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Cross-Reference to Related Applications The present application clains the
benefit of the filing date of U S. 5 application Serial No. 60/464, 776,

filed April 23, 2003, and U S. application Serial No. 60/465,328, filed
April 24, 20W@200#H%466 scl osures of which are i ncor por at ECI/OS2EEIREENCE

her ei n. St atenent of Governnent Rights This invention was made with a grant
fromthe Governnent of the United 10 States of America grant Al -47446 from
the National |nstituYERUSES BNGORING MUETANTAEMBRANE FROTENe certain
rights in the invention. Background of the Invention Cell nenbranes consi st
of a double layer of lipid nolecules in which 15 various proteins are

enbedded. Because of its [sessRefebince idRentedApplibstidaspi d bil ayer of cell
menbr anes serves as,a barrier, to the ssage. o t | a nol ecul es and
therefore is cruci ePW&?ﬂphﬁtﬁ’Bi%’Tgﬁl %ﬁﬁﬁ%ﬁgﬁﬁ?%gﬁ Ehtyfsansport of
smal | vat ers- s QhplafodHHACMb S50/4641796 Ofile® WprlCf3, S6U3! Sndd0.S! fpligstdh! Ul ar
conpartnents, such nmembranes possess carrier and channel proteins. |on

channel s are &sgalNa. §0/4Qﬁ33&aﬁquia‘\qylléé,|2003,ahe disgeruresiof whicheraudi ng t he
el ectrical ex% % té&\%gg{)emn % 1PCE| |s and electrical signaling in the

ner vous system eV s et al., 1994). C They are present not
only in all animl and plant sdthﬁenta,s(;mmnﬁatn,‘i@morgani snms, but al so have
been identified in_viruses (Swart, et _a th | er et al 1996; Pinto
et at., 1992; Schu%@ﬂ“véilh%was%@%“ﬁ’&ﬁ?‘ﬁéw@t %F‘W of thedJnifedst 1 oi n et
al.; 1996) 10 “*S?Jt@s&f&?ﬁferﬁ&Fg&ﬁ%%&b%ﬂoxﬂh%ﬁﬂné}mﬁﬂt&rﬁfﬁe%ﬁ et he viral

life.cycle. The influenza™A virus 1s an envel oped negative-strand virus with
ei @ RNA sedinvemmentozyduivel srtath sighthindaecivesagiont ei n (NP) (revi ewed by Lanb
and Krug, 1996). Spanning the viral nmenbrane are three proteins:

hemaggl utinin 30 (HA), neuraninidase (NA), and M2. The extracel |l ul ar dommins
(ectodonmi ns) of HA and NA amge 'ﬁﬁduﬂmhqb&@ﬁomhi | e the ectodomai n domain
of M is essential Iﬁ/ i nvari ant _anong 1 nfluenza A viruses. The life cycle of
viruses 1 membranes consist of a double layer of lipid molecules in which

15  various proteins are embedded. Because of its hydrophobic interior, the lipid
bilayer of cell membranes serves as a barrier to the passage of most polar
molecutes and therefore is crucial to cell viability. To facilitate the transport of
small water-soluble molecules into or out of cells or intraceilular compartments,
such membranes possess carrier and channel proteins. Ion channels are essential

20  for many cellular functions, including the electrical excitability of muscle cells
and electrical signaling in the nervous system (reviewed by Alberts et al., 1994).

L They are present not only in atl animal and plant cells, as well ag

microorganisms, but also have been identified in viruses (Ewart et al., 1996;
Piller et al., 1996; Pinto et al., 1992; Schubert et al., 1996; Sugrue et al., 1990;

25  Sunstrom et al., 1996), where they are thought to play an important role in the
viral life cycle.

The influenza A virus is an enveloped negative-strand virus with eight

RNA segments encapsidated with nucleoprotein (NP) (reviewed by Lamb and
Krug, 1996). Spanning the viral membrane are three proteins: hemagglutinin

30 (HA), neuraminidase (NA), and M2. The extracellular domains (ectodomains)
of HA and NA are quite variable, while the ectodomain domain of M2 is

essentially invariant among influenza A viruses. The life cycle of viruses
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WO 2004/ 094466 PCT/ US2004/ 012050 generally involves attachnent to cel
surface receptors, entry into the cell and wuncoating of the viral nucleic
acid, followed by replication of the viral genes inside the cell. After the

synt hesi S W z&ﬁ/\%ﬁ&pi es of viral proteins and genes, L{lﬁ@g@gﬁm&ﬁents

assenbl e intO0 progeny virus particles, which then exit (revi ened
by Roi zman and Pal ese, 1996). Different viral proteins play a role in each

of these ste 1 nf | Fm”é"v'r ' ' ossesses ion
channel acti\%?‘%e)r/dﬁlil’il“ﬁ{héédg a tt&ﬁ%%é@%%&?ﬁﬁ’%ﬁ%at an early
s]Eate i In }Qr[\lliunmahlggoﬂmémrajymdl:lac!aadyfeméfdmrepmahorgﬁgmlvgﬂger_tesandlggcz:oatsl ng

of vira . rdin enj us, . revie eni us, ; Sugrue
ot i 1000} RS S, Mfer [ sEhes ot b Soujtl “BRASEAFA ShL R

Vi I'i on- assoc iltkecbnifdnbmtilatEAbIo flto pﬁ]geﬂwmts PartiSlRE Which 1Réd exittnechie, 1S

believed to permt grotpns to flow fromthe endosome into the virion
interior fo @exiewpd byuRpiampn ped Ralege,11956) tRifferentvitsbprotsinsleys releinconpl ex ( RNP)

i nteractions %%Q?P%Q%%}%;Sorg}nhggmgm%@%éﬁ%% hﬁe&ﬁgﬁhgwgﬁ%m (revi ewed by

Hel eni us, 198 'fion, anmong ralns whose HAs are

cl eaved i nt r ahanélactvity/(Péro et al., VRR\4 thowghh g sdtisast ackatiy4late inllee M2 | on
channel is thp t to raise the pH of the trans-, Golgi ,network, preventing
conf or mat | onéﬂrg@ﬂ-ﬁ bﬁ%@ﬂ@“@ﬁﬂﬂ?@@%ﬂ%ﬂaﬁﬂéﬁwm B this

conpar t ment %@Hel%iué,'wgl;ﬁ?@éve%ymiémﬁt 1@2_—,Suér9ﬁét;a1.,TPd9@)!Cdjﬁce and Lanb,

1994). 20 Evidence that the M otein has Ton channel "aCtivity was obt ai ned
by exprd8si wigionkbayerandergone endonytopiscthe viridorasypginted M ion charmehwasur i ng

menbrane cu n Pi. nt t al .. 992: \Wang, et al,,,1993; | si nger et al.,
1994) . Speci ?‘?‘%‘O&%ﬁgﬁ&g‘é&?‘g’"{“ﬁ% IW}‘SY%%%PW@F%FHQH%M%@'P domai n al tered
t he ki neti cs eadiome @ito helviridn itefidr to dishipe aciiaibileM1 RoRif-di ng strong evi dence

that the M2 TM domain 25 constitutes the pore of the_ ion channel (Holsinger
et al., 1994yibonycleoprotein eqmaplep(RNHY feraetions, therehy premating RVP redeasas an i on
channel (Duff {6 (rerded A 1 Q)€ jvity is thought
to be essent iug B}an [ eagl?ﬁi()fe cycPﬁ%@%ﬁPﬁ%%%‘?ﬁ%@?}g%g%:eause amant adi ne
hydr ochl dSi dénflushzactirains edhise HAs aro lcavrarimedcelhdady (eigt, A/foMdy et al ., 1993),

! Bl Tk oS A ST < - 1700
Golgi network, preventing conformational changes in the HA due to conditions
of low pH in this compartment (Hay et al., 1985; Ohuchi et al., 1994; Takeuchi
and Lamb, 1994).
20 Evidence that the M2 protein has ion channel activity was obtained by

N

expressing the protein in oocytes of Xenopus laevis and measuring membrane
currents (Pinto et al., 1992; Wang et al., 1993; Holsinger et al., 1994). Specific
changes in the M2 protein transmembrane (TM) domain aitered the kinetics and
jon selectivity of the channel, providing strong evidence that the M2 TM domain
25  constitutes the pore of the ion channel (Holsinger et al., 1994). In fact, the M2
TM domain itself can function as an ion channel {(Duff and Ashley, 1992). M2
protein ion channel activity is thought to be essential in the life cycle of influenza
viruses, because amantadine hydrochloride, which blocks M2 ion channel
activity (Hay et al., 1993), inhibits viral replication (Kato and Eggers, 1969,
30  Skehel et al., 1978).
The genome of influenza B virus, a member of the family

Orthomyxoviridae, consists of eight negative-strand RNA segments, which
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Ot honyxoviridae, consists of eight negative-strand RNA segnents, which 2
WO 20041094460 PCTI US2004/ 012050 encode 1 | proteins. O these, nine are
also found in influenza A virus: three RNA-dependent RNA pol ynerase
subunits (PBI, P132, and PA), hemagglutinin (HA), nucleoprotein (NP),

neur am ni dad¥d PRYFIMsfat ri x protein (M), and two nonst rrarruszedyopest ei ns (NS
| and NS2). Two proteins. NB and BM2 are unique 5 to influenza B virus. NB

i s encoded by RNA segnent 6, which also encodes NA, while BM2 is encoded by
segnent 7. Then¢d@epi pragdins. oPf thesk) nirmaal® foundim inBuenzs hparuk: threg nt egr al

menbr ane r ot.Ql expr d abundant] y.o h rf f virus-infected
cells (Bet gko\@%pepexﬁgn?%gﬁy%m%ﬂ?%ﬁ &ﬁlbgga’u@ﬁg’\?ﬁa ﬁ%\ﬁl,g{ukf]@'glél), and is
i ncor por at ed i(HAY, nétleboRin(RP),BRb@iaRN s N AY, matkiSfroteld B9 2dnd tRd al ., 1996).

This small protein (100 amino  aci dsbﬂpossess_es an 18-residue N-term nal
ect odonai n, anoBstugTal proteins QI RRd S A J upratcins, MB and,BAE. arewigite cyt opl asni ¢

tail (Bet akovg audlea b ARAONE WehhaTy 184A Bbgment-A80icn fEPEGBAEYI 0US Studi es
measuri ng merrbrang carrents, 1an(JJogy nal ogygn\,;\ﬁntﬁ’e‘tﬁ%{g I\/é protein of
i nfluenza A viNAjswhileiBM2is eatoded by 2@8@nt 15 Fi sher et at, 2001; Sunstrom et

al ., 1996), NB was.th ht, 1o functi .as.an ion . channel .protein. However,
t he el ectrophysi ol Xb?@gﬂ’f%’gﬁffgﬂwgwsﬁ@%?%ﬁ%ﬁ“ﬁw PERGBR the 1 pi d
bi | ayer syst eprois, edpicbied dblindaftlyl dltRE Sufake of Mivab-irifScteddells Belgkoddet pept i des
cont ai ni ng hydr ophobi ¢ donmai ns, which are believed to |lack ion channel

activity in call996;Shawt al.d 8% Shawiet ale dOf4kiand ds inporporated e VisipaY s (Lear et
20 al ., 1988; X . , h
styi o5 dP B uC100% neghiPel of J0BE Mo profifiioutBb 0 0L 0

was,used to dddympeisesseearnt MresidssNaémidnh actedonsadd, ia\22trgsithye NB prot ei n, despite

the inability of this drug.to jnhibit influenz I.r.us repl tion. Thus,
the avail abl e.t‘@%"‘lfgﬁ’{@e dé’ﬂ‘g'}q’ é?dg%&‘ﬁeﬂé“ﬁﬁﬂquaﬁﬁﬂé&(ﬁﬁ%k%%ﬂ?@k@ h has ion
channel acti vighifliand%t AITTURE) YrdR piébioad sthdibsSiddsitil HaRBRsScudRnshe devel oprent
of an immune response to anqtj;dgens present on the surface of infected cell

or on the virauhey anafogy with theiM2 peateiny of influesas gdrms (Bisher kirduA000s uccessf ul
vaccines qan gﬁp&%?%%ﬂ*;sﬁﬁ%&&?&% f@gﬁﬁﬁ%ﬁﬁlﬁﬁ?%%ﬁoﬂg%ﬂ% S present on

the surface, only SoOffée 0 em produce’neutra ng I nmuni e method to
produce a vacchan@elipsotti. However, the electrophysiological measurements of NB protein

based on the lipid bilayer system are difficult to interrupt. That is, proteins and
peptides' containing hydrophobic domains, which are believed to lack ion
channe! activity in cells, can yield channel recordings in lipid bilayers (Lear et
20  al., 1988; Tosteson et al., 1988; Tosteson et al., 1989). Moreover, in the studies
of Fischer et al. (2001), and Sunstrom et al. (1996), amantadine was used to
demonstrate the loss of channel activity by NB protein, despite the inability of

O

this drug to inhibit influenza B virus replication. Thus, the available evidence
challenges the notion that the NB protein has ion channel activity.

25 Immunity to viral infections depends on the development of an immune
response to antigens present on the surface of infected cell or on the virions. If
the surface viral antigens are known, successful vaccines can be produced.
Although there may be several antigens present on the surface, only some of
them produce neutralizing immunity. One method fo produce a vaccine is to

30 *“attenuate” the virus. This is usually done by passing infectious virus into a
foreign host and identifying strains that are super virulent. Normally, these super

virulent strains in the foreign host are less virulent in the original host cell, and
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30 "attenuate"” the virus. This is usually done by passing infectious virus
into a foreign host and identifying strains that are super virulent.

Normal |y, these super virulent strains in the foreign host are |ess
virulent in the original host cell, and 3 WD 2004/094466 PCTl US2004/ 012050
so are goOtP¢HY8*HE candi dates as they produce a good YRHUMEM U nse in the
formof hunoral 1gG and local 1gA Generally, influenza vaccines have been

prepared fro LV en Vi kus. or. killed.virus ich. can grow to high
titers. Li ve%He o?/ﬁ%%ﬁ“ﬁé@@%?@%@gyp@d’é 3 %’gé “‘3?‘%033?ﬁjﬁﬁe syst em and
stinmul ate an fommeftamoes poG asd local@gch of the protective antigens, which

obviates difficultjes in,the selective destruction of  protective antigens
that may occur duW&@EWiVGFﬁWhﬂw prepered framdivecaitenyaied aqdition, the

muni Y prodgiGeg iled ViR whidiHin YRS B thets OEAEL AL Ve Sacihis 2l e, or e

effective, and nore cross-reacti ¢ ) uced by 1 nactivated 10
vacci nes. SFurilipbases of the inpinnuesystemand stimilate ah ssmunosspopse o eacloefuce t han

i nacti vat ed virus vaccines.. However.. .t nutati ons | tt.enuated virus
are often il Itﬁeof’é'#'%a "gﬁ%ﬁa‘s’t‘ﬁ&‘v ﬁtdﬁfgﬁ@gﬁsp’ﬂé@?Se;t%gﬁeyﬁf%“é‘ﬁg° iral antigen
genes. Thus, prdtedtive antipefOBet héy cecliffulieg! pleparMicsTifactiof&INdcBiasy, Kt t enuat ed
I nfl uenza vi rui_ for_vaccines e.g., attenuated viruses having defined

I

nut ation(s). .ad QOBWWMWWé}WWBW Vﬁ‘i@ﬂf-&iﬁéﬁﬁﬁﬂy%révi des an isol ated
and/ or pur | { IGECRBAURAN L b b relb b W AL by TETD! ane

protein gene, , a nutant egra menbrane pro n-gene such as a
mut ant t yifle Iveécinest Bopthek, live vimavecipescireless ddtlyopeoduch thah ishottwatedot encode a

functional mepbrane, pratein or, a functional rtion thereaqf he invention
0l €0 provi deSTE R O St s mysaens ot enpat i ik BSRAEOEBa vi r s whi ch
| aCks a nmenbragf ehob Mi@tinsdpPear tdhein kiRGiraPintigen fénagt | onal nenbrane protein
such as an integral nenbrane protein in a reconbinant influenza virus

provi des for recobisahet is neadgdisameihad fo preparsiredembinantattendaied in vitro but
are attenuat .0 Vi-VQ.c | ne enhadi t he_r.ec l_pant .. vji{us conprises
a nut ant rremq)'?%dr? gzap 0 gi’rr?’ Aaéehnwg3 St a@%"u”geﬁﬁh’%%&%ﬂ%gﬁ'eﬁo r'%atmn Si‘ ations which,

when the Igene is transcri bed and/or translated in a cell, does

Summary of the Invention

The invention provides an isolated and/or purified recombinant influenza
virus comprising a mutant membrane protein gene, e.g., a mutant integral
membrane protein gene such as a mutant type I integral membrane protein

20  gene, which does not encode a functional membrane protein or a functional
portion thereof., The invention also provides an isolated and/or purified
recombinant influenza virus which lacks a membrane protein gene. The lack of
a functional membrane protein such as an integral membrane proteinin a
recombinant influenza virus provides for recombinant influenza viruses which

25  replicate in vitro but are attenuated in vivo. In one embodiment, the recombinant
virus comprises a mutant membrane protein gene which comprises one or more
mutations which, when the gene is transcribed and/or translated in a cell, does
not yield a functional membrane protein or a functional portion thereof. In
another embodiment, the mutant membrane protein gene comprises at least two

30 mutations relative to a corresponding membrane protein gene which encodes a
functional membrane protein, wherein at least one of the mutations is notina

region corresponding to the transmembrane domain of the protein. For example,

4
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not yield a functional nenbrane protein or a functional portion thereof. In
anot her enbodi nent, the nutant nenbrane protein gene conprises at |east two
30 nutations relative to a correspondi ng nenbrane protein gene which encodes
a functional nenbrane protein, wherein at | east one of the nutations is not
in a regi omoeemmeeondi ng to the transnmenbrane domai n pET/USmopIedsei n.  For
exanpl e, 4 WD 2004/ 093466 PCT/ US2004/ 012050 the mutant nenbrane protein
gene, when transcribed and/or translated in a cell, does not yield a

functi onal geﬂ@lpwtwmnbrapc@mgnlge@mwbeht@swbedmcygrtramalntedmwdm% 10% 1%

or undet ect abl I d/or yields a
mut ant rrenbrarcllgesprg%‘%d%ﬂcphpﬂqggﬁeqqﬂl%pgbg%?g@g%? %r’ %sglr'hqglay&% | ess t han
about 10% and%t&%,ﬂ%;foenﬁﬂtqctabhﬁbvélh&ﬂhﬁhﬂ&&ypk mémbrive preteinyi ty of the
correspondi ng functional) msnbrei rotein pgéfémlgs a result of

{
the absence 8" ‘HX{)W tpRbransprofein ith les bAR 0%, Ytruncat ed

nenbrane  proyQj fhan hﬁbupmﬁ,%%r@ﬁ%?er&iyl&&&%dnrh‘sgﬁltl"}f?ﬂheicﬂﬁtﬁyﬁtﬁélt menbr ane
protein gene encodes at | east one am ro acid substitution relative to the

corr espondi ng Cvmspplmmgtwbbf}’n%ﬁm@n@albnm@am Prpwmone mwaulheﬁthc t he
substitution( b 0. siduyes any integer in
bet ween, for ?%s %ﬁgé‘“‘%a or vm %% tenmﬂ% & ca%H |n‘mf to 3,

resi dues, of ploteis. nmtohabmbodmérhlo@ﬂieﬁmenhéh ﬂfeﬁmﬁﬁlﬁfnﬁiﬁtﬂme peotbiagenent ,  at
| east one substitution is at_the injtiator rrethlﬁjgl ne. | n_another

embodi ment , t KeEoreR a4 fest oasiming acidspbstitiop gslalive 42 the Serresponding wild- op codons at
15 or witRhjn H&egf'!b Vet 9., at or
within 1l ?g %gco oﬁ%ggégﬁlﬁgﬁ%?ﬁng%%@wt %@Eﬁﬁﬁﬁmgﬁt{sﬁgtﬁot her enbodi ment ,
thg mut ant  rebdut htteSQmeeiﬂlmsmrgeylmtmrbn@@sn,d‘mnﬂmqemterwshmthtons of one or

nore nucl eot odi,nment ta ane protein gene
conpri ses B‘Fatr‘?f)?"gﬁ'ﬁgltggb r(?ﬁé“??f"%h%’ puﬁﬂ}cg“?‘l’d'&?ngﬂtoflﬁﬁ'g{: or within
about 150 20 emsém&m,cmﬂasﬁme subsBtution is\Wt ihBiiditidior Methidnihe. TPanbier nucl eot i des,
or any integer in_ between, of the first codon in the coding region of the

gene. In one embestimentthe muiantmembrane pmgawéaﬁﬂm@umprgétnemaﬁ ses one or
mor e i nsepki OQowﬁimQQcﬁlt?EosdT&rdgnQUP tb%ﬁxbéuﬂeéﬁn % o the muitant

nmenbr ane proteéin gene Ses’one-or nse? Pons o one r more

nucl eot i des ag0 codons tbﬂ’thdﬂlnﬂ.htnﬂ:odlﬁl. Iﬁﬁetmnmthe@mbddamanetlg:.mutam or within 1, 2,

3 up to 150 nuclgotldes or %Inte I n
embrane profein gene comprises one or more deletions of one or more

nucleotides. In one embodiment, the mutant membrane protein gene comprises
one or more deletions of one or more nucleotides at or within about 150

20  nucleotides, e.g., at or within 1, 2, 3 up to 150 nucleotides, or any integer in
between, of the first codon in the coding region of the gene. In one embodiment,

the mutant membrane protein gene comprises one or more insertions of one or

>

more nucleotides, In one embodiment, the mutant membrane protein gene
comprises one or more insertions of one or more nucleotides at or within about

25 150 nucleotides, e.g., at or within 1, 2, 3 up to 150 nucleotides, or any integer in
between, of the first codon in the coding region of the gene. Such insertion(s)
and/or deletion(s) preferably alter the reading frame of the membrane protein
gene. [n yet another embodiment, the mutant membrane protein gene comprises
two or more mutations, e.g., two or more mutations including a nucleotide

30  substitution in the initiator codon that results in a codon for an amino acid other
than methionine, a nucleotide substitution that results in a stop codon at the

initiation codon, a nucleotide substitution that results in a stop codon in the
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bet ween, of the first codon in the coding region of the gene. Such
I nsertion(s) and/or deletion(s) preferably alter the reading franme of the
menbrane protein gene. In yet another enbodi nent, the nutant nenbrane

protein gene co/ngri‘sses two or nore nutations, e.g., two or_nore nutations
i ncl udi ng RO AWM B de 30 substitution in the initiat of CCYIHHREYL results
i n a codon for an amno acid other than nethionine, a nucleotide

substitution ults i tQ don at t 0itiati codon, a

nucl eot i de sd’h@ﬁ% ?é@ﬁ?%% ?%é’? m?ige: W“Pegﬁﬁ%&ia'é’f‘%ﬁnﬁ%“d’dlﬁ‘ﬁ Sﬁq‘f"ﬁ‘g‘l’l@&o 2004/ 094466
PCT/ US2004/ 0 b2 ffofe meledtidginsetiotsis the codifig Sdqueiveforatig bambingtibondel etions in the
codi ng sequen.?cf?, oPne or re nucl eotide insertions in the coding sequence,

or any combi nF§dnn gncsmbgiment, theautastmembaneprotein geng i Xhe V8RFor ane pr ot ei n
gene is in aa@ildperabRilePtoUR bR intiuifg but HotdinRfed B WHNANC! udi ng, but not
limted to, a RNA'5 polynerase | pronoter; e.g., a human RNA pol ynerise |
pronot er, 3a M@%GEH@M&% 4.8., phoeestRYA palymsaspbprometea adRMA|l pronoter, a T7

pronoter, an r r, ot her .enbodi nen t he .nmut ant nmenbr ane

protei n gene |§m|e;rll-a§%ﬁp\%e1§§t r%@?@ﬂ‘?ﬂ% HOMQtL,p rpf"ﬁ??tgrna‘?d;?m nati on

sequences i nclBydomgter. nandthér enlbodinient] tHeGnutant Bhbpaey profeirBgent idinanscri ption

term nation sequence, .a RNA 10 polynerase |l transcription term nation
gpg\ggdﬂsb]l

sequence, or Y& ked to Srangeription tegpinetionsequsaces dpoluding, bwinotequence, or a

ri bozyme. As gdesgid ﬁ,h'rfgmép&%ﬁdﬁiﬁﬁ 'ﬁ:n‘ﬁpﬂ | u%@% wer e generated

by reverse geneti(:’sqg?\%%{) elr gro C Izftrac eﬁ#@%&i]‘éésﬂc%’n o{\her properties

t est ed bdidh polymerase # teanstriptionterninatidrt sequence) ot a BN mgnergseNH r epl i cat ed as

efficiently Q%Pthe.ﬁ wild-type virus i.n cell culture, whereas in mce they
i

sh@ed rest r iTPEFPHILRRinal $eBES RF § A9 i ngs for the wild-type virus.
ThYS, NB protein iA3 dastkib&SEReth, iifluerkf khiddorVAResBvafb kétbrdtPly cation in cel |

culture, but pronotes efficient growth in mce. Gven the attenuated growh
of the NB kndeweeggenaticsand theiy gipwth eharactegstids and othenrpyopartiesdested hosiht  vi r uses

ey U5l B 35S MRl o S AR AS MBI s 251 1,
a reconbisantwild-typsviads ih betl dultuivhértas il fidcethéedhbReld aktrictedighgvthhe vacci ne or
O O e With Bindings fof the wild-fype virus. s, B protein is not essentisl

for influenza B virus replication in cell culture, but promotes efficient growth in

mice. Given the attenuated growth of the NB knockout virus in vivo, but not in

vitro, these mutant viruses may be useful in the development of live influenza
20  vaccines.

