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i nfluenza infection can be nore dangerous for certain groups of

i ndi vidual s, such as thaaerENOINE OF ereINnVENT@Neart attack, C A R A
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resul ts i n huthetmoiy isfhenthdnfection causs: swrerdangeropasier icartammngrovhe sd
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t he geneti chunmsisresiltsois nbeel nimkdes ghitheany icauss. savers disedsacie ingncovbessd by a
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t hose ol ecikEiond 6PAatcinddiths ke(FdRsand. Bkl NIheY exigerSradncd @mailacefl4The
transnmenbrane viral M2 protein (Me) is highly caonseryved éand %nﬁi b&di es
direct ed t oGemmasn, &7+ 6pe. drierpFan déerapiol; fmynad {79 ez oand Yeydel .
Virol. 64:1375- X ace, A M, et al., Vaccine 17:2237-2244
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et al . [o0Wslcci ne P2:p2RR3- BOQBedi RO Yenzd kebthBesplildleitn hase givbahinepacalon
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J. 1 mmunol "in Egﬁzﬁ%?dsﬁ?a% 61%12009;1 sg.d by a viral subtype, this lag time could allow for



[0006] A mmjor obstacle to the devel opnment of vaccines that induce imune
responses is the selection of a suitable delivery format. DNA plasm d

vacci nes woadouinael4svect ors, used either al one or togethecy/usead1nsm2osrbi nant
protein or peptides are |ogical vaccpne delivery formats; however, each
format has advant ages and di sadvant ages. For exanpl e, DNA vacci nes are
readily produced and safe to adm nister but potency has been Iac%_

especi al | y niioral phingemationah sercad Bt SXCe§iveBOREHTYN KL MEFRISY. ofher Plse
(m1ligram,, qdoses. a'v'aycmé\/'tli%t i efféd?ﬁ%rfﬂr alfkde t%%ﬁ cyé@s’-ofl }Iﬁh{e%:?ap@l)mseyi? use of
viral vect8Fs 10 deliver Vatci nes has ralsed concerns, usua y related to
safety andhfgrhgr@asirslbleng immunity to the vector. Therefore, there are anple

needs to devel op a new i nf| uenza vaccine that is safe and, ef tive. WO
2011/ 18W98hspCT/ wmﬂwmﬁw cantaing jopghRysegipentiyet mmémﬁre@e?o%ﬁ% THE present

I nvention %El?ﬁ‘ﬁcqﬁ&nﬁ:goﬁ AP ey gl eﬁ§ 'Sgﬁa&oi%ok@e@%yaa f9€+ BEE Y On
encodi ng a“pol ypept i ereln-sal d pol ypeptide conprisés at |east five
i nfl uenza \zhffemmtl\@ympmtamﬁxr oteeisncofiypeceof ttbomalequiseEmagebitinim(fbAk the

nbodi ment .t he. pol fi
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SEQ I D NO pﬁat@mﬂa a@)l;nu(:lﬁopr))teSE@TB)E Rerauge @mmlpdqm agpins(HA and NEDavp NO. 8

SEQ | O NO, PP RB B s gnest Fecah i R Pb T e MEER o5

provi ded i $odtBed &PIhRadctRAY, Vikb ahi @endtioVariktiorgf thoseanidloguleésegi on encodi ng
eptide, wherein sai d pepti de corrprl ses any three or of the

? olol()loﬁ%]w ec Undibedif Npolég SRR clpman &ﬁyh%rteesm?ebr&pwe"fﬁ%ach

ire ) 4 bl AR B Q) 0

(M2e#5_C) ; pfotbdtiverQmicd (Yezan6r, INRet6L,C) Vu(om4)13s;EQ3WD(Nt90) Frod AL, 9) ;

0 '('NéeﬁiQ ' D%&%ﬂ%ﬁqﬁ% AT, S el M EeR LT © MO
(M2e#6_S). 4§n @‘gﬁ?dj NNk, Vh&imPhYpyed. @@@3 @mo%mesm I\%oeedamnr_egl on
encodi ng a poI pept i Whi ch conprises the follow ng six ect odomai n

pepti des anmtag:g]emem’mrmyprotewtenf laellaﬂme\neatf’ove*a:e Ithabtmexpre%sm) aSHe pEsND, 1

M2e#1_C): | D NO # Q) .(iji) SE c

(SEQeI D_N)O "% ‘%@E‘%F#g 1 pyus-ngs e t"sﬂéﬂ:\fﬁl 4D cﬁngqu'?npf&gﬁdn ) (I V)
(M2e#6S) Olkyiqa e ﬁ&lﬁnﬁﬁﬂaﬁgﬁﬁ&u@ﬁ c(ﬂthe Saﬁ@bd)@/ P\Kﬁ)oﬂse(d\{?e@féa a’?gnsf ithi3 SEQ | D
NO 8 (Mee#2_5); (iil) Me#3 S);” (1V)

(M2ed4d S); epm)peSE@oi meqha}ed Yia tlmmr atuan@t(rath?r @E@tlbeiwdypemelxtwél#e S).
0009] | t di | eot | f d
ol ypept | de i FARASIelyy el et el HE R ie hrd SR bR b0 o Ger °°

rel at ijygyd) o eacl)\ thijaf obatacleeﬁﬁfth@mevélb;ﬁkh&[t Dﬁpzfabdﬁes Iﬂi&l‘]}hﬁﬁ(&ﬂ ihetween at
| east two M2 ectodomai n peptides, and optl onal ly an_epitope interposed

bet ween at TespaBsestiggherleston abawitiathe gelites fo ENA glemid xaggmes aqd c g |
epi tope or g Eelli pﬁsteﬁ%?ther M&@Q#ﬂc{é%@ggfz@g’%oﬁ%ﬂé& PREAGR repﬁdés%\éf)l' n

sonme enbodi nments ventron Is to a vec or co sing the

pol ynucl eotlbgiealena@dmgieavml yqrapts, dbowe/vkerchtadonfpnnﬂeiuamﬂdtvamhgescapﬁ es of
M2 ect odomsu n peptl des. The vect an be a viral .vecto vaccini a
virus vect dlisadganiages - Kgjckpap! evi@ﬂ ni &P L@eﬁﬁﬂdo{i/ q\‘;{'}ﬁS‘f agﬂe a\%‘e&?or of
of the i nvedﬁhﬁl‘ﬁ@tepﬂﬂt g&%ﬁ«?ﬁﬁas%heﬁé{l e égléll)pﬂla!:hrﬂ@ah}{ﬂﬁlﬁt fe‘aﬁmn% e, an

i nfl uenza protern or ment th ere he additional influenza protein
can be sel exténisttatiom cbfn]ergrbmﬁilgrmnbdeiesngﬁmf Mhéndgéiterri day. CRAYP02-410

d | t 1 t. 2
or ot oi n(NER O Rontli RifopEEH AT 1 ek aRReh SR A MRS BORIY Py
RNA pol yr ngt@ge tE@&fe%Mmrb ckRBAY imRNA PR theBbase PRiefud)udirt atPBdple and

two or nore combi nations thereof. In other embodiments, the invention is a
host cel | owmagytosicngop hacwanllomzanetcins thaos %ﬁfeanqo@‘feﬁpe@tu de encoded by the
po tynucl eotide. [0011] Al so included is a conposition conprising the

pol ynucl eoti de, the vector, e.g.,




MA, the host cell, or the polypeptide, and a pharnmaceutically acceptable
carrier. In one enbodi nent, a vaccine conposition of the present invention
further cwoppiigesodan additional influenza vacci ne conpo®CTius2011/DBE0s
additional influenza vaccine can conprise an MVA expressing an influenza
protein or a fragnent thereof. [0012] |In a further enbodi nent, the present

i nvention includes a nethod of inducin i response agai nst an

influenza virus in a subjWﬁé&TﬁmﬁWri sing admnistering to

sai d subject an effective anobunt of the polynucl eotide, the vector, the

host qgbg7 the mle}’Pl%ﬁéﬂtdi%vedtnﬁ PRIVRRS 4l Qéblated ;ﬂﬂ%&%ﬂﬂ@&fomsﬁz@eneof
y

ei ther si mJItaneous or in any order. Also provided is a nethod for
treating, préwmgntging, enoedingdumilyrgptite %Wﬂcﬁmﬂ pelypgptidafoomenises W leess

cubj oct 1 n ada et Kb MRDY £ oG R hr @Rl pPRAG, fh HE B RERE" 11 ©

effective aﬁ@F@ltg,rpép‘ndte hondelsysapl pod bﬂﬁzor& bé thkeflllowing mlmomd s&jukncet he
pol ypepti de conposi tion, or any nmbi nati on thereof eithe

si mul taneo@sﬂayg@rlnlaﬁ}/@ﬁ@ﬂréﬂd@ﬁ’e tO'Fﬁléh Bﬂ’éééﬁtSEQl\I/@ﬁ‘f@oh(Mge@L@ é’i)r%Fchd to a
hod d |
"ot ecti on o NEGH iR G BT R BYROT (MRRCCE) (8 SHG e R XL T

on—asgsoci at e a‘virus infection in a
subj ect i n (vEed4 ttie(€OSEQAMP NG hMaAekH Q)s(vr BBQ Mo Néai i (MAbite €D; ami)

ol ypept | JORU AR ROmIdSH SO Grog P IRENTad S heDe ) SEnEF No: 8
si mul t aneoygfL9rsyl poaiio ahdeD: 1bFVEHETS)eBRPEIRAS NOLheIBENS : ofd

i ncl udes a inating a subject in need thereof against an
i nfl uenza Wk USEQ ADSD: b?n(MM(SZB)Lll 120045PCT/ US2011/ 030205 - 5- corrprl si ng

adm ni ing to, said sybject an ffect a of .t.he pq nuc i de,
the veB0B' "Pne MIStreBird 5F e BoRnsbRb b BTRE ket b o Seh
conbi nat i onbdteh progipé;ktﬁfe SinBRekd @aﬁtﬁﬁ&%é@tﬂ& cbﬂlpﬁaaé Ay deriee o£ ﬁ&%biﬁhe
sequence |dent|f| ers used herein are as follo SEQ JD NO 1; an

anmi no aci d folleiegdd2 otctoipmsiy peisides nrrmgeﬁamang Oé%'tréiaﬁé% tq Wél#qth@) )

SEQ I D NO 0] skei nes
(veesz 0 SEQ DG IRFEA BTN 36, LLASEL), (i) SR B9 a0 B
havi ng eyst@®ines C(VIRHRHQ) ID NO 4&5@6#@ O (v SE@]]arN@oSa(MIt#Se(C]);G(m)e of M2
ect odomai n #4 havi ng st ei nes W*S 0 aci d
sequence ofSH® [@cN@déréf[%#QBChéW%%E@ Bihes (M #8); (§)’111) SEQ %éé@]

an am no a e t 6 i

SEQ 1D No DR RIEIRT S I a8, HRERED o RYE %W?ﬁﬁﬁ%ﬁefﬁ%e
substituti CSEQ(MM $) (M2eh5_SEQudD(NE SBQ #h WOk i@ aki2d# @ égue e onef IVIZ

t od #2 h hstit ut
o o el U hedane. B AT RORG PR R GBI Boadipe & RUNTBHES
(M2e#3_S)  ghich cgﬁgnkég tMQfoll&vmgrhl)@W[i‘Qc@&bﬂmﬁgﬁﬁiﬂﬁﬂ&eaﬁnf%@ i€ Ghedpdai n #4

havi ng serine su tutions an am no acid
sequence ofrelBvett cabmthien: (#BSEQ\IDd@Osb(Mﬁe#ls GDsEii) SEQ BhNQ: Ip@4248) C);

EEst{ iDt D‘tol djfé s(ﬁgﬁgﬁl@) 3 337 T GOF S8 IMROT A R &), 9 SRy DONSSS! ne
(M2e#5_C); and (vi) SEQ ID NO: 6 (M2e#6_C) or amino acid sequences of (i) SEQ
ID NO: 7 (M2e#1-S); (ii) SEQ ID NO: 8 (M2e#2_8); (iil) SEQ ID NO: 9 (M2e#3_S);
(iv) SEQ [D NO: 10 (M2e#4_S); (v) SEQ ID NO: 11 (M2e#5_S); and (vi) SEQ ID
NO: 12 (M2e#6_S).

10009] In certain embodiments, the polynucleotide of the invention encodes a

polypeptide comprising six M2 ectodomain peptides arranged in any order relative to
each other, at least one linker peptide interposed between at least two M2 ectodomain
peptides, and optionally an epitope interposed between at least two M2 ectodomain

peptides. The epiiope can be a T-cell epitope or B-cell epitope.



SEQ I D NO 13: a nucleic acid sequence encoding Matrix 2 (M) protein of
I nfl uenza A/ Puerto Rico/ 8134 (HLN1) SEQ ID NO 14: an amino acid
sequence WO 2M/po@sei n of I nfluenza A/Puerto Rico/ 8/ 34 PHINKR01SMEE204) NO
15: a nucl eic acid sequence encodi ng4t he METR C pol ypeptide WO

2011/ 120045PCT/ US2011/ 030205 -6- SEQ I D NO 16: an am no acid sequence of

the METR C pol yepeptide SEQ ID NO . 17: .a nucl eic, acid sequence encpdi ng the
VETR BHOy pept Te0BESTbBINes TS e eaHph & SEF By Aeiee: SOTPRETRIITR S

pol yepepti : ﬂbgﬁj I bt S I hidsh

consensus gglduenc‘gBSE%‘cﬁ%%ﬁo? 20 e‘gh&%ﬁ%{ghacig sgﬁtﬁﬂgggo%tl‘%egt[\lyﬁ
consensus serdengia fBEQldsD TWEsvecRiT <26 bela vikd vegtonte gles vBEQId DIrhOsect@6- 27: T
cell epitopes SEQ.ID NO 28: artifici gquence SE . 29-30;
promoters gs@wgm&d@@@lmaawwma}f%ﬁ%‘;ﬁm ﬁg V‘Bﬁ?orgafg%aﬁll\’lgb nﬁﬁl e :

32-50: pri gRfisy cxpress 2Ar Qi o a}laeéﬁde,ug%elaﬁ iaflchza 4RURIAC Br ANEAGHAAE the HA
protein of Influenza A/ Puerto Iﬁ)co/ 134 ( 1N1) SEQ ID NO 52: an

am no aci dtleeepfe Tbe additionti! mgfluenea piatqin oarehmseddetadniom drezgrowy Fensistiog Rf co/ 8/ 34

(AN o A O B BB (SR O SORF EOFP AR P
SEQ I D NG (1514?, BRI Prodéih CtMS%Q weAGRu&hiral hroteina ENB)IIRMAEpolgiRidse BA M2
protein of |nftluenza Puerto co/ 8/ 34 ( H1N13 .
subunit (PA), RNA polymerase PB1 subunit (PB1), RNA polymerase PB2 subunit

(PB2), and two or more combinations thereof. In other embodiments, the invention is

a host cell comprising the vector and an isolated polypeptide encoded by the

polynucleotide.

[0011] Also included is a composition comprising the polynucleotide, the vector, e.g.,
MVA, the host cell, or the polypeptide, and a pharmaceutically acceptable carrier. In
one embodiment, a vaccine composition of the present invention further comprises an
additional influenza vaccine composition. The additional influenza vaccine can
comprise an MVA expressing an influenza protein or a fragment thereof.

[0012] In a further embodiment, the present invention includes a method of inducing
an immune response against an influenza virus in a subject in need thereof
comprising administering to said subject an effective amount of the polynucleotide,
the vector, the host cell, the polypeptide, the composition, or any combination thereof
either simultaneously or in any order. Also provided is a method for treaiing,
preventing, or reducing the symptoms of an influenza virus infection or a condition
associated with an influenza virus infection in a subject in need thereof comprising
administering to said subject an effective amount of the polynucleotide, the vector,
the host cell, the polypeptide, the composition, or any combination thereof either
simultancously or in any order. The present invention is also directed to a method to
attenuate or ameliorate a symptom cauvsed by an influenza virus infection or a
condition associated with an influenza virus infection in a subject in need thereof
comprising administering to said subject an effective amount of the polynucleotide,
the vector, the host cell, the polypeptide, the composition, or any combination thereof
either simultancously or in any order. In other embodiments, the invention includes a

method of vaccinating a subject in need thereof against an influenza virus infection



SEQ ID NO 55: an am no acid sequence of the METR C pol ypeptide SEQ I D NO
56: an am no acid sequence of the METR S pol ypepti de BRI EF DESCRI PTI ON OF
THE DRAWWGS00QA0#iFi gure 1 is a schematic vector nap ofPCramsestioseds on
vector VEM)11l. The abbrevi ations aresas follows: the term"AnpR' represents

an Ampicillin resistance gene for selection in bacteria; the term"Fl ank
1/Flank 2 Del 111" represents sequences honol ogous to fhe f ank]i[enlg regi ons
of del et i oFOBIPEEING |AINBRisterRg Rmalgéﬁbiﬁ%t; any géectiyg gmopat ofthe polynuglepds,

synthet! ¢ BROPRAG ihe%%gt%emeﬁl@?ggyﬁgﬁﬁtgef Aot olitbn ity 6 hliifiof B ance:

the term"” neans ‘a gene ¢ Fl'uorescéent Protein; the term
"El Del3 r pither spukarotdy vepeayorddr. t he rear part of Flank 1 Del I111; and

the term"LacZ" gans an .co}.i Lac, Z gene fgr1 detection in bacteria. WO
2011/ 199 spcT/ Idseeayepevsisriliers useddeeiira ASdo¥0%  ows schematic vector maps

of T ecombi nat | ORAEAHORD.CONLA NAG AdVE sbaiichbenAaV GaBESAaihA)1 WENEZ codi ng

for the NP consensus sequence; (B) VEMb7 coding for the M2 ectodonaln
t andem r epeasteiibENRZ &) _pepti de; (C VvEMB8 coding for the M2 ectodomain

t andem r epeat - ine substituted (METR S) peptide; (D) VEM ding for
the full-I ength%rﬁx@dgnﬁ?nwoi%ﬁ L?B%‘%%Q i°f@ﬁéﬂ%°ﬂ%“$c%‘%é‘?%4
(Pr8mMe);  (Eysfabbdveas oy for the transmembrane domain of the Matrix 2
domai n derived frominfluenza virus A/Puerto Rico/8/34 (Pr8Me-TM)); and
(F) VEMB5 codi ngEQrIDx h:hdnaggminp nicid seateare ot M2neetodaman \#3 Bavipg puert o
Ri co/ 8/ 34 %QHA% M&ggl@%ﬁ gure 3 shows PCR products of various MJAtors:
(A) WAL or -NBEESH GRS nEMLO) ;. (B) MVAt or - NETR C (nEML8): (O

WAL or - METR_S (rENILID Nad4{ Bh dviMiAb OdicidPrs8iienCertdfPRIP, edtviddnain B4 MEeing ML
(mEMR23) and MVAt or-Pr8HA (nmEML7) [0017]Figure 4 shows a schematic di agram
of exenpl ardystPars fMAgHek?. The abbreviations are as follows: the term

"Flankl Del3" B NI 08 SEAUENSE skfthol NFES Blodhindgd hiiag 3; the

term"Ps" neans a Strong synthetic Vaccinra virus pronoter; the term"flu
gene" neansyetegeneMeath Ay for the gene of interest, i.e., HA, NP, Me, Me

TML and METR, respecti y. and the term "Fl ank 13" repr.es S .a

f1 anki ng sequenc@océ lg)f @I 8t iaﬂﬂpo[%ééfﬁe@ﬁ? é)%S e ?tgg%ﬁ?lg %@?@Pﬁ bl ot
anal ysi s ofc%,%t@fnleymgg#g)@t ei ns expressed by various MVAtors: MAtor-NP
consensus (MMEMLO), MArof-METR C (nEML8), and MVAtor-METR S (nEMLY) .

[ 0019] Fi gure 6 rSi) d0aV0s7 aarhasinoadsbsaquienss YA ciodamypint4r having €BRecel | s

infected wt At or .z Br (MVAtor-Pr8), the nock-infected CEF cells, and
t he CEF celﬁuEStWtF%t(kﬁem MVAt or (MVAtor). [0020] Figure 7 represents an

i mrunoassay for gigh eptijonsoin BaflacidisdgbbnceafiM2 ec®dfomain #2 having serine

substitutions (M2e#2_S)

SEQ ID NO: 9: an amino acid sequence of M2 ectodomain #3 having serine
substitutions (M2e#3_S)

SEQ ID NO: 10: an amino acid sequence of M2 ectodomain #4 having serine
substitutions (M2eff4_S)

SEQ ID NO: 11: an amino acid sequence of M2 ectodomain #5 having serine
substitutions (M2e#5_S)

SEQ ID NO: 12: an amino acid sequence of M2 ectodomain #6 having serine
substitutions (M2e#0_S)

SEQ ID NO: 13: a nucleic acid sequence encoding Matrix 2 (M2) protein of
Influenza A/Puerto Rico/8/34 (HIN1)

SEQ ID NO: 14: an amino acid sequence of M2 protein of Influenza A/Puerto
Rico/8/34 (HIN1)

SEQ ID NO: 15: a nucleic acid sequence encoding the METR_C polypeptide




cells infected with MWAtor-Pr8w; and (B) cells infected with

WALt or Pr8M2e_TM.. [0021] Figure 8 represents the percent body wei ght change
after i nmmwoizeati2endswi th the MVAt ors expressing i nfl uenzacprust@ilnse2ofr 8M2
(gray, big filled circles), Pr8MeTM.- (bl ack, asterisks), METR-C (gray,
small hollowcircles), METR-S (gray, filled dianonds), NP consensus (bl ack,

filled triangles), MAtor (black, hig hollow ci ) nd PBS (bl ack,
filled small ci SéQeIBNO: ‘1/@WPQQ@@&W@?@%%&B&y@@%&M1Fi gure 9
represents vi rabECbr;ﬁ)dmlgbmz%ﬁdb?eieQ&”{H@é@%ﬂcé@n%@dm WROMPRI BB 1ypepaeeach of

four mce per gro re obtained to express 50% Tissue Culture Infectious
Dose (TCl D50) pSEQ WNYOweS gintsning @6d3pdueger ef the MR eSpolyepeplidSA of serum

f th i i i .t h A i i | gG ti- ti bod
190) " hoe mep RN §0e ib fmide B30 tdieaen SHeRBol e Tp SR ERb e dBHed "\ pona”
(the third row §Ekg@g§9(l bHErSESARciH W) uendd6r YR 8¢ Eednbifus ddynceow) ) are

shown in Table Figure 11 shows body weigt |oss of nmice inmunized
with MVA vacci n8ECoD NOsi 2it-2&rianket peptiNgs del i very (Figure 11A) and

i ntranuscul ar (| el.ive Fi e.11B). [0025] Figure 12 represents viral
burdens in the ﬁ%%%é}%@ tﬁ##ﬂ%ﬂe accines by intranasal delivery
(left bar) and isggm@gg%iﬁglaj dglishcer i ght bar). [0026] Figure 13
represents the percent body wei ght change in mce after inmunization with

the WAt ors expBESSILhYOsn2g-aemEamgicst ei ns: HA (gray, filled square), NP

(gray, filled tri . 2M ; f'lJn}- - g d), and M2 + NP (gray,
asterisk) as weﬁﬁa;gj g@n?%éﬁérﬁ}ﬂn&% lﬁﬁéogllkﬁépf%lml | ed di anond) and
Non- | et hal HLN1 SBRBIT{ MOsck2-50:iprimeetscircle). [0027] Figure 14 represents

ELI SA results showng anti-NP (1 gG. antj-NP) imrune respon for, mc
i muni zed with SE IﬁVNOQa}Zla NAvEleio ol Miz&ﬁﬁﬂ, cBepgin R IS RvA- eeA

+ MVA- NP, %}}%@%ﬁélﬁc%&?\cﬁﬂﬁgm— Non-| et hal HLN1 PR8, and 2d21

Non- | et hal using day 42 sera (pre-challenge). 100281Fi gure 15
represents viralSEQuABeh®:i §2:muc eniinenacidz ecliusitch enaoalingvide HE powtaionef

WA- MeA, WA-Me + NP and P 4 at days 2 (left bar) and 4 (right bar)
after chal |I%%§@1W6ﬁ?%f°%%4%§@ Lung wei ghts from each of mce were

ag;[ gih?:‘d to exprgRpIPRY: 5ss Hicl&H |aEi'Ws§qﬂelﬂE€§ﬂdoﬂﬁ)§ th® Gensmid i) dapgsin | ung
of M2 protein of Influenza A/Puerto Rico/8/34 (HIN1)
SEQ ID NO: 54: an amino acid sequence of the trasmembrane domain of M2
protein of nfluenza A/Puerto Rico/8/34 (HIN1)
SEQ ID NO: 55: an amino acid sequence of the METR_C polypeptide
SEQ ID NO: 56: an amino acid sequence of the METR_S polypeptide

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a schematic vector map of recombination vector vVEMO11. The
abbreviations are as follows: the term “AmpR” represents an Ampicillin resistance
gene for selection in bacteria; the term “Flank 1/Flank 2 Del III” represents sequences
homologous to the flanking regions of deletion site III of the MVA genome; the term
“Pg” means a strong synthetic promoter; BsdR means a gene coding for blasticidine
resistance; the term “GFP” means a gene coding for Green Fluorescent Protein; the
term “F1 Del3 rpt” represents repeats of the rear part of Flank 1 Del IIL; and the term

“LacZ” means an £.coli Lac Z gene for detection in bacteria.



[ 00291Fi gure 16A represents the percent body wei ght change after

i muni zation with the MVAtors expressing influenza proteins: MA-PR8HA

(bl ack, swal2biifizbd4ed di anond), MA-PR8-M2 + NI P (bl ack, pCiridsed 1ssn285 e), and
MVA-PR8-C NP (gray, large filled diamgnd) as well as control: PBS (bl ack,
triangle). [00301Fi gure 16B represents the percent body wei ght change after
i mmuni zation with the M/Ators expressing all influenza proteins shown in
Tabl e P0HS]wel | FigureJashiows ssbemati sectonypapp off recpohamstoT/ eSes $PU80YE5 - 9-

0031]Figure 17 represents EL I .S\ (-
i[rmun]e r gs pgl?fs H‘fF“SBZ f £ &% nhu Lﬁéﬁggg/g\#t %S%E%E%ngl\}ﬂgg%sé kl%,gq%%’ %)
PR8M2e TML+Cops N, cmbRoetteans et damehinVimiRnSrepeats ME TS | Cigpegitiyie; 42) SEMSS
(pre-chal l enge). [00321Figure 18 represents ELI SA result éf V\én anti-M
(1gG anti - Meedipgfer the M7 asrodrmaia $HYREITCPAt —FEEBe F‘%hﬁ%’itf’f‘e@“f §h )\%'P“ - TM,
METR- C, METR- NP, .. M2~ TM, + P . - i B4 2
sera (pre-c@fﬁg%ﬁ%90%%%%?%;'é&%%g¥gge%@%rfé %y?%gﬁggig’rj] Iur?gs of
m ce i Muni Zaeh/3i3e IPRBE) (IY)vEMbAtaling NP thevRanshRerbFivle, dokliRo Ohe REATRX 3,  HA,

d sublethal PR8 (IN) int |1y (Teft bar). o i |arly (right
bar) At aay damain gerteHalrpen B oaen rns iokicos 4 AV IHEY ndhdach
of m ce wer %Eﬁ?ésab&ﬁﬁ%;& FEREERS RN TS @He ofiuehe: {RtL AT RUS 1H08/8/34

ung welghts. %

(TCI D50) per Figure 20A represents the percent body
wei ght changer8&f&)er i muni zation with the M/Ators expressing influenza

teins: M. +NP+METR-C (bl ack. filled P+114
P g TB16) o b gy S SHovae G| rrpices At 2 fkgus' DRI () ol REN
circle) as }éﬁh%enf\.ﬁegﬁEMfd),s{B'ﬂ MhavR-MIbTROE, (MEM18Y (hamINor-MEARDS
|

(bl ack, snma square), "and PBS ébl ack, filled triangl eﬁ.
[ 0035] Fi gur ¢émEMBl HepnésBht MY heorglBlen mEMr2\2)=vMVMat-Br8rM2mgﬁl‘é MRz ed

wth MAtors Si i,nfluen proteins: M+NP+METR-C (gray, filled
square), Nﬂﬁﬂg’mg?odfﬂigﬁ%m?fangl e), M2+NP (gray, X), M (bl ack,
asteri gfgr7]and MpihiRe (0rsBiws fd bétRehatic rdibghmast wethplasy GER oigstent| WTtaval

(black, open dianmond), M/Ator (black, filled uare), and.PBS (bl ack
filled di anshbieviaions@Ersdollevs the Eppe§lakl 3}q 9}&3?1)@&%3‘1 %mg’ﬁ‘gce ntf - P

it pes,  WRERISY RS RPRRE, R 15 ok SRR g g SRR Pty

using day 3%r&@6Rr:(th erelitdld gngemeahios igemntaling fareke perdi afdtiergyt,duep Hrbans.

' 9G anti- M l‘lTlga,V?vllzse, \Aflt’zg_{lleﬁ, aaig eI%/ISEe[dR,f (r)erspécrt]i%ef\}{l;l énrde%enqgﬁn Uik Del3”
represents a flanking sequence 2 of deletion 3.

[0018] Figure 5 represents Western blot analysis of influenza proteins expressed by
various MV Ators: MVAtor-NP consensus (mnEM10), MVAtor-METR_C (mEMIS),
and MVAtor-METR_S (mEM19).

[0019] Figure 6 represents a haemadsorption assay (HAD) for the CEF cells infected
with MV Ator-Pr8HA (MV Ator-Pr8), the mock-infected CEF cells, and the CEF cells
infected with MV Ator (MV Ator).

10020] Figure 7 represents an immunoassay for detection of Pr8M2 in CEF cells: (A)
cells infected with MVAtor-Pr8M2; and (B) cells infected with MVAtor-
Pr&M2e TML.

[0021] Figure 8 represents the percent body weight change after immunization with
the MV Ators expressing influenza proteins: Pr8M2 (gray, big filled circles), Pr8M2e-
TML (black, asterisks), METR-C (gray, small hollow circles), METR-S (gray, filled
diamonds), NP consensus (black, filled triangles), MVAtor (black, big hollow

circles), and PBS (black, filled small circles).



[ 0037] Fi gure 22A represents ELISA results show ng anti-ML i nmune response
for mce imunized with PBS, MWAtor, M +NP+METRC, M +M2+NP, M2+NP, M, M
+NP, and wbubnavizhbo4asi ng sera from day 39 (pre-chall engepCTHseéizom2ed | i nes
i ndi cate group nmeans. WO 2011/ 120048PCT/ US2011/ 030205 -10- [0038] Fi gure
22B represents ELI SA results show ng anti-MA imune response for mce

d with MVA ML+NM2+NP, - MR+NP, M, +NP f d
21 (DB st 1D ZePERY bR y tinty e d e B iR ER S 1 ot

hal f). Hori, %Spelr @%& PhelifdBaRsresd §0R Mikdue UneniSniapioasent s
viral bur de%\ég?ﬂ?fﬁfb I:}rrll s “of %% |rerrrun| zed w lrr?SPBS MVAt or, M +NP+METRC,

ML+NP+M2, mte\HCfSO)MrﬂuﬁgwatghtsFl ul aval at day 2 (left bar) or day 4

i gh ft hal | i H 108/ 0
by ?eir@éi)m 2"\ Bl Dhraunent® ELsRb Pl borbip et aBE giice Faiptfized, MOV BULES
WAt or, M {NRfMTRng Motibd 1, anww,an%edyl\/tlﬂwé) avde Iﬂepﬂu&éalseatm dhy 2

(left bar) or day 4 (right bar) after challenge with sHLN1 A/ M/4108/09
vi rus. DETAKpEDDESEREETI(@ fmriiHew)NYRGH dHlel big1The MAces difie 5598t i on

provi des a codi.n I pies of Influenza matrix 2
protein ecf‘g‘&ﬁ'ﬁélﬁtz%gé(tgggf&?ow i %WA? Tg’o%ﬂar ni ng the pol ynucl eotide, a
pol ypggdaqgle encosigrle by shéves B@d}W&H@ &Rk bﬂmmeaminmﬁkai Wdh dd¥posictinenky as wel |

as net hods of adm nisteri n the ol ynucl eot i de, %&q% @é
pol ypept i dentrappsad ﬂﬁ?ﬂd@ll’e’ﬁ‘l’bﬁ léyepg “HFW‘J’Sé‘élPI IY g1y

i nfec [ 004 re Ongé[ijg Rt%vﬂ%ﬁaﬂ}ﬂe nd tﬁts‘rhﬂ:g 1ﬁlﬁﬁlnﬁre§%ﬁﬂ1tMW%&h@§‘

inclu e arll conv ni ques o nol ecul ar bi ol ogy, m crobi ol ogy,

i munol ogy byamehndsal dictedri; Olaft b&)@hdummmsqulesdfawerys(@lghﬁﬁr) hin the
literature including but not nhlted to e Mol ecul ar. (%f%nr ng; A

. Sanb
Labor 496} ManudPgurse n’ifp’E'tﬂ?lltF ©( PESEy QﬁﬁyTﬁﬂgh EdifR$on™ ( 2BY1)* “Genet i ¢

Engi neer i ngg,P | ETESden2D proteink. H9e &led 1988) ;
DNA d oni ng, u%fzgﬁgg vﬁ%WWAﬂQQ%X% 0\;er ed. 19%56- em Bgotrg%l? eotiede

Synt hesi s (siyhard), I\IBa(grayacﬁlleIlMgleMM? dizayABllefd Wd} zﬂﬁtil A {BP @aYHanes &

a. gér nsHI ggls'f"g%lilg‘gf)s 1%%%@?&@@ ZaC?RHH? %BJ[ ey e I%B%IE? ?Nl& >

| mobi | i zedprGefblak amekdERz¥)es (| RL Pr ess, 1986); B. Perbal, A Practical

Gui de to Mol ecul ar” d oni ng (1984) the Methods in Enz nol ogﬁieri es
( Acaddfi®27]Pr ess Figure Iy reprsprndy BLISA yesulipsBowing a&tlﬁ%{ 265 ARt TINPA HRIRIPC \iect or s

for Mammal i an Cel H M i ng

Har bor Lab yer an ( ‘mmunocheni cal” Met hods
6Fsgf)8§ey§or rrﬁ}ﬁe I :feé\z{ H’i?&ll\%f\PA %W ld%?%VAQNTd 2Ry

in Cell anduialegul an1 BNy A s aRBA-NIPres, MVWAOM2eA + MVA-NP, 1d21

2011/ 120045PCT/ US2011/ 030205 London) ; Sco}ge Sém Protein,.Purification:

Pri nci pl es Namilefah Bl N PRSaad 242 Edeprlgihal bﬁl RESMX/ pising day 43 s5Ta (g

Handbook of ggﬁ%%g%nent al I mmunol ogy, Volunes I-1V (D. M Wir and C. C

Bl ackwel | (Sanbrook et al. (1989) Mol ecular doning: A
Labor 0028} I\/anua:hglﬂﬂd Sadpresditd drabpuidegs Hambperiminamired tvothy M A VanH Adus ubel

ot Al EOs, (RO MVARGREA TR 2500 b MR RMRAT34% Ua09% (1100 Whd 8Y &

Sons, Inc.)
(right bar) after challenge with HIN1 PR8 virus. Lung weights from each of mice

were obtained to express 50% Tissue Culture Infectious Dose (TCID50) per hung
weights.

[0029] Figure 16A represents the percent body weight change after immunization
with the MV Ators expressing influenza proteins: MVA-PR8HA. (black, small filled
diamond), MVA-PR8-M2 + NP (black, filled square), and MVA-PR8-C + NP (gray,
large filled diamond) as well as controi: PBS (black, triangle).

[0030] Figure 16B represents the percent body weight change after immunization
with the MVAtors expressing all influenza proteins shown in Table 9 as well as

negative controls.



[0043] 1t is to be noted that the term"a" or "an" entity refers to one or
nore of that entity; for exanple, "a polynucleotide," is understood to
repr esentwore11onroo¥sr e pol ynucl eoti des. As such, the ter mET#2011080208Nn") ,
"one or nore,"” and "at |east one" caf- be used interchangeably herein.
100441As used herein, the term"isol ated" neans that the pol ynucl eoti de,

pol ype ide, or fra vari erivative.t as

modi f (88N acci nifaey %Hzrrﬁpr?w}ﬁ)ﬁﬂﬁé ﬁ FW%&“?%%&%% ISP@F i cal
materials %sggnéé’mﬁap inkicé S im@Hizad | Yvids SeehdNred. PRIMBXEHRIN®, OPR8MZes 0l at ed
pol ynucl eotide i's a reconbi nant pol ynucl eotide contained in a vector.

Further exdiLeGomsNPaMEERIGt@anspBI yndi MIEDI 156 cnalIP wigingr dayohb pevakpre-
poI ynuel eot hqe %ﬂl ntai ned i n heterol ogous host cells or purified

(partial Iy “d#"S8&Bstantial I y) pol 3nucl eotides in solution. Isolated RNA
ol ecyp@)i ncl u 8 18 ir¥Rehts FLISIA feoul\Néholwianami-M GgGfantild2e peptide)
pol ynucl eotides of the present invention. |solated polynucleotides or
nucl ei c acumjs’maecfemnﬁ@ foro nyiere ipmagigad Wity i MR- T]ﬁﬁt HéﬁTRn‘éi Y Rde h
nolecules 4 sol at ed
Virus el Oh MERL iR ML G LR IPS AR Gl P SRS
renoved fr(amdmngey bi ol ogical materials with which it is naturally

associ ated or nmani pul ated reconbjnantly to i ngl ude. a nan-nat uhgkl m
occur 1901 subst g 1%ﬁepé&saﬂtﬁ|veabbmawsllséwase mje ramyrized yith ES Bk ai ni ng
a pol ynuel ga{/ixge fxxfrﬁﬂiga @lﬁié mntmmccemmts VRS, hEEQubiManPRy (IRgert ed
in the viral genbne tther exanples of an isdlated virus include viruses
cont ai ni ng intrdvasaiyo(le dasg) qnoirymaumlsadm}c (eglarimriral deaBnafierichalenge wih| s or

purified ( Ly .or ubstant i.n sol ution ed

her ei n, gﬁl\ilr ﬁ# B iUt i qu\%tea?}hg BB HEET %bé?m‘a%L g’gerpespdtd/sde
virus or ffﬁ&'{r@@ﬁmm\é%fe%ﬂ&usmse@om%)lﬁéemn@emg{tsI s substantially free of
ot her biological material with which it is naturally associated, or free

from o®® WO zrogme 2HA0nPRGTAYSRE perosmobely wezht [shagsgriies| impunigarian s
d, nb
e ool IR B SRR t\BRle Rind 1 -ARRMIACOBIRM ALY |

virus of t&qu@éﬁmmmmer@agnopapﬂmdgﬁ) a\dﬂ+NBS(g1faBt,aK)IIB[le(blabb,a&teniB} 100%
pure, i.e., a virus which Is present In conposition V\hehﬁ%‘g the virus

consti t ut egngd Mlﬂ@/&ﬁf?&v@ﬂ@l‘ﬁm&ﬁ) ap fyeelk etcamtrelﬁ mpbdeve] Gikacky fligmond),

enbodi nent t\he is 75% 99% by

wei ght pur g\dvgé }6(851&)(béﬁ%lﬂi?ﬂq[c}l‘éﬁ%%%)étaﬁgggggﬁ/ﬁ% ﬂvl\/Iel'lﬁg %d%r e, or %5%2 0 99%
by wei[ghdsipur e. Fifgre rAiBakdpréscaisghe eafenpsuivival dhtaaforimice mﬁnuﬂmdu witkent i on

s easily determ ned by we]l-known netho T ter cI e acid,"
| "nucl elot ?/dévWAé‘Pfs ‘Fﬁ]’ﬂ%ﬁné nfluenza, BROHIRT " Nﬁéﬁ%ﬁg/‘%‘ %ﬁ&gr@,ﬁ rf‘ﬂ?% uc: eic
acid segne $+NB+9 g%g% en%ﬂ%ledgmmm (£5§sg51tMln(@adk%)lagﬁﬁgbe%ﬂde or

construct. Two or eic a s of the present invention can
present in MlsNPlgﬂgeaypcﬂlgedLmtcéa)t asdwelicassttqnuvts Fdulgyal (bhicb, prmgﬂ@mlné)sm d, or

in separate t struct on separate

pl asm ds. d]?gaFg hgeraﬁl)/s)qﬁg"@ ‘E%ES% ag]§ fﬁ% digroondly o fragnent may encode
a si “Q{bﬁsﬁgm ypemlgﬂe 21€refrescrls BILNGA etk isBERingCHONP r@eﬁ Q1) o UnaitMp Y

pol ypept i may encode nore than one pol ypepti de, a nucleic acid

may encode (tlgbt ohalforigmpiey pesnonsre s for | nmaadrlmmylﬁlzea r’mﬁ]l gﬁ’}% SacMY M8y encode

a regul ator e S.GL i r, or
may encode lé %W%W& g@%@ ﬁ{, ]?ﬁ ?“%@% %e%ﬂaggl %sgﬁ%hgfg?n such
as a secr etRfy(psd-edlen@g ptiogigokthl 1&16@; il atoaahp deeand. NgGUMheds 1otcherskse

i ndicated, a particular nucleic acid sequence also inplicitly enconpasses
conser vat i viEslt pssagsgil fiprethie Y rephtentt®/@eof (e.g., degenerate codon

substi ons) DSurs

expl i CMj z/] i ndi gﬂgu%oi%p ?@%@S‘qﬁgggﬁ?g@% olﬁﬁsu DSt | ?ﬂ%@gﬁihﬁay be
achi eved bymgenenainizeg vsﬁqBBS,CMSJAtor WAL NPt Tl TR, erfM@fNPoMZoNPoMl or nore

selected (or all) codons i s substi t ted Wi bas d/lor- . de i nosi ne
resi dues (BAilZBP, apd dilul a(“l%sil}g REFE| ?‘@ i éBF@Eﬁ Ei?é‘ 1aﬂ ‘0%%
(1985) J. 1 2605- 2608; Cassol et al. (1992); Rossol i ni et
al. (1994) Bimicate%ﬁm’m robes 8:91-98). The term nucl eic acid enconpasses
pol ynucl eoti de, gene, cDNA, nessenger RNA (nmRNA), plasm d DNA (pDNA), or
derivatives of pDNA (e.g., mnicircles as described in (Darquet, A-M et

al ., Gene Therapy 4:1341-1349 (1997)). A nucleic acid may be provided in
linear (e.g., NRNA), circular (e.g., plasmd), or branched formas well as
doubl e- stranded or single-stranded forns. A nucleic acid may conprise a
conventional phosphodi ester bond or a non-conventional bond (e.g., an WO
2011/ 120045PCT/ U82011/ 030205 - 13 am de bond such as found |n pept| de

