WO 03/048348 PCT/ NLO2/ 00804 Production of viruses, viral isolates and
vaccines FIELD OF THE INVENTION 5 The invention relates to the field of
nmedi ci ne. wohs/o48masenti on further relates to vacci nes provirdimgLopioado@ct i on
agai nst influenza infection and to nmethods and neans of obtaining these.

10 BACKGROUND OF THECLINENTI ON! 0t enza i buses <3 lie 8l oloalieal. agent s

of flu, a highly contagious réspira ness that has afflicted hunmans
since ancient times. The virus was first identified in 15 1933, but
nuner ous epidem cs al npst certainly attributable to influenza were

reported t hFobGRotE CHE LBVENTLEY (Potter 1998). There have been three

maj or cases of outbreaks of influenza in the last century. The so-called
“Spani sh flu' of 1918 was particularly severe. It resulted in the death of
an 20 €5timatedTh@ tlov4dtrion iredapesplte whel dwiedd, ath@efistingeydie

recorded outbreak .of di sease known_in history. 1.n,.19 LAs] an
flu killed*an e&%ﬁioﬁ%a?ﬁ%?‘erﬁ i S‘%Qr‘i’e%& &3<and itn P*f&é%‘ﬁﬁ?i@ﬁ%%ﬁ%?% flu
was | ethal toaimeke inFdmeAld, AdFedtidhnyiadidals. methepid enef mdmsefdforts of
the scientific 25 comunity, infections caused by influenza viruses

conti nue toCPEpAPAGadi®P€ar a heavy toll in terms of cases of illness and
death as well as econom c consequences. Recent work has helped to explain
t he unusual virul ence of some influenza strains that caused major
pandem t@ i BACKSROMMD CE HibiE aiNVAINTI8N 2001; Hatta et al. 2001). However,

t he understandi ng of the underlying pathogenic nechanisns is inconplete,
thus limting efficient prevention and treatnent of the disease. WD

03/ 048348 PCT/ NL@%fA080%a Ziruses are the etiological agents of flu, a
highly contagious respiratory illness that has afflicted

humans since ancient times. The virus was first identified in
15 1933, but numerous epidemics almost certainly attributable to
influenza were reported throughout the centuries (Potter
1998) . There have been three major cases of outbreaks of
influenza in the last century. The so-called ‘Spanish flu' of
1918 was particularly severe. It resulted in the death of an
20 estimated 20 to 40 million people worldwide, the most severe
recorded outbreak of human disease known in history. In 1957
the ‘Asian flu’ killed an estimated 1 million people, and in
1968 the ‘Hong-Kong flu’ was lethal for more than 700,000
individuals. In spite of the efforts of the scientific
25 community, infections caused by influenza viruses continue to
claim each year a heavy toll in terms of cases of illness and
death as well as economic consequences. Recent work has
helped to explain the unusual virulence of some influenza
strains that caused major pandemics in the past (Gibbs et al.
30 2001; Hatta et al. 2001). However, the understanding of the
underlying pathogenic mechanisms is incomplete, thus limiting

efficient prevention and treatment of the disease.



According to estimates that include all age groups, in the US alone 48
mllion persons suffer fromflu each year. These epidemcs result in

appr oxi mewelog/ 0234000 deat hs per year on top of about 4 niPClrina2/esds vi dual s
that need 5 treatnent in a hospital (CDC statistics). Infants, children
and the elderly are particularly suscepti % e to influenza infection.
However, the appearance of a new virus variant wth high pathogenic and

i nfective capacity remains a g%]?%r threat to all individuals. This was

proven to be the’C&8& % RILGCL MAH&F &RAET dGIHER ifFile @95 FHP Horig:

caused the deatlys afi sere 4tshinfid 19t BR S8 r& istisgald ¥ dragnosed Gases,  d aas
et al. 1998; Subbarao et al. 1998). Birds represent the major reservoir of

i nfluenza vilhgse epddgavidscyesultalin kavwexsmettpdes 26F, G0 [deertts Aar rus 15
(toget her wi subt st n_cause of. fl.u in_.hunmans) have been
i Ph B8 Jg HBdRGa SETTRO RS Yahrhar W

isolated fr as donestic n influenza
A virus Bor raklyresitnatn  adincegtilog 1t r@memstdaed skriem)hi mis drae SJurmans.dddh t hi s
respect, the only exception so far recorded has been the 1997 Hong 20 Kong

vi rus nenti 6R€d taifoe deSdverde werall i S Ugcer tifd gt e fiuRna rol e
in conferring rflost SPeeifiCidy, A aRe MMl QN LRRE i sO:vha{ers.iTa{rpce

hemaggl uti nin (HA) nenbrane protein. The HA gene was one o I'rst
genes of th&iithf hiehz pat?h®oendiygs anol be federitvief iceghaarid vs egreniced.a Ita godes
for a trans- . nmenbrane protein directly jnvolved in attachnent to and .
penetr at i ontihﬁtegli%t %«? ﬁggt . éilq1v.l ﬁ1'Sr1i tT’ihd'tseé"aisnP&?tVieé’n Y Phit g% in
term nal0si alogl7-, ohihges ac ehafisde de@eaftidld iGetrRny RIMP JMBRRNtHN death

gl ycoproteins and gangliosides 30 present on the host cell surface.

Terminal si &fi &N&cit@irfesifddds 8 maddmgr ldivaldilaggiopeshrstssns(Geds et
gangliosideg;arggos; subbarao et al. 1998).
Birds represent the major reservoir of influenza virus.
In particular, all known subtypes of influenza A virus
15 (together with subtype B the most common cause of flu in
humans) have been isoclated from wild- as well as domestic
birds. However, an avian influenza A virus normally is not
directly transmitted from birds to humans. In this respect,
the only exception so far recorded has been the 1997 Hong
20 Kong virus mentioned above. Several viral proteins are
thought to play a role in conferring host specificity, but
the most important factor i1s the hemagglutinin (HA) membrane
protein.
The HA gene was one of the first genes of the influenza
256 wvirus to be identified and sequenced. It codes for a trans-
membrane protein directly involved in attachment to and
penetration into the host cell. HA initiates infection by
binding to terminal sialyl-oligosaccharide receptor
determinants present on glycoproteins and gangliosides
30 present on the host cell surface. Terminal sialic acid
residues of natural sialyl-glycoproteins and gangliosides are

known to be the minimum determinants of binding. However,



known to be the m ni num determ nants of binding. However, WO 03/048348
PCT/ NLO2/ 00804 3 binding depends also on the type of sialic acid |inkage
to penulwomapessgal actose and on the structure of nore di #ramrLo2/pesots of

t he sialyl-glycoconjugate. Human influenza viruses bind preferentially to
receptors 5 containing the sialic acid _alﬁha-z, 6- gal act ose

(SAal pha2, 6Gal ) |inkage, Wnereas) avi ﬁn V|b Z'GS use th_ef. SA?I pgatz, 3rcr51a|nes

| i nkage (reyi,ewed in Suzuki 1994). This binding specificity deter :

al so ?he(ce Il“;gv?&ﬁi SRR LAY §8 thesiteee v oLl i | g & rus

i nf ection (#edul@ ikeRld CAlORO SHLI L L adhnd SPIAOTY: LAt
wher eas a\(/?)anui nfll uenz?’avi ruso i's fnoun mqa’)f nly L?ln the g“Z% S(.ﬂllel _nllng The
intestinal PPats &f wald sdslivi -ty dogngs ugfatie.rds. Usi n?h tSI al i 'Cd o

aci d-gal actose |inkage .specific lLectins, it was shown that residues

sialic acid |ink§8mt%o GaIactoEE By HES1H D RE S M idagey it ffsteptors
SAal pha2; 3Gabnake npies &ie Gldile =sud aaeh 00 epidheld@dlscel |'s of the human
trachea (Baum.and. Paul son 1990). Furthernore, al'so the abundance of

SAal pha2, 3GaP fioPefre Gt )r ddpikegicor yhrrsiass sodmey idutess o1sardilet ai n t he
S 0, b Sasasl e aenohaRg Oy MR 20 LAIED S T o
prinmary i sobaeesfilsitet iddtegarimiesd agusto itl‘mtet Eﬁldh?{;:idﬁ?iirdoﬁigjlk% z;gi(skgiri but
ororyone o0, Sl Eh e9gRe, Mgt 905,10t only, o st cel, ensons, by
currently akgpltbatsyshemel ehesetker tbhenprduatign, of J.arge appynts, of
virus to be used in vaccine preparations. However, enbryonated 'eggs have
seri ous avian influenza virus is found mainly in the cells lining the
intestinal tract as well as in the lungs of birds. Using
sialic acid-galactose linkage specific lectins, it was shown
that residues of sialic acid linked to galactose by the
15 alpha-2,6 linkage but not SAalpha2,3Gal are present on the
surfaces of epithelial cells of the human trachea (Baum and
Paulson 1990). Furthermore, also the abundance of
SAalpha2, 3Gal moieties in respiratory mucins contributes to
maintain the SAalpha2, 6Gal-specific phenotype of human
20 influenza of HA (Baum and Paulson 1990; Couceiro et al.
1993).

In most laboratories propagation of primary isolates is
still carried out in the chorio-allantoic sac of embryonated
chicken eggs. This is due not only to historical reasons, but

25 also to the lack of an appropriate alternative growth medium.
This is currently also the system of choice for the
production of large amounts of virus to be used in vaccine
preparations. However, embryonated eggs have serious
limitations as a host system for vaccine production. For

30 instance, the lack of reliable year-round supplies of high-

quality eggs as well as the limited availability of

embryonated eggs in general may hamper vaccine production in



limtations as a host systemfor vaccine production. For 30 instance, the

| ack of reliable year-round supplies of high- quality eggs as well as the
limted awvaioBakisugty of enbryonated eggs in general nay [RaFPE102/0@80¢i ne
production in WO 03/048348 PCT/ NLO2/ 00804 4 case of the sudden outbreak of
a new i nfluenza subtype. Ot her disadvantages of this production systemare
the lack of flexibility, the risk of the presence of toxins and the risks

of adventitious v e ticul retroviruses nd 5 co cerns about
oterility.  sobtsd tEse et dirdnda bt B i o ion g pdges a
very signi ficandwadtiddeanad £ piold eitoMiiCiond Ssy Padrh | L2l afd ey 1amer<§ﬁnt for
vacci ne purposes: There is now anple evidence that egg cultures lead to

subst r at e- s;fé@mikbllﬂcﬁadaﬁm%ﬁw oif tHe Brerengs Cf%cﬁoxmrﬁrf@vwms@a@e%

Itg gggpt alt IoEHt«%e O%Aﬁf%h%%%a%ﬂ thUf ép eﬁéc}%ly%fe)lr gers et g]eu%m Y485 ) aEI'ﬁI S

is due td thermpreasencbaft SAadphiai;8Gal but not SAaIphaZ 6Gal reS|dues on
the cells 15 linin heiﬁ}rface of the chicken enbryo chorjo-allantoic

menbrane. Virus V& i T PRy FEGHRS (e Ga S
speci fi cal | y,gguLr-AGke W (1 RAE ROk e i ¥ eslduesroaye, a/M&pl i cative

advantage over virus variants that interact nore specifically to
SAal pha2, GG@larr’Cé-sildwetsly 'ﬂh@@(ﬁ%ﬁalmwmn%@mﬁqsﬁm riserariamaesy ar e

h | nh d l.. ,1999: Ganb
;| TJS iggs)Ct %%&}O; apt Qi %lcoe;\)%gqgatt eerﬁ%/e%ﬁc ases %’%é; SC% fsial%‘ﬁsfvaftoﬁ specstyen ©

SAal pha203Gaald,aphiattJJdn alSsatesulhiss | nderegsedraf fiaw tpadlges in the
SAal pha2, GGaI HA in fact cannot acconmodate both types of 25 anal ogues
equal |y wel PL1&RFohA 1535 ©€mAIES G i Isdegmt for 'a primary human

isolate to adapt to the SAalpha2,3Gal binding phenotype
(Rogers et al. 1985). This is due to the presence of
SAalphaZ2, 3Gal but not SAalphaZ2,6Gal residues on the cells

15 1lining the surface of the chicken embryo chorio-allantoic
membrane. Virus variants present in primary isolates that are
able to specifically interact with SRAalpha2,3Gal residues
have a replicative advantage over virus variants that
interact more specifically to SAalpha?2, 6Gal residues. The

20 SRalpha2,3Gal-specific virus variants are thus selected for
in embryonated eggs (Gambaryan et al. 1999; Gambaryan et al.
1997) . Egg-adaptation not only increases the affinity for
SAalphaz,3Gal, but it also results in decreased affinity for
SAalphaZ, 6Gal. HA in fact cannot accommodate both types of

25 analogues equally well, and multiple mutations have been
identified that confer this altered binding specificity
(Daniels et al. 1987; Gambaryan et al. 1999; Ito et al. 1997;
Suzuki et al. 1989). Given the importance of HA in eliciting
a specific immune response, these mutations result in major

30 alterations of its antigenic properties (Ilobi et al. 1994;
Robertson et al. 1994). Consequently, immunization with

vaccines containing HA molecules bearing egg-induced



identified that confer this altered binding specificity (Daniels et al.
1987; Ganbaryan et al. 1999; Ito et al. 1997; Suzuki et al. 1989). G ven
t he i mporweree4s3is HA in eliciting a specific inmune resp@aIANLLNESHE
nmutations result in major 30 alterations of its antigenic properties (Ilob
et al. 1994; Robertson et al. 1994). Consequently, inmunization with
vacci nes contai ni ng HA nol ecul es bearing egg-i nduced WO 03/ 048348

PCT/ NLO2/ 0080 5 nmutations induces | ess neutralizing antibody to wild type
| nf | uenza sEPHAS RS CREHERRIGES ore e HAvdld Gt prt e i o L Mo th R d

(Newman et alnr11093)a & MO 03/ 048348 RCUNO/H08G4 £.BR B FHEN OF
THE FI GURES Figure 1. Schenmatic representation of pAl pha2, 6STZ000/ Hygro. 5
Figure 2. Sciwdrmtvias r émvasantett iadn of993)- pAl pha2, 6STcDNA2000/ Neo and ( B)
pAl pha2, 6STcDNA2000/ Hygro. Figure 3. Schematic representation of (A 10
pAl pha2, 3STcDNA2000/ Neo and (B) pAl pha2, 3STcDNA2000/ Hygro. Figure 4.
Detecti oh of (A) SAal pha2,6Gal and (B) SAapl ha2,3Gl in PER C6 and

PER. C6/ al pha2, 6ST by FACS analysis. 15 Figure 5. Propagation of a prinmary
clinical influenza isolate and a egg-passaged influenza batch (fromthe
sane primary isolate) on PER C6 and PER C6/ al pha2, 6ST, determ ned by
fluorescence. Infectivity is expressed as percentage of cells 20 positive
for HA-i nmunof | uorescent staining.