Thus, the invention further provides a vaccine or immunogenic

composition comprising a recombinant virus of the invention, and a method of

using the vaccine or immunogenic composition to immunize a vertebrate or

induce an immune response in a vertebrate, respectively. In one embodiment,
25  therecombinant virus of the invention includes genes from influenza A virus. In

another embodiment, the recombinant virus of the invention includes genes from

influenza B virus. In yet another embodiment, the recombinant virus of the

invention includes genes from influenza C virus. In a further embodiment, the

recombinant virus of the invention includes one or more genes from influenza A
30  virus, influenza B virus, influenza C virus, or any combination thereof. For

instance, the recombinant virus may comprise a mutant NB gene derived from

the NB gene of B/Lee/40, B/Shiga/T30/98, B/Mie/1/93, B/Chiba/447/98,
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I nduce an i nmune response in a vertebrate, respectively. In one enbodi nent,
25 the reconbi nant virus of the invention includes genes frominfluenza A
virus. In another enbodi ment, the reconbinant virus of the invention

i ncl udes genes from influenza B virus. In yet another enbodi nent, the
reconbi nantw@R004994é6 t he invention includes genes fronfGTES20E920MC vi r us.
In a further enbodi nent, the reconbinant virus of the invention includes
one or nore genes frominfluenza A 30 virus, influenza B virus, influenza C

virus, or anyBCORBI#AB7 R Yamenashy166{98; B/Nagaya2049, B{kuchidl93(f% nant virus may
conprise a ' / Lee/ 40,

B/ Shi ga/ T3 O/ms;%’,as'Ia 7/%45’3/5 P ggéﬁ%%% %at}'%4g§?9’gﬁb\%%8§tf/%%44aa

PCT/ US2004/ 01BEBEbecN204/89, BIQRERT 45 HI8/ RiQuebeti5 1/98,03/08cbeBHAG§Dpad 20/ 99,

B/ Kouchi / 193/ B/ 172/.99. B u 2/ 99,

B/ Lusaka/ 270/ é@?“@f%ﬁ@%&%ﬁ%ﬁ%@?@gﬁ@?g@égb%éﬁ &ebec/ 51/ 98,

B/ Quebec/ 455/ 88030340, BB635368 A F0E84630 ABOSEIEISARMBINES, D 885484343 AB03672,
AB036871, 5 AB036870, AB036869, A8036863, AB036867, AB036866, D14855,

D14543, D14524542p8B050251, ABNSS4R NC (N220R 29819127, 14d 9126, AMKR125 06

AJ419125, AJ ; P@mg' . E&:H{ ' specifically
I ncor por at ed %%ﬁ’g\?&e&lﬁbﬁ%ﬁg}%\;ﬂff n o‘{r‘]fé%é@rﬁ%gl mntﬂﬁg&ﬁ%ﬁii on(s) in

t he NB gene dy mfetencahdrein).t ine@ns embmeliment dhe totatidiis)pia ke NB gemendut ot r

enbodi ment, the tation(s), i.n, 10 the NR gen | so alter 1he sequence of the
NA gene. but yIHEF e 2ea4Rnn e S Bt misere) ephedteite B ataion BS 't ne na
encoded byp a %@ NBSSRE AIdb Alker AR YequihéeAdresh N gBf W vk #RRAviller ei n,
"substantially the same activity" includes an acCtivity that is about 0.1 %
1 @ 10% 30%ubsevially thy same petivisy $0tbodNey ensoded bytarvorresponding ngo-of t he
correspondin th | | d . L QVi ok t hod of
preparing a %gé%lr?giﬂﬁig%el #?s ?aﬁ%lﬁlgge%l %Bgt&a}:@&rpﬁfﬁ %ngacg‘g&ufn%%\"?e%nbr ane

protein gene akivighthaoie aboud.164) ¢%0 €098, J004) S0%0agl, up FEITRGangIE,ahe€i N or a
functional portion thereof relative to a corresponding wld-type nenbrane
protein gene.3cHNdy ofherirespanding felkleagfhpalypentidea host cell with a

o oet LB o A Utk gl UL il L0 0 70,
virus. For examprisingfamutam filembrane pdteit pene cdnighaidies natrencepifiretienala) at | east
two membrane protein or a functional portion thereof relative to a corresponding '
wild-type membrane protein gene. The method comprises contacting a host cell
with a composition comprising a plurality of influenza vectors, including a
20 vector comprising a mutant membrane protein gene, so as to yield recombinant
virus. For example, for influenza B, the composition comprises: a) at least two
Q, vectors selected from a vector comprising a promoter operably linked to an
influenza virus PA cDNA linked to a transcription termination sequence, a
vector comprising a promoter operably linked to an influenza virus PB1 cDNA .
25  linked to a transcription termination sequence, a vector comprising a promoter
operably linked to an influenza virus PB2 ¢DNA linked to 2 transcription
termination sequence, a vector comprising a promoter operably linked to an
influenza virus HA ¢cDNA linked to a transcription termination sequence, a
vector comprising promoter operably linked to an influenza virus NP cDNA
30  linked to a transcription termination sequence, a vector comprising a promoter
operably linked to an influenza virus cDNA NA and NB linked to a transcription

termination sequence, a vector comprising a promoter operably linked to an

7




vectors selected froma vector conprising a pronoter operably linked to an

I nfl uenza virus PA cDNA |inked to a transcription term nation sequence, a

vector conprising a pronoter operably linked to an influenza virus PB 1 cDNA

25 linked 4 # cription term nation sequence, a vector conprising a
04/099468 . : : ’

pronoter opera ?3&& nked to an influenza virus PB2 eDNETUSRENIZ0 5

transcription termnation sequence, a vector conprising a pronoter operably

linked to an._d za, Vi . | inked to.a.transcriptiion termnation
sequence, a mﬁe"é&o“r'%ﬁf)??@ﬁﬁ’lﬁgq %’%@?mgﬁg? fegpination sedfency ad a; nt | yenza
virus NP cDNAedér domplisielg b @raindtércpeeblylinkeitotag iffluentd Wirhs NSRDNALE, a vector
conprising a _pronoter operably [inked to an influenza virus cDNA NA and NB

linked to a tl‘PE?ﬁ]s‘EPFﬁPﬁ%‘ﬁnoﬂ (SHAmAtion segpeaesy Wharein the segpencs of henpri sing a
pronot er operpRiAYfot Nﬁk&ﬁpﬁeeﬁﬂ‘%e&t% AIRGORPAMRC: E,qféolé%gg@gw%o

I nfluenza virus M cDNA 0 a transcription term sequence, and a
vect or cofpr igsnawhich gneodastacinaipesl NB membrake protain, ane bfiivhick nmgativos us NS cDNA

linked to a transcription termnatjon sequence, erein the sequence of the
CDNA for NB SHMH M 08 : de‘an@FBfeg‘B’r‘fgof‘é'%ﬂ/ °f‘5’tt“é‘?§ﬂ}er espondi ng NB
5 gene whi ch waies BResutat igeitCis baRRbbdiRnIeEN ABEINRhORGL Soll, 80R ndi vivli ch

mutations is not in the transnenbrane domain, the presence of which in the

nut ant gene, 2fipsEanal membrangnprotgins ajfunctipps pevtion dkerepfoand optieniallyed i n t he host
T . e . . S !
ce 0€S n%eléé!a%tﬁoﬂal Wﬂgﬁégﬂ%h? ﬁgﬁmpwﬁﬂsﬁ'm elkd Rofadekbonal portion

t hereof, and”opti y i I 'ona protern, an at least two
vect ors 46l ecvmprifigpapramos bpéeratl liniedne & DINYYsegmenneiobding imfleergl v | i nked to a
segnent enco?%ngvi nfluenza C virus PA, _a vector_conprising a pronoter

opérably |i niEUS b4 HVasioR compiiing 2 prameksrPRigablnlinksdto a DNA 3.8mep 1, a vect or
COMDY 15110 2 cREATRFRuchBPGABIDG I, h ks chfbprien PR AT Bir S BRELG | 1| uenza

virus PB2, a vector conprising a pronote operably | a DNA segnent
encodi ng i nf [aJ¥WA segnientienciding anflnenzacirug BB2,ayyecios corgprising aoprometer oper abl y

| inked to a DNA_se e ing influenzd . virus a_vector conprising a
pr onot er operoggﬁ@y%ﬂﬁ%ﬂa?%&‘gsfﬁfng g mfluenzs yine 'h?ﬁfgcﬁza virus NA a
vect or cqapr icempasing PR bpeasly filked th h DN sdpfhenberlebifing BIEIKa encodi ng

i nfluenza virus ML, a vector conprising a pronoter operably |inked to a DNA
segment encodiyHARS Veriorcamprisins 2 promotes peergbly dakest to a DNA segment

encoding influenza virus NA, a vector comprising a promoter operably linked to
a DNA segment encoding influenza virus M1, a vector comprising a promoter
operably linked to a DNA segment encoding influenza virus BM2, and a vector

20  comprising a promoter operably linked to a DNA segment encoding influenza
virus NS.

C The invention further provides a composition comprising a plurality of
vectors such as those described above, and a host cell contacted with such a
composition or isolated recombinant virus of the invention, e.g., so as to yield

25  infectious virus. Alternatively, the host cell may be contacted with each vector,
or a subset of vectors, sequentially.

Further provided is an isolated and/or purified nucleic acid molecule
(polynucleotide) encoding at least one of the proteins of influenza virus
B/Lee/40, or a portion thereof, or the complement of the nucleic acid molecule.

30 Inone embodiment, the isolated and/or purified nucleic acid molecule encodes
HA, NA, PBI1, PB2, PA, NP, M, or NS, or a portion thereof having substantially
the same activity as a corresponding polypeptide of one of SEQ ID NOs:1-8. As

8



20 conprising a pronoter operably linked to a DNA segnent encodi ng influenza
virus NS. The invention further provides a conposition conprising a
plurality of vectors such as those descri bed above, and a host cell
contacted with such a conposition or isolated reconbinant virus of the

I nvent i on, WONoBd6as to yield 25 infectious virus. Al REIU0Ha205¢ t he host
cell may be contacted with each vector, or a subset of vectors,

sequentially. Further provided is an isolated and/or purified nucleic acid
nol ecul e  ( pobsPd heridetsubidantialy. theisprge eativitgzineludesan optivitydhad ispbeptns of

I nfl uenza viryse L os Qhas8. ROLT ] s o) g | ement of the
nucl ei ¢ acid ?Irg °éc%’l Q?A’gi%ﬁ’gﬁghg'gé%g’gﬁ%%n I}&? éh?‘{scgl"gf% gﬁd/ or purified
nucl ei ¢ aci d cwtegnting drlbldgh polypeptidd, InRe tmbBBthentPthe iddBteddndtr NS, or a

portion thereof. havi SE%QSt ntjal l the sa ctivi correspondi ng
pol ypept i de o?“fﬁj}?’r@nlsfﬁg‘s Poloqule tpe Fs%?y@p%%dﬁ’ﬁl%%ﬂ§§%;&ﬁu_82004/012050
used hereis, BELIRYAD59:20T9% of PB4 SRABREE Afinb ¥cidls derify BGhi¥f ty that is

about 0.1 % 1 % 10% 30% 50% e,g., up to 100% or nore, the activity of
the correspofERHyNQst 1-8 dmepererphordimeab thedeolatedhandfos purifiednueteiftacid he i sol at ed

and/or purif} %Eﬁ; ga%g Hgg,gj%e hele ving at | east
80% e.g., 5 @g%‘ng 9 rgig%h 0 gg%g@;cgcont %&%ﬁ@%ﬁg 6t6g2|’ a%équence
identity to o808 of 90%Enbia ddadiguoils Micleicuciiveqembehimalogy totohe of SEQ at ed and/ or
purified nucl g ¢ aci | ecul e copprises, .a nucl eoti de sequence havi ng at

| east 50% e.ﬁ’.f‘:’%dvf » OF fig,comg eB?%B%W‘WBWF‘gm &Sc acid
sequence heno) A i8e hhn ent thereof, and
i f honol oggus %xgg%ggggsugﬁgg%%%@gé%? Sggﬁﬁgﬁﬁi&?ﬂ,ﬁﬁg encodes a

po@pept i de h209h.198 %P5 %26 089%, contiguoun®ninoe acidsequenee dentisyde 08904 cont i guous
am no acid se e . degtit Q_on f LD, 1-8.. lLn _anot her
enbodi nment tﬂ%ﬁﬂggﬂdgt gg g‘}%‘}" MSIBE?@P%’%E??‘E%’?C ‘ye’f'a‘”r%ﬂ&‘é‘ﬁ?‘% encodi ng at
| east one of idiEmpleqii€tntodidE ai 184st bR T dhe\irétdins Bf ln€laénA viruOB/Lae/A®r t i on
thereof, or the conplenment of the nucleic acid mol ecul e, hhgb.r_i dizes 15 to

» 1Y,

one of SEQ | DPma@srtion thereof; orthgcomplementalthe ayplsic amd mojegule. hysudizes | ngency,

Condi 11 ont ety SR oy BNGs U8 e (GO essaR ool AT IR %y S\ Napo, 1

moderate stringency or siringent conditions. For exampie, the following
conditions may be employed: 7% sodium dodecyl sulfate (SDS), 0.5 M NaPOy, 1
mM EDTA at 50°C with washing in 2X SSC, 0.1% SDS at 50°C, more desirably
in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA at 50°C with

20 washingin 1X SSC, 0.1% SDS at 50°C, more desirably still in 7% sodium
dodecyl sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA at 50°C with washing in

C 0.5X 8SC, 0.1% SDS at 50°C, preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPOy, 1 mM EDTA at 50°C with washing in 0.1X SSC, 0.1% SDS at
50°C, more preferably in 7% sodium dodecy} sulfate (SDS), 0.5 M NaPQ,, 1

25 mM EDTA at 50°C with washing in 0.1X SSC, 0.1% SDS at 65°C.

The nucleic acid molecule of the invention may be employed to express
influenza proteins, to prepare chimeric genes, e.g., with other viral genes
including other influenza virus genes, and/or to prepare recombinant virus.

Thus, the invention also provides isolated polypeptides, recombinant virus and
30  host cells contacted with the nucleic acid molecules or recombinant virus

comprising influenza virus B/Lee/40 sequences. Such polypeptides, recombinant




mV EDTA at 50C with washing in 2X SSC, 0.1% SDS at 50C, nore desirably in
7% sodi um dodecyl sulfate (SDS), 0.5 M NaPO»4, | mM EDTA at 50C wth 20
washing in 1X SSC, 0.1 % SDS at 50C, nore desirably still in 7% sodi um
dodecyl sulfate 9(SDS), 0.5 M NaPOX4, 1 nM EDTA at 50C with washing in C 0.5X
SSC, 0. 1%PpPOYPHWC preferably in 7% sodi um dodecyl EGT’FI%"{‘%BS), 0.5 M
NaPO4i 1 nmM EDTA at 50C with washing in 0.1X SSC, 0.1% SDS at 50C, nore
preferably in. 7% sedi um dodecyl sulfate (SDS), 0.5 M NaPO4, 1 25 nM EDTA at
50C with vvanganlﬁg‘Off.ci ’ggtl,%/'b’. "‘%’%%‘fg] &F‘agéﬁ'gﬂ‘ﬁé‘m‘l‘ﬁ%?BW&e"HX"rd nol ecul e of
the inventi oimmaydxespdit ilif derfeth@ygyt €ss i nfluenza proteins, to prepare
chinmeric genes, e.g., with'’other viral genes including other influenza
virus genes, and/or to prepare reconbinant virus. Thus, the invention also

provi des i sol ated pol ypepti ' Qﬂﬁeﬁ and 30 host cells
contacted wth the nucleic nbi nant virus conprising
i nfl uenzaSvi rus BFigere|l4Gchematieniiagsam i establighied peyptse dastics systembi Bant 9 WO
2004/ 094466 P 004/ 01205 | us, ost cells may .be used in nedical
t herapy, e. g.th?w&?‘mé@go‘h‘?“ﬁ&%&)e P‘b‘é&gm@f%ﬁ_g@tﬂ”?ﬁ gene t her apy.
Brief Descri pisemble®inté RRPEWSIMABS ofin HirabUdyRthésized RN CQIstHr@gr am of

establ i shed reverse genetics systens. In the RNP transfection nethod (A,

purified NP Anesfestsdywith RNBs, followed by helper vimus indertiondln the BNANPs with use of in
Vi tro-synt hegj s, are .. transfect ith RNPs, followed by hel per
virus infect %ﬁgﬁ%%%m%)’ %@ﬁ%l”%ﬁ" “@é"t%%{’@?‘?“?"ﬁ?%@?ﬁ*ﬁ cont ai ni ng

t he RNA 0] y aeDdeencodifi@thie vRNA fbbeaeschi arithioRNAGpdifiReruddYA t 0 be rescued,
and the RNA pol ynerise | ;E,rm' nator is transfected into cells.

| n{Tacel | ul afeminaies strasfeeiad mfo calla Ingaealnisr famscrptimdydNAynt heti c vVRNA,
WhiEh i s pac grab@fﬁ%lg%ﬁﬂﬂﬁﬁc }fkﬁﬂswhﬂﬁ‘fs_tﬂaﬁllmgii ?&F}?@f)?g}{?gﬂlbon wi th hel per

virus. Wth bo nmet Ho transfectant viTuse€s hose contai ni ng RNA
deri ved fr ompatticlesuponiifeytionavith sebper wirex With both ametlidds, ttanbfeetantvi r us

7P Gonst 1 ot UAEEfbgs S PR RESNA RVELAom SRR EONAT R o by POR

15  from the helper virus populétion.

Figure 2. Schematic diagram of the generation of RNA polymerase [
constructs. cDNAs derived from influenza virus were amplified by PCR,
digested with BsmBI and cloned into the BsmBI sites of the pHH21 vector (E. |
Hoffmann, Ph.D. thesis, Justus, Liebig-University, Giessen, Germany), which

20  contains the human RNA polymerase I promoter (P) and the mouse RNA
polymerase 1 terminator (T). The thymidine nucleotide upstream of the
terminator sequence (*T) represents the 3 end of the influenza viral RNA,
Influenza A virus sequences are shown in bold face letters, (SEQ ID NOs: 10-19
and 28-29)

25 Figure 3. Proposed reverse genetics method for generating segmented

O

negative-sense RNA viruses, Plasmids containing the RNA polymerase I
promoter a cDNA for each of the eight viral RNA segments, and the RNA
polymerase I terminator are transfected into cells together with protein
expression plasmids. Although infectious viruses can be generated with

30 plasmids expressing PA, PB1, PB2, and NP, expression of all remaining
structural proteins (shown in brackets) increases the efficiency of virus
production depending on the virus generated.
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digested with BsnBl and cloned into the BsnBl sites of the pHH21 vector (E.
Hof f mann, Ph.D. thesis, Justus, Liebig-University, G essen, Germany), which
20 contains the human RNA pol ynerase | pronoter (P) and the nobuse RNA
polynmerise | termnator (T). The thym di ne nucl eotide upstream of the

t er m nat or W@aHdHLH6 #T) represents the 3' end of the | RETVUENIHOINS al RNA

I nfluenza A virus sequences are shown in bold face letters. (SEQ ID NGs:
10-19 and 28-29) 25 Figure 3. Proposed reverse genetics nethod for
generating segment @éﬁ“’%%gs&ll?‘v@l@wqffm‘%q%%&“@ﬂﬂ%?ﬁhagméﬁﬁ?ﬁ}t-ni ng the
RNA pol yITer i s hiatiHs AP 4Bbumdn BV, [dRleti6iR O ilrtbl)e e Gibinbdslsbu it segrrent s,
and the RNA pol ynerase term nator are fransfect eg Into cells together
with protein nsgleetidegiositiond. (88Q HXNOI 20:2gh i nfecti ous viruses can be
generated with 30 plasnmds expressing PA R PB2, d, NP essi on of
all remaining str %1 u%ﬁ‘"ﬁﬁ%‘ggf%gc %ﬁ‘&kﬁﬁ°ﬁfﬁﬂclﬁ‘%teﬁ?et(é@?tﬁ%w?dé‘a°§f@t he

ef fici ency 50f prétéinsn infécRAWIDCHelePentiniolosreicne: asisfg;ussm&m,at ed. 10 WO
2064/ 094466 PCT/ US2004/ 012050 Figqure 4. Schematic di a?ram of mutations

i ntroduced i nt%%qw-m&e%@gm,ﬁﬁvgbléﬁ-wf@teéi@mwfw ootk #2.andge| et j on; *,
insertion). T égp?g Be u | | 1 . EQ I D NGs: 20-27)
Fi gure 5. Analh}g’s]?}sJ 0 Stﬁ}ﬁgnexprlgég?%#r?’ g!*aeél\]l}ééegrggttg mfn?%%acﬁﬁe?ection of NB 5
protei n i n i nfrespeatvelyDUR) Retdtion bf NBpreteinfih viesciafented MI3CK celldbiyl ee RG,

B/ LeeRG i nfect.ed; WSN, ALWSN 33-infe d; ntrol, uninfected; #1, #2, and
#3, BlLeeNBst o WHUNEfTEARIELOR A358YS. MO&ME&S??%§ PEfect ed cel I s,
respectivelgy. j .Qﬁ%&ﬁiﬂtﬁﬁﬁfaMEoiDﬂtﬁf-ﬁBgieRlﬁHe\ébrhﬂﬁmu%ﬂ%@QnW% cell's by

i t nnunopr eci pitati on assays. Radi ol abel e B proteins were 10

i nopr eci pi teadisat pplyserdamidp gels. #l BLoodBstent rinfected #3rBheedBstoptlzed on 4- 20%
C gradi ent pol. e : L Wof.ec : , BLeeNBst op#2-
I nfected; #3, 1@@%@2@)@%@8 %36@%??5@%3%@@&9%5 }‘@@‘y’%‘% e. Mol ecul ar

wei ght mar ker svefghbmarkersakDadire mtiegted.Fi gure 6. Growt h curves for B/ LeeRG and

nmut ant viruses. MDCK cel | 15 were infected with virus (0.001 PF and
i ncubat ed at 37C. E&gufen(é : mﬂbm for B/LeeRG and mutant viruses. &JIDCK cells Y

15 were infected with virus (0.001 PFU) and incubated at 37°C. At the indicated

times after infection, virus titers were determined in the supernatant. The values

are means (* SD) of 3 determinations.
Figure 7. Sequences of influenza virus B/Lee/40 {(SEQ ID NOs: 1-8).

