WO 03/ 048348 PCT/ NLO2/ 00804 Production of viruses, viral isolates and
vacci nes 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% a2 viruses 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 3
PCT/ NLO2/ 00804 bi ndi ng depends al so on the type of sialic acid linkage to
penul ti mewe ogaksset ose and on the structure of nore di stan®CTpan/gosod the
si al yl -gl ycoconj ugate. Human influenza viruses bind preferentially to
receptors 5 containing the sialic acid akﬁha-2,6-galactose

(SAal pha2, 6Gal ) |inkage, mhereas)av%ﬁn VL_ ng use thgf.SA?ngaEéfﬁ?Les

| i nkage (reyi.ewed in Suzuki 1994). is binding specificity de :

al so ?he(ce Png§88i§ﬁRﬂn HEMAT §8 Ghesitee e rostlliamle i Wmlrge d @i rus

i nf ection (#edul@ ikeRld CAlORO SHLI L L adhnd SPIAOTY: LAt
wher eas asﬁanuinﬁluenzgébirug i's Pbun ng}nlylﬁh t eiggflég%?nﬁhgz¥he
intestinal PPats &f wéld sdslivi -ty dogngs ugfatl.rds. UBIn?h fla|lpd 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
primary isoBaEesfﬁgitytHdtqﬁﬁdMe?dagﬁb ﬁ@ftEﬁﬁdh?gkﬁﬁg?tg?ig?ﬁi:gggﬁi but
ororyone o0, Sl Eh e9gRe, Mgt 905,10t only, o st cel, ensons, by
currently akspltbatsyshemref cheigerker thhenspnedyatiqn Qf (arge qmuynt.s, of
virus to be used in vaccine
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



preparations. However, enbryonated eggs have serious limtations as a host
system for vacci ne production. For 30 instance, the |ack of reliable

year - r ourmodnpsises of high- quality eggs as well as the PCHRNL®2/00804
availability of enbryonated eggs in general may hanper vaccine production
in WD 03/048348 PCT/ NLO2/ 00804 4 case of the sudden outbreak of a new

i nfl uenza subtype. OQther disadvantages of this production systemare the

lack of flexjhility, the risk of th f, toxi d the risks of
advent i t1 ou$ V1T (Ses paTtIUTl AN SPIRY OUL rugly! LG I R cerH o her

sterility. Besidemrihess |dmietd gisodicad 1a0 i Ngsttdie id UshOM £98So£ poses a
very significant additional problem which is particularly inportant for
vacci ne pur poses:bifidne iShion sl ERsiRIGRINGh AT i tan@stheadi s
substrate- spacifd i adant apj gnaf the o Lus, - facky,even. f ew passages
in the allantolc sac of eggs are sufficient for a prinary hunan 1 sol ate
t o adapt 5t 0 dodecShal EiaRt3Glehilnidiyng phenotype (Rogers et al. 1985). This
is due to the presence of SAal pha2, 3Gal but not SAal pha2, 6Gal residues on
the cells 15 |iMSgd5e FTace Bt ahethi Rerf ity o thof ol tafE T

menbrane. Vigdisvar AS HEsetcddt RIAIB Yod S0/ a1 ddhat i &, abl e to
specifically interact W th "SAal pha2, 3Gal residues have a repli cative
advant age owarrbziquiandar ilamartandt famtwresinamye mpesd f i Badte i now

SAal pha2, 6Gal  resi dues. The .2Q SAal pha2, 3Gal -specific virus variants_are
thuspsel ectG%(Tp o e(%ifiL!Lr?Seen er;c)cohnaa et gcgugL Ytibar yaacg Tt Sa%sﬁ%tf Wb Yan et
al . 1990) . abggtaddptratdortwtvionly. imcreasss dven afdw dysd¥s in the

SAal pha2, 3Gal_,. but it also results in decreased affinity for

SAal pha2, 6GRH13RAGT P3G Harfitts fdComtideied Bt Ky gePigimary 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



25 anal ogues equally well, and nmultiple nutations have been identified
that confer this altered binding specificity (Daniels et al. 1987,

Ganbar yarweto3ahs348.999; Ito et al. 1997; Suzuki et al. 198@Y/NIGROE4t he
inportance of HA in eliciting a specific immune response, these nmutations
result in maor 30 alterations of its antugenlc properties (Il obi et al.
1994; Robertson et al. 1994). Consequently, inmunization with vaccines

cont ai ni ng HA ngl.ecul es bearing e |ndu ed WO 03/.048348 PCT/NL02/00804 5
nut ati ons i CRES ersanll %3‘ N%b TP IPpe© it enme
strains at tiheiexnenses ofidded avel é;;f AL Ghe A} EV ek ( &nal .

1993). 5 WD 03/048348 PCT/ NLO2/ 00804 6 BRIEF DESCRI PTI ON OF THE FI GURES
Figure 1. Scwdvwmtvieas r émvasantedt iaon 0’14‘9%3%“ pha2, 6ST2000 Hygro. 5 Figure 2.
Schematic representation of (A) pAl pha2, 6STcDNA200OO Neo and ( B)

pAl pha2, 6STcDNA20OO Hygro. Figure 3. Schematic representation of (A) 10
pAl pha2, 3STcDNA200OQ' Neo and (B) pAl pha2, 3STcDNA20OQ' Hygro. Fi gure 4.

Det ection 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 primary
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-inmunofl uorescent staining. Figure 6. Propagation of a
primary clinical influenza isolate and a egg-passaged influenza batch
(fromthewean®4g3us nary isolate) on PER C6 and PER C6/ al piraZ/Na$87/90804
determ ned by 25 plaque assay. Infectivity is expressed as plaque-form ng
units (pfuls) per mM. Figure 7. Schematic,representation of the influenza
titration assay. First cells are infecteﬁ wth virus particles, then 30
cells are incubated with antisera and subsequently used in FACS anal ysis
in which infected cells can be separated and counted in the entire

popul ation gf; ﬁlbéﬁcgé??§6§3§§4§Hﬁ EE§6§%92/00804 Figure 8. Plot of the

fraction of 1 nfecte over t Ilution factor. 5 SUMWARY OF THE
| NVENTI ON The present invention discloses nmethods for producing and/or

ropagating_virus parficles such as inf|uenza virus.,1l art,i h
Bre?e?ablyg%}%uﬁ?egen%CPﬁmat%FrE%PF§8F8%39188t8Fn8§lP88213§&?hﬁ§é@¥§E°'
subj ect ,5 said nethod conprising the steps of: contacting a cell with a

virus particle and culturing said cell under conditions conducive to
propagati onfigfrea?d Srhesapast repeesanepreiansalfd (Bell over-expresses a 15

nucl ei ¢ aci n i o] n p Si The
i nvention & %gpgggvggggaggggpﬁzgg?o%nasé?2c??§8ﬁ8?6E§gé?ﬁggﬂgpgg§§gf'of
virus particles such as influenza virus particles present in an influenza
isolate, wherein said set of virus EarticLes has g&finity for 20 receptors
conpri si ng BTEpPER| Pr cSGRFEBEYFaf PFBRePERFAREC s8I d |

10 pAlpha2,3STcDNA2000/Neo and (B) pAlphaZ2,3STcDNA2000/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.



met hod conprising the steps of: incubating a cell with said isolate;
culturing said cell under conditions conducive to propagation of said

