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TECHNICAL FIELD
{8621 The present invention is generally directed to modified influenza hemagglutinin (HA)
proteins and mecthods for making and using thern, including their use I immunogenic

compositions such as vaccines for the treatment and/or prevention of influenza infection.

DESCRIPTION OF TEXT FILE SUBMITTED ELECTRONICALLY

18031 The contents of the text file submitted electronically herewith are incorporated herein
by reference in thetr entitety: A coruputer readable format copy of the Sequence Listing
{filename: NOVV 046 00US SeqList ST25.ixt, date recorded: Ccetober 29, 2010, file size:
10 kilobytes).

BACKGROUND OF THE INVENTION

{6834} Influenza virns is a member of Orthomyxoviridae family and contains a segmented
negative-sense RNA  genome. The mfluenza virion includes the following proteins:
hemagglutinin (HA), neuraminidase (NA), matrix (M1), proton iou-chanuel protein (M2),
nuclcoprotein (NP}, polymerase basic protein 1 (PB1), polymerase basic protein 2 {(PB2),
polymerase acidic protein {PA), and nonstructural protein 2 (NS2). The HA, NA, M1, and
M2 proteins are membrane associated, whereas NP, PB1, PB2, PA, and NS2 are associated
with the nucleocapsid. The HA protein 18 an envelope glycoprotein respounsible for virus
attachment to the host cell and is a major source of immunedominant epitopes for virus
neutralization and protective mmmunity.  Accordingly, the HA protein 1s considered an
important component for prophylactic influenza vaccines because of its relatively robust
INONOECnIcHy.

18051 Currently hicensed vaccines that incorporate HA include the inactivated influenza A
and B virus vaccines {e.g. trivalent vaccines for parenteral administration). The available
commercial influenza vaccines are whole virus (WV) or subvirion {SV) viras vaccines. The

WYV vaccing contains intact, inactivated virions, whereas the SV vaccines are treated with
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need by developing influenza HA proteins that induce enhanced immunogenicity, particularly

when expressed in the context of an influenza VLP,

SUMMARY OF THE INVENTION

{#09] The present inventors have observed that the removal of one or more glycosylation
sttes from an influenza hernagghutinin (HA) protein surprisingly improves the ability of the
HA protein to induce an immune response. Moreover, the present inventors have observed
that HA proteins which have been modified to remove one or more glycosylation sites still
maintain their conformational structure and unexpectedly retain their ability to interact to
with other influenza virus proteins such as M1 and NA when expressed in the context of an
influenza VLP. Such glycosylation site modifications will therefore generally improve the
immunogenicity of an HA-based influenza vaccine {e.g., an influenza VLP vaccine} when
produced in an appropriate expression system.  Thus, this discovery also lessens the
requirement for the amount of viral antigen t© be used per dose of vaccine and concomitantly

results 1n increased vaceine yiclds per batch of vaceine manufactured.
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virus strain is H7N7.

{#15] v alternative embodiments, the HA protein may be derived from a swine influenza
virus strain.  In one embodiment, the swine influenza virgs strain is HINL. In another
embodiment, the swine influenza virus strain 1s HINZ. In yot another ermbodiment, the swine
influenza viras strain s H3NZ.

{#16] In alternative embodiments, the HA protemn may be derived from a human influenza
virus sirain.  In one embodiment, the human influenza virgs strain 18 HINI. In another
embodiment, the human influenza virus strain is a B strain.

{617} In additional ewbodiments, the imynunogenic coraposition may comprise more than
one modified HA protein. For instance, the immunogenic cOmposition may comprise a
modificd HA protein dertved an avian influenza virus stramm and a modificd HA protein
derived from a swine influenza virus strain,

{¢18] In onc cmbodiment, the medified HA protein extubits hemagglutinin activity.  Such
meodified HA proteins retain their ability to bind and agglutinate red blood cells
{erythrocytes).