Figure 6. Propagation of a primary clinical influenza isolate and a

egg- passaged i nfluenza batch (fromthe sane primary isolate) on PER C6 and
PER. C6/ alwba2/8378 determ ned by 25 plaque assay. | nfecti PCONLoOg/0@pr essed
as plaque-formng wunits (pfu's) per m. Figure 7. Schematic representation
of the influenza titration assay. First gells are infected with virus
particles, then 30 cells are incubated with antisera and subsequently used
in FACS analysis in which infected cells can be separated and counted in
the entire popul ation of cells. WO 03/048348 PCT/ NLO2/ 00804 7 Figure 8.

Pl ot of the ti j cyedrgel Fsciig:cover the dilution factor. S
SUWARY OF %%Eﬁ?hkgﬁﬁgﬁﬁFﬁﬁg %?esent ?nvention di scl oses net hods for
produci ng and/or propagating virus particles such as influenza virus 10
particles that preferab are present i .virus isolat I from an
i nfect ed su%f%%g? iai§ChéFﬁﬁaCc6ﬁBF?§?ﬂ€a?h8n 8?e8§985?5c§§?g?pﬁzéygg8é|
with a Wyrus particle and culturing said cell under conditions conducive

to propagation of said virus particle, wherein said cell over-expresses a
15 nucl ei ¢ BtydrendedPagematarphapresentafianphé2,(8) sialyltransferase. The

i nvention al%gggégvhgféDﬁﬁgﬁpB?ﬁegogndsSEEQF%¥§P§EQE§985NQQD@6/ﬁy§§%FOf

Vi rus parti% suth~as uenza Vvifu resent in an uenza
isolate, wherein said set of virus particles has affinity for 20 receptors
conprising a, specific_glycosylation residue, said _nethod conprising the
steps of: | PtUBEEi Ag SCRBPRTWFt ReREPECIFE6EaPe el uring said cel | under

condi tiqns GRANGHELVESTEDNA2000/Neo and (B) pAlpha2, 3STcDNA2000/Hygro.

Figure 4. Detection of (A) SAalpha2Z,6Gal and (B)
SAaplha2,3Gal in PER.C6 and PER.C6/alpha2, 6ST by FACS
analysis.

15
Figure 5. Propagation of a primary clinical influenza isolate
and a egg-passaged influenza batch (from the same primary
isolate) on PER.C6 and PER.C6/alpha2, 6ST, determined by
fluorescence. Infectivity is expressed as percentage of cells

20 positive for HA-immunofluorescent staining.

Figure 6. Propagation of a primary clinical influenza isolate
and a egg-passaged influenza batch (from the same primary
isolate) on PER.C6 and PER.C6/alpha2, 6ST, determined by

25 plaque assay. Infectivity is expressed as plague-forming

units (pfu’s) per ml.

Figure 7. Schematic representation of the influenza titration
assay. First cells are infected with virus particles, then

30 cells are incubated with antisera and subsequently used in
FACS analysis in which infected cells can be separated and

counted in the entire population of cells.



propagation of said virus particle; and harvesting virus particles so
produced fromsaid cell and/or said culture 25 nmedium The invention
further pwowsdes4sovel vaccines and nethods for maki ng s®kch/NLagoIsees,
wherein said nethods preferably conprise the steps of: treating the
produced virus particles to yield antigenic parts; and harvesting at |east
30 one antigenic part such as henmaggl uti nin and/or neuram ni dase from

i nfluenza virus. The invention further provides cells and cell |ines and
the use thereof, that over-express certain WO 03/048348 PCT/ NLO2/ 00804 8

proteins inwakved isn ¢HlyrowH atHeork da@ft itdie i QG d ity e 1 MACKE NESye £ tthe
vacci nes against influenza infection. Cells of the present invention are
preferably Rifdhi9%d f@ck9sf-ormed by adenovirus El, such as PER C6 cells or
derivatives thereof. 5 DETAI LED DESCRI PTI ON The present invention provides
met hods for producing 10 and/or propagating a virus particle, said nethod
conprisi;ig the steps of: contacting a cell with a virus particle in a

cul ture nedi er %%t' s conducive to infection of said cell by
said virus Egﬁp%%IePEgﬁgi dhﬁﬁ@wﬂﬁm%aid cell under conditions conducive to
propagation of said virus 15 particle, wherein said cell over-expresses a

nucl eic acid encoding an al pha2,6 sialyltransferase or a functional
equi val ent theredhe Baiegemic|igivenddion wHy drsede et faldrhaQ 6 producing

o oyl mstotgss, Lo LS SRUEass S el ol ) AU

si al yt rHhsf ppase clése thaveplriede rhbiherepiovsdes irethagsfori feduci ng

and/ or prOpgg%EE% daf!%%ygnp%%%ggkga subject, said method comprising the
steps of: contacting a cell with a virus particle and
culturing said cell under conditions conducive to propagation
of said virus particle, wherein said cell over-expresses a

15  nucleic acid encoding an alpha2,6 or an alpha2, 3
sialyltransferase. The invention also provides a method for
selective Qropagation of a set of virus particles such as
influenza virus particles present in an influenza isclate,
wherein said set of virus particles has affinity for ‘

20 receptors comprising a specific glycosylation residue, said
method comprising the steps of: incubating a cell with said
isolate; culturing said cell under conditions conducive to
propagation of said virus particle; and harvesting virus
particles so produced from said cell and/or said culture

25  medium.

The invention further provides novel vaccines and
methods for making such vaccines, wherein said methods
preferably comprise the steps of: treating the produced virus
particles to yield antigenic parts; and harvesting at least

30 one antigenic part such as hemagglutinin and/or neuraminidase
from influenza virus. The invention further provides cells

and cell lines and the use thereof, that over-express certain



sai d nethod conprising the steps of: contacting a cell with a virus
particle in a cul ture nedi um under conditions conducive to infection of
sai d cel Iwby3saisds virus particle; and 25 culturing said celCir/Nuogerso4 _
condi tions conducive to propagation of said virus particle, wherein said
cell over-expresses a nucleic acid encodi%:g an al pha2, 3 sialyltransferase
or a functional equivalent thereof. Said ™nucleic acid may encode an

al pha2, 3 sialyl tr,ansf,erasjg( fromdifferent sources, such as 30 rat and

| ]
human. Pref &FQ5S"Saild VA piee 13 Slaapseraidsr &8 ide mERth A e "
si al ytransf g nels) Qg erhodinrat it P QN4 M Uspard i e
A asancld) A GATSTATRY il b4 plér:f?él%le. o ¢
non- | i m ti n§hex@rsises tofl nvienisi quamtriec Ivee fiehrato 1 yo dninpen @t toeth ssivdfirerd by

pr opagat ed i ods. of the r nt .i.nventi pn .are parainfl uenza
virus, Aden%éﬁﬁg%gg‘%éltggyi’visruﬂl E&%&oﬁ%g&%l&ﬁa\ﬂrr CLINRF G er’fa?tor}Z'
utilizesbthe 5 glycosylation structures that are induced by the al pha2, 3

and al pha2, 6 sialyltransferases can be propagated and/or produced by
usi ng net hods of the present invention. In a preferred enbodi nent the

invention prgvindes eiRees pri@fy Propagating an influenza virus particle,
wherein said 10 influenza virus particle is present in an influenza

isolate. Mre preferred are nethods, wherein said influenza isolate is
obtained from at _| east one . influenza-inf ect,edslrjrgrgzgll i an _subject. Even nore

preferred are netRod® ST oPGLERG &FOVites AT FE &I E P dnher ei n

sai d i nt0 ueanar/ohf @alopd ghb iMRMEAK M sS PRjreGlc1ieS RUMRN it P cdnbARAtRer
enbodi ment the invention provides nmethods for producing and/or "propagdating
an i nfl uenz&h@ sensarti:clconbasdiaion as sied 1 nfiltherz &7 linsel gtaet licsl eobitraianed

from at lea%hl%ﬂ?ei%%hﬂ%ﬁ?%ﬁﬁﬂﬁe%%%%iQfa%s conducive to infection of

said cell by said virus particle; and culturing said cell
under conditions conducive to propagation of said virus

15  particle, wherein said cell over-expresses a nucleic acid
~encoding an alpha2,6 sialyltransferase or a functional
equivalent thereof. Said nucleic acid may encode an alpha2, 6
sialyltransferase from different sources, such as rat and
human. Preferably said alpha2,6 sialyltransferase is human

20 alpha2,6 sialytransferase. The invention further provides
methods for producing and/or propagating a virus particle,
said method comprising the steps of: contacting a cell with a
virus particle in a culture medium under conditions conducive
to infection of said cell by said virus particle; and

25 culturing said cell under conditions conducive to propagation
of said virus particle, wherein said cell over-expresses a
nucleic acid encoding an alpha2,3 sialyltransferase or a
functional equivalent thereof. Said nucleic acid may encode
an alphaZ,3 sialyltransferase from different sources, such as

30 rat and human. Preferably said alpha2, 3 sialyltransferase is
human alpha2,3 sialytransferase. In one embodiment of the

invention, said virus particle is an influenza virus



| sol ates as used herein refers to batches of influenza 20 viruses that are
obt ai ned from subjects that are infected wth influenza viruses. These
subj ect s way3les3as | species that are susceptible for inflPaemaazoesouses,
such as humans, birds, pigs and horses. Humans can get infected with
influenza in different ways: either directgy fromother 25 humans or
directly fromani mal subjects such as pigs and birds. Propagated viruses

that are us for..vaccine manufacturing mght be originally derived from
one or nnregggﬁgfégfs%5§ﬁ§ SPDE&F@lE& neﬁﬁ%@@@&uéﬁ%Fgﬁpﬁoﬁ@lﬁﬁcﬁﬁﬁeﬁhat
birds, pigscaétde) produdiel ease oM el gatbliueRz & MingUse3® Jd-AREMI$R on

froma bird to a human causes direct disease in humans, as was the case in
t he Hong KoR§gSiSRNEo9Nvesdd oabave) raireipifdhiense wdefus, Bolero-Assedtiatpdoduce

and/ or propggat.g t 3/ PCT/NLQ2/ 00804 i_nfluenza virus
particles present(?%VyﬁngP8§§§§%Wéggs'd%%gbgﬁguﬁoigﬁgcgﬁﬁ TEERufRE uri ng.
The present gilyeenyilaniopr etirdes ureshods tf arept aduciedy bandher anpepagat ixRg

i nfluenza v&rgs p%rttcle pres%nt in isolates that are obtained from5
speci es sucATRE3pr d§}a&W3§Faﬁé §E858Ad CRUMBRs PHYPEJatede @Bdesi pF odheed

si al yl transber asenpr akehbsist Bat taeepravehyed,ybAttie gl ycosyl ation of cel
surface proteins and that generate the so-called SAal pha2, 3Gl and

SAal pha2, 6Gal | FRkageseiferrkd embgddémenhathde iokanngonl paloatiels sametid@d s10
herei n pref b o_clinical isolates (i.e., .isolates 6 obtained
fron1diseasgégpg¥Péﬁég§in ugﬁ ¢ F%P%QFai¥6F8Fe§a£$é01EVs8 F&Ferr 8160 as
pri marylQ soliatésenPai rarysi pakratesecan peeskAt! wanaa hsehakes dieathk

obtained fromfor instance the nose, nucus and/or faeces of humans or
ani mal s t hat!°4PePISLFRFEEL 8dSWRERRPAEY uBh2ESYr G3(Es)nTloRever 1spdelet és

t hat obtained from at least one influenza-infected mammalian
subject. Even more preferred are methods for propagating an
influenza virus particle, wherein said influenza-infected

15 mammalian subject is human or pig. In another embodiment the
invention provides methods for producing and/or propagating
an influenza virus particle, wherein said influenza isolate
is obtained from at least one influenza-infected bird.
Isolates as used herein refers to batches of influenza

20 viruses that are obtained from subjects that are infected
with influenza viruses. These subjects may be all species
that are susceptible for influenza viruses, such as humans,
birds, pigs and horses. Humans can get infected with
influenza in different ways: either directly from other

25 humans or directly from animal subjects such as pigs and
birds. Propagated viruses that are used for vaccine
manufacturing might be originally derived from one or more
subjects (one or more human individuals, or one or more
birds, pigs, etc.). In the case wherein influenza virus

30 transmission from a bird to a human causes direct disease in
humans, as was the case in the Hong Kong in 1997 (see above)

it might be useful to be able to produce and/or propagate the



have been propagated on eggs on or cells or on other systens can still be
further produced and/or propagated by nethods of the present invention.
Ther ef or ewowBmuss4parti cl es that are produced and/ or prop&gatnad2/oeiong t he
present invention nay be 20 present in passaged batches, but are preferably
present in primary batches, such as clinygal isolates. In a preferred
enbodi nent of the invention the production and/or propagation of influenza

virus particl is__carried out .by using cells in.a culture medium wherein
said 25 cel T YSPER foried SATH BCT BohSiknovt it Wi hiefarably, said
cell is a hutarcay .£dm wduighl mprafeimad agpette JheseAnVERd A i ovi des
met hods for propagating an influenza virus particle according to the

i nvention, WR&ENeids Ss i Mifar CelArodusipER a0Bl/it P iferd gt ing thBrentza 30

PER. C6 ]S | .f or. i f, diff t kind
B W i

of viruses such a uenza - virus (see TOTbER. 6
cells webe fsipestiegersercit et i MG, 031048348 1REH N2/H0804 Bl dvansf orm ng

cell's obtained from an nb[?yorigll reti with the El1 region of Adenovirus
serotype 5. SPPRRES GRS R B 2rs T 5Hes &3 it S phdiaE %8 yinTlisddr ase

proteins arepnpresertl ycyd1actioe di AR R aelds Raw slg

d .
Therefore virus 5 particles that specifically interact w ﬁ]nthe sialic acid
- gal act ose Jengkage dhea ke -z hogh&Aas Peld, 248 lofaricheS 2 ptaesGal

( SAal pha2, 3 SAal 2, respect.i vel nere .abl.e to row on PER C6
cells. It igagl#%%(r%ﬁoﬁ?la%?‘%aéjpg?tosg taéﬂ’ldr?ven FIOH t HatO TS @%pr on of
ei ther bhe okreheserbFesianllyl tredrsfsenas e lpnateing dgadsed 018 speciddiGtes
propagati on gtc .sets of influenza viruyses that either prefer the

SAal pha2, 3GRPtReEEGud oM CHE 3RS RAS 16GHS ) reSiudlie Cliiisal isolates are

also referred to as primary isolates. Primary isolates can be
influenza isolates directly obtained from for instance the
nose, mucus and/or faeces of humans or animals that are

15  infected with influenza virus(es). However, isolates that
have been propagated on eggs on or cells or on other systems
can still be further produced and/or propagated by methods of
the present invention. Therefore, virus particles that are
produced and/or propagated using the present invention may be

20 present in passaged batches, but are preferably present in
primary batches, such as clinical isolates.