Vi rus parwopoBeis3ad harvesting virus particles so producedTiNiognesasd cel
and/ or said culture 25 nmedium The invention further provides novel

vacci nes and methods for maki ng such vacci nes, 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 hemaggl utinin and/ or neuram ni dase frominfluenza virus. The invention

further providesecd.l P1andalde ldmnes iand dhe dis-dher&of1s that over the
over-express certain WO 03/048348 8 PCT/ NLO2/ 00804 proteins involved in
glycosylati@ﬁlPGﬂOPhéaﬁﬁéﬁhction of vaccines, e.g, vaccines agai nst
influenza infection. Cells of the present invention are preferably human
and transforned by adenovirus El, such as PER C6 cells or derivatives

t hereof .55 DETAI LED DESCRI PTI ON The present invention provides nmethods for

produci ng % égéor r aggt}n a virus particle, said nethod conprising
the steps o BM@ aé??ﬁ%ﬁa IﬁﬁaﬁOWh 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

propagation of sdh¢ Pregents jgyenitdlon, ditrerleisessaiativeld overpexbresses a

el 2 iU A RS SE AL IS et ol

si al yl ttGnsparadelisomhditl a9y ceS, pIUeRnas iata 3id-us isolate
obtained from an infected 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 isolate,
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



human. Preferably said al pha2,6 sialyltransferase is human 20 al pha2, 6

sial ytransferase. The invention further provides nethods for producing
and/ or prwpagasdsmg a virus particle, said nethod conpri sipeg/Ntheoesoeps of :
contacting a cell with a virus particle in a culture nmedi um under
conditions conducive to infection of saidq 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 al pha2, 3 PEOHSS, amsicersse 18y %Y FRYEGRR Tequiveg emodurdriast ofsai d
nucl ei ¢ aci &Ry n@RCode g, ar A2 3 i tirn@lﬁe‘?{z;ﬁsghﬁgze%;i%r{ ferants of

sources, such as 30 rat ‘and human. Preferably said
si al yl t r ansftécapasisenthimmerdlipha2,3 girsfemeddsf dnase dnd dnerenfrodietedty of

the inventi i.d _vir.us particle._s i nfl uenza, vi.,rus WO 03/.048348 9
PCT/ NLO2/ Ooggi%hﬁgﬁtr?lcs I 51’ %é:rh r?c?n%IE!erﬁchPr?g?qé?a% éjserdfva\%%vlﬁss %}eﬁe&fgs
that cah be produced and/ or propagated by using nethods of the present

invention are parainfluenza virus, Adeno-Associated virus (AAV) or
poliomavirus. Any virus that utilizes the 5 glycosylation structures that

are i nduced pyralrhe Al gy al pha2, 6 sialyltransferases can be
propagat ed and/ or produced by using nethods of the present invention. In a

preferred enbodi nent the invention provides nethods for propagating an
i nfluenza virus rticle, wherein said 10 Lnfluenz§ virus particle is

present in an inflTeR7&S5°801 40¢ S tNE e ARRsieissSe & FetiFd LT AHEEh sai d
I nfluenk@ i selate ipTopelidiined of Al Jeastciene dnfd werdasd Meg8ding

manmal i an  subject. Even nore preferred are nethods for propagating an
i nfluenza vith@s SpaPsi ofe, cpidreitingaiad dedfll wéirpa< nflestsegparticle in a

culture medium under conditions 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



15 mammal i an subject is human or pig. In another enbodi nent the invention
provi des nmet hods for produci ng and/ or propagating an influenza virus
particl e,walvanei3ms sai d i nfl uenza i solate is obtained fromcamNLogassns one

i nfluenza-infected bird. Isolates as used herein refers to batches of

i nfluenza 20 viruses that are obtained fr subj ects that are infected
with influenza viruses. These subjects nay be all species that are

susceptible for .influenza viruses, .such as _hunans, _ birds, pigs and horses.
Humans can ggtrtilﬁ?eec't g)&%\ﬁrt AT ﬁﬁ@&iﬁ?& FHTPEFer St dYS PETHE o et y

from ot her 2anhueBpsceficdd eeld/ v rf pedpakaFel $YbiRehS $HthRAS Rifgsnd

bi rds. Propagated viruses that are used for vacci ne “manufacturing m ght be

original ly BéFS¢RE fAFRNGAET0RIFDPAradnbjleensa( gieus, Aokeadrdmmociated
i ndi vi dual s, o] [ . Pi.gs tc.). In . the case wherein
vi®s ﬁA@ﬁ o OJQO 1 rils An %1%us t@g& HiﬁgégeﬁiFg%ﬁ

i nfluenza virus 30 transmssion troma bird to a hu
di sease % n ghyemrylaasonastirhetuase ithatherbHodgdkerg by LIR7 (198 23BoweN

it mght be gsgfgl6to.bz ggle tg produce and/ or propagate the WO 03/ 048348
10 PCT/ NL02P0B884’ Pnfr-GeNz& TG PiS TRSFEI EPBsPRr BEORR IR eChansi/iog PFeIdatced

directly fobyvagehgenERALLACLYT iAg. pTBE ALEIBNLARYENti on  provi des methods
for produci ng and/or propagating in?luenza virus particles present in

i sol ates that arénlobt Rreé¢rrednedbegéneas thehiavebitids, pmiogs.desomsesoanrd
humans by oygt.- | transferase proteins_ that are . involved

in the glycosylg?égéggiﬁggl ggﬁikgéénﬁﬁoyéfﬁg Bﬁﬁeﬁﬁ £ YBREFATe SPRE
so-cal | Bl SAafFphaRz3Gat rasdpSAat pha2;i6Gal-eskhokagesni Ankhe 0L h09sagshar i de
chains. Iso|ates as _used 10 herein preferably refers to clinical isolates
(i.e., i sol YpEe preferred are methods, whereln said influenza isolate is
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



obtained from di seased patients). Such clinical isolates are also referred
to as primary isolates. Primary isolates can be influenza isolates

di rect |y wbtoaiossds from for i nstance the nose, nucus and/ @cTiaezees0of
humans or aninmals that are 15 infected with influenza virus(es). However,

i sol ates that have been propagated on eg on or cells or on other systens
can still be further produced and/or propagated by nethods of the present
i nvention. Therefore, wirus particles that are prodyced and/or propagated
usi ng the prlélgeln AR Sntlioh By e S0 Bhsssdit it es:%l]g‘e‘%i RS, but are
preferably priesetily FomridtyihdatehencBiteh@s ©ld e edsol @fas.1dMh a
preferred enbodi nent of the invention the production and/or propagation of
i nfl uenza ViK@Y &St MaE9dss fambesiomny RpdhPretdstimna ouf tusreza

medi um wheregei i : (I far i from adenovirus. Mre
preferably, V%s%sz%lggtﬁ%lgega pr#uér%’aetrl\{tg% qﬁ%éc\%ﬁl rg;ChlrElyJC parrrg eor%r et nae's%ec °Mt he
inventi ob prepecies metdiodss fodrrder,opdgat,i nprared nfldienawng s oparticl e
according to_the invention, ,V\/rﬁ,r%: n said human cel] is PER C6 or a
derivative CREFESEITSD THER S odite BPEMPIG Y Lsdralt ot ineolved
propagat i on i nofendi if1eicenly kitids @ff \dd1uses St as-J1Qdavd 1 %%nf' uenza
virus (see WD 01/38362). PER C6 cells were first "'generate y 3/ 048348
PCT/ NLO2/ 008@2erdter &hsf ¢ariasd ledl [SQadimhaizneEalr andarBAeniipheshadGalet i na with
the EI1 regi f Adenovi.ru t 5.1t s found that both al pha2, 3
and al pha2, éqgllkglgﬁét r%gjtln\sé or %slé%%%gié%%ﬁsr 8% c\gﬁaélglesn‘t r&dsa%tf‘acaecst it Ur%ecgER. C6
cel s (Fau ékralin PAGFeraFier efediee svitous 13 npasali gles dthad spaci f i ldtes

interact w tg) t he sj %J ic agid - gal actose |inkage of the 2,3 type as well
as of the 2°8teyped (SRR HE228EH Patd eSAS!) ph#rcbeal imdsipde tiismdiabe sperare
able to 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



grow on PER C6 cells. It is an inportant aspect of the invention that
over-expression of either one of these 10 sialyltransferase proteins |eads
to a specwbiog/og3apagati on of sets of influenza viruses trax/Ngiorheso4 pref er
t he SAal pha2,3Gal residue or the SAal pha2, 6Gal residue. This enables one
to generate virus batches for vaccine proguction that have the best
content for optimal protection. This 15 content may differ. As discussed

above, sone spreading of t Vi.rus, oc s _mai nly through human- humgn

Cont act . WhitB P C TG SSTIPH ERE TIPR Hoh RIS Ao d S (Lt the
bi rd-human pGOoRHRGHLMRT eRRUAY S Wdrst WHamt i afdfLctold BN ot h
Dependi ng on the virul ence and the types of influenza viruses 20 that play

a role in thilphad,Sheince adahdie frede ot naiscipeae TORAIE J tRRIERNG n
an isolate %%%Nag:t_bl_%epr'%p%.% \é,wetl S V\q;ﬂa? T{'%lf' "?dOP1V>?CCfH‘eerd%§oPé Oﬂpﬂg?sd
al et hods pro or