20 Detailed Description of the Invention
Definitions
C, ‘ As used herein, the terms “isolated and/or purified” refer to in vitro

preparation, isolation and/or purification of a vector, plasmid or virus of the
invention, so that it is not associated with in vivo substances, or is substantially

25  purified from in vifro substances. An isolated virus preparation of the invention
is generally obtained by in vitro culture and propagation and 1s substantially free
from other infectious agents. As used herein, “substantially free” means below
the level of detectign for a particular infectious agent using standard detection
methods for that agent, A “recombinant” virus is one which has been

30  manipulated in vitro, e.g., using recombinant DNA techniques to introduce

changes to the viral genome.
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times after infection, virus titers were determned in the supernatant. The
values are neans ( SD) of 3 determnations. Figure 7. Sequences of

i nfluenza virus B/ Lee/40 (SEQ ID NOs: 1-8). 20 Detailed Description of the
I nvention Definitions As used herein, the terns "isolated and/ or purified"
refer to i"RON% MY eparation, isolation and/or purifPEHPSBAYYRY vect or
plasmd or virus of the invention, so that it is not associated with in

Vi vo subst ances, or subst anti al uri .y om in Vvitro substances.
An isol ated vi rusR P%% F%’fq% I?H’ ‘£ eheeempidnt o bt aj ned by i n

vitro cul tur@m&qam%g ﬁt*@éfdrslt&aﬁaem&ﬁale |tUDNﬁ?%ath£sCBBe9t her
i nfectious agents. As used herein, "substanti al y free" means bel ow the

| evel of det deAYedHr isglated fom & sawedeathat masehqmbmu@@mhermﬂbgalwdmuar d
det ecti on 0 t y whi ch ha
been 36 mani pﬁ&agi'é’gl n %ﬁc&g‘ﬁ&nm@mg{ ng re%%gﬁ %ﬁ{’%ﬁ@g@ﬁi qu:as to >

i Nt roduces c ey sequenbes thattaﬁnogﬁmtmed asithsAGw a1 0 B¢ posieidiied B(The US2004/ 012050
As used herein, the term "reconbi nant nucleic acid" or "reconbi nant DNA
sequence or SBYPETEOMS-efers to a nucleic acid, e.g., to DNA that has been

derived or isol at Ad ckkfplk 8F BRATABrivdi FomFibul2s, LIS BAHBRIA doqsdaea cal | y

altered in vitro, so that its sequence is not naturally occurring, or
corr esponds ﬁlmﬁaﬂmﬂﬁbﬁysfsusgﬁl&ﬁ'ﬂmm apd whishdethen bemically symthesiredi t i oned as

they would b oned.in the e gxampl e of DNA "derived"”
froma sourcg“%&%l B‘gego #@Xsucﬂmﬂa@f@ ﬁ) i%FVEE 5 usef ul

f ragment ,10anevonld tehh dséful DRIA ﬁﬁ@dﬁb@ﬁxhﬂ:&’eﬁdﬂ%ﬁbﬁ%@d frbi seidseirtcéBy | y pure
form An exanple of such DNA "isolated" froma source 10 woul d be a usef ul

DN;:S equence maicalimeans @igo by theruse efisstaghioncadonigleasessatha lttﬁyﬂ b% c heni cal
, f e can be
furt her manl S%ate ﬁﬁteﬂ, %ﬁﬁﬁl@g’ﬁ%@ﬂpﬁgﬁen gylth%\%én IO by t he

net hodol ogy oﬁgqr@&meigxmeﬂml neering. "Low' stringency conditi ons i ncl ude
oo O 14l Gheidlch G bORLTES 1 M P 1
15 of 30 to 35% formamide, 1 M NaCl, 1% SDS (sodium dodecyl sulphate) at
37°C, and a wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium
citrate) at 50 to 55°C.

“Moderate” stringency conditions include hybridization in 40 to 45%
formamide, 1.0 M NaCl, 1% SDS at 37°C, and a wash in 0.5X to 1X SSC at 55
20 10 60°C.

) “Stringent” conditions for hybridization of complementary nucleic acids
C which have more than 100 complementary residues on a filter in a Southemn or
Northern blot is 50% formamide, e.g., hybridization in 50% formamide, 1 M
N&Cl, 1% SDS at 37°C, and a wash in 0. 1X SSC at 60 to 65°C. |

25 Methods of alignment of sequences for comparison are well known in the
art. Thus, the determination of percent identity between any two sequences can
be accomplished using a mathematical algorithm. Preferred, non-limiting
examples of such mathematical algorithms are the algorithm of Myers and
Miller, 1988; the local homology algorithm of Smith et al., 1981, the homology

30 alignment algorithm of Needleman and Wunsch, 1970; the search-for-similarity-

12
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37C, and a wash in I X to 2X SSC (20X SSC = 3.0 MNaCl /0.3 Mtrisodium
citrate) at 50 to 55C. "Mbderate" stringency conditions include

hybridi zation in 40 to 45% formanmide, 1.0 MNaCd, 1% SDS at 37C, and a wash
in 0.5X to 1X SSC at 55 20 to 60C. "Stringent" conditions for hybridization
of conpl eneWO@3PHORH6S ei ¢ aci ds which have nore than 108CHYRNENE0ar y
residues on a filter in a Southern or Northern blot is 50% fornmam de, e.g.,
hybri di zati on i%gog/%formam de, 1 M _Nad_, 1% SDS at 37C,. and a wash in O.

I X SSC at 60 f§thesef Perssomand Lipmagy 1958; the Alspmtpr ot eanindeANSCHL. conpari son are
wel I known i n19demoditied ad hiSarlih BRI AlRdcREIM 93t i on of percent identity between
any two sequences can be acconplished us:nr;& a mat hematical algorithm

Preferred, non-|infemnpeer implementationsfof shestmpthematical algerithms gavbiet hns are t he

al gori t hm of Q{%ﬂﬁr N RN-T st h rithmof Smith
et at., 1981; gaﬁ%yéfng y”é‘?%ﬂ%‘%%e‘ﬁtd a 5@%%#%%‘%%&% n and Winsch,
1970; the $SeaimplethatatRiosidchide bt ark ActMhitddd/ CUSBAL BEhe BEARME4/ 012050 net hod

of Pearson and Lipnan, 1988; the algorithmof Karlin and Altschul, 1990,
modi fi ed as i AroREem (ayailehle frgm Infglligen ountginVieve CalifgsniakdietAklGdhs of these

mat henat i cal | e I WS ences to
det erm ne squ}gg@gdtltden?ﬁ@gg&%’ﬁgsﬁng’%rﬁgtﬁggﬁé’@ﬁcﬁﬁe, ig‘ut are not
limted to: CiheSVistonsin GenetiRRSoGwne Rackage,Vargio (dvaiddbde froo dieheticel | | genet i cs,
Mount ai n Vi ew,, Cal., fQrnia); LI GN ro m rsion and GAP,
BESTFI T, BLASTO™E ‘,'0“82%50‘?;;%2%%"??\“ Dikvs: @“@‘é‘b"g ﬁ%ﬁeﬁ?& Sof t war e
Package, Yer siatipnientfisaig BEerdgtais (a8 BE pérfiimedasingihe defailp pitaraélels) . 575

Sci ence Drive, Madison, Wsconsin, USA). 10 Alignnents using these prograns

caCbe per f or g Q3ISTGL presraeriawrl deser &liggins etigh, 98BFigRInB LA am i s wel |
descCri bed by Hydao} I - i1 gk 988 pet et al.,
1988; Huang e?_b%?b%fgéﬁﬁ %?r%é;]%gag S@]"g%d%?ﬁp%gﬂ##ﬁg&%ﬁ?‘ programis
based on the ALKGN ptdgranofs befedron theudgdvithrh ef Mysrspnd Milléresupbt. Ak pr ogr ans of

élu;f ghul et ahms'}’%?o%’ran?sr oef gl?s?:heuq eto " E&%, grle%gsreidtog eoglgoﬁ%grln ioF Kar lg and Altschul

15  and Altschul supra.

Software for performing BLAST analyses is publicly available through
the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high
scoring sequence pairs (HSPs) by identifying short words of length W in the

20  query sequence, which either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a database sequence. T is

P referred to as the neighborhood word score threshold (Altschul et al., 1990).

These initial neighborhood word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then extended in both directions

25  along each sequence for as far as the cumulative alignment score can be
increased. Cumnulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0). For amino acid sequences,
a scoring matrix is used to calculate the cumulative score. Extension of the word

30  hits in each direction are halted when the cumulative alignment score falls off by

the quantity X from its maximum achieved value, the cumulative score goes to
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Software for perforating BLAST anal yses is publicly available through the
Nati onal Center for Biotechnol ogy |Information

(http://ww. ncbi.nlmnib.gov/). This algorithminvolves first identifying

hi gh scoring sequence pairs (HSPs) by identifying short words of |length W
in the 20 ‘ﬁﬂg‘?oﬁ"’%’éﬁfuence, which either match or satisfFCTYRHEHIY] ve- val ued
threshold score T when aligned with a word of the sane |length in a database

sequence. T is rgflerr d t&ﬁas th _nei?hborhood wor.d scqre threshol d
(Al't schul et Z5§0 Or bg'gygiue to taf acqumuigtion of ongar MoK ReE8IEYE-$ROFBE 1651d8e act as seeds

for initiati RUgGedks; Bethed bf difler eQiHl6d is FEaBReacONt @i ni ng them The word hits
are then extended in both directions 25 along each sequence for as far as

the cumul ative al Wysidition ta edpdatingpetvent sequenesidendity, iBLASTve scores are

cal cul at ed usj EHE' ' - ra LS.M (reward score
for a pair o?ﬂ%%gtc ia%%] reﬁ%ggﬁs%@%@wégﬁﬁhﬁ&bfﬁéﬁgﬁ? score for

m smat chi 5y rsequienkees gsee,ad. greKlarlin SOAltschair(1903). n"On@metbufasfuihitatily a scoring
matrix i s used t‘geécbgl cuéﬁég tgre, unul ative score. Eéhensio of the word 30
hits in each REdsddydhe h gf’@@“‘i/\!ﬁéh? est Sy ProbpRrEty (PN heh score falls
off by the %gm- s LY infidalignb Is q‘g]mg e cunul ative score
goes to 13 l2004/ 69246%£?F@§%®0%¥2 : %%E%gir/gétgrge%@laow due to the
accumrul at i on nuflegtide oo aminoragidreguncasevanbibadcurhyrohsncduBor exhmpleyetasts, or t he end
of either sequence i.s reached. 1 ddition t? calculatin Qercent sequence

i dentity, thgm )ig‘i‘dsﬁ‘i‘t%?ﬁ‘?ﬁ?ﬂﬂﬂqﬂ&%&&@ﬁ"r WW&?‘P’S’E@&E@ anal ysi s of the
simlarity bemsBensiniBrobabiidl & 6@ parlssie6f thetest nuckédy deidve§uenbsd kel  (1993).
One neasure of simldrity provided by the BLAST algorithmis the snall est

suffpr obabi | irefgreper myrleic agjd sepuense inlesy ghan about Adi mare mefemblnlps thanobabi [ ity by
whi'th a ”atCQb@lﬁtovﬁ?%dt%%’stP&?&Lﬁ?ieisgﬁaﬁ’ﬁbgﬁ%.&ﬂ.aCi d sequences woul d occur by
, ates nuc

chance. For exanple el c acl d sequence is considered simlar to

a reference sequefoebiain gappedldligaments faicompatison parpadess) Gapped BLASTonpar i son of
t he test nucl gei c, reference nucleic acid sequence is

| ess than abc{H’tﬁlﬁgﬁ g_@%‘@?c‘ 1 %Itdgﬁe@%intﬂﬁ‘f‘h“l Sbfﬂubj 8?7: 01, and nost
pr ef er abl y5 | efferiAiay FNHLAPEE BLASTOR) 2kl bARBPRYbebohHRHRBaRal OF cOMPari son
pur poses, Gapped BLA (1n BLAST 2.0) ¢an be utililzed as described in
Al t schul et akarch theigdztects distant relationships between molecules. See Altschul et al.,

supra. When utilizing BLAST, Gapped BLAST, PSI-BLAST, the default

parameters of the respec':tive programs (e.g. BLASTN for nucleotide sequences,

BLASTX for proteins) can be used. The BLASTN program (for nucleotide
20  sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, a

cutoff of 100, M=5, N=-4, and a comparison of both strands. For amino acid

sequences, the BLASTP program uses as defaults a wordlength (W) of 3, an

expectation (E) of 10, and the BLOSUMS62 scoring matrix (see Henikoff &

Henikoff, 1989). See http://www.ncbi.nlm.nih.gov. Alignment may also be
25 performed manually by inspection.

s

For sequence comparison, typically one sequence acts as a reference
sequence to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are input into a computer,
subsequence coordinates are designated if necessary, and sequence algorithm

30 program parameters are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test sequence(s) relative to the
reference sequence, based on the designated program parameters.
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15 Alternatively, PSI-BLAST (in BLAST 2.0) can be used to perform an
Iterated search that detects distant rel ationshi ps between nol ecul es. See
Al'tschul et al., supra. Wien utilizing BLAST, Gapped BLAST, PSI-BLAST, the
default parapeters of the respective prograns (e.g. BLAST for nucleotide
sequences, “EPARYPH proteins) can be used. The BLASTNPQI/USpocwnifdsor

nucl eoti de 20 sequences) uses as defaults a wordlength (W of 11, an
expectation (E) of 10, a cutoff of 100, M5, N=-4, and a conparison of both

strands. For equences, the BLASTP program uses as defaults a
wor dl ength (Wiy@fensevidd €xpectation (E) of 10, and the BLOSUMG2 scoring
matri x (see Fb—n}&c—(:'o—f"r_& Hem cof f, 1989). See http://ww. acbi . nl mni h. gov.

Al.i gnnment nay al solifkenZasA pienseppossals agenoalclof eight sinpiestcinidedneghtive- sequence
conparison, typicall e uence acts a reference, sequence to which
t est sequence§%§‘r@m§(¥wg’rfm¢tﬁag‘gfd ‘nscﬁi‘ﬁ)lgﬁﬁ% al gorithm
test and r &f engieRfeToelb BESMRSwIR BindinP bt the AlKGo diali® BREUCEtaininpUeRpRHENCE
coordi nates are designated if necessaééb, nd sequence al gorithm 30 program

paranet ers ar @ndeesugaencd the hpsteelefpllev chg?ﬁﬁ@m?éiﬂt%‘l egdeeytasin Theen _
cal cul ates t h%\PEﬁql?fﬁe chdfdd %é%%@t £h *onﬁl@ﬁigttig?ﬁe HAMERES(S) relative
ased on the ate

to the reference Sequence, esi gn progtam paraneters. 14
WO 2004/ 09446 @xRE SN0 ROE the HAZ submik(he sowratied fusioh peptide). VIteus | nf | uenza

A viruses possess a genone, of. ejght sjngle-siranded negative- sense viral
RNAs ( VRNAs) ?ﬁ’é‘fnf?ﬁg _8‘“&“?31"‘51"3 °1f"ié"n‘%ﬁ’fﬂ)‘ldte gf”*FﬁE“’ﬁ’ﬁﬁ“&éﬁ‘Q %5 virus life
cycle begijps Witk RbfeH (Vi1)2hd RN® ddfipleResirédeldasedGhed GHligNpgCeptors - on

th urface of the host cell, followed by receptor-nediated endocytosis. The
Iot;s)H i n | at sowsiat obtherpecieopraein (WP whish encapsiddtes RN A vinfltthe viral he HA, t her eby

exposing the N-termn - subunito(t SO | ed .f usi pepti de).
The fusion p@B@’?‘ggs? %ﬁpﬁé é‘}s?’?%hﬁié‘g%ﬁ)b n%%Fﬁ"t ﬁ%’\%‘? gﬁﬁ ERe* & dosomal
nmenbrane, and atdifindfdrte@inté the Rbeltw, WhérdinnsarstionMid cplibdtRuskeptRel €l €eased into
the cytoplasm_ RNPs C consist of the nuclegprotein (NP), which encapsidates

VRNA, "and t he Thr RAIA Podunerasercamplex saplyess thrapdiareptresciont gvmesisp apa, PD 1,
and PB2 prigt elyfiava BY¥RS 5’ cap and 3’ polyA structure, of a full-length complementary

RNA (cRNA), and of genomic vVRNA using the cDNA as a template. Newly
synthesized vRNAs, NP, and polymerase proteins are then assembled into RNPs,

exported from the nucleus, and transported to the plasma membrane, where
budding of progeny virus particles occurs. The neuraminidase (NA) protein

20 plays a crucial role late in infection by removing sialic acid from
sialyloligosaccharides, thus releasing newly assembled virions from the cell

C ' surface and preventing the self aggregation of virus particles. Although virus

assembly involves protein-protein and protein-vRNA interactions, the nature of
these interactions is largely unknown.

25 Although influenza B and C viruses are structurally and functionally
similar to influenza A virus, there are some differences. For example, influenza
B virus does not have a M2 protein with ion channel activity. Similarly,
influenza C virus does not have a M2 protein with ion channel activity.
However, the CM1 protein is likely to have this activity. The activity of an ion

30  channel protein may be measured by methods well-known to the art, see, e.g.,
Holsinger et al. (1994) and WO 01/79273.
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are transported into the nucleus, where transcription and replication take
pl ace. The RNA polynerise conplex catalyzes three different reactions:
synthesis of an 15 nRNA with a 5 cap and 3' polyA structu es of a
full-1engt ntary RNA (cRNA), and of genom c VRNA using the cDNA as
a tenpl at e@‘ﬁ@ﬁdfﬂ%ynt hesi zed VRNAs, NP, and pol yrreras'?“fﬂ?%?ﬂ"é‘i’“g%"“ére t hen
assenbled into RNPs, exported fromthe nucleus, and transported to the

pl asma nenbraél,. buddi.na or ogeny . virus, particles occurs. The

neur am ni dase=tNA) -~ pr ot BH =20 Pray ¢ SELOVEINGI: octi on by
removing sialic agicdordingd theippdsknt MR s el vifeh supPsiss éfitiemsi ng newl y
assenbled virions fromthe cell surface and preventing the self aggregation
of virus par tTERlicadon oflinfiusnesvins canbe emplayad)iy theigyentien; inpluding mtentot ei n and

prot ei n- vVRNA J | %H‘%ﬁ ' - QRS argely
unknown. 25 A’IJIe P%@Ejgﬁ%ér%%? 6%%’?%‘% an 8? iﬁv?%gggﬁadrrg OS% ?&%’% %E%I lgcﬂand
functionald y arerengptars far dnfluefia reruz.a VAuses obitained b the meatihods earebelindecr ences. For
exampl e, influenza B vjr.us does not have a M2 protein with ion channel
activity. Si PSPt Yen,a C virus does not have a M2 protein with ion
channel act | vity. Prifiéslye cAR ard WA dert o) YorkiBubidet hi s activity.

The activity of an ion 30 channel protein may be neasured by nethods

wel | - known t dinepeTherrequirgments dorgertifyipg puch gglt linestinelude chamotetization WO 01/ 79273.
15 ---------: pas = oo - 446 Pg‘!flu 2004/.012050 8?' f_i nes and
I nfl uenza Vi rﬁls%lgs%gP a%\%\gt é‘ggﬁégeﬁoﬁtﬁe r%sa%%m vent hon Oﬁi:cordi ng to the

present i enharRérs, vy susedphibilty Rihobigeicityt hd efokdge icomditionsead wellbdsibgn of
i nfluenza virus, can he enployed in the invention, including nmutant cells

whiCh expr esst&ﬁ*@a@b@&néﬁ:%%s@ﬂweﬁ%@a&e@ﬂaﬁ%wﬁ%l i c acids which
5 aare 1 ecept alghafyp il BE LR it totletiS B cRRIGR BEGHDn e oL OGS, can be

made into a reassortant Vvirus. era certified, or
certifiable, anunﬂiiwn&welog;ehhyalhﬁhemquifddelmeddiﬁmetmm'geﬁioﬁyisért i fying such

cell lines includ haracterization, with respect. . to.at | t one of

geneal ogy, grﬂ'ﬁ%ﬁg@ﬁﬁ?&@@ﬁ? @E‘fatf'brﬁ’?ﬁ‘ﬂﬁpﬁsd?%j?"_’elbs Wﬁ?%?@fmvi rus

suscepti bjq i tyheliHEProtetfioh. CThe/ vinidGs SreferdBAmtiTed by h pRtessaBat hed BeedS DY
shown to give consistent results, before being inactivated or attenuated for

vaccine production (see, e.g., World Health Organization, 1982).
It is preferred to establish a complete characterization of the cell lines to
be used, so that appropriate tests for purity of the final product can be included.
20  Data that can be used for the characterization of a cell to be used in the present
invention includes (a) information on its origin, derivation, and passage history;
- (b) information on its growth and morphological characteristics; (c) results of
tests of adventitious agents; (d) distingnishing features, such as biochemical,
immumological, and cytogenetic pasterns which allow the cells to be clearly
25  recognized among other cell lines; and (e) resulis of tests for tumorigenicity.
Preferably, the passage level, or population doubling, of the host cell used is as
low as possible.
It is preferred that the virus produced in the cell is highly purified prior to
vaccine or gene therapy formulation. Generally, the purification procedures will
30 result in the extensive removal of cellular DNA, other cellular components, and
adventitious agents. Procedures that extensively degrade or denature DNA can
also be used. See, e.g., Mizrahi, 1990,
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Ctesting in animals, eggs, and cell culture. Such characterization is used
to confirmthat the cells are free from detectabl e adventitious agents. In
some countries, karyology nay al so be required. In addition, tunorigenicity
isr preferably tested in cells that are at the sanme passage |evel as those
used for 15‘”%@%WWH*§roduction. The virus is preferably powiszoeshihge a
process that has been shown to give consistent results, before being

i nactivated or attenuated for vaccine production (see, e.g., Wrld Health
Organi zat i on, is preferred to establish a conplete

ot
characterization o ' 8 ropriate tests
for purity of the %i‘;ﬁg(ﬁn%rﬁg%ﬂu%l{v&g%ﬁﬁ%gcpﬁgﬁ%cég&g%%?%ﬁ?hat can be used
for the char adtchdingadlyoprotfinssof@ey pathepehc.glmdmntimbgenicpresiafton ament i on
includes (a) informatiqon on its qrigin, derivation, .and, passage history;
(b) informati SﬁmBWrﬁéaF'fSn@r"W% 0 _c;'iqﬁffji”&aﬁ_‘e ?ﬂ%dgﬁ?"é’r‘ﬁ%’t“?lg?za( c) results
of tests af aghREbfthk RiventRHERdHe VatkindheSlord WHInBINLDY vir8pdrlRs virllUCh as
bi ochem cal, i munol o}g\l!dcal , and cytogenetic patterns which allow the cells

to be clear|y patbogeat ghidingbutmas lignited hreolentidruses|sheheas HiYabeatitis Besul t s of tests
for tunori gen"’ﬁﬁﬁgﬂgg% efvﬁ{lg%s h%&mg@gw‘#ﬂ%vg{foﬁp&wng&{ﬂﬁn doubl i ng,

of the host ce I S as as possi eferre at the virus
produced in tld@essehirud. s highly purified prior to vaccine or gene therapy
formul ation. Generally, the purifjcation E&gcedure will 30 result in the

extensi ve renoval BoRglefeien yaqaine sraemsentrated by wiraligatienandithen angd
adventitiqus IS gdue oo | [TejapsIn] 1 ure DNA can
al sg.be uggd.;iSee,%g.zgf’?% 2r & ﬁ'@%ggﬁ%ﬁ%%%oﬁlowiﬁ%% U%;2'004/012050
Va(é nes A vaafienperifiatiohvsing fremalinor betaypropinjactose; formmatamegeni ¢ pr ot ei ns

i ncl udi ng gl yooproteins.of an at hogen,. e.g. ni ogeni.c protein from
one or nore bacte iSBl,’un\l)tivraﬁ‘g]é%‘f é’éﬁq’“&;ﬁe‘&&@qp.rﬁ?ﬂﬁgg,%ﬂﬁq@ﬁcém odi ment, the
i nfluenza 5 Vibk pfepsredis follewd: NiBIpiviRNsUSPsiBAs Famfnfed by Sehtfiest %ithh | nfl uen, a

virus or other Vviral pathogens including but not limted to |entivinlses
such as HV, Helgeent: the sygfacg pptigens gre punified; by wirgceptrifugatien s §xampleises such as

CW or  HSY50r 1,000 daddl fhus SR 4R B&inYy HM $rotein, and also NA. The

detergent used may be cationic detergent for example, such as hexadecyl

trimethyl ammonium bromide (Bachmeyer, 1975), an anionic detergent such as
ammonium deoxycholate (Laver & Webster, 1976); Webster et al., 1977); or a
nonionic detergent such as that commercialized under the name TRITON X100.
20  The hemagglutinin may also be isolated after treatment of the virions with a
protease such as bromelin, then purified by a method such as that described by
C Grand and Skehel (1972).
A split vaccine comprises virions which have been subjected to treatment
with agents that dissolve lipids. A split vaccine can be prepared as follows: an
25  aqueous suspension of the purified virus obtained as above, inactivated or not, is
treated, under stirring, by lipid solvents such as ethyl ether or chloroform,
associated with detergents. The dissolution of the viral envelope lipids results in
fragmentation of the viral particles. The aqueous phase is recuperated containing
the split vaccine, constituted mainly of hemagglutinin and neuraminidase with
30 their original lipid environment removed, and the core or its degradation
products. Then the residual infectious particles are inactivated if this has not

already been done.
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A conplete virion vaccine is concentrated by ultrafiltration and then 10
purified by zonal centrifugation or by chromatography. It is inactivated
before or C after purification using formalin or beta-propiolactone, for

I nstance. @ n| t _vaccine conprises purified glycoproteins. Such a vaccine
my be pr &ﬁ%%‘ 4865 01 | ows: usi ng viral suspensions fridAERUEHP ¢ r eat nent
with detergent, the surface antigens are purified, by ul t racentrifugation

for exanple. 15 The subu vaccines thuys.contain nainly protein, and

al so NA. The detg@&@m i"@@" [‘fp iRflHenza s vaenines 1°8Fh exanpl e, such as
hexadecyl t rinU&ition breaForRBSY REBTAEIR b 6 of M/ faYentidB udiE ONi C det er gent
such as ammoni um deoxychol at'e (Laver Webster, 1976); V‘ébst%r et al.