{819} In another aspect, the preseot mvention provides virus-hke particles (VLPs)
comprising one or more modified influenza HA proteins. Such VLPs comprising modified
influenza HA proteius can be expected to wmduce stronger inumune responses against
influenza virus than ther VLP counterparts comprising unmodified influenza HA proteins.
In onc embodiment, the modificd HA protein corprises one or more amino acid mutations

that removes one or more glycosylation sites from satd HA protein. In a further embodiment,
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strain {é\&ﬁal }IELO}I;QLL%/E ?r?‘!u%‘gm H s%llgrm 1%@&‘1%&?10(? of mcﬁmng sxﬂastdn‘uai fmunity to
influcnza virus infection 1n a mammal susceptible to influenza comprising administering at
least one effective dose of a vaccine comprising one or more HA proteins which have been
maodified to remove one or more glycosylation sites. In an exemplary erobodiraent, the
present invention provides a method of inducing substantial immunity to influenza virus
infection in a mammal susceptible to influenrza comprising administering at least one
effective dose of a vaccine comprising an influenza VLP, wherem the influenza VLP
comprises one or more HA protein which have been modified to remove one or more
glycosylation sifes. I one embodiment, the maromal 15 a human. In one embodiment, said
method comprises administering to an aninal said vaccine orally, parenterally, mtradernally,

intranasally, intramuscularly, intraperitoncally, intravenously, or subcutancously.
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whi ch e been |ed to renpve one or nore glyco ation site I n one
ebodi HentIOCHS WAt B HGHRKG Prcere Biboaritne e 4 etoa Bolipr | ses
adm ni skefbRgy tabalindnt MRL Sake vasgidAeyavabl ¥, mRAEEOF e6dldiMing a vaccine

i ntradermally, |ntranasally, |ntranustIarIy, i ntraperitoneall'y,

intrav éh@m@ﬁws ovbgubaltanesus |ty inflywoep y1es G884RSPTTE USRGRAY %m’hkﬁmozz]
The pregant, LIVENILAN Ah8o PIANIAER AiELNGH 0. AL THL LLNG @ acelng that

i nduces' sUb% an F ' Fuenza viTus Threction i mamral
susceptihbhi@zh G«’LH]MMZ ahe ﬁ@lﬂiﬁﬂiﬁaﬂ DB cad@iing dme (ﬁrah&cf}@Armbtai‘dsQ{hl&ﬂ have
effective dose of a vaccine conp r|S|n? one or nore HA proteins which have
been mOoWRR FEEIHE P EHBVE GRS HIOTHBRECHIYOENFat i on sites, In an exenpl ary
embodi M), hNGoRIeSeple | BLegLian nhre%ﬂfﬁg‘,m Aol BIILAL NG
vacci né tHat induces Substantial imminity to influenza vitus infection in a
mamal d&used ponblréhutara inf barenzeaiin ;@mrp@zi sakmgreadmbmgmt mmsaum flott mutakei @n an
effecth§g dose Qf,g vaégjne %? |5Hﬁ% an influen F mhereln he

i nf | ueri2a PRFINCERIGH "é® ey rBogFe “PHECEIHEC % “8?? HirebeaRd b i ed to
remove &L@%dgﬁiﬂﬁﬂrsﬁngwﬁgﬁ Lﬁtdcﬁ'@yé E&@ﬁnﬂ&&%@kuﬁ(‘ angt %}1{@%%{bsd¥ﬁ%t
present invention provides a nethod for producing a -VLF defived from

i nf | uertka vy’ @mt@ﬁth ﬁg”\ Noiqic] emriimzrreterrenbmbhaarbtercmwéﬁradds semhm omneode an
HA protei n whi mﬁg ﬂDdIflgqitOtr move one or E g cos %%IQﬁ
sites, 'BNd | “PELSY" 6 % a TS u CHUHI OpP Gl h"%‘ Vet are

i nfl uengad Wi frisfock NnfRt, X &APL fBFY 20008l MBRTcelL h@ aWleke mﬁﬁf‘péih§&§m%t (A, and
an HA protein which has been nodified to renove one or nore &@gcosylatlon
si tes. PPIFHBAENEOHITRBGD 1/ ige bamovoms msneiidt onbinAntt dnst Fusired andcysed
to tr ar{% ??}% 3 Vv% ;%5 ﬁ)@h m 5318 & rH?&iﬁ% Bia 81%%&,11?%11(& ai L&l'& e &X%?R%sar y
enbodi nmen % DI nant 'CoNSt ruc (s)y'i1s bacul ovirus cons S.