In a preferred embodiment of the invention the
production and/or propagation of influenza virus particles is
carried out by using cells in a culture medium, wherein said

25 cell is transformed with El from adenovirus. More preferably,
said cell is a human cell. In a highly preferred aspect, the
invention provides methods for propagating an influenza virus
particle according to the invention, wherein said human cell
is PER.C6 or a derivative thereof.

30 PER.C6 cells are found to be useful for the propagation
of different kinds of viruses such as rotavirus and influenza

virus (see WO 01/38362). PER.C6 cells were first generated by



enabl es one to generate virus batches for vaccine production that have the
best content for optimal protection. This 15 content may differ. As

di scussedwealwemes34sone spreadi ng of the virus occurs mai NIPETINLOROEH4

human- human contact, while in others (such as the 1997 Hong Kong case, a
direct bird-human contact was enough to gert a dramatic effect in humans.
Dependi ng on the virulence and the types of influenza viruses 20 that play

aroleinthis, chqgice ¢ be de for_which set of virus particles .in
an i sol ate SKERABEBRoFRIA L@ NN WA (e FHHMCW e Al Fe 1% "B dHUCEt.
The present giiNV@ALLAN & IQHAMIARS J@iIGRs for TredUciAthARHLDE both
propagating an influenza virus particle, 25 wherein said nucleic acid

encodi ng t helehaly Pt sags fadidse /it Hatlerldl By nas s Hnuptedns JrefReanit

sai d nucl ei ci_d. .encaodi alylt ferase is dnte i i
genone of %él%d a((::é—'llsf.e ﬁlglt e%f% c# 'rcgh’(g;‘fjoEdsfeelalsg u(;EgaEf heg'jr 2a|S'Ln' rrzz)adnlg 1 ﬁ%fetf%eé%ﬁe Jg:iasc
acid i s Fanppultdicae ssutiat katedite qgdniey endediarg: tWhiec1B3Cisd ad ydtiransiet ase
expresses nore of the _protein than without said i pul at i or}i I—gtqerol ogous
al so means CRACCERESnddiNidge &F dhfay be TS i €8 (Hat™S i & et

fromthe speairgs WO-03RA834R REHINKRA MB04 +lp ddompany chidie peld was

derived, but nmay also be fromthe "sane species. Acell s said to

over - expr esgrohe ons PRy QG areslfley.asd vilrerant Henroelardx prasyds afbrige
sialyltransfer asgt har,lC typi cal for that. cel If A,C ell that tg%er-expr esses
the sialyltransfergde rl?t% 3% VE S pres £ tThe priotéih Dy mhmi pul ati on of
the genpgre efiasgiidreelsifesice dritaleithe 1gens RieseMpddldite Bengatiorsal
cell expresses nore of the protein than said cell did before it was

mani pul at ed S€Te 08y &nfdHeness Vo UsgF B dthfidd® b P 8dsst fdie

SAalpha2, 3Gal residue or the SAalpha2,6Gal residue. This
enables one to generate virus batches for vaccine production
that have the best content for optimal protection. This

15 content may differ. As discussed above, some spreading of the
virus occurs mainly through human-human contact, while in
others (such as the 1997 Hong Kong case, a direct bird-human
contact was enough to sort a dramatic effect in humans.
Depending on the virulence and the types of influenza viruses

20 that play a role in this, a choice can be made for which set
of virus particles in an isolate should be propagated with
which the final vaccine is produced.

The present invention also provides methods for
producing and/or propagating an influenza virus particle,

256 wherein said nucleic acid encoding the sialyltransferase is
heterologous to said cell. Preferably, said nucleic acid
encoding the sialyltransferase is integrated into the genome
of said cell. Heterologous as used herein means that the
nucleic acid is manipulated such that the gene encoding the

30 sialyltransferase expresses more of the protein than without
said manipulation. Heterologous also means that the nucleic

acid may be from a species that is different from the species



10 neans such as integration of a different or nore-active pronoter, by
renmoval or inhibition of suppressors that normally limt the expression of
t he prot ewn,0304838 chem cal neans. The over-expressi on MRETANIDY0M804
selected for. If cells are selected for a significant over-expression of
at | east 15 one sialyltransferase they may be used for nethods according
to the present invention. Therefore, such %ells and the use of such cells

is also part_of the present invention. |In another enbodi ment, the present
i nvention pridAmdédlGhetlvuSeor Weakidry v arhc Qe Mashiad SRettfod XBhpiisi ng

the 20 stepg,@f :sjuQdici ng and/ ors RIORAGRY IdlE A MU Parid ¢l e according

to nmethods of the’invention; and inactivating the virus particles so
produced. Prefedrvdtiinarsdiatamst hdds: fidre aralki regierassssd mefaurt her conpri se

the steps of;, treatin aid virus particl S roduced to yield.,antigenic
parts; gnd 2%aggﬁgﬁrrﬁr%’gtseaﬁaﬁeeatﬁanoﬁ%’ptffcagaie%ra%}f)agten‘?egﬁgaﬁ sgel;e)'T gcfhéarn[abl y
through sears;eof-aprdd et itofe aid16/1 i uRie hQly SAidh Aved-eagirane
part. Preferably a purified and/or enriched conposition conprising said at
| east one oBt& REPTEIN Fehimaniparla tdess afottheo it stheraightdggenisiaPar t s
of said treat Vi jcles. i a r ed enbo @E@

i nvention f)crh(;%\clii %%se r%#%og?e%éoeﬂtmnl r;cglea acog[}egeo,eg \%}a([al‘r%gi n sa?é antsls;éegﬁi C
part conpri seset hef hgraagglattd im ntharotseiind areld phrd ddfereofit Wa 03/ 048348

PCT/ NLO2/ 00804, 13 and{or_.the neurani ni dase protein or a rt thereof from
i nfluenza vin}al?slpuiﬁ&eﬁgur@_rﬁ S E N il ey wmﬁlm Trigrnal
protei ng0ar enlah@ MR&th RIOMHRYr ANMIOIHE G RAMSE Int ey rd¥d-ugnza i rus
particle and are prone to differences during 5 different propagation steps.

The inventi ®FoaICEE Hr A de@mnovpdc imes rotitidiimablal sswmrtisapro tetthods of

the presentnormally limit the expression of the protein, or by chemical

means. The over-expression may also be selected for. If cells
are selected for a significant over-expression of at least

15 one sialyltransferase they may be used for methods according
to the present invention. Therefore, such cells and the use
of such cells is also part of the present invention.

In another embodiment, the present invention provides

methods for making a vaccine, said method comprising the

20 steps of: producing and/or propagating a virus particle
according to methods of the invention; and inactivating the
virus particles so produced. Preferably said methods for
making a vaccine further comprise the steps of: treating said
virus particles so produced to yileld antigenic parts; and

25 obtaining at least one of said antigenic parts, preferably
through means of purification and/or enrichment for said at
least one part. Preferably a purified and/or enriched
composition comprising said at least one obtained antigenic
part does not comprise other antigenic parts of said treated

30 virus particles. In a more preferred embodiment the invention
provides methods for making a vaccine, wherein said antigenic

part comprises the hemagglutinin protein or a part thereof,



invention, while it also provides pharnmaceutical conpositions conprising a
vacci ne obtai nable according to the present invention. 10 As nentioned,

t he cel | swofo3nkss4present i nvention are extrenely useful fPaT/NL02/00804
propagation of primary, clinical isolates conprising influenza virus
particles, while said cells can also be plied for propagating isol ates
that already have been passaged on enbryonated eggs or on other 15
systens, to ogtalnFﬁSSelectlon i nfluenza virus particles that recognize

specific glyc éyFa nn98§ﬁﬁﬁgégﬁ?§58ﬁ9t8ﬁn gFyéoproteitherephud rofhe

present inventiosnahseipuevi das hBaramsgighsa ¢Rh) Lhnerq ChefiBlE Rt g nA"
al pha2, 6 S|al | transferase or a fuﬁ?tloﬁalspaSt t her eof eﬁﬁgggg%l%g

pr opagat i on (BR aPVPFﬁénéaﬁﬁﬁcFéeaﬁéSthQrgmen@htaaoengehanepamteroéxphe33|ng
| pha2, 3 t I
e R A A Lt

propagation of a virus

i nfl uenzn vdiﬁﬁer@attptbpagwb&enpseépsabhue saivednktAbhuanga yirbysdparticle
is 25 present in_an Iﬁ%ﬁuenﬁT i sol ate obtained fromat |east one

i nf| uenza- i NFECtRAS nBRMAFERSuBFeCEIiRFeRONBEENBAES Bfr ERcapsesests of said

cell line a@ﬁ@éﬂtﬂ@ntOwhhﬁepﬂgsgﬂgo'EY@QEH%Qnghg@ﬁggéHtiéhqwﬁomggslt%ons

i nfl uenza-infected mammual i an subject 1s a

al so pref erfeErtrhaingapdviatlinenghtddneblasapanrridthg ts phespmtskntan

i nfluenza E%##%ﬁg ? tained fromat |east one influenza-infected bird. WO
03/ 048348 2700804 14 The present invention further provides a

met hod lor  sel exs i Menpiodua) i ©ne andl 0& Bfoﬂﬁga%keﬁeﬁt an$8ht9hn are
predeterm ned virus particles present in an isolate, wherein said set of

pr edet er mi nedCTFPELY paPefel e50hakha prepegehéen of primary, clinical

isolates comprising influenza virus particles, while said
cells can also be applied for propagating isolates that
already have been passaged on embryonated eggs or on other

15 systems, to obtain a selection of influenza virus particles
that recognize specific glycosylation residues present on
glycoproteins. Thus, the present invention also provides the
use of a cell line over-expressing an alpha?2, 6
sialyltransferase or a functional part thereof for the

20 propagation of a virus particle and the use of a cell line
over-expressing an alpha2,3 sialyltransferase or a functional
part thereof for the propagation of a virus particle.
Preferably, said virus particle is an influenza virus
particle. More preferably, said influenza virus particle is

25 present in an influenza isolate obtained from at least one
influenza-infected mammalian subject. Even more preferred are
uses of said cell line according to the present invention,
wherein said influenza-infected mammalian subject is a human
or a pig, whereas it is also preferred that said influenza

30 virus particle is present in an influenza isolate obtained

from at least one influenza-infected bird.



5 for a specific glycosylation noiety present on a receptor, and wherein
said isolate conprises in addition to said set also virus particles not
havi ng sawo opied3es ence, said nmethod conprising the stepsPoff/NLopewsoati ng a
cell which is capable of expressing and exposing said receptor conprising
said 10 specific glycosylation noiety, w said isolate in a culture
medi um under conditions conducive to infection of said cell by at |east
one virus partic&% present .in sa%g:set; cul.turing said cell under

e PEE S57 Spag it o8 dtden intey islas ixmetham g vest i ng

condi ti ons conducive

virus parti ekescsaver eauerE kol o/l thregldgandol, 58 dulure medium A
gl ycosylation noiety as used herein refers to any kind of residue, |inkage

and or  gr oup*6FCSGEAN NEPh &S e PR Lich e @Irie@@glat_cdhiarairdetsg@]tea:im_ oherein

gl ycopr ot ei g that, .i-S i . rt.icle for infection.

Pref erably ggﬁg §F§cgg§?§?¥%%%%gﬁéfé'§8#§§n§%ﬁ5§§%§%ﬁ%¥bﬁhf{ THEST due

or a SAad phd2r3@akpeesifdee gl yidorsy lpreaier m?dea@g plmgagygisdd@h%]{ leﬁléz;e%gadd}_,set of
redetermned . virus . .particles is a set of predetern ned influenza virus

Barti cles. THE §h§’r’8ﬁ S8 TPedidite CARE TSRRISPHER AHGHIT L qredic st carset

speci fi cal | y1eecegruzeday ithe sHAR! k&R Ok tihe p%%f\élrrelfﬁ:eﬁarsta!i%{ et d he

case of influenza. It depends on the HA protein-whether there’i's any

speci fi ci t yCPRPERELNPnCELacticos Wﬁthl@b@b@tl@gearaﬂhﬂﬂwﬂﬂdhfﬁﬂuﬂgﬁﬁ$ﬁi]

i nfluenza [ so0 ri Vi es that, jinteract specificag W, e
SAaIpha2,6Gg? %gé?%ﬁ%ga ﬁéﬁlegg%éﬁpgégglgh§Fé§B%&ﬁiQQQH%f?ﬁ?QGﬁ¥¥%CF Wi th

the SAal(hha2p8GakiresilguesyWathohheopeesentyi thnwentd QR ditates 170W ROsSi L
to selectivel .propagat e either set of viruses fromclinical, primry

and/ or pass%ﬁéa W@B@gﬁé4§§@§l§€?PﬂLGQPGG@@MG 15 isdlestdon ofotadich cell

propagat ed got §t0f c¥5EUSES %@%hsabgrﬂigﬁglpresent in said set; culturing

said cell under conditions conducive to propagation of said
virus particle; and harvesting virus particles so produced

16 from said cell and/or said culture medium. A glycosylation
moiety as used herein refers to any kind of residue, linkage
and or group of sugar types present in a oligosaccharide
chain on a glycoprotein that is recognized by a virus
particle for infection. Preferably said glycosylation moiety

20 comprises a SAalpha2,6Gal residue or a SAalpha?2, 3Gal residue.
More preferred are methods wherein said set of predetermined
virus particles is a set of predetermined influenza virus
particles. The SAalpha2, 6Gal residue and SAalpha2, 3Gal
residues are specifically recognized by the HA protein of the

26 wvirus particle, in the case of influenza. It depends on the
HA protein whether there is any specificity in the
interaction with either one residue. In general, influenza
isolates comprise viruses that interact specifically with the
SRalpha2, 6Gal residue as well as viruses that specifically