1977); or a ¥omngngtho e%uéhg%ﬁptw&lﬁﬂta%t%ma@bmﬁpmpwﬂm under the nane
TRI TON X100. treat nent of
the virions V\n@%@a prg?&gés%{}agé&%%yg&){%ron& ?ﬁéﬁ“ﬁ’g‘% cgé by a net hod

such as that uhelsde wheld-virys (VWAVaNatcmeslorSkibvidbn (SBQI@ht) vhceiped. tThed¥¥i ne

conprises viri on.s whi.ch have, begen subjected to treafnment. wth ents that
di ssol ve | i pi SCOACNS infach inagtivated i ‘JB‘E' W@%%%VWWPWP“%ﬂ&QZS agueous

suspensi on of vﬁtﬂ%s%ﬁtécf WRH'dé’tb{gHﬁs ﬂﬁi@lﬂ%ﬁﬁeﬁ?elﬂi?&!@rﬁmhﬁ@%rhﬂ&%ﬁgp@r not, is

treated, under stirring, by Iipid solvents such as ethyl ether or
chl orof orm &élgwedbxdmnmd inadfe&tabogeﬁ'csduaTh@Sdl ssol ution of the viral

envel ope |ipids r ul § i fra on .ofuéﬁwra arﬁllcles The
aqueous phase is r ﬂ%‘ ?rétt 88“%‘35 d’seqlﬂ‘él DrPEe P ®constituted
mai nly of menﬁmaieuumaxmm@uﬂmrm kS aré feferre@ td ﬂesu{-fa&rmﬁgélﬁdr lipid
enV| ronnent renoved, and the core or its degradation Eroducts Then t he

uaI i nf eBbHBi¥AcERES. | 18| seneral; the respenses SV prdrutiptesntigan Gt al ready been
don """ ed HA or N ?vacmmrgg%ﬂa?9ﬁé|@ﬁ>ee§£§§&ﬁ9%a&ﬁ§?§ | nact i vated

Vacci nes I na’(’:‘ﬂ vat'ed uenza virus vacc e I nvention are provided
by inactivati wg:cmepdmtmamgdn\NA amigetinmd‘lmoﬂogmnﬂy redated o thgepidemivmiraet hods, such

SchPzte tnsr)esa”crgr‘?é‘tmﬁ‘;ﬁ%é ng{':#"rnﬁ‘? @3 F& Eﬁ)‘t’ ag‘t@g’g‘?@)"q g"r%}iiggsnf/\ho: gaglt Ir \ljgt -
(W) vaccii5esira &4pY 19779 icEVated $dbints conBffing Woth reldant Wrface
antigens are preferred.

Live Attenuated Virus Vaccines. Live, attenuated influenza virus
vaccines, can also be used for preventing or treating influenza virus infection,
according to known method steps. Attenuation is preferably achieved in a single

20  step by transfer of atienuated genes from an attenuated donor virus to a replicated
isolate or reassorted virus according to known methods (see, e.g., Murphy,
1993). Since resistance to influenza A virus is mediated by the development of
an immune response to the HA and NA glycoproteins, the genes coding for these
surface antigens must come from the reassorted viruses or high growth clinical

25  isolates. The attenuated genes are derived from the attenuated parent. In this
approach, genes that confer attenuation preferably do not code for the HA and
NA glycoproteins. Otherwise, these genes could not be transferred to
reassortants bearing the surface antigens of the clinical virus isolate.

Many donor viruses have been evaluated for their ability to reproducibly

30 attenuate influenza viruses. As a non-limiting example, the A/Ann
Arbor(AA)/6/60 (H2N2) cold adapted (ca) donor virus can be used for attenuated
vaccine production (see, e.g., Edwards, 1994; Murphy, 1993). Additionally, live,
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vacci ne contains intact, inactivated virus, while the SV vacci ne contains
purified virus disrupted with detergents that solubilize the

| i pid-containing viral envelope, followed by chem cal inactivation of
residual virus. In addition, vaccines that can be used include those

cont ai ni ng R20HUM44 at ed HA and NA surface proteins, WGTRUS204012086 erred to
as surface antigen or ¢ subunit vaccines. In general, the responses to SV
and surface antigen (i..e. purified HA or NA) vaccines are simlar. An
experi ment al i #feavatereassorimmt vipgre@rsiRes combasenpmaied b ngting theicgdpnor

I mmunol ogi cal | L J I HA appears
to be |ess effﬁlc s:%{r/lgl g@]&é% gg%?dl‘gﬁlg vacrgzvg%téon ?%a%fﬁaﬂp%rg%jge 1977) .

I nactivat ed vaihen seiztedan23(1Q)i(regfribtiverfor replévationt ofsvinutenc eirusyiit thgens are
preferred. Live Atte Vi rus Vacgi.ne Li v attenuated inf]uenza virus
vacci nes, can BF¥g° %‘Q“aats”@g“?fwsmv%mﬁfrw&%@ ication 9 H"i" h‘z’a&m\gi rus
infection, 3 aCﬁ;@Eﬂfd&Qaﬁt&eﬁé‘&Mﬁe SRhIAL £/a208/60 (lI3eNUa LAY virss.Pr ef erably

achieved in a single 20 step by transfer of attenuated genes from an
attenuat ed donor vi# lasgeseries ofdbiN lomd EBN2ireassaatantsbave besn svalvated ini r us

according to kp (;se resi stance to
I nfl uenza A vﬁr“gémlsgﬁ#r@ggé Ob g?/Sf?echagﬂ%é%yli?m mn‘t](gg% en%%ccptﬁrﬁune response to
the HA and NA mgmwemldm mﬁhﬁn@ﬁﬁlegncalgqmmdfaﬂﬁlts‘, (@ #@munepehiaasd ant i gens
must cone fromthe reassorted viruses aqr qugl? growth clini cal 25 isol ates.

The at t enuat ec(dygsnedcally stabley The immpnagepipily offhesa saserrtapiemarailels (el p s
appr oach, n r &or the HA
and...NA gl %oﬁ%oﬁgﬁgﬁ%ﬁ ﬁ%@guﬁg@n%%giﬁwﬁ%lﬁe transferred to
e€:$or tants bdomor wg:sﬂ)bmewmﬂchlype anlsesgmnscpu:fducxbb' attenuutagithese vireses | sol at e.
Many donor vi rﬁses .have. been eva |r ability to reproducibly 30
attenuate inf|{fERE4n ?ﬁpﬁ?'@%gs“ﬁ%epﬂ f Texanpl e, the A/ Ann
Arbor (AA)/ 6/ 60 (H2 mﬁ%hﬂlaﬁﬂgﬂhﬁﬂoﬁ% b@lﬁﬂedudéa ir§ iffRBnAASiri$ Sshed OF
attenuated vaccine production (see, e. Edwar ds, 1994; Murphy, 1993).
Addi tional ly, bxw@-dneaedmu@gMQMe n%amsmommmthmn@mit ed
reassortanfs vi C | or virus
with a vi ru ré repr ”&?E'g Vi rus ) ﬁé@(%dﬁgegn t|"F’orirl§Il @aép%m[%@ ﬁ)lrg)rogeny are
then sel ect ed ghom&@s well@s inté cddingregions. ISR atteahiating niftations ddneddo B&i rus) , in
t he

introduced into genes other than the HA or NA, e.g., the PB2 polymerase gene
(Subbarao et al., 1993). Thus, new donor viruses can also be generated bearing
attenuating mutations introduced by site-directed mutagenesis, and such new

20  donor viruses can be used in the reduction of live attenuated reassortants HIN1
and H3N2 vaccine candidates in a manner analogous to that described above for
the A/AA/6/60 ca donor virus. Similarly, other known and suitable attenuated

e

donor strains can be reassorted with influenza virus of the invention to obtain
attenuated vaccines suitable for use in the vaccination of mammals (Ewami et
25  al., 1990; Muster et al., 1991; Subbarao et al., 1993).

It is preferred that such attenuated viruses maintain the genes from the
virus that encode antigenic determinants substantially similar to those of the
original clinical isolates. This is because the purpose of the attenuated vaccine is
to provide substantially the same antigenicity as the original clinical isolate of

30  the virus, while at the same time lacking infectivity to the degree that the vaccine
causes minimal change of inducing a serious pathogenic condition in the

vaccinated mammal.
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presence of an H2N2 anti serum which inhibits replication of the viruses
bearing 5 the surface antigens of the attenuated A/ AA/6/60 (H2N2) ca donor
virus. A large series of HINN and H3N2 reassortants have been eval uated in
humans and gy o be satisfactorily: (a) infectious, (b) attenuated for
seronegative %:bﬂg?%%gn and i munol ogi cal Iy prined adul t ,Cl%'&zwmgeni c and
(d) genetically stable. The i mmunogenicity of the ca reassortants parallels

their 10 | evel of | i cation, Thus he _acqui sition of the six transferable
genes of the ca Eﬁgglﬂt‘)srcagiﬁf'ﬁ?e i %W?@%@‘ﬁ‘i@?’?‘ﬁ%‘ﬁ‘gaﬂ%s r epr oduci bl y
attenuat ed t héministéred|asordihg to kivéminkethods, Gk A addi@ t6 UiuePir fteurrdul ts and
children. QG her attenuating nutations can be introduced into influenza virus

genes by si UEPASFEREREnimgh s§eABRIENAl. Metodiare wellkaowB itho prt ffes bear i ng
these nutant gegpn; g%eﬁé% LichYathiRd H}’ihﬁtfdv%&yﬁ&ﬂ)e?ﬁ Jethdifdiegd 1 nto
non-codi ng regions Of the genonme, as we as into coﬁlng regions. Such
attenuati dg msimiter ptigsnicity teathstof it clinkeslrisodate echigngrowdiestexn dérived t han t he HA

NA, e.qg., .the P13 | Subb t al., 1993). Thus,
Sonor vt + oo dhetdioy Skt B oS ol e e StamRactt o BobipodieRia) | one . |
i ntroduced belifnida®s Whis@CdxPebssihd AHBHRS dctermMiitsIIetL dVAVE ARisdgRRlicaVi r Uuses can

be used in the reduction of |ive attenuated reassortants HI NT and H3N2

vacci ne candiselgetion (¢-g., ampninding orgindntidioe)s HAoand A actbdiyand imbibiive for the
A AA/ 6/ 60 ca ' BPSTI g | tahl tt enuat ed
donor straing q@%ﬁ{%i&%@gégjﬁ? g%zls{v?nh%(wbgﬁg ﬁ%l}(néz}%)?ﬁgo@#mttﬁg d?‘rlf\ﬁ?e ntion to
obtain ait erpardsedcodirgpothe axstigenic datemdndnty (elgs A or NAgenayademst | on of mammal s
(Ewam et 25 al., 1990; Muster et al., 1991; Subbaraog et at, 1993). It is
pr &er red t haresentinthgatiennated arugss, Sefe S BnBoPRrisom ehake | RSHEAbOWRE, t he' virus

that encode qggé;gﬁ@{s&o?_git%g@r&%ﬁggﬁﬁg&%ﬁg{ﬁgllb%_si mlar to those of the

original clinical I’s because the purpose of the attenuated
vacci ne is - thhammaoeitite! Cortyasitiong al | y t he same antigenicity as the original

clinical isolate 30 the virus,..whi at the same ti. lacking infectivity
to the degree tha?L‘FHECVﬁ‘E@i°ﬁ@p°§ﬂﬁﬂ§8twwvfﬁag%§m lE"lfﬁ"duci ng a serious
pat hogenig cangtulationof for patentetdPérrd) AAGRiskRHER ompisc\iertiaid/op 94466
PCT/ US2004/ 012050 The virus can thus be attenuated or inactivated,
f or mul at ed arigactivated influenza viruses, optionally further comprising sterile aqueous or

non-aqueous solutions, suspensions, and emulsions. The compositions can

further comprise auxiliary agents or excipients, as known in the art. See, e.g.,

Berkow et al., 1987; Goodman et al., 1990; Avery’s Drug Treatment, 1987; Osol,

20  1980; Katzung, 1992. The composition of the invention is generally presented in

the form of individual doses (unit doses).

C Conventional vaccines generally contain about 0.1 to 200 pg, preferably
10 to 15 ug, of hemagglutinin from each of the strains entering into their
composition. The vaccine forming the main constituent of the vaccine

25 composition of the invention may comprise a virus of type A, B or C, or any
combination thereof, for example, at least two of the three types, at least two of
different subtypes, at least two of the same type, at least two of the same subtype,
or a different isolate(s) or reassortant(s). Hurman influenza virus type A includes
HINI1, H2N2 and H3N2 subtypes.

30 Preparations for parenteral administration include sterile aqueous or non-
aqueous solutions, suspensions, and/or emulsions, which may contain auxiliary

agents or excipients known in the art. Examples of non-aqueous solvents are

20



adm ni stered, according to known nethods, as a vaccine to induce an inmune
response in an aninmal, e.g., a manmal. Methods are well-known in the art for
determ ni ng whet her such attenuated or inactivated vacci nes have mai nt ai ned
5 simlar antigenicity to that of the clinical isolate or high gromh strain
derived thWPEMHEA466GUCh known net hods i ncl ude the use BETHRIPHRESOr
antibodies to elimnate viruses expressing antigenic determnants of the
donor virus; chemcal selection (e.g., amantadine or rinmantidine); HA and
NA activity amnviere Blveglopolyetinire Blirelsiesetable ois @@h@ho!a@qalr ark hybridi zation
or PCR) to co or c erm nants
(e.q. %&%@rl\% %?%Q%f&géggﬁgégﬁ ‘;Er%m?%e AR uagggc}gn?ﬁsgg&ses See,
e.g., Robertscbauﬁdtahnqeaﬂé&&;pdﬁhbdwuymﬁlenha:ﬂ:ﬁ@nhg%ymcﬂptmnmm al ., 1985;
Robert son et Z‘P é}92 Phar naceuti cal Conpogitions Pgar rraceuflcal

conposi ti ons &SRS draml admipistationmaygeoerally comprise aliposoamesglutienon or f or

parent e al ot ithingdl Mad AAAiom, COMRBIL TomBlibeMYRNEHly Bposchia | vat ed

i nfl uenza vi ruses, Opt I onal urt her conprisin e aqueous or
non- aqueous s@mnde@mlmmsqumxmssolmds syups andhelixifsieentainingdrert i ons can

further conpri uxi | iap I exci the art. See,
e.g. Ber kowdg‘tl'ﬁ’n?s138 @%%we%gbnthﬁﬁxﬁ 3@3% pB "ﬁicggﬁepi%eg%sm@] ﬂl'ncﬁtg Tr eat nent .
1987; Gsol , Zﬂllﬂé?&)suoﬁ&bﬁxgﬁﬁmoniaﬁﬁalsoﬁhﬂummmﬁlmﬁ adef¥, i nvention is
generally presented in e formof individual doses (unit doses).

Convent i onal ¢elsifieg aybwispaing sgents o fvesisaine Revering, oppatuingr ef erably 10
to 15 g, | QUL 1 SLSRC f H?ﬁ | ' to their
conposi ti g?]) e vascégl éod;(m n(-Jrlfl ng@ g I'n c%tr?g |?gge6rai?\%ﬁ %jggem?/acm ne 25
CO%OSI'[IOH oDsb]hdaQSOmm&rKatnmgntgmcorrprl se a virus of type A, Bor C or any
co

I nation thereof, for exanple, east two of ree at | east
two of different g‘ﬂ’ﬁ?ﬁﬁﬁ@l’“ °“I°(§H§tpr?9£‘%‘f°“??l’ew§ ‘E t}/‘)F;S‘élst two of
the same subt ypdividial, & dh fk@lePHmprite &aﬁs%ﬂ)ers%ma@w&@t(s) Human
i nfluenza virus type A includes H NI, H2N2 and H3N2’ subtypes. 30

Prepar ati ons sw.hstapensem@rm desitabtle for improviog therﬁﬁqm@fsthecommsmqueous or non-

aqueous s ut SUS S nd/ rrul si on % npy_ contain
auxi | i ary% ‘Zac?)lr éﬁ’w ehstubs ces %egg' fa ﬁpfngg ¥ non- aqueous
solvents are ?&pouse can be used. Normally, the adjuvant and the composmon are mixed

prior to presentation to the immune system, or presented separately, but into the
same site of the organism being immunized. Examples of materials suitable for
use in vaccine compositions are provided in Osol (1980).

20 Heterogeneity in a vaccine may be provided by mixing replicated
influenza viruses for at least two influenza virus strains, such as 2-50 strains or

any range or value therein. Influenza A or B virus strains having a modern

(@

antigenic composition are preferred. According to the present invention,
vaccines can be provided for variations in a single strain of an influenza virus,
25  using techniques known in the art.

A pharmaceutical composition according to the present invention may
further or additionally comprise at least one chemotherapeutic compound, for
example, for gene therapy, immunosuppressants, anti-inflammatory agents or
immune enhancers, and for vaccines, chemotherapeutics including, but not

30  limited to, gamma globulin, amantadine, guanidine, hydroxybenzimidazole,
interferon-a, interferon-B, interferon-?, tumor necrosis factor-alpha,

thiosemicarbarzones, methisazone, rifampin, ribavirin, a pyrimidine analog, a

21



WO 2004/ 094466 PCT/ US2004/ 012050 propyl ene glycol, polyethyl ene glycol,
vegetable oils such as olive oil, and injectable organic esters such as
ethyl oleate. Carriers or occlusive dressings can be used to increase skin
perneabi lity and enhance anti gen absorption. Liquid dosage forns for oral
adni ni st r QG W46 general | y conprise a |iposone sol ut?%‘f{gszﬁ‘"@ém“éi ni ng the
| iqui d dosage form Suitable forns for suspending |iposones include
enul si ons, suspensions, solutions, syrups, and elixirs containing inert

di | uents compsRRSAnabgdfossarethasnhonangetis agid, snyplovirclidenaymicleogides; sles t he i nert
di luents, su DR@sidol 1€ s a9 Weedeh agents,

enul si fying mgfuspenﬁf’%giage%rgl{'%e' reet enggigé,é\éﬁlqg%})hrei ng, ‘(E)hg perfum ng 10
agents. See, ciedthereiBemqmges1982800,and 8868 1Gapectinelet al ., 1990; Avery's, 1987;
Gsol, 1980; and Katzun 1992. \When a.co Ltion of the present invention
is used for adnini ?P‘Hg‘i"%ﬁ“’f‘&anﬁlﬁoWWY%Q\;,"“H‘“W@WSW& conprise salts,
buffers, adj wyddtbsin-fiRE f&ﬁﬁﬂkhy&%ﬂgﬁ&&%ﬁ%ﬁ' wiichifve B8 fordd Afd 4l | Mprovi ng
the efficacy of the conposition. 15 For vacci nes, adjuvants, substances

whi ch can augweesntributipgto yrdesitahle effects indbponganism tawhish theremposiiomal | y, t he
adj uvant and i;%iﬁlggpéasition are mxed prior to presentation to the inmune
system or presented separately, but into the same site of the organism
bei ng i muni ZAhdrmdcxainpll Rep@ks material s suitable for wuse in vaccine
conpositions are ovided in Gsol (1980). 20 Heterogeneity . in a vacci ne may
be provided by m&i‘ﬁ@dm’éﬁm%‘éﬁ}hew&é%@r#}erQBW ‘r‘tﬁgm‘FHB@t t Wo

i nfl uenzaygin : ch & ; él@gél' ' rWliEﬂ Adge or value
t herei n. \nf I%Z%% %%?foﬁgﬁgﬁgﬁgﬁal shﬁﬁtﬁ%ﬁé no ?rré anti genic
cogosi ti on gwephylactically,dble comsitidhaef theinvéngiop whivhrare vacoiaes, aren, vacci nes can
be™wrovided for .yariations in a single strain of an influen virus, 25
usi ng techni gﬂﬁ%%gﬁm%ﬁeww‘%?fa&%mﬂ%ﬁwéwm% gh n according to
the present igaymplatidadidistritiontof @ie O ni sefRStd predeRi B dtrefuatd anyeast one
chenot her apedtic conpound, for exanple, for gene therapy,
irmunosupprewm@ﬂtmoﬂ-nmmﬂgpwg@dwc by, thegengiberephancers, and for
vacci nes, che her apeut. GS. | N i .%Htf Q0 limted.to,  gama
gl obul i n, lsgnacrgﬁégﬁ%@% %‘d{a"ﬁﬁ‘& g’!"%ﬂe}gg%‘)i(y enOE??Ln?YZ)Fg?‘SFOéIf Bﬁl‘%l%eé’? eron- a,
i nt er f er on- 6,betdihedmheifest- The propbyladtic aimiistrafi@cdfthe ednpivdition serves to

prevent or attenuate one or more symptoms associated with the disease.

When provided therapeutically, an attenuated or inactivated viral vaccine

D)

is provided upon the detection of a symptom of actual infection. The therapeutic
20 administration of the compound(s) serves to attenuate any actual infection. See,
e.g., Berkow et al., 1992; Goodman et al., 1990; Avery, 1987; and Katzung,

C 1592. When proﬁded therapeutically, a gene therapy composition is provided
upon the detection of a symptom or indication of the disease. The therapeutic
administration of the compound(s) serves to attenuate & symptom or indication of

25  that disease.