The present “invention also priovides or uci’ng an
pr opagat$ ng pam tiiafl ke e tvispess ifarda 1dlve , int2h adte rvel th Sdied gniucl iet ca@icd d-

encodi ng the sialyltransferase is_ heterol ogous to idcel]l. Preferably,
sai d nucl ei §2aGcEosendddiviga e Sa vt P55t 191 &Y Aty é'n‘{ otﬁff#e

genome  of S@d 166kl JRLCTHILIQUS A% MSRIh NG RIJE SBARSL f Nafe A8 TRIG S C
acid is mani pul ated such that the gene encoding the 30 sialyltransferase

expresses ngrewoont PERPICE aial ltshad twiltshaut imgaint ardnigapent orf tHes er ol ogous
al so means that t;che ng%}gc aci d _may he fr%m a srpeeci es that iessedi fferent
fromthe spéli'€&-WB"o SAE PETNLOZ 3080 FHomUAT H(HERI 1 was
deri ved10 bukigay1&hse s fasemdhia e IS8 SRBCIRS .a Aglilfis madghddrion of

over-express the sialyltransferase when the cell expresses nore
si al yl t ransfFeitgseft i ZealV IS ashdthade|9ithe Tt A Te fqatthe

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



5 over-expresses the sialyltransferase may al so over-express the protein
by mani pul ati on of the genonme of said cell such that the gene present in
t he genonwooB/osssissl cel | expresses nore of the protein thaeTsaiodoesses! did
before it was mani pul ated. The over-expression may be induced by external
10 neans such as integration of a differerﬂi2 or nore-active pronoter, by
renmoval or inhibition of suppressors that “normally limt the expression of

the protein, or by chem cal nmeans. The over-expression may al so be
sel ected forfToFY vEEiqts th €&ld) eedqwvesd syt Mavamlssydie xedion of

at |east 15 one sialyldd ansferase 4 hey dray, b dised §orsdmihods accor di ng

to the present invention. Therefore, such cells and the use of such cells
i s al so par tsicfl wlie gprsfeamrtsd et itdre  del lasotdrerssamodinent , the present

i nvention pravid nmet hods fqr. _nmaking a .vacci sai d .met_hod .conpri,si ng
the 20 st ep?’sl‘—’lc}fy:e'L c%rr?gsea(rlfa?a@r l%é’rpgl;fa?dataﬁ%ﬁ:g%z{aﬁ}-i _r‘if‘agupfat]} i?cq]:; r@cactor di ng
to met hosls Qa‘vetrh%xipl\é%gé@rﬁhearyialpﬁieiﬂamﬂéﬁgéﬂenay riss Pasted 1 8 1%k s
produced. Preferably said nmethods for making a vaccine further conprise

the steps ofthe Pegtiodd i draniiruis tpam iafl dhesgprsfucedd 3t iwld &tdyeni c

parts; and bt.aj_ni £as e | t] C t-s, |y
t hr ough meaﬁcg’lagf ttg’{?p it ce:ltplgoen arr}td;?L glr tg%r ;sg?hn?r)enf\e? JL'g‘rséﬂé[sladl g'aéc:a]tl el%%ses{)era]sg
part. Prefemaldey cef purd fored caind/Wrarerydichedt 1 lcahipbsidficore cianmprdssi ng sai d at

of a2 0 1 oFPEUTIO RIS Tt (T CE AT 55 MDY G Hor MRt GHb Ot e
inventi 00  RiAvisdes dRROAH Hr BN G A & 3G Mdhe N &SLinth A1 L3R geni ¢
part conprises the hemagglutinin protein or a part thereof, W 03/048348 13
PCT/ NLO2/ 00®@¥moter, by removal or inhibition of suppressors that
normally 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,



and/ or the neuram ni dase protein or a part thereof from influenza virus.
The neuram ni dase (NA) and the hemagglutinin (HA) proteins are the nobst
prom nentwaniogsms ¢ parts of the influenza virus particl @camndioaneopr one to
differences during 5 different propagation steps. The invention al so

provi des vacci nes obtai nabl e accordi ng tq, methods of the present

invention, while it also provides pharmaceutical conpositions conprising a

vacci ne obt ajnabl e,according.to the present invention. 10 As nentioned,
the cells o%nazgrnggeHFuFﬁ&éﬁﬁgaﬁeaB§Ot§%PrQﬁeﬁypé§§fGPGFGPftﬁéom

propagat i oninflpehBBr i réki Nireal nelis@hadhe8aseMEAS Ag4l RELUGRZA %hh%ﬁnin
particles, while said cells can also be applied for propagatlng i sol ates

that al readyAhabECbeénspassaljbe Basenbryohacet epysgenionpatrher of5the
systens, to;QbigLp ti f..Lnftluenza virus particles that recognize
specific glicosy%a%?oﬁg%ggihggggﬁ%gsgﬁ on° 8F988p£8t33%§?r?ﬁﬁ§? ghrein
present d nvéhffeneatsprppavhdésnt beepyseTat aneehkibhngleveprexpuessi ng an
al pha2, 6 sialgltranségrase Er a functional part thereof for the 20
propagat i on 8f “& U r B8t parePcPe2sRarEhBIuER BELROES! PEl Fhe PERERNEXpr essi ng

an a'phaZ,3i§b§hViéﬁ?n§B§E@$?toélgofH?B%&g?glpgg?ggcéﬁﬁﬁggﬁ Egﬁpégﬁgigﬁs

propagation of a virus particle. Prefera virus partic

i nfl uenza vFPBBripangi el vachbne pbeéénably, asabddintl uenzaevptraseparticle
is 25 preseg%véﬁtfgninfluenza i sol ate obtained fromat |east one

i nfluenza-infecteéd mammal i an subject. Even nore preferred are wuses of said

cel | | ilPe accor dingmént L bRePl €8RAt cbNYENbEOBhe PRELEHR $AVEntion are
i nfluenza-infected mamalian _subject is a human or a pig, whereas it is
al so pref erFEUC ALY sAP et hf FRBEnERS3proPRGat pant PE| primapyesehininaian

i nfluenza i s0bpdeeobtahpedsi fgom 1 ulhast vOPSs| pLLbenzas! nfget ed bl nd.
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.



WO 03/048348 14 PCT/ NLO2/ 00804 The present invention further provides a
nmet hod for selective production and/or propagation of a set of

pr edet er vpad/ovd3ngis particles present in an isol ate, wher @Ca/NI9abeoget of
predeterm ned virus particles has a preference 5 for a specific

gl ycosyl ation noiety present on a receptog, and wherein said isolate
conprises in addition to said set also vifus particles not having said

pref erence, said thod conprising the steps of: incubating a cell which
i s capable of egg;'raee?sﬁer?gen n&ne"%gioﬁ)g féjéfitg‘%‘fet?etﬁv&rdecsor?prni hef e 10
speci fic gl peasyiadticon mmiveitt.onMankl /531 tricsRlate ddh & el ddur e, ¢ medi um under
conditions conducive to infection of said cell by at |east one virus
particle prBsEREtrETdged Jduse peghdicigs Paiederdl iirnumderi sdredid,i oissrein
conduci ve t 0 aty f e IERAVA ¢ rticl.e; .and. harvesti Vi rus
particles sgagﬁoggge fi%1%§§%$%§F§%§e&ﬁr§%d 3%€i%%f%nﬂ%ﬁuﬁaQﬁéﬁ%ﬁﬁn9?

gl ycosyl@ati 6pr mobpEyEids cusiydueydian ivef end ety ameddmd of J esddliyg o i nkage
and or grou f u?an types preﬁgnt in a oligosaccharide chain on a

gl ycopr ot ei nahgﬁe'glpeégdﬁiiéﬁ Byr Sa CPMPHS SeFarty @dsiftgron Heddish.set

Preferably saikd ghyaesyhatiienJ0ingky haQieemRLi:se az, | due
or a SAaIpha2,3GaI.res¥aue. Mor e prefeﬁrggggﬁe I%%o S éré?ﬁﬁig%%§g§¥ of
predet er m nEAMPYLFLEIp&IEl ctepsi ofa dercubktpngdet erxtilnedhiidif |itenrzmablrds

particles. e 6Gal. residue and.SAal pha2, 3Gal residues are
specificall§@rgg g%gggégbg%th ﬁﬂgﬁpgtgﬁﬁéoFeFﬁ.%fg VFRE 454md @3 in the
case oflQ nfbpenzdicl ylgependatannt heieckh, piatai Bawletiker dherns, i @ ure
specificity in,the interaction with either one residue. In general,

1 n. Ol : , .
i nfl uenza W@gFﬁWegnéﬁﬁpFP§€1FFPG§e§OPﬁéFlNﬁtépaéﬂﬂﬂﬁaﬂqﬁ(ﬂﬁI%ﬁhdtdehﬂm

by at least one virus particle present 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