host cealibtcissd@iiket Ured infhdara congiaht Qs VIMF i€ rfo@@dfdrﬁntthé hexteoeﬁir EBisd @ificcndfd t he
nodi fi ed HA(Eroteln and at |east one structural protein derived fraom

i nf | uerf£d WFHuSOMEREE e Wilrenze kB vivicd A HissY LB db PR ihhéﬁ?ﬁéﬁ cel |
nedi a fil. v he;; VL £ in
Vari ous SRELT R dE e TRy g LS B R AP AR o R M sRABEEC
cell. hmﬂaﬁuemembLhﬁycehbndnneﬂu;dihe host cell is an insect cell. [024!
The invention also features a neth of? Iat| rug substance

cont ai Aﬁﬁ@ ﬂﬁe P PO 2 VB %Hﬁeg‘tﬁ)ﬁﬁh' 8%” 6%% 6%9%?‘% ﬁ%“p%‘%‘f‘ﬁ‘s» #hi ch
have begp,smdified tio: 'LSY‘;'?EBME‘Aso&ﬁ & 8L ﬁ@'p&‘&%&"x@&&?@i&é hesh natha@t « east
one additional structural groteln derived frominfluenza virus. In one
enbodi mefpyve Qmemoirnomiecme ooy ﬁhfa,ntmd:mtrisw aot sd@h@r@éi m@ct@rai nw@kwﬁ Kedvad A
protein. and z ast o estrucﬂu& rotein_ der q} %g % uenza virus are
used to 7 4R ‘f‘“é%f "“}‘ et SPUPYEREY S A U t1’<%1‘lo‘11 P OB TiROdRE @
exenpl afydigsd o gx%ﬂim a{&ch@i leeg onbknaniraCRBsid Boted)fdrs hahenRaciulayt Lust
constructs. The host cell is cultured under conditions which permt the
expr essp drnsfect Heforb dirf Fadioma prstteiin bapdedt et corwiyy rapgtadiasnipiist ei n
derive fl i n f h The
.y uegr%a n@ﬂ%ﬂ? m%@t@&aﬁg\( ik lfr% d&uﬂ)\};bﬁ Xlnm%ﬁs Ofiﬂ:e ﬂgﬁ bcsa{ﬁ %C él?!?&siit? %lhdm

cont ai nioagitbhewhithlpganiz ahc\éixi_@m ﬂihﬁ_oﬂ thegnsdibisd aim: @i omy afidinttibes oha @:huﬂ&aian

adj uvant . ln addi tion, %he i nventi q provides a nmethod for fo {nulatlng a
dr ug pr%ﬂtﬁﬁ‘t \r)m(,d REen htg VST ViESy r;i{\rgi WubkY ahgemgpio the host cell. The miluenza

2012/ 088AR§PCH AR Q1L %Q@ﬁ%gng a drug substance is formmulated containing the influenza

VLP. The drug substance may further mchide an adjuvant. In addition, the mvention

provides a method for formulating a drug product, by mixing such a drug substance