30 interact with the SAalpha2,3Gal residue. With the present
invention it is now possible to selectively propagate either

set of viruses from clinical, primary and/or passaged



in the production of an influenza vaccine, useful in humans. Besides the
fact that vaccines can be produced for humans, it 1is also possible by

usi ng metwods/oss3ds neans of the present 5 invention to sel @ctriNu®b/yosps opagat e
viruses for the nmanufacturing of veterinary applications to for instance
prevent the spreading of influenza virusez through swine or horse

popul ations. Preferably, said influenza i 8Iate is obtained fromat |east

one influenza-infected h n, pig or 10 bird. It is also preferred that
said cell is%9¥hRh tcoelq%nt}rfd‘ RYPR2938% f5hSormee s@ s htat fagpmuserful

adenovi rus. iH @ey pRIgI@ITSd & eceld s it aﬁfﬁ:&.ﬁ%,cag§§fﬁfdﬂ¥ _humans.
derivatives thereof. Derivatives as used herein refers to nodifie
versions of Befsddmd dihvalfRER et aldesinereim Horpiodiant efdb Imﬂrr]mfs, it
het er ol ogous _nuygl_ei ci.ds, are int.roduc nocked- out r..in other ways
modi fied No |%|Clr%°t i%nogssel%zlr?plbeys S TBER G O e AR a‘?€ BER &M s

that stabl e iexprassra td eesaiivel s ensdgd g dnifianisof Aslengyd rus E2A, or
that express other adenovirus nucleic acids such as E4. If certain 20

nucl ei ¢ aci F&NHF PERCHL AT &7 Here deh 3 icdrdd O dro ofdr binstates neans
such as chem,GRl. i Qﬁ‘{éTPs'Bré)d’Aldi OE&&%Q},{ £1d &N AUES o 4 ngolf | S, Srgeé ![clhr

remai n PER derivatives. t e exanpl es provi ~descrl e use
of cells thatorseye@oreXprtdss . .hemrigrtatopgi etdid (IEFRuqrf eisolidtshoul d be

25 noted that it is t a part of the invention to have over- expression of
EPO i the CRTPLTEE IO MBSO T1F ik H A Sbrs S OB e d
inventi o poavicdest nef hads fnfe mahedd i dropagatd on of 2 196la0fcdi T Ushg
particles present in an isolate, wherein said cell conprises a nucleic 30

aci d encodi f§a& ditally thrarsiiammas thidih il Heasr oldsyousi tus sdiilelet | . Even
nore prefer io%f%r e’@tag:%d%eqclcsortq{ancg 4 18 Y e ionf/e etni”f\paitivx@eesr €n
said nucl ei ¢ acid encoding a
thereof. Derivatives as used herein refers to modified
versions of the original PER.C6 cells, wherein for instance
15 other heterologous nucleic acids are introduced, knocked-out,
or in other ways modified. Non-limiting examples of PER.C6
derivatives are PER.C6 cells that stable express a
temperature sensitive mutant of Adenovirus E2A, or that
express other adenovirus nucleic acids such as E4. If certain
20 nucleic acids in PER.C6 cells have been switched on or off by
other means such as chemical treatment or knock-out
techniques, these cells still remain PER.C6 derivatives.
Although the examples provided describe the use of cells that
over-express the erythropoietin (EPO) protein it should be
25 noted that it is not a part of the invention to have over-
expression of EPO in the cells of the invention.

In another preferred embodiment the invention provides
methods for selective propagation of a set of virus particles
present in an isolate, wherein said cell comprises a nucleic

30 acid encoding a sialyltransferase that is heterologous to
said cell. Even more preferred are methods according to the

present invention, wherein said nucleic acid encoding a



WO 03/ 048348 PCT/ NLO2/ 00804 16 sialyltransferase is integrated into the
genome of said cell. Such an integrated nucleic acid is preferably stably
i nt egr at ewotobsoessgh the use of selection markers such as treT/Niygpesoycin and
neonycin resistance genes. 5 The present invention also provides human
cells conprising a heterol ogous nucleic id encoding an al pha2, 6
sialyltransferase or an al pha2,3 sialyltransferase. Preferably, said

nucleic acid.s integrated into th enonme, of said human cell. Th

i nvention alssloasl rloncvriaglesgf?ﬁaes%sjes of SR St c]erﬁ_%a?k_ber qGF{éOIg%@_%ﬁ%ﬂﬁ cell.
propagat i on Sfchvidrisi igddt£d @$ , nudlief eradly Reidie fdfdpenza: M1 s
particles. The present invention provides optimzation of a process for
propagat i on Y- §HGREY Gueugie st Uament isFlamiian Wakers Aud) atheche

present inv Iqﬂgﬂﬁiaw% %%;Sizlftf'eog}sg{ar?:neflﬁjeq{eosc.ess for propagating

primary as oratory ol ates enza viruses using the
SAal pha2b6Gal or TheAal e 3Galvdrdri diotdl)s oglpreosiydeat immamieiies present on

cell surface glycoproteins. In general human influenza yiruses reco nize
the SAal phaﬁ%@lﬁlsﬁﬂl%ﬁ%%ﬁﬁ%ﬁ%%ﬁ%ﬁ% i USTL HUSES %Jéé% %e
the SAal pha2;i3Gal vrairiseraie osWme igHduenza Miyusesh general |y utilize
both residues. The invention provides optim zati‘on of a process for
pr opagat i on Preffeg@p i r i bmushiedhe taveld ey ilcmdmﬁiBi)Flndso d:]:hé hoeereoote vi ty
of al pha2,3 sial Itrqggfer a or. alpha2,6 .25 sialyltira erase, or
nore gener alolsfly,%a)c%r?t e ;?re%zlﬁc'e of @Xan%hléjf, $&a0° é)rrééy&acfep%g%,‘%c%ﬁe ©

resi dues0 Thedmetdedds dfort hthe predsenti vdyeridaem tG@MId S e ithes userofcicad | s
inaculture nedium As an exanple of such a process, human cells were

taken that HFETREGWT Y &SSdshditt LeIMZE FHtCUse pairtatq &# -and

The present invention provides optimization of a process
for propagation of primary isolates of human influenza virus.
Also, the present invention provides optimization of a

15 process for propagating primary as well as laboratory
isolates of influenza viruses using the SAalpha?2, 6Gal or
SAalpha2,3Gal (or both) glycosylation moieties present on
cell surface glycoproteins. In general human influenza
viruses recognize the SAalpha2, 6Gal moiety, while the avian

20 influenza viruses recognize the SAalpha2,3Gal moiety. The
swine influenza viruses generally utilize both residues. The
invention provides optimization of a process for propagation
of any virus for which the replication depends on the
activity of alpha2,3 sialyltransferase and/or alpha2,6

26  sialyltransferase, or more generally, on the presence of
SAalpha2, 3Gal or SAalpha2,6Gal residues. The methods of the
present invention comprise the use of cells in a culture
medium. As an example of such a process, human cells were
taken that are known to support efficient replication and

30 production of influenza viruses.

The cells of the present invention are not only useful

for the propagation of influenza viruses. It is well known in



30 production of influenza viruses. The cells of the present invention are
not only useful for the propagation of influenza viruses. It is well known
in WO 03/WO334&3RCT/ NLO2/ 00804 17 the art that other vir REENIDNIBOAS
Adeno- Associated Virus (AAV), human poliomavirus and parai nfl uenza viruses
utilize the alpha2,3 and al pha2, 6 Iinkag§§ in glycoproteins for infection
(Liu et al. 1998; Suzuki et al. 2001; Walters et 5 al. 2001). Therefore the
present invention algﬁloamp gvi des , net hods for (se|ective) production and/or

propagat i on AR TUds & YRR T Wt & §hMWEES for
recognition @@@'lHM%HddﬂbdﬂlédH%ﬂﬁmg%ﬁﬁﬂ;%@élnﬂﬂﬁéﬂ¥ﬁfﬁﬁfhse§*E%lﬂB%gn'0”

provi des the use of the cells of the invention 10 and the nethods and neans
for the proddiét iadvhefZ \d rarses latheer, 6 tlharkagﬁs ue‘n&dyamplfqﬂeltrh‘e forroduct i on

of vacci nes . %%%I §_Lt s(l.tcf.ﬂ1 V|ruat es’1d9fs a q{abl . The M%h ther fore

al so provides vaccl ne's agai ns ViTUSES uty |ze t and
t he SAal pha2,16GalI00Mes.i Cil]ﬂﬁrdmj’rs:e:lHdﬂpad’esékﬁ rleﬁmltdrorhlaenﬂ pfﬁﬁt‘désvl ty. It

has been previous]y denonstrated that PER C6TM cel I s (ECACC deposit
96022940) r@]@rtgbf AT | (&S sy r R UG e 2151 sFaditarAPadtLdthidfuenza

virus and tRat e ipreduction havehs e dd g@f H&%é%dﬁgﬁnove Ater

preparations suitable for 20 vaccine pur cel |
i ne provi d@@cmgnltth@rprae@bnmﬁermm @f, trhmmrgéﬁ%oc&eaﬂlpheﬁg:ﬁﬁlérmcs:e,

derived from PER _C6 . t.hrough t.he foll ow ng SS harborlnga
nucl ei ¢ aci & EndSTTRY Hri Oé’ll&‘?fz%@e 454 pri%;‘r?sf:@rlis?g qﬁ&é}e Y L6t
of the 30r 0BG JdCWHe2 meinomet %rnd/\@ﬁ%awsa'ﬁfre(ﬂ}%d pﬂaidacl%&%r%m}lr%saésd feldss

wer e subsequently selected for stable integration of the plasmd
han influenza and for the production of vaccines agalnst

such viruses, if applicable. The invention therefore also
provides vaccines against viruses that utilize the
SAalphaZ2, 3Gal and the SAalpha2,6Gal residues for cellular
15 recognition and infectivity.
It has been preViously demonstrated that PER.C6™ cells
(ECACC deposit 96022940) represent an ideal substrate for the
propagation of influenza virus and that the production levels
from PER.C6 resulted in high-titer preparations suitable for
20 vaccine purposes (WO 01/38362). A novel cell line provided by
the present invention, named ‘PER.C6-alpha2,6ST’ is derived
from PER.C6 through the following process: a plasmid
harboring a nucleic acid encoding human alpha2, 6
sialyltransferase under the control of the strong CMV
25 promoter was transfected into PER.C6 cells and cells were
subsequently selected for stable integration of the plasmid.
The PER.C6-alpha2, 6ST cells are characterized by the higher
expression of SAalpha2, 6Gal-containing receptors as compared
to the number of receptors carrying the SAalpha2,6Gal residue
30 in the original PER.C6 cells. This does not directly imply
that the proteins carrying such moieties are over-expressed

but that the percentage of proteins carrying the



The PER C6-al pha2, 6ST cells are characterized by the higher expression of
SAal pha2, 6Gal -contai ning receptors as conpared to the nunber of receptors
carryi ng whesSsahpha2, 6Gal residue 30 in the original PERPCEH/NI®RNES04 Thi s
does not directly inply that the proteins carrying such noieties are
over-expressed but that the percentage oﬁsproteins carrying the WO

03/ 048348 PCT/ NL0O2/ 00804 18 SAal pha2, 6Gal"residue is higher than the

per cent age uch roteins in PER C6 cells. PER.C6 cells are wt hout
over - expregéﬁiﬁgéﬁ'%ﬁ EaFﬁﬁ&?P@ sifalyigei Sreradd ansRfr tegmnle sw

expressi ng bebhe3nAal pha2rRGals ard 137alnpaz bl L8, AUES th At (Rldr-surface

glycoproteins. It is however an inportant aspect of the present invention
t o i ncreasecKREepeioanrdgahsf alphaileions icdmrlyrineg st aSal pleez BGadapadsliadue

in comparis t he .percenta f . proteins _that, . carr Aal pha2, 3Gal
resi due. Dug?ft %giglrreg%tl Jupst %a?’gag&?&@y%ﬁa nainﬁiat %ﬁy‘_’f%{poﬁ-’aaﬁeﬁéaﬁlarues
gl ycosyl@ti on methi Barfadeeeapicopsotieinke I19AAlpPM%e el dry pengircnire:

underrepresented on the cell surface of cells over-expressing the al pha2, 6
si al yl transféPg§é ploftenPremesd damsintd@rchar détcaidans ddhe mEEEaiagen &

cell line ap,idealsmediym;fQr Lo [ r iRyl Qﬂ%g i
isolates w ﬁout iﬁducfn lsg{gcfigﬁgq P%%gﬁ%ﬁﬁin tﬁ%hﬁfféytyp E%%bu a5¥%n.
The propagathenpefrcsnthgel odl atresednst hateldes rof tthee JFvadgerat2 iFBeent | on

results in _effi,cien roduct.ion of |large virus stacks wi.th unaltered HA
specificityrgﬁ&dPSWUh8§e PcﬁﬁfeFﬁaFu%FE%ﬁﬁﬁhﬁ?qﬁ? 1¥ortt He*20 producti on

of vaccliesinfgavklls1prOgueeS sk aPEBNCEm lipkaZ;:, 6 SE S 0l Prgsent
mutations resulting from adaptation to the SAalpha2, 3Gl receptor (as is

the case foPhA2éRBAyoRgRed tapgsPechac mrdesgeniresgndsst vreshsf adlils virus

surface of cells over-expressing the alpha2, 6
sialyltransferase protein. These combined characteristics
make this new cell line an ideal medium for propagating

15 primary influenza virus isolates without inducing selection
pressure in the wild type population. The propagation of such
isolates on the cells of the present invention results in
efficient production of large virus stocks with unaltered HA
specificity and immunogenicity that are highly useful for the

20 production of vaccines. As virus produced in PER.C6-
alpha2, 6ST does not present mutations resulting from
adaptation to the SAalpha2,3Gal receptor (as is the case for
embryonated eggs) the immunogenic properties of this virus
are most comparable with those of naturally circulating

25 influenza viruses. Consequently, vaccine preparations
obtained from influenza virus grown on PER.C6-alpha2,6ST are
ideally suited to induce a protective response against
circulating wild type influenza virus. It is known in the art
that human influenza viruses are of the type recognizing the

30 SAalpha2,6Gal linkages and it is therefore recognized in the

art that it is desired to obtain vaccines comprising proteins



are nost conparable with those of naturally circulating 25 influenza
viruses. Consequently, vaccine preparations obtained frominfluenza virus
grown on \WBR30®3a8 pha2, 6ST are ideally suited to i nduce ZCpMI04s0ye
response against circulating wld type influenza virus. It is known in the
art that human influenza viruses are of Lge type recogni zing the 30

SAal pha2,6Gal linkages and it is thereforé“recognized in the art that it

is desired t obttgl n vacci nes conpri si n%cgrot eins WO 03/048348, i
PCT/ NLO2/ 008GA™ 18'F5n{ tHESE \Pifh%‘iéiefi rRTT 1D RAFE REYRE Yot HRRERR

i mune  r espeRgRride BN ANeWRA s At 993)90df . human i nfluenza viruses
are propagated via enbryonated chicken eggs, virus variants that are able

to 5 bind specifildalliynarp iSpElyiess 3Gatussd |athe sedprdated oviaand the

SAal pha2, 6 i Zi viguses will_be selected out,. ., PER. ells have
bot h SAal pﬁ?ﬂgﬁ%&# %Jlép%egjz,%ﬁ’ Contai Mgt eceptor S5 T Jge Ut f ace.