—— M o, o, o




[0048] The term "pol ynucl eotide” is intended to enconpass a single nucleic
acid or nucleic acid fragnent as well as plural nucleic acids or nucleic
acid fragwenosy/12enad refers to an isol ated nol ecul e or ceastuso@t/03@0y., a
virus genone (e.g., a non-infectiousio¢iral genome), nessenger RNA (nRNA),
plasm d DNA (pDNA), or derivatives of pDNA (e.g., mnicircles as descri bed

in (Darquet, A-Met al., Gene Ther 1-,1349 rising a
pol ynd@d tide. FE%%I@EU@P%W@@H@& il Ersg‘@?”&e%la‘i‘thwfge@m r%Sponﬁ? RNA) ,
crreular (Sofmichailifs whh V@{l&p%liﬂﬁmsl\)ﬁﬁm av1 dgPhaSY adafied or
si ngl e- strande for polynucl edti de may conprise a conventi onal
phosphodi esérerfrdmndhyo?_l z(pwnb@rﬂameumlzamma) (bftnhhlf()eangl dayaR® dpiechaborgd) such
as f ound |3 %@i de_nucl el(f aci PNA‘?‘I% 049]As used herein, the term
"pol ypept i déghtinalfy Hangoutal ligeg #EQURIE guI ar "pol ypeptide" as well as

pl ural| oo@gl ypeptplgﬁé 23 RPisG SERERErLS BerdBhY it ?Q oFmieh dinifun@ed Lygh PBSOT €
amno acl Thus, as us herein, terns including, but not limted to

"pepti de, " MHApthMldNP‘FMETRﬁemlrFﬁ@*Mx? AR, M1, MadrNRoantFlglayplat §2y or any
th t t t h t d
ar oot uaedatrhe he G eft Bif SR anMBO R vl Mgl FROF R "0 o' 9

" pol ypegjojde” nay, &ezwwﬂegeﬁ@tmdb@ﬁenm ﬂammhﬁmgeabhye whrhimianywili t hese
terms. The termfurther i ncl udes pol ypepti des whi ch have _under

post - transIPéiS M‘éﬁtmmlﬁw’dﬂ\ﬂ%@? Wt N 2Py Wbl Y eV Es it BB at i on,
phosphor yI ?1@ oqnda dg cghgl‘ﬁtl%i&fﬁﬁé}nclﬂyle i Fémﬁ\ﬂchm%ﬁ’b%#' ng
groups, avag Ication non-natural l'y occurring
am no aC|d&nus[0050] " Codon- optlnlzatlon" is defined herein as nodifying a
nucl ei ¢ acid sequence for enhanced expression in a specified host cell by
replacing at | east one, nore than one, or a significant nunber, of codons
of the native sequen®gAILED DESORPTION ORIEEONEENTEGNent | y or npst
frequently used in the genes of that host. Various species exhi bi t

artlcul r bi as for certain codons. of a particular a 0051] The
Ito er m 190}t i onalheRCTRRMVARHW, WDV'élF%F‘é’OBG’uﬁlﬁ?/miﬁ B8 gaﬁlu @B@ﬁghleﬁt i,] t hat

are not 'd%ﬂh&%h Ii\gfafrﬁ bh ro‘iéﬁ?l 8G6dRBPhOT GRbtof OFRONBIV A) Tdoataasdai tthenal
conmponents ma ost ce vi ruses, polypeptides, polynucl eoti des,
genes, or m@uﬂualteom@e reglmm)ep‘edﬁ:hermg ?sfolm‘)t thes . polynucleotidsr apd ardeted hat t he

subj ect conponent. can de |ve f nfluenza.vi

ect odoni n%&‘@??l 8ns @t W§ L1 Vﬁ%@ 8??%‘8 sll): the Qninulf&g M%/A‘\, S%B.I(Q/E

appr opr i at e vRgI p#FePELE or @Bmpadidn ioqstavent mre@ &ﬂhﬂfﬂﬁﬁ%ﬂ@hm&&ﬁﬂ/ 030205
-14- pol ynucl eot| de” or an "additional nucleic acid" or_an "addit.i onal

gene" (680420 " addethpdmef mekiagend asingrthe mresestdgesdion inpiade alf samentignal 5 \p
ect OdOﬂ’B.I n ne fro f a ferent
CEL oSO R A A ARG e BT e AT

VI rus. The t&@mﬁqueaddﬂ §dt Q‘Gralh 11p ceyBrepitird ncluding dist nomhhltahtmagaSaIdbmek]uence

"addi tional antigen or "additional protein ect i,n from an
i nfl uenza MPE@'%%Q%&& Ayab Qf&t@%Maéﬁ%l % ﬂeﬁﬁgté ﬁﬁ% @ﬁ@gﬁ
fragments, a(ﬁir? gﬁgencdﬁﬁ n?éefl‘”rnap Je%hq&&ﬁedst heg1g@ats 112'3 gekt @unow

enbodi nent s, It on ypept may be an influenza pol ypeptide,
fragnents, edaﬂ Qmj; PNA @llormag, Mcélsmesol arain®|(Bg leSlavieed dO85); Mligohegleotide

1 T e Sl SL ) S5 POV R TR RSB LSRAR, Bl peet e

"influenza [@%ﬁ%@%@& '1@@3) Wﬁnschﬂﬁdd@ﬂzﬁaﬁﬂiﬂc@ﬁ(@ﬁD IR$1ed 8. Naigiihs eds.
enconpasses any full-length or mature pol ypeptides present in an influenza

virus, and W8HEr AvardlaGel (Eiﬂtufﬁe(Rf- Ui | Freshrgy Wdor19|8ré)c ulemelsligase pelldeddpr esent

in an influenza vi fra [ Sy ef n (o] ptldes
present in YFWFI(E%]?!ZP&{G% 35555 roft‘rggli’c lfJ|I“JI‘ ? @Mhe nd %h%ﬁlﬁgg@%%ﬁg
fragments ofioghe thel MclRagtin BhzyRIHES sléﬁésymapﬁdeﬂﬁs nregsem )j rsgoiallpf | uenza
virus, derivatives of the full-length or nmature pal ypepti des ﬁ{lesent in an

i nfluenza violemgs er‘i' Ry b5 iege dfransteigiehers fer Meranalian) Cllsdgi lergndr e

pol ypeptid i u ngt h or
mat ur e pol §%eg{ es %drse%gg%’ @élh”&ﬁﬂlﬂ; ﬁ%ﬁé%ﬁ%@gﬁﬁ ﬁfﬂg&%?@%{% Fggnen ts
of the fulldbgngiMmehodRinicat Nehyd @pléllas Mobsahi Hiologn (AcddeognPeesyi r us,
and chinmeric and fusion polypeptides conprising the full length or nature
pol ypeptides present in an influenza virus or one or nore fragnents of the
full length or mature pol ypeptides present in an influenza virus.
Non-limting exanples of Influenza pol ypeptides are henmagglutinin (HA),
neur am ni dase (NA), nucleoprotein (NP), Matrix 1 protein (M), matrix 2
protein (M), non-structural protein (NS), or one or nore of RNA pol ynerase
subunits, i.e., PA PB1, and PI 32 100531I n one enbodl rrent |n accor dance

oy



[ 0055] An influenza pol ypeptide can be a neuram ni dase (NA) protein,
fragnment, variant, derivative, or anal ogue thereof. The NA protein, |ocated
on t he erwelwopei2af4si nf |l uenza viruses, is known to catal pee/usenmwai20df
termnal sialic acid residues fromuwilral and cellul ar gl ycoconjugates. The
NA protein of influenza virus A/Puerto Rico/8/1934 (HLN1) has 454 am no

aci ds and Accessi on nunber. AAM/5160.1 in nba &/ﬁy ch i in 0]5 torat ed
herei n by FEPEMBNEEPERH (i?@)@ﬁ‘?tﬂn&%ﬁc% Pﬁséfl BSHES 3‘3%0%# ‘ﬁ
cytopl asm @ﬁq@ gyeﬁ I i jﬁ%oﬁa&d@()k @Etxba%gﬁgpﬁﬁﬂﬁuﬂ@ggawmrﬁégm aci ds

7-35), and race main (am no aci ds 36-454). "Ron-limting
exanpl es of(DaMIWeiruamzéi mblli_}'lpﬂmzfelhleda:wﬁﬁbl §sanbrednsi gt 5(1@&99eMpl&‘allla§/ of, or
consists of _an a aci d uenge ,at 80% % - 90% 97%
908% 99% &roMBEU i AREAII Mgl %‘Eﬂcﬁ%n Gl %&ﬁ%ﬁﬂgﬁﬁ %%1? faa’sﬁeeﬁ%ﬁ
sequence, g gz Lhee ROk YRERIChERNI BrotGeRIM K@@écﬁlab)BlalﬂégnIdthYley &
specifically to the NA protein. The WD 2011/ 120045PCT/ US2011/ 030205
-16- NA seGoesydec)ray be a full-length NA protein which consists essentially
of the NA. The NA sequence nay be a pol ypepti de conprising, consisting
essenti al | Dediitions consi sting of the extracellular domain, the
transmenbrane (TM donain, or the cytoplasmc (CYT) domain of an NA
sequengg3] The i D #5146 hE mohdd BROHERER THoran' émﬂyaefpﬁttb@memmore DﬁﬁlaSt rain.
[0056) An influenza pol ypeptide can be a matrix rotein, ment ,
vari ant, déniiyatfpy examplean %IF@@G@‘:]teﬁ%‘ik’eoflS ?r?‘ioﬁd fop‘geB'Feé‘?Dr‘i ‘H{ea% ?tl cal
roles in viyr aty _REb YenRZan\Vi er 934
(HLN1) bhas p?@ugﬁl&n%egaéﬁfs S a% gggsgi n ﬁﬁ eé%@ﬁvg%Glﬁg al%nlé%e#ﬁftg%nk

whi ch i s | repbposedtin@drdhengablylheraief erence in its entl rety. Non-limti ng

exanpl.es of an influenz ol ypepti de co Ses si si,s essent
cong})ﬁ@%f an aHi ﬁ@e‘écﬁﬁp}é‘eé@@géﬁn’at g? g%%‘i ggé/an 8 i BogP© 1 g%f&?y 97%
98% 99% gm@@@ﬂe AL bl @1|1t & rizght KEYO vhidd u@%aaweﬁ%uﬁmgm Wﬁtﬁ:ﬁrﬂan t he

pol ypeptid ecogni z b e by an anti body specifically binds to the M
protein. Theikita @d§dorime hmrmo‘eedp@mpémrl M@lﬂg@ﬁbmaﬁnﬁb with vgidh itrig

essentially of, or consisting of gue 1lin
ot her enbod@PEHbs assgrfaicts Iﬁgnefﬁmé%l yé&%tlf" %te(? S e em?l%nijss (ri.gcctn;lb i %{Z( NS)
protein, Ng% O RPleotidPEonBiiiod MY +o¢ak] \Fﬁﬁh@fexample@@lﬂenﬁémwtﬁblﬁolymm% uct ur al
protein ( inhibits post-transcriptional processing of cellul ar,_pre-nmRNA,

by bi ndi ng lminidﬂ mmmbmmtg)oﬂmck@enqiq&umm@mti@i hetenolpgounhest celip Arad lf"é)r t he

3'-end pro IIuI h

poI yadenyl gr?"i‘rﬁﬁﬁl)gﬁécﬁuﬁ fe%l?tfa %%lh?1 EO@Q?IEEGI %‘g t‘é?\’@g ﬂﬁl r?g e|%r otein
2 (PABPNL) .indlitige bEVﬁ/bOirednnvz% RNEAI HemTapisi diﬂJﬂleﬁéd?ﬂﬁrclann%a:of 8iel Piddent HLN1)
has 230 am no aci ds _and Accessi on nunber AAM/5163.1 in Genbank which is

i ncor por at éavasdpei n lipjatedrotaneleotidesi o5 TRGEIG eids RgS Hrq“i'gn Pi g BESHDI es of
an influen |y of, or consists of
an am no aéﬁ’ﬁ@éﬁﬁ%ﬁ%@? MIQEEESI% &g%‘%&gg@dﬁ‘%@ﬁﬁg@%d %6% 97% 98% 99% or
100% i[de4s]i cal tA)s asekmmmmmé Itmnﬁaalhﬁdsreqefbmms thhlethe|virus h@m@llw@pu de is

recogni zabl e by eci ally binds t Iy The NS
sequence meXpTIAR e’ﬁ?B %‘ B‘P%ﬁéee%‘ﬁ’ﬁﬁr @R ercbdﬁgig@%ﬁl t%ggge‘ﬁ‘[t 'fr}] igis

consi sting Iﬁfur@ll)f rRAERED Ar %hnﬁ}‘ﬁlé’t&ﬂ%&ﬁﬁbmhﬁ 8 | hchdBea eﬁﬁi@ﬂatﬁiﬁllps an
i nfluenza polypeptide is an RNA pol ynerase PA (pol ynerase acidic. protein)

subunit, f rw:glmr@mg subatapemt , Aelexemale vk aﬂol’SO]aﬁ:dl Biife 1t Be¥iset contpiaingaa

polypeptlde a n el ati.on f.ac jhesi s.
The PA pr otpé} g{“ﬂ’ Y%I" ?B@n%gr}gﬁr sSpﬁslﬁu%ehra Wa M@QX\{H@‘?M ﬁes% 16 WO
2011/ 120045R6ImbIS2 G083 Q28 apted Tof afil RGlardl dﬁusanﬁhm@ce;samncmmhmg a

AA11475157.71 in Genbank, which is incorporated herein by reference in its

entirety. Nsterplogpus p@ly@u@émdésanéf maiatgingd Wehoy G5UF PHaPITae EEwplY $8s,

consi sts es tialdl ists of an am no acid sequence at | east 80%
85% 90% 9%'5/9[ Ibt%a‘;} y?ﬁ%l% @%859% or 100%identical to a known influenza
PA seqeessle, wheaei sctih@efid,y pepttbee Tmrifiedbgmeaabtiatbyhearpadyuclzotye,
specifically hinds to the PA protein. The PA sequence be. ol ypepti de
conpri si ng, Pdnesiide. i igs €% Jeagmeal | gt opACRBHEE ‘?I?R:fléfs t?‘?‘&gﬁ&‘f‘?ﬁ f a PA
sequence. 0 t d
erein s s EnHORsa pR i BRI B b R M e
fragnent, variant, derl vative, or anal ogue thereof. PBl proteins are
responsi bl e for repl ication and transcription of virus segnents. The PBl
protein of influenza virus A/Puerto R co/811934 (HLN1l) has 757 am no acids
and Accessi on nunber AAM/5156.1 in Genbank, which is incorporated herein by
reference in its entirety. Non-limting exanples of an influenza

poI ypept| de corrprl ses, consists essentially of, or consists of an am no

o o, o, ~NNA 7 ~rnzs ~N N7 ~rns ~N A7 ~ 7 ~NNA 7 ~N\N 7 A NN 7



1006011 n still other enbodinents, an influenza pol ypepti de can be an RNA
pol ynerase PB2 (pol ynerase basic protein 2) subunit, fragnment, variant,
deri vati wep 20r1/2m@b5ogue t hereof. PB2 proteins are invol peua/tuseotinanssri pti on
initiation and cap-stealing nmechani sip- i n which cellul ar capped pre-mRNA
are used to generate priners for viral transcription. PB2 of influenza
virus AJPuerto Rico/8/1934 (HLNl) has 759 am no aci.ds anﬂ ACCEI??Si on_nunber
AAMZ5155. 1 biglogistl bamterialinpemveds & dvopn raaresgpanant shast, cells thak Bag BeRRj ¢ s
entirety. Hét{chm( Ff;glﬂ &é@f@}egﬁcﬁé viises Ve % BntRAY. YRERKLABICS @ PRriFisES
consi sts essentra o?, or consists of an amno acid sequence at | east
80% 85% S0O%s 09T pl26&it iVEMIi00 8AGIudi9% vious the0H dtdeast i760-d100¥operekindnh

i nfluenza PB2 sequence, wherein the, pol ypeptide i.s recqgni zahl.e. b n

anti body s ¥aas PIEG IS PESHAR AccamRosisRs ShGE 8 vids Cﬁﬁgg%%ﬂ@f@&/%%? be a
pol ypepti d%@gﬂf; Rk NGral CONPOSSNY 18 350R dnMddymeits, BE HPIfSd Skiud D fOhe &
fragment of a PB2 sequence. 100611As used herein, a "coding region" is a
portion of pmsehtdheerionds AflocdP%e brisvesghs pufe, §8HIRYs by aresld tneee, 9AtH ahY no

acids. Although a "st co Y (TAG, TGA, ~or . .

2011/ 12004 L H85 fig 8%@8‘%% Eg-w%)pufés Tﬁlgtr‘c"lf'1 Pt dietec.of Buti OLA VAR no
acid, it ngyuRanatvhiesRly UeeRRinB@bY well-dos@dhétBodsegi on, but any flanking
sequences, for exanple, pronoters, ribosone binding sites, transcriptional

terni d604Hs, andherem Tnusleimpcd,dlmusieptidener CoMise a1 diagment’ Gefes !9198Y t er m
“fragment,” "anpal og, ' ‘‘der]yvati L 0r " ha Rm@ I tR an

i nfluenza ﬁgleyoﬁe%]to%dgu?l%gl ‘lhcyes‘?é n?/ntsﬁo{'%b\et%ﬁkdgs I gﬂagﬁnge%lgi ;ﬁ]kégtgntl east sone
of the i MmpadgaBlettideyorofonsifidtgdmiccort ol michéc adduoefdhe presextunvéntignicah | uenza
proteins. Fragnents of |nfluenza po{cﬁ/pepti des of the g)rglse t i.révent.i on

i ncl ude pr MCedE§RNt dnfa SEHEN PRLYNERPAde ot PP U n€ St sOh A PR pFTEu Ch ™
fragments of jntl yenz; PeBlndesoMY WBnGxitishi &gl NG eRpHites Plaskiilid.t y
during exp%%%dg?%n, puirﬂflpl é‘ t?’gw,nggn% or além'_ nisstr%ti oneﬁ an ?ni m;I
Fragment s durthafmbarenany poiclgieprides fusldhercid duigiget pra entodei 8 spglgnent s
or deletion fragnments whi.ch exhi bit reduced hogenicity when | i,vered to
a subj ect . Hﬂéﬁmigg%t Fée &Y Prias s ‘_G’F?lﬂ]é‘?" of ﬁeﬁgﬁ‘g%y%ﬁ&pﬁ%tﬁef Brn & g&%‘g

pol ypept i denyRigehh SRIPAVRESIAR. ARHIARIY &id@mal, CHIIIGERDIOE nidB pEIPEepdilied. he
native pol ypeptide, including [inear as well as three-di nensional epitopes.
[ 0063] An " dpiatidition, 4 naglerericid why angede ypegtlpigey elgmicnlesich s 4 NIOPPICHAT Bf t he
antigen that contains an itope. . An "epitoplic £rag t y t ed not,
contain am%?&s%fmu&ns ﬁﬂgﬁicg’ i A8 Illcgﬁgt% %ﬁ%alééeﬁmgﬁgwg%i o%lgg? cIfggM] The
term "vari iypepAfc US PELIAAT Bidh, ad £isedretoby sign@lopopidptdr de fitkoddnadidofrairs f r om

the recited pol ypeptide due to am no, acid substitutions, deleti ogs.
i nserti ons,Urlasy etheriwigr findigeiedng. pedicplantmiclply askt FPaYeaET rdfq ymp K as a

subtypi c variant. The ;i i Lant " HaSa e N d eli,des or
pol ynucl eot T des Ry cgb%r{ogruevgg}r)lyéﬂﬁﬁ%&/%{*@% etr%{teﬁ:lolgf ie?e]n?gg@%%g @tjlllggy pes

i ncl udi ng, dabititieéns) i amidt esmplemctdarmveqeRemsr 40 vRillc @ 8hd4e4llants ,explitly AN et
Nani 1203/ 2004 (H5N1), Human A/ Hong KOQ:%/ 156/ 97 . &@HSNl), Hyman hAf I—kan%
Kong1483/ 97ndiFsiRd.) | "Sngrisally. HOPRFRGHy/CPB9S WESHIERES) May, b5 achicved By

A Chi cken/ - + inSWA ' [ HOhaR: {HHSHREN) (orAui)an

A FPV/ Rostg{%gﬁ%ﬂ‘g% ﬁ‘%ﬁi%ﬂfgsﬁaﬁﬁﬁﬁf‘@ﬁ?&? F?ﬁ?@f"ﬁ% 99 (H7NL), T an

Al FPV/ ey brdodged 84subisiifited) withiumsad-Aafemndlal éetoivingsing/regdyesii(Raizer 4 whn

A ) i ga/ : Al Si /1]
(+2rD) . pardis W ViR S SRR kT Roth Aot P 6B heRe) .
Human A/ Br exjog. Magel Qnédlgiteﬁ)zgiﬁi&élsbuniwd:a_eaébﬁymglcym JOBBIsTE: 4698 P heHLNL) ,
Humman A/ Net'heri ands/ 219/ 03 (H7N7) and Human A/ Woni ng/ 3/ 2003 (H3N2). The

WO 2011/ 12046 PERI¢IS281d / 9ROROSEsses| polgiyblegides gemei hihs\a reespraser
occurring variants,, but, i a 0 he.pr } - fut.agenesi s
t echni ques.&f‘%ﬁég] Rﬁlﬁmﬁiaﬁﬁél &ﬁ@c:uorrr fl%a%gggslegﬁ@%y%’ éﬂgﬁqt}ged usi ng
art-known described in (Darquet, A-M et al., Gene Therapy 4:1341-1349 (1997)). A nucleic

acid may be provided in linear (e.g., mRNA), circular (e.g., plasmid), or branched

form as well as double-stranded or single-stranded forms. A nucleic acid may

comprise a conventional phosphodiester bond or a non-conventional bond (e.g., an



mut agenesi s techni ques. I n one enbodi nent, variant polypeptides differ from
an identified sequence by substitution, deletion, or addition of five am no
aci ds or wewerv128ush vari ants may generally be identifi @edThg20masd295 ng a
pol ypepti de sequence, and eval uating3the antigenic properties of the
nodi fi ed pol ypeptide using, for exanple, the representative procedures
descri bed herein. [0066] Pol ypeptide vari.ants gg\gi it..at | east about, 60-70%
for exanpl @midesugndgench %@%ﬂ _ @BCPQQ%"“‘@S‘%E‘_C@G @S% T%W@@'%lm&ac@& 9%
sequence i dentifde &}gﬁudl&ﬁ%) lf)NﬁdanacgeﬁapQl%tdsgcfﬁﬂerMﬂng@dUl}BH&kﬂlpePt i des may
conpri se conservative or non-conservative amno aci d substitutions,

del et j[@0a8) or addht itens "pdDaniclcatide/eis intengxal papoingass asinglpaluglsepadides whi ch
have been altered. as to exhjbit additional. features nqt. found on,the
native pol 95‘35‘@%@8%?1‘15@@?‘?%@ Py F’Hgiel’fﬂacbqso‘i’rel?‘}‘fieﬁm A afF?&Frbe&%r 8 1ot her

formof a paLyuReRL Qs mBQFul@B?%&&HuEtOE%Qtai%s cAiorf ] £ndiBirfleddio@Pr Ot €i n
e

whi ch can be activated by cl eavage of proprotein to produce an active

t
mat ure pol ypepgindec),| 0e6Tata RIaAt(ERMY), allesmid INA| (PPNAak ov degvativehohi n

ot her nodifications, .whereby, .for. exanple pti d be,. j ugat ed
or coupl edpbﬁlg (€.8-¢ (RGeS %tsndeéﬁlal?et i%@ﬁriggﬁﬁ%%’% 'é,deé".ggﬁ? Papy ?i‘ %ﬂ% (or

| eader) seqyengpowEt)) E&ﬁpﬁbiﬁ@raniydl?ﬁuc@@fﬂidaf At pEyRIicdcRids iy ©8 provided in
co-translationally or post-translationally directs transfer_of the protein.

The pol ypepntatelegaym , BacWanfagapbamub, pr bragesd Poupiserell @s dopblsker or

ot her sequ e kLor € I ], [ fleati LE 1 cadl of the
pol ypepti dgg%led.e‘é.”f Sg‘%ﬁf'g?%nd%%%%%n a%cggﬁ Clﬁér?gllﬂ%]é-&[(}f 8{%&%5{ %)dg%ﬁ%ﬂeapt 0 a
solid supp?hbsphEdiéstep%mI@,a wonpainy pretiink isond(y. soesncanmiflelyande dudir ascfound ed t o
an i mmunogl obul j n Fe regjon.. The pol ypeptide nay al so be conjugated or
coupl ed t o TaPEEEEEHelEICasHE PMpdk t s or nodul ates the i mune response to the
pol ypegidofie (€. G efSh 1 the R HE8 iseRl to Endbfipaiiea smbgIPKi ne,
etc.)T@ldgfor en%én%%gngﬁ%k%ggéﬁgrﬁﬂ rggg%s%sﬁgteggﬁfhe polﬁi?lpepti dg b
antigen pr &peppéptigetes ivsll as phlrddémolympmés,é’wde:mntpeilsftssmy'ﬁhémﬁwlOllplép)p¥de may

al so be conjugated or .coupled to other, polypeptides/epitopes. f.rominfluenza
vi rus and/ &V OF SIATE @RRO B‘gést'eﬁ”és’é‘ﬁ&lf%q R%F%‘e%%‘is r“ﬁéj'é‘gg ’ob"gé{ﬁgp g Lo hybri d
I nmunogeni epgik @i “Qifdpalc, 2HeRptide, t THreRIYF fahinacid dhBiny 861 AySothd]tes@nt s can

elicit protective inmmunity to other pathogenic organisms. WO
2011/ 12004 5B@ToUSEg 10/ D005 chgns 0088 DTHeore @mine seidsictie dnglyiediintthe as

dh [ f. t Q | at i, ip.het. » id
Sequences. OFRUPHALH PRPER s, A b L ERRbT dralBE OmBiEbeRt  OF |

one sequengfefchaRabIRi wilh ity tdfethenMRrmisiC I BicCieat i firthasichidesd polypeiied
residue in the cor r;;fondi ng gosi tion of the conparator sequence,  the
sequences arliclshave wrslepgone|noshiransiationgl mpdificatyms; {qrgrramplie PR Tye
"sequence i B AR . v d 1, i - ptions at
whi oh the 1ENEH o Pt B B H R R Ry e BT i B BOBRY | ot
sequences tepoupis ghrdtebheicrivabege, of modifieationclay forposurallp nscuriiigeamunotierds.of
“identical" positions is then glvc'aeg_ed gg the to S’l nunber. of. positions in
the cdiMison wiRISH RHEFICRT B g, rfﬁbastr_ﬁo‘i) e P elﬁé‘F‘ée“ﬁﬂ‘ée&ge of
‘sequence 'fgxeéﬁﬂahé/ed"ﬁ%?ers%%ﬂtiﬁg%p&fiﬁé@H&H%Bﬁ ®yirdfiRtihg ¥( 1chst de! @brd thasl by
conparing two optimall'y aligned sequences over a conparison w ndow. In
order to optined 4 yigaificgm mmtheenefemdbuy of theprtive seauendrewib coiles thit age

pol yrel eot i de ol ypepti de. sequence in the co i.S50n, Wi ndow . conprise
addi ti ons Jr°Tg e@ﬁ?lgﬁ}sjo @P%ef&caé‘gﬁtiy Yrgd; ﬁ&e?eémﬂiheo%%gﬂ%segﬁée ept
constant . AghBRtjafRbulRlbiE TR tainScodbR ofad paGEmRatanifd 6Hd. even with gaps,

produces the greatest possible nunber of "identical" posjitions between the
ref er dA@®]and corhsdemn cadditeanabsatsed Irerein isfars to' gedielpgisal cramoments thd

ref er dA@Hland odisdean Swdsematiisased e b "
2 per cent ade® Bt HaBiiabRE FORTRE pola B0 SoRos SEEC T He R iopREERRER, <her 19

per cent age miyl@at hel cellsPeiraan] 3o8pepidpse pobmuclesidesy tehs] weeregtilamry
sequences can be determ ned using the version of the program"” BL(@ST 2
Sequences” TaEiPeh siels aap@moanE-e If Bowprasitiadathrbths subisht CrMERENigag4ERRol ogy
I nformatio f. 4 } i

pr ogr ans Bﬁi@?lﬁg(?grﬁaﬁgﬁ 11(Elcgj’t #dﬁ%h%ygieggg%@g??gh?&%%deBé%gﬁ}%lé(O;ﬁg?
pol ypept i dens@ditente odlpatidoatnin ashiappropriegr anBorarceamplkedinoriaddigomal gori t hm
of Karlin and Altschul (Proc. Natl. Acad. Sci. USA 90(12):5873-5877, 1993).
When utilizing "BLAST 2 Sequences," paraneters that were default paraneters
as of Septenber 1, 2004, can be used for word size (3), open gap penalty
(11), extension gap penalty (1), gap dropoff (50), expect value (10), and
any other required paraneter including but not limted to matrix option.
100691The term "epitopes,"” as used herein, refers to portions of a

r



i ndividual, either in a single dose or as part of a series, is effective
for treatnment or prevention. An anount is effective, for exanple, when its
adm ni st raoi2on/nesdl ts in a reduced incidence of influemrza/iseéie®siohns
relative to an untreated individual ,14as determ ned two weeks after

chal l enge with an infectious influenza virus. This anmount varies dependi ng
upon the health and physical condition of the indiyvidual to he treated, the
t axonom ¢ @Pbﬂ}b‘:l@‘?thencﬁfvi"ﬁuéqld“tl‘%ilatlJémtc]ﬁé‘éta%‘é (. P Péﬂqﬁé‘i’flal SRR ufBApri mat e,
primete. ChlgiliondNEqlhBPOBSkY PR SYNGS sdoifeninel 3l SEakcisddmaii Bensy St em
the degree © rote tiron desire e forrrul ation of the vaccine, a

pr of essi onﬂorrasaeaaﬂaﬂtzaommmeczmedjecal momott | nm andlifferest vivisevasi

factors. It is expected that t e eff ct| e ampunt w1l fall atively
broad T angYeREEACHIG Ry Fopis] Budle FNE | HEUEPR s Tyﬁtl rr‘l

single doseadcﬁtu;rlf'apgh@?%fdelo'ahﬂﬁohﬂ alﬁ’inﬂ'glcﬁf scAckg Q@@Moﬂrﬂ'ﬁﬂﬂ%m@"’ ofN
anount of a nodi arrier organismor host cell, sufficient to provide a
conpar abl e "aiditirial protfin't eftberiheatedopnadx Foosaein lieize yans sarpes § Hisjes ..

[0071] The ter "subj e ant a ubject, p | arIy l'ian
subj ect , fﬁf‘yvtﬁ {j‘ﬁ%spglyp 8?10@?%%4 ‘ﬁ Jv%ran%s[,l %erlt'&ag?est Her %&1@@3
desired. Mugraifl am ea%ﬁetrsoouﬁﬁéﬂﬂ@ean haditiéd8 pobipebiide hagl BeOan hmﬂlamsa
donestic animals, farmaninmals, zoo aninmals such as bears, sport ani mal s,

pet ani mal polypepiides ﬂ@@eﬂt%at@‘dﬂ@m s APV s, Or ABHPEEEs thereof. i pe othehr ses,
cattle, bear r S d
chi npanzees: %8%n.ew§ suc as oj,”?%ﬁ@ﬁ%f*@zsb%hﬁ s“"“é‘f}iﬂ as zra&?e t?éll%r ons,

and ti ger s fra@fidhi) derduitiie agriany, seamaldtmokieysnf. and zebras; food ani mal s such
as cows igs, and sheep; ungul&gg such as. deer and. gr raffes;, rodents such
e;B g

as m dM52%at s, Iﬁlﬁstf”é’f‘slmn@.lp 1958 ; o ntpllognzgnantigfng, o ot Jpe E?‘Fﬁléldi nent s,
the ani mal %Eg%ﬂ é%,%{h [ lan ihBudn?h REEEnd O
enconpass e‘fhé‘?“?t’gu ar Zt%r[tirmrra (gsrgaea%]p% %ﬁgéryapr%gg?r%llls and conpri ses
manmal s anather vdsantaief thelfhll dength emmaum@polbfp@tldamnreamhm 1)1 atrfbleﬂmr‘telﬂtser m

ani mal al sq. enc es del anr i sease .nodel

5011/ 120048PETETERI hr 8 mﬁf%ﬁﬁeﬂtﬂe%é?ﬁcée‘ér%ﬂo% H%]r]i‘F%m VRS t erm
ani mal i nclsudes,iyahuae! %n@ﬂitﬁ&' Saridts BErrRaRRaNbEahd Yuldrlepitheshdaire €. g. |,
economi cal I'y i'nportant’ breedi ng stock, racing aninals, show animals,

hei r | oom arpolymeptides eseot ire il dxfywnea vins. rderizatives ofdhp Awi-tmenpraasue | n
particul ar an human supj.e npani on
e | 0Py RR gt Bieg in o TR R e Br FRBMCRS P Rlc Al B GRTD

i ndi vi dual or Mat3YBlydeplidesqRtdcntldl & indlubhidtirus] atalogued oprlevtermengmme
retard, or reduce the severity of influenza infections, and/or re in no

wor seni ng_aRamsseraslnestiés prefentiarmnan{lpngs viBhanalpgrcss meﬂsé’é the 1od of

t 007 {
o 07 Ak B s TR0 B B3y B

i mruni zat qmypep@@epee(tmpﬁdmg the efull lamgﬁn@nrxdatmcee polstpeptides peesémii ini ens t hese
ternms normal ly have in i mmunol og I—b\A/evefrCtB E iertar n_enbodi

s, e.g
where the pRiFY VESHHI6REAET AT Setsgterlﬁgo Fhsth, pro mafpirg Pgrﬁartédes
formulati Ogméeﬂt ol A i ﬁﬁgnz%utqﬁﬁqure&t -li EZALPIANST YRl pddfppREQSEST Y as
both the "prinme" and boost" conpositions are adm ni stered

si mul t aneousmagguGBIMSTHAR metrmihphlssr(Né&)r mulappiptein ¢NE), sMagix Hepiotiini ty to

ti | oped_b t b
ant [ bodi o (GFSanRG Byralicn fap: Sparcordprart aT B autsl A7 bl ¥

anti bodi es J@uhH8sARbIGRN . TPR, PRI Mnd@@2l ve i mmunity” refers to the
production of  an anti body by a host aninmal as a result of the presence of

the td0883] anti derene] gorglmeniuigerrchusiaasm withrihe ipiefae VeI 58" mﬂ‘é?“@?s to a
responsernthe r.eci pi.ent to.the introduc n e n
pol ypept i de’™4t P?Jm%"?&a Iﬁo%rl?ﬂ%ee%a ﬁR Hm"t ﬁg%m E]}ﬂbrr"%gé%{t %{nﬁ% the

present i nvgRldpd heBRNad. @l 4 19!0195@11@6 'E:&tlhpiiﬁﬂg bxy ambidi acnbrteqhtlme tekatt 0%,
production of ant i bodi es_and/ or an i mmype response nay

be a cel | ul &% ¥pAise Biwl¥ s 93%88% ﬁl%Q%a%qm%htP@rtm@rvndtﬁﬁeqﬂeeeﬁr I's or
Ch8+ T ceIIs or, egif r odomai n
tandentrepeat ﬁ? hgphﬁ%b?ﬁ]£$%g%oﬁ&g&%éﬁf%%Hggge%%progugﬁi%ﬁﬁ§8&

i nfl uenza l\%e@ﬁbﬂwﬁmdm&p&ﬁlfﬁAcsewenbETRhsﬂhtrséqtmnemmapdxdr 2efull-lengthdiA

cel lul ar and hunoral responses. The immune response established by the
vacci ne conprising an WA of the invention includes but is not limted to
responses to proteins expressed by host cells after the MVA has entered
host cells. In the instant invention, upon subsequent challenge by

i nfectious organisns (e.g., influenza A virus), the inmne response
prevents WD 2011/ 120045PCT/ US2011/ 030205



-23- formation or devel opnent of influenza viral particles. |mune
responses can al so include a nucosal response, e.g., a nucosal anti body
response,we.2g11/12845gA production or a nucosal cell-nedi atedse@lpsose, e.g.,
T-cell response. [0077]"Vaccine" as-1§sed herein is a conposition conprising
an i mmunogeni ¢ agent and a pharmaceutically acceptable diluent in

minogen DS RATiIPEB S SHIM RO P et B GG G AL Uy
subset of 0oyl pfkaGH; -éﬁlb?&élf‘@rl\/i)p&ﬁ@a&ﬁ,e%@%et%ﬁlmﬁ_&t(cm RERN; or a

synt heti ca y)’or reconbi nant iI'ncluding w thout |imtation, polypeptides
or pol ynuchegneatas)the &aire ékappitein vencli Mosisisaesséntially af thesHd 1 Wermiimanteans a

conpositio rising an . sol at MWA. ¢ ri si.ng.at, | east one,.
pol ynucl eo&emﬂe%}“gﬁr ﬁﬁaﬂnﬁﬁ%‘%ﬂg‘b?@gegﬁw%%ﬂt Jﬁmqnﬁlskeeﬁfﬁn%%y k. g. .
Mee TandenuRefgat banghiRNBUNEeRAh] 624 IiugRerest el ets Huepiotdin vadei nat i on

w th excipient, adjuvant, additive and/or protectant. Wen the vaccine is
adni ni st er echsists esseiiaflpof thet GETidemai ge n feigment efithe entireitiFricipadpdhse t hat

il b hal.| i t.h i nf ' ; : bj
from i | noSehgne ocnghy o he oo g™ E5hbRi T8 Blire HRRRRGmMIRAE, 21 POr

caused by thistPeeaitially BE (hAGAN FOmant 0k diagfhehOoft the ehtive dDA poniein edtictbe

ei ther therapeutic or prophylactic. A therapeutic (treatnent) vaccine is
given aft eﬁoriS&ﬁt&e@%Sie@ﬁiﬁlg(n@Ip ihe HAZedrmant oTI?f‘egifcée‘B’fen‘éfi eyt algh ducdude an
progressio e LV I ?%M Cd:e 1 Sal Ndefed PetRegyent
initial in éb?:lﬁll{%r% nga%%%ﬁaet(ép?l‘f?}é;ﬁ%ﬂr enq%)efa V?%egn:%ﬁ? qu[fléllg%@ Age%t s used in
vacci nes agai Hall @id HAR|soquimaes; duntisd cdi beasmngalyinbeyaordat tobnivatte dhe

aas0c! At edOWeT REaREC ] e TGRS B gonPYRtBaba: CPoEE e Eoht het o
pepti des, e é&ﬁg@géﬁoﬁrhd%ﬁ%ﬁjgimggu%hruses or bacteria expressing

i nfluenza proteins.” A vaccl he y further conprise other conponents such as
exci pij@¥sd] di | udmt anatherr | @nbodpmester wat invibiensal] pelapeptide o hen iimAHeRER
enhancer, or conbjnations thereof, as would.be r.eadil nderst 0ed. by those
inthe art p“flﬁ?l’f_gﬁeﬁ? Wtﬁ%‘é‘?@?ﬂ%@?&in@nﬁ‘@f gFrivafige. \?jégg? %hg?eﬁ(r?’eep ted from
two or norg RMEbiits 8Smphsiflg, coMbifng aemily dioMcexdditagsiMg stfrbbedct
antigens, e.g., different influenza antigens. Alter natlyel ! mul 1y val ent
vacci ne cosgyuenes that 44 atylaast 8PaBdh, F8X i, 9650997 %NIB e JHpn i i 1§~

pol ynucl eot i des .encqdi n ) Or e t] ok £) Lgens
that are nb‘ie“flﬁéﬁ? iag%’fjw%%ﬁ%\%?\%eﬁggeh‘gﬁgregﬁ%:ﬂg%%lg?%g@aI.lé,qlfelur)ﬁ“ %a%}@é}; glgti gens,
may be der ixuisbdyr §pBcifitalls HRIP @ RS INT delypeptideontiai sihei kbbéintenepithopes
that may i nduce an inmune response that is not, cross react.ive. V\u%]?9

2011/ 12004 BHUENGENP SEOBU0D sompyses; GORUFUTHasentily “atmen fogEsts Cfcdt Ner as

used herei fi P4 de or fragment, variant, or

derivati ve@?ﬁ%%g{%‘sseé%ng e&’ﬁga%@ggwgq'mmnogeni city of a second

pol ypgpossge, e. g\n irflueAni polgpéntidepiandpea renrdwingleen(NAY grotant fragment,
derivative thereof, {_0080] qu teém éiadjﬁlﬁﬂv " refers tg artl%E mat g)ri at havi ng
the abil it yAERPL 4oIvaliYR 0T GPAIPHRE IBSSR! t heh ‘&E%Lﬂﬁﬁtﬁ &ty qYaPt Ptul ar
antigen or iﬂ@enk@@fr@ﬁ,eisg&oﬁh% 3aREE 8Ghowl oRtPRMBERE Qi GAlihRETIm AS

used herein, any conpound which may increase the expression, antigenicity
or i Mmunogetiiatiahg ceflulan ghivacafiugdes. | Aren¥Aoprolein of jothesnzh HirugdpAfweme . | n

some enbodi Jren adpuvant refers,t.o a TLR stinuy i j-uvant ,
wheret n e ndbse kg (AN B HaRm AT "Erde b AR M P R
receptors (®nBank, Wiidh is ihbdRbSated RS4h biyNgfekdhcain ith ehe@se dThaNUNprosaist em

response to the vaccine conposition of the present invention. TLR adjuvants
i ncl ude, bubnsiste ohstytoplbmisdlomsin Guunaaeidsbio).  BoBHeMhEcdlomALAHARat " as

used herein_inc s_renderin j i OUS: ag A AAROXMLEHS, e.d.,
M/A, unabl &°193 %ggﬁl %néf i elﬁlg%ﬂstﬁ B%%}él ﬁ%%tngc%?{lss ,3%e£.gé?', gﬁgwﬁrmlhﬂ lian
cells, e.Q.exa@phsdoamihfBehiaSpol fiepadd eomiaises cvstragsestidllyl ofhaveensistsiofii t ed
capacity to replicate in certain magmal ian cells e.O/g. ”Bs_ﬂg"él ‘g\pd Cv-1

cel I's. Wi laa ainagcibpiquensei ricish Sl ddent00n B %ev4%i A7 halfid PaW- OBl |, t he
WA may Sti e s f ul i t i j i cells
(oo e 907 S de’ S ipp PREARY o RuFRMIGEE BULY sEpithEe, WAL B8

i mor t al | zgdlyeblide Brrechpnlzableltysan atijody AEEiflcally bAGElte thegN X, proteinEBBE(r ) .
Cell replication cycles of attenuated MVA nay be bl ocked in any stages of
its life cycle. For exanple, an attenuated MVA have a cell replication
cycle blocked in a later stage which prevents new viruses from bei ng
generated and rel eased. The term "replicate” or "replicating" as used
herein refers to an ability to progress through sone portion of a viral
life cycle, e.g., transcription and translation of viral gene products and

o o o .
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WO 2011/ 120045PCT/ US2011/ 030205 -25- [00831Influenza virus Matrix 2 protein
("M2") is a proton-selective ion channel protein, which is integral in the
viral enwebapa/abosshe i nfluenza A virus. The channel it ®elrfuseei 130205
honmotetraner, in which the units fornm helices stabilized by two disulfide
bonds. The M2 protein unit consists of three protein domains: the

ectodomai n_having the 24 amino acids on the N-terminal e LCh. i S
exposed t oNPheeasercEmBhbs # dpkndsieth Nﬁeprpwgh?ﬁéﬁ#b?oé‘ﬁétsreéﬁnﬁ%hh%*hﬁgh%he 19

hydr ophobi i I.as, e MabAkidhAM | d3sknkialy 24 &M no
acids on tﬁ]é@@%%F%?éﬁg? e%ge%@l%épgr@%?gﬁ?ﬁﬁgg’ an ilrrpgrtar?tl_?}él e in the
life cycl ecafsisting dfhfhkuenmeciiilat dorsain dloatrensmembpriee WITMa| dasmaiel epéhe t he

protei n enabl es hydr n_ions to ter the viral.partigle (viri romthe
endosone, FﬁBE]aFB\Réﬂg%S qoﬂé'“rbilft ‘i“hgir‘lcﬁ?%?m?h it ,I‘Z?/\N%t%eq&%ﬁd:g erés?f[p bd
di ssoci at i %mozf%zftﬁtg%eﬁicr\ﬂ}us@ﬁ'ﬁihi X protein ML fromthe ribonucl eoprotein RNP.

