEheglet® fSr Pre§€Aindg Natiergengn®/ 6t vairdl hypanecttl ot RO 6.
A nethod.agﬁgrdln to aqg one o i rein said cell d

é clalnsll-S tmhe oes_not
produce adeTROVR rATCRPYILTRraF PPRAT HE2! 7PTA LRt ACLDT df A2t B2EhRy Bne of
t he af or egatorgpriaing, prohedeng sacell Tevithuat heeasonpr ssg@sencseguendeng

encodi ng E f ti I Lvatiye e or_f : er eof .
25 8. A net odfé%%%r%ﬁ%dggggé%gg%%%@oéft%@éaﬁgr g%#nﬁgc?afﬁgggaggégin.said
sequencé erdedivigt EPA theredtinet | anahdelepy vuus veprovidhag ogaddoeel t aghibht

thereof is presentiknathe Q@@@@?n@fsa§éiUiPHQBQngﬁ&k-sgidAvﬂ§£b0d accordi ng
to any one of clainms 7 or 8, wherein 30 said E2A encodi ng. sequence encodes

a tenper at (RECERHRF ¢ | el Wit ARt SEXA B 017 383891 BRI RLBBAHEB62A54 10. A
met hod accHidgihg oy onerofsite of os£0Q1 Woraes aansd/orwWwegiebyisald human

. Conprigggtggngtggé ﬁQFQggé{ﬁg sgfguggggg'and/or viral proteins from

10 said medium and/or said cell.
2. A method according to claim 1, wherein said cell is a
human primary cell.
3. A method according to claim 1 or 2, wherein said primary
cell is immortalised by a gene product of said El1 gene.

15 4. A method according to any one of claims 1-3, wherein said
cell is derived from a human embryonic retinoblast.
5. A method according to any one of claims 1-4, wherein said
sequence encoding at least one gene product of the E1 gene is
present in the genome of said human cell.

20 6. A method according to any one of claims 1-5, wherein said
cell does not produce adenoviral structural proteins.
7. A method according to any one of the aforegoing claims,
wherein said cell further comprises a sequence encoding E2A
or a functional derivative or analogue or fragment thereof.

25 8. A method according to any one of the aforegoing claims
wherein said sequence encoding E2A or a functional derivative
or analogue or fragment thereof is present in the genome of
said human cell. )
9. A method according to any one of claims 7 or 8, wherein

30 said E2A encoding sequence encodes a temperature sensitive
mutant E2A.



11. A nmethod according to any one of the aforegoing clains, 5 wherein said
human cell is capable of growing in suspension. 12. A nethod according to
anyone ofwohe3stnregoi ng clains wherein said human cel | panwNbey/@séx ured in
t he absence of serum 13. A nethod according to any one of the aforegoing
clains 10 wherein said human cell is PER;f 6 as deposited under ECACC no.

96022940 or a derivative thereof. 14. A nethod according to any one of

claims 1-13, wherein said virus and/or said viral prateins conprise a
protein t hatl0- uRdeegbes pesordiagstet PoarrEn@fot e ALOFEIOLRG SHai ™

nodi ficati ogserddy AafBl ROdaaceendi bompeigedi Molédtheer adensaiidal
nodi fi cations conprise glycosylation. 16. A nethod according to any one of

t he af or egoPRFUEPAFRs wherein said viral proteins conprise at |east. one of
an 20 Influenza nlmBShnauaaﬁbmddagetandhgroaehaénagglaﬁbmbgoing7clAinsLhod

according to,any %”%aqf % Eﬁcali%swa%%%&e 53 g,rwly@ é_% %Qlﬁg&%g%.rus,

such as h|nOV|rus I rus elitisvirus
accor di ng t@2anonmétbﬁdcBépﬁrdlng6t0wﬁéwépﬁ ofsthgi afpregeing glaims

her pesvi r us ,gueh nagahar Rehasy BRI X Uil B culSeHdar abi @heVigbderle RAVI ne
herpes virus. 19. A nethod according to any one of clains 1-16, wherein

said virus F§T8R'-ort honyxovirus, such as Influenza virus, a paranyxovirus,

such as nlewc_ast l & dle&naaea\tbbuamgesbi aaobye30fsyhei hiforegoisg rURESSVI I US
or a neasles, virus met hod ccor IRg 40 _an n

wher ei n*9 salgeye Pﬁssﬁ§d ﬁPQFPO5 Ftds suc%‘gg %néﬁ%O%%gnodugﬁgﬁé%%y Vi rus
or wherei n sai.do%ioRa®40s ox pademuwausvertaep&pévaV|rus 21. A nethod