For a préf efriedi spreapaiatd 0Ny dfo t3res 15Aed PIEds BGal 1T 66906 ZdPige ¥ | FASLSahd 1S

10 thereforgﬁ{)referr d to have over-expressjon of receptors that harbor
this conponétte S2IRNGURER ARFRIN TG MBI EFHIRS thell 79 e leftedheout.

0PpOsi te, NIl v VIR IARS ISLIDTs Akitin, A%y SRl YLl ansder ase, the

present invention provides also nethods and nmeans gener ati ng anot her
novel cell |domdali% imanedcRERICE-dl pha?, 88T acaheBer celpiseteseradri ved from

PER C6 in a_sim.lar .manne ) scri.be ve for the PER C6- al pha2, 6ST
cells, by t PARSFSATSH of ata}'b? %ﬁ‘ﬁdﬂ}?af'b@%%ngre?ﬂﬂﬁ%n%ﬁhr%%%d}%gl%uman
al pha2, 30si alndrtgranss erasme tinderco therL afd0legird 181 St ron g LML 05 040 184

after which cells 20 carrying a stable integration of the plasmd are
sel ect ed. ADPIPERICEIHIEIIIRe| |25 Sigrrsracraket byla keltgghiore the

effect of the opposite, namely over-expression of human
alpha2,3 sialyltransferase, the present invention provides
also methods and means for generating another novel cell line

15 named ‘PER.C6-alpha2,3ST’. These cells are derived from
PER.C6 in a similar manner as described above for the PER.C6-
alpha2, 65T cells, by transfection of a plasmid harboring
nucleic acid encoding human alpha2,3 sialyltransferase under
the control of the strong CMV promoter, after which cells

20 carrying a stable integration of the plasmid are selected. A
PER.C6-alphaZ2, 38T cell is characterized by the higher
expression of SAalpha2,3Gal-containing receptors.

Both alpha2,6 sialyltransferase and alpha?2, 3

sialyltransferase over-expressing cell lines are useful since

25 alpha2,6 sialyltransferase over-expressing cells can be used
for the propagation of influenza viruses that preferably
recognize the SAalpha2,6Gal residue, while the alpha2,3
sialyltransferase over-expressing cells can be used for the
propagation of influenza viruses that preferably recognize

30 the SAalpha2,3Gal residue. When the infection and the
spreading of the viruses mainly occurs via human-human

contact and the viruses become more adapted to the infectious



expressi on of SAal pha2, 3Gl -contai ning receptors. Both al pha2, 6
sialyltransferase and al pha2,3 sialyltransferase over-expressing cel

| i nes ar ew0930H34&i nce 25 al pha2, 6 sial yl transferase overcCeEmuoesesong cell s
can be used for the propagation of influenza viruses that preferably
recogni ze the SAal pha2, 6Gal residue, whi the al pha2,3 sialyltransferase
over-expressing cells can be used for t propagation of influenza viruses
that preferably recognize 30 the SAal pha2,3Gal residue. \Wen the infection
ang tﬂe spreaedi Ngaoftheh&reilpieds SFailnigsdeeges FhEThdirark-Sh Bigt e TE6mt &&t

and the viruses co rLe t Lnfectl.ou ;

PCT/ NLO2/ 06BB4Y %er sapbegy %ﬁ%@i&%%ﬁ%??é&%ﬁ ?)té’js‘??d%é%ége%%/é%@?t% ?Léj‘

preferred t@neapphy thie oahpha2afidsi abhglt rtarsfiefast iovdry expuessidigecdly
line. On the other hand, when the infectivity ocgurs directky f.rom bi rds
e

that do not TR&Y &GP 5Rdt SohSKalEds [Hg YIRE 1S L AR EF DA™ ddi%ue to

humans £ as cyas 1he 88 idL keS| hukis S@Leka erindedsd niHang: Kakg 1 n
1997) then it s preferred to apply cells that over-express the al pha2, 3

iioal ?/I thr gngfum a.T%erl.en% epsedntier ¢im Homg tkemes 1al pregY)3 Wisdl yilk rgnsf erase or
al pha2, 3 si transferase refer .to.the res VI | s and
Qﬁ?ﬁaeé%/ﬁeéi %fo PRy (S5 that o%\ﬁ%f—e&%q_’téss nd aaﬁ@%fa{?sf

also to eq Fd nsferase, erern said equl ent's conprise
the sanme trangharasasRatdadty in kind not necessarily in anount as the

transferase it is equivalent to. Suitable equival ents can be generated by

15 the person sKis Ve®d Reufdarihe A dPhsHird (SasHere iS58 Hfitabl e
equl vaygnt diodds COMNIRA% d ransferase nActdyldat ik ki nd not

y i'n arnount’. er suitable equivalents are derivatives and/or
anal ogues afralqfw s and also to equivalents of said transferase,

wherein said equivalents comprise the same transferase

activity in kind not necessarily in amount as the transferase

it is equivalent to. Suitable equivalents can be generated by

15 the person skilled in the art. A part of said transferase is
a suitable equivalent if it comprises the same transferase
activity in kind not necessarily in amount. Other suitable
equivalents are derivatives and/or analogues of alphaZ,3
sialyltransferase or alpha2,3 sialyltransferase comprising

90 the same transferase activity in kind not necessarily in
amount as the transferase it is equivalent to. Such
derivatives may be generated through conservative amino acid
substitution or otherwise. A derivative can also be made from
a part of the respective transferases.

25 An influenza virus particle as used herein can be an
influenza virus or an influenza virus like particle. An
equivalent of an influenza virus particle is a virus (like)
particle comprising the same infectivity properties in kind
not necessarily in amount as an influenza virus particle.

30 Such equivalents can for instance be generated by recombinant
means. Such equivalents may comprise molecules not typically

present in an influenza virus.



sialyltransferase or al pha2,3 sialyltransferase conprising 20 the sane
transferase activity in kind not necessarily in anpbunt as the transferase
it is equwoaBes34t 0. Such derivatives may be generated tRCOONNI02/00804
conservative amno acid substitution or otherwi se. A derivative can al so
be nade from a part of the respective trapsferases.” 25 An influenza virus
particle as used herein can be an influenza virus or an influenza virus
i ke partlc? AN% eqU|vaIent of an influenza virus particle is a virus
(l'ike) par conpr|5|ng the sane infectivity properties in kind not
necessarily in anmpunt as an influenza virus particle. 30 Such equival ents
can for instance_be _generated by reconbinant neans. Such equival ents may

conpri se moF¥eEPde Aot COpsitERIaty onyods PALPNR 26 STRAAN Hxgna r us. WO
03/ 048348 PCT/NL@%EOQ§Qémﬁ%{ c%é%gphﬁ§gE{%ng% nGRNSIIYGET Qn, Of

PAl pha2, 6ST2000/ Hygr o ragment cantaini ng the seguénce codlng for 5
al pha2, 65 si allphaﬁaﬁsfselaasfétmsdletrameedralsy oEt-@RIn adi ggstEldURIOfdlngsaﬁerrﬂ of

pGST- Gal (a |ft fro van e, Free University  of Ansterdan1 The
pl asnid con¥ étsgllgf pg’]sg{Bﬁ@éZ l?a@l%[ﬁ)&né rOBomai disnd ¥hdiént i rr@eclﬂ‘%‘fsee“{ﬁjetr}rte

coding for bat AdkRB2af; Fhal %bllfarsﬁlaaf RLRA%E s tEERRANK AGCOSS AN ML8769) .
The 10 fragnent was made bl unt - ended T4 DNA pol yner ase accorcjj ng to

st andar d pr@@éﬁ@#égngAFb@re@éﬂrﬁuﬁDNﬂc@EQ@ﬁnCEh@qmqmmaZd& rat alpha2,6

S|alyltransgg5 %&%g fra t at.ed into g%fQO%, Hygro (al so

known as plasn? Sggﬁ %nﬁgwﬁ ﬁccﬁgglﬁgeﬁldeg@&% i %WD

00/ 63408) , ﬂnagmewaswlalsn&atjlezadumt—hnﬂ:lédpm| T adepiRo g 9md rated ¢ e8lng

purified accordlng to standard | abor at ory procedures. The resulting

pl asmi d was Ha a d procedures. After gel purification, the alpha2, 6
sialyltransferase encoding fragment was ligated into
pcDNA2000/Hygro (also known as plasmid pcDNA2000/Hyg(-) which
has been described in WO 00/63403), which was linearized with

15 PmeI, dephosphorylated and gel purified according to standard

laboratory procedures. The resulting plasmid was named

pAlpha2, 6ST2000/Hygro (Figure 1).

Example 2. Transfection of pAlpha2,6ST2000/Hygro in PER.C6-
20 EPO and selection of overexpressing clones.

PER.C6-EPO were initially generated for other purposes,
namely for experiments focusing on glycosylation of
erythropoietin (EPO). EPO is a protein involved in
stimulation of erythropoiesis and its activity depends

25 heavily on its sialic acid content for in vivo functionality.
The PER.C6-EPO cell line is a derivative of PER.C6 and
overexpresses the human EPO protein (cells have been
described in WO 00/63403). The fact that this cell line is
producing EPO is not believed to be critical for the present

30  invention. PER.C6-EPO cells were cultured and transfected

with pAlpha2, 65T2000/Hygro as described below.



pAl pha2, 6ST2000/ Hygro (Figure 1). Exanple 2. Transfection of

pAl pha2, 6ST2000/ Hygro in PER C6- 20 EPO and sel ection of overexpressing

cl ones. PEBR.0GH4BRO were initially generated for other purposed02oesasely for
experinments focusing on glycosylation of erythropoietin (EPO. EPOis a
protein involved in stimnulation of eryt h&gpoi esis and its activity depends
25 heavily on its sialic acid content for “I'n vivo functionality. The

PER. C6-EPO cell line is a derivative of PER C6 and overexpresses t he hunman

EPO protein (cel <& WIS rI PEPT WG 17 63408) Eunhiedi eS¢ hAY €M s
cell line i | Rg EPQ S ds@ltmab@éifvm trﬁllbpl&ﬁlééfﬁé/épéhtgﬁd PLEsent

30 invention. PER Cb6-EPO cells were cultured and transfected

pAl pha2, 6ST2Ga0/ Ky igh tdeseri bed dred ol ? WD:03/004 8348 nRGT/ NL8Q/2/ OMGAS 22
PER. C6 ceIIs vvere Se i tlssu cuI ur.e di she 10 cm di anet er

appr oxi mat el 2 %dl%necge 517% GC%I?JEne kg%ltb%?/er%?%%lfdja’?g %%m%lﬁ%

10% C02. 5(n ntdiﬁ;ﬂ‘a@ﬂurtm:y,s q&&dﬁocc&u’ e :Memsj et gk sISkdige Lt PO SEE Pk MEcach

(G bco) accordi n% to the 5 manufacturer' /s protocol. Twenty di shes were

transf ect ed "dch 2 W% P2 F}Z?‘]tf}b?f P TAH0 BEMeien 07 Hy i - @ 41 g clop d$’ﬁ@n<ﬂ®rd
standard pr &%@oaswgllkmﬁ %@%é@i@@@ﬂf&i nid he,ard . ANl her

di shes serv as negative controls f ygromycin ling and trans ectlon

ef ficiency. dj?rslrtehae seexte g I’[WWF;&:IGDMBBOJJ:{) iérdldekdygmmmm khesimay and

concentratiqn ssol ved DMEM nedi um cont ai ni ng FBS. Cel | s
LR T ¢

wer e i ncubat 5&‘ @rCtéL%rbeeﬁ%dﬂo? NGy 4 Qe Pul BYITREYFHY WSt he

cell's witph Hdrsh t@@lﬂéﬂc&%@&ntéﬂ:dﬂé%ﬁ%ﬁim%f‘ 568k AmIeT & ssolved
monitored daily for death, conparing with the negative 1 controls that did

not receive J{Dh@l‘ﬁﬂl\fbmddsmha?waiw&%é?s Cells were incubated over a

period of 3-4 weeks, with regular washing of the cells with
fresh medium supplemented with hygromycin. Cells were
monitored daily for death, comparing with the négative
15  controls that did not receive the plasmids harboring the
hygromycin selection markers. Outgrowing colonies were picked
and subcultured generally as described for erythropoietin-
and antibody-overexpressing cell lines in WO 00/63403.
Approximately 25 selected antibiotic-resistent colonies were
20 grown subsequently in 24-wells, 6-wells plates and T25 flask
without hygromycin. When cells reached growth in T75 tissue
culture flasks at least one vial of each clone was frozen and
stored for back-up. The clones were subsequently tested for
alpha2, 6ST activity by FACS analysis on a FACsort apparatus
25 (Becton Dickinson) using methods previously described by
Govorkova et al. (1999). For this, the SAalpha2, 6Gal-specific
Sambucus nigra agglutinin (DIG Glycan differentiation kit,
Roche) was used following the supplier’s protocols. These
clones were subcultured in a time span of two months, during
30 which FACS analysis experiments were performed on a regular
basis to monitor expression of alpha2,6 sialyltransferase on

the cell surface. Increased expression of SAalpha?2, 6Gal was



hygronyci n sel ecti on markers. Qutgrow ng col onies were picked and
subcul tured generally as described for erythropoietin- and

ant i body-woasesgsnessi ng cell lines in WO 00/ 63403. Appr oPCHaNLOR/Y0sBES
sel ected antibiotic-resistent colonies were 20 grown subsequently in