_ Thus, an attenuated or inactivated vaccine composition of the present
invention may thus be provided either before the onset of infection (3o as to
prevent or attenuate an anticipated infection) or after the initiation of an actual
infection. Similarly, for gene therapy, the composition may be provided before

30 anysymptom of a disorder or disease is manifested or after one or more

symptoms are detected.



t hi osem car barzones, nethisazone, rifanpin, ribavirin, a pyrimdine anal og,
a 21 WO 2004/ 094466 PCT/ US2004/ 012050 purine anal og, foscanet,
phosphonoaceti ¢ acid, acyclovir, dideoxynucleosides, a protease inhibitor,
or ganciclovir. See, e.g., Katzung (1992), and the references cited therein
on pages 790 2WHUHME 680- 681, respectively. The conposiP¢BHSHPIER o contain
variable but small quantities of 5 endotoxin-free fornal dehyde, and
preservatives, which have been found safe and not contributing to

undesirabl e ef f ect 4 gomppsibonis geiditabg frbanmacelpgically acoppdla tifith i s

adm ni stered I f onposi tion

(or t Ihe ant i Se?@ﬂ)ﬁ%@ﬁ&%&n&@ﬁ%%ﬂg?%ﬁé%ﬂ%@% 'sﬁ}cﬁtﬁﬁhgéﬁg& sf)frdgg §I ggt | 1: ! or

"therapeutic" ajminitgel in\Witherqpeatidatly efféctipe apdupk sif theaalohyt adntisistedposi ti ons of

t'he invention, |ch ar e.vacc ,are rovi.ded before n syrrptom of a

pat hogen i nf edt¥ 5’5%%3 g‘?’rﬁ‘ﬁﬁn?e’%tmmﬂ?? on of WWE‘Z:‘t“iW n| stration of the
conposi tios s% ogi€ullp sRyYiFithntOf itPprbRAERNSMYa detdebRObaNe ih fHeeCt | on.  When
provi ded prop actically, the gene therapy 15 conpositions of the

i nventi on, ar @hyNAAYRE@ rerimrient Patany, ey ephaneesot leastong pEmary 56econdasy nani f est .
The prophyl ac %qptq r event or
attenuate onehgiﬁo%ﬁ;&e&gagﬁﬁn@ﬁa%gm aF£ %%@%ﬁso\gggéﬁ gén provi ded
t her apeuti cal hx;ﬂuemx&hlkenuat ed or inactivated viral VaCCI ne is provided
upon the detection of a_synpom of actual |nf ctlon t herapeutic 20
adm ni stration of Fr%lﬁ’ﬂnﬂ'(" od peedaet hepb P@ﬁt?&ttbe ﬁ&‘e%t ual infection.

See, e.g. dOBefiﬂTQéﬂoﬁhe&inotbéL %gﬁﬁ%@ﬁi@@&&&dﬁbd if #RP0ss 2/ABiGally 987, and

Kat zung, 1992. \Wen provi ded erapeutically, a gene therapy conposition is
pr@ded upomgniﬁeardanpwmtodmmr&ywmhmmrmmpqulaﬁambmtofpatihms.di sease. The

t herapeutic nistration.o und serv nuate a synptom
or indicati on nﬁ%“?ﬁéfpﬁ'i'tg‘g %gat‘ﬁ{ﬁﬁ) © KT PR %58Ir { acti vat ed

vacci ne conpogy.ﬁ htors 6f the iFlubkA S840t infécAwent i on may thus be provided either
before the onset of infection (so as to prevent or attenuate an antici pated
Pharmagentipal Administetion

i nfection) ork 1 n of an actual infection. Simlarly, for

gene thergpy, the gQERBSLfdi Y et iRLAVbE Ry BSirQ rEsistance to one or

more pathogens, e.g., one or more influenza virus strains, by either passive

immunization or active immunization. In active immunization, an inactivated or
attenuated live vaccine composition is administered prophylactically to a host
(e.g., a mammal), and the host’s immune response to the administration protects

20  against infection and/or disease. For passive immunization, the elicited antisera

can be recovered and administered to a recipient suspected of having an infection

C’ caused by at least one influenza virus strain. A gene therapy composition of the
present invention may yield prophylactic or therapeutic levels of the desired gene
product by active immunization.

25 In one embodiment, the vaccine is provided to a mammalian female (at or
prior to pregnancy or parturition), under conditions of time and amount sufficient
to canse the production of an immune response which serves to protect both the
female and the fetus or newbom (via passive incorporation of the antibodies
across the placenta or in the mother’s milk).

30 The present invention thus includes methods for preventing or
attenuating a disorder or disease, e.g., an infection by at least one strain of

pathogen. As used herein, a vaccine is said to prevent or attenuate a disease if its
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30 any synptom of a disorder or disease is manifested or after one or nore
synptons are detected. 22 WD 211011094466 PCT/ US2004/0120.50 A conposition
is said to be "pharmacol ogically acceptable” if its adm nistration can be
tolerated by a recipient patient. Such an agent is sai I ni stered
in a "theMDENWIUHC y effective anbunt” if the anount g%"&{ﬁ?ﬁ%&"’é?‘gg] i s

physi ol ogically significant. A conposition of the present inventionis 5
physi ol ogi cal_l,y. significant .if .ifs presence results in a detectable change
"1 the. phy s POFBEY B tesRsithern i gl o pertaatgnsetion ALvcURPEI PR ast - onc
primary or sefgegastym or Ghiditiin of theCdehdd! atin B RAFo RARRY RRAuMBAIMSt at | east
one strain of an_infectious influenza virus. The ™protection” £rOV| ded need

not be absol #endividyal to thedlisepse| e ed heein, digsae therpneaapasdioniesaidbt al | y
prevented or t(ﬁ"ﬁl%%%\‘&%ﬂéthhﬂ&%@ﬁ'ﬁam- Batic feitls erﬁ#ﬂil't taf it

i mprovenent cohpared W th a control populatlon or set of patlents.

Pr ot 1(_'act i oﬁf rr?ﬁrﬁlabat:cermﬂtioﬁ(ﬂi.&,_csumr&s@a}d;i::gyhipmlgﬁavmﬂitiy?pfﬂ::ed’ggaﬂe,tgr ;)f ;)nset 1gf
synpt oms o i nfl uenza virus ipfectjqn. rmaceut i ca m ni stration

A corrpositioW@‘F“ﬁﬁ@?F‘é&'ﬂ?ﬂW@ﬂ&F&d‘ﬂ‘gﬂﬂwﬁ?g&%si stance to one or nore
pat hogens, €. g. . @t ea@londRiabiValdlot Sl Ml or cBipioicr passi ve

i muni zation or active iInmunization. In active imminization, an inactivated

or attenuat depr¢afiaf thepresenenvantipowiay boadniisistered byi aoy eveans thataghigyeactical ly to

a host (e. Q.- I and theg host' s |nmune.response to the
adni ni strati o @W@ﬁ’ ] "r@{“‘f‘?ﬁfﬁ% W%?ﬁﬁ‘f’ﬂgpm%@{g%. For passive
i mmuni zatigon deéchiBed®! i ci ted anti sera can. be recovered and adm ni stered to a

reci pi ent suspected of having an infection caused by at |east one influenza
vi pus strain. A gEpeexampleapdmipistigtioniof uch agpmppgtionpmay bhby Yasioeht i on may i el d

pr®ehyl actic Pwﬂ%*ﬂ%%%%ﬁ%@?&% ﬁn@fveﬂ(‘?u?si {nﬁgd%glemugg@g%&g& by active

| mruni zati on. he vaccrhe I's provi a manmal i an
femal e (at orintrapesitoneai,ontpanesyl) ardd pr transfamblrontes.oP3renterabeiministnationi ons of ti ne

and anpbunt suffjcje 1o cause th roguction of an i ne response which
Serves to pr GBbe PERRYS ilfeon o by el oRYRon S Smey ARHEBHOR o pacsi ve
i ncor por gisi ORsiAf s phemABHIteALbAPosition of the present invention is by intramuscular
or subcutaneous application. See, e.g., Berkow et al., 1992; Goodman et al.,
1990; Avery, 1987; and Katzung, 1992. '
A typical regimen for preventing, suppres;sing, or treating an influenza

{®]

virus related pathology, comprises administration of an effective amount of a

20  vaccine composition as described herein, administered as a single treatment, or
repeated as enhancing or booster dosages, over a period up to and including
between one week and about 24 months, or any range or value therein.

C‘ According to the present invention, an “effective amount” of a

composition is one that is sufficient to achieve a desired biological effect. Itis

25 understood that the effective dosage will be dependent upon the age, sex, health,
and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment, and the nature of the effect wanted. The ranges of effective doses
provided below are not intended to limit the invention and represent preferred
dose ranges. However, the most preferred dosage will be tailored to the

30 individual subject, as is understood and determinable by one of skill in the art.
See, ¢.g., Berkow et al., 1992; Goodman et al., 1990; Avery’s, 1987; Ebadi,
1985; and Katsung, 1992.
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across the placenta or in the nother's mlk). 30 The present invention thus
I ncl udes nethods for preventing or attenuating a disorder or disease, e.g.,
an infection by at |east one strain of pathogen. As used herein, a vaccine
is said to prevent or attenuate a disease if its 23 WD 2004/ 094466

PCT/ US2004/ X9 8¥#0944¢6ni ni stration results either in the pol/es200wq2oshi al
attenuation (i.e., suppression) of a synptomor condition of the disease, or
in the total or partial imunity of the individual to the disease. As used
herein, a gene theTbgpeosegsnsen pitinypted yirasyageing for pmanwpalian fe.githummdt e a
disease if it | {uft | LL{Rek 47 g@hni r 5 partial
attenuation (;ﬁrgﬁﬁﬂ suptgl;%éjss@o%ﬁ'?ﬁ%&%ﬁa]ﬁ%tbo%? ﬁa@ggodh% n tgf t he di sease, or
in the total @PFHamE oednyirange of tajueathertine The doseioft ifattivatedtvaecint m@ase. At | east
one inactivated or attenuated.influenza yirus, or conposition _thereof, of
the present iﬁ%ﬁﬁp’ﬁ‘ﬁﬁ’ﬂ‘&;@ﬂ@(agﬁrﬁ% @@&%ﬂy“m{%‘t %‘Yevﬁr_emeeve t he

i ntended pyr ps@ge shofildte adafehad BREAYE inhelnt GPIRQRILIYY cBfventiongl ously 10
descri bed. For exanple, adm nistration of such a conposition nay be by
various par efmedods, using existingveprings as ablettingpemtis, i ntravenous, intradermal,

i ntramuscul ar, in i toneal . I nt.ranasal al or .tr mal routes.

Par ent eral adni ni sﬁ%@?éﬁ? of can u%oée%bv%gﬁdge?cﬁjggﬁ(i’f%ﬁphﬁ%@?ﬂg{ adual perfusion
over tine. A pacinerciebt simderdied Ibconsiimgsiatable amaamesifi c30 pgormasi tion of the
present invention is_by intranuscular or subcutaneous application. See,

e.g., Berkow EPEEPTvalupgescin s i fimpust regpmmended by the A, 8, Rublig ls#th and Kat zung,
1992. A typi CBLnJRPHH whidh isUsEURNLS Jckgﬁ%r%ﬂﬁ fenPlof BideCéhilifendlyeltd an

i nfluenza virus rel at’ed pat hol ogy, rises admni stration of an effective
am@lt of a 20agesandiTfepgrarpespanentfonsldetabidieh«d yéms efage. Thkri ni stered as a

single treatnent.. or..repeated as enhancing or bhooster dosages ver a period
up to and ipcﬂWﬁff%M%Sﬁme‘ghagﬁﬁﬁf iﬂ?ﬁ?@ﬂs"?g% Iagﬁ? range or
val ue ther ei nduriddaBOprébddtbr herificdfion hitbRéthgd (REATH] eOd)., 198D; KehrleeAll,i ve armunt” of
a conposition is one that is sufficient to achieve a_ desired biol ogical

effect. It isl¥B)ubedilstobdosenfivaccine pesferaldly ransainkapprpximately 16 dependent upon
the age, ???(]; bﬁ?o%'Jh{i&sBarﬂﬁgs %&Oﬁ-@fmﬁy fBnlog phRicfelt - kind of concurrent
any, frequency

treatnment, |

<

The invention will be further described by the following non-limiting

examples.

Example 1
20 Materials and Methods

_ Cells and viruses. 293T human embryonic kidney cells and Madin-Darby
C- canine kidney cells (MDCK) were maix}tained in Dulbecco’s modified Eagle
medium (DMEM) supplemented with 10% fetal calf serum and in modified
Eagle's medium (MEM) containing 5% newborn calf serum, respectively. All
25  cells were maintained at 37°C in 5% CO,. Influenza viruses A/WSN/33 (HIN1)
and A/PR/8/34 (HIN1) were propagated in 10-day-old eggs.

Construction of plasmids. To generate RNA polymerase I constructs,
cloned cDNAs derived from A/WSN/33 or A/PR/8/34 viral RNA were
introduced between the promoter and terminator sequences of RNA polymerase

30 L Briefly, the cloned cDNAs were amplified by PCR with primers containing
BsmBl sites, digested with BsmBJ, and cloned into the BsmBI sites of the pHH21

vector which contains the human RNA polymerase I promoter and the mouse
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treatnment, and the nature of the effect wanted. The ranges of effective
doses provided below are not intended to limt the invention and represent

preferred dose ranges. However, the nost preferred dosage will be tailored
to the 30 _individual subject, as is understood and deter 'gg\%e (1,3% one of
skill in @266 e g Berkow et al., 1992; Goof 429 1990;

Avery's, 1987; Ebadi, 1985; and Katsung, 1992. 24 WD 2004/ 094466

(o 0., humanfoarPolmeisiERing, saRal A ARE M R 8 B Taque

form ng unit ¥B1IPEEAKGP, NA, MandiNS\gehedsf tha AOWSNIB31sarhin . weféPCRose of

I nactivated vac can _ra f.rom ahqut to 20 .d., 50 pg of
hemaggl uti ni ﬁmﬁ%‘%;yd’.se %Wﬁg‘gﬁw”fﬂig}’@‘&)gﬁ %a%ﬁ%@ﬁé%éaf e and effective
anount as depeCWPACHI R¥tati R DL Dbi N4Yak BOHS Unbiaisiig ofgAlfbimlldLgs2CCI Nes as a

starting point. The dosage of imunoreactive HA in each dose of replicated
virus vaéci Aagdes), and ht VRIS, p T3 VAL S (Castrueciipttabbl ¥23nount , e.g., 1-50

pg or any ra val erein, .or.th nount.. r.eco y the U. S
Publ i ¢ Heat hl’*}m\ﬁ@é’%%?”ﬁ%”&‘ﬁ- Fée E%ﬂﬁﬂef%@ﬁﬁzgﬁ? onent for

ol der chil dr eftusdwiaaiplifie@ by asifig peDNIA7743PB | P@Peret @1A1Q 1998) aé fenlder chil dren
<3 years of age. The uantity of NA can al so be standardi zed, however, this

gl ycoprotein & thay e senesgvpre fiep efivawpnted swtaionsy BERfdegised on and st or age
(Kendal et a ; : of~,vacci ne
preferably c?ﬁ%%ﬁg Srﬁgrg‘%‘%f‘%t‘@{hy‘mf@@ﬁ“%@gﬁ@%@ﬁ‘ﬁ. cles, and

pref erabll) 1WSH)atdoadingtorthe plotmol rédenmendediby the meanbhfactoeer.f The ¢ Aslescri bed by
the follow ng nqn-1jnjti xanpl es. Ex 20 Materials and Met hods
b and v uiodtie . NN S Binee o FABRSY A2 e Ve HopBY P Dar by C
cawine ki dneyeqabdd(HulBlelibn Y61 21992) MPHBAhdd b RKE ot dpflsdibed Eagl e
medi um (DVEM suppl enented with 10% fetal calf serumand in nodified

Eagl e' s nedi yest¢nMGGHMGS (rontyolpddby dhetabicker BlattispromoteryrMépadtalyel y. Al 25
cells vere mabLh3l0Gthdth phisit s Foados WEN-HB03, phAUEEwRAYSN 33 (HIN 1)
15 and pCAGGS-WSN-M1-2/1, respectively. The M2 and NS2 genes from the
A/PR/8/34 virus were amplified by PCR and cloned into pCAGGS/MCS,
yielding pEP24¢ and pCA-NS2. Finally, pcDNA774(PB1), pcDNA762(PB2),
and pcDNA787(PA) were used to express the PB2, PB1, and PA proteins under
control of the cytomegalovirus promoter (Perez et al., 1998).

20 Generation of infectious influenza particles. 293T cells (1 x 10°) were
transfected with a maximum of 17 plasmids in different amounts with use of
Trans IT LT-1 (Panvera, Madison, Wisconsin) according to the manufacturer’s
instructions. Briefly, DNA and transfection reagent were mixed (2 pl Trans IT-
LT-1 per pg of DNA), incubated at room temperature for 45 minutes and added

25  to the cells. Six hours later, the DNA-transfection reagent mixture was replaced
by Opti-MEM (Gibco/BRL, Gaithersburg, Maryland) containing 0.3% bovine
serum albumin and 0.01% fetal calf serum. At different times after transfection,

O

viruses were harvested from the supernatant and titrated on MDCK cells, Since
helper virus was not required by this procedure, the recovered transfectant
30 viruses were analyzed without plaque purification.
Determination of the percentage of plasmid-transfected cells producing
viruses. Twenty-four hours after transfection, 293T celis were dispersed with
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and A/PR/ 8/ 34 (HI NT) were propagated in 10-day-old eggs. Construction of
pl asm ds. To generate RNA pol ynerase | constructs, cloned cDNAs derived
from A/ WSN 33 or A/PR/8/34 viral RNA were introduced between the pronoter
and term nator sequences of RNA polynerise 30 |. Briefly, the cloned cDNAs
wer e anpl i £ RIBYOBEER Wit h primers containing BsnrBl siRGdS28Hge2856ed W th
BsnmBl, and cloned into the BsnBl sites of the pHH21 vector which contains
t he human RNA pol rrerl se | pronpter and the nmouse 25 WO 2004/ 094466

PCT/ US2004/ 01 > ERIA ipto)sineds eelle Thetceumsmnwém@wé Igyfodapd sites
(Figure 2). Then8B%d P Pﬁﬁ—fv | e Al WBN 33
strain were PCR- arrpltlg}%?e cgénﬁse ye#}!o’f K%uos\?\ﬁga p ?%&35 pSCWPB2, pGW PB
1. and pSCWPAvdreddtectdsittyi theberiagghutibation Besay. Nayak at the Uni versity of

California Los 5 Angel es),.. .and V\Hﬁ.? VAP 52 T3 Cast.rucci et at..
1992), pGT3WM angﬁ%@‘“—%&g‘é ‘EP‘S))*” ’be Yi¥nzan PR 8/ 34
virus was a&mpldefis wete msmwa:em@wsmmeﬁaﬁ&m {ae qzagtanahm #298) as a

tenplate. To ensure that the genes were free of unwanted mnutations,

PCR- deri ved f%%n@@@ﬂé@@ds@q@?@ﬁb@sm\mt@m worvsmperetiese INgxhppl i ed

Bi osystem I nc., I ﬂ%}ﬂanded by the
manuf act urer. %ﬁ%@ enco ?glérﬂ{ugﬂ lhﬁ &Rﬁ Q{Q&édoa%% cﬂﬁgg nes of A/ WBN/ 33
virus were cl Oi‘wﬂlamsetadie{is@‘?).bed (Huddl eston et at., 1982) and subcl oned into

t he eukaryoti eﬁpressi on vector pCAGGS/ MCS (control | ed by the chicken
B-actin pronot S(Niwa et al. 1991), resulting in pEWSN- HA,

PCAGGS- WENNPO- 14, Ge&@ %Fu%énﬂ;gpﬁ%%om&&%ﬁ?mm&t i vely. The
M2 and NS2 genes fromthe ITUS Were a and cl oned
i n{o pCAGGS/ M3& 5, thirehi iisiandC 2] mﬁmuglyl:rmcﬁdbnmﬂm( PB 1),

pc 762( PB2), cDNA78 sed i, ess t P PB 1, and PA
proteins undef® l]c &$WW°?M§¥% “P%ggﬁg'@%feé?l s("f—"érﬁzdﬁmgst al |

1998) . 20 GengdfflehpatticldsNihRChraRpis nbf kB8 Be BliciehtWEdh usd®with 6k S (1 x 105

were transfected with a maxi numof 17 pllasmds in different amounts with

use of  Trans differantinvippgencsated RINBy | Bprodugp infeptiepninfluenze virisey to t he
manuf act ur@r %nmwn%ﬂﬁﬁﬁk'e?ﬁiﬁmﬁrﬂﬁs'%m 69, JAANFRECHL IS €agent vere

m xed (2 |I""Trans
were prepared that contain cDNAs for the full-length viral RNAs of the
A/WSN/33 virus, flanked by the human RNA polymerase I promoter and the

mouse RNA polymerase I terminator. In principle, transfection of these eight

plasmids into eukaryotic cells should result in the synthesis of all eight influenza

20 vRNAs. The PB2, PBI, PA and NP proteins, generated by cotransfection of
protein expression plasmids, should then assemble the VRNAs into functional

C VRNPs that are replicated and transcribed, ultimately forming infectious

influenza viruses (Figure 3). 1 x 10° 293T cells were transfected with protein
expression plasmids (1 pg of pcDNA762(PB2), 1 pg of pcDNA774(PB1), 0.1 pg

25  of pcDNA787(PA), and 1 pg of pPCAGGS-WSN-NP0/14) and 1 pg of each of the
following RNA polymerase I plasmids (pPolI-WSN-PB2, pPollI-WSN-PBI1,
pPolI-WSN-PA, pPoll-WSN-HA, pPolI-WSN-NP, pPoll-WSN-NA, pPoll-
WSN-M, and pPoll-WSN-NS). The decision to use a reduced amount of
pcDNA787(PA) was based on previous observations (Mena et al., 1996), and

30 data on the optimal conditions for generation of virus-like particles (VLPs) (data
not shown). Twenty-four hours after transfection of 293T cells, 7 x 10° pfu of

virus per mi was found in the supernatant (Experiment 1, Table 1),
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LT-1 per pg of DNA), incubated at roomtenperature for 45 m nutes and added
25 to the cells. Six hours later, the DNA-transfection reagent m xture was
repl aced by Opti-MEM (G bcoBRL, Gaithersburg, Maryland) containing 0.3%
bovine sery@gh i and 0.01%fetal calf serum At different tines after
transfection, viruses were harvested fromthe super nat AT/ HAW0I2050at ed on
MDCK cells.- Since helper virus was not required by this procedure, the

recovered trapnsfectant 3 i ruses, wer e .anal yzed wi t.hout aque purification.
Det er m natioﬁdne@f’&t%ﬁ@“%fé’lrg’gﬁﬁ eotpeﬁpﬁgﬁ‘ic%—r%/"@ﬁﬁ@ 9 Y pr oduci ng
viruses. Twenafftehi viveddnbirely fromn pldsaidf ection, 293T cells were dispersed
with 26 WO 2004/094466 PCT/ US2004/ 012050 0.02% EDTA into single cells. The
cell suspension was then diluted 10-fold and transferred to confl uent

nmonol ayers ofraMIGK peflniBsetd s v\ﬂ:%#ﬁ tvect ed by the
hemaggl ut i natrI%O‘rT‘éssay.él nﬁ%&oﬁ%’é\l}%gﬁg@v. | n@ﬂ%@??}a ter infection
with influenza virus, 5 dells were washegyxbui &M th phosphat e-puffered

sal i ne (PBS) fand—f{xed—w tih—3f%parafort wyde—tmPpS—forR0 ni nut es
at roomterrpéhWtA‘LBOBfm%itl, ttheyl were|trpatjed g tths0{16% Thi fog K- 100 and
processed as |pleseifs 9&d by | Neurgnn_et jal” (J1997) .| Regults 1D Geheration of

i nfectious vilrus yE@I asmld-qdriven,expressijpn of |viral _ C segnent s,
t hr ee pol ynetase—guBtt+stand—Nf—protp-a—AH-hough—Htansteetyon—pf cell s
with a mxtule of |RRBFBxtlracted from putifl ed vilritods*résultstih infectious

i nfluenza panticl gpgathis {stnatggyyisinaf ljkely jtq Bejefficlept} when used
with eight gferqenrt—tr—itro—generated—RNsS—Fqprdatee—+rteety ous

i nfluenza viquses |T® entirlel ¥ f domtcDNASt el (ﬂ‘i't i_rrall RNPs*wer® penerated in
CN/
1'Tal

vi Q. Thus, plasnilgg werd prepdred t paty cont ai n AS+f Or +t heyfll | -1 ength

viral RNAs offtireTA-WSN-33 ARR' Srmm mked—y—th e iRNA—pot-yher ase |
promot er and |the |®use dol yoeitasé 1+t ef nithatlot 1A pritn€ibik,
transfection|of thege ei ght +p|e15m|.dskin,to pukiar ot ¢ ¢elfl $ $heul d result in
t he synt hesi §-of gl —erght] i genze 20— vRNAS— e - —TPAand NP
pr ot ei ns, ‘ge‘ﬂerat Mpy cotlradsfdct fonloft prottei 4 dxgdr &sqi &nl ol akni ds,
shoul d t hen ‘é}ssenhlmthe VRNAs ijnte functiopal+ + |+ + | +
Protein expression
plasmids for:
PB1 + + + + -1+ 1+ |+
PB2 + + + + + |-+ ]+
PA + + + + + 1+ | -+
NP + + + + + !+ |+ -
HA - + - + + |+ ]+ ]+
C NA - + - + + |+ |+ | +
M1 - + - + + |+ |+ | +
M2 - + - + + 1+ + |+
N§2 - + - + + |+ ]+ +
Virus titer (pfo/mf) | 7x 10°|7x10°|1x10*|3x10*| 0 | 0 | O | ©

* 293T cells were transfected with the indicated plasmids. Twenty-four
(Experiments 1 and 2) or forty-eight hours (Experiments 3-8) later, the virus titer
in the supernatant was determined in MDCK celis.