o a coronantrus BEERbac BRI FgSEs" BRY RGor Gogsp o 15107 el rus
said virus and/or said viral proteins comprise a protein that

undergoes post-translational and/or peritranslational
15 modifications.
15. A method according to claim 14 wherein said
modifications comprise glycosylation.
16. A method according to any one of the aforegoing claims
wherein said viral proteins comprise at least one of an
20 Influenza virus neuraminidase and/or a haemagglutinin.
17. A method according to any one of claims 1-16, wherein
said virug is an enterovirus, such as rhinovirus, aphtovirus,
or poliomyelitisvirus.
18. A method according to any one of claims 1-16, wherein
25 said virus is a herpesvirus, such as herpes symplex virus,
pseudorabies virus or bovine herpes virus.
19. A method according to any one of claims 1-16, wherein
said virus is an orthomyxovirus, such as Influenza virus, a
paramyxovirus, such as newcastle disease virus, respiratory
30 syncitio virus, mumps virus or a measles virus.
20. A method according to any one of claims 1-16, wherein
said virus is a retrovirus, such as human immunodeficiency
virus or wherein said virus is a parvovirus or a papovavirus.
21. A method according to any one of claims 1-16, wherein

35 said virus 1is a rotavirus or a coronavirus, such as



55 transm ssabl e gastroenteritisvirus or a flavivirus, such as tick-borne
encephalitis virus or yellow fever virus. 22. A nethod according to any one
of clai mwaelsg3emwherein said virus is a togavirus, such BEST/Nwbhedsez Vi r us
or eastern-, 5 western-, or venezuel ean equi ne encephal onyelitis virus.
23. A nethod according to any one of claig® 1-16, wherein said virus is a
hepatitis causing virus, such as hepatitis A or hepatitis B virus. 24. A
nmet hod accordin% t.o any one of claing, 1-16, Whereinf 10.said virus.is a
pest i vi rus, EEABRTHE SREY S HEEEER T s tOF VA TP QB ady (1 GY 1V ad LR a8 R PEs
virus. 25. Aimktbodneceoicdiphgltiaianyiaue ofr gledilosr Feler wheuesi.n said
virus s a BUnyaviLl s Vs 3ol A8 RNV RS A Yeqeof Whdiuman cel
havi ng a se(uénce encodi ng at T east 5Yone El proteéin of “al adenovirus or
a functi onabaddr Watisvés ahtegleyguaiser Suchg@Sntruoeddo s ©F §&FGHFENWhi ch
cel | does pektRRAUCE Stibeliealaddenpdinkale Rehailtmykan thilke vareguct i on
of a virus or at least one viral protein for use in a vaccine, 20 .27. Use
accordi ng t 83cl & MeEBOA\RECOITR1ag §OnhaRin P8 PLi S§1ad@si ved o r SReXSHY mary
cell. 28. Usgidaceqrdisngst @ Glepia®i2@ sOkasindherieius ,saiudhhwsamepaltlit iiss 2a
PER C6 cell or.a _derivative.thereof. 29. Use according to claim 26-28,
wher ei n sai 8XcBFPFditifeP V25 USonpri ses a sequence encodi ng E2A or a
functional der.i waterdodorcanaidiogge tor ahyagmenoft lvdreeofs iln liét, s wherrenm,  30.
Jse accpy di 09 10 GlAIM; 29 WARKELD2A! 0 BEA S HBTRRRNA G1350sId e, 31.
A virus'or a viral protein for use in a vaccine 30 obtainable by a nethod
accor di ng t shakdoga&ust Eughngs1rabigs VByU&-use according to any one of
cl ai ms 26- 395 Sal thethodS aicorsdng Yo anyPbeleeioF Raianehs rnea eQf wiidraien- human
mammal i an  gaid virus is a Bunyaviridae virus, such as Hantavirus.

26. Use of a human cell having a sequence encoding at least

15 one E1l protein of an adenovirus or a functional derivative,
homologue or fragment thereof in its genome which cell does
not produce structural adenoviral proteins for the production
of a virus or at least one viral protein for use in a
vaccine.

20 27. Use according to claim 26, wherein said human cell is
derived from a primary cell.

28. Use according to claim 26 or 27, wherein said human cell
is a PER.C6 cell or a derivative thereof.
29. Use according to claim 26-28, wherein said cell further

25 comprises a sequence encoding E2A or a functional derivative
or analogue or fragment thereof in its genome.

30. Use according to claim 29, wherein said E2A is
temeperature sensitive.
31. A virus or a viral protein for use in a vaccine

30 obtainable by a method according to any one of claims 1-25 or
by a use according to any one of claims 26-30, said virus or
said viral protein being free of any non-human mammalian
proteinaceous material.