This is a crucl ep in uncoating of the virus and exposing its content
t o t hg0S$] opl asnahfibdreapodpepdd can] Bo8Mante L pPMebanoteim f@guicBh VBR#Y des an

i sol ated pql ynucl eoti de, whigh c rises.a codin eql: di_ng:

pol ypept i da? YkEte Ph APRRERS %S%fma@énﬁr%’%gn a‘g asfseg‘ls"?&ll :ar\%eg félt g]Irgsast si X,
at |east sgy@Baticht MESE igfithta vitis | £BEEtNRIRYS/A934 AN LY hay, 250 ahdast

el even, or at |east twelve Influenza virus Matrix 2 prqtein g%/&%l ect odomai n

pepti des, weids ami Accassiagmumber AAMTIAT ilvia Genpanky ydigdyigdecorpRapisd ferci e \p
ect odomai n, pepti des .t herejr n i gggnﬁg cQphi L g8s
relative tggergteﬁengf Hérlg ?Jﬁ&g e e %O%Pﬁgl%t, a pl)eosl gﬂﬁ%pggﬁﬂgg%queﬁe pr esent
i nventi on ¢empfiiss cSonsisteiengall g, oncansodiing amipobyigepqicdes atdbdst B0%onpr i ses
at least six M ectodomain peptjdes, fra nts, .variants, f.ragnents,

deri vat i ve§>%eP0%n 8P Ggtes: ?ﬁ%r é%{“: S%ﬁe?re?%%/t’ ngjga It%QS?Og’Pinﬁ)%:né%m omai n
peptides af i c[ﬂap%ﬁ% b i24beby bk ladfib ecifieally Bhher . The
term " nul tis%ugﬁ{:egg‘?%geng?het e %g%ll%%eg@n%&%ln pep){i de_s"1 ?62} Stéﬁ _glo uge_d ]

i nt er changeaieyMiepreiein. a$hé Mk stmolenmnag be st polypapide covEosmECangsRgn

repeat," or "METR ".[0085] A rLx 2 rootein used for the instant

i n\F/)enti on @%%?n%{?’cﬂ;t iW@&]S??%%aa%W#gEé’hgﬁ‘ %Eq%‘}%s i ncl udi ng, but not

l'im ty&hsm HUMRQ o AePURbb AnfRh G0 AR A e lypdpia@Rafbl atnoblarhdA03/(REP4
: man

( H5NL A/'Viet Nanf DT036/ 2005 (H5NL), Human _
A G ebe/ Nopostinj fregmesy 2008t( Benvative. A annlogueathreate NWoBSEIIRINGSISY/ 1/ 05

H5N 1) at./.Thai | and/ KU- 02/ 04 ( H5SN KQog/ H5N1) ,
v an A chiRE AR R T BaT R Y o U e RS Bsd diy =N
Human A/ HoRghikeng i@ 8 36 jotélis thtvira Requiied F0d th B28A bFCTIsIUEATIckI10BO 205
-26- A/ Quail/Hong Kong/ Gl/97 (HON2), Avian N_mck/@%g}éonm{é@ %ﬂéHgNZ) ,
Avi an A/ chipek theX) bBa cleavazp andpplyadayiatiop speeais HalAsrs 1&(431 ),
Human A/ Ho Kongh 107 9 2), i Al Ghj.cken - Swi ne
Al Swi ne/ Ho RB%‘/“%‘%?‘@@’Q% ﬂg@ b (PABIEAONE e RS PR Ttk Sy (HINIL) ,
Avi an A malA/aaeic Ries8A/9330 P08 1) HibN1230 Avmian Atidel dnslr ciddvisBatt Orumgef H2N2) |
Avian A/ mal | ard/ Pot sdand 177-4/ 83 (H2N2), Avi.an/ A/ ggck Hokkaldo/ 95/ 2001
(H2N2) ,  AvilhMES Bk k Ik Greabande is (pespyrated oD RY JRiCHUPSHLIRISRYFY 03
(HSN1) ,  Avipgh, f¥,fdH ol R i RL S, CHEPEIes, AMBiBR essentially of,

Al Gui || enot ﬁﬁﬁ?f‘%‘@?("%@%@ Avilgtﬁ %g%se/%n Kong/ W 217/ 9y7 (H6N9) ,
Avi an A/ chiotkemsiss of irsdmiBo lacidizequcdde §HFNB$I%AGT %A 0%%.SHEr. 8167 &7 e P8Yar e/ 9/ 96

(HON2), Avian A . ng/ Y439/ 97 ). Avi an T .

Kong/ W12/ $77¢196 w %?Fél(%/ gifd’%‘} “8&@%5?%‘&6&6’( ?%ﬂ@gﬁepm@

Al chi cken/ Nethgslignis by hr Mol sFdThcalidwiaR tdieaNs pradéidl Dae N&/ 200cnce HINL)
Avi an A/ Duck/ Hunan/ 114705 (H5N1), Swine A/ Sw ne/ Cotes d' Arnor/ 1482/ 99
(HIN1), Swimay AtSwipdyBehdd gompeng. CPANNE gsseiplly of, or consisting of a

Al Tur key/ | 3&1%2@0% Q02 (H/N3), Avian A/ HK12108/2003 (HON2), Avian

Al FPV/ Rost dE1§ SR ¢ %,Se i'an A/ Turkey/ I taly/ 4620/ 99 (H7NL), Avian

Al FPV/ (st | dge/i34ofrkl7difbodiivianarlifavhRoRs givhBdc (+HENRNA hotymreravcNety

Cal edoni a/'20/ 99 (HLN1), Human A/ Hong Kong/ 1/ 68 (H3N2), Human

A/ Char | ot t €p9lyiTiessse 30 4PTFBMD FubUnpplF i ethn ¥ eR 8y JPIvIVo005 TENPF Human

A Shi gal 25/ 97 i 1 r / 2 0 vi A

Al Leni ngr aalg i@éﬁ% mwwggnﬁ%?ﬁﬁnﬂA%@g%tgﬁGgg%oﬁz%w Il|rllj n‘%rr?l Aikll\lgr evig
M ssi on/ 1/ 18n(hediN1)The uprotedt GaidhiahZ2GfB5A (PH2Mi2 Riccdwil it (HIN1) has 716

A/ Swi ne/ W sconsi n/ 464/ 98 (HLN1), Sw ne A/ Swi ne/ Texas/4199-2/98 (H3N2),

Avi an A/ turkey/ Chi o/ 313053/ 2004 (H3N2), Avian A/ Turkey/North Carolina!
12344/ 03 (H3N2), Avian A/ Goose/ Guangdong/ 1/98 (H5N1), Human

Al Net her | ands/ 219/ 03 (H7N7), Human A/ W Il son-Sm th/33 (HLNL), Human A/ New
Cal edoni a/ 20/ 99 (HLN1), Human A/ Japan/305/57 (H2N2), Avi an

A chi cken/ I ran/ 16/ 2000( HON2) , Avi anA/ mal | and/ MV 1/ 2000( H5N2) ,

Ol N A PN SN s L SR L - Ao es ] ST/ 1 1SR L



Matrix 2 protein sequence frominfluenza A/Puerto Rico/8/34 (HIN1) (SEQ ID
NO 14) O MSLLTEVETP | RNEWGCRCN GSSDPLTI AA NI I G LHLTL W LDRLFFKC 50

| YRRFKYGWOGERALAEYPK SVREEYRKEQ QSAVDADDGH FVSI ELE [ 00@CTTNR2@aosatos nai n
pepti des, variants, derivatives, frddaents, or anal ogues thereof as used
herein can conprise an anti body epitope |located in the M2 ectodonain

pepti de, whetrein.the ect odonmai n i onprises, consists_es tially

of, or con%liné"cosa%}#s @S%CB@!W%%E@@L’ ag,%‘g%ngifm@n%wgﬁﬁﬁ%mgg{p%a?eed;bout

10- 37 am NQerRf tﬁﬁefe@&ﬁ@tin kd eeMNL-BRitHS exadplek of 2n 3fluaialdeptide about
S,

13- 34 ami no aci about 14-33 am no acids, about 15-32 am no acids, about
16- 31 ani neompiists, coabiswtessERtialy efrinecratsisde, anapgue add sppeass HdeastBee, about

19-28 amn cids, OULe, 205007 i acj o - P LGS, about
22-25 am nSaco0% o5 Wit 5:08% Bhonst Kvadiiithartd iR BRuAERER D0
M2 ect odonBiqueR@PWheRil aRSpdtyseptds ek drizabd b tm amisodstspedficAB bindno

acids. Non-limting exanples of antibody epitopes conprise, consjsts

essent i al | Yo 8fc A nretais sThe BA sgquenferiBaibe @ RARPHER CABPBULSLIPEHIE he

group consi sting, of P ! i - SEQ ID NO 1), SLLTEVETPT

(am no aci SSSSe’it-‘ ’6%%@’%%%@@%%@@3 fa:im' no acids 7-17 of SEQ ID

NO:  2)005BYETPI RWEWét#ni eisboaitrnetss, Sanl 4nfoafenSEQolyPeptide Bjed lmmein is an RNA

LTEVETPI RNEWGCRCN &aﬁrrll no_acids 3-19 of . S}IE)Q
/

; D NO. 3). . WO o
2011/ 120048pemetse FBY Gabpersasetwsic ypisi A PRk ffi’z%%l?}l,ts Yitriagt clsas e
pepti des C%g a%?o%ﬁ&%ﬁ??%?ﬂ%rbﬁé%' € FaspOitsi D 3 0GPEGbR Gh & BEmsciptiéh ot €

recogni zabl ody that specifically binds to a peptide consisting
of SEQ | D Moes sdgmeds. 3Thd PB3, proteit6of FdluceseavipiseA/Rusgo Ric¢/81084 (HENilvat i ves,

or anal ogues the M2 ect odopmi n.peptide i,s t. %...85%,:90% 95%
96% 970/;‘]j Eg%%@g%m%,ac%mgi gg??f?‘@%ﬁ‘“?’%’%é@ﬁ?@f “1?9‘3??"“@‘,’ ‘%}‘?@}g or 6
(M2e#3_C) , jagioRathd tHegeiN a8y a8¥efoncdlah i ¥akhtiREy. ONoRlialivg esamples recagni zabl e

by an anti body specifically binds to a peptide consisting of SEQID NO 1,
2, 3, 4, 5infbens polppeptidesb@pascsapensists asernjialy e6idricensisty obham awinoRcd pept i de

consisting of SEQ.D11 . i Syoyaecl ly-@nhedHOodyo, 1 oMYFf

descri bed MG tg%alse%@g\%s%ﬁ’@ﬁ?géggg ?’Rg%’f%%?]é?%/’ﬁrgr%gi%%% ear ence in
its entiretfowhioaflhénat PRY seyadiiot,eshefeirt e MBlypeptidedBneicogmesiié dgsamr e
listed in Table 1. TABLE 1. List of Six Versi on?_1 of M2e Pepti des ’(;(Cj:%
Utilized i antmorR seestficaldy Aindro tndhe PRIqpenteia of hRplB hsplictes mspd

desi gnati on SEQLD Nobe/Freval £Geg Bsb5 ! Yr CHANIERTHT d BbbHeRzer 511 i s

SLLTEVETPT
PB1 sequence.

[0060] In still other embodiments, an influenza polypeptide can be an RNA
polymerase PB2 (polymerase basic protein 2) subunit, fragment, variant, derivative,
or analogue thereof. PB2 proteins are involved in transcription initiation and cap-
stealing mechanism, in which cellular capped pre-mRNA are used to generate primers
for viral transcription. PB2 of influenza virus A/Puerto Rico/8/1934 (HIN1) has 759
amino acids and Accession number AAM75155.1 in Genbank, which is incorporated
herein by reference in its entirety. Nor-limiting examples of an influenza polypeptide
comprises, consists essentially of, or consists of an amino acid sequence at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to a known influenza PB2
sequence, wherein the polypeptide is recognizable by an antibody specifically binds
to the PB2 protein. The PB2 sequence may be a polypeptide comprising, consisting
essentially of, or consisting of a fragment of a PB2 sequence.

[0061] As used herein, a “coding region” is a portion of nucleic acid which consists

of codons translated into amino acids. Although a “stop codon” (TAG, TGA, or



SEQ ID NO 1 H5 human 1999 to 2008 (70% SLLTEVETPTRNEWECKC DSSD Mee#2 C
SEQ ID NO 2 H5 human 1999 to 2008 (30% SLLTEVETPI RNEWGCRCNGSSD M2e#3 C
SEQ | D NGwo20H312biasan (some Hi ) SLLTEVETPI RNEWGCRCNDSSDPWEA#401T08BE | D NO
4 H and H3 human SLLTEVETLTRNGWECRISDSSD h

TAA) is not translated into an amino acid, it may be considered to be part of a coding
region, but any flanking sequences, for example, promoters, ribosome binding sites,
transcriptional terminators, and the like, are outside the coding region.

[0062] The term “fragment,” “analog,” “derivative,” or “variant” when referring to an
influenza polypeptide includes any polypeptides which retain at least some of the
immunogenicity or antigenicity of the naturally-occurring influenza proteins.
Fragments of influenza polypeptides of the present invention include proteolytic
fragments, deletion fragments and in particular, fragments of influenza polypeptides
which exhibit increased solubility during expression, purification, and or
administration to an animal. Fragments of influenza polypeptides further include
proteolytic fragments or deletion fragments which exhibit reduced pathogenicity
when delivered to a subject. Polypeptide fragments further include any portion of the
polypeptide which comprises an antigenic or immunogenic epitope of the native
polypeptide, including linear as well as three-dimensional epitopes.

[0063] An “epitopic fragment” of a polypeptide antigen is a portion of the antigen
that contains an epitope. An “epitopic fragment” may, but need not, contain amino
acid sequence in addition to one or more epitopes.

[0064] The term “variant,” as used herein, refers to a polypeptide that differs from the
recited polypeptide due to amino acid substitutions, deletions, insertions, and/or
modifications. Variants may occur naturaily, such as a subtypic variant. The term
"subtypic variant” is intended polypeptides or polynucleotides that are present in a
different influenza virus subtypes including, but not limited to, Human A/Puerto
Rico/8/34(HIN1), Human A/Viet Nam/1203/2004 (H5N1), Human A/Hong
Kong/156/97 (H5N1), Human A/Hong Kong/483/97 (H5N1), Human A/Hong
Kong/1073/99 (H9N2), Avian A/Chicken/HK/G9/97 (HON2), Swine A/Swine/Hong
Kong/10/98 (HON2), Avian A/FPV/Rostock/34 (H7NT1), Avian
A/Turkey/1taly/4620/99 (H7N1), Avian A/FPV/Weybridge/34 (H7N7 ), Human
A/New Caledonia/20/99 (HIN1), Human A/Hong Kong/1/68 (H3N2), Human
A/Shiga/25/97 (H3N2), Human  A/Singapore/1/57  (H2N2),  Human
A/Leningrad/134/57 (H2N2), Human A/Ann Arbor/6/60 (H2N2), Human A/Brevig
Mission/1/18  (HIN1), Swine A/Swine/Wisconsin/464/98 (ITIN1), Human
A/Netherlands/219/03 (H7N7) and Human A/Wyoming/3/2003 (H3N2). The



Me#5 C SEQ ID NO 5 119 and H6 human, al so avi an SLLTEVETPTRNGWECKCSDSSD
Me#6_C SEQ ID NO 6 Avian H7, also in H3, H8, H10, H2, H6, HO 100891In
addi ti on,wbRoaciRodeomai n peptides, variants, fragnents, ®€Tivsatiliwam)s or

anal ogues as used herein nay includd9-but not linmted to, M eetodomain
peptide variants, in which eysteines (C) in the M2 ectodonmai n peptides are

substituted by seri.nes (S). The substitution.prevents djsulfide bond
formation BERURENAEFES ﬁé&;ﬁaévgﬂ}éioﬁ‘égﬂﬂ%.f" aﬂ@&% hﬁ%t‘t %f‘lnfag%o[ i)ﬁf HIRHEE I ty of
the M2 ect odonBiA nRBREdnE8StecNARadsi M ting exanpl es of the serine-substituted
M2 ectodonmai n peptides are shown in Table 2: WO
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identified sequence by substitution, deletion, or addition of five amino acids or fewer.
Such variants may generally be identified by modifying a polypeptide sequence, and
evaluating the antigenic properties of the modified polypeptide using, for example,
the representative procedures described herein.

[0066] Polypeptide variants exhibit at least about 60-70%, for example, 75%, 80%,
85%, 90%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.9% sequence identity with
identified polypeptides. Variant polypeptides may comprise conservative or non-
conservative amino acid substitutions, deletions or additions. Derivatives of
polypeptides are polypeptides which have been altered so as to exhibit additional
features not found on the native polypeptide. Examples include fusion proteins. An
analog is another form of a polypeptide of the present invention. An example is a
proprotein which can be activated by cleavage of the proprotein to produce an active
mature polypeptide.

[0067] Variants may also, or alternatively, contain other modifications, whereby, for
example, a polypeptide may be conjugated or coupled, e.g., fused to an additional
polypeptide, e.g., a signal (or leader) sequence at the N-terminal end of the protein
which co-translationally or post-translationally directs transfer of the protein. The
polypeptide may also be conjugated or produced coupled to a linker or other sequence
for ease of synthesis, purification or identification of the polypeptide (e.g., 6-His), or
to enhance binding of the polypeptide to a solid support. For example, a polypeptide
may be conjugated or coupled to an immunoglobulin Fc region. The polypeptide may
also be conjugated or coupled to a sequence that imparts or modulates the immune
response to the polypeptide (e.g, a T-cell epitope, B-cell epitope, cytokite,
chemokine, etc.) and/or enhances uptake and/or processing of the polypeptide by
antigen presenting cells or other immune system cells. The polypeptide may also be
conjugated or coupled to other polypeptides/epitopes from influenza virus and/or
from other bacteria and/or other viruses to generate a hybrid immunogenic protein
that alone or in combination with various adjuvants can elicit protective immunity to

other pathogenic organisms.



SLLTEVETPTPNEWESRSSDSSD M2 e#1_S SEQ I D NO. 7 SLLTEVETPTRNEWESKSI DSSD
Me#2_S SEQ | D NO. 8 SLLTEVETPI RNEWGSRSNGSSD Me#3_S SEQ ID NO 9

SLLTEVETRVENBAGSRBSIDSSD Me#4 S SEQ I D NO 10 SLLTEVETL PRNGAESRSSDRESD
Me#5_S Me#6 S SEQ rD NO 11 SE@0D NO 12 SLLTEVETPTRNGAESKSSDSSD

[0068] The term “sequence identity” as used herein refers to a relationship between
two or more polynucleotide sequences or between two or more polypeptide
sequences. When a position in one sequence is occupied by the same nucleic acid
base or amino acid residue in the comresponding position of the comparator sequence,
the sequences are said to be “identical” at that position. The percentage “sequence
identity” is calculated by determining the number of positions at which the identical
mucleic acid base or amino acid residue occurs in both sequences to yield the number
of “identical” positions. The number of “identical” positions is then divided by the
total number of positions in the comparison window and multiplied by 100 to yield
the percentage of “sequence identity.” Percentage of “sequence identity” is
determined by comparing two optimally aligned sequences over a comparison
window. In order to optimally align sequences for comparison, the portion of a
polynucleotide or polypeptide sequence in the comparison window may comprise
additions or deletions termed gaps while the reference sequence is kept constant. An
optimal alignment is that alignment which, even with gaps, produces the greatest
possible number of “identical” positions between the reference and comparator
sequences. The terms “sequence identity” and “identical” are used interchangeably
herein. Accordingly, sequences sharing a percentage of “sequence identity” are
understood to be that same percentage “identical.” Percentage “sequence identity”
between two sequences can be determined using the version of the program “BLAST
2 Sequences” which was available from the National Center for Biotechnology
Information as of September 1, 2004, which program incorporates the programs
BLASTN (for nucleotide sequence comparison) and BLASTP (for polypeptide
sequence comparison), which programs are based on the algorithm of Karlin and
Altschul (Proc. Natl. Acad. Sci. USA 90(12):5873-5877, 1993). When utilizing
“BLAST 2 Sequences,” parameters that were default parameters as of September 1,
2004, can be used for word size (3), open gap penalty (11), extension gap penalty (1),
gap dropoff (50), expect value (10), and any other required parameter including but
not limited to matrix option.

[0069] The term “epitopes,” as used herein, refers to portions of a polypeptide having
antigenic or immunogenic activity in an animal, for example a mammal, for example,
a human. An “immunogenic epitope,” as used herein, is defined as a portion of a

protein that elicits an immune response in an animal, as determined by any method



[ 0090] I n one enbodi ment, pol ynucl eotides of the invention encode a protein,
whi ch conprises an am no acid sequence selected fromthe group consisting
of SEQ | DVvBN117120B8EQ | D NO 8, SEQ ID NO 11, SEQ | D NOrCIAIS2@In®3@035

combi nation of SEQ ID NOs: 7, 8, 1l2land 12. [0091] The present invention is
directed to an isol ated pol ynucl eotide conprising a codlng regi on encodi ng

a pol ypeptide, wherein_the po| ypeptide coqpris t.hree of the
fol lowi ng KeovarigheAsi A hp&sm @BUECNG SHKBE 2h ui\%a‘%?‘ﬂ’e‘? %?%rfeéltfﬁs\?émftboneach

orher: (1) PR ROl NPSithofor 1140 SEQURMobRiiRall 1@ | D NO

3 (Me#3_C e#4 C);, (v) SEQ ID e#5 C); (vi)
SEQ | D NO aftigeivRe#6iehined by iy ﬁemokimm;mmmh#art s)mmpwapﬁgrﬁsmdm NO 8

AT, iS5 ko B AR R o ()

embodi ment yih Qntﬂg‘%hé’ NyEl ROk | AeinG RIS SpRbpds 8RS infiguic, aifigenReglitopes/e, at
| east six, at least seven, at |east eight, at |least nine, at |east ten, at

| east el evemdrmtbatmmea@gemmel ve of the M2 ect odonai n pepti des arranged or
comnbi [ n any orgd el ative,to he ngt i ment,
a pol &ﬁf(@' eot i dé‘nof&fcﬁ Vi SRR ol rrprl Es“ésrihae %\%g%ljgﬂglgl ‘E@qlﬁgﬁgﬂp

encodi Ng aj RN YRAPitHEE in WRRICR dosehR aB Plaptpdns seties,ciorfiecibesioatreatemst osi X of
the following M2 ectodonai n peptides arranged in_any order. rel‘aﬂtlve to each

other: (i) PSEEiD. Mg amoymypisgfifeetive, {or iexampley Whem\ds admingahiation psuliying ) spQ
oo S (VBER Rogdi TR e b BEAOly S04 Rt 5

(viii) SEQdtteroiN@ed 8woMeedkd Jer élia}ld):n@E@ﬂhDarNthe@tlc(MmﬂBe@)a vifye) QE@ I D NO

10 (MRe#4 S SEQ | NO 11 5 ; S
(sza#6eS) a%“ﬁ“‘éfx‘lﬁ)é‘re% ﬂ%lQ%ﬂngPlge‘fPSBdF%ggﬁ%% a[nﬁ) ang(ﬁ ‘E’?‘Fﬂ E(gbelﬁfl%@}l n the
i nvention gonRL.§ eﬁlett%nfoﬁﬁé Ny 1\4@\7?(91111‘-&)’]-89%5@&:(? PSRQddd, h3aRgRanr 30-

am no acid sequences conbi ned or arrange In_any oraer relative to each

other: (i) pﬁE@tel, DnN@te mc()vmeamsp))nsu(q q:apaesqomhel\l@dw:zdu@lvﬁetmuey SYEEM; ) SEQ
D NO 3 ( 9%) f d rﬁéels:z)%euol\}é% #fém&flatb f ﬂ(lé/ )va(,S En(% P pN)CIless?onal

(M2e#5_O); am Nno aci d*sequen

sel ect ed f%%s'frﬁb%t Gfeféﬁnsdm'sﬁﬁmm afa otﬁar)reﬁﬁﬁtlf&tb@ Ttds éﬁg%e#é&lﬁ)t theﬁl i) SEQ
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the foll ovmm%]ﬁm AR amolit cefequsme@ caﬁeaa@aﬁismmrmyt mldmfﬁmehtamprmd@ each
ot her: SEQ ID NO 1, SEQID NGO 2, SEQ I D NO e'ngNO4 SEQ |

NO. 5, and aSE(Qpm@bmuaatltdrof(fwnéee"ﬂbﬂmessed %emmp tidgry | D NO 9, SEQ
| D NG, SEQ I f
errbodllmilﬂ? thelI%?SIl}yQpnersg’ 18 gsfrﬁg?%ta% ?m&%ﬁ%ﬁ%ﬁ%ﬁ?%ﬂﬂﬁt Iore copi es
of the M eﬂioﬁdmi@nnmp,eptugﬂess(hﬁfﬁﬁpuzsmquemm&emwpna slegredc oridamirglian
essentially of, or_ consists of .SEQ |ID NOs: 1- In a stidl s ec'fic

embodi ment SURIREs Kiekdes Ry e et %ﬁ% sB‘émaQ,sofJ;‘%If‘Estt@ a@&%ﬁttjﬁﬂ F”@“rt?;‘

consi sts of, 5 LRING ndds oﬁﬁ@ub@syt BhmalYEREh Gs deasianee gﬁ&EQph@ NO  16)
SLLTEVETPTRNEV\ECRCSDSSD GS ASG SLLTEVETPTRNEWECKCI DSSD SGSGA

SLLTEVETPI mwmm BOC8S Sitller ENETPR| RNEVWBCRBNBSHIOh QFHIMYE PRRTRIS;

SLLTEVETLTRNG\/\ECRCSD | KANSKFI .3 TE . S| ETRT. CEK%P C
Sequence (SEY TR ERy, RREE Eﬁ?&%ﬁ%%@% Sk AR

SLLTEVETPTWQE Sl HdS GiclShd- RbVEs] AbRNYERCNGRED fdGhftnals such as

SLLTEVETPI RNEWGC SSD GSASG Sl LTEVETL TRNOAECRCSDSSD SGSGA

SL LTEVETPTRN@V\E%&S@?SS@@ED@%@W sich gy dors ang gBadrHEMCtssHeEh FoPifseidts de
conprising,the NET ri.s eft.i

consi sts thag]é@ qg% aﬁ?ggghp%? I C%Pglllpﬁgeﬂgl%gé ﬁl&: aﬁ %f%@f’%ﬁ%equence

conpri ses, sgbjsi Sts essentl ally of, or consists of SEQ I D NO 18 or SEQ ID
NO 56. WO 2011/ 120045PCT/ U82011/ 030205 - 31-
[0072] The term “animal” is intended to encompass a singular “animal” as well as
plural “animals” and comprises mammals and birds, as well as fish, reptiles, and

amphibians. The term animal also encompasses model animals, e.g., disease model



METRS Sequence (SEQ ID NO. 18) SLLTEVETPTRNEVWESRSSDSSD GSASG
SLLTEVETPTRNEWESKSI DSSD SGSGA SLLTEVETPI RNEWGSRSNGSSD SAGSG
SLLTEVETRVBNBABSRBEDSSD QVHFQPLPPAVWKL SLLTEVETLTRNGAESRESDSSD1/030205
QFI KANSKFI Gl TE SLLTEVETPTRNGAESKSSDSSD METR S Sequence (SEQ ID NO 56)
SLLTEVETPTRNEWESRSSDSSD GSASG SLLTEVETPTRNEVESKS| DSSD SGSGA

SLLTEVETPI RNEVESRSNGSSD. SACHG S TEVETP) [EUCSRANDS ASG
Sl LTEVETL TN RSHESr bR eBE, SRR S A SB%ovi ded

I's an isol aladmRAlyNHCLaRHHE, Ggﬁpédoﬁbﬁ%aﬂyq‘;p@bdmnf egdedihg Watkhrengodes an
i nfluenza nucl eoprotein (NP) consensus sequence. Influenza NP proteins are
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packagi ng. ¢ N agmeris relatively well conserved, w t h a maxi mum am no
acid difference of less than 11% (Shu, L.L., et al., Nucleic Acjds Res.
5047- B993] ( 1993\ userheeréing 3 Umihioat mesd Hisaendl seters 4o en dndivigpal d ﬂfeW|1<Pm dhnt i on

can be obt al arl ng f f t NP
I nfluenza R % éﬁﬁbg%(tf}egrn%}r 6fit Vi ﬁltu%g%lst g’;s{étearl;g’r gelgglrl%ctg%\? %@gggiﬂ@%@? as
di scl osed infediibfs, | anfllodessni i8 equensaminabbbasgohewiitfluentailfeqgous pverthe NP

consensus sequence can _induce an imune response against an influenza
virus. An epeststaeyod gfi®ace of the NP consensus conprises, consists
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AE| EDLI FLA; 300} DRFKL: NS 356, WHSRREKShif0 SordSAGRTSMAR 4R AKREIR¢EFRG

PRMCSL MQGS NG?KlI'I;R)gAYE RSAEI LRGSV ('f]YS [ RI-% E RGVQ ASNEN TF%@/EQQNLPF

RGVFEL SDEKareT irPRRSGAKG RVMBNtoRGRE AHRSEL TASAU NP ARRKSERITHIGISNVES St Ebe
EKSTI MAAFT ATNP) VPSE%)%A@E( w STARCRAMNR YERAVSRGHD MECHSAARRR

LRSGYWAI RTETEERTS
simultaneously.

[0075] The term "passive immunity" refers to the immunity to an antigen developed
by a host animal, the host animal being given antibodies produced by another animal,
rather than producing its own antibodies to the antigen. The term "active immunity"
refers to the production of an antibody by a host animal as a result of the presence of
the target antigen.

[0076] As used herein, an “immune response” refers to a response in the recipient to
the introduction of the polynucleotide, polypeptide, attenuated poxviruses, e.g.,
MVA, or composition of the present invention, generally characterized by, but not
limited to, production of antibodies and/or T cells. Generally, an immune response
may be a cellular response such as induction or activation of CD4+ T cells or CD8+ T
cells or both, specific for influenza M2 ectodomain or M2 ectodomain tandem repeat
(METR), a humoral response of increased production of influenza M2 ectodomain-
specific or METR-specific antibodies, or both cellular and humoral responses. The
immune response established by the vaccine comprising an MVA of the invention
includes but is not limited to responses to proteins expressed by host cells after the
MVA has entered host cells. In the instant invention, upon subsequent challenge by

infectious organisms (e.g., influenza A virus), the immune response prevents
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[ 00951l n certain enbodi nents, the pol ypcptide encoded by the pol ynucl eoti de
of the prweenti/izomenti on further conprises a |inker intecpasedibai2zaeen any
two M2 ectodomain peptides. In one @dbodi nent, any M2 ectodomai n peptide
present in the polypeptide has a |inker peptide interposed between it and

t he adj acent M2 ectodonain pept.ide. In.general, an i ven pol ypept i de may

have no | i F@RloRHAE dFy %P‘?‘Erol%rfﬁﬂ‘t“?nﬁf‘ éﬂ‘%fﬁ%@?ieb-egﬁla{g]&.m §ﬁesn’%f1ea1§°nan one
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or different. T ypeptide can conprise at least two, at least three, at
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[I nfluenza A virus (AJrnallard/Italy/ 422%— 2/ 2006( H5N2 .)%. In a ﬁEeCi fic
enbodi nent ,inBuqnza eatizeme that gec peleidenticat-nd he twe i mem ARHEF N ©18g niluenza
Gy-Ser-A aah§géﬁs%y(b d GRERUPNR piddepti@IRBLbitahl fiekraMpeidipeEnt s,
the |inker peptides have honology to an amno acid

that may induce an immune response that is not cross reactive.




sequence found in Staphyl ococcus phage phi 2958PVL, Streptornyces rinosus,
Bodo sal tans, Coprothernobacter proteolyticus DSM 5265, and/or

Lept ospi rwbl2omviep4sG oup H 5-way CG . In a specific enbedirnsnaei/oands nker
peptide used in the invention is Se24-@y-Ser-Ay- Ala (SGSGA) (SEQ I D NO
22). [0099]1In still other enbodinents, the |inker peptides have honol ogy to

an am no acid sequence_ found in Drosgphil a . nonta olyprotein.fTomato

t orr af9791 r us] ,Th%@Oi@WHWEW%g%Ti%B%%@ig ai%‘?ﬁﬂ?ﬂ?ﬂ%%ﬂﬁ ' heavy

chain vari ﬁ'Q%ﬁerft,e%x‘?ﬂl_t,[ GRRESvAiNB Uerb @I Twhi A bflancdROlhY Phfh@ioBetiBepaue vi rus
ro

1, or oxyst binding protein [Mus nusculus]. In a particular .
enbodi ment secand ipokypeptidepte gleam setiginic £hidorien e rftdgorent, svaBent, A deg@vytiSer - 4 y
(SAGSG (SEQ ID NO 23). [0100] A linker peptide used in the present
i nvention %e any |linker known in the art, for exanple, an seFv |inkers

used fgagop Si NOTRe & *hd?mahm@yers ® Sny nRGndl hivingme ssihiedionghtlted e | i nker
peptide is the sequence (Ay),. In another enbodinent, the |inker peptide

conpri ses irivreasetdiedmonng GspAss)to 2 ppriicalan antigeies & naerease or i an ¢ffest ohept i de
i ses th , . .
(SED 1 D No PORSTRRG BT s WS ke FRPehRpOly #fteyghes flogRE S50 1

40- 80, or Biwdddfdn, kRiRdlcThor phesesienidityaritah (VA eahp irventitesis arpotenablat ed

pol ynucl eoti de encoding a fusjon protein conprising a co%bﬁg re]gi on, which
encodes a pdnygépt Ingeores spbrdimegtsnihe itma@gﬁ%ge‘éﬁgs fhe THBYUYRE n

pepti des (hyfhinti) wnORAT SNTERCHN HPCRILMS diddiflls RATNRRTe WETOR MOT e
epi tope. In-one enbodl nent, the”pol ypeptide further conprises at |east one,
at | east tweeptats (egaSELRIhw EBR13) rdsebiag ih enmcrased wagend §ygiem mwepdneakt si x,
at | east seven, at |east.ei , at | east .nin at..l east. t.e t | t

el even, or M§VaLERS FORMPRTNAD %{}i‘? BIFaent IYPLRR ﬁ%ﬁaéiﬂﬂ’ Sﬂr‘éﬂ?&’ Pﬁ‘eaf%gﬂ opes is
at |east foufieqd) dRPgla{fpye, at least six, at least seven, at |east eight,
at least nine, at l'east ten, at |least 11, at least 12, at |esat 13, at

| east [W8]1] at | edbe tdF) "stenhaelSes weed bareingasindas7renderingess infagionapgedast 19,

at | east 20, at |east 21, . | east, 22, at | eas 24 0 t | east
25 ani no afd< PR &gths Aoﬁggbé?r%%a‘fpnlgﬁ ,lgaa?n}é%}[zmzéc%%%%%?’ne'%’e‘rf)l%fde
present i NpiahfnAhERNE Lanfaenan cepd. t Apattémheapavadmbettiieravei d limitell t he

adj acent M2 ectodonmin peptide. In another enbodi nent, the polyp eptides
may f urt heeapsoitptd plieate ineprrtabpaammalign sclis g4, dheCebitdp¥s! F%&Ser d

bet ween the M ect odomain e - 1 i } ; -1 he

epi t opes cgﬁm%é (iczéL 1%%%0%})6%%1? eap%%l.n %W%ﬁg&%gﬁ{@%ﬁggﬁgﬁmg cel |
epi t ope or aguil caicityapirépmieate iB-otied Imaphblapeslugefy BHK2 1 tdels) aswecll aon may
be derived fromthe M2 protein, e.g., an antjbo e iﬂogﬁsal OCZ‘%@% W t hin
the N-ter nWaR celds, 3¢y examRls: REMEE OFf INARTRPZeE G URK CBY G Ml }Tt he

B-cell epit } Bacd -12- aof , i [ 10 of
S0 1 D Not AR PLE GBS Prepridehioh culilol B luied MO Ay B bR I

NO 3 or aig mayatigts & it9 1dé SERQ | PoNGxadpleB-aneitiengptied & dave wecdbr i ved
from ot her domai ns of e .protein, e.qg...transpenbrane dopain_ or

cyt opl asni 6@!@'6%%Pyclv\%?%%ﬂlgfof%ﬁ&ﬁm%%ﬁﬁﬁ%% VISR g@‘?ﬁ%ﬁ@%el Y,
B-cel | epi L,opesed akd ReeRM. aThe drhedpliRME" b flepRnating Diiell Meredd rdidragiment s

thereof, e.g., hemagglutinin (HA), neuram nidase (NA), nucleoprotein (NP),
Matrix 1 protbility o\irpgressthraugh 2ome gpdion qfivpital Hercvstss a6t Gieascriphion e (NS) |

RNA | PA bunij PA NA | PB1. st i B RNA
20! Y71 855,50 VML, ekt PSR BUTRE B PR 850 ot

pol yner ase epitopes used 1 n the present
invention GgafareedTRh abSitPddyproditBeF defelop mature infections virions.

Polynucleotides

[0082] The present invention provides an isolated polynucleotide comprising a
coding region, which encodes a polypeptide comprising multiple copies of the
ectodomains of Influenza virus Matrix 2 protein to induce an immune response

against an influenza virus.



am no acids and be derived fromany known antigens or inmunogens. |In one
enbodi nent, T-cell epitopes can be derived fromany influenza proteins or
f ragnent swoherigiabgsse. g., hernaggl utinin (HA), neuram ni daTaSENAN30205

nucl eoprotein (NP), Matrix 1 proteif#5M), Mtrix 2 protein (M),
non-structural protein (NS), RNA polynerase PA subunit (PA), RNA

pol ynaerase PB1l_subunit. (P ,. of RNA p rrase PB2 subunit (PB2)..In a
parti i8¢ enbo&?fﬁgﬁ?? V’Fﬁli‘lgﬁf%}gi‘ %é’lr?te‘@pﬁ%gs}s &R 065%“33 Cﬁ"@ l%rf)rcga%‘ff‘ll no
aci ds wi t ho2dil, apkicR9s AR iAThSPirRneAGH: §i 118 iffRfensa ACkAk. The thargil no

acids. Its binding to the clefts of the Mjor Histoconpatibility Conplex
(MHC in mi dtestf iLaAhpmotetramns )in sdhicththeomlits fbiam delitey stabdized briwiedifidide The

hi gh-scori ept.i are predict.ed be |jga far - - HLA

nol ecul es. %?%&O%etﬁg pg“ﬁ%‘&i“f‘ﬁcm%%%f’)a?ﬁ?éer?tp,m{i:glcgqqﬁmé%iﬂfet)%gia%tl}yga%%n he
invention QoM iSes a8ids AHHNONAEndnSeaueREiRh $ebheobattofthostthavitbampnt,
consisting of SEQID NO 26, SEQ ID NO 27, or both, which are described in
U.S. Pat entheNdrangnesBrags 1regione Hapse athed 1 e hsdraplapic cmsne nacdds. nagd dhe
entirety. [0105] The ,pr nt.,.l.nuent | N - | bl Kes

ect odomai nLHQBfa%IHIé:s?&B%%e%a&drﬁ)%% %L%)t%?l %&;ﬁ&ﬁ?%&e@p@‘%ﬁnﬁ%ﬁ%ﬁ? 'er;T)fc%gse bet ween
two or nor erdvin@as aflpnpirinpené intds lifandlosf tha emfluennoA eriropt Locwdd mphe ope

i nt erposed between two or npre M2 ectodonain peptides..Iln on enbods ment ,
the pol ynu&labgnvgkpeotheinietepy eablns HYHRgaR 1o @n@&‘dé e é{“ﬁgl’%@ﬁt(?’ﬁ'é’“

conpri sing I ' t TR [ ( vitYRe#dichVegttsds Me#4,
M2e#5, and f%&%é%?%gﬁée&%%#ggemﬁ?ﬁ%phggﬁilggg?n%?%éserg@’bet ween any two or
nmor e ect oddissbdiatppepdfithkesirdlenariz pMies M Mienthe NRemlem@edt@n RPR#Bhinped4,

M2e#4- Me#5, or Me#5- 1V12e#6),, and one or.nore epi S | rpo bet ween
any two or CHSH SiP 1R UPRRUR&PL h’ﬁeﬁiﬂsd‘& xR 1§Sp%°&Pef“itt g(PtZ'ﬁi%p&’i’ fﬁ%ﬁtﬁ%e
pol ypepti dgy,gQenri ses six M2 ectodomai n peptides, three |inker peptides

i nterposed there between, and two epitopes interposed there between,
wher eil@084] WO 201ix proeusPeItios poavideInleated polynpglpotidee whichsqomprissed

peptide is interposed bet.ween t.he f..rs . e I I ( ) and
the first FBUBEL %I‘SPrés’lnﬁo%lé%tai %"éyfw&“el%z‘%l?%‘(‘z‘?’%ﬁ%%g@%é;g%kﬁ%é rdylég%% ide is
i nt er posed fhe! MRt §ikecatIQsoaT Pt eabiodgirpitnepepine de 1{Pe#2)t lasdeltha, t hi rd
M2 ectodomai n peptide (Me#3); (3) the third linker peptide is i.nterposed
bet ween t her taii keastNpvedes: Sefbiears vbapt Mawix Rppwetyin (VP Faodasain peppdes,

ect odonai n ' ; LSt j op% NS LRos sehiet ween
the fourth V%ﬁgé%ﬁf;%&%ﬁﬁﬁ%%&tﬁégé o%%&%@%éatﬁﬁg{)ie I %‘lltszhé Cf?Ject oggpmai n

pepti de ( MRg#&h;cadrsk GFdnget corsemebitkdein tipperdes reélatier posal d@htmednonhie fifth
M2 ectodomai n peptide (Me#5 nd_the sixth M . ectodonain Ee tide.(Me#6).