10 T Unless otherwise indicated, plasmids were constructed with cDNAs
representing the RNAs of A/WSN/33 virus.
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VRNPs that are replicated and transcribed, ultimately form ng infectious

I nfl uenza viruses (Figure 3). 1 x 106 293T cells were transfected with
protein expression plasmds (I g of peDNA762(PB2), 1 ttg of peDNA774(PB1),
0.1 g 25 of pcDNA787(PA), and | pg of pCAGGS- WSN-NPQ' 14) and 1 pg of each of
the fol | oWwWOEKRNAMHPO! yneri se | pl asmi ds (pPol | - WEN- PB2 PCBABSRAABISOPBI |,

pPol | - W6N- PA, pPol | - WBN- HA, pPoll - WBN- NP, pPoll - WGN- NA, pPoll- WSN-M and
pPol | -WBN-NS) . The_deci sion to use a reduced ,am)unt of DCDNA787( PA) was
based on previ ous SHEERE; afiing : : "='—" a on the

opti mal condi L QRSabhRieiBEN d goinietade hs (data not
shown) . Tvvent%rf‘iu‘r%s ﬁiﬁw& anm}ﬂé({:}??gkh%iﬁfg%g‘lﬂ cells, 7 x 103 pfu of
virus per ni Wasfﬁcmurlﬁbrthepidsmchdm&nrgamﬂaﬁon(oEmﬂaemmmSes,ltWabI e 1), 27 WO
201u/ 094466 PCTI. 012050 d‘ nstratln for.th t, time the capacity
of reverse geﬂ‘ésﬂy@ée%%ep%ﬁﬁmc?‘ﬁ &gV Pﬁ?"&‘?\%‘(ﬁ‘gﬁghfrom pl asmi ds.
Tabl e 1. Piasm sﬁeﬁsmsaﬂué:@aWrﬁmgamfammowmm,lmsmHm,Nlened C DNA*
Experi ment merase plasmds for:" 12345678 PBlL ++ - - - -
- PRS- PBl NA andNSZ)rFSBEedHnNLPsMcqntmnad anpaatificial VRNA + + + + HA + +
+ + + + NS +
PB2 + +

+ o4 cf-))r o% glrer?orté'r cﬁlofaﬁphe l-a n%y dran,?fcrase gsag M (MMa et ?l 4]9@6

expression p
Thus, the availability of the entire complement of structural proteins, mstead of

+ + +

+ + +
+ + + +
+ o+ -+
only those required for viral RNA replication and transcription, might improve
10 the efficiency of virus production. To this end, 293T cells were transfected with
L optimal amounts of viral protein expression plasmids (as judged by VLP
production; unpublished data): 1 pg of pcDNA762(PB2) and pcDNA774(PB1);
0.1 pg of pcDNAT787(PA); 1 pg of pEWSN-HA, pCAGGS-WSN-NP0/14, and
pCAGGS-WNALS; 2 pg of pPCAGGS-WSN-M1-2/1; 0.3 pg of pCA-NS2; and
15 0.03 ng of pEP24c (for M2), together with 1 pug of each RNA polymerase I
plasmid (Experiment 2, Table 1). A second set of cells was transfected with the
same set of RNA polymerase [ plasmids, with the exception of the PB1 gene, for
which pPol]-PR/8/34-PB1 was substituted in an effort to generate a reassortant
virus, together with plasmids expressing only PA, PB1, PB2, and NP
20  (Experiment 3, Table 1) or those expressing all the influenza structural proteins
(Experiment 4, Table 1). Yields of WSN virus did not appreciably differ at 24
hours (Experiments 1 and 2, Table 1) or at 36 hours (data not shown) post-
transfection. However, more than a 10-fold increase in yields of the virus with
PR/8/34-PB1 was found when 2all the influenza viral structural proteins were
25  provided (Experiments 3 and 4, Table 1). Negative controls, which lacked one
of the plasmids for the expression of PA, PB1, PB2, of NP proteins, did not yield
any virus (Experiments 5-8, Table 1). Thus, depending on the virus generated,
expression of all influenza A virus structural proteins appreciably improved the
efficiency of the reverse genetics method.
30 Next, the kinetics of virus production after transfection of cells was
determined using the set of plasmids used to generate a virus with the
A/PR/8/34-PB1 gene. In two of three experiments, virus was first detected at 24
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PA++++++-+ NP+++++++- HA- +- +++++CNA- +- ++ + +
+ M - +- +++++ M- +-+++++ NS2-+-+++++ Virus titer
(pfu/m) 7 x 103 7 x 103 1 x 103 3 x 104 0 0O 0O 0 5 * 293T cells were

transf ect edyihioiuéfig | ndi cated plasm ds. Twenty-four erinments | and 2)
or forty-eight hours (Experinents 3-8) Iater t he wrus"’(: EI0412050 1 o
supernatant was determned in MXCK cel |s. " Unl ess ot herw se indicated,

Vi rus. 28 SAPFPIRToGuECph, xhe Bl Ran N 3’?'%6%9‘82 B 8Tes ©

PCT/ US2004/ 0 ixp&6ed tiffl D%pfamm)ydﬁ hows lafiemteasfection( Tahle 2) Xd estimafet h

coexpressi on al | r uct yr al ns h e sion of the
viral NP and %WP&%BFRJ ‘i l%‘ﬁt@ c@ﬁ?‘ﬁ’?‘c‘f’%ﬁ?‘“ﬂﬂ?‘“@%@“ﬁ? géﬁd driven
gener ati on OfceflgWért BBtad With EDAA. (0102%4)2624 mﬁﬁdﬂ&&aﬁs?e%hoﬁ fedighefseci ency coul d
be inmproved. In previous studies, the 5 expression of all influenza virus

structural® prtbﬁ@lmnwsapenﬁgm.e:thn&d\lunmpsmdim Inithis enRrimentdnNs2) resul t ed

in VLPs that r

chl or anpheni ¢ -ace %dﬁoﬁéhngft%ér%d%@ea%ﬁ tﬁﬁtﬂ%ﬁ a{]&lﬁlggg%ﬁ@]'hus t he
availability mﬁncdtéilahantmﬂe”GﬁHWﬁ&f@ﬁéraﬁﬁgmfew@isuﬁmk patideei ns, instead of
only those required for viral RNA replication and transcription, m ght

i mprove 10 the efficiency of virus production. To this end, 293T cells were

transf ect ed Ejggd% ' tasm ds (as
j udged by UP%%LS@%%H% cﬁg fﬁiﬁlhfﬁﬁ?&ﬁ%@?ﬁ%@%ﬁ%’?&m PB2) and (

nd | peaces: ymadisirsaflor dCacts R oa B S e and\“fé‘ 0.05 . tg
of C'EP24C (for Mpasmii@get her with 1 g of gRskiniA pol ynerase |
transfection 1 n 3
6 0 " ND ND
12 0 ND 0
18 0 . ND 0
24 0 | 2 x 10° 6x10°
30 ND 5x 10* 9 x 10
36 6 x 10 >1x10° 7% 10°
42 ND >1x10° 5 % 10°
C a8 - 8 x 10° > 1 x 10° 1 x 107

10

* 293T cells were transfected with eight RNA polymerase I plasmids encoding

A/WSN/33 virus genes with the exception of PB1 gene, which is derived from

A/PR/8/34 virus, and nine protein expression plasmids as described in the text.

At different time points, we titrated virus in the culture supemnatant in MDCK
15 cells. ND =not done.

Recovery of influenza virug containing the FLAG epitope in the NA

protein. To verify that the new reverse genetics system allowed the introduction
of mutations into the genome of influenza A viruses, a virus containing a FLAG
20  epitope (Castrucci et al., 1992) in the NA protein was generated. 293T cells
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plasm d (Experinent 2, Table 1). A second set of cells was transfected with
the sanme set of RNA polynerise | plasmds, with the exception of the PB 1
gene, for which pPoll-PR/ 8/ 34-PBl was substituted in an effort to generate
a reassortant virus, together with plasm ds expressing only PA, PB 1, PB2,
and NP 20 (vapumioswest 3, Table 1) or those expressing al’q:T’Ug?é"i"H?qs&enza
structural proteins (Experinent 4, Table 1). Yields of WBN virus did not
appreciably differ at 24 hours (Experinments | and 2, Table 1) or at 36
hours (data noversHawdgctadouith an RNAbbmerase] plagnd (flo  I-WSNNABR/A  10-f ol d

I ncrease in vyi AT ] RA all the

I nfl uenza vi ratﬁéltg:t3 ?tg%te{ljrgngf)&r %@%%né&vt\%rﬁlg %ﬁré?eixﬁ#&%%@ﬁp%ﬁ@g 3 and 4,
Tabl e 1). Negdhdttem afdint profein’s hebd, abgeltackithlthomejuired RN#epglymaansedsnd or t he
expression of PA,. PBl, PB2, of NR proteins,.did not yiel Vi rus

(Exper | mont o, cHraleintaptessian blahidt T ropbrRRAL S iovieed b PRa T et

expressi on pf Fﬂ?b% idfih BROEGreds e NS FEA GUrbtinSimriirds Biniii amgg 8f¢elpl y 1 nproved
the efficiency of the reverse genetics nmethod. 30 Next, the kinetics of

vi rus product i ipfectad with RRSaWSNeEL 190 ASWSBETY wildviype vises wasperfermedsidg t he set

of plasm ds us n g i th.t .8/ 34-. _gene. In two
of three exper'ﬁgrrﬂé’tﬁﬁgf%ea\?l%‘?é% f\ﬁ‘%ﬁfp\ﬂag? ((iae[:t%]cgeg c?[lflfﬁe%é ‘\')\EEP}%M 094466
PCT/ US2004/ 01 2@ SH-FLLVOLbt naf these ihfeorad vith Wildstype Mivais.t Réaiveryof the PRS- at  t hat

time, > 103 pfu/m_. had increased to >106 g;u/m by 48 hours after
transfection (W§Hr%7?)WWW%§?%F@”¢ﬁg°b vatagsed vk type wewsi(date r ansf ect ed

cel | s that gerg RO C'il‘ﬂ&e\‘és{lfﬁsifi&icatgﬁlﬁt-rthe ﬁ%‘/ {'cgefég g&gﬁgzﬁg&gﬂ aﬂg{vg' EDTA

(0.02% at 24 hours after transtection to di spers cel and t hen
peg;gr med | i miadnetgintbduceinutativng iltethe influenzaissviewsgenoment , no free virus was

fo in the culturg supernatant at this tinme poi.nt. The results indicated
that 1 in 103.3 ceMEHaS  YeREFRRHTIFACIR SUSIUNE SRR Fcies? Tabl e 2.
Kinetics of VideH$ 1§ | vaisafpbSesshigdSitatibns [rARS P R Gehd) Bwé Bitedt 293T cel | s*

Hours after Vinrs titers in culture supernatant (pfu/m) plasmd Experinent
transfection Imgatdnsgvee jtrodred tpeatngugworecognition sequences for restriction

15  endonucleases (Bsp120I at position 846 and Pvull at position 1284 of the
mRNA). Previously, it was not possible to modify this gene by reverse genetics,
because of the lack of a reliable selection system. Transfectant viruses, PA-
T846C and PA-A1284 were recovered. The recovered transfectant viruses were
biologically cloned by two consecutive limiting dilutions. To verify that the

20 recovered viruses were indeed transfectants with mutations in the PA gene,
cDNA for the PA gene was obtained by reverse transcriptase-PCR. PA-T846C

. and PA-A1284C viruses had the expected mutations within the PA gene, as
C" demonstrated by the presence of the newly introduced restriction sites. PCR of
the same viral samples and primers without the reverse transcription step failed-

25  to produce any products (data not shown), indicating that the PA cDNA was
indeed originated from vRNA instead of the plasmid used to generate the
viruses. These results illustrate how viruses with mutated genes can be produced
and recovered without the use of helper viruses.

Discussion

30 The reverse genetics systems described herein allows one to efficiently
produce influenza A viruses entirely from cloned cDNAs. Bridgen and Elliott
(1996) also used reverse genetics to generate a Bunyamwera virus (Bunyaviridae
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18 0 ND O 24 0 2x103 6x103 30 ND 5x104 9x104 36 6x10' >|x105 7x105 42 ND
>| x106 5x106 48 8x104 >1x106 1x103 10 * 293T cells were transfected with
ei ght RNA pol ynerase | plasnm ds encoding A/WSN 33 virus genes with the
exception of PBl gene, which is derived from A/ PR/ 8/34 virus, and nine
protein exwpezgg*/%%'%l asmi ds as described in the text. PAT/URPMMAIEM tine

points, we titrated virus in the culture supernatant in MDCK 15 cells. ND =

not done. Regoveny, of, influen vi rus contai nji.ng the AG egpitope in the NA
protein. To \Cfogpﬁ)yb‘g el °H’§’%$@F§B‘S Qtﬂ%gf’b%%%}tlg ﬁ'fqe@‘v‘\ed t he

I ntroducti on effifiendbAitd productith wras loey, YEHHRIRO'Qells. NAIthRIRE thevidtis kRS, a Virus
containing a FLAG 20 epitope (Castrucci et at,, 196(9)@ In the NA protein was
gener ated. 2ditferedamang theyexperimenta, consistertly pie/niwd00oslle wap observidr e

transfected wii; ngﬂ,sp ﬂﬁﬁs- l@%ﬁ’én‘i’s( : NA/ FL79) that
contai ned a \(I:YDDltl\'lgﬂgéri:%o m@elh%tﬁﬁst e Sr tel ﬁlgﬁege%eh‘f epitope at the

bot t om of 5t heexplanationsfos thedagh efficigmdytod theneverse tgmetice gystenedesétibkdpol yrer ase |
and protein expressiqn pl.asmds., Tg copfirm.that th 0 ed virus
(PR8-WBN 5 FL 35?‘63- ﬁ?ﬁ&gé’? P@ﬁﬂ?‘ﬁ%g}lﬁ ﬁgmnhfp)(%?i@'ﬁe{gﬁ,g?" nost ai ni ng
assays of  celydie gindfaR@liR Siiti-bugdARBraENIE s Rn s ¥ B SRingi RINAL yPe Vi rus was

performed. A nonoclonal antibody to the FLAG epitope detected cells

i nfected wi t ipobmerase\bapdthrongh plasmidedrivemexpession of theviral pdlymérise- t ype vi rus.

Recovery of t PR3- 79 _Vir s.as efficient. as that, f.ar the
unt agged wi | cﬁE?etg%ﬁR?Q/q ﬁfwﬁaﬁguwﬁgﬁgﬂ%‘% '.Ch ﬂ:ﬁégagﬂyg'?ﬁﬁf?cgediw I cate that
the new rgverglamid(Sotocs akyl90e)emduted\iFat a tange populakibh oficulle reteived albns into the

i nfluenza A virus genone. Generation of infectious influenza virus :
coptai ni ng mpfaeRigFmidspeeded fonving praductiny. tn addition, thelarge sumbarofssi ng

nutet | 0nS i N g3 GHEed by RNA foRMeresd Y v AR AmYE freirilst AR CT €At NG new

recogni ti on sequences for restri‘ctimo
expressed enzymes in growing cells, likely contributed to the overall efficiency

of the system. These features led to a correspondingly abundant number of
15 vRNA transcripts and adequate amounts of viral protein for encapsidation of
vRNA, formation of RNPs in the nucleus, and export of these complexes to the
cell membrane, where new viruses are assembled and released.
Previously established reverse genetics systems (Enami et al., 1990;
Neumann et al., 1994; Luytjes et L., 1989; Pleschka et al., 1996) require helper-
20  virus infection and therefore selection methods that permit a small number of
transfectants to be retrieved from a vast number of helper viruses. Such
strategies have been employed to generate influenza viruses that possess one of
C the following cDNA-derived genes: PB2 (Subbarao et al., 1993), HA (Enami et
al., 1991: Horimoto et al., 1994), NP (Li et al., 1995), NA (Epami et al., 1990),
25 M (Castrucci et al., 1995; Yasuda et al., 1994), and NS (Enami et al., 1991).
Most of the selection methods, except for those applicable to the HA and NA
genes, rely on growth temperature, host range restriction, or drug sensitivity, thus
limiting the utility of reverse genetics for functional analysis of the gene
products, Even with the HA and NA genes, for which reliable antibody-driven
30 selection systems are available, it is difficult to produce viruses with prominent
growth defects. In contrast, the reverse genetics system described herein does
not require helper virus and permits one to generate transfectants with mutations
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15 endonucl eases (Bsp 1201 at position 846 and Pvul at position 1284 of the
MRNA) . Previously, it was not possible to nodify this gene by reverse
genetics, because of the lack of a reliable selection system Transfectant
viruses, PA- T846C and PA-A 1284 were recovered. The recovered transfectant
vi ruses wer WO X9t cal | y cl oned by two consecutive |i MAAU$EHPI28% ons. To
verify that the 20 recovered viruses were indeed transfectants with
mutations in the PA gene,  cDNA for the PA gene_was, obtained by reverse
transcri pt ase- P& 8 SWBU”“Qﬂ’oﬁeﬁeﬂ'm@fg‘it%ugg%aqéﬁf%%é expect ed

nutations w t ijefhohfiRiteBAn BROR 5, &mchmm@aifﬁdnﬂ%t&mrwe@m@e of the newy

I ntroduced restriction sites. PCR of the sane viral sanples and priners
wi t hout the ré@'é@@'épﬁmdiﬂvpﬂﬂt%teshmlﬁgym intrgdws any; vigble VERioR M0 pr oduct s

(data not sho a;!lg % !Iﬂg ated from
VRNA i nst ead \c,)@ {nﬁe p asm gﬁ%og%%gqgﬁbﬁépg e tﬁg%el ruggg] %ﬁ%fg results
i 11 ustrat e Shoviong-starsios mbmsudlmﬂﬂmagﬁmegﬂﬂtorbeeqllm&ummmtmcover ed

wi t hout the use .of per. viruse Di scussi o erse genetics
syst ens descrirB%Br‘st‘i’gﬁ@WqHB%g of%%‘i‘t‘f’ @Fﬂ“ﬁ'}}l’s?fré‘aﬁ &R | uenza A

viruses entir ahy temfileculap Bash sTRMYSranddbshei@idn ahdlvirdl ph@bgenidity996) al so used

reverse genetics to generate a Bunyammera virus (Bunyaviridae 31 WO
20041094466 PCT/ USAbbayahingtivated aflenzy vadsines e aywhable thsir fficgetinr ee segment s

ot/ 167 ool 1  Sueiat e Rl f s dinl B gt B R BHE MR s et 5.
consi stentlioy el 3pdses. Tmicabinbl omdabmm:ﬁmfem&uamw rus, which

contai ns ei ght segnents. There are several expl anations for the high
ef fd ci ency of “Pﬁ@wﬁlé%g%séﬂ@bﬂ’éhVﬁl%%‘P@Hﬁl@@b&té ated, pothat eBille. | nstead of

pr Wi NG RNPSyof Bl nfilnbd gt Bt it 1RA90 profBER: iy gener at ed i n

vitro through intrac ynt esis o using RNA pol ynerase | and
t hr ough pl asmi(cbvitwied erKateh&disirg i 968). waerrpxiehxmﬂawmmmdiq:atﬂhsi ns and NP.

Al so, th 93T cel | hi ¢ th 10 pl d
(G?)? 0 et earse 1‘%@5%'3Wﬁﬁgwﬁﬁ”ﬁﬁﬁ&%@wﬁﬂ%ﬁ?‘&? ﬁ“‘f:@? trecel 5e3521| I >
of the plagm dﬁacﬁ@a@éiﬁﬂc&ﬁé(r&héwbﬂﬂmﬂﬂc&'mm,'w%)dﬂwmé)fboniih? | arge nunber

of transcripts produced by RNA pold/marase , Whi'ch i s anong the nost
abundant | y further improvement. One possibility would be to modlfyacold-adap

vaccine with the reverse genetics system described above. Altemnatively, one

could start from scratch by using reverse genetics to produce a “master” influenza
A strain with multiple attenuating mutations in the genes that encode internal
20  proteins. The most intriguing application of the reverse genetics system
described herein may lie in the rapid production of attenuated live-virus vaccines
in cases of suspected pandemics involving new HA or NA subtypes of influenza
Virus.
This new reverse genetics system will likely enhance the use of influenza
25  viroses as vaccine vectors, The viruses can be engineered to express foreign
proteins or immunogenic epitopes in addition to the influenza viral proteins.
One could, for example, generate viruses with foreign proteins as a ninth
segment (Enami et al., 1991) and use them as live vaccines. Not only do
influenza viruses stimulate strong cell-mediated and humoral immune responses,
30  but they also afford a wide array of virion surface HA and NA proteins (e.g., 15
HA and 9 NA subtypes and their epidemic variants), allowing repeated
immunization of the same target population.
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expressed enzynes in growmng cells, likely contributed to the overall
efficiency of the system These features led to a correspondi ngly abundant
nunber of 15 VRNA transcripts and adequate anounts of viral protein for
encapsi dat iyog gk, 94y§NA, formation of RNPs in the nucleus, and export of

t hese conpl exes P9™%he cell nenbrane, where new viruseBCHPS20AY&20M| ed and
rel eased. Previously established reverse genetics systens (Enam et al.,
1990; Neumann et . 4. Luytjes et.al.. 989; ..Pl eschka et al., 1996)
require hel per- &%&%ﬁﬁfpﬁﬁ% aaPfgel VBN enchdipg 2 FPSReTRSPRods ¢ hat
perm t a snalhhvetesiprodatedby@Rrpressiigaidabstivotubg pfodifd MGRNA aithehevast nunber of
hel per viruses. ,Such strategies have been enployed to generate influenza
viruses that VpesEuEdd pglymerse system (Maop stiln 49I0DNKsIaE FevPEE EESHES ONPB2 ( Subbar ao

et al., 1993)n by bERAIE v @kagg‘g gg—ﬁagg& #9994, NP (Li et
al ., 1995), NA (Engm et gfsc 1 %3 t st r‘g‘étglﬁlké?qual ., 1995; Yasuda et
al ., 1994, aRNANSmséniption and replicationh %], )PA, PBsPB2)fand N@),seivelitis on net hods,

except for th appl j.cabl e. to.t he ang. es, Jr.el . growt h

t emperat ure, Vﬁ%@‘ts ?%§PFPEW%?F%%@E§°@@§EPW%%?¥3&2W linting the
utility of reveEtRe HfRAhES theRlack WP gineBitbdial HriiShictifal pragiggene products.
Even with the HA and NA genes, for which relirable antibody-driven 30

sel ection sy 3tauldkengyre thay gifechipheviruses will ngt be preduced afterpflddgrne viruses with
prom nent gr C r £ tics system

descri bed he}lg%t}dggg:gﬁ?\eyﬂéegﬁaﬂ%g%éé%%#%ﬁ‘?%éggeﬁgmgggr&ﬁ ts one to generate
t r ansf ectiant shwirtolomejtthd VDP sSysted?willd BO O tabR46i0en @ heradppaDirbaidid050 i n any

gene segnent or with severe growh ,def&g_js. Thi s advantage .is denonstrated
in(Fi gure 5, TS ReshORRRILIRsEHCtion abRefle (4 furiPr NP DN Ih  nutated PA

gent. Having chiifuet GARBRNAR ydofbrd (Kdveliy 651 2007y iflefizd VLR doifa T Nt O L he

I nfl uenza A virus genone w enabl e 1 nvestigdtors to address a nunber of 5
| ong- st andi ngontsimbeth HAwod Nasvariasts,mlowing refeated dgrebtatent of targefuences i n
nont r ansl at ed regi ons of the viral genone, structure-function relationships
of viral protPBP‘Hgt,"“sand the nol ecul ar basis of host-range restriction and
viral patjgogeni Ci trye fuaily\OMBIIkPRRTAORIPRsds MBI A, B,388 Oifusay, € avai | abl e,
their efficacy is subopti nal pueﬂ‘ﬂartly to their Iimted ability to elicit
| ocal | gA ands sl @ teirecently dagsified Thegosqyitvs.cThe strategy forigenaratiigs of

col d-adapt ed yl foMtnk el MERZRVFRES LSy BOW cloned cDNAs described herein
would apply to any orthomyxovirus, and perhaps to other segmented negative-

sense RNA viruses as well (e.g., Bunyaviridae, Arenaviridae). The ability to
20  manipulate the viral genome without technical limitations has profound
implications for the study of viral life cycles and their regulation, the function of

C viral proteins and the molecular mechanisms of viral pathogenicity.