SAal phaz, 6Gal residue as well as viruses that specifically 30 interact with

the SAal pha2, 3Gal residue. Wth the present invention it is now possible

to sel ectwoaBgp4guppagat e either set of viruses from cli nipcalNLopnoseary

and/ or passaged WO 03/048348 15 PCT/ NL02/ 00804 isolates to obtain

propagated sets of viruses that are useful_l in the production of an

i nfl uenza vacci ne, useful in humans. Besi 8es the fact that vacci nes can be
ossi bl e by using nethods and neans of the

d df | so
P oaont 5 L HRERY (15 SH A TP AR e & 14 Ean S CHER e et e ng
of veterinary ap iGAdRNSi P JOrard NSt ANES, - PENE M 1 d heti:§@1‘; s gjbrpgmﬂtftans

i nfl uenza viruses through swine or horse popul ations sai d
i nfl uenza i SB(ﬂSatdéESt §:ha)biaﬂﬁ1é:d1a“qr ormcatineastaronse |mfd)altmmca fof etn:ttrmhshunnm

pig or 10 b|rd referredth idc i S a[b%] n cell

that it is trans r‘rr)eof sbt%héagfyf lr%gadle%&ﬁ usn |rﬁﬁ‘ﬁr§/3 e r%lfnesaﬁre ceI l's
that ar e5PEaneemﬁJdrs r gardotdtielss pAdipieafe Beriyvad i M8S @se used herein
refers to nodified versions of the original PER C6 cells, wherein for

i nstance 15 "GN Fetemy Qo tridingy a?tﬁfﬂlslcéf’fequtﬁ rol e, ikaokesd- out |
or in other yays fodiHd ed, Nop-{d M 'ﬂgflq}% {%h@ou an%vY%%e V§» are

PER. C6 cel | s that st abl e "'express a erature senS| ive nu
Adenovi rus E2Aseopdghaltat ey esl%:aﬂdmbladermmd ushfiucdreiL Bed dstsuch as E4.
If certain 2%&nucl e aC| d i.n PER CG ceI have been swi tched on or off by

ot her neans 1ter e st et iy, BRI
cell's stol | pienmi rItPEtI%, @fiéiﬁrpx\(ﬁtér\&%% th%ltt hough ddwer exampl g, 5 avd dedy g

describe the use of cells that over-express the erythropoietin (EPQ
protein it HhelH ¢dthds transformed with E1 from adenovirus. Highly
preferred are cells that are PER.C6 cells or derivatives
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



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 enbodi ment the

i nventi orwproowisies nethods for selective propagation of RCINLO2HOSHEr us
particles present in an isolate, wherein said cell conprises a nucleic 30
acid encoding a sialyltransferase that isjpeterologous to said cell. Even
nore preferred are nethods according to the present invention, wherein

sai d nucl ei ¢ .acli dlternacnosd%eglg%% \e/Jgs ?%%64(18%2@ 6. PCT{) Le;)gé%(l)%géflo-f b Ggll.

sialyltransfselraels It _
integrated migdeidh acitkd:safaeiria e dai \s igieanaiied, tdyQigh the use of
sel ection markers such as the hygronycin and neonycin resistance genes. 5

The present ithASHatET diserysoviesiruridh seeldat i mps sty sudietas dilsgous

nucl ei ¢ aci ;%Hfo?rg’ 'ﬁb”}%r i.al.y. ansft or an al pha2, 3
si al yl trans?ij rase. CQLI%lre ed?a Y, CSLa{} ?eflgulc%%alrc a d?elssg integrated into the
genone Of said Wimammeddnt Therdmvient iz0ns@lmoyrded desndhecaises of 10 such

cells for the sel.ective propagation of virus particles,  preferably being
nf | uenza viTEPHAREIE Faie e [EtEn M UTAEIR (For Drasie bt @ B4 of a

process f orsipnopagatd e fsdrd ey 41598t es Ofa hpirgndddd uenza virus.
Al'so, the present invention provides optinization of a 15 process for
pr opagat i ng Egeifeaaplas wedd agidlsbior @ordy 19 doltatemtefd jinflaudriz géramses

Lo 09, S AR il e AN A, L LD e gl o o
recogni ¥@ t bacBAaleinal fGaltheisilyctthid @ridiagiiah ¥ ivif huenza- pidIuses
recogni ze tg%e%é%ggﬂggiﬁgﬁﬂgl?ﬁf?&énégh%irus particles.
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



swi ne influenza viruses generally utilize both residues. The invention
provi des optim zation of a process for propagation of any virus for which
t he repl iwetmBom3depends on the activity of al pha2, 3 sial ylPCravigh/ersase

and/ or alpha2,6 25 sialyltransferase, or nore generally, on the presence
of SAal pha2, 3Gal or SAal pha2, 6Gal residu%. The nethods of the present

i nvention conprise the use of cells in a Culture nmedium As an exanpl e of

such a process, human cells were taken that are known to support efficient
replicati on%z‘r‘?d a§% &lr}t?&uccﬁ R GYF U AT FED0 RS @t bV i

present invemaon aignditonlopndsiefl adondhe Brenagat ien.afed nfi uenza
viruses. It is well known in WO 03/048348 PCT/ NLO2/ 00804 17 the art that

ot her vi rusédesgdivhas Adarst /%hﬁtﬁ%t(edhi\ﬁkaws ((jiml\@)lhycmnmftq;ims drmavi rus and
i nfl - i A h 3 es in
poral R S ) 20 T TR Bl s USRS T R

gl ycoprotei ns for 1 nfeéc i'uet” dl. Zu :
et 5 al.520GL).. 2Tvanef aretdfo ey esentodgweent iiovaltSiopraom sesrovridods for

(sel ective) production and/or propagation of other viruses that use these

gl ycosyl at i & cthifites' e C ey MTADIF Tarmd i@t diF Ffagatel ararqfet ed
cel | . FurthepnRney: thed yemt o RRddes Jhg Mse &y the-gal s ofdhe

i nvention 10 and the methods and neans for "t he "producti on o(feé viruses other
t han i nfl uenzacand thom tarel pmddhedtiicon off thec dianestaghiagestl . Suctthdmuses, i f

appl i cabl e. _The .invent.ion therefore also provides vacci nes agai nst Vviruses
tﬁgt utilizé ehénézﬁé’lr%&r?&z,%@é’lldfﬁd%ﬁ“ﬁeuéﬁa| haté{eséaﬂﬁrsescifgtré? PV YL ar

15 recogdi t iz ame mRfeeldsvidnt nldankas dreempPimdRusd b deyonsithatead ddadr
PER. C6TM cel | s (ECACC deposit 96022940) repreéesent an ideal substrate for
t he than influenza and for the production of vaccines against
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



propagation of influenza virus and that the production levels from PER C6
resulted in high-titer preparations suitable for 20 vacci ne purposes (WO
01/ 30362)wWOA3M¢esses cell |ine provided by the present i nvecowinge/oosaned

" PER. C6- al pha2, 6ST' is derived from PER C6 through the foll ow ng process:
a plasmd harboring a nucleic acid encodlgg human al pha2, 6
sialyltransferase under the control of the strong CW 25 pronoter was

transfected into PER C6 cells and cells were_ subsequently sel ected for
stabl e int eék*aﬁPBﬁEmﬁGeﬁe T5154$HSd 1S mheeRteenm%?ee@ertfaqes of euch

characteri zgdohyihie 1Al ¢her. ceH18$S! PRROIcSRAIANAS AR IR VY-
receptors as conpared to the nunber of receptors carrying the

SAal pha2, GGEKPK§§SQQ@ @@|hhqIﬂép®ﬁﬁgﬁn@uaﬁﬁﬂt@@nﬁﬁdﬁaséﬂﬂkiaﬂﬁ¥;qaﬂable
directly inmply t.he pr e| such tie over ressed
”B é 5489 %o% %a&g 'E;%& e% n S

but that the per age 0 ot el
PCT/ NL023 00884 c£8 1SAakFha2, @@qﬂco@e@t@uelsl S Ih'tl ghemhdweared ke ﬁ@dpﬁﬁjﬁa&gﬁ of
such proteins in PER C6 cells. PER C6 cells are w thout over- expression

of the al pha8P6SSi QFEy[tPreaWF@éce lélweeéd@ncéﬁamn@r%fseemﬁwww of
SAal pha2, 3Gl ,aBd n3ARLR gﬁzang%lher 29l gl%%f 622 106l s age c@n%{faq:ws%