[0106] I n s GHPOLRHEG wﬁ%}uﬂa‘%ﬁ st Hearyessat PNTalYL CPHBIEE 4 RRl T dt8

| nventi on GALRAAS &S paFARidB0 Wi @BmpHLUsChL RAGOSSVE BAbagREh| HBUEAIPY [ Si ng
mul ti pl e coples P ectodornai n peptides, wherein the coding region
further corfagirees, st ibpoasis, duoheyas, acimlogpeudnrsef, Whrseindly b lodshl

nucl eic acid guence can, .inh certain enbodi pents, encode .addi tional

pol ypept i d&™X ]g@t‘? Riompaim PEEE%SP{)G ?rﬁaélgﬁ‘gﬂ/ﬁ‘élﬁﬁ%ﬁé Ay ﬁg%lr ﬁ@%ﬁ'{eﬁtgn‘?mﬁ'he
addi tional pekyPeRd iiclth CRNIGAROPISE olilthé M@tecmerﬂamwr?qaaemi & eRbtiepe of an
influenza virus, wherein the epitope elicits a B-cell (antibody) response,
a T-cel |l rdstorshsegeably Hyesin as ['Mpﬁ_qudam s0eRtadid pEeaman PR 182434s %k an be
used to enc.ﬁﬁr heir respective additional polypeptides. In one enbodi nent,
the additio ol ypeptide is fused to the METR pol ypepti de of the present
i nvent[pogs] hi  anohharx enihbli grerin uicd donddiihdtandhvgpaby pepbe dbtaired faim f used
to the METR pol ypeptide of the present invention but is_produc in the
same vect orangxphidusizag A4 hBIWETRCBEINE e S 080t NYRLed i ﬁﬁ‘r%?a FERf t he
addi ti onal i {d e i Nl yS | £ Readi an
il uenza oo 8 e B e B R RNt - The
i nfluenza @3etdA GHENDe Hehac tAeGréhetovohibirgk/WB0eo (855t ).ndg vof A/Bar-

protern ( MgsRaeektpEeral i (RBR nducaRaEERLE B gt el

| i - '
e T Rty e T g P

pol yner ase ] I'n sonme enbodi nents, a additi onal

pol ypept i deAiHing e Keapdd6O7 ot Ne), gHoopnc dvibsg | Rgng#8HA7 NHIT¥1)C-Aeeni nal
peptide inparting stabilization, secretion, or sinplified purification,
i.e., Hs-tag, ubiquitin tag, NusA tag, chitin binding domain, onpT, ornpA,
pel B, DsbA, DsbC, c-nyc, KSI, polyaspartic acid, (Ala-Trp-Trp-Pro)rt



WO 2011/ 120045PCT/ US2011/ 030205 -37- (SEQ I D NO 28), polypheriyal ani ne,
pol ycystei ne, polyarginine, B-tag, HSB-tag, green fluorescent protein
(GFP), hewaggibeasn i nfl uenza virus (HAI), cal nodul i n pcmdise@ips@bei n
(CBP), gal actose-binding protein, mabtose binding protein (MBP), cellul ose
bi ndi ng domains (CBD s), di hydr of ol at e reductase (DHFR),

gl ut at hi one Stransferase toco ote h ccal
protein A A9 ﬁ]é[ (ﬁgﬁzgv mﬂﬂ/éﬁf%ﬂﬁ%{’g% kf’?ﬁ%'z%@%?o eni col
acetyl ”a”%fv%a%%méléﬁzﬂ(ﬂ/ﬁ&rzﬁeb agianshdag@hn AftsepGeniti/39 LAKINL),

t hi oredoxi n, FLAGIY1 peptide (Sigma-Al dr| ch), S-tag, and T7-tag. See e.

g.
St evens, RH@manMiong Komg/187R99 THRN2K P(\z@t)ﬁ)(Chl Ki@Y/B7 Hé%ﬁi%) Soigmept i des

e R o8 R S NSRS Bpoi ply ™

sequences pfy ry\/ma{ Wmamn%emmmqummyn@iandmmwmumwmted to
sequences that encode a T-cell epitope of a mcrobial pathogen, or other

i munogeni HPXAk ei ns andyvéan epi t oped/maiandiPoisdan/dBi4/Sddi t | onaH2N2

pol ypeptides.c n r gga%

Optim zat i g‘ﬁ’ ﬁ%&ﬁ%?ﬁ@%%@gﬁl \Xnﬁ?ﬁﬂﬁ %ﬁeagségﬂp)) %ﬁ}gg?r?\@gn | on’i s a

codon- opt i BixzRd ARKREHagesIgAR0RNAISNNY Avial ypEhidkew Cabifagouinil By206i ti pl e

copies of M2 ectodomain peptide sequences. WModificati @9@5@ nujgl eg‘i/ﬁ{ aci ds
e

encodi ng tﬂéﬁlﬂ Py Adatilemot Sueeris 2000 AHENR)| 4 WA 4/ din

the art, fgj78 WQ& 9Dy RlihFONNEheRLH BEHLE ectetmbid/es SREEN3)C NMikagenesi s
of a poI ynuc eot| d ing for a polypeptide. Such nodified pol ypeptide can

be enfoded Ab&hcﬁemnﬂbalawpte(%& gHoNaY, | ?@WWM&M@KOM3%G; fHBaDi onz/
i mpart one or i nserfions and/ or
rmrrgl ficati Gyen d&@f% %3?)%917 3‘%‘6%9@ GG yrsg%?rea@ég@?gﬁ and

derivativeggopch modiincat i onghiRM/RBIRSN&RKIsHIEO3NMUNGHENTS;| ty @tw@ﬂtl gens,
for exanpl by i ncreasing cellular i mune responses conpare

unnodi f i edAﬁmBWéfp’tlb@iﬁéZU%uc{thﬂ&il fAdan |bﬂ3 ‘éﬁﬁﬁﬁé@%(ﬁﬁéﬂﬂ}:l 133‘]”1’6? t he

pol ypeptid r.nat.j,vel f For

vanp o, i sl rarRolLaEH e (LS8 BAUB IR (D,

del eti on, wﬁdmmmwmwzgmﬂ@amamm CAﬁaNagHmnOG&OﬂBr(HBN@} eoliyt i c

enzynmes active in anti resenting cells, to enh E’P |mTun res‘Ponses to
di H&

particul ar AéEPY@iﬁEJCk/[-"’ 11 TR ap gy aﬁéﬁu‘ﬂiﬁy/gﬁ]éf/”cﬁzo i skr”f 18 n t he

art, vario g i p ptide
Gue’ 1ot he VERVRHERERER GONTIDAVRE R1% é’f*b*’b@%f%ﬁﬂ%@m?& O 030205
- 38- Devi aiUatsdsnia/20t99e r(i_H¢Ne)2t| Hensequarideng hd{o@HﬁSi SEHAND, cddionan

encodi ng the am no aci

ol.ypept i chai n I f riations in
t he sequenéﬁcb@h}tﬁa‘”ﬂ%@y@ﬂ%‘* Qé%@g) éﬁi‘%‘g’ @ggzﬁl g &?23? éﬁéNé? [{I
nucl eoti de nu i de P % r egly ed [q,gnglpur
specific ba??ls/e@E tﬁe?e (r:lj[ﬁ\?z Oggl 7}; cgq/rrtg)?lnatl oﬁrssqof gﬁcrlmel)t)tl des, 61 of
whi ch encod&Lanngrad/aM/dE ((—IQN@) r dnmamiAddnh hiber/6/66 dHENghclduaa |ngBEﬂV§ endi ng
transl ation

amino acid 113%10?/ ﬂﬁogﬂggéﬁﬂi?g?#“\ﬂéﬁgm% &ﬁ@z@rqjggﬂﬁﬁﬁ%cw m\Aﬂlocgm ds

are desi gnal/edifywiRbssit/A6NOONEHENRN SWikd  AXRRLAcxidhE 08mi/9® @LiN), al ani ne
and proline are coded for by four trlplets serine and ar |n|ne by 5|x

wher eas t r ypti@phanAdnkeytin/3H033/28P4 ¢ oddaNBY jusAtVIfﬁhe t

W Chout -l CORTRY Advam (o S2F o SED e CRpllhe IR qinfﬁﬁed by the

DNA.  TABLE SNcihgarRlsan dand H3aTmet Heméo dewillonfShitl/33 (HIN1), Human A/New
Caledonia/20/99 (HINL), Human A/Japan/305/57 (H2N2), Avian
A/chicken/Tran/16/2000(H9N2), Avian A/mallard/MN/1/2000(H5N2),
A/Leiden/01272/2006(H3N2), A/Tilburg/45223/2005(H3N2),
A/Pennsylvania/PIT25/2008(H3N2), A/NYMC  X-171A(Puerto  Rico/8/1934-
Brisbane/10/2007)(FI3N2), A/Managua/26/2007(F3N2), A/Hong Kong/1-1-MA-
20D/1968(H3N2), A/Czech Republic/1/1966(H2N2),




TT Phe (F) TC " TA Leu (L) TG' TCT Ser (S) TCC " TCA " TCG " TAT Tyr (V)
TAC " TAA Ter TAG Ter TGT Cys (C) TGC 'MA Ter TGG Trp (W C TT Leu (L) TC "
TA" TG' WO 2011/120045 PCT/US2011/030205

27-

A/chicken/Shanghai/2/1999(HIN2))|, A/Myanmar/M187/2007(H3N2), A/Guinea
fowl/New York/101276-1/2005(H7N2), Avian A/Muscovy duck/New York/87493-
3/2005(H7N2), Avian A/turkey/New  York/122501-2/2005(H7N2),  Avian
A/mallard/Ttaly/4223-2/2006(H5N2) and Human A/Wyoming/3/2003 (H3N2).

[0086] In one embodiment, the ectodomain of the Matrix 2 protein for the present
invention is derived from influenza A/Puerto Rico/8/34 (HIN1). The full-length M2
protein of influenza human A/Puerto Rico/8/34 (HIN1) possesses 97 amino acids and
is represented as SEQ ID NO: 14. A nucleic acid encoding the M2 protein (SEQ 1D
NO: 14) is represented herein as SEQ ID NO: 13. The N-terminal sequence exposed
on the surface of an influenza virus is 23 amino acids without the N-terminal
Methionine or 24 amino acids with the N-terminal Methionine (the underlined
sequence of SEQ ID NO: 14 shown below) and is identified as the ectodomain
("M2e").

Matrix 2 protein sequence from influenza A/Puerto Rico/8/34 (HINI)
(SEQ ID NO: 14}

0 MSLLTEVETP IRNEWGCRCN GSSDPLTIAA NIIGILHLTL WILDRLFFKC
50 IYRRFKYGLK GGPSTEGVPK SMREEYRKEQ QSAVDADDGH FVSIELE

[0087] M2 ectodomain peptides, variants, derivatives, fragments, or analogues
thereof as used herein can comprise an antibody epitope located in the M2
cctodomain peptide, wherein the M2 ectodomain peptide comprises, consists
essentially of, or consists of about 8-39 amino acids, about 9-38 amino acids, about
10-37 amino acids, about 11-36 amino acids, about 12-35 amino acids, about 13-34
amino acids, about 14-33 amino acids, about 15-32 amino acids, about 16-31 amino
acids, about 17-30 amino acids, about 18-29 amino acids, about 19-28 amino acids,
about 20-27 amino acids, about 21-26 amino acids, about 22-25 amino acids, or about
23-24 amino acids. In a specific embodiment, an M2 ectodomain peptide consists
essentially of or consists of 23 amino acids. Non-limiting examples of antibody
epitopes comprise, consists essentially of, or consists of an amino acid sequence
selected from the group consisting of EVETPTRN (amino acids 5-12 of SEQ [D NO:
1), SLLTEVETPT (amino acids. 1-10 of SEQ ID NO: 1), ETPTRNEWECK (amino
acids 7-17 of SEQ ID NO: 2), EVETPIRNEW (amino acids 5-14 of SEQ ID NO: 3),
and LTEVETPIRNEWGCRCN (amino acids 3-19 of SEQ ID NO: 3).



CCT Pro (P) CCC " CCA " CCG " CAT His (H CAC' CAAGQn (Q CAG" CGT Arg
(R COC" CGA" CBG" ATT lle (1) TC" TA" TG Mt (M ACT Thr (T) ACC
ACA" ACG WOAATI/1a815( N) AAC " AAA Lys (K) AAG " AGT Ser @EX/UABG1/030205

-28-

[0088] Altemnatively, M2 ectodomain peptides can be variants, derivatives, or
analogues thereof, which are recognizable by an antibody that specifically binds to a
peptide consisting of SEQ ID NOs: 1, 2, 3, 4, 5, or 6. For example, the variants,
derivatives, or analogues of the M2 ectodomain peptide is at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOs: 1, 2, 3, 4, 5, or 6
(M2e#3_C), wherein the variants, derivatives, or analogues are recognizable by an
antibody specifically binds to a peptide consisting of SEQ ID NO: 1, 2, 3, 4, 5, or 6.
An example of an antibody specifically binds to a peptide consisting of SEQ ID NO:
3 is monoclonal antibody 14C2, which is described in U.S. Patent No. 5,290,686,
incorporated herein by reference in its entirety. Non-limiting examples of the M2

ectodomain peptides are listed in Table 1.

TABLE 1. List of Six Versions of M2e Peptides (C) Utilized in METR Vaccine

Amino Acid Sequence of M2e Peptide SEQ ID | Prevalence in

peptides designation NO: Naturally Occurring
Influenza strains
SLLTEVETPTRNEWECRCSDSSD | M2e#1 C | SEQID | H5 human 1999 to 2008
NO:1 | (70%)
SLLTEVETPTRNEWECKCIDSSD M2e#2 C SEQ ID | H5 human 1999 to
NO: 2 | 2008 (30%)
SLLTEVETPTRNEWGCRCNGSSD | M2e#3 C | SEQID | H3 human (some HI)

NO: 3
SLLTEVETPIRNEWGCRCNDSSD | M2e#4 C | SEQID | H1 and H3 human

NO: 4
SLLTEVETLTRNGWECRCSDSSD | M2e#5 C | SEQID | H9 and H6 human, also

NO: 5 | avian

SLLIEVETPTRNGWECKCSDSSD | M2e#6_ C | SEQID | Avian H7, also in H3,
NO: 6 | H8, H10, H2, 116, H9

[0089] In addition, M2 ectodomain peptides, variants, fragments, derivatives, or
analogues as used herein may include, but not limited to, M2 ectodomain peptide
variants, in which cysteines (C) in the M2 ectodomain peptides are substituted by
serines (S). The substitution prevents disulfide bond formation between the two
cysteines but does not affect immunogenicity of the M2 ectodomain peptides. Non-
limiting examples of the serine-substituted M2 ectodomain peptides are shown in

Table 2:



AGA Arg (R AGG" G TT Val (V) TC" GIA" GIG" GCT Ala (A) GCC " GCA "
Asp (D) GAC" GAA Gu (E) GAG' GGT Ay (G G " GA ". GG "
1011111t we 20n/endappreci ated that any pol ynucl eoti de t lrat/uspeciodeEon
pol ypeptide in accordance with the i28vention falls within the scope of this
regardl ess of the codons used. WD 2011/120045PCT/ US2011/030205

GCG " GAT

i nventi on,

-39-- [0112] Many organisns display a bias for

use of particular codons to

code for insertion of a particular amno acid in a grow ng pol ypeptide

chai n. Codon i
Igﬁaﬁsﬁ_@g r deﬁ?%f)ilx%ﬁi'ﬁansmmze pigifies @)aagizea i€ MIRIR Vsage bet ween
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[0090] In one embodiment, polynucleotides of the invention encode a protein, which
comprises an amino acid sequence selected froxﬁ the group consisting of SEQ ID NO:

7, SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 12, and a combination of SEQ ID
NOs: 7,8, 11, and 12.

[0091] The present invention is directed to an isolated polynucleotide comprising a
coding region encoding a polypeptide, wherein the polypeptide comprises at least
three of the following M2 ectodomain peptides arranged in any order relative to each
other: (i) SEQ ID NO: 1 (M2e#1_C); (ii) SEQ ID NO: 2 (M2e#2_C); (iii) SEQ ID
NO: 3 (M2¢#3_C); (iv) SEQ ID NO: 4 (M2e#4_C); (v) SEQ ID NO: 5 (M2e#5_C);
(vi) SEQ ID NO: 6 (M2e#6_C); (vii) SEQ ID NO: 7 (M2et#1_8); (viii) SEQ ID NO: 8
(M2e#2_S); (ix) SEQ ID NO: 9 (M2e#3_8S); (x) SEQ ID NO: 10 (M2e#4_S); (x1)
SEQ ID NO: 11 (M2e#5 S); and (xii} SEQ ID NO: 12 (M2ec#6_S). In one
embodiment, the polynucleotide comprises at least four, at least five, at least six, at
lcast seven, at least eight, at least nine, at least ten, at least eleven, or at least twelve
of the M2 ectodomain peptides arranged or combined in any order relative to each
other:

[0092] In another embodiment, a polynucleotide of the invention comprises a nucleic

acid sequence encoding a polypeptide, wherein the polypeptide comprises at least six
of the following M2 ectodomain peptides arranged in any order relative to each other:
(i) SEQ ID NO: 1 (M2e#1_C); (il) SEQ ID NO: 2 (M2e#2_C); (iii) SEQ ID NO: 3
(M2e#3_C); (iv) SEQ ID NO: 4 (M2e#4_C); (v) SEQ ID NO: 5 (M2e#5_C); (vi)
SEQ ID NO: 6 (M2¢#6_C); (vii) SEQ ID NO: 7 (M2e#1_S); (viil} SEQ ID NO: 8
(M2e#2_S); (ix) SEQ TD NO: 9 (M2e#3_S); (x) SEQ ID NO: 10 (M2ef4_S); (xi)
SEQ ID NO: 11 (M2e#5 8); and (xii) SEQ ID NO: 12 (M2e#6_S). In a particular

embodiment, the M2 ectodomain peptides in the invention comprises the following
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of the M2 ectodomain peptides (METR) sequence comprises, consists essentially of,
or consists of SEQ ID NOs: 1-6. In a still specific embodiment, the METR sequence
comprises, consists essentially of, or consists of SEQ ID NO: 16 or SEQ ID NO: 55.
METR C Sequence (SEQ ID NO: 16)

SLLTEVETPTRNEWECRCSDSSD GSASG
SLLTEVETPTRNEWECKCIDSSD SGEGA
SLLTEVETPIRNEWGCRCNGSSD SAGSG
SLLTEVETPIRNEWGCRCNDSSD QVHFQPLPPAVVKL
SLLTEVETLTRNGWECRCSDSSD QFIKANSKFIGITE
SLLTEVETPTRNGWECKCSD3S3D

METR_C Sequence (SEQ ID NO: 55)

SLLTEVETPTRNEWECRCSDSSD GSASG
SLLTEVETPTRNEWECKCIDSSD SGSGA
SLLTEVETPIRNEWGCRCNGSSD SAGSG
SLLTEVETPIRNEWGCRCNDSSD GS5ASG
SLLTEVETLTRNGWECRCSDSSD SGSGA
SLLTEVETPTRNGWECKCSDSSD

[0093] In a further embodiment, the polypeptide comprising the METR sequence
comprises, consists essentially of, or consists of SEQ ID NOs: 7-12. In a particular
embodiment, the METR sequence comprises, consists essentially of, or consists of

SEQ ID NO: 18 or SEQ ID NO: 56.
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METR_S Sequence (SEQ ID NO: 18)

SLLTEVETPTRNEWESRSSDSSD GSASG
SLLTEVETPTRNEWESKSIDSSD SGSGA
SLLTEVETPIRNEWGSRSENGSSD SAGSG
SLLTEVETPIRNEWGSRSNDSSD QVHFQPLPPAVVKL
SLLTEVETLTRNGWESRSSDSSD QFIKANSKFIGITE
SLLTEVETPTRNGWESKSSDSSD

METR S Sequence (SEQ ID NO: 56)

SLLTEVETPTRNEWESRSSDSSD GSASG
SLLTEVETPTRNEWESKSIDSSD SGSGA
SLLTEVETPIRNEWGSRSNGSSD SAGSG
SLLTEVETPIRNEWGSRSNDSSD GSASG
SLLTEVETLTRNGWESRSSDSSD SGSGA
SLLTEVETPTRNGWESKSSDSSD

Also provided is an isolated polynucleotide comprising a coding region,
which encodes an influenza nucleoprotein (NP) consensus sequence. Influenza NP
proteins are structurally associated with influenza gene (RNA) segments and possess
498 amino acids in length. The primary function of NP is to encapsidate the virus
genome for the purpose of RNA transcription, replication, and packaging. The NP
gene is relatively well conserved, with a maximum amino acid difference of less than
11% (Shu, L.L., ef al., Nucleic Acids Res. 22: 5047-5053 (1993)). The influenza NP
consensus sequence for the invention can be obtained by comparing an alignment of
700 of the most frequent NP Influenza A sequences from viruses that emerged
recently (2004-2007) as disclosed in the Influenza sequence database

(www.flulanl.gov/). The NP consensus sequence can induce an immune response

against an influenza virus. An exemplary sequence of the NP consensus comprises,

consists essentially of, or conststs of SEQ ID NO: 20.

NP Consensus Sequence (SEQ ID NO: 20)
0 MASQGTXRSY EQMETDGDRQ NATEIRASVG KMIDGIGRFY IQMCTELKLS
50 DHEGRLIQNS LTIEKMVLSA FDERRNKYLE EHPSAGKDPK KTGGPIYRRV
100 DEKWMRELVL YDKEEIRRIW RQANNCEDAT AGLTHIMIWH SNLNDATYQR

AUU
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TLPRRSGAAG
RMCNILKGKF
AHKSCLPACA
NPAHKSQLVW
MDNMGSSTLE
EKSTIMAAFT
ATNPIVPSFD

0.2191

AAVEGIGTMYV
QTAAQRAMVD
YGEPAVSSGYD
MACHSAAFED
LRSGYWALRT
GNTEGRTSDM
MSNEGSYFFG

0.1472
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[0095]

[0096]

[0097)]

In certain embodiments, the polypeptide encoded by the polynucleotide of the
present invention further comprises a linker interposed between any two M2
cotodomain peptides. In one embodiment, any M2 ectodomain peptide present in the
polypeptide has a linker peptide interposed between it and the adjacent M2
ectodomain peptide. In general, any given polypeptide may have no linker, one linker
or multiple linker peptides. When more than one linker peptide is present in the
polypeptides, the linker can be the same or different. The polypeptide can comprise
at least two, at least three, at least four, at least five, at least six, at least seven, at least
eight, at least nine, at least ten, or at least eleven linker peptides. The linker peptides
can be at lcast three, at least four, at least five, at least six, at least seven, at least
eight, at least nine, at least ten, at least 11, at least 12, at least 13, at least 14, or at
Jeast 15 amino acids. In one embodment, the linker peptides are five amino acids in
length. In another embodiment, the linker peptides have low or minimum
immunogenicity, hydrophibicity or hydrophilicity to the host.

In other embodiments, the linker peptides have homology to an amino acid
sequence found in a lower organism. In still other embodiments, the linker peptides
have no homology to an amino acid sequence found in a primate. If these linker
peptides are immunogenic and result in production of antibodies, those antibodies
would circulate in the host with an opportunity to bind to any homologous antigens.
If the potential antigens are self proteins, the immunogenicity is not desired. 1f the
potential antigens are homologous to pathogens or other microbes, the
immunogenicity may be beneficial.

In certain embodiments, the linker peptides used in the invention may be
homologous to an amino acid sequence found in Burkholderia sp. H160, Arthrospira
maxima CS-328, Helicoverpa armigera SNPV, Francisella novicida FTG,

Peromyscus californicus insignis, Helicobacter pylori G27, Aliivibrio salmonicida
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LFI1238,  Solanum  pennellii,  Saccharomyces  cerevisine ~ AWRI1631,
Cryptosporidium hominis, Bodo saltans, Nitrosococcus oceani C-27, beta-
proteobacterium KB13, Campylobacterales bacterium GD 1, Candidatus
Pelagibacter sp. HTCC7211, Thermodesulfovibrio yellowstonii DSM 11347, Bacillus
cereus AH1134, Rhodobacterales bacterium Y41, Leptospirilium sp. Group II '5-way
CG', Laccaria bicolor S238N-H82, Clostridium bartlettii DSM 16795, Claviceps
purpurea, Tetraodon nigroviridis, Polynucleobacter necessarius STIR1, Piromyces
rhizinflatus, neuraminidase [Influenza A virus (A/chicken/Iran/ 16/2000(H9N2))],
neuraminidase [Influenza A virus (A/mallard/MN/1/2000(H5N2))], Escherichia coli
0157:H7 str. EC4045, S1 glycoprotein [Infectious bronchitis virus], neuraminidase
{Influenza A virus (A/Leiden/01272/2006(H3N2)}], neuraminidase [Influenza A virus
(A/Tilburg/45223/2005(H3N2))], neuraminidase [Influenza A virus
(A/Pennsylvania/PIT25/2008(H3N2))], neuraminidase [Influenza A virus (A/NYMC
X-171A(Puerto Rico/8/1934-Brisbane/10/2007)(H3N2))], neuraminidase [Influenza
A virus (A/Managua/26/2007(H3N2))], neuraminidase [Influenza A virus (A/Hong
Kong/1-1-MA-20D/1968(H3N2))], neuraminidase [Influenza A virus (A/Czech

Republic/1/1966(H2N2))], neuraminidase [Influenza A virus
(A/chicken/Shanghai/2/1999(1I9N2))],  neuraminidase [Influenza B  virus
(B/Myanmar/M170/2007)], neuraminidase [Influenza A virus

(A/Myanmar/M187/2007(H3N2))], ncuraminidase [Influenza A virus (A/Guinea
fowl/New York/101276-1/2005(H7N2))], neuraminidase [Influenza A virus
(A/Muscovy duck/New York/87493-3/2005(H7N2)}], neuraminidase [Influenza A
virus (Afturkey/New York/122501-2/2005(H7N2))], and/or neuraminidase [Influenza
A virus (A/mallard/Ttaly/4223-2/2006(H5N2))]. In a specific embodiment, a linker
peptide used in the present invention is Gly-Ser-Ala-Ser-Gly (GSASG) (SEQ ID NO:
21).

[0098] In other embodiments, the linker peptides have homology to an amino acid
sequence found in Staphyiococcus phage phi2958PVL, Streptomyces rimosus, Bodo
saltans, Coprothermobacter proteolyticus DSM 5265, and/or Leptospirillum sp.
Group II'5-way CG'. In a specific embodiment, a linker peptide used in the invention
is Ser- Gly-Ser-Gly- Ala (SGSGA) (SEQ ID NO: 22).

[0099] In still other embodiments, the linker peptides have homology to an amino

acid sequence found in Drosophila montana, polyprotein [Tomato torrado virus],
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immunoglobulin heavy chain variable region [Canis lupus familiaris], polyprotein
[Dengue virus 1], or oxysterol binding protein [Mus musculus]. In a particular
embodiment, a linker peptide used in the invention is Ser-Ala-Gly-Ser-Gly (SAGSG)
(SEQ ID NO: 23).

[0100] A linker peptide used in the present invention can be any linker known in the
art, for example, an scFv linkers used for a single chain antibody, e.g., scFv. In one
embodiment, the linker peptide is the sequence (Gly),. In another embodiment, the
linker peptide comprises the sequence (GlyAla),. In other embodiments, the linker
peptide comprises the sequence (GGS),, (GGGS),, (SEQ ID NO: 24) or
(GGSn(GGGGS)n (SEQ ID NO: 25), wherein n is an integer from 1-10, 5-20, 10-30,
20-50, 40-80, or 50-100.

[0101] The present invention also provides an isolated polynucleotide encoding a
fusion protein comprising a coding region, which encodes a polypeptide comprising
multiple copies of the M2 ectodomain peptides (METR), wherein the polypeptide
further comprises one or more epitope. In one embodiment, the polypeptide further
comprises at least one, at least two, at least three, at least four, at least five, at least
six, at least seven, at least eight, at least nine, at least ten, at least eleven, or at least
twelve epitopes. In another embodiment, the epitopes is at least four, at least five, at
least six, at least seven, at least eight, at least nine, at least ten, at least 11, at least 12,
at lesat 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at
least 20, at least 21, at least 22, at least 23, at least 24 or at least 25 amino acids in
length. In one embodiment, any M2 ectodomain peptide present in the polypeptide
has an epitope interposed between it and the adjacent M2 ectodomain peptide. In
another embodiment, the polypeptides may further comprise one epitope or more than
one epitopes interposed between the M2 ectodomains. When more than one epitope
is present, the epitopes can be the same or different.

[0102] The epitope can be a B-cell epitope or a T-cell epitope. B-cell epitopes useful
for the invention may be derived from the M2 protein, e.g., an antibody epitope
located within the N-terminal 19-20 amino acids of the M2 ectodomain. Non-limiting
examples of the B-cell epitopes are amino acids 5-12 of SEQ ID NO: 1, amino acids
1-10 of SEQ ID NO: 1, amino acids 7-17 of SEQ ID NO: 2, amino acids 5-14 of SEQ
ID NO: 3 or amino acids 3-19 of SEQ ID NO: 3. B-cell epitopes can be derived from

other domains of the M2 protein, e.g., transmembrane domain or cytoplasmic domain.
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Alternatively, B-cell epitopes can be obtained from any influenza proteins or
fragments thereof, e.g., hemagglutinin (HA), neuraminidase (NA), nucleoprotein
(NP), Matrix 1 protein (M1), Matrix 2 protein (M2), non-structural protein (NS),
RNA polymerase PA subunit (PA), RNA polymerase PB1 subunit (PB1), or RNA
polymerase PB2 subunit (PB2).

[0103] T-cell epitopes used in the present invention can comprise any number of
amino acids and be derived from any known antigens or immunogens. In one
embodiment, T-cell epitopes can be derived from any influenza proteins or fragments
thereof, e.g., hemagglutinin (HA), neuraminidase (NA), nucleoprotein (NP), Matrix 1
protein (M1), Matrix 2 protein (M2), non-structural protein (NS), RNA polymerase
PA subunit (PA), RNA polymerase PB1 subunit (PB1), or RNA polymerase PB2
subunit (PB2). In a particular embodiment, T-helper cell epitopes can contain 9 core
amino acids with 3 flanking amino acids on each side for a total of 15 amino acids.
Its binding to the clefts of the Major Histocompatibility Complex (MHC in mice,
HLA in humans) can be calculated by the known methods. The high-scoring peptides
are predicted to be ligands for those MHC of HLA molecules.

[0104] In a specific embodiment, T-cell epitopes used in the invention comprises an
amino acid sequence selected from the group consisting of SEQ JD NO: 26, SEQ ID
NO: 27, or both, which are described in U.S. Patent No. 6,663,871, incorporated
herein by reference in its entirety.

[0105] The present invention includes multiple copies of M2 ectodomain peptides,
one or more optional linker peptide interposed between two or more M2 ectodomain
peptides, and/or one or more optional epitope interposed between two or more M2
ectodomain peptides. In one embodiment, the polynucleotides of the present
invention encodes a polypeptide comprising at least six M2 ectodomain peptides
(M2e#], M2e#2, M2e#3, M2e#4, M2e#5, and M2e#6), one or more linker peptide
interposed between any two or more ectodomain peptides (e.g., M2e#1-M2e#2,
M2e#2-M2e#3, M2e#3-M2e#d, M2e#d-M2e#5, or M2e#5-M2efi6), and one or more
epitopes interposed between any two or more M2 ectodomain peptides. In a specific
embodiment, the polypeptide comprises six M2 ectodomain peptides, three linker
peptides interposed there between, and two epitopes interposed there between,

wherein:
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(1) the first linker peptide is interposed between the first M2 ectodomain
peptide (M2e#1) and the first M2 ectodomain peptide (M2¢#2);

(2) the second linker peptide is interposed between the second M2 ectodomain
peptide (M2e#2) and the third M2 ectodomain peptide (M2c#3);

(3) the third linker peptide is interposed between the third M2 ectodomain
peptide (M2e#3) and the fourth M2 ectodomain peptide (M2e#4);

(4) the first epitope is interposed between the fourth M2 ectodomain peptide
(M2e#4) and the fifth M2 ectodomain peptide (M2e#3); and

(5) the second epitope is interposed between the fifth M2 ectodomain peptide
(M2e#5) and the sixth M2 ectodomain peptide (M2e#6).

[0106] In some embodiments, an isolated polynucleotide of the instant invention
comprises a coding region, which encodes a polypeptide comprising multiple copies
of the M2 ectodomain peptides, wherein the coding region further comprises an
additional nucleic acid sequence. The additional nucleic acid sequence can, in certain
embodiments, encode an additional polypeptide, optionally fused to the polypeptide
of the invention. The additional polypeptide can comprise at least one immunogenic
epitope of an influenza virus, wherein the epitope elicits a B-cell (antibody) response,
a T-cell response, or both.

[0107] Various additional nucleic acids can be used to encode their respective
additional polypeptides. In one embodiment, the additional polypeptide is fused to
the METR polypeptide of the present invention. In another embodiment, the
additional polypeptide is niot fused to the METR polypeptide of the present invention
but is produced in the same vector expressing the METR polypeptide. Non-limiting
examples of the additional nucleic acid sequence are nucleic acid sequences encoding
an influenza protein, variant, derivative, analogue, or fragment thereof. The
influenza protein can be selected from the group consisting of hemagglutinin (HA),
neuraminidase (NA), nucleoprotein (NP), Matrix 1 protein (M1), Matrix 2 protein
(M2), non-structural protein (NS), RNA polymerase PA subunit (PA), RNA
polymerase PB1 subunit (PB1), or RNA polymerase PB2 subunit (PB2).

10108] In some embodiments, a additional polypeptide is selected from the group
consisting of an N- or C-terminal peptide imparting stabilization, secretion, or
simplified purification, i.e., His-tag, ubiquitin tag, NusA tag, chitin binding domain,

ompT, ompA, pelB, DsbA, DsbC, c-myc, KSI, polyaspartic acid, (Ala-Trp-Trp-Pro)n
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(SEQ ID NO: 28), polyphenyalanine, polycysteine, polyarginine, B-tag, HSB-tag,
green fluorescent protein (GFP), hemagglutinin influenza virus (HAI), calmodulin
binding protein (CBP), galactose-binding protein, maltose binding protein (MBP),
cellulose binding domains (CBD's), dihydrofolate reductase (DHFR), glutathione-S-
iransferase (GST), streptococcal protein G, staphylococcal protein A, T7geneld,
avidin/streptavidin/Strep-tag, trpE, chloramphenicol acetyltransferase, lacZ (f-
Galactosidase), His-patch thioredoxin, thioredoxin, FLAG™ peptide (Sigma-
Aldrich), S-tag, and T7-tag. See e.g., Stevens, R.C., Structure, 8:R177-R135 (2000).
The heterologous polypeptides can further include any pre- and/or pro- sequences that
facilitate the transport, translocations, processing and/or expression of the METR
sequences or any useful immunogenic sequence, including but not limited to
sequences that encode a T-cell epitope of a microbial pathogen, or other
immunogenic proteins and/or epitopes. Other suitable additional polypeptides can

include a leader sequence or signal sequence.

Codon Optimization

[0109] Also included within the scope of the invention is a codon-optimized
polynucleotide encoding a polypeptide comprising multiple copies of M2 ectodomain
peptide sequences. Modifications of nucleic acids encoding the polypeptide can
readily be accomplished by those skilled in the art, for example, by oligonucleotide-
directed site-specific mutagenesis of a polynucleotide coding for a polypeptide. Such
modified polypeptide can be encoded by a codon-optimized nucleotide sequence.
Such modifications impart one or more amino acid substitutions, insertions, deletions,
and/or modifications to expressed polypeptides including fragments, variants, and
derivatives. Such modifications may enhance the immunogenicity of antigens, for
example, by increasing cellular immune responses compared with unmodified
polypeptides.  Such modification may enhance solubility of the polypeptides.
Alternatively, such modifications may have no effect. For example, an M2
ectodomain peptide may be modified by introduction, deletion, or modification of
particular cleavage sites for proteolytic enzymes active in antigen presenting cells, to
enhance immune responses to particular epitopes. '

{0110} As appreciated by one of ordinary skill in the art, various nucleic acid coding

regions will encode the same polypeptide due to the redundancy of the genetic code.



GAG 0.5839 Cys UQJ 0.4468 UGC 0.5532 Trp UGG 1.0000 Arg 0.0830

WO 2011/120045

[0111]

PCT/US2011/030205
-38-

Deviations in the nucleotide sequence that comprise the codons encoding the amino
acids of any polypeptide chain allow for variations in the sequence coding for the
gene. Since each codon consists of three nucleotides, and the nucleotides comprising
DNA are restricted to four specific bases, there are 64 possible combinations of
nucleotides, 61 of which encode amino acids (the remaining three codons encode
signals ending translation). The “genetic code” which shows which codons encode
which amino acids is reproduced herein as Table 3. As a result, many amino acids
are designated by more than one codon. For example, the amino acids alanine and
proline are coded for by four triplets, serine and arginine by six, whereas tryptophan
and methionine are coded by just one iriplet. This degeneracy allows for DNA base
composition to vary over a wide range without altering the amino acid sequence of

the polypeptides encoded by the DNA.

0. 1927

TABLE 3: The Standard Genetic Code

T A

TTT Phe (F) TCT Ser (S) TAT Tyr (Y) TGT Cys (C)
TTC “ TCC “ TAC “ TGC
TTALeu(L) [TCA® TAA Ter TGA Ter
TTG* TCG “ TAG Ter TGG Trp (W)
CTT Len (L)  |CCT Pro (P) CAT His (H) CGT Arg (R}
CTC « CCC * CAC* CGC*

CTA « CCA ~ CAA Gln (Q) CGA “

CTG « CCG “ CAG*“ CGG “

ATT e (D) ACT Thr (T)  |JAAT Asn(N) _ |AGT Ser (S)
ATC « ACC « AAC “ AGC

ATA “ ACA « AAA Lys (K) AGA Arg (R)
ATG Met M)} [ACG*™ AAG “ AGG “

GTT Val(V)  |GCT Ala(A)  [GAT Asp (D) GGT Gly (G)
GTC « GCC“ GAC “ GGC «

GTA « GCA “ GAA Glu (E) GGA

GTG “ GCG ™~ GAG “ GGG “

It is to be appreciated that any polynucleotide that encodes a polypeptide in

the codons used.

accordance with the invention falls within the scope of this invention, regardless of
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[0112] . Many organisms display a bias for use of particular codons to code for
insertion of a particular amino acid in a growing polypeptide chain. Codon
preference or codon bias, differences in codon usage between organisms, is afforded
by degeneracy of the genetic code, and is well documented among many organisms.
Codon bias often correlates with the efficiency of translation of messenger RNA
(mRNA), which is in turn believed to be dependent on, infer alia, the properties of the
codons being translated and the availability of particular transfer RNA (tRNA)
molecules. The predominance of selected tRNAs in a cell is generally a reflection of
the codons used most frequently in peptide synthesis. Accordingly, genes can be
tailored for optimal gene expression In a given organism based on codon
optimization.

[0113] The present invention provides an isolated polynucleotide containing a
polynucleotide comprising, consisting essentially of, or consisting of a coding
optimized coding region which encodes an influenza protein, e.g., METR, disclosed
herein. In such embodiments the codon usage is adapted for optimized expression in
the cells of a given prokaryote or eukaryote.

[0114] The polynucleotides are prepared by incorporating codons preferred for use in
the genmes of a given species into the DNA sequence. Also provided are
polynucleotide expression constructs, vectors, and host cells comprising nucleic acid
fragments of codon-optimized coding regions which encode the influenza
polypeptide, e.g., METR, as well as various methods of using the polynucleotide
expression constructs, vectors, and host cells to treat or prevent influenza infections in
an animal.

[6115] Given the large number of gene sequences available for a wide variety of
animal, plant and microbial species, it is possible to calculate the relative frequencies
of codon usage. Codon usage tables are readily available, for example, at the “Codon
Usage Database™ available at www .kazusa.orjp/codon/ (visited May 30, 2006), and
these tables can be adapted in a number of ways. See Nakamura, Y., ef al,, “Codon
usage tabulated from the international DNA sequence databases: status for the year
20007 Nucl. Acids Res. 28:292 (2000). A codon usage table for human calculated
from GenBank Release 151.0, is reproduced below as Table 4 (from

www kazusa.or.jp/codon/ supra). These tables use mRNA nomenclature, and so

instead of thymine (T) which is found in DNA, the tables use uracil (U) which is



0. 2459 0.2471 [0116]By utilizing these or simlar tables, one of
ordinary skill in the art can apply the frequencies to any given

pol ypept iwe 8aezensse, and produce a nucleic acid fragnerCTafS2@1/030205
codon-optim zed codi ng regi on whi ch-4encodes the pol ypepti de, but which uses
codons optimal for a given species. [0117] A nunber of options are available
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WO 2011/ 120045PCT/ US2011/ 030205 -43- whereas cal ci um phosphate treatnent or
el ectroporation may be used for other cellular hosts; see Sanbrook, supra.
I n gener avp 208ci2e04s conpati ble with the instant inventi @eaTwiské110802p5i Se a
sel ection marker, appropriate restriqgtion sites to facilitate cloning of
the desired gene and the ability to enter and/or replicate in eukaryotic or
prokaryotic cells. 101201ln ¢ i bodi-rents—t+-he—present invention is
directed to a poxvi|fEineAgd |&odarcin| Bregpensy ofdlsage 15 npdified vaccinia
virus Ankara (MA),| ssnpri si ng &APol ynuekedti de, which encodes a
pol ypeptide conprisfng an inflluexZa pol 9pépéi de, e.g. | the multiple copies
of the M2 ect odonai nLEQVEIR), NAARr botb42MVA is a highly attenuated
vaccinia virus strajn, a nmenberaof; the|ggngg O thopoxyirus in the famly of
Poxyi ri dae. Poxviru 53 rctude A pgr gelEng P pox virtgses, i.e., orthopox,
» X

J GAU" . . : .
par apox, yatapox, & Brol | usci Qﬂé(;‘“ rusg ,prt hopox vilruses include w thout
limtation, variol amrd+rus {thd agent—chtH , vaccinia virus,
COWPOX Vi rus, m)nkeygbk Vi rus, (%(%‘?i raczogﬁ oxVi rus; Rarapox viruses

include, without lipitation. Q944 rus|%388%docowpax, |and bovi ne papul ar
stomatitis virus; Ya€epox viruys&Ui ncl 8446&%i t hout |initation, tanapox
virus and yaba nonkey tunor vilfiSC and|NM5bBRIsci pox vinuses include

nmol | uscum cont agi OSHMpVI T US (Moxyc 10121bWegci nia viryses have been used as
a live vaccine to i TZ€ agdqi The{f@Ream snal | pox |di sease or to

engi neer viral vectprs for red nant | ggggs expressi on or for the potential

GT

use as reconbi nant |ive vacci ré?ﬁ I\/tackeb%,12 et al., |1982 PNAS USA
o
HoYy

79:7415-7419; Smithf G L. et 1984 Bi.pf ech Genet |Engi n Rev 2: 383-407).
The engi neered viral vectors ont ai 8 sequenceg (genes) which code
for foreign antigeng, e.g.. In nza pol ptides, wj|th the aid of DNA
reconbi nation technjques. |f t ene | 8% htegrated atfl a site in the viral
genone non-essenti al Giyor the llid@Ucycl ¢0d632he virus, |[the newy produced
reconbi nant vaccinip virus inqax@Orati ng.3upg foreign gene may be capabl e of
infecting host cellp and thus [igadyci ng|expsessi on of tthe foreign protein in
the host cells. (U B. Patent ~;o, 1100587 83, 286; gnd 110, 385,

i ncor por at ed her ei ntby—+eferefce—+n—thetrr—entirettes)s Reconbi nant vacci ni a
viruses (e.g., MVA) .prepared in this y are.used agcording fo thi

i nvend¥d®l as | i By WHEEEn@sss o Siyar W@%h%ﬂa%%fam ﬁ‘f‘@(‘:‘i‘ f}t'?u”é* Faik fRPehza

di seases i@ Vi ] I t X fke \WAEGHEL acyd I US
strains usgh(f ?gg‘éﬁl}[ﬁ%?%a&ﬂi %W?eﬁ?%ﬁﬁgggqﬁgﬁf%b&)acci nia virus Ankara

( MWA) . WA fisgsegienf natoddn-bptiintred - coding wgivnawhishssaedes the pohcplidearbat st rai n
of vaccinia virus ((p\/A) on chicken WD 2011/120045PCT/ US2011/ 030205 - 44-
enbryo fi briBHEees cQdogs oPEDALIGr 8 SVeREDFISSA. et al . 1975 Infection 3:6-14:
Swi ss [Fatgnt No.A RGRbEOR) ept¥h a¥d EHERBIeafoe sPithtdifhy cadui-d@ihiged oding from
the American Type Culture Collection as ATCC No.: VR-1508. MVA is .

di sti ngui shegomsdastenedby antiaf itsnmethods desaribgdnabonedusing diandsedand wpufipg; t ed

ability to reproduce i.nf.ecti.ous.virli [ i L: ] s5,while
mai nt ai ni n&lgggc&gm:ﬂrlrﬂﬁ%%%lélﬁ?né ‘?%“‘)a“ﬁa" e?laﬁoﬁatgzl&s? f/)?'? %F%@g?gﬁaiﬁg Irpljr oduce
i nfecti ous owt lappdsch, n Ryieabf e@hplemeniagy dMifbnvtleosddpsrsad{l 820 hareotidas i t s
genone that induce attenuation relative to éh,e (Par ental CVA tr_asi%f Si x
maj or del eterehhin bnedershiranmg thedmgth ahthe desired pequenga aro\gynthaiz 5’3’
totaling 3 b ir bo 0 bhis hav e iydemt i fied
(Neyer n SuiaREHgHE, " EaoR e SR At 4B R S e
herein by raafeli@pcehdynfarins deuttle satyded Fhgnends wiftS0RG0 ey piiruscopbdng

severely attenuated in manmal.i an cel.ls. etoits att uaéﬁia 4|\/$/? of the
present i nVEREHI a2 Hecist) O EPRHG{SOtd T § ﬁpf’"ﬁfﬁ,u%%ﬂﬁ?cg ST E’dl vi‘dual s and
have very |l tdle 19 de RiEants BS2RE11RL @6Lidh &mttib%og}%ﬁenmma{w&oime atterve

vacci ne against "‘an infectious influenza disease. 101231The vectors, e.g.,
M/As of t helignesdetide i thetraim Treysinghdstranded prdsta¢aehepait ebelisonueleptitsran

cells as its replication is plocked in.the |ate.stage pf | ction. -The
linited rep¥s cg‘{)sﬁ%ﬁaprt‘év@?ﬂeéptWghai{&een%ﬁlﬁyef%arﬁgflure% i e%l}()l%egstp\a}?i Shs.
Never t hel esgigohilieotiied. OTRo olfectiucledhiiSadt atdElowe@36 hindal) wad bpmoxiaiaelgapabl e
of expressing viral and reconbi nant genes at high |evels even in

non- per m sdivedo st dithessdloablestieagrsblirasnsmisae Wanpllawed fo aprerliogrbefy saf e
gene expression vector. [0124] In one enbodi nent of the present invention,
the isol ated pol ynuel eoti de sequence coding for the influenza pol ypepti des,
e.g., METR, is fused to MVA fl anki ng sequences adjacent to a naturally
occurring deletion, e.g., deletion |, deletion Il, deletion Ill, deletion
IV, deletion, V, or deletion VI, or other non-essential sites present in
the MVA genone at the 5 or 3' end of the polynucl eotide. The nonessenti al

o M R 7 o I Y T L, T .