24-wel l's, 6-wells plates and T25 fl ask w% hout hygromycin. Wen cells

reached growmh in T75 tissue culture flasSks at | east one vial of each

clone was frozen and stored for back-up. The cl gnes were subse uentéqo)ﬁe
aratus 25

tested for sirphg2, B8® ResitvplphBy  EACSANaICyErS T6Y 28 FTRESSTS

(Becton Dicki.n [y} 0 [ I ri ,Govar kpvahet al .
(1999). Forth?ggggﬁgdsﬁgrgﬁgzggggﬁggpg%?ﬁ¥g§e%gn€%%§£mﬁfgra aggl utinin

(Dl G d ycanceilflf enerfricat,i erskictloneR86h8). 1las Thded clloncowiarg "Eesuppl i er' s
protocols. These  clgnes re,. subcul tured.in ti an of_ .t ,
?@ﬁ.g&cgagﬁgﬁvgigT %anﬁﬁglts %n TR gA.shS%)Jnﬁ¥ﬁ§

during 30 wh exp Wer € pért‘ormed on a regqul ar

basi s t 05 MBLLAK s@XPLSS PERN C&f-aakpha2 66 s3i aky lhearsice s & hen setlketdeld
surface. IncreaSed expression of SAal pha2, 6Gal was WO 03/048348

PCT/ NLO2/ 00804 ce23 -stlablis. eTielenés thaltps&2bs esitaIANSEeGTsi%r &f- expr essi ng

cl one, aaaaiie%%%qfgﬁgb?é/g#%¥§§Heg%gsE%ym%&E@gyﬁﬂyggggggedmléggqs(3¥I

surface, one cl one was naned PER. C6- al pha2,6 ST'. The
results in BngupeafA cshawre sFAGS s5 canalhysice 1dn sPERCE & el ISH 4o ttHee

end of the selection_process. It is evident that stable transfectian
pAl pha2, 6STPEGG Ry @ElpRe% o narEd| ¢ TGRS IS S ey 'S o R A B Ogjz,o%l

resi dueggon tihg eeld SuihAGs RS oMY ed o0 ddians M eremal L PER Qaweet | 1 ne.
I nterestingly, over-expréssion of 10 al pha2,6 sialyltransferase al so seens

to result | mmoows cEmsdetiehef S&alplves i3Gas r &5 ctad dut et Wi FACS
using alph%ﬁt%%%k?ﬂ%?ﬂggé%f¥%%ﬂﬂ5%5%9£wgﬁﬂf%ﬁgggl&&éﬂdkﬂﬁﬂﬁ“%ﬁigure

4B). This effect is most likely due to competition of

alpha2,6 sialyltransferase with endogenous alpha2,3

15 sialyltransferase for the same glycoprotein substrate.

Example 3. Generation of alpha2,6- and alpha2,3
sialyltransferase cDNA expression vectors.
A PCR fragment containing the full length cDNA of human

20 alpha2,6 sialytransferase (GenBank accession nr: 14735135) is
obtained by Polymerase Chain Reaction (PCR) on a human cDNA
library using methods well known to persons skilled in the
art. The primers used for the amplification (sense: 5'-TTT
TTT GGA TCC ATG ATT CAC ACC AAC CTG AAG AAA AAG-3',

25 antisense: 5'-TTT TTT CTT AAG TTA GCA GTG AAT GGT CCG GAA GC-
3') contain an additional 5’-tail that allows digestion with
BamHI in the sense primer and Af1II in the antisense primer
respectively. The PCR product is purified via agarose gel
electrophoresis and digested with BamHI and AflII and

30 subsequently cloned into pcDNA2000/Hygro (described as
pcDNA2000/Hyg (=) in WO 00/63403) and into pcDNA2000/Neo (this

vector was basically constructed in the same way as



4B). This effect is nost likely due to conpetition of alpha2,6
sialyltransferase with endogenous al pha2,3 15 sialyltransferase for the
sanme gl ycwprooweisms substrate. Exanple 3. Generation of al phadNi®2/oesed

al pha2,3 sialyltransferase cDNA expression vectors. A PCR fragment
containing the full |length cDNA of human 0 al pha2, 6 sial ytransferase
(GenBank accession nr: 14735135) is obté% ed by Pol ynerase Chain Reaction

(PCR) on a hunan cDNA |ibrary using netho?s wel | known to persons %$;Lled
in the artPCPNR2BPPAEYS (dedTrBr PERNARARPY PHER: PSnleSehss™ SCSFFEPofTT G
TCC ATG ATT » ACK b 2 ; vaRo EhE TTT CTT
MG Tia cocda iy @26%3&%?%& fiis, 2pcBbboensRyda e BRE 11T T hat
al | ows di geptDBA20DDWNeBawHrei alshedsgrséepr wikh BadHAf A AflHe anti sense
prinmer respectively. The PCR product is purified,via agarose gel. .

el ect r ophor €§F réﬁ%¥8pg§§F¥HQﬁ't %aﬁﬁﬂuﬁﬁﬁeAFpﬁltﬁﬁdcggrgﬁ%ségﬁgﬁpﬁyare

cl oned imt ocRePNA30BY/ Hsaha «( desehtibad saguepePN268000IHIghy) tion SWAnR/E8403)
and into pcDNA2000/Neo (this vector was basically constructed in the sane

way as WD 0BF0489u8ePCKARIO2L0086F50p8 s&DNA2JOBIHFSE- Pritr & FEBRAYFGE DHFR
as has been ,bed. . in tai: | .6 3 Ear this, pcDNA2000/ ro
o e e

and pcDNA2 were al'so and AflIl restriction
enzynes. TheAsehuenésTaniARNE Ogaryyeot (Elignireg2a) e pdlohelk &d o NGB0 Neo

stranded sequenci ng_according to standard procedﬁ{es knawn %f er sons
skilled in thé958FE 8P)nolfE&Yl &PTPBLSFogyCIFhE AL Fpﬁﬁgﬁpﬁk Yare naned

PAl pha2y $STgPNAZ00@/ By gn 9 1tFgure Ak RALRRAZHESTERNAZA0Q/Ned e (Rt dREB) .
They conprise nucleic acid encoding hunan 10 al pha2, 6 si al yl transferase
under the c6MVrprombtele (eeee@ed0/63403) . Furthermore, the plasmids

confer resistance to neomycin and hygromycin respectively,
that are used to select for clones that have integrated the
plasmid into their genome in a stable manner.

15 The ¢DNA of human alpha2,3 sialyltransferase (GenBank
accession nr. L23767) is obtained and cloned as described
above for the human alpha2,6 sialyltransferase gene. The
primers that are used for the PCR reaction are: sense 5'-TTT
TTT GGA TCC ATG TGT CCT GCA GGC TGG AAG CTC-3' and antisense

20 5"-TTT TTT CTT AAG TCA GAA GGA CGT GAG GTT CTT GAT AG-3'. The
resulting plasmids are named pAlpha2, 3STcDNA2000/Hygro
(Figure 3A) pAlpha2,3STcDNA2000/Neo (Figure 3B).

Example 4. Generation of stable PER.C6 cells over-expressing
25 either human alpha2,6- or human alpha2,3 sialyltransferase.
Cells of the PER.C6 cell line are seeded in 40 tissue
culture dishes (10 cm diameter) with approximately 2-3
million cells/dish and are kept overnight at 37°C and 10%
CO,. On the next day, cells are transfected using
30 Lipofectamine (Gibco) according to the manufacturer’s
protocol and to standard culturing procedures known to

persons skilled in the art. Twenty dishes are transfected



CW pronoter (see WO 00/63403). Furthernore, the plasmds confer

resi stance to neonycin and hygromycin respectively, that are used to

sel ect fowooBo#s3¢s t hat have integrated the plasmd into Ph@iNLOgessone in a
stabl e manner. 15 The cDNA of human al pha2, 3 sial yltransferase (GenBank
accession nr. L23767) is obtained and cl gped as descri bed above for the
human al pha2, 6 sialyltransferase gene. T primers that are used for the

PCR reaction are: sense 5 -TTT TTT GGA TCC ATG T CCT
CTC-3' and eath sehise 5 2eg 50f TR a2 Cq9T AR 4¢A0 Gé%f’e@ég %%Aé’ﬁ GAT

AG 3 The a PAIAQQABL reofFi gure
3A) pAIpha2:Qgiqgﬁkggsgéﬁgg&gil3%§%P%g§grpégﬁ% %e %E%Energtloﬁwgf gfab?e

PER. C6 ceIIme@myml@xbxbksmggan@Steamhé¢ctunnneﬁfphagney oPnhhenn8kpha2, 3
sialyltransfera f_the, P 4 ue
cul ture dls%%%'(ﬂfp%ﬁ?ﬂ?aﬁgt%rT @Ffﬁ h%p? %ately §§§?ﬁﬁgéﬁggeﬁﬁ%?§?sh
and are5kepﬁl@ﬂ@lﬁé@hina&eé]ﬁhaﬁﬁnﬂgghlﬁéﬂFth ChElBe&tedampubatbd aver

transfected using 30 Lipofectanm ne (G bco) according to the nanugicturgkls

pr ot ocol an@ p©13@én@5ré Bureaks ngWpERCEBGREITKNBRALEE Opel86nECkFl e
the art. gfég ﬁkéé§@%§ﬁb&69%%§1Eﬁé0%§§é§tEGE/QB@%&OOQQQlSZQr%aCh

with 5 pg o O dishes wt
non- transfembﬁﬂt@eéﬁsdsenyefas ﬂegﬁh;veomparingswﬁbh theompgiaitikel | i ng and

transfection efficiency next neonycin (0.5 /m) i.s added to
t he approprF%PErﬂi§hEEat5d6ﬁ5§8FvE8C?ﬁVﬁeEPﬁnP AEACRi Hﬁrg%§lnéeﬁﬁ§ are

I ncubatgyl OMQBmyélHeéhedh95rém§cﬂﬁeEéle@t&ﬂnrﬁﬁ%ké&sﬂﬁ@ﬁt@gdWEn@he cells
with fresh medi um suppl efrented with the selection agent. Cells are

moni tored daplynies deat hickerpaningubithtunednegasigely as described

for erythropoietin- and antibody-overexpressing cell lines in
WO 00/63403.
From each cell line, approximately 50 selected neomycin-

15 resistent colonies are grown subsequently in 96-wells, 24-
wells, 6-wells plates and T25 flask with neomycin. When cells
reach growth in T25 tissue culture flasks at least one vial
of each clone is frozen and stored for back-up. Each clone is
subsequently tested for production of recombinant human

20 alpha2,6 sialyltransferase by FACS analysis using’
SAalpha2, 6Gal-specific Sambucus nigra agglutinin as described
above and as previously described by Govorkova et al. (1999).
The following selection of good producer clones is based on
expression, culturing behaviour and viability. To allow

25 checks for long term viability, suspension growth in roller
bottles and bioreactor during extended time periods, more
vials of the best performing clones are frozen, and are
selected for further investigation. These clones are
subcultured in a time span of two months. During these two

30 months, FACS analysis experiments are performed on a regular
basis to monitor expression of alpha2,6 sialyltransferase on

the cell surface. The best stable producer is selected and



controls that did not receive the plasmds harboring the 10 neonycin and
hygromyci n sel ection markers. Qutgrowing colonies are picked and

subcul turwo ogemssnal | y as described for erythropoietin- amdT/NL02/00804

ant i body-overexpressing cell lines in WD 00/63403. From each cell Iine,
approxi mately 50 sel ected neonycin- 15 ;gﬁ%stent col oni es are grown
subsequently in 96-wells, 24- wells, s plates and T25 flask with

neonyci n. When cells reach Eromﬂh in T25 tissue cultg Llasks at | east
one vi al oms%@cﬁoél@ﬁbli§aﬂ 628n BRUSSELOPBE f8r SBRERS ﬁ§ BaBRUEFBHE s

subsequent | 4§ ot £el1 propr 9ducLhon ebe! e60gbLnanLshyTBR .20 al pha?, §

sialyltrans ase anal ysis using SAal phaz, GGﬁl-SpeCIfIC Sanmbucus
nigra agglutln|ncasldk$nesbederab&yeeaadnastbeehumagl§1§é§8vﬁbed by

Govor kova et al._ (1999 The fo omnn selectl of g I S
i s based onSlékﬁ%E§§P6%6réﬁFtHFP%SlBeﬁ |88?e§ﬁ éBlﬁgg %a$ % -
checks fxor |,909-tenBs i @Bihi h¥oveUEBENEheNhgmant hlplﬂaaold er bottles and

bi oreactor during extended time periods, nore__vials of the bes&wPerfornlng
clones are fiaiphtrandfarasesevesredPressinpt RER - ChvE&tigat ildn ¢

cl otes s %5&?;2 ghﬁghga %s%'c@sme%/ﬂfefog 49 (RALNS rHAG 1kAgRe dena 30

Xperiments are on a regular basis to
noni t or eXp&@ﬁélQ@ ﬁEm@HpDER 66&Habﬂbha20§féﬂase on the cell surface. The
best stable producer is selected and WO 03/ 048348 PCT/ NLO2/ 00804 26 used
for cell banking This clone is expanded to generate a cell line that is

named cg heth Bl cHlturkl RAY AWFecRiRmeSEitl) pditmdvymamal pha2, 3
S|aIyItran era e protein are generated in generally the same 5 way as
descri bed abdeptkdr inffd uemran vilrsisaiselates in PER.C6 cells and in

alpha2,6 sialytransferase-overexpressing PER.C6 cells.
Experiments were performed to compare the susceptibility
to infection of PER.C6 with that of PER.C6-alphaZ,6 ST.