It is however an I nport aspect o resent I nvention increase t he
per cent age bhe peoDeHMSgeamﬂymn@tehasSAabmhaﬁx&@ﬂth&xﬁkﬂkphaﬁ(ﬁﬂﬂkﬂlson to

t he percentage.aof telns that carr he . SAa reS| ue. Due to

di rect subsf%ﬁ%g n% o T EhEY %@ErﬁFﬁag %&% i on

machi ner(y, ﬁ.ﬁ@@@b@&&u@fart myo%égdlraiaa%n3§@|chtly1e%ybef‘z@& rcﬁiortefeent ed on
the cell surface of cells over-expressing the alpha2 si al yl transferase

protein. ThedalpBaki Aalchapscberrye saderaks reientrsivarelthd iardlan i deal
medi um for Bﬁ?@ggétb@gcells 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



15 primary influenza virus isolates w thout inducing selection pressure in
the wild type popul ation. The propagation of such isolates on the cells of
the presewOD ¥t i on results in efficient production of PCaAMI®@20080us
stocks with unaltered HA specificity and i munogenicity that are highly
useful for the 20 production of vaccines. 95 virus produced in PER C6-

al pha2, 6ST does not present nutations resualfting from adaptation to the

SAal pha2, 3 regﬁ)tor V(.as is the case for enbryonated eggs) the .
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natural Iy CidegfcdednG r2hinfd denramdd usesa1 Conseguent |y, vaccine
preparations obtained frominfluenza virus grown on PER C6-al pha2, 6ST are
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type influe jrus._ 1t .is 0 inh the art__that human influ a Vviruses
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t heref or® r écoghisped i fi ddiel y ard diiphd? | Scqlesii el o obtatfedacst hesnd
conpri sing protein 03/048348 PCT/ NL0O2/ 00804 19 fromthese viruses in
order to sort’®a Ot%R T VTR NG e5HoREES | Wik hnemsS ¢ et @it al .

1999). I humsn deiddians had usas A RRPAGH o é&}@gﬁ@ygﬂﬁiéﬁcmwe”

eggs, virus variants that are able to nd speci to SAal pha2, 3Gl
w || be sel esirddifrdimg amtentver SAdl pha?, 6Gafacecdym zd ngrefexses Wil | be
sel ected out o PER.tCG cel% S hav, othh S ha2, 6Gal , and SAal pha2, 3Gal
contai ni ng FECERETE At 4% Sur hayr FET S L opaigat F o of1 % he

SAal pha20 6Galhareqegitl ZHFtddis e idavs ohbt-hansfore gu el errese oo havenat
over-expression of receptors that harbor this conponent, as di'scussed
above. To dé@&HmME e camanantof asheligprsiat el Tovketexpiessiion of

human 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



al pha2, 3 sialyltransferase, the present invention provides also nethods
and neans for generating another novel cell |ine 15 naned

' PER. C6- aWphad4B8I' . These cells are derived from PER C6PCR/NLOZOOBOY ar
manner as descri bed above for the PER C6- al pha2, 6ST cells, by transfection
of a plasm d harboring nucleic acid enc ﬁing human al pha2, 3
sialyltransferase under the control of f e strong CW pronoter, after
which cells 20 carrying a stable integration of the plasnm d are selected. A
PER C6- al phi@2t8STicelthei SReRmhaey 6Fpted by IRE / hithkrsr 1tedsr 8SSiteFred tO

SAal pha2, 3Gal - cont ai ni,ng _r.e QKRS I 2 i_al I ferase and

al pha2, 3 §P§ﬂ§|F%Sn€%S%§§é%ggé%}g%ﬁggégF%§g§§|F@F?hggxé%iﬁﬂzéfﬁﬁgsince 25
al pha2, 6 siiahgl.t cansher as®eav @aney pweesi npeceéhifectdviy wsehrsf vl reed 1y
propagation of influenza viruses that preferably.recgggﬁze.the
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that prefera ~recogni ze 30 the SAal pha2, 3Gl residue. Wien the infection
ang tﬂe spm&awﬁ??nﬁ echieleniiruses HemiarKprnecdar S 3872 Hdah-Hurddn  cont act

and the viruse ec nmor e adapt.ed.to.the infecti 20
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to apply thedliphahsFsialeyl transferase over-expressing cell line. On the

ot her hand, when the infectivity occurs directly fraombirds that do not
have gl ycopr ot eififs Useh&rLeg it Hdes LSS PP 8Ea3 F@éﬁ%ﬁk¥§Q?ﬁﬁﬁﬁﬁﬁ§ s was

bref or 100 COTE Y CET S THat ST P e the Bl pras O aTy It ransfer ase.
transferases and also to equivalents of said transterase,
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.



As used herein the terns al pha2,3 sialyltransferase or 10 al pha2,3
sialyltransferase refer to the respective transferases and also to

equi val erwe 00f048388 d transferase, wherein said equival ent PCENTPLHE04t he
same transferase activity in kind not necessarily in anpbunt as the
transferase it is equivalent to. Suitablgyequival ents can be generated by
15 the person skilled in the art. A part of said transferase is a suitable

equi val ent IEE(A!MtP %%npri ses the sane transferase activity in kind not
necessarily in S#5Tnt. Qher suitable equi val ents are derivatives and/or
anal ogues of al pha2,3 sialyltransferase or al pha2,3 sialyltransferase

conprising 20 the sanme transferase activi t¥ in kind not necessarily in
N4

amount as t f&ampPifstler &o@sitryuctiogyofarade 65729 0%/@vigra i ves nay be
gener ated t hroughncons WY i .aci S it uti r. otherw se. A
derivative can al so ge%%%tgltf ?Sﬁ@aggﬁg t@&e ;é% Fé;éﬁe%ﬁd\%q ransf erases. 25
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i nfluenza virus like g%rti (il e. An _ equivalent of an influenza virus
particle i sPa2FMrdsPEPIRERT dar Oitdite LeOMpETsi dg (e Sife ifesctUndingrsity
properti es bif Khderfeh, NGGRSHALIY df BOAKDUAS 3% N JHNIIZR AU
particle. 30 Such equivalents can for instance be generated by reconbi nant
means. Suchcegtpvaiagt $heagntdmpr cONAMskarenes codingpifeal Inat @Elgde®, 6 n an

Const T oct 1 OF o VB A5 STo006 ATGS. “CrRE P Fent "CoriERm MY 2 he

sequenck) codiragmbat Gaal pha2, 6lsina-ghtieansieras enapabimined bkdEaeRng

di-gestion O£o standard 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.



plasmd pGST-Gal (a gift fromDr. |I. van Die, Free University of

Anst erdam The plasm d consists of a pBR322 backbone containing the entire
cDNA sequwnma/oessds ng for rat al pha2,6 sialyltransferase, PGEMBapkosa¢cessi on
nr. ML8769). The 10 fragment was made bl unt-ended by T4 DNA pol ynerase
according to standard procedures. After % purification, the al pha2,6
sialyltransferase encoding fragnent was | gat ed into pcDNA2000/ Hygro (al so

known as plasm d pc 000 g(-) which has been descri bed in

00/ 63403) mchﬁ%&s %;reﬁ%ée% tH APt | Jo%ﬁ%s%%?%%t%s%%ﬂ gep cm
purified accorgidied) o“at@ﬂd@éggglomb@a@i W—Prm}%&%eﬂ‘@/cﬁf@%" 1h&8%ere
pl asm d was nanmed pAl phaz, 000/ Hygro (Figure 1). Exanple

Transf ect i orkadft PAgITEZESTRO0D] 1y red | W0 PERC6 02 (- HeP@ eaxrid Ci?ﬂe/i,e(neildrs of
over expressin I ones.  PER, Cb- EPO wer e initially ner ted for. ot her

pur poses, név‘%elccy St i TemS Fdetis nncgal%lr‘}qe S/C%o at?%‘ﬁ Bfing to the
eryt hr opbi etiah(fBRBurdzPQ@ isrt qudlt elweﬂwpld@hw wéié Mt 2 s O8c0éd each
erythropoiesis and its activity d%f ends 25 heavi onits sialic acid
content for V‘ilerh\/lZvdlgf Lﬂfctﬁwq @%%@F@rcﬂ% tg gtandard

derivative ofy R @%@ﬁﬁ@h@g@%ﬁ& PLRL eL A (CRLSyliAve

been described i n V\D 00/ 6340 S ce ine is “produclng
EPO i s not Wklshesedanydyk atﬁlrtegfaileeercmherqa]rsesiem Bgrowent i oki 1 PERy CondEPO
cells were §ultuf\eﬁdﬁandt sfected wt a2 6ST 000/I—% ro as

described b 949 BEINLE) ZP WP &"&Beded in

tissue g0l t Werled shesHelQidRe dliamey Qfand@ﬂﬁk%r%fr&m C%gsz’ nild500ved
cells/dish and were kept overnight at 37C and 10% C02. t he” next day,

cells are timaSEdcmedliys mprigistie dihe (Gt e cordilrated oher 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 negative
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