-45- 11 ka gene as are described in EP-A-198, 328, and those of the 7.5 kDa
gene (EP-A110, 385), each of which is incorporated herein by reference in
its entirwOeoRe@AS5] I n sone enbodi nents, the present ipaoTarstéien3@Eodvi des a
recombi nant MVA contai ning a pol ynnabkeoti de that conprises a pronoter
operably associated with the codi ng sequence encoding the influenza

pol ypeptide antigen, e.g., MEIR In a particul ar enbqdi nent, the pronoter
is a viral hereheties singlegstranded, guds; ﬁi’dathﬁ“rth%y &at%a?aﬁﬁ?&a a%(?lq"ﬁflémﬁrﬁ(ar a
Virus pro il WidRGF VRAbL! il &L odi TEPH. vEs RIAMBIL ol a

synt het i c”gélgéf%?eﬂragte?lﬁ far{ﬁ%r e ’ogiillrrent .t he pronoter is a stron

pronot er. IvittogpaCirhomatiemiCalshahtCAt Ade poustolcers then seqeneed dysspan ic

P e S bouen BB R AR O IRt R PP e o G iage SD145 R ey 2! 19
(Chakr abar E%:ir ﬁ%%ﬁ«'eﬁt% %%dl‘lé?ﬁh&,lﬁe‘?,?ﬁa%ngér@é SCIVVOY6E b3 phit94md @Rphredl N @

further speci enbodi nent™ the pronoter is the nodified 115 pronoter
havi ng t he ssdhgthatribe eAda ARANTEARANTIRAAT ROAAATST TICT B

T
GCGAGAAATAATCATAAATT ( SEQ. 1 D. NO Raosel et al., - 60
(2): 236- éﬁgﬁ’ InseHY 9 ]éﬁé§$}qsﬂgé\lsto?rﬁgg%‘r é%t‘?nghng?prg W (or%%rg%%)%erlllézy%%grr%ﬁ se a
pronot er angaiad tSRNRE i RirmOMe FRENEdIREiAN Thedhnal corfsene ieXphadsiednnion
poxviruses I's tenporally regulated, and pronpters for ear|y, interpediate,
and | ate gemsdarpdmstesisl vlonjnenyesers gad weauaenceshr tAfditionsk ynsthdsywarld B¢ o
expressed cQnsti iLvel vy, ters f s " L Vs 2t e’ bear
hybrid str ﬁ%?ﬁ?lg%seﬂ §§‘§atr%nétt?gﬂ%§ffiﬁlga Iagtﬁ%nb?%ln%t ers ’r%g;ﬁ/lée S%?ds]gsgsﬁge%%gig}\s/el oped.
See Hammondvallable coffmétially. Virol . Methods 66:135-8 (1997); Chalcrabarti
S., et al., Biotechniques 23:1094-7 (1997). Therefore, in the present
i nvention, any poxvirus pronoter may be used, e.g., early, late, or
constituti V&9 onoters. [0127]Non-1initing exanpl es of early pronoters
include the 7.5-1(D pronoter (also a |ate pronoter), the E)SI}\IA ol pronoter,
¥

. ( .
the t KOMSbnot er The pecsrANBtoBIEIHSE & Veqlpis: 48- PISHHds G sk

pronot er, 4 -t‘nEﬁ:, {sdiddic RO, B, tHeRRcBFs & er, the
H3' pronot ﬁearQ&e?(ﬁ%ﬁ%% g%eg%ﬁlgér,mot e %1g&plr%%(rzmtéelr, t he D4 E)rosr_rpt e]?? the D5
pronot er, pbEmieqidenmteding theanDishzp aotigmner the pdyidptide oonopmsing mdiplal
pronoter, and the N2 promter. See, e.qg., s,.B., "Poxviridae and their
Repl i cat i 0f®PIPNO &Igﬁﬁtgg%aﬁd?eﬂ‘@%; e‘%:’IMﬁ/ft—lﬁeWB‘sc,h & franest JR Ay oK Egs.
Raven Pres #990). Early genes transcribed in vaccinia virus and
ot her poxv??lﬁtg‘éestg(%s%éon/ 120045PCT/ US2011/ 030205 - 46- recogni ze the
trans¢0ii®i on t ém ohoambodingingrib¢ vaCTArTiy NE oXBRGIVDVNGET Suijor agmedrasiean be

any nucleotide. Transcription nornally tepm nates approxijat p
upst r eam of°* ?q{ggtmgi YT R‘A@B‘{’}P?ﬁ ﬁ%}i}%ﬂt’ tvg?tgf isg%gfs%algvee ﬁg)g' :éﬁgére? %mge
expressed fLapsRRXvEd &one dirhdbs RICHEY REGvingas,ovattisla Vst k@end srsadiatad nat e
occurrences of this signal in the coding regions for those genes. See,

e.g., Earl vimsds, adesp vituses, Berpes visnses.oor: yas: prpillonppiyuses,onagheERetdploes of
| ate pronoter.s include whth ol m ' Bodd) P gnttag%tdttagnML
pronoter, t Vef?f-(i% Lliee roé%%%gé%?h%shg} i\;lécﬁc% %Eghn%tlgygﬁ%oﬁe{ 1L eoem)t er, the
12L pr onot glpulatien. 1®lstipyde MHie are twetl ibkvnpio ahmceskillet e the7drt panoimotsed to t he

28-1(D pronoter, the HIL pronpter, the L pronoter, the H5 ronpter, the
HEL pr onot eEnstiusk reg@mbiiaghyitel veqieis: f9e: E‘% Ef?aérfi’g‘tge‘?‘? t?qai@%f% be%%t‘%r , the
D13L pro mtﬁh{br&ﬁ? gﬂlécu%mﬁi% A LAR ALy MBI ES1d Shhfe Aakhd 1 @BBaRfy and

r. See, e.g., ss, B

the P4b pronote ., "Poxviridae and their Replication”
I N Vi r ol ogy(19&d NEWi hidApsibelN. CuFiest Betodlshn MolcpadaeBiokigy, Gress, PubRalies Press,

. 2090 (1990).. The | at. onot.ers a I 0 _not .regcoqni ze .t he
'Ito ranscri ét if’éfﬁ‘)"fl%tfi?‘rf‘”iﬁ%lt%}t7 ‘i‘?féitﬁﬁ%?ncfie@gig‘n@g@' %§ﬂ§1§?ﬁ“§?l§bﬁﬁﬁ§{’ féf}lg(fle&ldes
[ 0129] Non- | jfivkiios: @AAORIVERHGT cmRShbédndtifuk iRfoOifRIs8hSs foRklckRy kdatfie

present invention include the synthetic early-late pronoters described by
Harmond andethakhalyestols, confaging it pedynuglepddes girtbaristventionglec-t the muliaplR D or

"p7.5" pronoter. .[0 | he present | on is. al P

vector, e. g‘%"?'eéﬁfkﬁﬁg 385‘?%?1?1@?‘@8%638@%@@%3 Ic%k’? £ %nso%e[ I{elﬁ)lct?llggﬂ%ti%gﬁ, and
an addi ti ong! whlkhee A&hedss efieN ey ddpendifdioni wvalphutLehdarabisd Foquence
can be inserted in an insertion site that is sane_as or different fromthe
site in whishmphe cplsiupmebloside iterastselinie roeonamerlyi Wilizeh dompokppyplc ¢l es of
the M2 ectodomain peptides (METR) is inserted. The additional nucleic acid
sequence can conprise a coding region encoding an additional pol ypeptide.
The additional nucleic aicd sequence can farther be connected to a
pronoter. In one enbodi ment, the vector of the invention, e.g., WA,
encodes two or nore antigens or immunogens, one antigen being METR or NP
consensus and anot her antigen being an additional polypeptide. The

o . . - o o,




at least three influenza antigens, e.g., METR HA, and NP. In certain
enbodi nents, a WD 2011/ 120045PCT/ US2011/ 030205 -47- vector of the

i nvent i orwexprieaodat | east four, at |least five, at | easPCIivsoiat3dzenst
seven, or at |east eight influenza &3tigens. [0132] The present invention
al so provides a nethod of producing a vector, e.g., an MA conprising

introducing into a host cell infected with a vector, e. .,ﬂ%n WA%‘ an
i sol ated p@hgiaticelsterhopagie dsash & elgFHnRPeElqyg @%dﬂ‘yﬁ £e5t piher
encoding t | s g8ollsuphe Mokt Q0B cRRPlibAEith Ml Rhtah0 al | ow
honol ogousp@é@%rﬁﬁsﬁé%eon. ¢e ‘the D&iﬁgcoﬁs’truct %nc'oo_li ng t he METR

pol ypept i denviestiomivilbdomprdsd misclettivm ineker, cpbtopaiatt tebisiciar siteggrio DhAlikquence
is reconbined. with the viral DNA_ the.resultin econbi nant A Virus
conpri ses SlopHeyH hF 58%17389‘%68?1@6@1 iﬂ?‘Fggli‘Wé( Wﬁkrﬁgp{%é?ﬁqﬁ% & .mfﬁgglrﬁ?técs%rnt
invention algo-proulgles isolating the resulting WA by known techni ques,
e.g., with'the’aid of a marker. The DNA construct carrying an METR

pol yppi20fie genéscartayn embadimentsnthe poseridnyention tihdirdgen torff EVEYS,€d+1%& by

transfection, .for .exanple b ns of .cal ci_ um pho reci.pi:t.ation

(& aham et VanS g Ry o 5o0fB R0, e eeifty Pl BIGP RESARERMPIRAL £ 1gs)
by neans 0?9%&&&&%9mﬁdhoéh&&&uﬁ@ﬂlypepti@l comBR I EMBD fluendd Béllp&ethle, by

m croi njection (Gaessmann et al. 1983 Meth Enzynol 101:482-492), by means
of |i posomesg.(tBe maitplagepicatof she MDggofemingAh b INPor: botlp. B3R ISb%/ means
of spherop fher. . R : - : I t hods
known to th%@evsgt%%ﬁ%g V?ﬁ&rtn%g/%gﬁ £, hgﬁféélz%rr é%?%s%ggperg{oﬁg%gﬁ%h?é?é?he
transf ect i gnnitebhbosyidde. | Puxvimsssaheutie foair rgehyra o pex emoses| he.t hehopox,

entireties. [0133] Accordi ngp‘é)? the present inpvention, the re&orrb'blna t MVA
vacci ni a vPAER®S FHAPWe doMmetissripRy JEYESal POk nPHEe dRHHTE YETOU o
exanpl e th ic oA { RusROiRARox), Adc@nidQirds] SiidRgviaxanpl e, a
DNA- const rﬁ?ﬁ%@eﬁlﬁﬁﬁﬁﬁa@% - sequesncgg V\h?)lgﬁ) co((iers11 for ?t heV&ﬂya_céj nia Virus
Kl L prot ei monkegpoKblirudearidwactopoipppeipis; Harapex sirmses keoludgnwithomNpnisaiglence

encodi ng the. METR pol ypepti de both fl anked b \.Ssequen flanking a
non- essgnt O Vs, ,SQBE%O&QDﬁaf‘E&JWy’%B i %ta%l%tv%% %2&%8 % gefe %gon I,
wi t hi n t he j\Myfyegapign nftathHastapeg! Visudisnd 06 mbakSr @aaet viraventd on

include, but are not limted to, eukaryotic cells, avian cells, mammalian
cell's, or Muethscipex vigusenineludemeliusgue xanfpgiesunVirBuMEYdt i ¢ cel s are BHK-21

ATCC -10), C-.1. (ATCC .CCl ;26 -1, £ : 4 (ECACC
€(35102§(ﬁ%1.] |31 o%gcgﬁ&()v&'i’uﬁ%sr%ﬁve ﬁ%%r%usg%féhgfggég\%eg[é?%%%%iagépu I ng, (but not

limted tohumbhehenpsedibdse M%nﬁﬁbéﬂira@ﬁedﬂn&t@iﬁh re&@nhlsinarigend éxpirdskiog
exanpl es of avian cells are chicken fibroblast cells i

. . quaj
2011/ 120045PETMhspaentiah sgxpsccanghingnt hive Mpceines gMapkett, Mre? @l 1982 FAHS cel | s,
Qr35 cells, |4 5q. cel 4G ' SignH32 cell's,
i cken R UL AR 1o, MO G E d by, MO ER PRl TR R e T
ot her enbodheentiscertdeirawicatorsaahy sontsie DA stipshcasdpdnss) whicheodenfoent i on are

imortalized., The imortalized avian cells. he i talized. .duck cells,
i ncl udi ng BOREIERGRUEENS ¢-8ol 1 e@ql@epggﬁ, yltg‘r%e ﬂgﬁffﬁﬁ)‘&%’@émagoﬁescri bed
in US Appl it&%N%iqﬂ\Q/s\D Aylld SAL iOniedeted 30F s2OABHRRZELAG0N: RAtstdntiar foaiteonal

Publ i cati on 20077 054516 Al , incorporated herein by reference in
their enti dg¢ cyde ofdhheirus, tioravdy prasdcetlicskompbinhnt vasefig|vitup IcREPOpHEEent

i tion i de enbryoni c derived st | ] - EBBE!
doscri bed R GETRAPIRCHEY b capare PETmane.t o0 o6 Broiale sffeifiny
i ncor por at eg hemRdigh PotdilitheRES cbifk. | (USS &ntdnt Boy.. 5, AE87; 85,2861landvi an cel |

| ines are described in PCT Application Publication No. WO 2006/ 1088646 A2,
US Appl i catlilBA8Pubtdrperatedhengn by odernz3saizar gtiretignly Recgmbppbccnds .

5,830, 510 and 6,500, al | af. | j [ : i -1 ef erence
T therr  entrGKrEs M ey pleaed dutl Gk ERLRAA TR BYUEE B PGS
a pol ypept ivdeci6&nprF ihgiphephylilxis qiliefeciipisdsflndnza HgedvBs actwdomai n pepti des
(METR). In one enbodi nent, the present ipvention,is an i so‘lwgiied_ pol ypepti de
conpril817%) at | dasamergmlodimentp an (xpMBlE g VAGIL SHES STHPHISSFREFSE ¥ rotein

ect odomai n [ r [ hV s (1) SEQ
D No 1 (DR e OgER ViR U huaBeRE O YR BB PR
(M2e#3_C); 16ngHenBEQrihDpdN@ged of Mie AdkL) ;strfin) ofSEQcink Xons ECY M et ShTken (vi )
SEQID NO 6 (Me#6_C); (vii) SEQID NGO 7 (Me#l S); (viii) SEQID NGO 8
(M2e#2_S); (ix) SEQID NO 9 (Me#3_S); (x) SEQID NO 10 (Me#4_S); (xi)
SEQ ID NO 11 (Me#5_S); and (xii) SEQ ID NO 12 (Me#6 S). [0136]In one
enbodi ment, the present invention provides an isol ated pol ypeptide




conprising at |least three of the followi ng M2 ectodonmain peptides arranged
in any order respective to each other: (i) SEQID NO 1 (Me#l O ; (ii) SEQ
ID NO 2 WhRet122@M5 (iii) SEQID NO 3 (Me#3_CO); (iv) BEQUSEnING30245
(Me#4_C); (v) SEQID NO 5 (Me#5 @4; (vi) SEQID NO 6 (11/12e#6 _O);
(vii) SEQID NO 7 (Me#1_5); (viii) SEQID NO 8 (Me#2_S); (ix) SEQID
NO 9 (Me#3 S);_ (Xx) ID NO 10 (Me#4 5): e#5_S);
and (xii) %@Prﬁ%la@@?w&@wew% gn@?ﬁéﬁé?’ffﬁﬁfﬂ’?&’n ?41 ‘@S&%iﬂ% eptide
conpri ses ﬁ% 5@83§é2f0wmfv1¥§‘es aré"?u@@él}/a%%@aﬁﬂé [/ HerOhl/ 03046m TAR- si X,
seven, eight, ni'ne,” ten, even r twel ve M2 ect odomain peptides.” I n sone
embodi nent élultmhéjcﬂ)kabtymeqstAB@Cd% t VB-1508e MV Ans distingdisheid iy ijsratieeuationnd

d £l
enbodi ment 5. SHBMBOF) BERET TG THRAT [ Brobhpnriot st ELEeih ce of
the fol | owpgnMiagetddommie ﬂﬁi?ﬁd;ﬁ%é %foﬁaﬁﬂﬁdnd; A ill rapaegt iove to

each other: (a) (1) SEQID NO SE IDNO 2 (Me#2 O);
(iii) SEQ roplidi@e asd prodegeanirtioys wo@eeamnrq@} H#avigys hasa te@E@Sl D NO 5

(Npew1-S) | i1 Fores T e enpuied e ig i ﬂgﬁ%ﬂ%@&é@%ﬁ?@%@% (v
SEQ I D NO g8t ndhic DWA RERtdA N, 1111 Iwze#éadsm tatating 81 PO®EGd D NO

12 (MRe#6_ S) }0137 In a particul ar enbodi nent pol yP gtl de %ethe
present i npairm tabpntcit |0if$‘é§ef1%ee)f@WW%@@PQ%%W‘&H @t ¢eddéhdd&ar r anged

q o
SEQ 1D o T3] fpais . oA IRl i ieeR i chiiB g
(MRe#4_C) ; rdaulinGEQVIEDVNG bBcaesvBrel) attemutedvin) meEQalin Nefls. 6 uvDe#ies C) : or
b SEQID NO 7 (Nee#1-9); (ii) SEQ 1D NO 8 SEQ I D
N 6 | woostienaption,; MYEECHT Dk Pretshl vETRRIGS ey, e, B | ibers, 9

and (vi) SEQ,BR regs%d(lp@ﬁi%ﬁa@andlﬁhv@t\)%%f lIREPQGE BEBIS asBciRRMYWER e of

the invention co I ses the NP consensus 'sequence of SEQ ID NO 20. [0138]A
pol ypept i deseodf MNeé jpradsentacéing agaiiso an Ua'mtmels mﬂu@mmﬁsq@ﬁ@t ein, which further

e R A e O B
derivat i vegopligRftlnoBUREnansel s ra@@@&@ﬁlﬁ:aﬁ&@ﬁﬁ@lbckeﬁddlthb i@ ktapo by pattiodes may
be |mTunogen| c or antigenic and can be any known antigens. Conpositions

[ 0139] Conpdbet limited  eepheatioph arevisoiuthe Assesrbly abei D SISO N IS at
contain an nel ogi caII ef f ect ed..p el eot i de,
pol ypept i dgj n%%h @egé’t rs ¢ AW%%%%hg&s%qnb%g%%@%t %eo?Aptﬁﬁlg bf
i nvention. ¢ ﬁl@oﬁmsdnﬁlremmﬁmtl geﬁéwatemg]ﬁ d¢vebxeweplia, nohipeapspive ckibs
(e.g.,Vitiello, A et al.,_ J. din, .inve 95: 341, 199%} ol ypepti des
encapsul at &8 also gapablerplseivinteras Angdkgiens 2p Sﬁny%E’Eﬁ RIS E E@@‘E m cr ospher es
(see El d I n f: 2944 leblj@nso et
\[}ﬁcc;ne %3%83%@5 %St 5@6}% éestgluailfﬁ%vé%gltﬁ% Eiaé 67 g%%c 1595) WO
2011/ 120045&91&{&&52&1@ 0BH NS infhifenzp glolypeptidade ecunPIR, i snBisabhe MNSd i n

i mune stinul ati ng conpl exes ISCO\/B (see, . Takah L L.. Nature
344: 873- 87Hankiggacquapces gjagent OaPﬁt“E%!‘a Qg Sieletipn o %B@Cﬁ%ﬂeﬂ Tg‘ﬁ%
nul tipl e apfi@rRANIAL LY BY ed@et{cMAEf %} d(eﬁ:ﬁ@n &/Jor oth@fMonl esseatial @Et@sI Nat | .

Acad. Sci. U.S.A  85'5409-5413, 1988; J.P., J. Immunol. Mthods
196: 17- 32, pmee)m thar¥IVel esncofe of thel 5’ cnr %wminé‘tﬁhe nobyngrigotids. g The gent er, N,

et al., J 2: 25, 199 E

oLt i SRR V8RR PRiac L o Ml 8 eSS

adj uvant s (gsighs addnmmjl?b@cﬁfﬁglﬂ@Ieﬁo@%giMﬁrﬁs)wélV\aﬁ baitr gkhesShat Aogel , F.

R, and Chedid, L. A Annu. Rev. Immnol. 4:369, 1986; Gupta, R K et al.
Vacci ne 11 T@B@ed1®931)epllwlopl Fesoes tk Reargy, e DINA) sequence ?ﬁﬁ}?ﬂﬁ the
148: 1585, 1§§%ucl 0 sedyee wWhitiUBQles HRARE &17 ‘niotd InfRALA - anli 0si tions
can be pharp £ ca qa i geni c, I nmrunogeni c, or vaccine co 05|t ‘ons.

[ 0140] Conp@gETRO®@SN be. Ghear \6aCHicnBr Cheipgsi polyn&rasefchhimerqacmmodunwent| on
can be fornul ated according to the knovvn met hods. Suitabl e E’m‘{)aratl on

met hods ar ®laesdrandaery RGHCGOMRIISE 2 TeRUIRORY FRAVBRFCS SUPS hTeRGTS Sdpch

Sci ences o] P n 72A
(1980) , wnddt %&‘E‘ﬂg%%ng‘ﬂszﬁﬁﬁ%fﬁaéhgu??%“% s%’f’ Eﬁ%’é’g& bof ?ﬁﬁﬁ%g
Gennar o, egolypbfide. Phibh-listiingeGmplestaisthe negufrory1d@Bints betude dhe wiicoha ar e
incorporated herein by reference in their entireties. Al though the
conposition may be adm nistered as an aqueous solution, it can al so be
formul ated as an enul sion, gel, solution, suspension, |yophilized form or
any other formknown in the art. In addition, the conposition nmay contain
pharmaceutical ly acceptabl e additives including, for exanple, diluents,

bi nders stabi lizers, and preservatives. Once fornul ated, the conpositions

Y




[0142] I n one enbodi ment, a conposition of the present invention conprises
an isol ated pol ynucl eoti de conprising a codi ng sequence, which encodes a
pol ypept iwe 20ompeodd4si ng nul tiple copies, e.g., at |east wrhrasomfosnsfive,
si X, seven, eight, nine, ten, elevedj-or twelve of the follow ng M

ect odomai n peptides arranged in any order WD 2011/120045PCT/ US2011/ 030205

C51- tive t h other: (i 1 (NRe#1 O (] ID NO
(Vo 1 Kngpn Ao e irs EPMrL IS3e8, axd hgse it 31D SEeNBERE - (v)
SEQ I D NO i) - - { Mitid SEQ 1 D NG 7

(MZQe#l S): 1?%%)6 g%%%*r%i%'& mgg’?ﬁéde?%dﬁé)el? b%:\{gjﬁ#éé“é%? iy éléligrétg'_( o3 S (x)
SEQ | PIRS] 10 ( MRedwe SnbodiniontsSHR pBstiD ingentiohGeeBs)s a apnibinant M¥® | D NO

12 (M2e#6_S). | th i ment it . ]
Comoos! ¢ oRISFn I pYReuEoRe B Pulprieh PREa b ey HiesROpEh M,
MVA,  conpr i:écihg%sg%&%é’%@dcﬁﬂé ele infWh £ pSREOSIRR Milgehpb.g. CUpT®S @h 4 he M2

ect odomai n pe s (METR) or the NP consensus sequence. In song
enmbodi nent partiauleo rpbsdinicoh thepperneies isma palal peppdtae (©f-. BREACHABSERYS Phvent i on

conpri sing L.tipl,e copies of..the M2 ectodongi i one
enbodi ment M%pg?ccggglm‘%ﬁ i%’éusapr\%lé)?%’i g“o%‘ﬂ‘é??ﬁgﬁfﬁ%? 5 %ﬁ%ﬁ’%@ﬁsde of
the presenprombt@nisiaofynititit Peah@er atrethriher ambadipeais] iherpromsted @sg sirdaed i n
Eko, et al., J. Imunol., 173:3375-3382, 2004. [0144] Certai n conpositions
can furt heprampitruda aopecife embedimat. Jhaposnaiery pstrong paithetig Premmaletr Fent | y
with the pogl ¢l eot I i r . ‘,MQA vari ety
of materia s%ﬁgl\q/ﬁg gﬁégﬁﬁgﬁfg@ntﬁggﬂh%\g?al jtlﬁlé:ﬁ% C}ﬁ{’ﬂrg;[n?;[/e?ti)l/a t hr B%egﬁ&%‘%@%eri ety of
mechani ss A ARoA AMTICH A ATTTYAATY TIHITAN THRGGAATATHeNATA (FEQ heiNOaBPl ity to

enhance the_i nmuyne, respons ccording 1o the prese i ntion Lnclude, but
are not Ii&@@@%& St‘elﬁlé’f fmfgﬁ?sls 1g§ﬂs§é?fe e @éﬁt@ﬁﬁ el,In 2atEXT and
acrylic pagsRécﬁiceaﬁb&iiﬂemhe Rirasilr ROy ARk Fied S Profsordd RRIMAKE kdquehteock
copol ymer L-8941, squal eng (a netabolizabl e OI&B and a mcroparticul ate
silica st aBiAAAAATGCABANT ADATACAAAGET TAS TG AGHE TSI @E@EWAMTMe

active mater| w S A, ithin, reti i | A

| i posones, %@%ﬂéﬁ&%ﬂé?ﬁ@ﬁﬁ@né& @é‘?lﬁﬁﬁggie%g i {fulflgc{lbﬁros, such
as bacteri gy bigoppl ysacchari de; polyeationic polynmers such as chitosan;
al ternate pathway conplenment activators, such as insulin, zynopsan,

endot di26] and Peweimiss draascriphigntloSoniseli CeBIORT aROIRINISS, as wEemalst p¥idoxd@ner s,
pol y(oxyet hyl ene).- pal v oxypro e trl - K. S; jies and
growt h fac{%?%flp%%%ttg#‘%f‘tl%onsf)%%ién{t?n{s e?&rgésg)%déﬁg%?&]ﬁﬁsnlspgérﬁ%llgggﬁ ar
super ant i gedpmlat@X GindXprdgotdtel fo lchrlyyainteraiodipen end sihte gdnigsripoasesbaapdngal t s
such as al um num hydr oxi de; cal ci um based salts; silica; polynucleotides;
t oxoi ds; s6EWEHASH 0t eariaE P VIRYS N e A\ SXPEISPSH. W?lwaelﬁaf‘%‘f PHIOES P ons |
venons, im agui gl b 3 ) oYl | pi ds.
[t or nat | oM PRt LRI JEpEC IR 4RHAE AR TR Betr SaL RS, B Jatd

2011/ 12004 5REHetita6k1dp30 366 Hafionder M, res by, J. dfisrehetiode§6:13HE1928; of a

mut at ed form of  heat |abile toxin of ter igenic E. coli ("nmLT") as an
adj uvant . UCBakiphgrti Ry ef §,l'0§37‘,’t ,’qlieﬁc%ﬁ;@fl’% %92)& gﬁﬁrefﬂ;e’rl@f %8%‘“3
descri bes timnggu,%?%@x@gJprbﬂoﬁa?riﬁa)eﬁbq;&m[eags, chil® Rl W adinsiitative

toll-1ike receptor R) sti'mul ati ng "adj uvant. See e.g., Science
312: 184- 18prqr2@@6) . TLR adj uvants incl ude conpounds that stinulate the TLRs

(e.qg., 1 TLR17),,.resulting in.an,increased i t r se to the
vacci&%ﬁbinposi}%%ﬁHB'mgﬁémBﬁgggﬁﬁubﬂgg§ Fgﬂ@cWﬁgygﬁ?%%gﬁﬁghPﬁgﬁﬁ é? but
are not | i mit eebrh@ePlac([S0Ae)o] PhansREakd Heplon(al@U thel RIS A) pad pgordiRer, (tor i xa) .
One exanple of a CpG adjuvant is CpGro909, described in WD 98/018810, US
Pat ent AppllPddl PemnateibHicczd-KBrpramotepgbe A8 4dupmwmicrytheptirbipramotes the7, 230,
and | nternabignal  Fubl i gatiion, Ne, W08 37 Bromdtl, Ghe 85 € pfIGALRQRANSH herein
by reference Tnh (HEPT enti et Fes.

promoter, the D5 promoter, the D9 promoter, the D12 promoter, the I3 promoter, the

M1 promoter, and the N2 promoter. See, e.g., Moss, B., “Poxviridae and their
Replication” IN Virology, 2d Edition, B.N. Fields, D.M. Knipe et al., Eds., Raven

Press, p. 2088 (1990). Early genes transcribed in vaccinia virus and other poxviruses



[ 0145] Dosages of the adjuvants can vary according to the specific

adj uvants. For exanple, in sone aspects, dosage ranges can include: 10

Ag/ dose two=200/12e@p5dose, or 50 rig/dose to 200 pg/ dose fPom/USp@Gi/oBasage
ranges can include: 2 pg/dose to 10@6pg/ dose, or 10 p.g/dose to 30 p.g/dose
for MPL. Dosage ranges can include: 10 pg/dose to 500 p.g/dose, or 50

| ag/ dose to 100 /[ dose far al um num hydr r t regi men,
asgdescr i b‘@@o%ﬂl@é%ﬁ HRBSCRENER FPrmEIRtigH jstg%élnf%—ﬁégﬁgé@ Wﬁ? ﬁjr‘?éer ﬁ? he
prim ng '%“béfz.@y%clé *aeb ﬁs%hﬁilmnﬂahﬁaﬁy Qéhmﬁz&esp‘ab xiQA4§ 180 vper t ai n

adj uvant conpos ons uva t 1s a cytokine. a| n corrp05| i ons of
t he presenipstroaenf klos sngnmlp rAcmerdnm@y,af hetercdogopt gEnhsews tocltrlfem%ﬁ@tfrm@r

conmpounds that induce the producti t.oki nes and che a
polng/)nucl eoE‘?"éfém%ﬁ%g’dﬁ’rﬁﬁlo&’i C&HE‘WWB P%Faaﬂ&m&%ﬁwﬁ?%%‘r’ﬁﬁ%@%m lglunds
that i nducgzletcg ggrrg%\gﬁg Rk é‘e)qgsokgé@% galEaﬂCPqﬂDJﬁl 416, virpanga =486

cytokines 1nclu ut are not limted to granul ocyte macr ophage col ony
stinmul ati ng9p@xt or (Gw CSF), granul ocyte col ony stinul ating factor (G CsF),

macr o e colo st.inmu in ctor ] [ ctor

( CSF) Rﬁg t hr o WIS ?L% g’["h"[ P RS %ﬁ%‘?ﬂ: 1%35‘58 %rﬁ 8o %?L 3),

i nterleuki !Ple‘MfL ro4ﬂoter' Hee31-RDKirmbtef, Jthc 3)-kD ﬁicmdt@t,l KhenllL b]folmcﬁér the
interleukin 7 (1L-7), interleukin 8 (]IL8 interleukin 9 ( Ll@%

i nt er | euki 2L orqmaten 'ty 13F mrempisnkiha 15k grpmoter) thej ]r'?tleP‘I"é‘lﬂE‘?rn §kP- 12,
interleukin 13 . uki.n ), rl 15,a( 15),

i nterl euki M f'é’te% Ilfﬁelgl%m I% eF ﬁé nH%é H tno}§ th‘lé %%I@%P%r 1%16 IHEL 18),

i nt er f er onprakka, (I-M\IHSLI prbﬁfofeﬁfﬂre bétla proEdier, tlhnt[é]rﬁlepmmcgemﬂhe GJIE’:N)
|nterferon onega i nterferon feron ga

2011/ 120048P0PI0S b@@?ﬁ@te“sg‘e ‘ﬁ%ﬁdgé B&’a@fso‘% ? %a@ﬁg%r i ng
growth f acgﬁglol?&t "?S'eg(z % ModZANTEP o (g ﬁﬁ@@heﬁ&pﬁ%lﬂ:ﬁﬁbﬂ”am OfirolBgy, Rl T-cel |
expressed pr esunmabfy secret’ed), macrophage inflammatory proteins (e.g
MP-1 al phEdzaznd BN Fielhe (M. Iﬁnp@ktrrdealseB@MgaPI%hpl AP90 eOPAYy Theckats (LEa)
and Flt- 0147 e abil f an adj.u I fmune
response th tgﬁ&@'@‘?ﬂbﬁ %lr%cgg? ?@5%@6‘ al}lag}oélnsl %ggéﬁ éi? %eéi rease in
| mune- medhaLgd, feaRtdr@n, or reduction in di sease synptons. For exanple, an
increase in huroral inmmunity is typically manifested by a significant

i ncr ef8@9] n theNDn{lmnltlog mpmdpéﬁmﬁﬁﬂ@é@ PEPIRHES a9 | Yignin 4 %ﬂ PEFFeTicr ease
in T-cell act|V|t i C i fest I iferation,
or cel | ul af'VEH 5’t %18 hleYlf oelglr;1 e1§t§ ?ggoﬁg%ﬁ%%ﬁég%$§%%§ %{I so alter

an inmune CRSRFNEE, théMH@@ﬂPllstepth@tbﬁﬁ@dlﬂ@’/‘aﬁ -RDiarep? bY ptomneral or Th2
response into rimarily cellular, or Thi response. | responses to a

gi venl®a0] gen nﬁﬁe D@Sﬁlﬁs}tl'é?!’t@? i5, aleP directriniRIA ISR Feg il o {5 MEhose of
ordi nary skil r r Th

[0143] Far: sl 3G obnE BlERio 336 W AR P HIGEE B8 Rullence: T verm
pol ypept i dedditidyal h&clemrucuig:a:tlmcb cambb actred al antioseriicl s1tamat igsarge eHRo0i d from
di pht heri a, tetanus, chol era, %I o&iﬂ, ther?\pat ho FurtBe nor e,

the METR pliffpsanydions hajipm WBW}"JB pa ’f‘?}e%fl atfy cglenfj g}?clﬂ e, such
as the cap GO bE $IR) i ifBAed. The BdiB6RM Gligleic
pneunoni aeébsglé?sr 01gfrﬂeynglermphl l'us 1 rﬁ%gg‘zdae ?1 é b %act eria. 1 [ 0149] For solid
conposi ti oa&d seqmnemt:a:tmmtpmo atcosting region @n@ém& sraslditppalolypseddankh

i ncl ude, for .ex har,maceut i cal es of i S arch,
magnesi um §@@5?%2{Ep Lﬁb‘gﬂf% CHRAE5A, ﬁf@? cﬁemco%neﬁpeﬁl {)se pr&?'g%gs@ Iz%cr ose,
nmagnesi um ¢ahB@RRhLE theebtdrde thd ikentiofl ¢. 8F BV AdkHcBi&ttivator fdre antigens or

phar maceutical |y accept abl e nontoxic conposition is formed by incorporating
any of theimownegdny, enrppinsiger betegi YESRt &, NB gepseagus; ads@obsf aneeed B i ousl y
listed, and ne r al .| % i nor e

pol ypept i dé”%%gfl lpﬂ%l Weei‘???%n%e ﬁefﬁl\ég%l @@%&gg%%?nak?%ﬁ 1{cl) uefgé]%%%é%n

[0150] I'n SQﬁﬁarﬁrﬁ%ﬁmdmnieﬁthwomﬁhgné tHepaodnt uomd Heseinli rected to a

mul tival ent vaccine. For ex a multival ent vaccine Qf_ the present

i nvend®6H] can c@%@@@”@ﬁ@l@ﬁﬁ@lﬂéé@q wRetor g (s RN entg, e&p MYy HITCESY | WA,
wherein the f%?ét¥&8%tﬁ%§1%9&t Ren¥ 854 WETR did HAMOME TRNGRAGS, HAQn@NPIRAE

i nfl uenza epitopes or ypeptide conprises two or nore influenza
epi topes, whirastakiee mfhieﬁiaedntﬁgensaeguME’ER HA, amklP. In certain embodiments, a




WO 2011/ 120045PCT/ US2011/ 030205 -54- thereof in a sufficient anmount. Two or
nore i nfluenza epitopes nay be derived fromthe sane or different antigens.
I n certaiwoentodoowent s, the nultival ent vacci ne i nduces pam/uiseommoao2nesponse
agai nst the influenza matrix 2 protdi7n and an additional influenza protein
or fragment thereof. In a particular enbodi nent, a conposition of the

present inventiagn includes two or r.e pol Ieot d eptides,
vectors, eveior afthssiny tmpﬁép‘ﬁ?%%telﬁ&tﬁf %/ VeAQth 5358(6 ?t(fjll %S?égﬁﬂ’p? e, t he
present i né&qg%st%hﬁﬁﬂué&glﬁg&n@ CONMposi t| on conprising two or nore

0

popul ati ons wherein“"the first MVA conprises a pol ynucl eotide
conpr [MBRp a coﬂhmgres@gummmmatsh peongdakes methodi ofl produspriges vestor, g, N

ect odonmi n tides T of t ese the MWA
corpr 1 ses MR COHIRRBBITHEIEHE Sb AGos olBier F R et ot §APA

addi ti onal jshRfddusiigdhcdofite (DN‘H)QioﬂstﬁIct fcoAgaBRE 4 b@ﬁr@&tf]eotlﬁe cacaliggraedi nent
the additional antigen is HA consensus, variants, derivatives,

anal ogues, mottipis agmentef thteMé’ofectOdth@moP%tde% iRkt allowehemelosrisnal

antigen in_the second MVA i I [ pies of
the Mee ectSABRE ﬁ% Mt hat'*f stﬁeno 1Q[lgd)én Si%élafi % tﬁ}E?gEseqébﬁlggptg%piessed in
the first {}Mﬁduéealaﬁtb] thB Hoet ¢ctli @deﬂhib(fdﬂei"@nIDNA geqrendel madmntbmedcmﬂmme

conposi tion of the instant conprises thegpol ynucl eot | de, )%/Slﬁ
vector, e.yiral IR diseresufingheccpbinsit MY dEUs prAmiisss |3dé’° C]\?‘é

9., M‘/A’ dﬁ%ﬁﬂ@ﬂ@h\@ﬁ&g{ ?}gn % i T Fegént 1ﬂve@1ﬁ‘3ﬁi aﬁslaeﬂrgﬂﬁeé ﬁoﬁtlﬁg’ftﬁé C' ent
anount , uces=an i mun onse ag |nst an 1 nfluenza virus and

pol ypept | deestilbiag MVAC by sknawni tenhmquasea@t i with tthe (arfeOf)la mrmﬂ<er ad“dtlﬁtlDUAal

organi sns and/ or viruses, us in enzae t titis B
Vi s, Repaeriieie camyitiegs MELR Ao RENE gt ey Blsp RAREREHT By the T Rer | ae.
G ostri di UL &LANels POY | Pankfectisn, RIDRAApN 'bysmeBhBJQJﬂ aammruqaho@pme\n rus,
Nei sseria, e.g., N gonnorrheae, Haenophilus ducrey, G anuloma mgw nal e,

Cal ymat obpetigitation gfﬁlahmh@?rrat 1873 I\hr@éﬂﬁéﬁﬂlﬁﬂl thﬁlewfrfdsl?mﬂ 199é71 and

Pokvir s, of SDREY WBRIS L FUBUF IS, GURRen il iR ERBRER drsahas/sbit L

(H'V), Epstfibm Ee%ﬁbn\{(}taeﬁsrﬁﬁﬁ\/éz, azhegmm&t mkﬁa@mmmz A902) M@ ineaes b- 0
ster virus. [0152] The nmultival ent vacci ne of the resent |nvent|on an

conpri se alipesoyes c(Seaubigest 9bla!/pé%33 déeth ofnaymel meHg

conpati bl e_vacci el t t V n and
Che’ compat PHIE TG (SKRETRS 1080 7S] %?’9?@?%"?%5}%&‘) .‘E%?H%%"“iﬁ B 279,
an i mmunoc mbmm@u RO 2 | DI reGdtihade distedi Hefaimtfsr, thenraed;fdﬁrdnwnethm