Example 2
25  Materials and Methods

Cells, viruses, and antibodies. 293T human embryonic kidney cells and
Madin-Darby canine kidney (MDCK) cells were maintained in DMEM
supplemented with 10% fetal calf serum and in MEM containing 5% newborn
calf serum, respectively. The 293T cell line is a derivative of the 293 line, into

30  which the gene for the simian virus 40 T antigen was inserted (DuBridge et al,,
1987). All cells were maintained at 37°C in 5% CO,. B/Lee/40 and its mutant
viruses were propagated in 10-day-old embryonated chicken eggs. The viruses
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underway suggest that such vaccines are optimally attenuated, so that they
wll not cause influenza synptons, but will still induce protective
imunity (reviewed in Keitel & Piedra, 1998). However, prelimnary results
indicate that these live virus vaccines will not be significantly nore

ef fective t WaR0M¥4d6est 15 i nactivated vacci ne (revi ened®CTAUSKBIHIEDS &
Piedra, 1998), |leaving roomfor further inprovenent. One possibility would

be to nodify a col d-adapted vaccine with the reverse genetics system
descri bed aboWere purified fram allantpic flyidby differprtial eenirifugatiomasdr at ch by usi ng

reverse genet i RuizQfiich 210,593 bitkose AL 4R ant B RS okl gl 11 Pl €

attenuating nutatirons in t genes "t hat “encode | nt'erna proteins. The
nmost i ntrigui sehesades dgaimst synthedizet] ipeptide NKRIDIFARPRIAIGND ¢§BQ EXNQidscri bed herein

may lie in the rapi r.oduction at t.enuat | j ve-virus, vaccines in cases
of “suspect ed Blgﬁlaé’ﬁﬁ%d%“i?‘fﬁgbﬁﬁ&ﬂhé\ﬁ? WP@&‘%%&S%@@P&? i nfl uenza virus.
Thi s new revep&ro@amigl i cs systemw || |ikely enhance the use of influenza

25 viruses as vaccine vectors. The viruses can be engineered to express
foreign proteins gen idspThefNAs of Bilien/40 viusenwerke i nf |l uenza viral
proteins. On : ! ﬁ’! V] - W ei gn proteins as
a ninth segrr@’r?tﬁ% %E%da?r\;'%g%ﬁ%?g}? 3@?@%gk§?e%{tﬁ%§1&é¥ nf'“{;lsgetﬂ\g/acci nes. Not
only do infl venemetitityse thecbhsetved B'end bf the girsl ®ANA NThe DA wawd hunoral i mmune

responses, 30 but.the | sp, afford, | de arr, of virion, surface HA and NA
pr olto eins (e. g?‘f‘&?@dw(ﬁﬁﬂ‘tb sw&-@%g#@gn ﬁ’“?%@@e’@ﬁpﬂé‘mné%ﬁ’raﬁant s),

| 1 owi ' ' ' | Rt 33 WO

al l ow ng r1§pe§¥e§%dg'0@%"f&1ﬂ§td Wite %Péd*]ﬁtoiﬁ{ﬁﬁmﬁ&ﬁht PO (RbVA3En,

2004/ 094466 PCTI US2 2050 Influenza VLPs possessing an artificial vRNA
en€odi ng a r epbadisen, WHn d flendigestion with Bod B cbie frygneenp wes elonsgl ivtiortbé st ruct ur al

protei ns and wth.th vacci ni a: I7 pol rase te Mena et al .,
1996). Usi ng ¥ob %‘é“é’éﬁ@faF’E ,vcstﬂaw%a%ﬁoﬁfsw%mﬁ%@%gﬁf% ni ng vRNAs
that encode ppRiRidand B MISSRNApoBmMERRE tehaiater, isiarAéd By Wk BP! | cati on
(i.e., PA PB?L, PB2, and NP), as p\(/;ell as_ _VRNAs eﬁscodi ng proteins of

i nterest. Sucﬁte%‘LﬁheséGm_idééoﬁ}B@x@ij@h@ WA grerrgierredigias (B’ | nportant |y,
L ok SR8 S0 il 5 DAS DR e PR e L1
virus were cloned into the eukaryotic expression vector pPCAGGS/MCS
(controlled by the chicken B-actin promoter) (Kobasa et al., 1997; Niwa et al.,
1991), resulting in pCABLeePB2, pCABLecPB1, pCABLeePA, and
pCABLeeNP, which express the PB2, PB1, PA, and NP proteins, respectively.
20 The NB knockout mutants Were constructed as follows. Mutated NA
genes (see Figure 4) were amplified by PCR from the Poll construct containing
C ' B/Lee/40 NA gene and then digested with Bsm BL. The Bsm Bl-digested
fragment was cloned into the Bsm BI sites of the Poll plasmid. The resulting
constructs were designated pPolBLeeNBstop#1, pPolBLeeNBstop#2, and
25 pPolBLeeNBstopi#3. All of the constructs were sequenced to ensure that
unwanted mutations were not present.

Plasmid-based reverse genetics. Transfectant viruses were generated as

reported earlier (Example 1). Briefly, 12 plasmids (eight Poll constructs for
eight RNA segments and four protein-expression constructs for polymerase

30 proteins and NP) were mixed with transfection reagent (Trans IT LT-1 [Panvera,
Madison, WIJ), incabated at room temperature for 10 minutes, and added to 1 x
10° 293T cells cultured in Opti-MEM (Invitrogen) containing 0.3% BSA. Forty-
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t herapy. Since the influenza virus genonme is not integrated into host 10
chronosone, the VLP system woul d be suitable for gene therapy in situations
Crequiring only short-termtransduction of cells (e.g., for cancer

treat ment) ntrast to adenovirus vectors (Kovesdi e | ... 1997),

I nfl uenza \V/Bﬁg‘"@g'ﬁf% contain both HA and NA variants, P&F?”&\%ﬁ"ﬁ@"i’)@peat ed
treatnent of target populations. 15 The famly Ot horryxovi ri dae conprises

i nfl uenza A, fi\ﬂg.s_ [ t t sified

Thogot ovi r us.ea]he S lfa\téct’,evgry%%%%mésgﬁ%&ﬁhn%gﬁe Ogﬁmé?%ca&a am:/PhﬁF%Z’nza A viruses
entirely fronDCKrellk fobillepreitnssion dfathcheigsest woul d apply to any

ort honyxovi nts, and. perhaps o other segnented negative- sense RNA viruses
as well (e.g., Bu%%i@—mmg@ EV%‘Hﬂifetc?dt"GmZGmﬁﬁm pul ate the
viral genone g hﬂﬁiﬂhmﬁ%f'iﬂe&ﬁln (MO b {0WBSutPFla Hl'ﬁﬂ%umyfphlfat ions for

the study of viral |ife cycles and their regulati unction of ¢
viral pro®ei W@Hdﬁtﬂl%s hmrecﬁménctwm&elbsmmﬁx@fm B%Ifopmltftﬁhg@M city. Exanple

2 25 Materi N anti bodi e 293T human
enbryoni ¢ ki %@ﬁ%&dw&g&@ﬁé u/ *%‘ﬁ@?& %@gﬁ?’ﬁﬁ" %V[%ﬁ) Ils were
mai nt ai ned i patibiviaivi-NBipaptideRibbie Serdintal a pEfadyeng! bod‘yEHnH FFRC46Rj in MEM
contai ni ng 5% newborn_ calf sennn, respectively. The 293T ce | line is a

derivative ofantifighb Qé@ﬁﬁ@mmm d¥fi ch the gene for the siman virus 40 T

antigen was i nseryg@%ﬁi—r@s i ntai ned at
37C in 5% CR. B El6n tftnze B I8 uaéf%c%éﬁmgﬁeﬁ%%%lsﬂt i
10- day- ol1@ eman)awmlweledmm £@ddure S STMeLEd L STys\(6) RODAI 094466

PCT/ us2004/ 111 Hurl fied fromallantoic fluid by d| fferential
trifugati GRS ﬁﬁa%egT iGN Binchemyicisy at Hhones prstpiectionde2 Bewi ent . An

ant -NB r abbi R
NKRDDI STPRA ?@Egﬂd&%&l&g% 1%%?%‘0@%"3@%‘2%5%5& %ﬁl&ﬁﬁ? Hl% pr ot ein)
coupl ed to kdyHGl5%, 1IODthN:ElhlemthE’ﬂiAmnd(OaS%ﬂhtmthﬂOaﬁdthbmsm ds. The cDNAs

Of B/ Lee! 40 vl aess YEL s MELISRSASH 4 BT B0 SpansgilapyTon of virel R

15  incubated overnight at 4°C. Protein A-Sepharose beads were then added and

incubated for 1 hour at room temperature. The immune complexes were washed

and separated on 4-20% gradient polyacrylamide gels (ISC BioExpress,
Kaysville, UT). The gels were dried and examined by autoradiography.
Replicative properties of transfectant viruses. MDCK cells were infected
20  with viruses at MOI of 0.001 PFU per cells, overlaid with MEM medium
containing 0.5 pg of trypsin per ml, and incubated at 37°C. Supematants were

assayed at different times for infectious virus in plaque assays on MDCK cells.
C Experimental infection. Five-week-old female BALB/c mice,
anesthetized with methoxyflurane, were infected intranasally with 50 pl of virus.
25 The dose lethal for 50% of mice (MLDsy) was determined as previously
described in Gao et al. (1999). The replicative capacity of virus was determined
by intranasally infecting mice (1.0 x 10* PFU) and determining virus titers in

organs at 3 days postinfection, as described by Bilsel et al. (1993).
Results

30 Generation of B/Lee/40 virus by reverse genetics. As a first step in
determining the role(s) of NB protein in virus replication, B/Lee/40 (B/Lee) virus

was generated entirely from cloned cDNA, using plasmid-based reverse genetics
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conplementary to the conserved 3' end of the viral RNA. The cDNA was
anplified by PCR with gene-specific oligonucleotide priners containing Bsm
Bl 10 sites, and PCR products were cloned into the pT7Bl uebl unt vector
(Novagen, WMadison, W). After digestion with BsmBI, the fragnent was

cl oned i nt YORUHIBYEA Bl sites of a plasmid vector, whi cRCEHERBHHEPhe hunan
RNA pol ynerise | pronoter and the nouse RNA polynerise | term nator,

separated by Bsn: Bl sites. These plasm ds for the expression of VRNA are
referred to a@veupgny ef al.51998h sTheplasmidsyentaimef gBNAs caending alkrishbsy PR 1, PA

and NP genes @{“5‘3%&9"Vﬂ%g%?ﬁgﬁgﬁ?‘?ﬁmg?@&mﬁ‘w JdEXPr ession

vect or pCAGGSI (controll tin pronoter) (Kobasa et
al ., 1997; Ni tha mouseRNA polyp@tase I teaminhior. NThen29pTodlsoedrBRtansfecitBIvathPBI |

pCABLeePA, an NP, whi,ch SS PB21 o B d NP proteins,
respectively. %?ﬁg‘%ﬁgh{é‘pﬁﬁg\éggg‘t Pﬁﬁﬁ?ﬁt@dwfp@t&?ﬁgfﬁé’@f@%@gf ol | ows.
Mit at ed NA5 geipRPldst@R it gitectedthe poaactRARF B VirgiR MY seaitnts (B/Ldze Pol |

construct containi nllg%I B/ Lee/ 40 NA gene and then digested with Bsm BI. The
Bsm BI - di gest ¥ars; Ferygighthoutgafterirgsiegtions the vings desigrated BLeeRG.9¥2st he Pol |

I 1d. Th ' ' b #1,
PPa] BLeeNB ! oD e L B R B e 0 o U o o

sequenced to dme@Dhat unwanted nutations were not present. Plasm d-based
reverse genetics. Transfectant viruses were generated as reported earlier

(Exanpl e 1). Bri efNB proiéin-Rh@koutdsrusesiafiiathio | Usieossireviedesgehdtics ei ght RNA

segnents and four protein-ex rtg@si on constructs for polynerise 30 proteins
¥

and NP) wif e $¥temgmRfaptvigys R Sxpres fesNB prgtein averergenemateds panver a,

Madi son, W) rpd0euRatis @hsthRRBelishRar 4 mnutes, and added to 1
x 106 293T crgllrlhs cul ture‘% ?d;\daQOratc%l NEMp?{o,rﬁ/]Teeteﬁggteo cont ai ni ng 0. 3% BSA.

Forty- 35 WO pRuiBLoNB4es#PaT pISEBDeaNBRPED werei potpardddBigorel 44t brall vi ruses in
t he supernat ant re coll ected and anmpl.i.fi i n.VMDCK cel | or the
product i on ofmg%vﬁchWFtﬁs@?mfaﬁ'a}ll"%%“quﬁ]ﬁ%ﬂo&d?&%ﬁoc%%%‘ " MDCK cel |'s
wer e i nf ect edATNGHOGTT (it So ARY, ad tHelcbiigH dt @inins #2fd posftiog 4t @ANBMOD of 1 to
about 2 plaque-formng units (PFU) 5 per cell. After 8 hours of infection,

cel I s wer & f i ewgingyasichaged EpmeANARY HAA (stop codon). pPolBLeeNBstop#2 has a
single nucleotide deletion downstream of the mutated initiation codon, which

was expected to alter the reading frame of NB protein. pPolBLeeNBstop#3 has a
nucleotide insertion downstream of the mutated initiation codon, which also was
expected to alter the reading frame of the NB protein. At 48 hours after
20  transfection of 293T cells with each mutant NA Poll plasmid, together with
seven other Poll plasmids and four protein expression plasmids, BLeeNBstop#1,
C BLeeNBstop#2, and BLeeNBstop#3 were recovered from the supernatant (10>
TCIDsp), indicating that all viruses lacking the NB protein were generated with
an efficiency equivalent to that for the wild-type B/Lee virus. The transfectant
25  viruses present in the supernatant were grown in MDCK cells and used as stock
viruses. Sequencing of the NA gene of each stock virus confirmed the stability
of the desited mutations and ruled out the introduction of additional mutations.
To confirm that the three mutant viruses did not express NB protein, as
intended, indirect immunofluoresence assays and immunoprecipitation assays
30  were performed using virus-infected MDCK cells (Figure 5). None of the
mutants were positive, in contrast to the B/LeeRG virus, which expressed NB.

In immunoprecipitation studies, NB protein was identified as a 1.8-kDa protein
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solution and pernmeated with 0.1 % Triton X-100. Antigens were detected with
rabbit anti-NB peptide rabbit serumas a primary anti body and

FI TC-conjugated anti-rabbit 1gG as a secondary anti body.

| munopr eCWfO@?@ﬁﬁ I nfluenza B virus-infected MDCK cells (M) of 5 10
PFU cel |) were fPed with a nmixture of [15S] Met and [PSISISMNA168 G / i
each) (Tran 35S-label; ICN Biochemicals) at 7 hours postinf ection for 2

hour s. The cel RPA buf f |ng 10 mMm
Tris-HC1 r@%ﬁg%otgg“rﬁ\ﬂ%ﬁa%%ﬁgwgég? E?’f?is el ﬁ%ﬁ " '100 and then
cent lrJ i Iuged mign_@elﬁfntn?mﬂhepnbho?slﬁﬂpﬁ:ﬁé%ﬁﬂt&ﬂ@ﬁda:ﬁ@ﬁtahﬁl%ﬂpﬂ nat agéI 3nd 35

i ncubat ed ovgrni r ot ei ephay.o ads .were then, added an

i ncubated fo ﬂEmﬁ al%ﬁﬁ’éﬁﬁ@ﬁ&t%@%@%ﬁe %‘Q ¥ed wer e washed
and separ at eﬁim@%Huﬁ@ﬁbﬂ&ﬁﬁb%x@h%@ﬂﬂﬁ&e&ﬂééas%@l&waIOF ess,

Kaysville, UT). The gels were dried and exam ned by aut or adi ogr aphy.
Repl i cat ive lpmbbr@dtcme:t,hmoclucamcaf@cahanNB/pqpué@grodwd:ky9 divgere infected 20

with viruses,. 01P er cel l. h M pedi um

cont ai ni ng 0 o?“‘f‘?““g“’PHS‘b t°93?1 |%60L9§5 a@”’% 80P natants were
assayed at dwﬁfsesr\e&bviabmadﬂiarnot &lpeass the fsll-enghNB Prdt&mque assays on MDCK
cell's. Experinental |nf ectlon F| ve vveek oId feﬁa e BALB/c mce,

anest heti zed w t né@%ﬂ:}ﬁfeuﬁ th 50 pl of

virus. 25 The qQ%@ g?gg ‘%é,@ determ ned as
previ ously d\gscr tgh galééegth %ﬁ%ﬁ% e I’g%ftl ‘cative capacity of virus
was det efgn nBHecNBstop#3 mmsalahwd)mmal f]’G"UlpeEeelI andGneubdied BRAIPCand

determning virus titers in ns. at ays postinfection, as described by
Biéel et aI %@g%ytamwsmcp@m%@téﬁwaw fegtiaBeandlyings bilFSS by rever se

geneti cs. {eﬁéfﬂ Bk Ng@ﬁk pf NB protein in virus
replicati on BfL é&@pq_hdeh) Vi ?ﬁ? Wats{gssgﬂg%%étae i[#I rely from cl oned
cDNA, using bLaMswpﬂa%dBWm#gm%ssbv%sﬁﬁmwmmm@CT/ US2 004/0 1
2 05 0 (Neu 99). .. The ed c encodi ng al |

ei ght segne q;%%?e%ge“%tgvﬂém h’é‘ %%@ﬂﬁ%ﬂﬁ%ﬁerase I

pr onot erxsand(rti&hﬁe 6P URse TR RIdARS th& Sin lcell Silfrd) AifRienza N Gius2@B T cel | s were

transfected w
undergo multiple cycles of replication and grow well without NB protein.

Replication of NB knockout viruses in mice. To determine the role of
NB in influenza B virus replication in vivo, the MLDs;, of the wild-type and
mutant viruses were compared (Table 5). The MLDs, values for NB knockout
20  viruses were at least one log higher than the value for B/LeeRG. In tests of virus
replication in the lungs and nasal turbinates (NT) of mice infected with 10" PFU
C of virus (Table 3), B/LeeRG grew well in both sites, while the growth of mutant
viruses was restricted, as shown by virus titers that were generally more than one

log lower than the titer for mutant viruses. Thus, although not required for
25  growth in cell culture, the NB protein appears important for efficient influenza B

virus replication in mice.
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four plasm ds expressing PA, PBI, PB2 and NP proteins of B/Lee virus and 5
eight plasmds that directed the production of 8 viral RNA segnents of B/Lee
virus. Forty-eight hours after transfection, the virus, designated B/ LeeRG
was recovered fromthe supernatant of 293T cells (1035 50% tissue culture

i nfectious YYBAH96Dso) . NB prot ei n- knockout Vviruses areErwsaadiezosdsi ng
this reverse genetics 10 system nutant viruses that did not express the NB
protein were generated. Three nutant Poll constructs desi gnated

pPol BLeeNBstorgﬁ#ble%R@lemfé@\h%mp@hcaamlnpm”BLeeNBstop#3 wer e prepared
(Figure 4). In all _nmutant constructs, the initiation codon of the NB
protein was conver t¥gug rom mmrmwmuasmgain anMliihg(RRIJon at am no

acid position 41 of NB 15 prot €] fho¥as changgsglﬁlgmﬁAA to TAA (stop codon).

pPol BLeeNBst op#2— pe aFllgTT: tde—deg Whe nmut at ed
initiation codon h&%ﬁﬂ was egé dto alt r eadi of NB
protein. pPol BLe@ has ir'{rlﬁ:l eot i de ‘fe E03ion dovﬁ%fﬂﬁ of the
nmutated initiati Bhelﬁﬁﬂ@#z whi ch7410b was exd@e&E0d to al Péd *l¥e reading

frame of the NB BEcNBstop#3At 4&.6:0004 after 204 &0ahsf ecti onsp0293T cell's
wi th each mutant NA Poll plasmd, together wth seven other Poll plasm ds

and four protemm%%&h@&mu%emﬁw&mat%fm@mﬁhm ,and
BLeeNBst op#3 wgng otfeﬁ.ggl r,{a fprqup tifee SHBEEOAL AR viukARfeRted ﬁ; i ndi cating

that all vigrug fficiency
equi val ent to ﬁgci ’F?h%%g Legﬁ@} rglglgﬂ%sg frag\ﬁans ect ant 25
e supe

Vi ruses presen nt were grown in MDCK cells and used as

sto Vi ruse Sequenci ng of the NA gene of each stock virus confirmed the
[ I ity of h—i@—&%l red nutations and rul ed out the introduction of

addI tional nutati oRg shobeh KPéth bbdVe! tHENBigGeinhE S5t e58ehttd for\thilusasB di d not

express NB protein, as intended, indirect inmunofl|uoresence assays and

i mmunopr edPpi tvims wplication jnscellzolturerhat promptes pficientieplicative isvivanflefiied MDCK

[ Fi t t t h
R e L
protein was i dentqfiteadnofer NBlludink Bvipirepliziation dppeatileedddindnrkiatthat

PCTNS2004/ 012050 ( hi gh-mannose fornm and as about 30- to 50-kDa proteins
( het er ogeneoudorithg My protein. An A/WSN/33 foutant lacking the transmembrane and

cytoplasmic domains of M2 was severely attenuated in mice (Watanabe et al.,

15  2001), and a mutant of A/Udom/72 (H3N2) lacking nucleotides encoding amino
acid residues 29 to 31 of the M2 protein was attenuated even in cell culture
(Takeda et al., 2001). Although the ion channel activity of M2 is experimentally
well-established (Duff et al., 1992;Holsinger et al., 1994; Pinto et al., 1992;

C Sugrue et al., 1990; Sugrue et al., 1991), such activity has not been

20 unequivocally demonstrated for the NB protein. Thus, the limited dependency of
influenza B virus on NB function may suggest cither that the virus does not
depend as much on jon channel activity as influenza A virus does or that NB has
functions other than ion channel activity. Since NB is highly conserved among
influenza B strains, such function(s) must be important for viral replication in a

25  natural setting.
Current human vaccines are inactivated vaccines that reduce the severity
. of, but are limited in their ability to prevent, viral infection. Clinical trials of
cold-adapted live attenuated vaccines have generated promising results with
respect to both efficacy and safety (Abbasi et al., 1995; Alexandrova et al., 1986;
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In agreement with the previously reported results (Wllians et al., 1986;
Wllianms et al., 1988). Several cells infected with BLeeNBst op#1 virus
showed faint, diffuse cytoplasm c staining in the inununofluoresence
assays, Whiwh bgbgqfd indicate the production of a short NB peptide produced
by alternative initiation and read through of the stopPE&USHOMRIOdUced.
Thus, all three nmutant viruses were viable and did not express the

full-length rotein g roperties of - knockout Vi es in cell

cul ture. NDC%%C?%P? & alwé?sg, %\lé\#sg%%@g’ @%h&‘gﬂ(@gk%@o&%ﬁﬁéﬂcdéﬁ, BLeeNBst op#2,
or 10 BlLeeNB3brof¥a-Seioivhl 8E4., 29902 BteddBbfref alQ 1990} TBMLdPEal.C £995; WRfEht ncubat ed at
37C. The supernaé?)gts were collected at different tinmes postinfection, and

virus titer st dadP82)hcHavavencmelpcular batiefog thealtenyationplthe g@ptes . BLeeNBst op# 1,
BLeeNBst 0p#2,,.3Rd h@&:‘?ﬁ'\iﬁﬁﬁ Libd S hﬂfﬁﬁrﬂmgi ] . | netics to

t hose of B/ E‘geRGSwt Vi rﬂggtgivtyrgéég rea&hl ng 1 7%ﬁ1q{rl§§ﬁ§%ﬁw

post i nf ect i gwodie girinflueread® viruklvaheknows aitersiafinginutatienst Atawould becel | cul ture,

i nfluenza B .yirus can undergo nulti,ple.cycles of replication and grow well
without NB pHEY I oduceg srastes prosthc saibich SEMARD ssmalemiionce. 1o

det er m ne t hgchugively ¥ pdiBs bifier thid 48 RA%NE NA, st that 8RY tifcAb# @ Beddd nééd/0, the M.D, 0
of the wild-type and "nutant viruses were conpared (Table 5). The

M.D50val ues ®pacenmnivite those of afield strainsfos vageine praduptions tHayraved, ®ithhi gher t han
the value fo Le S £ .viryus r i on.in th ngs and nasal
turbinates ( grp%gggéév?rﬁ% g%‘ieg&g\lfbil%'ﬁo @@%ﬁ%ﬁc@a‘éf"?@@ﬂm{@g 3), B/LeeRG
grew wel 10 i nandXNAgeties &% vadvdind produttion) I'Thos, th®inutatibatd knddkouti¥B was restricted,
as shown by virus tite{'s that were generally nore than one |og |ower than

th€giter foPprsHiommaybsinsluded, madditiontq ptberpitteristing Bwtationsy M8y 25 growth in

Vi s repl | 2ot A o R P M D050 Tabl ¢ .