5 manufacturer's protocol. Twenty dishes were transfected each with 2 }ig
of pAl pha2, 6ST2000/ Hygro all according to standard protocols well known to
per sons swploBeek3th the art. Another 6 dishes served as negamDpeoeont rol s
for hygromycin killing and transfection efficiency. On the next day,
hygronycin was 10 added to the dishes at Zél%goncentrati on of 50 pg/m,

di ssol ved in DMEM nedi um cont ai ni ng FBS. | 1's were incubated over a

period of 3-4 weeks, with regular vvashi,n% of the cells with fresh rIedi um
suppl ement e@taPLE - hF§eoRgsitn 21edpLs dwsrie L YGRS EF AT &1 PF6 Sdds Iy C1 e

comparing wi,th LA A80aLV ¢S 1a0RELR! Sichibatydbd Bak 1ieee! Gealherplcagn ds

har bori ng ygromyci ecti"on markers. "Qutgrow ng col oni es were
pi cked andcesubcshtrined,gener allloyead Sdésdli.b8difsorcleng Mecpdia@sich- and

anti body-overexpressin el | |jnes.in WO Q0/63403.. r,QxXi I
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24-wel | s5 6awahksipl aleprand cFAaphlhask sw bhowhehygromfcithe \Wedre ateldrs
reached growh in T75 tissue culture flasks at |east one vi of each
cl one was f popersand Itstier & ifenthadrtustabe drened SEresWsequent |y

tested for '%gglﬁa%’,%ﬁ?z@%ﬁ?ﬁ@&%éﬁ@%@”%ﬁ@%ﬂﬂ B FAGRYd 1RRRAIALS 25

(Becton Di cki asin reviously scri'bed by Govorkova et al.
(1999). For shhilphabhecSAaliehkd2iBGalons péei foed 1 Saniflemes asd granreggidutionithe
(DG Gycan differentiation kit, . Roche) was uysed _follow ng the supplier's
protocol s. TRESEN Fhds Sherce Subdcdt-urdd S4FS lﬂ%’é”sﬁ’é’nero%}ipm%esrrsolr?ﬁhsoj%

during $§ ‘A’f&!lgfha%%s ANAIMS S BYRETH B IS IR e rdorERi 1N it riegidar
basis to nonitor expression of alpha2,6 sialyltransferase on the cel]
surface. | nameased efpridssicdmof38AalsfdZ6Gal Afasals THDIB3AHCH using

PCT/NLOZ/Oogq%ha2,3Gal—specific Maackia amurensis agglutinin (Figure

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



stabl e. The best al pha2,6 sialyltransferase-expressing clone, as assessed
by the highest density of SAal pha2, 6Gal on the cell surface, was cl one

25- 3. 10. wWhios/oed3ehe was named ~PER C6-al pha2,6 ST'. The PETINI0%/06804 Fi gure
4A show a FACS 5 anal ysis on PER C6-al pha2,6 ST at the end of the selection
process. It is evident that stable transf tion of pAl pha2, 6ST2000/ Hygro

| eads to nmarkedly increased |evels of pha2 GGﬁI resi dues on the cel
surface as conﬁared o the nmaternal PER i ne. Interestlngb
over - expr esBfB A89096H§Bﬁﬁé2f60§|BF?N@?QHQ(@ﬁEgeaélQéss@§ﬁ§ ggscsdtre iR

| ower —anmougLs,9f %a@gh@%/%@abﬂe%gee%m@s gebm@@@obwyeé@saw ng

al pha2, 3Gal - specific acki a anurensi's aggiutinin (Figuré~ 4B). This effect
is nost |ikptpNdaeObdNeonpetret rdsoofligabphd2wéthi BayHELr ansf &fddd wit h

endogenous al pha2, 3.15 sia rapnsferase for th me gl ycopr ot.ei
Substrate E ggéonegﬁéyéﬁs @gfi §F8H§§C§ aaﬁd%gﬁpﬁgf Q clonrlng are
sialylt rBinSf:ﬁééﬁédCBE‘Ad%&B'l%S%*t@ﬁn&i@@t eegueAcPER bicagienhocert aitaindg riche
full Iength cDNA of 20 al pha2, 6 si al ytransferase (GenBank accessi on

nr: 14735139)for:§dué§tsaﬂ<n@wnb9zop@ﬁgfﬁ@rlésék@;ﬂ» PA RBa&NEOATEPCR) MoH e Hdkan

DNA ib h L]k Iled in th t. Th
T e L e e ZGA' TCC ATG ATT CAC

ACC AAC CTGpAA@hAAA6AAGD®A20zﬁ/a@gmsen§égu5e TET FﬁIpﬁEY ASGCDNA2G0A /CGEG
AAT GGT CCG 3') contain an addltlgnal 5 -tail EEF al | ows di gestion
with BanH Fﬁgﬁﬁé §§ﬁseTBre|Yn€PmBﬁétsﬁf pEcledct REIENENSE élgpﬁ

respectiyel ¥1,fhe, Bcglaﬁ%QQQ%n%§e9H%bfh%@e%'%h@g%b%%%ogebf elrec te:aRhreRsi S
and di gested mnth BanH and AflIl and 30 subsequently cloned into

pcDNA2000/ HPYVopEdasteirbdd eas WOp@DMZG@@D Hy JOTF hieF A0S0 0/£634 §3)2 SARES nt o

PCDNA2000/ Neg (L0 30 YEELA MY RASHEALLY 2BANBLHEHEL i AR AR BY, aS
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



WO 03/048348 PCT/ NLO2/ 00804 24 pcDNA2000/ Hyg(-) from pcDNA2000/ DHFR as has
been described in detail in W 00/63403). For this, pcDNA2000/ Hygro and
pcDNA200OWN@a/ows3ne al so di gested with BanmH and Afl 11 re®CTiNI{OR/0080€NZY TES.
The sequence and the correct cloning are 5 checked by doubl e stranded
sequenci ng according to standard proced?5es known to persons skilled in
the art of nolecular biology. The resul ti"'ng plasm ds are naned

Al pha2, 6STcDNA2000/ F 2A) pAl pha?2 6 DNA2000 Fi 2B
They compr | SEnUEl Bh ¢ 963 0 bricbii ey hBPOLe A pA06 SRAFPEtr ANrorgE
under the co I%%f%o 1t sf@&@@?egelfgmggf@@n£§rnéégﬁlVg)@Qﬁ@@é@g)for

Furt her nor e, e pl asm resi stance to neomycin and hygromycin
respecti velyeomygdiat aiklisedand sedesfedion| ehbscihncyha?® thEefPated the

plasmd intg their genone in e. mann i az, 3
si al yl t r ans$@Y¥ase® ?%%ﬁ%%n&b 36%%%§£L lﬁrad§§§7%%) ?% %EP@ ﬁgégg%gaé g%gd as
describgd aboys1¥en ihembyimam @b@héimﬁn@lEBS[tCam$Eeaase1genbat¥Heover
priners that are use or the PCR reaction are: sense 5'- TTé$EA Tg%
ATG TGT CCTa GoAr BBt TEGIARGETEs 8’ wakll BREVsaAsEASANg: OfTJFhT)TT’e ? KaG"TCA
GAA GGA CEW h esLt e d

pAl pha2, 3STE Oﬁﬁ?%g%ro Eﬁ%ﬁgﬂt ﬁl EH% %%%%%E%%gbg%ﬁgg (E?ggrea§§).