2011/ 120045PCT/ US2011/ 030205 -55- Met hods. of Treatnent/Preventi on and

Regi mens [9@58‘}%3@6’[66?3&}11%66 F@n%elﬁé}t‘%b?}"t’crﬁmtsr eat or prevent an influenza
virus gh%BgCt 0N AQL o i OBdﬂié:ﬁQ&cﬁtsﬁngﬁt%e% B hah "R aeoiMial sk eCt i on
in a ct conp r|s| nistéering to the subject in need thereof a
conposi ti onambmisalamm‘gy sdvergd of efRkisiveotec i qugso foy papinpitethe (ﬁll\rmdqﬂsede g.,

WA, of the present inyention. In certain nbo nts e sub |s a
vert ebrat e5€ E‘m@n pr&“f?ﬁh‘rm(%‘s agiqy-limiing, ?"r‘?‘ﬂt %ﬁ'cgndrm’ﬁgﬁ]a I?l

embodi ment $N A REdAVE WhidPNeddes Gt @6 tefcinda Wlﬂﬁ@@ﬂﬁpﬁftelh e LCK ND- d@ﬁvd:dmune
response agai nst an I nfluenza virus in a subject a host ani nal

conpri si ng pakj'mmttbtaera merkanaref 4 BYA vettemmwémédh@b@im oplyeenitdgibetihg any

t.h | eqt | t t
The. pr esendehiRgaR PR PuEas HTiEe obBSRhiR: o gk Enflun® BoopES 00 o

with the p@bl&éﬁé&@'e@@ﬁbl@ﬁmIID@trMﬁﬁﬂielMHS& gotRaicors, e.g., MAs, or
conpositions pr IITg)gyl actically, ., as a ‘t‘)roph I actic vacci ne,
est abll9E¥] or enhksceclisvhendi fof tth@ Ri??@nblmvr?ﬁ @ jinHvdse Pph a5 POk hg’d@él‘@s ina

ey AL QEnd OO Crbieillioh MR IEL SR, CRBLIRREREN Of 2
i nfl uenza vitus s us preventi e di sease or reducing the
severity obxdnﬁeasﬁaﬂyﬁmhenBUSﬁhéﬁﬁ(meAEIMbCQhuuDEBSCdd$ﬂ(ﬁbCﬁﬁe&ﬂtdes,
vectors, e. conposi ti ons of LoV on can al so be used to
treat an aﬁﬂﬁél(EQAf(é% 8@%&@8 Mél%?ﬁg}\ﬂﬁehgﬁég é)us In e g éufferi ng
froman L NheHAAR o LS t8 sahgﬁldﬁgmtpﬁattmnﬁ@d {d1ehickb Ballcatigel Bals, Brune
system of t e an|na us reducl or elimnating the synptons associ ated
with that eupbselise. Nés-lm:iefmgtexiam;desaoﬁavmm celit arervinchén dibrabtdshraglls, gedibrs to
the use of one or nore pol ynucl eoti des, polypeptides, vectors, e.g., MAs,
or conpositions conprising the polynucl eotides, polypeptides, vectors,

e.g., MVAs, to prevent, cure, retard, or reduce the severity of the
synptons caused by an influenza virus infection, e.g., flu, in an aninal,
and/or result in no worsening of the synptons over a specified period of
time. It is not reqU|red that any polyrtucleotldes polypeptldes vectors,

o " Y " o " I M.




pol ypeptide, or a vector, e.g., MA, can occur separately or in conjunction
with other treatnents, as appropriate. [0156]In therapeutic applications,
pol ynucl ewi2dug120@68] ypept i des, vectors, e.g., MAs, or ecmussoiiosnss of the
invention are adm nistered to a pat#@at in an anount sufficient to elicit
an effective CIL response to the influenza virus-derived pol ypepti de to

t | t t | | t / t t
adequat e t &b biblaskrss 2 Toraeus) QA e Bhl-GotelRh Brd salibi AR oalff ahickdh ose"
or "unit dgg geys Ahed ArRiatssetient LR, ERtkdhDF- P%@llé"‘drlprﬁiﬁﬁ?%&@n efibgyo the

pol ynucl eot | peptides, vectors, e.g., M/As, or conpositions of the
i nstant i n\ﬁbmbilaxn(CEHﬁ)e:eﬂanhemthafeminm]umems,rtht oAy cellsaised ayhostnellssiavhy i ty of
t he di sease beji.ng tr.eated d ner st at e. of

bt et it SR P GRS Rt Aoy bret e o daRed B | nces

for the 'nbéllsahnalmwbﬁaﬁdtqnnﬁéartowemac@ém%@dlmm}@uxn@11@ desckibed apeut i ¢
or prophyl actic admnistration) from about 100 1pfu to about 1 x 1015 pfu of

MA, in soli® applidiineRublicatiouiNos0ES 00310826 aobinstratsmalixblicelien owed by

enbod nant 81 SR AN P Paisaar. essPap et b P plr hfsB@rOmer oy o

over weeks ith@ofBittdd, ditRReNEiudgiull pthet ﬁl&s@aﬁm\&ﬁﬁoﬁ 1ﬂ0&!ﬁ$&0&1ﬁlﬁyamd dedinetl tion by
measuri ng specific CTL act&veﬁ% in the patient's blood, |n alternatg ve
h n

embodi nent stemyepldss -y HRHO degoribedi g eUS afpRliqetien (liwblicaiion; Np. U

t f
from anout 2060 brRHse RL Shichl€ ABEMEEY Herdh BYRIGEICL An IMicaY] SObER) | S
sonme enboduseEnlt avikf0E:Iphings Eml(alésopiﬂaad 1i1013C'rI)‘f Appﬁoehﬁﬁ Pihlicati@s Nof. uWbx 106

pfu, 107 pf x107 p 0 0 f ol | owed
by boosti n&H%i%%?ééﬁ ‘%5 Hé gﬁﬁ@“%?:&‘ﬁ’iﬁg tlﬁ}’ mg)o%%flbgistag&gjﬁem men
over weeks P%nfén{@msh% @%E)ﬁ@dhﬁtg &mrﬁﬁ%h%llpaf Iveith Srd SRRPpLAledNEkr&GANSY ti On by
measuring specific CIL (eytotoxic T I'ynphocytes) activity in the patient's

bl ood. | n aefepacd inithsir edivetidsni t i ng enrbodl ment of the invention,
approximately 10 pfu to about 1 x 1015 pfu, or in sone enbodi nents 104 pfu
to about 1PX 10 Oegfu or 107 pfu to 109 pfu, of a MVA of the present

i nvention, 8 MR ragnment, derivative varl ant, or analog is adm nistered

t 015 | | 1 th nt ffect
A SR BT R AR BREHSTR Y SBRLIdE CamPEY B0 ST OHC SPEht | body
titer to alf hﬁ@ﬁﬁ e&l‘ﬁﬁoﬁﬁmt}ﬁgozw t hg oA EmbOnehi, HR fré’sfehﬂhvérﬂlon is

adm ni stration. WO 2011/ CT/ U 2011/ 030205 -57- 1015811t nust be kept
in nmind thab 1s¢iete¢qiq1mmtlé@tcpmegmngmtylpe-ﬁbtﬁ@egf thﬁe&t”@%ng enflpenzaypys and

conpositio of .t he nven n n serious
di ggasia Ist 2ex Zgie I} %C 5 |n?alén¥ Sﬁ%dgg p re%ﬁ?C%ﬁF t$¥gcglh¢tg%t en: n;
si tuati ons ()I9EG WOINOAS €8i2e# N ()L 6Ty mtheNm m(mzéazl@)n (@ﬂ) S®Q name:mw,s
substances and the relative nontoxic nature of th y it

possi bl e af¥2e83 Be (W2 ISEQIEiNGLF dMBFH 4 He): tW)a&EQnE) 5{@1 g&f’[&ﬁ _&)a&h‘ﬁ ni st er
substanti aI s t r@@g#

t her apeut | cﬁﬁﬁg Gglﬂdgiegg‘tﬁbg‘qs)hou glggf(r? Fﬁe fl%rqgi @E ir]lfof influenza
Vi rus |an et(f/l_zeila.flz_ﬂhgs{ Sng 0] II\?D\BQi (TtZeid G5t ()clngEj@féEsNOntlDI(l\/ﬁ:te#ﬂgia)s_(m?yrr?f[ ons
are substantia abat ed and, for a.per e € n chronic infection,
| oadi ng doseR HHNGd dMAF 5&9 d@ﬂﬁ%@@g&rﬁﬁ@ Eﬁﬁ\déﬁf{ﬁﬁtd 101601Tr eat ment

of an bi Ocﬁct ed iRn%i Saldided N HeG CAMRARNTibP PRovid st deish RN 19%pTBY hast en

resol of the infection 1n acutely infected individuals. t hose
i ndi vi dual sospssepta biast (hmfe qnﬁédlfsb@sm@)Mﬁ@Ctﬁlévmlamppqmd@ﬂnmg@d hAREt i on

t he conposit S are artl _ or e he
evol ution fqr%%rg@@gtévef m%ziﬁ ﬁéﬁgm@@)?ﬁe&sdgﬁﬁﬁ ﬁ#w ;

i ndi vi dual gpereg i I@ber(lﬁﬂ)fsgtgi lprmgr 3t@IRE3day;i (g smgqgt NOn 4 f\Zedinsyapse, as
descri bed herein, the conposition can be target to them_ mnimzing need

for adnini EQIPAINOL 6 (Mfiﬁ'éﬁg@]? (Iﬁﬁpiﬂ@tlpoﬁo ﬁo@@q#ﬁbeb @bb@ﬁﬂi BaNG: 7t he

conpositio sue of
an i mal LG MESECB N TR PN e 6™ P ung
tissue, |i\gaQ (DHIaYELD @meeﬂnsi (55 8EQ IONE): M M2e# s i |$sm (xh]nSEQSDINS)S ue,
heart tissue, cardium _ endocardi um and perlcardlun1 h tissue,
bl ood tissue, (Mﬁﬁ%@ H sIQ@éDthﬁra%’?(@a@e% the el yPRpliespinTiseyd, eﬁéfqm Yelder

ti ssue, stomach tissue, intestinal tissue, testicular tissue, ovarian
tissue, uterine tissue, vaginal tissue, rectal tissue, nervous system

ti ssue, eye tissue, glandular tissue, tongue tissue, or connective tissue,
e.g., cartilage. 101621Furthernore, the conpositions of the present
invention may be administered to any internal cavity of a vertebrate,
|nclud|ng, but not Ilnlted to the Iungs the nouth, the nasal caV|ty, t he

e 1 -, T I T D T o



WO 2011/ 120045PCT/ US2011/ 030205 -58- salivary gland or a liver, the desired
pol ypeptide is encoded in each of the salivary gland and the |iver such

t hat the wolzyp/epissde is delivered into the bl ood streamrcofustéie/os@ns ebr at e
fromeach of the salivary gland and4phe liver. Certain nodes for

adm nistration to secretory organs of a gastrointestinal system usi ng the

salivary gland, liver and pancreas to reIe S|red peptide into
the bl oodstixesi¥ens cights ditss defj fleygnsor pyelyp ﬁloe§ %?) %/[ §E6S %854, 944,

both of whj NGR! fde ReMRd ThvdkibPi£h §RGE 'Po&'ﬂeahfd Ridhédksainl es.
[0163] I'n ce@?a@%ﬁeﬂrﬁb&% Mﬁt?% Ecz)ne or rmrte conposi tlllcl))nst 1of t he present
i nvention mmﬁumetesmmedgmmtamﬂmzamirum hecmembedjmebt&dfhh@pblpnptldehereby

r Bvent ati GBI HTALOR COTMSE aiAeg TBaE ogrba ol Pt FEs by iesy oo
l'ong as thgade id I,ﬂaér feBpdchife Bebdcd RneraRY (1P SESXDY MBS i1 M=k tde (idesi r ed

pol ypepti de i the esired tissue, in an anpbunt sufficient to generate an

i mune r esPBASE NO:ah (MAEKED7 Gily iSEQ RPoR DE2efdrel 18 SEQIBpNGF dct i cal |y

ani i1 R o s TRy ik ey W AR R A PP BTt G '

conposi ti opy BFSEP®D N@ﬁequ#]@n(ﬂ)(SE@ﬁﬁN@ SRS BB HY ST T BIs &

delivery, transdernal del |veré subcut aneous IEyé ection, intravenous

| I’Ij ecti on, (MPelf3_BHri i SHQ 4PiNQ; 1pdMestitS); BamER dP P bh 26#% Shadyl ar
.m) ad i tradural injection. G her suitable routes

of ad?n n| ?ﬁ@;ﬁbllﬁ% L%@ﬂébursﬂot limted ![O intratracheal, transdernal,

i nt ra[maﬂ]ar i nir anqmﬁicmarnhmbahmm, thet palyaeptide, of nthe apes¢nal in(veut'gm, into

t he pancreas) and i ntraparenchymal .e., into an b ssug% adm %ratl on.
Tr ansder maforBRRSey digyfofl ﬂ\‘:’I”Iche?éamB’tﬁ’ta"Hiﬁeq}l?W? @aan[gg T A rnrgppef into

the derm s o &?érdgar)rn)ngquaNedqrome#ﬁ ec (i) BEOCH) N@oy@)umdc?r@msnucosal

adm ni stration or throu ski'n or nucosal ti SSUG ntracavity

admi ni st r aBEGNID MDD udld2eBitCndiv) |SHR 1BdNDo da@vierids £9:a64) oYEQ@ APoNEX 4l |

I lg
R at hecaniierss O g sh SE O SER G orh P B TP sERY I NER 73Ny e
brain vent (jHdms Ipm@h@@taeeefzt sye(m)rsmb SN0 m(mae#zr BRI (iv)iSE) ID ING:a ¢t he
heart atrium and sub arachndi i.e., into the sub arachnoi d spaces of the
brai n) adniM2etd 8i(whSEQIDEHND: 11n 2¢ﬁ§~d§) @nd QS RID HEF é%(Maﬁﬁ%g) ulled so
I t he | L I f ired
on o ¢ EuRP UGS o Bob G b M nRBRAAY SRESISHENP cchlibaties 1€

I N an anoun I Ccien 0 generate an
i mmune resp@qﬁgﬁetagmnmf\]lmeoza virus, and/or to generate a

prophyl actically or therapeuticall effectl ve inmune res
i nfl uﬁﬂ?ﬁl vi r us A pplapephife phihe niessabnvVeRlAy 2R hegk I’?§epr°‘}§\§‘m &étg?ron nmeans

of the 2 S 20 e de
S L e e e %F%i%l%ﬂ‘f b PRl gt
accel er at opslypeptigle,aré gmmemgm m'ﬂuema mﬂgwpaﬂesr; vimeeg] [detireatiyes, ianjlogtasy a1

Med- EJet (Vahl si nq eg 8 thods 171,11- 22t 1994

Pi gj et (Sc Frapmnerls ‘ﬁeOf dgponal\y&(ll}@qeﬁg cf5nay 8 dMIEPEEHG 8y AUEE ML  or
(Davis, H cafbe Ay noWaGmtidens12, 1503-1509 (1994); G aneinski, R, et al .,
Mol . Med. 4 109- 118 (1998)), Advantadet (Linrnayer, |I., et al., D abetes
Care 9:294- 297 (1986)), Medi-jector (Martins, J., and Roedl, E. J. Cccup.
Med. 21: 82908214’51@199579)) gel f oam sponge depots, other commercially
avai |l abl e depot materials (e.g., hydrogels), osnotic punps (e.g., Al za

m ni pO439) , or alConmpositipposig. ppheainae&‘.ultllcd télt ‘ad@blelﬁ a@mpokitiohs grbcomemuad cal

cont ed- sut dnipepRealy gy Sopy 8 S EnaRe Rem B BIHEYTeH or

t opi cal ap%étﬁﬁte'gor}ﬁv&iuwermrtﬁéﬁeaﬁfomm&@i&ﬁhelﬂwﬂ@@ HuchdpinpbStisatrhon are
i ntranuscul ar neédl e- based injection and pul nonary gppl ication via catheter

i nfusi on. Hadudeoffort preankpdé, ehmp@ﬁtedeél(ﬁedwtlﬁl]phlﬁs aalagr Bt Ve O8:3%r at ed

herein by . rence in.its ent 165 agthe

pol ynucl eot ?%@s P°§6I6I}Ib%eﬁt ?Iﬁeigsulla\’}%m o‘?s nepojr%ﬂﬂ? HE@JEB é@%b@&g"\t?@nsf‘l n
accor dance pyitfobpHda® (se @nt i Bldrid i) s ummecsmemzois zsrvezqupswr espnmjs to

t he vacci ne by producing |ar anpunts of HTLs (hel per T | hoc %

and/ or CTLs! (dyt Beesiva 1% ng}% 1945) Jogpe it f e f@l"“ﬂﬁe%@ﬁgg ﬁ% gen.
Consequently, the host becones at |east partially inmune to |ater
infection, or at least partially resistant to devel oping an ongoi ng chronic
infection. [0166]1n sone enbodi nents, pol)mnmucl eoti des, polypeptides,
vectors, e.g., MVAs, or conpositions of the present invention stimnmulate a

cell -nmedi ated i mune response sufficient for protection of an ani mal
aga| nst an i an uenza VI raI | nf ectl on. In ot her enbodl rrent S,

o, g, o e _;____:‘.:_,__ T



[ 0168] Pol ynucl eoti des, pol ypepti des, vectors, e.g., MAs, or conpositions
conprising the pol ynucl eoti des, pol ypeptides, or vectors, e.g., MAs, can
be i ncor pwoabuadi2ocaso the cells of the animal in vivo, amrdTars2@anis@ehni c
anount of the influenza M2-derived 50! ypepti de, or fragnents, variants, or
derivatives thereof, is produced in vivo Upon adm nistration of the

conposi tion accordr ng to.this meth the METR po tide i ssed in
the ani mal PelPeRHde soIMESIERRS F‘Eﬂt@ﬁ? t“b lm‘@FtSt'gHH?t}%ﬁtgﬂl?lg’éeﬁoﬂgéé%ch an
| mmune i %@J&Lashﬁerwe%nfrgrmxmﬁ 1580; GRNGF A CANEIDRsHHDIL O an

i nfluenza viru$or use in diagnostic assays or as |aborat or eagents.
[ 0169] Thblqnl?ésm IBMEmulmiefaungmpeppde\%yﬂess éMr?Pé’tSh(ﬂd’efEQr, 'é’m i Ng,

enhanci ng, a C d ] i egponse to
an infl uen@'é?cv 1“8 F‘H} zl}% g[r[r&‘ﬁg %5t48§§r4§u£’ ‘?%rga ?@GJ 1%’61 nget;’%ﬁl mal in
need of thes@aprys| poodidpaticles Q)Yarﬁlta@tolr\/s?n!hﬁﬁé'%ﬁgﬁl pNe, WofRBrN. of al,hg

conposi tions described herein. In sone’ enbodi ments, the conposition

i ncl udes almmwokbMadnds. IWAZéoh?%ﬁ Aldredes. bdﬂyﬁtﬂét Semi Heme 'K, A89%
d t t
codon o0t U8 SO0 T8 B G0 D T AR TSR

human, or ajiuehefWars, CHfsagnﬁat fR 5 ush (aledmdlmgé\regrm‘mkencb;dnmla
fragrrent variant, or derivative thereof. The reconbinant WA is

i ncor por at #369.nk9861 GepieeR| K. ef ak, Hacsive g 298n 199300t bprsomas (FerdioRoffi cal | y
effect i ve ATONDhnOhok s34 UBBZARYAL &, ROIMABRA! #51ayOl7: [1129R) e vari ant
i's produced” n vivo. Upon admini’stration of t corrposr tion according to
this net hocbmlﬁch.&mmef Icu:enzba wihatisacdetical,e danpigknyipe pinidendgeniex ppes sagien t he
animal in a therapeutically or prophylactically effective anmount. [0170]
The conposPAMRATHIONE: t he present invention can be adnministered to an ani nal
at anfﬁlhbfe dur £5g B:Qﬁoﬂs' feeocy%c%m@f cdofffsAdNEBLT R PREGR ihtention Rkeh e

adm n ed. For xarrp e, the conposition can be given shortly after
birth. In foumahsd arzhmrdmgttoaiﬂle dmowfn tristhodenmpBiitableoprappratine 1pethedneare

i nvention ¢an.occyr whil vaccin are e, g., at
birth, 2 n@‘?ﬂ:ﬂl% dCZLIrrB’fﬁang ‘ﬁ%’ﬁ th 9;%3 %”qwgpg(i Ce‘c”zi’rhét eﬁ@g?/%a}rs or at
the onset QEolfé@%Mk Prhmlsﬁﬁfg&:@nm@bnnent@98@d@ﬁm@ﬁmgrohwmﬁvmhmtmar
conposi tion o the present invention can occur before initiation of an

i mune- supPrigess.ni§th Eé?éltoneﬁtR GW@@EM Megh Puplistpnssol Eaggnys (18F).
101711Furt 3 x5 t QI% RONROS Ikl R0 B'rr%fé?enc@‘fﬁmeﬁro&tff&fesb?\lﬂl%ﬁgh ke any

desired i or a nistr

adm ni str a&élﬁ[ﬁbsﬁfonahﬁyebél@dmiﬁﬁdtetediss @ﬁicfue@ris smartiotnplit@arval@c ber&tmmﬂmmsmh as
annual vaccinations, or as in a prinme-bogost reginme wherei goth oI pepti de

or pol ynuc%@lp}lh@n@gﬂt ﬁéutmre§wnslwvémnh8rreﬂsf0%rﬁfﬁflgtogreé fore or
after the is o] f r
pol ynucl eo mﬂ@ Bﬁ%‘g g‘éem st u |es %:la{)lﬁgﬁ euaeinsagr%f@%&ggegst

protocol i de)ﬁ‘trcﬁnmaluﬁmgt dbit exmpllapdﬂmémsadrmdﬁrst gabilizers,agel peescrvitives,

pri me- boost pr t oc e or nore ositions of, th I e tron can
be utili ze@nF‘Fr "%’r‘?dmé HEYRPOSTH; ‘ﬁé & MY§IRGTL fiaf} Be 3‘?‘“3“5 &r%r %
regi men maﬂlet%‘ﬁl&]e&u el b ¥E8 @ betreRéd @n belminyhls;0h partibulsd Qrunﬁﬁ3 ( 2002) whi ch

is incorporated herein by reference inits enti rety. In a non-limting
exampl®41bne or Tho r:@w@atrmqmeofqmﬂﬁpmsieptldﬂmP@erd% g veHerspeky AMéAebt i des,

pol ypeptid or ve ct or pres

del i ver ed ﬁj(‘f‘é’r‘?‘mé’m frlrre‘rlg%}y“’&‘i%vﬁfgy fwﬁ%ﬁ\ Trimine relg%oﬁg&ehg t?{r@%)an nal
to an infl ygnng aler zﬂQJ:a)éDﬁﬁht 0, toaB énich ap 209968 GONor Bk b gedipla, Sempidisi ti on
is utilized as a boost vaccination, 101731l n another non-limting exanple,
a prinng b@rﬁpk@gieﬂrmmn@rﬁd L’ay Bloirks o lenes o viseRsIEGSe ficar B aesivhianes WHT &hssi ngl e
conposition or sin Iee ff%‘?ps 140y exanple, a single conposition may
conprise ah® |sollaIa 8 ynuc e or vector, e.g., conprising a

pol ynygil4gpt i de M@ﬁdldﬁgmaﬁmtmf h ushpasipootdi the fressgmantentiMacoaptises an
derivative, or anal ogue thereof or an jsol ated poJ\ Eeptl de co%igs' ng an
i nfl uenza potest PRlYRUCkRpHER CompHFing drcodmg Segurnceevhigh chepded guie f as
the primn e 0 v 0 e.g.,
Wia, "ot "t neemPRARARIA0 SR R o e Pght Rt
enbodi ment gletvlie @omebei ¢fi the SfoHeyingeMomt@ionad peptales |angh$dvma¢nyvmdcle t he
pri m ng conponent and boosting conponent are m xed together. In general,
because the peak | evels of expression of polypeptide fromthe

pol ynucl eoti de does not occur until later (e.g., 7-10 days) after

adm ni stration, the polynucl eoti de conponent nmay provide a boost to the

i sol at ed pol ypepti de conponent. Conpositions conprising both a prim ng
corrponent and a boostr ng corrponent are r ef erred to her er n as conbr nat ori al

o " o, . [ o o o T .



Kits [0175] The pol ynucl eoti de, pol ypeptide, or vector, e.g., MA, or
conpositions of this invention can be provided in kit formtogether with a
nmeans forwadnmimized4eri ng t he reconbi nant MVA or conposi t iPom/uskottiloso2ps esent
invention. In sone enbodi nents, theskit can further conprise instructions
for vaccine admnistration. [0176] Typically the kit would include desired

iti f the i tion | t a i age f
and’ | nst r UREPGHEE flar cashnp Pt AhoEDh IDvBGho! B2l Ghesttn HE07% Torm
conposi ti opyefuat bﬁ’l @ﬁF§FQt L L I(meﬁgn@)g ﬁﬁb :S@Q 1h WO e N84 @); %‘t’)er:c le

syringe, anh aeros applrcator (e.g., I nhal er or any ot her Treans o

nasal or pSEQOEANO:atfMBES (3t (ah PEQIRHNO: & M 2etmCa (TinahE@dPm0: pat ch,

t ransnucosal t ar t her 0 u bl.i )

L ansmucossioB' S 8h SR8 BEF ATBERCE 4GS0 B0 GBS ) ¢ e
present i n¥ERtpPROC QR (I28H4 ()OS SED D N®ANS (M9¢4 58 ahd $Xigr SEQ IDMO:

pol ypeptides, pol ynucl'eoti des, vectors, or conpositions of the present

i nvent i ons]2 évge#o_Sio dn anether ambddagey. a fQUIPEIIN, S$SrA VBRHBEIFPBPRSION he ki t
may conprisg.nore than one contalner comprisi he p ept.] -

pol ynucl eof’?&lﬁ PrsPenk JHFOUPR i SSRPOFES R Bl%soégltvré?tﬁ%ie%%f g‘IrIyRF%?}n ﬁ%ﬁ%lae,

sone enbodhaBhideddde, KiticR¥caREDhIBIPlA cositd AfndE Bantabddgn apaptides ng
conponent of "the present invention, and a separate contai ner conprising the

boosting cOMEERermr B NRecqiresERISCAYSREnt | HnSomD FPPPEHTEn A PYMBNHY at ed
W th such j.ner | ol i Ok | 1
exari 6. s SORPD B Ainebfe BF e BRLGAE niRhuiBl LBhBESE ShIHEL B oy e
gover nnent 3i2 ageloeaid peptidas.i ng t he manufacture, use or sale of

pharmaceuti cal s_or biol ogi cal products, ich.notice reflects. approval by
the alfddé) of tHe SPRfuf qa‘ffﬁ?lﬁﬁsé glPS‘smeﬁ ﬁﬁYlnﬁuﬂaHG%@mcﬂfr’?PF'&lgi M of the

present in b Qbtide DY SlsdnD fiveMEdd R Mcorsdtite® ®h a tOhpe¥RIDbedeseiBeddf a
book, bookpgl%ﬁcgrolcﬁure 0 ?eaflet. [10i78q$'ﬁeekit canpal so include a
st or age unit Ekmrer at,of immgurdie 1803ponésis 20d.g. , nmeans of admi nistering,

cont ai ner.s conprij si.ng the reconbi pnant WA .or ¢ 1t e

2011/ 198gksper) Ceduntraagssns g3 ﬂ%@s‘&ﬁ@? 89%ﬁ??‘%ﬁes%‘dj‘g‘%?‘%s%%&l?h@%\i?ct i ons,
etc.) of tBeckdcrreditewithAh@PSlviidléotidapdl9peplide, a0 g.aMay, ADoweat

envel ope or any other container that would be suitable for use jn the
present i nvamtty of mateialshanephesn shewn ¢ bavegadivyant aptavityaihemgh fovagiety of
accommodat e each co nent tha . be f 113 i he

ot hods. of TRRPES chgior aBtiPhnS R bRt AE ARt BF uBE B TIFLIRG 10
include a mRtiasuef refifinky atdodding 16 @rOprbichanivelith Dkludentpoard homlimited he
present invention to an animal such as a humap in _need thereof, the method
conpri si ngtqanert eyrisisesichcsi Ak, bapicelatese aad atrslicagges - RonEIPSk y of an
adm ni stra O hd RQNYSH6Y hyg(.Ci LSt ,- QO S ti4ioner,
phar maci st POUEEEs [t o8 MTLERBAXENIBIEL MbrdRahat TN SO, DRI,

pol ynucl eonetttholivehds oil) and acoigrogdrti¢udate oflicahsallizegk ndepoin feamerso ypck( By

providing the human with counselin i.rifor tion con erlni. tht‘f iék
bt tendant FHETHSHIBEERG HETARATYNRIBRETHF AU grepein. Broiar i 8l ( ne
present i nyenijo@iines Gha PRirdhidi gadyrh& REREHSRI SeRtophbgMtihelalbw)RAc @s r ecei ve

t he pol ypepti de, polynucleotide,” vector, or conposition of the present
i nvention tespiidlelipprolpatdnddet polysktioniamplymyrs peichi a1 i dgfosdne o access
to the pol tide ol ynucl eoti de,. vector, or i t].0 f resent
nventi on. PepcRerRRA RN 0 oG P o FE ol ey o

and  non-ionic  surfactants, such as  poloxamers, poly(oxyethylene)-

In

poly(oxypropylene) tri-block copolymers, cyiokines and growth factors; bacterial
components (e.g., endotoxins, in particular superantigens, exotoxins and cell wall
components); aluminum-based salts such as aluminum hydroxide; calcium-based
salts; silica; polynucleotides; toxoids; serum proteins, viruses and virally-derived
materials, poisons, venoms, imidazoquiniline compounds, poloxamers, mLT, and

cationic lipids. International Patent Application, PCT/US95/09005 incorporated



[ 0181] The sequences of Influenza A genes Pr8HA (SEQ I D NGs: 51-52), NP
consensus (SEQ I D NGs: 19-20), Pr8M2 (SEQ I D NGs: 13-14), Pr8Me TM. (SEQ

| D NGCs: 58024)y120EHFR S (SEQ I D NGs: 17-18 and 56), and WETRS®1188Q03 D NCs:
15-16 and 55) were cloned in the vEM1 reconbinati on vector (Figure 1). The
resul ting reconbinati on vectors vVEMA7 (coding for the NP consensus
sequence), VEMb8 (coding for the METR S peptid v 7 ing.for.the
METR _C pephsreig) by \/IEK%@Cecé‘%fFﬂBesr gpe mfsw)mtav@é @Eﬁ E SR TM)
and VEMB5 r 2 85N @i g $ i Bailanr e GA4; FPatBWpB@S? 540

Honol ogousé@é}gg)%%e%%t |L§n and( I'sol gﬁéon of Reconbl nant” Virus [0182] For the

i nsertion wtotpbatddnfiensnz by gmfasnmen desanbiésf ithel Mdidvani,r &s2Vect br ,soMgAt or TM

I I f
Subsequent PG heAaE ol dilRh % otk HEG faseRlaf by Spdebe i egur e
2A-F. Two ngng;rcu 3-??%&5@(2@@@ 1@Lﬁ3¢1@ﬁﬂr§nrs @ﬂcluﬂ@c&rﬁﬁd%ﬁd§ fHat HiRAulalk

paral | el each vector were perforned. First, X 105 CEF cells were
seeded perthmHlHRsc(t' ga WiRd WELR1 D) meseltiapdn MWME@dmmne’@é’StﬁWP@Oéﬁe ®7C and

5% CO2. On.the next da el | nS|t b | s per

ool L The MAREIIS R ETRa e, THRA SR LEARE, Rt T,

L- G ut am ngmasdl (2CPOYCERM FMIHBAJRL RSN G‘fbu}ﬁﬁlct)fwfﬂ Mppmoﬂxeq iptexample X 104

TCI D50, i.e., a working concentration of 1 X 105 TCI D50/ nl and resulted in

a noi of 000&CpEoadiuveat isrﬁlé&ﬁ@ndeﬂcﬁbecb%w(?@y%%ﬁlﬁﬁlﬁa%at?rﬁlﬁﬁl’e‘ﬁatf%m
e pour SPuticalidy 88 MBSO RLARIAE PRER adficd Behanehg Aftrhdfolbl o Lor

one hour at "PE8M enperature vx/m Foc e virus i nocul um was renoved,
and the cebhislicagsie NeasSkedssriér, G)p:lmh Iafa)lrﬁﬁfjdoréfd&tbhemﬁeby ecfertd & thetre | ef t

in 2.0ml of Opti-Pro SFMwhile transfection reaction was set up. [0183] The
transfecti #HIFEHct i ons were set up in a sterile 5 m PS tube. Appr oxi mat el y

1.01 %ﬁg P9 a%fe B'f' %@@Jn‘ @d?y‘é@@&r@lhgata%és&mfvﬁﬁﬁ'\faﬁ%t | px I eagent
e ) ed

(FuGe wer e ans ection that was performed according to the
FUGENE HD stammdgrid spmtasmts dosagk deeb yart h)@hslapb&ueﬁdosmé%elg/@omre

i ncubat ed hou at, 3 in_an incu 4 er the
i ncubat i ong(?ﬁlﬁ/éioéeem éSQN@B@O%echOé% (a?s?geurcﬁlp%%gcﬁaﬁglnggiﬁ? S {Lé@ qgﬁg{@at e the
presence OfoMNA QF @D g/ﬂ@&OfH)Bﬂgig/dHQe\&@ﬁWL WiTbdhage rires ebh Sncl@ed:119) wer e
screened on fluodrescing foci set ups with the nost efficient

expr essi onpgidoe s Hehtosewws Hong/dasedo éﬁ% sagese br aimmnv@dwﬁmmf&nﬂ%mmt or

under sel ective caonditions, ,For. t e

cell's wereP E@F'}Bgﬁ FEETE™Y ﬁ%dﬁsé:&fb %e»@%‘eg?%g?em, Ia[djlfvaﬁfélggg}r?&ﬁ tg(?féﬁ erred
toa 1.5 rrtauh/dra{e %ﬁ%ﬁﬁ&lﬁﬂ&faﬁoﬁ Qh@'@(ﬁﬁﬁérbﬁnﬂhizﬁt@d&l}uﬂﬁothr eat ment accordi ng
t o EPDD- SOP- E /10 - Y2 of the transfection, set up was plated on

fr esh{W3@6] cel | shseeﬁea pdjugant ccqapasitimgt éie pijuvay &y alc)ﬁ‘P Bfd 59&15t ag
Bl asti ci di pe t1cms ot§hé %g&ﬁqnve%%i &hﬂn&r Syraer ) oﬁl ﬁe&i’
8 tor erla l'utions in

r econbi nanf:0 ors, rec 1 nant was see ed i
6-wel | pl abemmp%ﬁ&v&elth@hat ds; prepsai iofetytokinedand seiepwkings, oordi tions

(51ag/ mL Bl astici dj he m Opti-Pro S . ngl e.fl uorescin I ues were
i sol at ed b?O%Pﬂﬁotﬁlel‘Eﬂ?B@m&‘ﬁ@tPremofﬁé’woggﬂeé’t 816'3%%%% RasemPy dto a

1.5 m vial,fpd tHc?rS?Rggn RY cUbkinRs Qﬁﬂ"gletrﬂcﬁ(%ege ExampE of 'cfn@ﬁm\é@ﬁlcﬁi@l@' yzed by

PCR on enpty vect descri bed below) and the isolate show ng the
weakest enptiyarg@ot tmitsi gmgtanuk)cmssag@iﬂlaaﬁ chlony KLioERtipe IfacéDrs(é"é\dé%Sfi)n

free of empryiberegeins Abmubhe g s Bh b ERRRk Py e 8805 “o5o
(M-CSF), colony stimulating factor (CSF), erythropoietin (EPO), interleukin 2 (IL-2),
interleukin-3 (IL-3), interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 6 (IL-6),
interleukin 7 (IL-7), interleukin 8 (IL-8), interleukin 9 (IL-9), interleukin 10 (IL-10),
interleukin 11 (IL-11), interleukin 12 (IL-12), interleukin 13 (IL-13), interleukin 14
(IL-14), interleukin 15 (IL-15), interleukin 16 (TL-16), interleukin 17 (IL-17),
interleukin 18 (IL-18), interferon alpha (IFN), interferon beta (IFN), interferon

gamma (IFN), interferon omega (IFN), interferon tau (IFN), interferon gamma



pure clone was isolated, the virus was passaged w t hout bl asticidine and
the non fluorescing viruses devoid of selection/reporter cassette were

i sol at ed. woQaB6iRb@s t he del eti on of the sel ecti on casserC®/USkéig/opazoe
recombi nant viruses were passaged wpd-hout Bl asticidine. Plagues w thout
fluorescence were isolated and tested on the insertion of the expected

b 105 % it dor o SapaerRa T Ba iy SEe ECFr RaNCEeR o
Sequencin Ogﬁlﬁgnsu bﬁ“actﬁvhﬁérﬁ) nérthal NE-chinCexpdsk@Miang Fngb&Hﬁab‘Hr aglsgted),( 1)

WAL or - NP , P21pp8, (2) MAtor-MET mEML8), P1 4pp8§,

(3) MAt ormaﬁaﬁwge(mmvm;morpp@pmﬂegAMIMIA@IQha mn«Bh@P(lnm@)Z)Lezs#mswss (5)
MVAL or - Pr 8\e TM At or - Pr8HA (nEML7). The virus
st ocks wer %ﬁﬂlﬂ(‘gﬁwé@& u/féﬂél?gc{ %ﬂé‘ uence read-out and to be free
of repigvrl enPite MAGHOSF ANGHHHIE kb PRAdase (L BrithMhd REpdlRe to aAlaatipanisof a
pure reconbi nant M/AL Or dev0| d of the selection/reporter cassette, the

vi ruses vvetryplcalrh)Im#n@dteénbyrmslgmf@@kts increase TpoBNMpBERedatelafcie: el | s
were split a,.tot aI a un 4 2 eTagel Qn of
each i ndi v'ieéﬁ%m 1&;‘2}?&% tg{r8 %Pél% ?"wcl)llmgg%g IIclng{l ncubﬁ*gﬁw the cells
of one fl agkicuy endnifyfed Byéeeﬁigmﬂdam(ml:ﬁiéﬁé in Theti@D of 22Mbddicaskisedver thei nf ect ed
with a noi of 0.1 and incubated for 72 hours at 37C.and 5% CO2. The fl asks
were har ve@“{t@dﬂsaw uhinceesse anl el antivity |1a dycallysmawbisisd. InpREeABATEEni zat i on
pool ed vir t ow cel |
devi ce. h]!é% ?e l§l(:\(éli?\lt% gpﬁ%‘g&&ﬁglcg r%séégggﬁg%ﬁ%&ﬁagﬁﬁgﬁﬁghgg? ?falmgd was

pl aced on ilee aanthmornespase! rtdxemplepwycalanginghe prinarils bumdraf cowheel |
device was set as follow ng: Anplitude to 100%_ Cycle 1, pu speed of
50/ mi n i respon@e 8ntaradpERvATiyhesdlv orATheﬁesgmdumnwereéméﬁs 3 2¥YPzen
until purification. 101881Considering the titre, the ur| f| ed stock was

di | ut ed an@ntigen py bedesied PhETious HRMYEoRFSAYE el L@%‘thalt os&fordiparg sitlai ni ng
109 TCI D50, SA111ing resultedinthefollowing
amount of Vi a‘%glmpag@b\?:a%gt}?be‘ﬁts%ﬂﬁiﬂ%sh or- NP consensus (nmEMLO); (2) 35 x
MVAL OfINB]TR_C (FrisikBirore( 3Ne AultiplaMApies -AERR M2 (avENbOiajn pqguc*@@ (METR)

Wﬁ% o b oo ente e R etk & BRGNS ‘%?FO“‘%E&C'\%?% r BEpEnEP e,
. e. teSt'ﬁ@h@kﬁ%ﬁHﬁ@%&&Eﬁ [0S dthé nArFRihgesbre Nthe METROC

sanpl e arc WO 2011/ 120045 / Us2011/ 0 - 66- Exarrpl e 3. PCR for
t he excl uspalppaptide mpty be ectjogated e arfianriabpolyeaceiodrids, sichess the w@o#ir m t hat

t he residual o nt MVAt or re successfull I t he
filled viaPdY %‘Faﬁﬁ'@e%&%‘ B?*é?&e"\*ﬁ IS i’{’e\é\’? S DRHT N D %(Fp ?’Méa% H;”?’?ﬂ ed
MVAt or - NP § MR @Ta- METR _C for nEMLS, M/Ator-l\/ETR S for nEMLY,
WAL or - Pr 8 for M2, or MVAtorPr8Mee TM. for nEM23 was isolated and used
for POR49As a pbei solide comnesiinst epnveatoni ioaaxis isplis carriees Foy bRt i on
vector VEMA d vVEMIL e r el e DNA
i sol ated fréjrﬂwaw ?rg \%‘/gars use};c}e( l%%é&glcgl ﬁ%g?c%%tﬂ{ltgrmkﬁ% %%EECEF
cel I's wer enlagediuncX afplate, 4 sodd@guaaaibagn,f oalchmi | velhdaseCeglesosandsuctasaki ng
Sequences of Insertign Site 1019 DNA of e? Vi.rus, was |soI ate eipd t he
entire i nsBVRERGSHIR|EEDORALS: AR It]i“fl jstriionp @ phargagputica

ggaget ccac t t s (SERY B Mm@ 0 MV

cgggt accet g%ﬁ%@%g%ﬂgg%}gg 08%851t10§ féﬁg EI\% 0§§& 1\%0 89/ Usi n tﬁfese
priners, tbheployséekapichsf tmhmzah@emamﬂspmiduswsh&tﬁb afifl gﬁrkﬂrml@f $eQo¥nces
used for th honol ogous reconbi nati on are a fi e 191] The
PCR fragmeﬁ?é"%@r‘é‘ Ko 18 WnBPS AT BB’é‘apf’B’p@*ldéstgd[hé v%g{\%l? ()d.tenl'—agr t he
sequenci ngc?ﬁcggtrmdnr@rzg%chﬁ chosen to cover the entire PCR fragnent as

provi ded bel ow. TABLE 5. Priners
[0150] In some embodiments, the present invention is directed to a multivalent

vaccine. For example, a multivalent vaccine of the present invention can comprise a
polynucleotide, polypeptide, or vector, e.g., MVA, whercin the polynucleotide or
vector, e.g., MVA, encodes two or more influenza epitopes or the polypeptide

comprises two or more influenza epitopes, when administered to a subject in need



5A. Primers for Sequenci ng MVAtor-NP consensus and fl anki ng regi ons (nEMLO)
OVI V38 oVIV-Del Illend ctagatcatcgtatggagagtcg (SEQ ID NGO 34) oVl V45

0VI V- F2upwopaii/gemagt t t t at aggt ag (SEQ | D NO 35) 0V1V48pravivg2¢ih @steBst X
gccaccgeggt ggccagccaccgaaagagcaat ¢ $$EQ I D NGO 36)  oVI V49

og: ¥ Ele|m flgnr pt) +Egl Il ggaagat ct caatt aacgat gagt gt ag (SEQ ID NGO 37) oVIV54
0 - F1-seq gat gt aggcgaatttg ato (.S . VI V53 | V- Del
111F2- seq ‘thgtpoht 2 gigecat dieuy dge® I@rﬂﬁg‘%‘?a SR}FO\?% dﬁEVeCﬁ{?IEI md rev
cattattat e&g Ngf%a&t AT QAnhBeNC 14 QRN dNRer (& ﬂb}%ﬁﬁ\l‘fﬁlﬁm I&E%G (SEQ

I D NO 41 DIP rev ggftccgactttctctcact (SEQ I D NG 42)

2011/ 12004ﬁaﬁﬂdsusmﬁmﬁae®@ﬁse. fppansb e iBBupnea ciatgx Bpteton- AWETPR a@dawdalf | anki ng

regi ons ( oVI V37 oVl V- t t tt t gt SEQ | D NG
43) oV V541ﬂg{%PI%¥aDEPtCP’| PrErasy ?E*éﬁ‘ G 38@3%5? ag';‘%‘f e a% B%ﬁ?&%‘%b ‘ﬁgw V53
oVI'V-Del | jlERas8 RCink 831oAah A8 SHGRI R AE pﬁgﬁ%lkﬁl&é@ p%egﬁm‘sv5ﬁv&‘tﬂr§/- Del

Il Flm d rev cattattatcggttacacttc (SEQ 1D NO 40) O 3 M2t andem forward
Cl TACAGAACE@GNB&GACD)‘( BEQraEeniNOventipn. ofRopeqific gRABPICchHEKWesCHL mvemlon

GTAAGGAGACT CAl 5C.. S A
f1 anki ng r &4 %@E %f’@%%on C\?ﬂgkfmg\)l“@ %gﬁ% Cbﬁ%l%écégg% ctt aagaagt gt aac

(SEQ I D NGre4i#t MVW&% bVa E&yﬁd&@ﬁide@am@ﬂﬁmgh&baggtr@m( SHR:H Sc@s 35)
oVI V53 oVI V-Del 111F2-seq gtaatcgtgtcatatta I D NO . 39) oVl V55
oVl V- Del | mufinds eopies,ofcthe %?tg ecapdaein Reptides ¢ M@% NRFESAD n"&‘%‘ﬂ%

FI ankl - seq;
Vet andom { v G EACK ARG A T B R @ﬁm‘é%@ﬁgm o
M2t andem_baddisieati ARITAACEAGAE TizaEr bE fEfgh@nt EheXdf. 4&) oBD. enSwgliraersi tigp

MVALt or - Pr8M2, and ' f1 anki re ns
addlt?onal anfigen 1nsg HA, glN% ogsensus2) variants, derivatives, analogues, or

fragments thereof. In another embodiment, the additional antigen in the second MVA
is a polypeptide comprising multiple copies of the M2e ectodomains that is not
identical to the METR sequence expressed in the first MVA.