32. A human cell having a sequence encoding at least one El

35 protein of an adenovirus or a functional derivative,
homologue or fragment thereof in its genome, which cell does

not produce structural adenoviral proteins and having a



prot ei naceous material. 32. A human cell having a sequence encodi ng at

| east one EI 35 protein of an adenovirus or a functional derivative,

honol oguavoni/ss3egnent t hereof in its genome, which cell dJdPeFNLow@40segx oduce
structural adenoviral proteins and having a WO 01/38362 PCT/ NLOO/ 00862 56
nucl eic acid encoding a virus or at |eastggne non-adenoviral viral
protein. 33. A human cell according to cIa|n132 which is derived from

PER C6 as dep05|ted under ECACC no. 96022940. 5 _34. A hunan cell accordlng
to cl ai m 32P8S; e&ﬁléﬁlﬂuﬁpﬁéﬂlneoﬁpVF§é§ QISéGuéﬁééteﬁ§§dPﬁ@ pogngyizal

functional ¢erhtapirveeidr, anal ogue or fragnent thereof in its genone. 35. A
human cel | cording to claim 34 mher ald nper at, ur

coneitive, 16-38 BRfeny B3l FePBFALANEORET R I ZoMhd oBr GERgEs i Foa EXRYI ¢,
said kit coHﬁRiQBngsadebeastednanderaECpCdtabn 060221v4e . obtai nable by a

et hod accosding [anany 9e aL-GLaLE 1528101 0% 3;usgraceoding Lo any

one of c ains 2 a vi rote I'n>6r “a’vi'rus obtainabl e by a
met hod 15 6ewbrdPR§ @osaﬁyleaﬁé @flCQﬁangsEZAzgroua Byngtdonadceerdvagive

any one of glahnB186ud0 EOErééhéhHIEhBQeBEOE%ai%sagkhﬁhEy in a sanple. 38.
A kit according t claim or a yse according to claim 37, mhereln .sai d

prot ease cofp rlée UIRRn SR Qﬁc§§d1ﬂ9kFP S&éépdﬁﬁg pheERAPNFEa6E2R (e

accordi ng t oempairatudé, swheﬁeuﬂesald sanple conprises culture nedium 40. A
met hod Lpr g condi tions capable_of .at

nognii et g Lotlucasa v Lus s ynder 0
l east in par? presérving Vi ﬁch?|V| v e 8fpfi BFRGCEEatRi fg SE R Y
cl eared supeandt Bat zsmp@mpnnslag éaadtvonaSVﬁra&1@roubuurerowlcebls and
U|trafiltra&begiﬁgbgeSB9e5nﬁEEHBdUQg86rBQﬂbS98a5n§ogggtB@ngiaims 1-25 or
by a use according to any one of claims 26-30.
37. Use of a viral protein or a virus obtainable by a method
15 according to any one of claims 1-25 or by a use according to
any one of claims 26-30 for determining protease activity in
a sample. '
38. A kit according to claim 36 or a use according to claim .
37, wherein said protease comprises trypsin.
20 39. A kit according to claim 36 or a use according to claim
37, wherein said sample comprises culture medium.
40. A method for concentrating influenza virus under
conditions capable of at least in part preserving virus
infectivity, comprising obtaining a cell cleared supernatant
25 comprising said virus from a culture of cells, and
ultrafiltrating said supernatant under low shear conditions.
41. A method according to claim 40, wherein said low shear
conditions are obtained with a hollow fiber.
42. A method according to claim 40 or claim 41, wherein said

30 culture of cells comprise in vitro cultured cells.

43. A method according to any one of claimsg 40-42, wherein
said ultrafiltration is performed with filter comprising a
cutt off of 750 KD.

44. A method according to any one of claims 40-43, wherein

35 sald concentration further comprises at least a partial



41. A nmethod according to claim40, wherein said | ow shear conditions are
obtained with a hollow fiber. 42. A nethod according to claim40 or claim
41, wheravoosaddse 30 culture of cells conprise in vitro ce¢T/NLewoosed | s. 43.
A met hod according to any one of clainms 40-42, wherein said
ultrafiltration is perfornmed with fiItersgorrprisi ng a cutt off of 750 KD.
44, A nethod according to any one of clains 40-43, wherein 35 said
concentration further conprises at |east a partial_ W 01/ 38362
PCT/ NLOO/ 00880Vl ofermueltebis preiey i nd el eguba rovetdt ar SRl
smal ler thap/585Kkp45. Infectious influenza virus or derivatives thereof
concentrated wth a nethod, according to any ope of clains_40- 5_44.
45. Infectious influenza virus or derivatives thereof
concentrated with a method according to any one of claims 40-

5 44 .