Exanpl e 4. ﬁbﬂﬁt@teandailytﬁbked@ERhCﬁcomph51ngewi$hpthsshﬁ@atzﬁeeither
human al pha2, 6- or human al pha2, 3 S|al¥ ggnsf rase. of. th PER.C6

cell line aF%ngé%Hédthﬁt4@19|§§EereEﬁF 8 B §§m€fﬁcgﬁf Carréfer f Wi th
apprOX'mﬂt ehéﬁon?‘t%/glnnbhh' pggeinyééﬁl sh1apdianenkeRrtreveonigfiowdng37C and 10%

On the next day, S are transfected using 30 Lipofectam ne (G bco)
accordlng tooihelﬁanatacpmpéedsand subcultured generally 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



protocol and to standard cul turing procedures known to persons skilled in
the art. Twenty di shes are transfected WO 03/048348 25 PCT/ NLO2/ 00804 each
wi th 5 pgwofo3fpsd3pha2, 6STcDNA2000/ Neo. Anot her 20 di shes WCTINL02/00804

non-transfected cells serve as negative controls for neonycin killing and
transfection efficiency. On the next da neonycin (0.5 ng/mM) is added to
the appropriate dishes, 5 dissolved in lum containing FBS. Cells are

i ncubated over a period of 4-5 weeks, with regul ar sgig of the, cells
with freshusedi fior seppl chenkéddw ThiehelsBfred iSﬁPaggﬁ . %eeﬁgeaﬁée a

moni tored dally {pfodeakh, ;CORRAELNGRML LB hDS1BRARL EvSTCONtrol s that did
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sel ecti on markerGelOul gnew ngercekpneéesingetheckedaandlebbeubt ur ed

generally as described_ for erythropoietin-_and,antibody- Lexp Si

cell 1ines ?halV@YB®PB§26§§eFP¥ﬁ£§é ha68|PePFﬁéFe§p650§¥E§¥§ﬁ§y53%§eF§%Fed
neonyci i lp.pesksteBtr¢skangsvar eogr ena suhsaquephby,ien 96-wells, 24-
wells, 6-wells plates and T25 flask wi th neomycin. Wen cells reacg?%romkh
in T25 tissagatultupesfrasks avercasPrereivPalPtRof feseldi odd t81Fr 62&F and

stored for back-up. I [ entyl v skest a4, f o Rneduet icen 10f
reconbinantp;aﬁ§ﬁ82852§§ﬁ22%%%§P§66?P?Z§§#e?aseSby FAC§ aﬁhlysis%tsing

SAal pha2, 6Galnspeei hateSarERC US-Hi-glahagglButSilni n as descri bed above and as
previ ously described by Govorkova et al. (1999). The follow ng sel ection

of good producer clones is based on expression; culturing behaviour and
vi abi | 'i%- E?aﬁbh%WSZﬁc%'i(iClé%lft%el QRdl LerFRcdidk Wilth pHisRensiam growth in
ott

rol | er es and bi oreactor during extended tine periods, nore
adapted influenza virus isolates in PER. 6 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



vials of the best performng clones are frozen, and are selected for
further investigation. These clones are subcultured in a tinme span of two
nont hs. Daoing4e3iese two 30 nont hs, FACS anal ysi s experi meatrsNLag/eosoer f or med
on a regular basis to nonitor expression of alpha2,6 sialyltransferase on
the cell surface. The best stable produc&g is selected and WO 03/048348 26
PCT/ NLO2/ 00804 used for cell banking. Thi"s clone is expanded to generate a
cell line that is named PER C6-H al pha2,6 ST. Cell |ines over-expressing
the human atehabeded st ghohansfdrasexpr bR HE fod geWePSERE Y gener al | y

the same 5 . as_descy] , ve f t 5 aly 1 P8t ahy! transferase
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i nfecti ﬁ oiF%EEé%%ue\nE?h trﬁat o? R C6- aISphaZ, 6 ST. 15 Suspension
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during contingpys rotation at 1 rpm The procedure described bel ow 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 1x106

cell s/ in inal ~vo regsefree nmedia, containing 2 ng/m
Pen/ St ﬁeop (aﬁg%%?é 500&@%9%130%58&183 t

Direct immunofluorescence (I.F.) assays for the
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



Fungi zone (G bco) and 3 pg/m trypsin-EDTA (G bco). Cells 25 were infected
with a viral inoculumof a primary isolate and wth a PER C6-adapted bat
(derived Womai04d3¢8 pri mary i sol ate and passaged for 1 paseagaNionotsER. C6

cells).
( HLNL,

The prinmary isolate that mas.used is t he A/ Net herl ands/ 002/ 01
Al New Cal edonia like, gift fromR Dr. A GOsterhaus, 30
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experiments. 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
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
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-
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
shows that these cells are extremely useful in rapid and safe
methods for the production of vaccines against for instance

influenza infection.
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were fixed by adding 20 | acetone to each well and air- dried. To each
well, 20 1 of the appropriate | MMAGEN Influenza reagent (i.e., |abeled
ant i body wpeaioid3es | nfl uenza A or B) was added. The sl i de Pa@asNIiok/eos04

i ncubated for 15 mn at 25 37C on a danp tissue. Excess reagent was washed
away with PBS and then rinsed for 5 mnggh PBS. The slide was air-dried
at roomtenperature. One drop of I MAGEN nmounting fluid was added to each
wel | and a cover slip placed over the slide (this was fixed in place with
a small amount of nail polish). 30 Sanples were viewed mcroscopically

using epifl é:ggf@n@e i LLYBL BAt 6PNy nENh8REROvEBLkSpURERcEhar astiagi zed by a
bright apple een fluorescence. The approxi mate percentage of cells WO

03/ 048348 ZBERCTS NtORL9HO0BO4FRAEAt show positive (fluorescent green) conpared

wi th negative (red) cel as_I ord I h L-gu I t
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production in PER C6 and PER. C6-al pha2,6 ST were  studie corin
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pl ague assay” experi nen 1 mM of 10-fold diluted viral
supernatant5nﬁécpédnﬁiyhandtHERfcﬁspassagédOfnﬁhmedzae@ﬂﬂ@§tl@@thUSlng a
propagat ed on PER C6 and. PER 6 ST accordlng hods
descri bed |%u%R§ﬁﬁ¥%n50u&EP§elﬁgchggtég RIVBARCEE Y, PFsl %?btngkre gr own

until OPo coofluence. bn anehl ipl @ge§oslsmwawbsabmlaemenbe@ \wictdn r2 tev
L-glutamn. After 1 h at
values within a few hours. The 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



the cells were washed twice with PBS and overloaded with 3 m of agarose
mx (1.2 m 2.5%agarose, 1.5 mM 2x MEM 30 pl 200 nM L-d utam ne, 24 pl
trypsi n- BRDOA3/028@ pl PBS). The cells 20 were then incubat @edTiNvoa0#80#i d, 10%
C02 at nosphere at 37C for approximtely 3 days and viral plaques were
visually scored and counted. Results are @hown in Figure 6. The clinical

i solate of influenza virus (white bars) aﬁ the PER C6-passaged virus

(grey bars) could infect the PER C6 25 al pha2,6 ST cells ver fficiently
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Exanpl e § THdiwatigm ofod niluenza adddts fad tésl BS pisl NgtePERy&OnCcesls in
FACS. A novel FACS-based nethod was enployed to neasure the. 5 titer of

i nfl uenza videy e n Baipatnd arkls THEQrivetperdeht b | 359 nel gehdi fi cati on

of replicatign:. tent. wiri ecii I 08,04 1 ekl s that
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Using a suspensifmeidd i enwd 1 RER G ands@e oiof Bt yawf ibodect dlonldd betheen

0.01 and 1 it_is possible to obtain very accurate value i thi fe
hours. The amé titMadFbiby H3tfle d Yt W%@?‘?s&mﬁi@h&g Q% t he

moment ghe $iiaNddy BASEAY ad@rsivdpez@ yiwdndd toekd opitised By SENY PBS
the art, ISanol once with 1 ml 1x Cellfix fixing 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



much nore |l engthy (generally al nost two weeks), |abor 15 demandi ng, and
especially |l ess reproduci ble. What follows is the technical description of
t he mat erwealog/o#83d8 net hod enpl oyed. Here, it is shown thatCcTmpensoon cells
can be used for titration of influenza virus particles in supernatants

usi ng FACS analysis. 20 PER C6 cells that vere grown i n suspension in
serumfree AEM Medium (G bco) were pl ateg ina 24 well plate (1 m cells
per well at 1x106 cells/m). Trypsin-EDTA (G bco); was added to a final
concentr at i o%“éfolef?l]gr} e @F b s et Yo tje'dP%\}r%hwaasn A WG ra WAL type
A super nat anfa £ ded2h & reassegg ant 25 of A/ Beijing/262/95 and X-31
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resuspended gently in 100 pl cold Cytoperm Cytofix perneabilizing solution
( Phar mi ngen)appfeeriioe mmt HrodiC, 15 wdd PBS OOt pl)inas added and cells
pell eted again as above. Pelleted cells were resuspended in 350 pl cold
stai ning medi um (PBS, 1% BSA, 0.1% Na Azide) containing 5 pl of influenza
A nucl edprotei n-specific antibody |abeled with FITC (Inmagen Kit, Dako).
Cells were incubated at 4C for 15 10 min to 30 m n and subsequently washed
once with 1 m cold PBS
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A nmet hod for producing a virus parti sald ne cohprising the steps
of : - contacting emetising htlee vitremss particl e | n a cul ture nmedi um under
conditiops conducive to infectjion of s said virus garti cle;

idc ,
and - cuPturing said celdOURREI RIS ong'd cfhc V% Pt opayatt oh of

said virus particle, wheggipusai def8lih OMEEreXBhE3EEENE BHAKALE vACIHE
encoding an alpha2,6 sialyltransferase or a functional equival ent

thereof. 15 2. A nethod &eterding ©b6 shafnrellwher epadsHidusl ppazicle’
sialyltransferase is hun&qdal pha2, 6 sial ytransferase. 20

- 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.