[0151] In certain embodiments, a multivalent vaccine composition of the instant
comprises the polynucleotide, polypeptide, or vector, e.g., MVA, wherein the
polynucleotide, polypeptide, or vector, e.g., MVA, when administered to a subject in
need thereof in a sufficient amount, induces an immune response against an influenza
virus and a polypeptide that elicits an immune reaction to one or more additional
organisms and/or viruses, e.g., Haemophilus influenzae type b, Hepatitis B virus,
Hepatitis A virus, Hepatitis C virus, Corynebacterium diphtheriae, Clostridium tetani,
Polio virus, Rubeola virus, Rubella virus, myxovirus, Neisseria, e.g., N. gonnorrheae,
Haemophilus ducrey, Granuloma inguinale, Calymmatobacterium granulomalis,
human papilloma virus (HPV) type I and II, Ureaplasma urealyticum, Mycoplasma
hominis, Treponema pallidum, Poxvirus of the Molluscipox virus genus, Human
Immunodeficiency Virus (HIV), Epstein-Barr virus (EBV), herpes simplex virus, or
varicella-zoster virus.

[0152] The multivalent vaccine of the present invention can comprise a
polynucleotide, polypeptide, or vector, e.g., MVA, and a compatible vaccine, wherein
both the vaccine of the present invention and the compatible vaccine are targeted for a
similar patient population, ¢.g., an immunocompromised population, children, infants,

or elderly.



OVI V37 oVIV-Del 111up ggcacctctcttaagaagtgtaac (SEQ I D NO 43) oVl V45
oVI V- F2up+Apal gaaagttttataggtag (SEQ I D NO 35) oVIV47 oVl V- Fl up+Sacl
ggagct ccawbantragidsggt ggt cgcc (SEQ I D NGO 32) oVI V53 oViPuTDsko11hideas seq
tggtaatcgtgtcatattag (SEQ I D NO 39p50VIV54 oVIV-Del |11FI-seq

gat gt aggcgaatttggatc (SEQ ID NO 38) oViVvs5 oVIV-Del ITI1Flmd rev
cattattatcggttacacttc | D NO VI V89 F2end Acc65Il new
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symptoms over a specified period of time. It is not required that any polynucleotides,

polypeptides, vectors, e.g., MV As, or compositions of the present invention provides
total protection against an influenza virus infection or totally cure or eliminate all
symptoms related to an influenza virus infection. As used herein, “an animal in need
of therapeutic and/or preventative immunity” refers to an animal which it is desirable
to treat, i.e., to prevent, cure, retard, or reduce the severity of symptoms related to an
influenza virus infection, and/or result in no worsening of the symptoms over a

specified period of time.
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three times the antibody titer prior to administration.
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at a dose | evel of 8x10e7 MA TCl DSO per nouse. one vacci nation Ab
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(-1.6) 7. Zsubgtagt’ically abated and for a period thereafter. In chromnic infection, loading doses
followed by boosting doses may be required.

[0160] Treatment of an infected individual with the compositions of the invention
may hasten resolution of the infection in acutely infected individuals. For those
individuals susceptible (or predisposed) to developing chronic infection the
compositions are particularly useful in methods for preventing the evolution from
acute to chronic infection. Where the susceptible individuals are identified prior to or
during infection, for instance, as described herein, the composition can be targeted to
them, minimizing need for administration to a larger population.

[0161] More specifically, the compositions of the present invention may be
administered to any tissue of an animal, including, but not limited to, muscle, skin,
brain tissue, lung tissue, liver tissue, spleen tissue, bone marrow tissue, thymus tissue,
heart tissue, e.g., myocardium, endocardium, and pericardium, Iymph tissue, blood
tissue, bone tissue, pancreas tissue, kidney tissue, gall bladder tissue, stomach tissuc,
intestinal tissue, testicular tissue, ovarian tissue, uterine tissue, vaginal tissue, rectal
tissue, nervous system tissue, eye tissue, glandular tissue, tongue tissue, or connective
tissue, e.g., cartilage.

[0162] Furthermore, the compositions of the present invention may be administered
to any internal cavity of a vertebrate, including, but not limited to, the lungs, the
mouth, the nasal cavity, the stomach, the peritoneal cavity, the intestine, any heart
chamber, veins, arteries, capillaries, lymphatic cavities, the uterine cavity, the vaginal
cavity, the rectal cavity, joint cavities, ventricles in brain, spinal canal in spinal cord,
the ocular cavities, the lumen of a duct of a salivary gland, or a liver. When the

compositions of the present invention are administered to the lumen of a duct of a
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salivary gland or a liver, the desired polypeptide is encoded in each of the salivary
gland and the liver such that the polypeptide is delivered into the blood stream of the
vertebrate from each of the salivary gland and the liver. Certain modes for
administration to secretory organs of a gastrointestinal system using the salivary
gland, liver and pancreas to release a desired polypeptide into the bloodstream 1s
disclosed in U.S. Patent Nos. 5,837,693 and 6,004,944, both of which are
incorporated herein by reference in their entireties.

[0163] In certain embodiments, one or more compositions of the present invention
are delivered to an animal by methods described herein, thereby achieving an
effective immune response, and/or an effective therapeutic or preventative immune
response. Any mode of administration can be used so long as the mode results in the
delivery and/or expression of the desired polypeptide in the desired tissue, in an
amount sufficient to generate an immune response to an influenza virus and/or to
generate a prophylactically or therapeutically effective immune response to an
influenza virus, in an animal in need of such response. According to the disclosed
methods, compositions of the present invention can be administered by mucosal
delivery, transdermal delivery, subcutaneous injection, intravenous injection, oral
administration, pulmonary administration, intramuscular (i.m.) administration, or via
intradural injection. Other suitable routes of administration include, but not limited to
intratracheal, transdermal, intraocular, intranasal, inhalation, intracavity, intraductal
(e.g., into the pancreas) and intraparenchymal (i.e., into any lissue) administration.
Transdermal delivery includes, but not limited to intradermal (e.g., into the dermis or
epidermis), transdermal (e.g., percutancous) and transmucosal administration (i.e.,
into or through skin or mucosal tissue). Intracavity administration includes, but not
limited to administration into oral, vaginal, rectal, nasal, peritoneal, or intestinal
cavities as well as, intrathecal (i.e., into spinal canal), intraventricular (i.e., into the
brain ventricles or the heart ventricles), intraatrial (i.e., into the heart atrium) and sub
arachnoid (i.e., into the sub arachnoid spaces of the brain) administration.

[0164] Any mode of administration can be used so long as the mode results in the
delivery and/or expression of the desired polypeptide in the desired tissue, in an
amount sufficient to generate an immune response to an influenza virus, and/or to
generate a prophylactically or therapeutically effective immune response to an

influenza virus in an animal in need of such response. Administration means of the
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present invention include needle injection, catheter infusion, biolistic injectors,
particle accelerators (e.g., "gene guns” or pneumatic "needleless” injectors) Med-E-
Jet (Vahlsing, H., et al., J. Immunol. Methods 171,11-22 (1994)), Pigjet (Schrijver,
R., et al, Vaccine 15, 1908-1916 (1997)), Biojector (Davis, H., et al., Vaccine 12,
1503-1509 (1994); Gramzinski, R., ez al., Mol. Med. 4, 109-118 (1998)), AdvantaJet
(Linmayer, 1., et al., Diabetes Care 9:294-297 (1986)), Medi-jector (Martins, I, and
Roedl, E. J. Occup. Med. 21:821-824 (1979)), gelfoam sponge depots, other
commercially available depot materials (e.g., hydrogels), osmotic pumps (e.g., Alza
minipumps), oral or suppositorial solid (tablet or pill) pharmaceutical formulations,
topical skin creams, and decanting, use of polynucleotide coated suture (Qin, Y., et
al, Life Sciences 65, 2193-2203 (1999)) or topical applications during surgery.
Certain modes of administration are intramuscular needle-based injection and
pulmonary application via catheter infusion. Each of the references cited in this
paragraph is incorporated herein by reference in its entirety.

[0165] Upon immunization with the polynucleotides, polypeptides, vectors, e.g.,
MVAs, or compositions in accordance with the invention, the immune system of the
host responds to the vaccine by producing large amounts of HTLs (helper T
lymphocytes) and/or CTLs (cytotoxic T lymphocytes) specific for the desired antigen.
Consequently, the host becomes at least partially immune to later infection, or at least
partially resistant to developing an ongoing chronic infection.

[0166] In some embodiments, polynucleotides, polypeptides, vectors, e.g., MV As, or
compositions of the present invention stimulate a cell-mediated immune response
sufficient for protection of an animal against an influenza viral infection. In other
embodiments, polynucleotides, polypeptides, vectors, e.g., MVA, or compositions o
the invention induce a humoral immune response. In certain embodiments,
polynucleotides, polypeptides, or vectors, e.g., MVA, of the present invention
stimulate both a humoral and a cell-mediated response, the combination of which is
sufficient for protection of an animal against influenza virus infection.

[0167] In still other embodiments, components that induce T cell responses are
combined with components that induce antibody respenses to the target antigen of
interest. Thus, in certain embodiments of the invention, vaccine compositions of the
invention are combined with polypeptides or polynucleotides which induce or

facilitate neutralizing antibody responses to the target antigen of interest. One
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antibodies to an influenza virus for use in diagnostic assays or as laboratory reagents.
[0169] The present invention further provides a method for generating, enhancing, or
modulating a protective and/or therapeutic immune response to an influenza virus in
an animal, comprising administering to the animal in need of therapeutic and/or
preventative immunity one or mote of the compositions described herein. In some
embodiments, the composition includes a recombinant MVA containing a
polynucleotide comprising a codon-optimized coding region encoding a polypeptide
of the present invention, optimized for expression in a given host organism, e.g., a
human, or a nucleic acid fragment of such a coding region encoding a fragment,
variant, or derivative thereof. The recombinant MV A is incorporated into the cells of
the animal in vivo, and an immunologically effective amount of the influenza viral
polypeptide, or fragment or variant is produced in vivo. Upon administration of the
composition according to this method, the influenza virus-derived polypeptide is
expressed in the animal in a therapeutically or prophylactically effective amount.
[0170] The compositions of the present invention can be administered to an animal at
any time during the lifecycle of the animal to which it is being administered. For
example, the compositiot: can be given shortly after birth. In humans, administration
of the composition of the present invention can occur while other vaccines are being
administered, e.g., at birth, 2 months, 4 months, 6 months, 9 months, at 1 year, at 5
years, or at the onset of puberty. In some embodiments, administration of the
composition of the present invention can occur before initiation of an immune-

suppressing treatment.
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[0171] Furthermore, the compositions of the invention can be used in any desired
immunization or administration regimen; e.g., in a single administration or
alternatively as part of periodic vaccinations such as annual vaccinations, or as in a
prime-boost regime wherein the polypeptide or polynucleotide of the present
invention is administered either before or after the administration of the same or of a
different polypeptide or polynucleotide.

[0172] Recent studies have indicated that a prime-boost protocol is often a suitable
method of administering vaccines, In a prime-boost protocol, one or more
compositions of the present invention can be utilized in a “prime boost” regimen. An
example of a “prime boost” regimen may be found in Yang, Z. et al. J. Virol. 77:799-
803 (2002), which is incorporated herein by reference in its entirety. In a non-
limiting example, one or more vaccine compositions comprising the polynucteotides,
polypeptides, or vectors, e.g., MVAs, of the present invention are delivered to an
animal, thereby priming the immune response of the animal to an influenza M2
polypeptide, and then a second immunogenic composition is utilized as a boost
vaccination.

[0173] In another non-limiting cxample, a priming composition and a boosting
composition are combined in a single composition or single formulation. For
example, a single composition may comprise an isolated polynucleotide or vector,
e.g., comprising a polynucleotide encoding an influenza protein, fragment, variant,
derivative, or analogue thereof or an isolated polypeptide comprising an influenza
protein, fragment, variant, derivative, or analogue thereof as the priming component
and a polynucleotide, polypeptide, or vector, e.g., MVA, of the present invention as
the boosting component. In this embodiment, the compositions may be contained in a
single vial where the priming component and boosting component are mixed together.
In general, because the peak levels of expression of polypeptide from the
polynucleotide does not occur until later (e.g., 7-10 days) after administration, the
polynucleotide component may provide a boost to the isolated polypeptide
component. Compositions comprising both a priming component and a boosting
component are referred to herein as “combinatorial vaccine compositions™ or “single
formulation heterologous prime-boost vaccine compositions.” In addition, the

priming composition may be administered before the boosting composition, or even
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after the boosting composition, if the boosting composition is expected to take longer
to act.

[0174] In another embodiment, the priming composition may be administered
simultaneously with the boosting composition, but in separate formulations where the
priming component and the boosting component are separated.

Kits

[0175] The polynucleotide, polypeptide, or vector, e.g., MVA, or compositions of
this invention can be provided in kit form together with a means for administering the
recombinant MVA or composition of the present invention. In some embodiments,
the kit can further comprise instructions for vaccine administration.

[0176] Typically the kit would include desired composition(s) of the invention in a
container, e.g., in unit dosage form and instructions for administration. Means for
administering the composition of the present invention can include, for example, a
sterile syringe, an aerosol applicator (e.g., an inhaler or any other means of nasal or
pulmonary administration), a gel, a cream, a transdermal patch, transmucosal patch
(or any other means of buccal or sublingual administration), or an oral tablet. In
some embodiments, the kit of the present invention contains two or more means for
administering the polypeptides, polynucleotides, vectors, or compositions of the
present inventions, e.g., tWo Or More syringes.

[0177] In some embodiments, the kit may comprise more than one container
comprising the polypeptide, polynucleotide, or composition of the present invention.
For example. in some embodiments the kit may comprise a container containing a
priming component of the present invention, and a separate container comprising the
boosting component of the present invention.

[0178] Optionally associated with such container(s) can be a notice or printed
instructions. For example, such printed instructions can be in a form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the agency of the manufacture,
use or sale for human administration of the present invention. "Printed instructions”
can be, for example, one of a book, booklet, brochure or leaflet.

[0179] The kit can also include a storage unit for storing the components (e.g., means

of administering, containers comprising the recombinant MVA or compositions of the
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[0180] The present invention can also include a method of delivering a recombinant
MVA or composition of the present invention to an animal such as a human in need
thereof, the method comprising (a) registering in a computer readable medium the
identity of an administrator (e.g., a physician, physician assistant, nurse practitioner,
pharmacist, veterinarian) permitted to administer the polypeptide, polynucleotide,
vector, or composition of the present invention; (b) providing the human with
counseling information concerning the risks attendant the polypeptide,
polynucleotide, vector, or composition of the present invention, (c) obtaiming
informed consent from the human to receive the polypeptide, polynucleotide, vector,
or composition of the present invention despite the attendant risks; and (e) permitting
the human access to the polypeptide, polynucleotide, vector, or composition of the

present invention.

EXAMPLES

Example 1. Construction of recombination vector

[0181] The sequences of Influenza A genes Pr8HA (SEQ ID NOs: 51-52), NP
consensus (SEQ 1D NOs: 19-20), Pr8M2 (SEQ ID NOs: 13-14), Pr8M2e_TML (SEQ
ID NOs: 53-54), METR_S (SEQ ID NOs: 17-18 and 56), and METR_C (SEQ ID
NOs: 15-16 and 55) were cloned in the VEM11 recombination vector (Figure 1). The
resulting recombination vectors VEM47 (coding for the NP consensus sequence),
vEMS58 (coding for the METR_S peptide), vEMS57 (coding for the METR _C peptide),
vEMBG61 (coding for PréM2), vEM62 (coding for Pr8M2e-TML) and vEM65 (coding
for Pr8HA) are shown in Figure 2A-F.

Example 2. Homologous Recombination and Isolation of Recombinant Virus

[0182] For the insertion of the influenza genes in a modified MVA viral vector,
MVAtor™ (Emergent Biosolutions), CEF cells were infected with MVAtor and

subsequently transfected with the recombination vectors shown in Figure 2A-F. Two
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to three set-ups in parallel per each vector were performed. First, 5 X 10° CEF cells
were seeded per well of a six well plate and incubated for 24 hours at 37°C and 5%
CO,. On the next day, the cell density was assumed to be 10° ceils per well. The
MV Ator standard was diluted in Opti-Pro SFM containing 4mM L-Glutamine and
2.5ug Gentamicin per ml so that 500u] did contain 5 X 10* TCIDso, i.e., a working
concentration of 1 X 10° TCIDso/ml and resulted in a moi of 0.05. For the infection,
the growing medium was removed from cells, 500pl diluted MV Ator standard were
added per well and incubated for one hour at room temperature while rocking. The
virus inoculum was removed, and the cells were washed with Opti-Pro SFM. The
infected cells were left in 2.0ml of Opti-Pro SFM while transfection reaction was set
up.

[0183] The transfection reactions were set up in a sterile 5 ml PS tube.
Approximately 1.0 to 2.0 ug DNA of the recombination vector and 6 ul Transfection
reagent (FuGene HD) were used for transfection that was performed according to the
FuGENE HD standard protocol provided by the supplier. The cells were incubated
for 48 hours at 37°C and 5% CO; in an incubator.

[0184] After the incubation, the cells were screened on fluorescing cells that indicate
the presence of MVAtor and recombination vector within the cells. Cells were
screened on fluorescing foci and set ups with the most efficient gfp expression were
used for two to three passages of the recombinant MV Ator under selective conditions.
For this passage, the infected transfected cells were scraped into the medium by using
a cell lifter and transferred to a 1.5 ml vial. Viruses were released by ultrasound
treatment according to EPDD-SOP-EQU-033. 1/10 — % of the transfection set up was
plated on fresh CEF cells seeded in a 12-well plate, filled ad 1 ml and 5 ug
Blasticidine per ml were added.

[0185] In order to plaque purify the recombinant MV Ators, recombinant MV Ator
was seeded in serial dilutions in 6-well plates and 96-well plates, respectively, under
selective conditions (Spg/ml Blasticidine per ml Opti-Pro SFM). Single fluorescing
plaques were isolated by using a 100ul pipette. The isolated virus was transferred to
a 1.5 ml vial and released by ulirasound treatment. The virus was analyzed by PCR
on empty vector (as described below) and the isolate showing the weakest empty
vector signal is passaged on fresh CEF cells seeded in 12-well plates. The plaque

purification was repeated until the isolate was free of empty vectors. As soon as a
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(mEM17). The virus stocks were shown to have a 100% correct sequence read-out
and to be free of residual empty vector and functional.

[0187] After the isolation of a pure recombinant MVAtor devoid of the
selection/reporter cassette, the viruses were amplified on T225 flasks. Ten T225 flask
primary CEF cells were split 1:4 in a total amount of 40 T225 flasks for amplification
of each individual recommbinant MV Ator. Afier two days of incubation, the cells of
one flask were trypsinized and counted. The 39 T225 flasks were infected with a moi
of 0.1 and incubated for 72 hours at 37°C and 5% CQ,. The flasks were harvested
and the content of all flasks was pooled. The homogenization pooled virus stock was
performed by ultrasound treatment using a flow cell device. The flask containing the
virus stock that had to be purified was placed on ice and connected to the flow cell.
The ultrasound flow cell device was set as following: Amplitude to 100%, Cycle 1,
pump speed of 50ml/min i.e. 0.8 and switched on. After sounding the stock was
frozen until purification.

[0188] Considering the titre, the purified stock was diluted and filled to a final filling
volume of 600ul per vial containing 109 TCIDsp per ml (nominal titer). The filling
resulted in the following amount of vials per virus: (1) 91 x MV Ator-NP consensus
(mEM10); (2) 35 x MVAtor-METR_C (mEMI8), (3) 29 x MVAtor-METR_S
(mEM19), (4) 56 x MVAtor-Pr8M2 (mEM22), (5) 38 x MVAtor-Pr8M2e TML
(mEM23), and (6) 30 x MV Ator-Pr8HA (mEM17). All vials were stored at -70°C
until further use, i.e. testing or shipping. One vial per virus was archived in the -70°C

sample archive.
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purified and filled MVAtor-NP for mEM10, MVAtor-METR_C for mEM18,
MVAtor-METR 8 for mEM19, MVAtor-Pr8M2 for mEM22, or MVAtor-
Pr8M2e TML for mEM?23 was isolated and used for PCR. As a positive control for
recombinant virus, the recombination vector vEM47 was used (vVEM47). As positive

control for empty vecior, DNA isolated from MV Ator was used (MVA). As negative

controls, H;O and CEF cells were used.

Example 4. Sequencing for Influenza Genes and Flanking Sequences of

Insertion Site

[0190] DNA of each virus was isolated and the entire insertion site was amplified by
PCR using the primers 5' -- ggagctccactatttagttggtggtegee - 3' (SEQ ID NO: 32)
(oVIV47) and 5 - cgggtaccctagtttecggtgaatgtg - 3' (SEQ ID NO: 33) (oVIVE9).
Using these primers, the inserted Influenza genes as well as the flanking sequences
used for the homologous recombination are amplified (Figure 4).

[0191] The PCR fragments were purified and shipped to GATC for sequencing. For
the sequencing, the primers were chosen to cover the entire PCR fragment as

provided below:

TABLE 5. Primers

SA. Primers for Sequencing MV Ator-NP consensus and flanking regions (mEM10)

oVIV38 oVIV-Del IIIend ctagatcatcgtatggagagtcy (SEQ ID NO: 34)

oVIV45 oVIV-F2up+Apal gaaagttttataggtag (SEQ ID NO: 35)

oVIV48 oVIV-Flend+BstXI gccacegcoggtggecagccacegaaagageaate (SEQ ID NO:
36)

oVIV49 oVIV-Flmid (rpt)+BglIl ggaagatctcaattaacgatgagtgtag (SEQ ID NO:
37}

oVIV54 oVIV-Del ITTFl-zseq gatgtaggcgaatttggatc (SEQ ID NO: 38)

oVIV52 oVIV-Del IIIF2-gseq tggtaatcgtgtcatattag (SEQ ID NO: 239)

oVIVS55 oVIV-Del IIIFImid rev cattattatcggttacactte (SEQ ID NO: 40)
OEM229 NP fw CAAGAAGTGCTTATGAG {(SEQ ID NO: 41)

oEM230 NP rev ggtteccgactttcotctcact (SEQ ID NO: 42}
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5B. Sequencing MV Ator-METR_C and flanking regions (mEM18):

oVIV37 oVIV-Del IIIup ggcacctctcttaagaagtgtaac (SEQ ID NO: 43)
oVIV54 oVIV-Del IIIFl-seq gatgtaggegaatttggatc (SEQ ID NO: 38)
oVIV53 oVIV-Del IIIF2-seq tggtaatcgtgtcatattag (SEQ ID NO: 39)
OVIV55 oVIV-Del IIIF1mid rev cattattatcggttacactte (SEQ ID NC: 40)
0EM283 M2tandem forward CTTACAGAAGTGGAGACAC (SEQ TD NO: 44)

OEM284 M2tandem backward GTAAGGAGACTCAGCTTC (SEQ ID NO: 45)

5C. Sequencing MV Ator-METR _S and flanking regions (mEM19):

oVIV37 oVIV-Del IZIup ggcacctcteocttaagaagtgtaac (SEQ ID NO: 43)
oVIV45 oVIV-F2up+Apal gaaagttttataggtag (SEQ ID NO: 35)

oVIV53 oVIV-Del IIIF2-seq tggtaatcgtgtcatattag (SEQ ID NO: 39)
oVIVS5 oVIV-Del TIIFImid rev cattattatcggttacactte (SEQ ID NO: 40)
0EM184 Flankl-seqg-down GGATAGAGATGETTTGTGAAC (SEQ ID NO: 46)

cEM283 M2tandem forward CTTACAGAAGTGGAGACAC (SEQ ID NO: 47)

OEM284 M2tandem backward GTAAGGAGACTCAGCTTC (8EQ ID NC: 48)

5D. Sequencing MV Ator-Pr8M2 and flanking regions (mEM22):

oVIV37 ovIV-Del IIIup ggcacctctettaagaagtgtaac (SEQ ID NO: 43)
oVIV45 oVIV-F2up+Apal gaaagttttataggtag (SEQ ID NO: 35)

OVIV47 oVIV-Flup+SacT ggagctccactatttagttggtggtegee (SEQ ID NO: 32)
oVIVS53 oVIV-Del IIIF2-seq tggtaatcgtgtcatattag (SEQ ID NO: 39)
oVIVS4 oVIV-Del IIIF1-seqg gatgtaggogaatttggatc (SEQ ID NO: 38)
OVIVEE oVIV-Del IIIF1mid rev cattattatcggttacacttc (SEQ ID NO: 40)
oVIVBY9 Flend Accé5Inew cgggtaccctagtttcecggtgaatgtg (SEQ ID NO: 33)

SE. Sequencing MV Ator-Pr8M2e_TML and flanking regions (mEM23):

oVIV37 oVIV-Del IITup ggcacctctcttaagaagtgtaac {SEQ ID NO: 43)

oVIV45 oVIV-F2up+Apal gaszagttttataggtag (SEQ ID NO: 35)

oVIV4? oVIV-Flup+Sacl ggagctocactatttagttggtugtegee (SEQ ID NO: 32)
oVIV48 oVIV-Flend+BstX1 gccaccgcggtggccagecaccgaaagageaate (SEQ ID NO:
36)

oVIVE3 oVIV-Del 11IF2-seq tggtaatcgtgtcatattag (SEQ ID NO: 29)

oVIV54 oVIV-Del I11Fl-seq gatgtaggcgaatttggatc (SEQ ID NWO: 38)

OVIVS5 oVIV-Del IIIFlmid rev cattattatcggttacacttc (SEQ ID NO: 40)
oVIVB9 F2end Accé5Inew cgggtaccctagtttceggtgaatgtg (SEQ ID NO: 33)
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5F. Sequencing MV Ator-Pr8HA and flanking regions (mEM17):

oVIV37 oVIV Del III up ggtggtgagttgaaggattcacttce (SEQ ID NO: 43)

oVIV3g oVIV-Del III end ctagatcatcgtatggagagteyg (SEQ ID WNO: 34)
oVIV45 oVIV-F2up+Apal gaaagttttataggtag (SEQ ID NO: 35)

oVIV47 oVIV-Flup+Sacl ggagctccactatttagttggtggtcegee (SEQ ID NO: 32)
oVIV48 oVIV-Flend+BstXI gccaccgcggtggccagecaccgaaagagcaate (SEQ TD NO:
38)

OVIVS3 oVIV-Del IIIF2-seq tggtaatcgtgtcatattag (SEQ ID NO: 35)

oVIVE5 oVIV-Del IIIFlmid rev cattattatcggttacactte (SEQ ID NO: 40)
cEM280 Pr8 HA mid backward GTTACACTCATGCATTGATC (SEQ ID NO: 49}

ocEM281 Prég HA_mid_forward CAAATGGAAATCTAATAGCAC (SEQ ID NO: 50)

Example 5. Expression Analysis of Influenza Polypeptides

[0192] Western blot was performed to analyze expression of MVAtor-NP as well as
both -METR constructs (SEQ ID NO: 16 for the METR_C polypeptide and SEQ ID
NO: 18 for the METR S polypeptide). In a six well plate, 6 x 10° cells were seeded
per well in the appropriate amount of wells. The amount of wells was determined as
follows: number of recombinant MV Ator samples plus MV Ator control plus CEF
control. Cells were infected with MV Ator and MV Ator-NF/-METR S, -METR_C,
respectively, using a moi of 1 according to standard protocols. After 24 hours of
infection, 300 pl RIPA buffer (pre cooled on ice) per well were added, and the plates
were incubated for 5 min on ice. The cells were scraped into the RIPA buffer and the
cell suspensions were transferred each in a 1.5 ml vial and placed on ice. Protease
inhibitor coctail in an amount of 0.5 ul was added to each vial. A volume of 60 pl
per sample was transferred into a new 1.5 mi vial and 22 pl loading dye, and 8 pl 2-
Mercaptoethanol was added. For the Influenza virus positive control, 5 pl of
inactivated Influenza virus was used. A volume of 8 p! RIPA buffer was added. All
samples were incubated on ice for 5 min. Afierwards all samples were heated for 10
min. at 95°C in a thermo mixer.

[0193] A haemadsorption assay (HAD) was performed to analyze expression of the
MVAtor-Pr8HA. For this purpose CEF cells were infected with MVAtor and
MVAtor-HA (mEM17), respectively. Another set of cells was mock infected.
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[0195] The MVAtors expressing either METR-C (SEQ ID NO: 16) or METR-S
(SEQ ID NO: 18) were tested for their in vive efficacy. Efficacy of the MV A vaccines
was observed by assessing 1) weight loss or mortality of the mice in the challenged
groups compared with the control groups, and 2) viral burden in the lungs. Groups of
mice (eight mice per group) were immunized twice intramuscularly with the MVA
vaccines: (1) MVA-Pr8M2 (MVA construct expressing full-length M2 of influenza
A virus Puerto Rico 1934 HIN1 (Pr8)); (2) MVA-Pr8M2e-TML (MVA construct
expressing the native transmembrane region of M2 (TML)); (3) MVA-METR-C
(MVA construct expressing the METR polypeptide having cysteins); (4) MVA-
METR-S (MVA construct expressing the METR polypeptide in which cysteines had
been substituted with Serines); (5) MVA-ConsNP (MVA construct expressing NP
consensus sequence); (6) MVAtor (MVA vector alone); and (7) PBS as a negative
control.

[0196] Three weeks after the immunization, mice were infected intrapulmonarily
with 50mcL of Influenza A virus (A/PR/8/34, HIN1) at 629 TCID50 per mouse.
Mice were monitored daily for body weight reduction. The data are the mean = SEM
(percentage) compared to body weight before challenge. Mice were euthanized if
BW reduction reached 25%. As a result, the negative control mice suffered weight
loss and died. Weight loss was measurable in mice that received an MVA-M2eTML
construct (14%) but the METR constructs resulted in only 7% weight loss, similar to
full length M2 (Pr§M2). '

[0197] The quantitative recovery of influenza viruses from the infected mice lungs
was performed, and viral burdens were compared in order to determine immune

benefits due to the previous vaccinations.
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[0198] Groups of four cryotubes containing individual mouse lungs were removed
from -80°C and placed on ice to thaw. Each lung was weighed. L-15-2x PSK media
(Leibovitz + 4mM L-Glutamine + 2X antibiotic-antimycotic) was transferred to each
tube so that the lung weight is equal to 10% of the total volume. Each lung was
homogenized using Power Gen 125 and disposable homogenizers until complete (30
seconds to 1 minute). Lung homogenates were spun down 20 minutes at 30000 rpm:
at 4°C. Lung homogenate supernatants were aliquoted; 200mcL for TCID50 and two
aliquots of 400mcL freeze directly in dry ice. The aliquots were stored at -80°C.

[0199] Lung homogenates were vortexed, and 20mcL was added to 4 wells
containing MDCK cells plated 18-24 hours previously at 4 x 10e5 cells in 180mcL of
serum free MEMcontaining Trypsin (TPCK) and 4mM Glutamine and 2X antibiotic-
antimycotic. Serial 10 fold dilutions were performed down the plate by transferring
20mcl. from row A to 180mcL of media in row B and continuing through row H.
Influenza Virus A/PR/8/34 stock ATCC VR-9 was used to infect MDCK cells in 4
wells of every third assay plate as a positive control. Source of positive control
A/PR/8/34 was from three vial sources stored at -80°C freezer that had temperature
failure. Infected MDCK cells were incubated at 37°C/5% CO, for 4 days. Plates
were washed once with PBS, and MDCK cells were incubated at 4°C for 30 minutes
with 0.1% Turkey red bloods cells. Unattached Turkey red bleod cells were washed
vigoursly with PBS four times and infected MDCK cells were visible by adherent red
blood cells. Log 10 TCID50 titer was calculated from counting infected wells of
MDCK cells. Results expressed TCID50/gram weight lung tissue by caluclation of
the anti-log of Log 10TCID50 divided by gram weight of lung tissue for cach mouse.
Mean, standard deviation and Coefficiant of variation expressed as % were

determined for each group.
Example 7. Antibody Response against M2e in Immunized Mice

[0200] In order to test antibody titer of the immunized animal, mice were immunized
intramuscularly once, twice, or thrice with the MVA vaccines: (1) MVA-Pr8M2, (2)
MVA-PrgM2e-TML; (3) MVA-METR-C, (4) MVA-METR-S, (5) MVA-PréM2 _
MVA-ConsNP; (6) MV A-PrgM2e-TML +MVA-ConsNP; (7) MVA-Pr@M2e-TML +
MVA-ConsNP; (8) MVA-ConsNP, (9) Control group, (10) MVA virus with insert

(no influenza antigen expressed), (11) sublethal infection using PR8 infective
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Test Groups

Pr3M2 02+ (-1.6) 72£2.0% 64=10*

Pr8M2e-TML 0.3+(-1.3) 6.5+ 19% 16.1 + 2.8*

METR-C 0.6 +(-0.5) 46.3+ 3.8%@ 103 = 4.6%t@)

METR-S 63+18 | 73.5t43*@ | 434+38'@

Pr3M2 + ConsNP 05+(06) | 106+24* NA

Pr8M2e-TML+ConsNP 03+(-1L.1) 12.9 + 2.6* NA

METR-C + ConsNP 1.0+0.0 543 +4.0%@ NA

METR-S + ConsNP 032(-1.1) | 129+26* NA

ConsNP 0.1 0.1 ND

Control Groups

MVA virus with insert (no influenza antigen 0.1 01 0.1

expressed) ' ' ]

Sublethal infection using PR8 infective

influenza virns (No MVA vaccine) 2.6 34+04 0.6+04

PBS (No MVA vaccine) 0.1 0.1 NA

[0201] As shown in Figure 10, the MVA-METR vaccines expressing multiple M2e
regions generated higher titered serum levels of IgG anti-M2 peptide than the MV A-
M2 vaccines did.

[0202] In a further study, BALB/c mice were immunized twice either intranasally to
the lung (IN) or intramuscularly (IM) with the MV A vaccines: (1) sublethal dose of
influenza A virus Puerto Rico 1934 HINI1 (positive control), (2) MVA-HA (MVA
construct expressing full-length HA); (3) MVA-METR-S (MVA construct expressing
METR with Serine subsititutions); (4) MVA-M2 (MVA construct expressing full-
length M2); (5) MVA-METR-C (MVA construct expressing METR with the native
cysteines); (6) MVA-Pr8M2e-TML (MVA construct that contained the native

transmembrane region of M2 (TML); (7) PBS (negative control); (8) MV A-ConsNP
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(MVA construct expressing NP concensus); and (9) MVAtor-alone (negative

control). Immune sera were obtained 21 days after the second immunization of the

vaccines and were tested by ELISA, which was coated with one of the four peptides,

each representing different strains of influenza A virus protein: M2e#1 H5 1999 to
2008 (bars second from back of graph); M2e#4 H1 and H3 human (bars at back of
graph); M2e#5 H9 and H6 (bars second from front of graph); M2e#6 H7 and H3, HS,

H10, H2, H6, H9 (bars at front of graph).

TABLE 7: Anti-M2e peptide#4 antibody responses(pg/mL, Geomean = geometric SD)

Antigen, expressed by Intranasal delivery Intramuscular injection
MVA vector per vaccine
Ab after one Ab after two Ab after one Ab after two
vaccination vaccinations vaccination vaccinations
Pr8M2 0.4 +(-1.0) 32.6+3.5* 0.4+{-1.0) 8.8+272*
Pr8M2e-TML 02=x(-1.7) 26.7 £ 3.3* 0.2+{-1.5) 6.5+1.9*
METR-C 0.2 £{-15) 291+ 3.4* 0.5=(-0.7) 20,7 £3.0%
METR-S 1.3+£03 39.1+£3.7* 46+15 62.5+4.1*
No influenza antigen.
MVA alone 0.1 0.1 0.1 0.1
No influenza antigen.
PBS alone 0.1 0.1 NA NA

[0203]

mice immunized are shown in Figure 11A and Figure 11B.

[0204]

Body weight changes in the intranasal (IN) or intramuscular (IM) immunized

Viral burden in mice immunized intranasally (IN) or intramuscularly (IM)

were measured. Viral load in lung tissues of mice immunized twice with the MVA

vaccines were measured three days after challenge with influenza A virus. Data are

shown in Figore 12.

Example 8. Immune Response against low-dose HIN1 PR8 challenge in NP and

M2 Immunized Mice

[0205]

infection (HIN1 Pr8) was tested in mice.

The efficacy of NP + M2 vaccination against homologous low dose influenza

Mice for this study were immunized

intramuscularly at days 0 and 21 with MV Ator-based vaccines containing conserved

influenza antigens as summarized in Table 8.
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TABLE 8: Treatment Groups

Animals
Group Body Weight Viral Load Immunization Material
(per time point)

1 10 8 PR8 HA

2 10 8 NP

3 10 8 M2

4 10 8 NP + M2

5 10 8 MV Ator

6 10 8 Sublethal infection with PR3

[0206] The mice were challenged with HIN1 PR administered intranasally (< 2

LD50) at day 42. Body weight, survival, and viral load (days 2 and 4) were analyzed.

[0207] As shown in Figure 13, the HA , NP, M2+NP, and nonlethal immunization
groups were protected against body weight loss. In the M2 immunization group, 6 of
10 mice lost <20% body weight by day 8. In the MV Ator immunization group 10 of
10 mice lost <20% body weight by day 8. There was 100% survival for all treatment
and conirol groups.

[0208] In a further study, the anti-NP immune response was tested by ELISA using
recombinant NP (ImGenex) coated plates. The ELISA results are shown in Figure 14
for 1d21 MVA, 2d21 MVA, 1d21 MVA+NP, 2d21 MVA+NP, 1d21 MVA-M2eA +
MVA-NP, 2d21 MVA-M2eA + MVA-NP, 1d21 Non-lethal HIN1 PRE, and 2d21
Non-lethal HIN1 PR8. "1d21" refers to the immune response measured after a single
vaccination, and "2d21" refers to the immune response measured after two doses of
the vaccine construct. These results show that anti-NP immune responses were
observed after two immunization.

[0209] Viral load in lung tissues of inice immunized intramuscularly (IM) with
MVA, MVA-HA, MVA-NP, MVA-M2eA, MVA-M2¢ + NP, or A/PR/8/34 was
measured at days 2 and 4 after challenge with HIN1 PRS8 virus. The viral load results
are shown in Figure 15. Animals immunized with MVA-HA had a 2-3 log reduction

in lung load on both day 2 and day 4. The results show that animals immunized with



intranasal ly (-20 LD50) at day 42. Henmggl utination inhibition (HAT) (pre-

chal | enge), body weight, survival, and viral |oad (days 2 and 4) were
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Fl ul ayal Animal # Californial/07/09 (pandem ¢ HLN1) Day 39 Mexico/ 4108/ 09

andem ¢ HIN1) Day 39 2081 160 80 2082

(p NP + R/IZ sh%wed 2-log reduct?on in lung vietl‘lo%:xg%n day 2. However, there was no

significant reduction in virus replication in the lungs on day 4 in any of the groups

receiving NP or M2 antigens.

Examgple 9. Immune Response against lethal dose JIIN1 PR8 challenge in NP

and M2 Immunized Mice

[0210] The efficacy of NP + M2 vaccination against homologous lethal dose
influenza infection (HH1N1 Pr8) was tested in mice. Mice for this study were
immunized intranasally (IN} or intramuscularly (IM) at days 0 and 21 with MV Ator-

based vaccines containing conserved influenza antigens as summarized in Table 9.

TABLE 9: Treatment Groups

Animals
Group Body Weight Viral Load Immunization Material
(per time point)
1 10 4 PR8 HA
2 10 4 NP
3 10 4 M2
4 10 4 M2-TML
5 10 4 METR-C
6 10 4 METR-S
7 10 4 NP + M2
8 10 4 NP + M2 TML
9 10 4 NP + METR-C
10 10 4 NP + METR-S
11 10 4 MV Ator
12 10 4 PBS
j0211] The mice were challenged with HIN1 PR8 administered intranasally (3

1.D50) at day 42. Hemagglutination inhibition (HAI) (pre-challenge), body weight,
survival, and viral load (day 3) were analyzed.
[0212] Influenza A HIN1 Puerto Rico 8/1934, abbreviated “PRS8,” is a mouse-

adapted influenza virus and was used in the HAI assay for this study. Prior to HAIL
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PR8 was assayed for Haemagglutinin capability using turkey red blood cells, and
thereafier diluted to the appropriate concentration of 8 haemagglutinin units (dilution
factor 1024) per mL in order to perform HAIL For HAI, 25mcL of mouse serum was
incubated with 75mcL receptor destroying enzyme (RDE) for 30 minutes at 37°C
followed by dilution to 250 meL. (1/10 dilution of serum) in normal saline and storage
at 4°C until used.