15 Suspension cultures of PER.C6 and PER.C6-alphaZ, 6 ST were
cultured in serum-free ExCell 525 medium (JRH Biosciences)
supplemented with 4 mM L-Glutamin (Gibco), at 37°C and 10%
CO, in 490 cm® tissue culture roller bottles during
continuous rotation at 1 rpm. The procedure described below

20 was applied for all the influenza infections reported. At the
day of infection, cells were seeded in 6-well plates, at the
density of 1x10% cells/ml in a final volume of 2 ml of serum-
free media, containing 2 mg/ml Pen/Strep (Gibco), 200 ng/ml
Fungizone (Gibco) and 3 pg/ml trypsin-EDTA (Gibco) . Cells

25 were infected with a viral inoculum of a primary isolate and
with a PER.C6-adapted batch (derived from the primary isolate
and passaged for 1 passage on PER.C6 cells). The primary
isolate that was used is the A/Netherlands/002/01 (HINI1,
A/New Caledonia like, gift from Prof. Dr. A. Osterhaus,

30 University of Rotterdam). Both batches were used at a 1072
v/v dilution. Infected cells were kept in static culture at

35°C, in 10% CO,, for six days. Viral supernatants were



sial yltransferase over-expressing PER C6 cells. In this case plasmd

pAl pha2, 3STcDNA2000/ Neo is used. The resulting cell line is named

PER. C6- Hwbpha#333 ST. 10 Exanple 5. Cell culture and i nfe®CrovLoaasa4 pri mary
and adapted influenza virus isolates in PER C6 cells and in al pha2,6

si al ytransf erase-over expressi ng PER C6 C%&; Experiments were performed to
conpare the susceptibility to infection“of PER C6 with that of

PER. C6- al pha2,6 ST. 15 Suspension cultures of PER C6 and PER C6-al pha2,6 ST
were cul tm@ﬁer@@rmﬁF@ﬁ@]@O@O@W SO PR i FORE B SRR ERELY)

suppl ement ed. wi t i 90 cn®
tissue cul tTract Jr? 0 grg%&g%ir]?élgq%%g%?%ﬁ%ﬁ@ggo?g??%%y%ggg?pﬁ’?é he

procedur e descrsbed abe:hi)wcoﬁﬁ)gavaest appo O edprhofoal 5 mhe, i @tl peaZa i nfections
reported. At the day of infectj

ﬁn cells vverﬁ segdgd |n @/ell pl ates, at
the densityeBpeuxanse ceFPst PeihehSREF IDFOHES serum free
medi a, gont Rep/ Sksep LG Be9rriBOQ ngkph. Eu grrenent & bco)
and 3 pg%?m %uﬁlfllgg?%u%%%'%e bco) %e ls 25 aére i nfected Wlpth a viral

i nocul um of warer t manyfesokdt eoaﬂdnew eRPanNPERE CoURBaptreBiBaychrpagri vBd

fromthe pr| mar ol a and assa g he
primary Hﬁ‘tl}éd ﬁ%ta’%éssa%% s t%’g&Aé %é?#e‘fﬁ%%s%%%%%% ggyéA;se%-v
Cal edoni a | bkeow@i ft from Prof. Dr A. GOsterhaus, 30 University of
Rotterdam . Both batches were used at a 10-2 viv dilution. Infected cells
were kept in static culture at 35C, in 10% CQ2, for six days. Viral
supernaf@ntﬁxgﬁég o o%glﬁﬁgéguggggyggggoqgg@ 27 retrieved throughout the
experi ment %sequen l'y clarified. d arification was per formed by
pelletting the opekksti nmaunbEilobugecancs0dd.Fpm Besaysnifer &her oom

detection of Influenza virus infection were carried out in

infected cells (see above) using the IMAGEN™ Influenza Virus

A and B kit (Dako) according to the protocol provided by the
15 supplier. Briefly, infected cells were centrifuged for 5 min.

The supernatant was removed and the pellet resuspended in

PBS. This was repeated twice to wash the cells thoroughly.
The washed cell pellet was resuspended in PBS and 20 pl of
cell suspension was added to each of two wells of an I.F.

920 slide. This was allowed to dry at room temperature. The cells

were fixed by adding 20 pl acetone to each well and air-

dried. To each well, 20 ul of the appropriate IMAGEN
Influenza reagent (i.e., labeled antibody specific Influenza
A or B) was added. The slide was then incubated for 15 min at
25 37°C on a damp tissue. Excess reagent was washed away with
PBS and then rinsed for 5 min in PBS. The slide was air-dried
at room temperature. One drop of IMAGEN mounting fluid was
added to each well and a cover slip placed over the slide
(this was fixed in place with a small amount of nail polish).
30 Samples were viewed microscopically using epifluorescence
illumination. Infected cells were characterized by a bright

apple-green fluorescence. The approximate percentage of cells



tenperature. Cell pellets were analyzed by direct 5 i mmunofl uorescence
assay as described infra. Supernatants were transferred to a new eppendorf
tube, rapwolog/oigsazen in liquid N2 and stored at -80C unt iPCTMN®2/0080p| aque
assays (see below). 10 Exanple 6. | nmunofl uorescence test. Direct

i mrunof | uorescence (I.F.) assays for t he Fidet ection of Influenza virus
infection were carried out in infected c2é | s (see above) using the

| MAGENTM | nfluenza Virus A and B kit (Dako) according to the protaoc

provi ded bytbhé sBowupppitéivenH iféflpyespﬁflécﬁéaeegl F@“&BF&%@’HF ATFE JTV&

mn. The Sypeunatant wasoreapued-ANdpbiaiRel Lot kasuspendedguie BESICTNI s

was repeate o wash the cells t horoughly. The washed cell pellet
was resuspendedviideRBStaad PER.C6Falpbki, §u§ﬁeﬁ§p@|@r\‘ﬁ@§i addé¢ s tdac s
two wells of an,I.F. 20 s s.alla r room t enper at ure.
The cells %@PélPF‘%éEPnb?fa&gllen(‘j-{zl@llcmgcétst%g €0 (¥ eaclﬂ_' we%lt"fS Ad air- dried.
To each gell, 20 1 of the appropriate | MAGEN |Influenza reagent (i.e

| abel ed anti body specific Influenza A or B) was added. The slide was then
i ncubat ed f 8xamplei d -aPl28ug7@s§iYa danp ti ssue. Excess reagent was washed

away With PBS and then @'&%%‘1 0110 I deh RESprfedldidpans ar adied

at room t enper at m)untl ng fluid was ded to each
well and a g@veresl by I@ﬂo@@:ﬁ(ﬂlgO\f@rr tofie calel cE@rn(attI:ucm vies MOGEe df Manilpn ar i h
a smal | anpunt of nail pO|ISh 30 Sanpl es wetile .ewed m croscopi.call
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usi ng epi fl @@ﬁé@@erﬁ%@neﬁl | GfiAat Lo CUlRtEct & the M Wie rre ReHAR Rt B zeoPCb
bri 9t 13PPLegrect J Lugtastanse., TR AP T, parean agawf cel | s vo

03/ 0483 28 that show positive fI uor escent green)

conpar ed W elkpeegatentes. A total of 1 ml of 10-fold diluted viral
supernatants of primary and PER.C6-passaged influenza virus
both propagated on PER.C6 and PER.C6-alpha2,6 ST according to
the methods described in example 5, were inoculated on MDCK

15 cells which were grown until 95% confluence in 6-well plates
in DMEM supplemented with 2 mM L-glutamin. After 1 h at 37°C
the 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 ul PBS). The cells

920 were then incubated in a humid, 10% CO, atmosphere at 37°C
for approximately 3 days and viral plaques were visually
scored and counted. Results are shown in Figure 6. The
clinical isolate of influenza virus (white bars) and the
PER.C6-passaged virus (grey bars) could infect the PER.C6-

25 alpha2,6 ST cells very efficiently (right panel), whereas
PER.C6 cells (left panel) were not very susceptible to
infection by the primary clinical isolate. This shows that
cells that over-express the alpha2,6 sialyltransferase are
particularly useful to propagate primary virus isolates and

30 shows that these cells are extremely useful in rapid and safe

methods for the production of vaccines against for instance

influenza infection.



(red) cells was recorded. Results are shown in Figure 5. It is evident

t hat PER. C6-al pha2, 6 ST supported efficiently the replication of the
clinical womBasss4§ white bars). 5 Exanple 7. Plaque assay YCTmNLopp@ducti on
in PER C6 and PER C6-al pha2,6 ST were studied by scoring for plaque
formation in MDCK (Madin Darbin Cani ne ggney) cells inoculated with virus
supernatants. MDCK 10 cells are particularly useful for such plaque assay
experinments. A total of 1 m of 10-fold diluted viral supernatants of
primary and PER C6-passaged influenza virus both propagated on PER C6 and

PER. C6- al p%ﬁ%@k RCCPI Hi-00i bR ok henPRhbnds ¢esaki padtiniesampliagd, were

i nocul ated 15 cells which were grown until 95% confluence in 6-well
plates in BAMEM&upplbseimeBAGEth 2 MM L-glutamin. After 1 h at 37C the

cells were washed tw c i BS and overl e i r m X
(L2 m 2 506 aga beres EhGP-BeSkueSHe) 9380mBt Yol fbanins®etE
trypsi nsEDTA; + 2605 P11 IPBBhendheveelibsid0supeenbhentsncbat edoicedarkum d, 10%

C02 at mosphere at 37C for app(oxinatel¥ 3 days and viral plaques were
visual |y sewstedlandheounsedlifRestiPs g er§ﬁé&ﬁaFﬁOPFSGPBeggn%hglr&PPﬁical

i solate of jnf VLT (white: par h ER. kT us
(grey bars)ﬁgo%%§g§§ %gtH?ﬁewgééﬁtgﬁzékaﬁggé%,gh%$ §g?FEE§§§§gg?Fngently
(right panel)fewbedeasthPER:BES €ékks ¢behtl pénelyalerepidicakdon.siséapt iebl e

to infection by the primary clinpcal isolate. This sh . cells that
over-expres%?%ﬂ%n%¥@ﬂa§96t§¥ﬁl9Ft%§%s?§r8§ ﬁr@Olﬁgytpgﬁﬁg%E%&dgé ul to
propagafee PrLPRE¥nVHIUS Lsal at es aBdp3@sshows tbhabtbligseeesl lascarrate

extrenely useful in rapid and safe nethods for the production of vaccines
agai nst forvahseaneéthinf ruésrahprrect fof. same titration by plaque assay

with MDCK cells, which is at the moment the standard assay
for influenza virus titration used by many in the art, is
much more lengthy (generally almost two weeks), labor

15 demanding, and especially less reproducible. What follows is
the technical description of the materials and method
employed. Here, it is shown that suspension cells can be used
for titration of influenza virus particles in supernatants
using FACS analysis.

20 PER.C6 cells that were grown in suspension in serum-free
AEM Medium (Gibco) were plated in a 24 well plate (1 ml cells
per well at 1x10°% cells/ml). Trypsin-EDTA (Gibco) was added
to a final concentration of 3 pg/ml. Cells were infected with
an influenza virus type A supernatant (X-127, a reassortant

25 of A/Beijing/262/95 and X-31 (obtained from the National
Institute for Biological Standards and Control). 200 pl virus
supernatant were added to the cells in 3 fold dilution steps,
starting with undiluted virus stock. A control of mock-
infected cells was included. Following addition of the virus,

30 cells were kept for 5 h at 35°C.

Infected cells were sampled (350 pl each) in 1.5 ml
eppendorf tubes. Cold PBS was added up to 1 ml and the tubes



WO 03/048348 PCT/ NLO2/ 00804 29 Exanple S. Titration of influenza virus
particles using PER C6 cells in FACS. A novel FACS-based nethod was

enpl oyed womwasus e the 5 titer of influenza virus in supermaiantss4 The
procedure entails the quantification of replication-conpetent virions by
detecting the fraction of cells that are gboductlvely infected within the
first round of viral replication. Using a” suspension culture of PER C6 and

a noiety of infection 10 between 0.01 and 1 it is possible S%al very
accurate valRI&s %r{qﬁlﬁf%gqcév@%ﬁ oinad SOR0 5RY A7 O?PW%‘P%%

with MDCK Celdrsr W éf% | S XE O TRIY &f@ca'sﬁc?&gaérgd asSBYs |&Fel nfl Uenza

virus titration use ny tnthe art, 1s nmuch nore lengthy (generally
al nost two \N@@A&)peﬂcahbrge]rﬁ:h}emancﬁﬁg uhm%mwdém/f%ﬁ@pf@produm bl e.

What follows is h technlc descrjption. of the erials and_pe;hod
enpl oyed. H&E" qatb t[ YUs TS s z{%h Jfoeﬁg & For 400

titratiop ofcdinf Imze@o&; rw@ PAdd | £d@Sd | dh§ UPST Tt Bet &8 i aga FACS
anal ysis. 20 PER C6 cells that were grown in suspension in serumfree AEM

Medi um (G bé®ower €t ftar isrhl 24K | TeiniRended] 1R ePPS HhefOhRl | at
1x106 cel | Sfﬁ%]nﬂ{v%re | nLEPTpr(dsG bP'Q)Bé’@S @dﬁ%a 1R, fud | nabn CONGERNL T At pn

of 3ig/m an i nfTuenza Vi rus type A supernat ant
(X-127, a redssorfilardn2b ZDfmAtM@ngé:?rﬁ%@écaﬁd: Xaﬁtiﬂé@dbjz alaeelléd owmithe
National Institute for Bjiological Standards and, Cont %05)(2 VII‘

e 57t S

super nat ant Eldie GRRert &ite Pl PRI HH Ui HET Eht§

W th undpl utgd, Wd U stafkand SA¥L emlmsﬁéﬁ eshed weths1 was w_cdiuplssl.
Fol l owi ng addition of the virus, 3 were kept for 5 h at 35C.
and once with 1 ml lx Cellflx f1x1ng solution (Becton

Dickinson). Cells were then analyzed by FACS or stored at 4°C
in the dark for up to 1 week for subsequent FACS analysis.
Stained cells were analysed on a FACsort apparatus

15 (Becton Dickinson). Influenza/FITC positive cells were
detected in the FL1 channel and appeared in the upper right
quadrant (Figure 7). In the lower portion of the figure are
plotted the results of the FACS analysis on uninfected cells
and cells at 5 h post infection. The upper right quadrant and

20 the upper left quadrant of the graphs represent the FITC-
positive/infected and FITC-negative/uninfected cells,
respectively.