Rol € of NB iknovkoutisinusepiniceHiculurei n mice Virus Virus titer (nean |og PFU t
SD/g) in: M.D50 (PE ungs. Nasal ., t.ubi s BlLeeRG7.9 0.2 6.5t 0.2 2.1
x 10 BLeNBst op#IAlfogsh @_e 8‘9911%“’361.’@“&% "ﬁ@ EQ?&E"“ viruses were similar to

15  each other in MDCK cells, they differed in mice. This difference in replicative

ability among the mutants in mice may originate from different levels of NA
expression. To knockout NB expression, the upstream sequence of the NA
protein was modified. This might have altered NA protein expression levels,
resulting in varying extents of attenuation in vivo.

20 Thus far, five viral proteins have been reported to act as ion channels: M2
protein of influenza A virus, NB protein of influenza B virus, Vpu and Vpr of

C human immunodeficiency virus type l (HIV-1), and Kcov of chlorella virus

(Ewart et al., 1996; Piller et al., 1996; Plugge et al., 2000; Schubert et al., 1996;
Sugrue et al., 1990; Sugrue et al., 1991; Sunstrom et al., 1996). The Vpr and

25  Kov proteins have been demonstrated to play an important role in the viral life
cycle. The Vpu gene of HIV-1 can be deleted without completely abrogating
HIV-1 replication in vitro. In the present study, it was shown that NB protein is
not necessary for viral growth in cell culture, but appears to be required for
efficient influenza B virus replication in mice. Thus, NB mutations can be

30 introduced, optionally with other aftenuating mutations, into vaccine strains.
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BLeNBstop#2 5.7:h 0.1 3.9+ 0.2 >1.5 x 105 BLeNBstop#3 6.6 10.04 3.4 f 0.4
1.5 x 104 a BALE/c m ce, anesthetized wth nethoxyflurane, were infected
intranasally with 50 | of virus (I x 104 PFU). Three mce from each
virus-infected group were 5 sacrificed on day 3 postinfection for virus
titration. ‘Yﬁé’“‘%ﬁ'ﬁ)‘s‘é‘ was determined as described i n GaSCEAUSHHIREYoq)

Di scussion As shown herein above, the NB protein is not essential for
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membrane protein gene is at the initiator methionine for the NB membrane protein or between
the initiator methionine for the NB membrane protein and the initiator methionine for NA, and

wherein the mutations do not alter the coding region for NA.

2. The isolated recombinant virus of claim 1 wherein the mutant NB membrane protein

gene encodes at least one amino acid substitution.

3. The isolated recombinant virus of claim 2 wherein at least one mutation encodes a

substitution at the codon for the initiator methionine.

4. The isolated recombinant virus of claim 1 wherein one mutation in the mutant NB

membrane protein gene is a stop codon for the codon for the initiator methionine.

5. The isolated recombinant virus of claim 1 wherein the mutant NB membrane protein

gene comprises a deletion of one or more nucleotides.

6. The isolated recombinant virus of claim 5 wherein the deletion alters the reading frame

for the NB membrane protein but not for the NA.

7. The isolated recombinant virus of claim 1 wherein the mutant NB membrane protein

gene comprises an insettion of one or more nucleotides.
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consi degabl y1iu i G LG

Cvent | oo, CRSIRMLra R Yol SR JReRASIE Riek SR redIR rome
conpr i sfargheaNB inremtuamezaoteinrhng ngtefoeNdegnent having a nutant i nfluenza NB
menbrane protein gene which does not encode a functional NB nenbrane
protein or a functional portion thereof and having an influenza NA gene

whi ch encodese sofatbaCiet@iBihaltvirdéNaT @aifh | ReherBit A mBInE NI htfthraeOprbiefh gene
conprises at least two nutations relative to a corresponding NB nmenbrane
pr ot ei nSYBFEMBFiFeSIE dsietion e5one grunere nuelegtidesmdenepdasse aptien adichsubsition. whi ch
mutations is not in a region of the NB nenbrane protein gene correspondi ng
to the transnmenbrane domai n, wherein one nmutation in the nutant NB nenbrane
pr ot ei n1@eneThes isalatedhiecombiharat virus et diaimni rwehefein thehmubddt MNBriarearbearer pbeion or
between the initiator nethionine for the NB(genbrane noteha q&d t.he

i ni ti at BFCFRMRIEAANSEEiongA ong Agmotswrlsptides aad erFedes w@naaaﬂ SUBHHEPTt he
coding region for NA. 2. The isolated reconbinant virus of claiml| wherein
the nmutant NB nenbrane protein gene encodes at |east one amno acid

subst it bt onThezisolated resemkinant visenebickamt | Whigh farher| egmprisesiaehateralogous east
one nut af i L tuti . don for the initiator
nethion?ﬁggnfgﬁﬁﬁgﬁéggf%ﬁgﬂgé%%%%ﬁﬁﬁgﬁ%né gﬂgﬁof claim| wherein one
mutation in the nutant NB

12, The isolated recombinant virus of claim 1 which further comprises a heterologous

immunogenic protein gene of a pathogen or a therapeutic protein gene.

13. The isolated recombinant virus of claim | wherein at least one mutation does not alter the

in vifro replication of the virus but is associated with attenuation of the virus in vivo.
14. A vaccine comprising the isolated recombinant virus of claim 1.

15. A method of preparing a recombinant influenza virus comprising a mutant NB membrane
protein gene which does not encode a functional NB membrane protein or a functional portion
thereof, comprising:

(i) contacting a host cell with a plurality of influenza vectors so as to yield recombinant
influenza virus, wherein the plurality of vectors comprises: a vector comprising a promoter
operably linked to an influenza virus PA ¢cDNA linked to a transcription termination sequence, a
vector comprising a promoter operably linked to an influenza virus PB1 ¢DNA linked to a
transcription termination sequence, a vector comprising a promoter operably linked to an

influenza virus PB2 ¢DNA linked to a transcription termination sequence, a vector comprising a
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menbrane protein gene is a stop codon for the codon for the initiator
nmet hi onine. 5. The isolated reconbinant virus of claim1 wherein the nutant
NB nmenbrane protein gene conprises a deletion of one or nore nucleotides.

6. The isolated reconbinant virus of claim5 wherein the deletion alters the
reading frame for the NB nenbrane protein but not for the NA 7. The

i sol ated reconbinant virus of claiml wherein the nmutant NB nenbrane protein
gene conprises an insertion of one or nore nucleotides. 47 8. The isol ated
reconbi nant virus of claim7, wherein t insertion alters the reading frane
for thePREOWEABTEANY hﬁ‘f‘ g emvn%%ﬁ@% i"?*ﬁﬁg ti"?o‘i@?&’dﬂ”f"é‘c‘&%f‘ﬁg’ﬁt
Virus ofeqedré, JecVHi'%@nbﬂsihE?rth%pe 1y"BRREAH @n PARIcREVindeNR cONMNihi&AS a
del eti on of one or nore nucleotides and encodes an am no acid substitution.

10. Theloj sbanscERiiandeapinatiningequencasa yecter eamprisingtye pempterneperallya hekedBo manbr ane
pr ot ei n LSe i { k0N 0 d r of | codes
R e et e e
whi ch feomipgiBingGoprpmiotee Sperablgtimked agan influemaxuviig dicDNA dihkédntoaf transpégitiongen or
a therapeutic protein. 12. The i,sol ated reconbi nant %frus,oﬁ claiml i ch
f ur t her CERAHIANSIEQUERCH A YK SGBRESING ﬁr?&%@‘&h?lle'ilﬂb!@i‘ genengpenza yuphilgen or

a ther aagA ilfake Bttkdhs&fiton tdinaliof sbqehad %efeﬁﬁﬁ@?&dﬁ@ﬂée MHthSDA 16t @BM 1
wherein at | east one nutation does not alfer the in vitro replication of

t he vi rand INAtcomprisessasdeast o wintations i thealB gaqueince hadatiMertosa carregpandingI¥B A

vacci ne I, Sin he i re i nant. vir f.claim.1. 15. t hod
P e iR LA plrRBR B nRSRFeTIARin) B¢ Bnich! AbfHlidns g ML, 000
pr ot ei nirgpemembAahe oahais tikopresdneOdE vehiéhl (ic theomadantNEen@E Wihe@ ke pueineigeneols a

functional portion thereof, conprising: (i) contacting a host cell with a
pl ur al i ¥3psgtded ang (enslated de s Bost gelbsdae npt wield 2 denstipna daembrang Pio&sin &7 ¢ r us,

wher ei I ' o j : t inSi ter
opor abl 5T AR g Wbt RCHONS Rl R s ol g ‘EERY PEhiggh RT
t er mi nagonpmismgqueEeroeter aperabdy linkeddo mdN Aisegment pnandirtgeinflogres abhy PAj aikestbrt o an
i nfluenza virus PBl nscrigtion tehnhnation S ence, a

n ) Iinkdtcf)a [ﬁbrhﬁ t ding i Vi
vect or COMPPI&i hi QOB?Q?PS{@JY 185? a_Eﬂ § TTnKEEMEY IO A TUEAZA Wil dS’'PB2 cDNA
l'i nked Jegtod c&ﬁ%ﬁlﬁﬁ% b pidnfterl pefibRalinked 16 8 DIAS&yment VRGURE iA0NENZA SIrdgPBR2, 48
pronoter operably linked to an influenza virus HA cDNA |inked to a
transcrd YRCFO(S GOMBFFNE A Pragppter operably linked to a DNA segment encoding influenza virus NP,
and optionally a vector comprising a promoter operably linked to a DNA segment encoding
influenza virus HA, a vector comprising a promoter operably linked to a DNA segment encoding
influenza virus NA, a vector comprising a promoter operably linked to a DNA segment encoding
influenza virus M, and a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus NS2, wherein one mutation in the mutant NB membrane protein gene is
at the initiator methionine for the NB membrane protein or between the initiator methionine for
the NB membrane protein and the initiator methionine for NA, and wherein the mutations do not
alter the coding region for NA; and

(ii) isolating the virus.

16.  The method of claim 15 wherein the mutant NB membrane protein gene encodes at least

one amino acid substitution.

17.  The method of claim 15 wherein one mutation in the mutant NB membrane protein gene
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sequence, a vector conprising pronoter operably linked to an influenza virus
NP cDNA linked to a transcription term nation sequence, a vector conprising
a pronoter operably linked to an influenza virus cDNA for NB and NA | i nked
to a transcription term nation sequence, a vector conprising a pronoter
operably linked to an influenza virus M cDNA |inked to a transcription

term nati on sequence, a vector conprising a pronoter operably |linked to an

i nfluenza virus NS cDNA linked to a transcription term nation sequence,

wher ei n, the seque th DNA f or ,.and NA conprises at |east two

mut at i ofié SR cPﬂ%p %Bﬁ‘:‘? ﬂ%’h&’é é]”é‘f‘foﬁgleﬁlﬁo'ﬁ“ewr responding NB gene whi ch
encodes a functi onal NB menbr ane protein, one of which nutations is not in
the transnmenbrane domain, the presence of which in the nutant gene, when
the mutbht gewemetod of ghimrkwhergincthe marant VR dnembrapgs proiin 2eve COMPRISSS anot
yleld @kﬁ Bﬁ%?Bﬂ?%r 5&@ ifcotein or a functional portion thereof, and
yields a unctlona pro el n, and vectors including a vector conprising a
pr onot er operably | i nked to a DNA segnent encoding influenza virus PA, a

vect or n r r oper abl nked . to seg en

o1 vensh U nsomagod &' gt 8, wBHB h dRFn gHiso fer a0 dEFYF (PnREdNBy o

DNA seqagﬁgraggﬁggyu{\guln@{fdgg{bzm\w rus PB2, a vector conprising a prom)ter

operably linked to a DNA segment encoding influenza virus NP, and

optionally a vector conprising a pronoter operably linked to a DNA segnent

encodi i 0 j l.y. 1'inked

foco D@'se?ﬁéﬁ%‘?}% ggwﬁn H@‘n\?/lferé"ﬁglge @u&ﬁmﬁ@ olBrale It &Q‘ﬁ O%ge %BShﬁPe s%n

pr onot einsam@(ﬁfc&tmlnyofmmeadjctaatldesDNA segnent encoding i an uenza virus M and a

vector conprising a pronoter operably Iinked to a DNA segnent encodi ng

i nfluenza virus NS2, wherein one nmutation in the nutant NB nenbrane protein

gene i sy at Tlﬁembmb&'(ﬁtﬁénd@G hm-%lﬂ%é RhsektRB ABTREDFANR pﬁzﬁﬁ@'f& fie 18t ween

the initiator methionine for the NB nenbrane protein ang he initiator

met hi onmersbreg piygin butdofee theidMAL he rrut ations do not alter the coding region

for NA; and (ii) isolating the virus. 16. The nmethod of claim 15 wherein the

nmut ant NB nenbrane protein gene encodes at |east one amno acid

substi t2® i orThelfethdhf rekfiMoLs efheirmhtreddt oeemelationRRcoidt at dubRtitutiort Betheut ant

NB nmenbr ane proteln gene 49 is a stop codon for the codon for the initiator

met hi oripfSiator Msthierige. net hod of clai m 15 wherein the nutant NB menbrane

protein gene conprises a deletion of one or nore nucleotides. 19. The

met hod of claim 18 wherein the deletion alters the reading frane for the NB
23.  The method of claim 15 wherein the mutant NB membrane protein gene comprises a

deletion of one or more nucleotides and encodes at least one amino acid substitution.

24.  The method of claim 15 wherein the mutant NB membrane protein gene comprises an

insertion of one or more nucleotides and encodes an amino acid substitution.

25. A method to immunize a vertebrate, comprising: contacting the vertebrate with an

effective amount of the recombinant virus of any one of claims 1 to 14.
26.  The method of claim 25 wherein the vertebrate is an avian.

27. The method of claim 25 wherein the vertebrate is a mammal.
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menbrane protein but not for the NA. 20. The nethod of claim 15 wherein the
nmut ant NB nmenbrane protein gene conprises an insertion of one or nore

nucl eotides. 21. The nmethod of claim 20 wherein the insertion alters the
reading frame for the NB nenbrane protein but not for the NA 22. The

met hod of claim 15 wherein at | east one nutati on encodes a substitution at
the initiator nethionine. 23. The nethod of claim15 wherein the nutant NB
menbrane protein gene conprises a deletion of one or nore nucl eoti des and
encodes at | east one an ng_acid_ substitution. 24. The nmethod of claim 15
wher ei 8t heTﬁﬁF‘&HPdﬂﬁcﬁﬁY#‘S?mreH}@Fé?lﬁFb&éﬁ@f’c*ﬁ%ﬁ%“’rses an insertion of one
or nore nucl eotides and encodes an am no acid substitution. 25. A nethod to
i mmuni ze a vertebrate, conprising: contacting the vertebrate with an

ef f ect i20e arownmpoditietheompoisingi manuralifyr o iofluanay actoryf cahprising: 1a twectbd.  26.

Th hod .of ¢l ai m 25 wher ej. brate i an., . 27, The et hod
of I o ArDa 0 & PRITOE P R 'S f SRt P E8NBEh a0 AemSPUR ol i m

25 whenr@minatibe sat@ehdb maleetor SorfprNiiPdprodidter SpErablp Okéd R arCiaMidnzs vidgs PB1
plurality of influenza vectors, conprising: a vector . _conprising a pronoter
oper ab|°P¥M Hikesd te @ tEaRsEIition dprpynasion $EqYSACS BNKCIOr SRIBATISIBE & Prompist PRestlnn

term na}ihi(éH"toSa%CiHﬁ%%%a vguD%gﬁ]‘z ?Pﬁ‘gﬁ RkddSth HGr s Rt i%&&hiﬁﬁﬁh%gga@nké, Akegok 0 an

i nfluenza virus P to a transcription ternmnation sequence, a
vect or comppsing i pepneoterapenblyr linked tabh influenzakeohs HA aBNAnfinkedrig a transanipti®iB2 ¢ DNA

linked to.a transcription termnation sequence, vect or . risin

or onot &FTUREPLBRENGH etFoion CAMPIINRE BENEGIen dRRby finkedlR 71 infligiesvis NP
transcicDBIA Diked!t afrm8driion IQHIRATE sequenis; tallectoP BB ESIRS alproBeeopeeity abl y

| inked to an influenza virus NP cDNA |inked to a transcription termnation
sequendigkedy ta, aptigflugngapyirusi gRNA for MNBtand digediaked, to (aj Hrrsgriptépng fermiafigenz a

Vi rus 0 |J}'ﬁs‘i i Seri ot ﬁ%Fn‘ ' ce, a
vect or %c refpd;ef éi"ﬁtg"‘:&g" orrﬁ{tgeapﬁgglg{reggﬁ?a?lﬂl&g% l!t%odnfalﬁﬂ'lPl n ugﬁ%}gf)@w&gﬂ%ﬁ‘m

| i nked to t dransctiptiors termpiatiom séquemienad o Negetroepriainganproaote aiperablyolirked $0 ng a
pronoter .operably |inke .an . influenza.virus NS cDNA |inked to.a

P anc AN pRTGHEE e e, NS oHIRHCE, 3 UFES GIRoR HErmISEtiTo AEeBR, CHTIDYE 1 or N
and NAgsgqidel 6TeBe ADNAGRBENB! A N leBinbARS at Radthfo TRAMRING En tRIseliRncé RrAB Ve to
a correspondi ng NB gene whi ch encodes a functional NB nenbrane protein, one

of  whirdetivete atdopiespondingdyB igang waich easndkee Atfkrational MNRinremiraRe proteins woe 0bf
whi ch Whiéhqﬁutmi'&ﬁ% n88H %he transmembrane domain, the presence of which in the mutant gene,

when the mutant gene is transcribed and translated in the host cell, does not yield a functional

(

NB membrane protein or a functional portion thereof, and yields a functional NA protein,
wherein one mutation in the mutant NB membrane protein gene is at the initiator methionine for
the NB membrane protein or between the initiator methionine for the NB membrane protein and
the initiator methionine for NA, and wherein the mutations do not alter the coding region for
NA; and

vectors including a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus PA, a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus PB1, a vector comprising a promoter operably linked to a DNA
segment encoding influenza virus PB2, a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus NP, and optionally a vector comprising a promoter
operably linked to a DNA segment encoding influenza virus HA, a vector comprising a promoter

operably linked to a DNA segment encoding influenza virus NA, a vector comprising a promoter
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when the nutant gene is transcribed and translated in the host cell, does
not yield a functional NB nenbrane protein or a functional portion thereof,
and yields a functional NA protein, wherein one nutation in the nutant NB
menbrane protein gene is at the initiator nethionine for the NB nmenbrane
protein or between the initiator nethionine for the NB nenbrane protein and
the initiator methionine for NA and wherein the nutations do not alter the
coding region for NA; and vectors including a vector conprising a pronoter

operably | ink t,Q a se nt ncodi ng i nfluenza virus PA a vector
conpr 1 steghely fksiide 8 ONA AR heodbliRfOta b YE e Stetiing drid enza
Vi rus Pojlerably Ni@t @6 a DN bdgnanferitoling iffliRhz0Aaisamltynt NBllead atvectar EdWtprisiggment
encodi ng i nfluenza virus PB2, a vector conprising a pronoter operably |inked
to a DANAoTWEHORerably dighecdhig 4 PNA pegment eneqdinanpflucnza visps NS&al |y a vect or
conprising a pronoter operably |linked to a DNA segnent encodi ng influenza
virus HA, a vector conprising a pronoter operably linked to a DNA segnent
encodi ngp.i nf Thesompositiomef didim 20 fuetheosonywisigi asventpr aoppusing & pronttergperablyl y

| i nked egnment encoding influenza virus M a vector conprising a
pr onot e ﬁw@ﬁi@ﬁ%ﬁyﬂ??ﬂﬂﬁa?l‘”ﬁ“%$ﬁﬁ§@&ﬁ£ﬁ?“@#@bding i nfl uenza virus nutant
NB, and a vector conprising a pronoter operably linked to a DNA segnent

encodi ng i nfluenza virus NS2. 30. The conposition of claim?29 further
conpri sthg alhreearepositionpefi elpiny 39 whaswntthe vepler spmprises; & RNA tizagmenhpybicha g nent

g
of inte i,0 ' ' ian. . m : aim 30
wher ei nérﬁﬁges\?gé@gﬁuhg%mn%ﬁ?oyedse E@W&r‘%ﬁ#@ ;Ehl\%ﬁ[&g eh}gggglscqg%tgﬂlnh’rmnogeni C
pol ypeptide or peptide of a pathogen or a therapeutic protein. 32. Isolated

e PP Bl B R n 3, A 01 a0 Post el

33, An isolated host cell contacted with the virus of claim 1 or 32.
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