[0213] Sera were tested using the HAI procedure in pools of 3 or 4 sera. Sera
(25mcL) were diluted in sequential 2-fold dilutions in 25mcL PBS, to which 25mcL
of diluted influenza virus were added and incubated for 30 minutes at room
temperature. Turkey red blood cells (50mcl, washed and diluted) were added and
incubated for 60 minutes at room temperature, followed by assessment for inhibition

of haemaglutination. The HAI results are shown in Table 10.

TABLE 10: HAI Results

Groups Animals immunized with Pre-challenge
MYV Ator vector indicating (GMT) HAI
anfigens
1 Sublethal dose-H1IN1 119+528
2 MVA-HA 10924740
11 PBS <20
13 MV Ator-alone <20

N = 8 mice/group; <20 = below limit of detection

[0214] As shown in Figures 16A and 16B, the NP + M2 immunization groups were
protected agains body weight loss. All imunized groups were 100% protected against
death, while MV Ator and PBS control groups resulted in 0% (0/10) survival.

[0215] In a further study, the anti-NP and anti-M2 immune responses were tested by
ELISA using recombinant NP {ImGenex) and M2 peptide #4 (SEQ ID NO: 4) coated
plates, respectively. The anti-NP ELISA results are shown in Figure 17 for ConsNP,
Pe8M2+ConsNP, Pr8M2e-TML+ConsNP, METR-C+ConsNP, and METR-
S+ConsNP. The anti-M2 ELISA resuits are shown in Figure 18 for M2, M2-TML,
METR-C, METR-S, M2+NP, M2-TML+NP, METR-C+NP, and METR-S+NP.



2029 80 40 2090 80 80 2091 160 40 2092 320 80 2093 160 80 2094 80 40 2095

WO 2011/120045 PCT/US2011/030205
276~

These results show that anti-NP and anti-M2 immune responses were generated in
vaccinated animals.

[0216] Viral load in lung tissues of mice immunized intranasally (IN) or
intramuscularly (IM) with PBS IN, MV Ator, NP, M2, M2e-TML, METR-C, METR-
S, HA, and sublethal PR8 IN was measured at day 3 after challenge with HINT PR&
virus. The viral load results are shown in Figure 19. These results show that animals
immunized intranasally with NP, M2, M2e-TML, METR-C and METR-S were
partially protected against virus replication in the lungs. There was no significant
reduction in virus replication in the lungs in the groups receiving intramuscular NP or

M2 antigens.

Example 10. Immune Response against lethal dose HiN1 Swine challenge in NP,

M2, and M1 Immunized Mice

[0217] The efficacy of NP + M2 + M1 vaccination against homologous lethal dose
influenza infection (sHIN1 A/Mx/4108/09) was tested in mice. Mice for this study
were immunized intramuscularly at days 0 and 21 with MVAtor-based vaccines

containing conserved influenza antigens as summarized in Table 11.

TABLE 11: Treatment Groups

Animals
Group Body Weight Viral Load Immunization Material
(per time point)
i 10 5 Flulaval (2010 TIV)
2 10 5 NP + METR-C + M1
3 10 5 NP + M2 + M1
4 10 5 NP + M2
5 10 5 M1
3] 10 5 NP + M1
7 10 5 MV Ator
8 10 5 PBS
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[0218] The mice were challenged with sHIN1 A/Mx/4108/09 administered
intranasally (~20 LD50) at day 42. Hemagglutination inhibition (HAI) (pre-
challenge), body weight, survival, and viral load {days 2 and 4) were analyzed.

[0219] The HAI assay was performed as described above in Example 9. The HAI

results are shown in Table 12.

TABLE 12: HAI Results

Groups - California/07/09 (pandemic HI1N1) Mexico/4108/09 (pandemic
Flulaval Day 39 HINI1)
Animal # Day 39

2081 160 80

2082 160 80

2083 160 80

2084 80 40

2085 80 40

2086 40 20

2087 160 80

2088 80 40

2029 80 40

2090 80 80

2091 160 40

2092 320 80

2093 160 80

2094 80 40

2095 80 40

2201 160 80

2202 80 40

2203 160 40
Geomean 113 (=65) 32(%23)

(£SD)

CDC Ferret Reference (A/Ca/04/09): CDC Ferret Reference
6400 (A/Ca/04/09): 1600
[0220] Flulaval dose was given to mice: 150 pL, IM (4.5 ug HA of each of the 3

viruses); human dose: 500 pL, IM (15 pg HA of each of the 3 viruses). All pre-bleed
samples for Group 1 (Flulaval) and Group 8 (PBS) were below limit of detection
(<20). All day 39 (pre-challenge) samples for Group 8 (PBS) were below Iimit of
detection for both HIN1 pandemic viruses.

[0221] As shown in Figure 20A, NP + M2 immunization did protect against body

weight loss. However, a significant additional benefit was not observed when M1
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pr ot ect agﬁﬁﬁﬂdeééﬁWvVéMtFlg'gész.OBWg3?6, suRvigal (i qome; f‘f%"&m# dN&F benefi t
was not obggr wed when iMror ¥R AR U4 RAPRATLISEOA0930205 -78- was added to
NP + M2. Figure JOB shows the survival outcome for vaccinated mice. The
survival results for this study are shown in Table 13 bel ow. TABLE 13:

Survival Results |nmunizati pP.% Survi v Fl ul ava' 100% (8/8
M +NP+MVETRC 100% ( 8/ 8) TOAr]%LCE P Psurvival esuel‘gs ( )

Immunization Group % Survival
Flulaval 100% (8/8)
M1+NP+METRC 100% (8/8)
MI1+NP+M2 100% (8/8)
M2-+NP 100% (8/8)
M1 38% (3/8)
MI1+NP 88% (7/8)
MYV Ator 13% (1/8)
PBS 25% (2/8)
[0222] These results show that the mortality in groups that received M1 + NP + M2
and M1 + NP + METR-C was significantly (p = 0.0035) lower than the PBS group.
[0223] In a further study, the anti-NP and anti-M2 immune responses were tested by

ELISA using recombinant NP (EPDU} and M2 peptide #4 (SEQ ID NO: 4} coated
plates, respectively. The anti-NP and anti-M2 ELISA results are shown in Figure 21
for PBS, MVAtor, MI+NP+METRC, MI+NP+M2, M2+NP, M1, MI1+NP, and
Flulaval. These results show that vaccination induced strong anti-NP and anti-M2
immune responses.

[0224] The anti-M1 and anti-MVA immune responses were tested by ELISA using
recombinant M1 and MVA CT84 coated plates, respectively. The anti-M1 and anti-
MVA ELISA results are shown in Figure 22A-B for PBS, MVAtor,
MI1+NP+METRC, M1+M2+NP, M2+NP, M1, M1+NP, and Flulaval. These results
skow that vaccination did not induce an anti-M1 immune responses.

[0225] Viral load in lung tissues of mice immunized intramuscularly (IM) with PBS,
MV Ator, M1+NP+METRC, M1+NP+M2, M2+NP, M1, MI+NP, and Flulaval was
measured at days 2 and 4 after challenge with sHIN1 A/Mx/4108/09 virus. The viral
replication in the lung results are shown in Figure 23. The results show that thé tested

vaccines did not reduce virus replication in the lungs.
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[0226] Viral load in nasal turbinates of mice immunized intramuscularly (IM) with
PBS, MVAtor, M1+NP+METRC, M1+NP+M2, M2+NP, M1, M1+NP, and Flulaval
was measured at days 2 and 4 after challenge with sSHIN1 A/Mx/4108/09 virus. The
viral replication in the lung results are shown in Figure 24. The results show a partial
reduction in viral load in nasal turbinates in all vaccinated groups. The addition of

M1 to the vaccine did not increase the reduction in viral load in nasal turbinates.
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Is Clainmed Is: 1. An isolated polynucl eotide conprising a coding region
encodi ng a pol ypept i 8eQ hOeBiMe#3 (Yol ypepti de conprises at | east five
influenza virus Matrix 2 protein (M) ectodomain peptides. 2. The
pol ynucl eoti de of cl gj her.ej.n i\d pol ypeptide conprises any five or
more of the fol F'ow ngb%gwégi(gzgﬁmnces arranged in any order relative
to each other: SEQID NO 1 (NI 2c.#LC); SEQ ID NO 2 (Me#2 C); S.EQ ID NO
3 (Me#3. _CO); SEQ I DSE@MNUVB;M%@ C)S.EQID NGO 5 (Me#5_C); SEQID NO 6
(Me#6_C); ,S.EQID NO 7 (Me#l1_S); SEQ 1D NO 8 (Me#2_S); SEQ 1D NGO 9
(M2e#3S); SEQ ID NO 10 IS)MZ' e#4 S); SEQ NO 11 (Mee#5_S); and

vi.  SEQID NO: 6 (M2e#6_C);

Vil. SEQ ID NO: 7 (M2e#1_S);

viii.  SEQ ID NO: 8 (M2e#2_S);

ix. SEQ ID NO: 9 (M2e#3 _S),

X. SEQ ID NO: 10 (M2e#4_S);

xi. SEQ ID NO: 11 (M2e#5_S); and

xii.  SEQ ID NO: 12 (M2e#6_S).

3. An isolated polynucleotide comprising a coding region encoding a polypeptide,
wherein said polypeptide comprises any three or more of the following M2

ectodomain peptides arranged in any order relative to each other:
i. SEQ ID NO: 1 (MZe#l Cy;

1l SEQ ID NO: 2 M2e#2_C),



Xi1.SEQ ID NO 12 (Me#6 S). 3. An isolated pol ynucl eotide conprising a
codi ng regi on encodi ng a pol ypeptide, wherein said pol ypeptide conprises
any t hr eewonommwiraedsf the foll owi ng M2 ect odomai n pept i desTarseangawos n any
order relative to each other: i.SEQSID 'NG 1 (Me#l :C); SEQID NO 2
(Me#2_ O; WO 2011/ 120045PCT/ US2011/ 030205 -81- SEQ ID NGO 3 (Me#3 O);

iv. SEQIDNO 4 NO. 5 (Me#5 C) ; vi. SEQ ID NO 6
(M2e#6 O): vii. 111SEQ %3&@1‘19 %@5%3 > viii. SEQED NO 8 (Me#2 S); ix.
SEQIDNO 9 (Me#3 S); x. SEQID NO 10 (Mee#4 S); xi. SEQID NO 11

(M2e#5_S); and xii. SEQIDDIHY (M2c#4VRg#6_S) . 4. The pol ynucl eotide of claim
3, wherein said polypeptide conprises any three or nore of the follow ng M

ect odomai n peptides arran ed in any order relative to each other:
v. SEQ ID NO: 5 (M2e#5 _C) ;

Vi. SEQ ID NO: 6 (M2et6_C);

vii.  SEQ ID NO: 7 (M2e#1_S);

viii.  SEQ ID NO: 8 (M2e#2_S);

iX. SEQ ID NO: 9 (M2e#3_S),

X. SEQ ID NO: 10 (M2e#4_5S);

Xi. SEQ ID NO: 11 (M2e#5_S); and
xii.  SEQID NO: 12 (M2e#6_S).

4. The polynucleotide of claim 3, wherein said polypeptide comprises any three or more

of the following M2 ectodomain peptides arranged in any order relative to each other:
L SEQ ID NO: 1 (M2e#1_C);
1l. SEQ ID NO: 2 (M2e#2_C);
1il. SEQ ID NO: 3 (M2e#3_C);
1v. SEQ ID NO: 4 (M2e#4_C);
v. SEQ ID NO: 5 M2e#5 C); and
V1. SEQ ID NO: 6 (M2¢e#6 C).

5. The polynucleotide of c¢laim 3, said polypeptide comprises any three or more of the

following M2 ectodomain peptides arranged in any order relative to each other:
1. SEQ ID NO: 1 (M2e#1_S);

it SEQ ID NO: 2 (M2e#2_S);



i. SEQIDNG 1 (Me#l1l C; SEQID NO 2 (Me#2_C); SEQID NO 3 (Me#3_O);
iv. SEQIDNGC 4 (Me#4 C; v. SEQID NO 5 (Me#5_C); and vi. SEQID NO 6
(M2e#6 C)wo2iilireod4pol ynucl eoti de of claim 3, said pol ypepriuseoiaosgns ses any
three or nore of the followi ng M2 eg2odonmai n peptides arranged in any order
relative to each other: SEQ ID NO 1 (Me#l S); SEQ ID NO 2 (Me#2_S); WO
2011/ 120045PCT/ US2011/ 030205 -82- SEg IDNO 3 (Me#3 S); iv. SEQID NO 4
(M2e#4 S): v. S8Q | BHROIDNEN\DEEES) shand vi. SEQ ID NO 6 (Me#6_S). 6.
The polynucl eotide of any one of claims 3-5, wherein said polypeptide

conpri ses any fiqur ogE(grﬁjqq@u (;@Q@TIMNQ );ect odomai n peptides arranged in any
order relative to each other. The pol ynucl eoti de of any one of clains

3-6, wherein said polypeptide conprises any five or nore of said M
ect odomai n peptv.des SEQANGED: § M2etp_6).ded rel ative to each other. 8. The
pol ynucl eotide of any one of clains 1-7, wherein said polypeptide conprises

any six or nore_.of s i peptides arranged in any order

rel ative to each oth %ﬁang%@he g{%ﬁlﬁgkl eotide of any one of clains 1-5, 7,
and 8, wherein said polypeptide conprises the follow ng M2 ectodonain
pepti deg. arliapgaticldotidayl arydate d’f&ﬂea'ltnis B, twheedie baidphbzpeptm(@omprim any
(M2e#1_C), SEQ I D NO 2M2e#2 ,. %E glMZe#3 1_) 1%% BIO 4
(MRe#4_C) , fosEes moraves said Wz%‘%ésd@)lamgﬁﬂ d61 (I BT Cfla X%)to 5

pol ynucl eofi,de of any one of clains 1-4, 5, 7 and 8, wherein said

pol ypepti de conprises the follow ng M ect OdOITB.I n peptides arranged in any
order relative to each other: SEQ ID NO 7 (Me#l_ Sf SEQ I D NO 8 (Me#2
S), SEQI Dfmolchmﬂe oB)ny SR cuiNe3-60 ovhene szd Bplypgride| comROses1any( MR e#5

5), and SERIe or more 0 sagw ec’coaomam peptides arranged in any order relative to each

other.

8. The polynucleotide of any one of claims 1-7, wherein said polypeptide comprises any
six or more of said M2 ectodomain peptides arranged in any order relative to each

other.

9. The polynucleotide of any one of claims 1-5, 7, and 8, wherein said polypeptide
comprises the following M2 ectodomain peptides arranged in any order relative to
each other: SEQ ID NO: 1 (M2e#1_C), SEQ ID NO: 2M2e#2 C), SEQ ID NO: 3
(M2e#3_C), SEQ ID NO: 4 (M2e#4_C), SEQ ID NO: 5 (M2e#5_C), and SEQ ID
NO: 6 M2et6 C).

10. The polynucleotide of any one of claims 1-4, 5, 7, and 8, wherein said polypeptide
comprises the following M2 ectodomain peptides arranged in any order relative to
each other: SEQ ID NO: 7 (M2e#1_S), SEQ ID NO: 8§ (M2e#2_S), SEQ ID NO: 9
(M2e#3_S), SEQ ID NO: 10 (M2e#4_S), SEQ ID NO: 11 (M2e#5_S), and SEQ ID
NO: 12 (M2e#6_S).

11. The polynucleotide of any one of claims 1-10, wherein said polypeptide induces an

immune response against an influenza virus.



11. The pol ynucl eoti de of any one of clains 1-10, wherein said polypeptide
i nduces an i mmune response against an influenza virus. WO

2011/ 120046RGaTI/128R26811/ 030205 -83- 12. The pol ynucl eot i decofusany/oses of
clainms 1-11, wherein at |east two of3said Matrix 2 protein (M) ectodomain
pepti des are fused together wthout a |inker peptide interposed

t her ebet ween. 13. The, pol ynucl eofide o ny.one of clainms_.1- wherei n at
| east twg- bRe RAlyRY t’é@t"é&ﬁ)‘rﬁpﬁofg%’ﬁﬁjl‘sﬁ é’\bﬁmﬁl ?tilﬁ%éfw‘b%f‘fi‘léiw?tﬂ’f r posed
there between., f12)TBQoRIAMA UG pEALd dfe Fhiscd! RIgBIndS, withiel & Ninkad Peptideker
pepti de co rimscje(s o)lt Q‘ﬁoeast fi v«g am no aci ds. g%iS. The pol ynucl egt}ibde of

cl ai m 13 omtetfgsedteraichwesai d | i nker peptide has honol ogy to an am no acid
sequence found in a | ower organism 16. The pol ynucl eoti de of any one of

cl ai nms - erein.said |inker .peptid as.no. h |.ogy. t . .a{f,N0 aci d
sequencégf ﬁ%a&m“@eﬁﬁ%& gy phe thciggl& 15‘%2«:?”‘88 elmdgtrrgefagtc?(%? (rgﬁf %E‘d ai%%er ein
one or nor giefonsh Eeﬂtid@KE&ve&qﬁﬂéeﬂﬁéﬁi@@’ﬁﬁth@@séﬂf‘thai&iblaﬁve%ﬁj d sequence sel ected
fromthe group consisting of SEQ NO 21, SEQID NGO 22, SEQ ID NG 23,

and any conbi nation thereof 18. The pol ynucl eoti de of any one of ¢lains
1-17, wHér Ehqpalynerlensidg i siainnel 3 u¥hangn saishlyrkes @sptide ‘?Oé‘a?é’cs%ﬁ‘eleﬁégé‘iel

epi t ope. 1811iny;‘1§id90| ynucl eotide of claim 18, wherein said at |east one T
cell epitope conprises one or nore of SEQ 1D NO 26 and SEQ ID NO 27. 20.
The pol ynucl eoti de of any one of clains 1-19, wherein said pol ypeptide
conpr i sdS. Thepaphurdectide df sleguéd oe 1 4fwISEGN sDdNDkerGpfiNERR lOmapgy oran- f ul |

| engt h] 21. The pol ynucl eoti. de ?f any one of clainms 1-19, wherein said

pol ypept i d& 85 seliiencn i 3 %%?r&}f%aéﬁ%nce of SEQ ID NO 18. [METR S
version- full length] 22. The pol ylucl eotide of any one of clains 1-21,

wher ei n 1$aithe GRWBIHEE SNarySokLE0BAs 18-280wh@einexilr kgt @optide lashivman. WO
2011/ 120045PCT1/ US2011/ 030205 -84- 23. The palyinicleotide of any one of

cl ai s 1- 2bomolRsy i ¢n Fwing agigdeaienee HIUWBA 11 aPFIRBEE: conpri ses a pronot er
operably associated with said influenza virus Matrix 2 protein (M)

ect OdonqinH@B(glw&clgoQﬁie '8 cfaﬁﬂilgf@herein one or more of said linker peptide comprise
an amino acid sequence selected from the group consisting of SEQ ID NO: 21, SEQ

ID NO: 22, SEQ ID NO: 23, and any combination thereof.

18. The polynucleotide of any one of claims 1-17, wherein said polypeptide further

comprises at least one T cell epitope.

19. The polynucleotide of claim 18, wherein said at least one T cell epitope comprises

one or more of SEQ ID NO: 26 and SEQ ID NO: 27.

20. The polynucleotide of any one of claims 1-19, wherein said polypeptide comprises

the amino acid sequence of SEQ ID NO: 16 [METR_C version - full length]

21. The polynucleotide of any one of claims 1-19, wherein said polypeptide comprises

the amino acid sequence of SEQ ID NO: 18. [METR_S version- full length]

22. The polynucleotide of any one of claims 1-21, wherein said coding region is codon-

optimized for expression in a human.



24. The pol ynucl eotide of claim 23, wherein said pronoter conprises the
nucl eoti de sequence of SEQ ID NGO 29. 25. The pol ynucl eoti de of any one of
claims 1-w0,20mheo@sn sai d codi ng region further conprisestas2addsepdnal

pol ypeptide. 26. The pol ynucl eoti de-8a¢f cl ai m 25, wherein said additional
pol ypeptide is hemagglutinin (HA), neuram nidase (NA), nucl eoprotein (NP),
Matrix 1 protein (M), Mtrix 2 protein (M), non-structural.protein (NS),
RNA pol yiver Bs @0 PAMSEBH $ YPAFIe RNAZEBT yrer IS PBIVEHHIS feeébﬁl%fgﬁm

pol yner ase LSRN PBRIrab 9T as @ FRIPLABLL RN 1 Aficd MR 1,08 MR 20foeal d

i nfluenza %%%B%pt i%desoor @%rrgéﬁedrﬁt sC t her eof .i 2% igI'F(l?e ;i)ol ynacl é%ti de of
claim 26, @Wereinisaivdpgddetidngkepoalsypeptide is HA or a fragnent thereof.
28. The pol ynucl eotide of claim 27, wherein said HA conprises the am no

aci d sequence of SEQ | 1. 52..29.. The pol ynucl.eotide.of ¢lalim wherein
251 addik HGnaPEIrGPLER PRELS 3 et PR HENE EherBEF e 4Bt ot

pol ynucl eotden@fof&ED I RD: 2vherein said NP conprises the amno acid
sequence of SEQ ID NO 20. 31. The polynucl eotide of claim 25, wherein said
addi ti onal pol yPepti de is a His-tag; a ubiquitin ta_%; a.NusA tag; a chitin
bi ndi ng ?éoﬁgfs molygrpivotidsnefpanspenaol plapns 1B eyhegamngaid qeding f?@l%g‘&&?ft ic

acid; (Al a- - Trp-Pr. ( 1 28); pol yphenyal ani ne; pol ycyst ei ne;
pol yar gi ni ﬁ%‘gﬁ‘gs%??35‘;518251‘9‘%%@58?‘1%?%n fluorescent protein (GFP); a

cal nodulin binding protein (CBF' ); a gal actose-binding protein; a naltose
bi ndi ng 2 The polygdBR)tideoélclaith @Sewbemth sagl abiniinabp¢l@BDtCY is ainmedhutihol at e

reduct ase R); glutathigne-S-transferas 1), strept cgal .protein G
st aphyl oco% ?ﬁu&q@“ﬁﬁﬁ? (ﬁ'ﬁg’e]ﬁ W,pr%{ﬁna&? i ﬁ%?%elppgﬂﬁlgi@?ﬁsﬁaé E’?tzgg;
trpE WO Q1L IRPYARRCHUREALORAOAS), REXL psiihnrasTHeBinglt (PA), RNA
acetyltransferase; 'l acZ (D-Gal act osi dase); a Hi s-patch thioredoxin;

t hi or edoxi polymerisaAGIR pepuinde (PR, RNAg polynerageadB2osubundofBBAAt Porf of two

or nore of sajd polypeptides., 32.,Avecto 0 i.Si cl eoti de of
any one of C%Iflh‘inflﬁonlgé N °§§.”°rﬁ'ﬁ§5a\}%é ﬂ(‘)ngZo I{0(1: aeg}rgiéji%rr}%ﬁl cﬁtsﬁ@éré&gi ral

vector. 34. The vector of claim33, wherein said viral vector is selected

f rom t hegmadpotansicstidagf efaid ¥cwhditia sid addiviesilopalypaptideléndlAior us
vector, an adeno-associated virus vector, and a retroviral vector. 35. The
vector of &ramgntdheregferein said vaccinia virus vector conprises a nodified
vacci nia virus Ankara (MVA). 36. The vector of claim35, which further
express L1 t | WA e f L rein
o add s B ol I, e i Moo LR s b Tl

nucl eopr ot ef REQNB)NOMB2.ri x 1 protein (M), Matrix 2 protein (M),
non-structural protein (NS), RNA polynerase PA subunit (PA), RNA pol ynerase

PB1 subupy PB1), A\, pol.yrnerase_ PB2. subuni.t. ( PB2 or conby nat j on of
two or Lrgyr g‘hgfpoiﬁua@ﬁﬁﬁpat ﬁiaé%g(’?,yggﬁrﬂnd%aﬁ&dd*ﬂﬁog@né%lygepttﬁg rlaorﬁrjrl[.L Q)% . The
vector of glaghbhtdkerewher ein sai d additional polypeptide is HA or a fragnent
t her eof .

30. The polynucleotide of claim 29, wherein said NP comprises the amino acid sequence

of SEQ ID NO: 20.

31. The polynucleotide of claim 25, wherein said additional polypeptide is a His-tag; a
ubiquitin tag; a NusA tag; a chitin binding domain; ompT; ompA; pelB; DsbA; DsbC;
c-myc; KSI; polyaspartic acid; (Ala- Trp-Trp-Pro)n (SEQ ID NO: 28);
polyphenyalanine; polycysteine; polyarginine; a B-tag; a HSB-tag; green fluorescent
protein (GFP); a calmodulin binding protein (CBP); a galactose-binding protein; a
maltose binding protein (MBP); cellulose binding domains (CBD's); dihydrofolate
reductase (DHFR); glutathione-S-transferase (GST); streptococcal protein G;

staphylococcal protein  A; T7genel(; an aviduystreptavidin/iStrep-tag; trpE;



39. The vector of claim 38, wherein said HA conprises the amno acid
sequence of SEQ ID NO 52. 40. The vector of claim 37, wherein said

addi ti onavopoliyipepsi de is NP or a fragnent thereof 41. Phe/vseat 080208 cl aim
40, wherein said NP conprises the agsno acid sequence of SEQ ID NO 20. WO
2011/ 120045PCT/ US2011/ 030205 -86- 43. The vector of claim42, wherein said

avian cell is imortalized. 44. The vector of cl a"mﬁlz or 451,. erein said
avi an cel | chleramphgrigolcasetylirapsterasgelagé (Poralgetogidasepn 2 hlis-pgieh BNoredXiy duck
cel | is a falLina,rebi Rameelbidd B8 sAeaDTRRRY P2 dBhibURHof St wd bBord6. The
vect or of gﬁ%arlgé}n agﬁr?hﬁ?, %h]tgat}deei’ gﬁga{a%f ducg%r’:e?la IS AGEIOcr, AGE. plorX, or
EB66. 47. dhaidpdymptidés.any one of clains 35-46, wherein the pol ynucl eotide
is inserted in the MVA genone within a naturally-occurring deletion site.

48. The vector of clai.m 47, erein.sald natural |l y- urring deletion site
i s del et¥oft EF0E caMPYYNS %@%@PU%OMO&}EQ%%@% ](;?in 35-48, wherein the
pol ynucl eotide is inserted in an open reading frane (ORF) of the MA

genone. BOThIP&NEARAmSD, ARKhQNE vRhl vek@kms 32- 49, which induces an immne
response agai nst an influenza virus when adm nistered to a subject in need

thereof. 51. The vector of claim?50, wherein said_ imune response.is a
hunor al  Fnkbascdtersichnm, 33awhetein saedyizgal dgctpinsalected Si9Bhide I oY% nat i on
of a hunor ¥ .- | at &gl BTR, S 2scotREdVERflNecRf. any one
of clains g’é?%%?m%ﬁﬁg bi\?g@%g%b%hof prge‘{?gtégﬁir}:lgjﬁieggeﬁoor at i ng,S oerC tTeating
a di sease ad candvirhlorc@ssoci ated with an i nfluenza virus. 53. A host cell
conprising the pol ynucl eotide of any one of clains 1-31 or the vector of
any one of clainms 32-52. 54. The host cell. of claim53, which far r
conpri ses- gﬁe adiPt P?Z) I‘fgllmr @& o‘?%‘?rﬂgnstalm(’%?rﬁ' 1S 9508 CBBPYPECt élb‘%dll%elehe

encodi ng at,d-gRstir@N&nidM (M§2@a protein or fragment thereof 55. The host
cell of claimb54, which is an avian cell.

36. The vector of claim 35, which further expresses an additional polypeptide.

37. The vector of claim 36, wherein said additional polypeptide is hemagglutinin (HA),
neuraminidase (NA), nucleoprotein (NP), Matrix 1 protein (M1), Matrix 2 protein
(M2), non-structural protein (NS), RNA polymerase PA subunit (PA), RNA
polymerase PB1 subunit (PB1), RNA polymerase PB2 subunit (PB2), or a

combination of two or more of said influenza polypeptides or fragments thereof.

38. The vector of claim 37, wherein said additional polypeptide is HA or a fragment
thereof.

39. The vector of claim 38, wherein said HA comprises the amino acid sequence of SEQ

ID NO: 52.

40. The vector of claim 37, wherein said additional polypeptide is NP or a fragment
thereof.

41. The vector of claim 40, wherein said NP comprises the amino acid sequence of SEQ

1D NO: 20.

42. The vector of any one of claims 35-41, wherein said MV A is capable of replicating in

an avian cell.



56. The host cell of any one of clains 56-55, wherein said host cell is
imortalized. WD 2011/120045PCT/ US2011/030205 -87- 57. The host cell of
any one oVOQba/180456- 56, which is a duck cell. 58. The rostuse@ahlozahs cl ai m
57 wherein said duck cell is a Cairigpa retina cell or an enbryo-derived
stern cell. 59. The host cell of claimb58, which is AGElcr, ACElcr.plX, or
EB66. 60. A pol ypeptide encoded by the polynucl eoti de of any one of clains
1-31 or @h@%‘é‘d@r‘)fél‘aﬂﬁﬁ% whereigrsa aé’ll%?sce%ﬁ gmgRalized- host cell of any one
of clainms 53-59. 61. A nethod of producing an influenza pol ypepti de,

conpri Siyaord b1 91aR92R098. FRlkinQhidaRYanQRe 104 dediddds 53-59, and
recovering sald polypeptide. 62. A conposition conprising the

pol ynucl eoti de of any one of claims 1-31, the vector of any one of clains
32-52, wheThostctoebf cloim aidy vdecinfsaidl dicksceb3issn Cagimat igingp 66l faptdr@ of
claim 60, and a phar utically acceptable carrier. 63. The conposition of
claime62, 4 Qyﬂéq%nggﬁqﬁﬁg}eng an adj uvant. 64. The conposition of claim 63,
wherein the adjuvant is selected fromthe group consisting of: alum

bent oni 148, That&@xoramdiaag uylor @5 pahéreil seil, dupk veld i AGBI @c k GRopIKyer EB66.qual ene,
depot formers, surface active materials, lysolecithin, retinal, Qil A

| i posones, and pluronic polynmer formnulations; crophage. sti nul atars,

al t er nat¥d- bhg HoE§r Lamy| Wt iclaaRs iy Atto MacTelb -eiﬁgﬁf'%“:@(}?‘?ea’étl frsdpneeri al
component syal Wl RRRAhadhi oo GRifL WlkRAsed sal ts: silica

pol ynucl eot1 de§; toxoids; serumproteihs, viruses and virally-derived

mat eri al s, poisons, venons, im dazoquiniline conpounds, pol oxaners,

toll-1i K& Teceptard (AR}7, adendis said natuTallycpaourmiviz deletion; sitgile delppprsite Qs21,
and a corrb'énati on of two or nore of said adjuvants. 65. The conposition of
any one of~clains 62-64, which further conprises an additional influenza
vacci ne. 66. The conposition of claim65, wherein said additional influenza
vacci ne 490Tp¢ v&@sr eéNadWéneeatoldinngsaise whercitle milyiueteotide lisoimsergzdpinatnei ns or
fragnents thereof arranged in any order relative to each other:

hemaggl ut i AP TEagAyS frﬁ@@?@@hpﬁ%&f’&@e}mﬁﬁcl eoprotein (NP), Matrix 1
protein (ML), Matrix 2 protein (M), non-structural -88- protein (NS), RNA
pol yner age i ) - N , an

pol yrer g?éTE@&gﬁth}iﬁh ()Eé)éfzgﬁ}l%@%%gﬁ{é?n%ggﬁ%la%g&gﬁ?ng Iréaiﬁaaa&a,gav\ﬂﬁer ein said
protei n i sinflenra varus vagmadmidisteredod a s@gect Tiheeaddhgresf. t i on of cl ai m 67,
wherein said HA conprises the am no acid sequence of SEQ ID NO 52.

51. The vector of claim 50, wherein said immune response is a humoral immune
response, a cell-mediated immune response, or a combination of a humoral and a cell-

mediated immune response.

52. The vector of any one of claims 32-51, which is capable of preventing, ameliorating,

or treating a disease or condition associated with an influenza virus.

53. A host cell comprising the polynucleotide of any one of claims 1-31 or the vector of

any one of claims 32-52.

54. The host cell of claim 53, which further comprises an additional recombinant MVA
comprising a polynucleotide encoding at least one influenza protein or fragment

thereof.
55. The host cell of claim 54, which is an avian cell.

56. The host cell of any one of claims 56-55, wherein said host cell is immortalized.



69. The conposition of claim68, wherein said protein is NP or a fragnent
thereof. 70. The conposition of claim®69, wherein said NP conprises the
am no aciwoenuemss of SEQ ID NO 20. 71 A kit conpri si RgT/US2a)1110B@205

pol ynucl eoti de of any one of clains81-31, the vector of any one of clains
32-52, the host cell of any one of clains 53-59, the polypeptide of claim
60, or the conposition of any one of clains 62-70; and (b) a neans for
adni ni stér Thghashedl ofamy wine PEGRIN -y SYRyeh lsmfﬁtczﬁﬁlé't cell, polypeptide

conposi tion, or any conbination thereof. 72. A method of inducing an inmune
responsegagal it caNod AhUeN Z@eldif USd lci@eIUbL ekt ARt it hakeafsrganmpri si ng
adm nistering to sald subject an effective anount of the pol ynucl eoti de of
any one ofdaxivaid senilsc8l, the vector of any one of clains 32-52, the host
cell of any one of clains 53-59, the pol ypeptide of claim®60, the

conposi ti.on of any one .of £l ai ns §2+.70 ny.+conby ion thereof either
si mul tar?lgoﬁéeiaﬁ‘fjsg?éq ?Fnciﬂﬁ}l 505%?3"3?&}51?%%}%& %F%gd) I%f &%ilsglé"ém 72, wherein said

i mmune response conprises an anti body response. 74. The nethod of claim 72,
wher ei n 69aA Gholypapiid: dnesdetsethe polghideside ofahy onedi diied l-Inoinhe ves@onse.  75.
The met hodyOfny©hdbftiagns Y82 61 the hobttell BNUMEoRESNIANE SGHIPI i ses a

cel |l -nedi at ed i mmune response and an anti body response. 76. The nethod of
any one 9f AGhahd® of BrofRein¥hBrifilfensaipdlypEPRRS cHBPASIAS Gult ik MYG@SEdelll Mune
response. -89- 77. A nethod for treating, preventing, or reducing the
synpt ons off amiy.ong of Flaens33-99.rand réqevedng wwd pelypentidadi ti on associated with an
i nfluenza virus infection in a subject in need thereof conprising

adm ni ster i t Q. .sal J: bV f. i de of
any. one tar PR EEh SqRBIER b BRL BRI BBl e oot
cell of annyosie dffclainaidaes25&eBBst tdieofolyyme pificthéme 53-CDaomthé @olyphgide
conposi tion_ of. an(}/ one of claips _62-70, or any conbination thereof either
si mul t aneo?idlyimU. apd a phargiageticaligaccaPRBlEEH Y0 att enuate or aneliorate a
synpt om caused by an influenza virus infection or a condition associ ated

Wi th an st UERERsHIch T clath®2! fibfhet Sorfprivith] &fddikvanfieed ther eof conpri sing
adm nistering to sald subject an effective anount of the pol ynucl eotide of

any one of clains 1-31, the vector of any one of clains 32-52, the host
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clai ms 1- 3lipospmes.verst pluretic ip)ymerefsmuitignssmagrophaget HgnHeers: QUFMage any

one of cl a{)a{n{gwgg: gcgﬁpl'é&%ntp Ozlcﬁgﬁcgrtsi d orﬁonﬂ]a&fﬁa?%ntst RRckAmP Oﬁrﬁ&joﬂgntgf any
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virus is an influenza A vi hod. of cl aim80,. wherei.n said

rus. 81. The ne
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clains 72-83, wherein the subject is an aninmal. 85. The nethod of any one

of clai 6. %ge- gérhpc\)/\él?t?orneé) ar;[yhoenes&b S 6264 WL ?@&h%% §Omprises an additional

influenza vaccine.

66. The composition of claim 65, wherein said additional influenza vaccine comprises an
MVA encoding one or more of the following proteins or fragments thereof arranged
in any order relative to each other: hemagglutinin (HA), neuraminidase (NA),

nucleoprotein (NP), Matrix 1 protein (M1), Matrix 2 protein (M2), non-structural
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72-85, wherein the subject is a manmal. 87. The nethod of claim 86, wherein
t he manmawoizstizizbiesan. 88. The nmet hod of any one of cl aiPug/Us2018/3020ker ei n
the adm nistering is perfornmed via-g&tradural injection, subcutaneous
injection, intravenous injection, oral admnistration, nucosal

adm ni stration, intranasal admnistratiaon, or | ronary admgni stration. 89.
The met hodPrefeI AYS hnRNAf P‘élb”é‘ie’f?ée%@8?“%@?‘&’@%13@%6@5? rEEQ SOUtsK of an

i nfluenza i %flfcﬁﬂlﬁl olyierast B &R (@8 2yany one of clainms 72-89, wherein the
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met hod fur I'ses the step o m ni stering at |east one primng

i muni zation. 91. The nethod of claim90, wherein said primng inmunization
conpri s&3. Hendomsiion g chin 6 cwheciocaplasdteirin HAor a agmenittheseofof ¢l ai m 91,
wherein said vaccine conposition is a DNA vacci ne or pol ypeptide vacci ne.

93. Th hod of -of clai s 72:89, whereip t hod. Furt
compr 1 €8 Threcostgstoh <Rafm ol afry A MRl MEhE Bealful BilREmHIon. oa.

The met hodsid) ohdMAH3, wherein said booster immunization conprises

adm ni stering a vacci ne conposition. 95. The nethod of claim 94, wherein

sai d vaccine conposition is a DNA vaccine or, polypeptide vaccine. 96. The
met hod 6P Ehegommeitiog pf clagn &g, @h?remﬁdqrﬂtewsng%ﬁ:% ragneh sEafs i on

conpri ses the polynucl eotide of any one of clains 1-31, the vector of any

one of &hajyps o%gqéﬁiongdg%la[ﬁﬁ%, GRbleiPlai @Ry QRGHREs Mk A3d 3&uehdiof

pol ypeptide of arm e conposition of any one of clains 62-70, or any
conbi nat i SSEQRBRMEOf20.-91- 97. A nethod of producing a vacci ne agai nst an
i nfluenza virus conprising: (a) culturing the host cell of any one of

cl ai ns -59.and (b) isqlati t he MVA from st The vector
of cl ai ?ﬁlg,%(”vﬁ?é’?p%ls#gs §§&ﬁw&§%‘fcg%%%oﬁ arﬁ%ﬁ?? gifas a%%vfe%’et:h{e Xﬁ%&f %fe%? i de
i nt er posedydchsf 8ak@d Y28, the host cell of any one of claims 53-59, the polypeptide of

claim 60, or the composition of any one of claims 62-70; and (b) a means for

administering said polynucleotide, vector, MVA, host cell, polypeptide composition,

or any combination thereof.

72. A method of inducing an immune response against an influenza virus in a subject in
need thereof comprising administering to said subject an effective amount of the
polynucleotide of any one of claims 1-31, the vector of any one of claims 32-52, the
host cell of any one of claims 53-59, the polypeptide of claim 60, the composition of
any one of claims 62-70, or any combination thereof either simultaneously or in any

order.

73. The method of claim 72, wherein said immune response comprises an antibody

response.

74. The method of claim 72, wherein said immune response comprises a cell-mediated

Immune response.

75. The method of claim 72, wherein said immune response comprises a cell-mediated

immune response and an antibody response.

76. The method of any one of claims 72-75, wherein said immune response is a mucosal

immune response.
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A method for treating, preventing, or reducing the symptoms of an influenza virus
infection or a condition associated with an influenza virus infection in a subject in
need thereof comprising administering {o said subject an effective amount of the
polynucleotide of any one of claims 1-31, the vector of any one of claims 32-52, the
host cell of any one of claims 53-59, the polypeptide of claim 60, the composition of
any one of claims 62-70, or any combination thereof either simultaneously or in any

order.

A method to attenuate or ameliorate a symptom caused by an influenza virus
infection or a condition associated with an influenza virus infection in a subject in
need thereof comprising administering to said subject an effective amount of the
polynucleotide of any one of c¢laims 1-31, the vector of any one of claims 32-52, the
host cell of any one of claims 53-59, the polypeptide of claim 60, the composition of
any one of claims 62-70, or any combination thereof either simultaneously or in any

order.

A method of vaccinating a subject in need thereof against an influenza virus infection
comprising administering to said subject an effective amount of the polynucleotide of
any one pf claims 1-31, the vector of any one of claims 32-52, the host cell of any one
of claims 53-59, the polypeptide of claim 60, thé composition of any one of claims

62-70, or any combination thereof either simultaneously or in any order.

The method of any one of claims 72-79, wherein the influenza virus is an influenza A

Virus.

The method of claim 80, wherein said influenza A virus comprises a hemagglutinin of

type H1, H2, H3, H4, H5, H6, H7, or H9.

The method of any one of claims 72-81, wherein said influenza virus is derived from

a bird or a mammal.
The method of claim 82, wherein said mammal is a human.
The method of any one of claims 72-83, wherein the subject is an animal.

The method of any one of claims 72-84, wherein the subject is a vertebrate.
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The method of any one of claims 72-85, wherein the subject is a mammal.
The method of claim 86, wherein the mammal is a human.

The method of any one of claims 72-87, wherein the administering is performed via
intradural  injection, subcutaneous injection, intravenous injection, oral
administration, mucosal administration, intranasal administration, or pulmonary

administration.

The method of any one of claims 72-88, wherein the subject is at risk of an influenza

infection.

The method of any one of claims 72-89, wherein the method further comprises the

step of administering at least one priming immunization.

The method of claim 90, wherein said priming immunization comprises administering

a vaccine composition.

The method of claim 91, wherein said vaccine composition is a DNA vaccine or

polypeptide vaccine.

The method of any one of claims 72-89, wherein the method further comprises the

step of administering at least one booster immunization.

The method of claim 93, wherein said booster immunization comprises administering

a vaccine composition.

The method of claim 94, wherein said vaccine composition is a DNA vaccine or

polypeptide vaccine.

The method of claim 90, 91, 93 or 94, wherein said vaccine composition comprises
the polynucleotide of any one of claims 1-31, the vector of any one of claims 32-52,
the host cell of any one of claims 53-59, the polypeptide of claim 60, the composition

of any one of claims 62-70, or any combination thereof.
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7. A method of producing a vaccine against an influenza virus comprising: (a) culturing

the host cell of any one of claims 53-59 and (b) isolating the MVA from said host

cell.

. The vector of claim 13, wherein said M2 ectodomain peptides have a linker peptide

interposed there between.