Infected cells were then plotted as percentage on the Y-

axis over the dilution of the supernatant used to infect them

25 on the X-axis (Figure 8). The value that corresponds to 50%
of infected cells represents the TCIDsgo of the supernatant.
Knowing that 1,000,000 cells were used for this initial
infection, one derives that 200 pl supernatant diluted 1/6
contain 500,000 infectious particles, corresponding to a

30 titer of 1.5x107 infectious particles/ml. When the same
supernatant was quantified on the standard plaque assay with

MDCK cells using standard procedures well known to persons



Infected cells were sanpled (350 pl each) in 1.5 m eppendorf tubes. Cold
PBS was added up to 1 m and the tubes WO 03/048348 PCT/ NLO2/ 00804 30 were
centrifugwo oBo#s3®8 min at 5000 rpmin eppendorf bench centPCIrfNI®2/00804
Super nat ant was di scarded and cells were resuspended gently in 100 pl cold
Cytoperni Cytofix perneabilizing soluti on3(1Phar m ngen). After 20 mn at 4C,
5 cold PBS (900 pl) was added and cells pelleted again as above. Pelleted
cells were res ended i.n 350 pl cold staini dium (PBS, 1% BSA,. 0.1%
Na Azide) c %ﬁ‘? g5 Hre HFE R IR %‘?rfm?%o@?&aeﬁ RGeS ¢ it Body

| abel ed W t hyaH G & negen/ Kitge Dako). Cells were incubated at 4C for 15 10

mn to 30 mn and su,bseojque.ntly washed once with 1 ml cold PBS and once
with 1 m 1x Cel 1§55 08 Herwd|ia ivre (Bectlrf 1 cidigson) . ticet | ¢1feeeenten

anal yzed by .F r&dh at i o] ek for
subsequent FA@%%|€IAS(I?S. ta}élllgsd écgle%%mgg"[e%én%%%%# o%%%\,\ig—%\cfé%%?
apparatus IoddBdotomwiilckdnSteent frhaenza/ 4t TREROSEt tyevaey | shaer e

detected in the FL1 channel and appeared in the upper right quadrant
(Figure 7). ﬁ%fl%%l‘fﬂo‘%érogo‘?ff%%ﬁ Y+t e R es bye Chrort eaf t hefecntes of
the FACS ana}ysiseHMb it Afeed £dk el Soardnde Crﬁéés%féd%a?oﬁ?&éd' gction. The
upper right quadrant and 20 the upper left quadrant of the graphs represent
the FITC powriewyigtfecred bedy AT Gsedatn vidieins tdactieg. cel | s,
respectively. Infected cells were then plotted as percentage on the Y- axis
over the dilution of the supernatant used to infect them 25 on the X-axis
(FigurelB). The value that corresponds to 50% of infected cells represents
the TCI D50 of the supernatant. Knowi ng that 1,000,000 cells were used for
this initial



i nfection, one derives that 200 pl supernatant diluted 1/6 contain 500, 000
i nfectious particles, corresponding to a 30 titer of 1.5x107 infectious
particl eswolo3/o¥seh t he sane supernatant was quantified omCrhaozveedard

pl aque assay with MDCK cells using standard procedures well known to
persons WO 03/048348 PCT/ NL0O2/ 00804 31 skilled in the art, a value of

1. 7x107 was obtained, with a variation of“+/- 50% It is obvious to one
skilled int art that different volunmes and dilutions of virus

super nat ant T e GRed 5 together with different anmobunts of PER C6 to vary
the sensitivity of the assay. Analogously, titers of influenza viruses

ot her than X-127 can be neasured provided the appropriate antibody is used
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5 - contacting a cell with a virus particle in a culture nedi um under
condi tions conducive to infection of said cell by said virus particle;
and - culworoBfgs3sai d cel | under conditions conducive to POTNIOpaesati on of
said virus particle, wherein said cell over-expresses a nucleic acid
encodi ng an al pha2,6 sialyltransferase or,a functional equival ent
thereof. 15 2. A nethod according to claim1l, wherein said al pha2, 6
sialyltransferase is human al pha2,6 sialytransferase. 3. A nethod for

pr oduci ng a &h U@Sparticle, said nethod conprising the steps of: 20 -
contacting a cell with a virus particle in a culture nmedi um under

condi ti ons conduol v difoq | ALECLiR Ofnsal &0kl Dycealileyl susapREthshe:

and - culturing said ce und ons conduclive to ~ 25 propagation of
said virus parti cteypmierred ntlsai stemd loDver - expresses a nucleic acid

encodi ng,. an al pha2, 3 si al Itransferas functj onal ] val ent
t her eof . °30 4. A net hod mw ]m"?}tl'W?er‘é}rW%aﬁ’%rq%} Q23 @

sialyltransferase is hun@m@heearzeémmawaé@nééﬁa%@ong\oce%gé&%8to
PCT/ NLO2/ 00804 37 5. A nmethod according to any one of clains 1-4, wherein

said virus particle is amfattienzafvieug paklibyesaﬂdaﬁlréqupaétéﬁﬂer
thereof. 5 6. A nethod ag rding to claim5, wherein said influenza virus
particle is present in an'influenza isolate.

- culturing said cell under conditions conducive to

10 propagation of said virus particle,
wherein said cell over-expresses a nucleic acid encoding
an alpha2,6 sialyltransferase or a functional equivalent

thereof.

15 2. A method according to claim 1, wherein said alpha2,6

sialyltransferase is human alpha2,6 sialytransferase.

3. A method for producing a virus particle, said method
comprising the steps of:

20 - contacting a cell with a virus particle in a
culture medium under conditions conducive to
infection of said cell by said virus particle;
and

- culturing said cell under conditions conducive to

25 propagation of said virus particle,

wherein said cell over-expresses a nucleic acid encoding
an alphaZ2,3 sialyltransferase or a functional equivalent

thereof.

30 4. A method according to claim 3, wherein said alpha2,3

sialyltransferase is human alpha2,3 sialytransferase.



7. A method according to claim®6, wherein said influenza isolate is
obtained fromat |east one influenza-infected 10 nmammualian subject. 8. A
nmet hod acworodiossy4s o claim 7, wherein said influenza- infeeCEtNLomogali an
subject is human or pig. 15 9. A nmethod according to claim6, wherein said
influenza isolate is obtained from at Iegiﬁ one influenza-infected bird.
10. A nethod according to any one of clali 1-9, wherein 20 said cell is
transforned with El from adenovirus. 11. A nethod according to claim 10,
wherein sai d cél-|?iBeERORUARRCERITY 9B any AnpePhodlac®sr drAg vBeERPArm 11,

wherein sald humegysgeyl hs PER (210758 GeTiNAibUR-LNGLEQL. pl3es ArOBLROG,
according to any one of clai 1-12, erein said nuclerc acid encoding
the sial yl transf ee@sevake30 he¢eeofogous to said cell. WO 03/048348

PCT/ NLO2/ 00804 38 14. A nethod according to claim 13, wherein said nucleic

acid encoding the sialyltransferase or functional equivalent is integrated

into thesgenomg of matiogedtcobdlhy fonethod 6orwABkEng 3ayacehReuefiahd
met hod conprising the steps of: - producing a virus particle according to

any one of clainsiqudspagpiiclej hackroathhgithenvinisuparei éresase.
produced. 10 16. A nethod according to claim 15, wherein said nethod
further conprises the steps of: - treating said virus particles so produced
to 7. A method according to claim 6, wherein said influenza

isolate is obtained from at least one influenza-infected

10 mammalian subject.

8. A method according to claim 7, wherein said influenza-

infected mammalian subject is human or pig.

15 9. A method according to claim 6, wherein said influenza
isolate 1s obtained from at least one influenza-infected

bird.

10. A method according to any one of claims 1-9, wherein

20 said cell is transformed with E1 from adenovirus.

11. A method according to claim 10, wherein said cell is a

human cell.

25 12. A method according to claim 11, wherein said human

cell is PER.C6 or a derivative thereof.

13. A method according to any one of claims 1-12, wherein
said nucleic acid encoding the sialyltransferase is

30 heterologous to said cell.



yield antigenic parts; and 15 - obtaining at | east one antigenic part. 17.
A nethod according to claim 16, wherein said antigenic part conprises the
hemaggl utwoios/ogs3et ein or a part thereof, and/or the neur ®ETNIda8@0pr ot ei n
or a part 20 thereof, frominfluenza virus. 18. A vaccine obtai nable
according to any one of clainms 15-17. 25,L9. A pharmaceutical conposition
conprising a vaccine according to claimI8. 20. Use of a cell that

over - expresses_an al pha2,6 sialyltransferase or_a functjonal, K part thereof

for the 30 profagdt i LTI YA FPiMG D3/ FaBaE PRat NLBST B804

39 21. Use of a cgliqthalo@Ves -exPr§58651 8Padb PARsS ol ahybiansierase or
a functional part thereof for"the production of a virus particle. 5 22.

Use of a cell accoywivglent claimegorted, inherehe geadmevofusaparcetle is
an influenza virus particle. 23. Use according to claim?22, wherein said
i nfluenza virus particle is present in an influenza isolate 10 obtai ned

fromat beast oBe imfrhaezad-foi a6d leth Jredmed d@ihe S U BEtme 2dod UsemBeLot di ng
to claim 23, wherein said influenza- infected mamrmal i an subject is a human
or a pig. 15 25. thRe 2R dPhy to claim 22, wherein said influenza virus

e Focrent o) R VLR R oot ol e somat oget e
of of claims 1-14; and

- inactivating the virus particles so produced.

10
16. A method according to claim 15, wherein said method
further comprises the steps of:
- treating said virus particles so produced to
yield antigenic parts; and

15 - obtaining at least one antigenic part.

17. A method according to claim 16, wherein said antigenic
part comprises the hemagglutinin protein or a part
thereof, and/or the neuraminidase protein or a part

20 thereof, from influenza virus.

18. A vaccine obtainable according to any one of claims

15-17.

25 19. A pharmaceutical composition comprising a vaccine

according to claim 18.

20. Use of a cell that over-expresses an alpha2?,6
sialyltransferase or a functional part thereof for the

30 propagation of a virus particle.



predeterm ned virus particles present in an isolate, wherein said set of
predeterm ned virus particles has affinity for a specific glycosylation
noi ety prwoenn4ssm a receptor, and wherein said isol ate cecpNI®e80sn 25
addition to said set also virus particles not having the predeterm ned
specificity, said nmethod conprising the 3§teps of : - incubating a cel

whi ch is capable of expressing and exposi'ng said receptor conprising said
30 specific ggﬁgos lation noiety, with said isolate in cu%t re medi um
under conditi ueh v@ ¥ DI 3 PR D27 80882 2#B 86 Pnfecti on of

said cell by at LeaplyoRgnytEtase PAFLACkENRECSRAL plreatfesaby fogUthuring
said cell under conditions conducive to propagation of said virus

particle; and 5 prbdueesonngfvarusrparpactésleo produced fromsaid cel
and/ or said culture nedium 27. A nethod according to claim26, wherein
said glycosylation noiety conprises a SAal pha2,6Gal residue. 10 28. A
met hod agcordigyg tgsé&l @f M 261 Whes€bRd s8d deo ot ysosybat ben2mpi shygreonpri ses
a SAal pha2, 3Gal residue. 29. A nethod according to any one of clains

26- 28, wherein 1525@i #1566 BRrpiedet eFnfRedN{l VA8 Z2paFitrEFe®orsi518et of
predeterm ned influenza virus particles. 30. A nmethod according to any one
of claims 26-29, wherein said isolate is an influenza isolate. 20 31. A
met hod accordiaiy t0sel atov88inghes echasai 82 nfheeaza said influenza

virus particle is present in an influenza isolate
10 obtained from at least one influenza-infected mammalian

subject.

24. Use according to claim 23, wherein said influenza-
infected mammalian subject is a human or a pig.
15
25. Use according to claim 22, wherein said influenza
virus particle is present in an influenza isolate

obtained from at least one influenza-infected bird.

20 26. A method for selective propagation of a set of
predetermined virus particles present in an isolate,
wherein said set of predetermined virus particles has
affinity for a specific glycosylation moiety present on
a receptor, and wherein said isolate comprises in

25 addition to said set also virus particles not having the
predetermined specificity, said method comprising the
steps of:

- incubating a cell which is capable of expressing
and exposing said receptor comprising said

30 specific glycosylation moiety, with said isolate

in a culture medium under conditions conducive



isolate is obtained fromat |east one influenza-infected human, pig or
bird, 25 32. A nethod according to any one of clainms 26-31, wherein said

cell is twenshesned with E1 from adenovirus. 33. A net hodPageandinesy4t o
claim32, wherein said cell is a human cell. 30 34. A method according to
claim 33, wherein said human cell is‘PER.4 or a derivative thereof. WO
03/ 048348 PCT/ NLO2/ 00804 41 35. A method according to any one of clains

26-34, wherein said cell ri ses a nuclelc acjid enco

ng a .

si al yl transferase that i%P HER EROF b LRt t 3754 eetel PY %tB%egﬁFnﬁ?ﬁoﬁlrus
according to claim35, wherelmsabfslicteig sachdsengoding a
sialyltransferase is integrated into the genome of said cell. 10 37. A
human cel |l conprising- admértenojmggmdwuelldl e caertigdi orgs aﬂpradl{ﬂﬁaz? 6o
sialyltransferase. 38. A hunman cel | g ri in a hete olggous gucleic aci d

encodi ng an al pha2, 3 si #YPRFERSTRP a2 %Fh%ﬁﬁ 16eff 48Cording to

claim3750r 38, wherei nké%'v%st}l%%?rvfﬂr@.&o%ﬂi@l%é? AcighdSuddd emF it eshidt o
t he genone of said human cell 40. Use of a human cell according to any
one of claims 37- 39 forcehk arfléerivelpreophgareonrediu@-virus particle.
41. Use of a human cell according to claim40, wherein said virus particle
is an influenza virus particle. 25

27. A method according to claim 26, wherein said

glycosylation moiety comprises a SAalpha2,6Gal residue.

10
28. A method according to claim 26, wherein said
glycosylation moiety comprises a SAalpha2,3Gal residue.
29. A method according to any one of claims 26-28, wherein
15 said set of predetermined virus particles is a set of
predetermined influenza virus particles.
30. A method according to any one of claims 26-29, wherein
said isolate is an influenza isolate.
20
31. A method according to claim 30, wherein said influenza
isolate is obtained from at least one influenza-infected
human, pig or bird,
25 32. A method according to any one of claims 26-31, wherein
said cell is transformed with E1 from adenovirus.
33. A method according to claim 32, wherein said cell is a
human cell.
30

34. A method according to claim 33, wherein said human

cell is PER.C6 or a derivative thereof.
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35. A method according to any one of claims 26-34, wherein
said cell comprises a nucleic acid encoding a

sialyltransferase that is heterologous to said cell.

36. A method according to claim 35, wherein said nucleic
acid encoding a sialyltransferase 1s integrated into the

genome of said cell.

37. A human cell comprising a heterologous nucleic acid

encoding an alpha2,6 sialyltransferase.

38. A human cell comprising a heterologous nucleic acid

encoding an alpha2,3 sialyltransferase.

39. A human cell according to claim 37 or 38, wherein said
heterologous nucleic acid is integrated into the genome

of said human cell.

40. Use of a human cell according to any one of claims 37-

39 for the selective propagation of a virus particle.

41.Use of a human cell according to claim 40, wherein said

virus particle is an influenza virus particle.