25 3. A nethod for producing a virus particle, said nmethod conprising the
steps of: - contacting a cell with a virus particle in a culture nmedi um
under comaDtBOMS4goNnduci ve to infection of said cell by PariNwe/nesss
particle; and - culturing said cell under conditions conducive to
propagation of said virus particle, whereijy said cell over-expresses a
nucl ei ¢ acid encodi ng an al pha2,3 sialylttansferase or a functi onal

equi val ent thereof. 30 4. A nethod according to claim3, wherein said

al pha2, 3 sial yI-t# diRtrAsecrerainant al pru2oBe sphl GLRAHST érasehpEein

03/048348 PCT/NLO@AP@8er§% 5ar€&8?éh$? 2GCPLELAGNLY BNy, ”5a9E%§héi8§ dn

wherein said virus particle 1s an influenza virus particle or

equi val ent therecfqubvélert nelhvdodoficcording to claim5, wherein said
influenza virus particle is present in an influenza isolate. 7. A nethod
according to claim®6, wherein said influenza isolate is obtained from at

| east ong i nfl vernzand rhEgt 8dcoOiNgMpal EaRisub| egher8inAsABlhodragenrdi ng
to claim7, wherein said influenza- infected manmalian subject _is human or
pig. 15 9. A nethodraecerarhgleoliel aresent wherennisaldenapl denzatei sol ate
is obtained fromat |east one influenza-infected bird. 10. A nethod
according to any one of clains 1-9, wherein 20 said cell is transforned
with El from ademdowhetisod 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.



11. A nmethod according to claim10, wherein said cell is a human cell. 25
12. A nethod according to claim1l, wherein said human cell is PER C6 or a
derivati weotobeusses . 13. A nethod according to any one of @CAINTD2/00802,
wherein said nucleic acid encoding the sialyltransferase is 30

het erol ogous to said cell. WD 03/048348 PGL/ NLO2/00804 38 14. A nethod
according to claim 13, wherein said nuclei aci d encodi ng the
sialyltransferase or functional equivalent js integrated into th&{f}fenone

of said cell. 54155 AHAMOPFRTNHeI e L4 he, TarErHet Bt cBpt F5F ng
the steps of: - prOAUCING@iNGMise PaLLi¢l eracssaing &P PL@MCQ%gn%gf cl ai ms

1-14; and - inactivating the virus particles so produced. 10 A
met hod accor di ng ¢e@uival emil5]s whetedrasad dimes holde demotherofospidseslihe
steps of: - treating said virus particles so produced to vyield antigenic

parts; and - obtaining at | east one antigenic part. 17. A nethod according

to clai msl6, whereim maib@ntdgamicinpad tva&orpié Sesa i hendenag ot i Al Hing
protein or a part thereof, and/or the neuram ni dase protein or a part 20
t hereof, from inffRRn¥&eRFreE: 18. A vaccine obtainable according to any

\C/)QEC?];IGC' aims 15-17. 25 19,qfeAprdaeeutd Gl Composi L oPg £OUPLL ST Sne
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.



according to claim18. 20. Use of a cell that over-expresses an al pha2, 6
sialyltransferase or a functional part thereof for the 30 propagation of a
Vi rus parwpeBme4s3viD 03/ 048348 PCT/ NLO2/ 00804 39 21. Use of paTodlob/oashat

over -expresses an al pha2,3 sialyltransferase or a functional part thereof
for the production of a virus particle. 22. Use of a cell according to
claim20 or 21, wherein said virus partic¢le is an influenza virus
particle. 23. Use according to claim 22, wherein said inilue z Vi rus
particle is prdseris® Phnd i fftlchBal i QEFaT AP IDHER FRd? PBﬁEa | east one

I nfl uenza-inf ect of TPRLL 8P r880) §Fta BlnctsEnaccphdingnteebkairB28ne
wherein said influenza- I nfected mammal i an subject is a human or a pig. 15

25. Use accordi ngreductapm 02, awheresnpgattdciafl uenza virus particle is
present in an influenza isolate obtained fromat |east one

i nfluenza-infected bird. 20 26. A nethod for selective propagation of a set
of pregetermmed wisustpartétl escebeseny 6 @naisobat er 2whewhkepesai d set
of predeterm ned virus particles has affinity for a specific glycosylation
nmoi ety present ofai@ VéééﬁtBﬁ?thﬁhemhéréﬂnlgﬁiﬂep§élKﬂéuéoﬁﬁFﬁéééern 25
addition to said set also virus particles not having the predeterm ned
specificity, said nethod conprising the steps of: - incubating a cel

whi ch is capabl® ofsexpressidngg aondcexpomsihg shedeirceptidr iodipengieng sai d

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



30 specific glycosylation noiety, with said isolate in a culture nmedium
under conditions conduci ve WD 03/ 048348 PCT/ NLO2/ 00804 40 5 10 to infection
of said cwDlo3loys3ag | east one virus particle present in S&CU/NIS2/D0804
culturing said cell under conditions conducive to propagation of said
virus particle; and - harvesting virus particles so produced fromsaid

cell and/or said culture medium 27. A nethod according to cI ai m 26,

wherein said glycosylation m)l ety conpri ses a Sﬁ%{?haZ resi due. 28. A
met hod according to cl aift® 26T efet @t PSafdd gF§t atfo eﬁ‘BFe‘PS}ecgﬁf}PFses

a SAal phaz, 3Gal residue.,29. ;& &ethodbaccondingqt 9-any one of clainms 26-28,
wherein 15 said set of predeterm ned virus particles is a set of

predet er mi ned i nfl uenza culrtus ipay tsadlde e 120 WBGle A crm‘tdndthmcﬂ@tldwjlt@ any
one of clainms 26-29, wherein sajd is 19 ate. is,an inf a |solate 31. A

met hod according to cl aif% FRINELRi A ss‘o\"i‘ﬁdl’ﬁﬂf\ﬁ%nfiﬁr %‘s’é?at% i's obt ai ned
fromat keast one influenza-ddii e%t Qﬂrdymtlmlgaé)rs@lﬁﬂad@c%&ngro% net hod

according to any one of clains whérein said cell is transforned
with E1 from adenovirus.cgBl W@é@ho@ah@cwm%@et@eéﬂéﬁlm 32, wherein said
cell is a human cell. 30 34. A nmethod according to claim 33, wherein said
human

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.



cell is PER C6 or a derivative thereof. WO 03/048348 41 5 PCT/ NLO2/ 00804
35. A nethod according to any one of clains 26-34, wherein said cel

conpri seswa oed3es ¢ aci d encoding a sialyltransferase thaCTiNLOb/ets8s ol ogous

to said cell. 36. A nethod according to claim35, wherein said nucleic
acid encoding a sialyltransferase is intgfrated into the genone of said
cell. 10 37. A human cell conprising a heéterol ogous nucleic acid encoding

an al pha2,6 sialyltransferase. 15 38. A human cell conprising a
het er ol ogous nucleic acid encoding an al pha2,3 sialyltransferase. 39. A

human cel |l accordin claim37.or 38, erein i -het er, oys dHeGlei ¢
acid is integtated %ﬁ%goghéﬂﬁgﬁg%gg % §ard &nﬁﬁaégﬁﬁ3%2%€§ggnge of a
human cel | accorgiipg deQ 12Mb6mie sefs ¢l i e3? 39 d emddiirgelaect i ve
propagation of a virus particle. 41.Use of a human cell accaQ?i to claim
40, wherein sai ¢ialiviisrapeharsse ithagn i AR Partt e 525

5

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

genome of said cell.

10 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.

15
39. A human cell according to claim 37 or 38, wherein said
heterologous nucleic acid is integrated into the genome
of said human cell.
20 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.

25