containing an influenza VIA with a lipid vesicle, i.e., a non-ionic lipid
vesicle. Thus, the influenza VL.Ps nmay bud as envel oped particles fromthe
i nf ect ed wol2br/08§426 budded i nfluenza -\71 ,Ps may be i secatusdoiandspuri fi ed
by ultracentrifugation or colum chroffat ography as drug substances and
fornul ated.al one .or w th adjuyants such as Novasones, product__of vavax,
Inc., £90HHTYS ﬁ%ﬂfﬁl a i vad i Vesls mévés%@m%@lémw@v Haisathe
enhancedsi.munoe] pgisal el f&ck nveRibed f;%%(h@! ﬁ%@ﬁ% Bededa dhis PAL HudRd
4,911,928, which 1s i'ncorporated herein by reference. BRI EF DESCRIPTICN OF
THE DRAVEINGSa 1025 EngurbulhdbpﬁCUthh&mﬁequémc&Mﬁunmmm%mmnd@meSﬁhﬁQBI2005
(H5N1) sequence and |IIu trates. the si,tions of y ns, no acid
oot dUSEITAEORTIATY J8E. TP G aRd F%O;&aﬁ@ﬂ? s sl pagerars "R

Al ndonﬂwaaé195J2Q%&Hﬁbﬁ%w&kue{mam drild 1?1;0%@@@{1&{ ESTRGiED NRLRIRS”,
nodified to renove a g ycosylation site at am no acid positions 170- E72

(1 anes whigh prapidaph mahagicd ipesinclame! x8te @8 (ldne ®ycritsg BAUIY. di.ndoaci d
positi 0:{'(?1 1]“]2% \ﬁ%?c% Qﬂggﬁ%}%ﬁl‘@&rém% rei%léanETAl LED DESCR PT' ON Def i ni tions:

10271 As” use erei genic formul ation" or "antigenic
conposition” refers to a preparatlon mhlch when adm nistered to a
vertebrate, es eC|aII¥&a bird or w Il induce an i mrune response.

[0281 AERUERBESRIFTIOMEOR BHR BB&]‘%W&@" refers to a corrpound that, when
used i r{ﬁf%mil gﬁxté P@cp%tg lﬂacasvalﬁ)&%b bF el AMRHRAGE 0K/ 2&)?5{ g blﬂ Al Redhence and

formul at i t's or erwse alters or resultant 1 mune
responséummhﬂnﬁap@mmnmségx&heuumnmmfmﬁ®s$QMSeiHh&?bﬂebﬂﬂnﬁénsification or

br oadeni_| t he sp cificit ei.t her o oth IuIar ne
responggg& ﬁﬁﬁ?“ﬁ P?oﬁlo' §%E(¥hﬁﬁhé 1%@58%%gggg&géﬁgaﬁgeﬁﬁkﬁ%%We *ng or
SUDDVe%%hﬂ@m&&@i@bﬁﬁéﬁkhﬂﬁﬂu%ﬁ@%&%b&;Agﬂ%@%i&&ﬁ%?@%@énm%%%%%ﬂ%%mﬂ§@%L
herein, the téerm ""avian influenza virus" refers to influenza viruses found
ch|efIwﬁﬁnkmﬁ$ééﬂbuwnnMaQMdaws@bswl%hﬁékﬂamuﬁnnsbo%émmhemuﬁnnﬁﬁk$$IV%~sone
|nstanc§§ gjhggg5zflu§?za viruses may be transmtted or spread from one
human t'd“dfi6t an influenza virus that infects hunans has the
potential to cause an influenza pandemc, i.e., norbidity and/or nortality
in humans. A pandem c occurs when a new strain of influenza virus (a virus
in whi AERGARRDALECHEPARPDY al i munity) emerges, spreading beyond
|nd|V|%ﬁ§hngg&@lltles possi bly around the gl obe, and infecting many humans
at once

{{E27§ As used herein, the term “antigenic fornwlation” or “antigenic composition” refers to

a preparation which, when admirustered to a vertebrate, especially a bird or a wammal, will
induce an immune response.

[628] As used herein, the term “adjuvaut” refers to a compound that, when used in
combination with a specific immunogen {e.g. a VLP} in a formulation, augments or otherwise
alters or modifics the resultant immune response.  Modification of the immune respounse
includes intenstfication or broadening the specificity of either or both antibody and cellular
mrune responses.  Modification of the imumune response can also mean decreasing or
suppressing certain antigen-specific immune responses.

{829] As used herein, the term “avian influenza virus” refers to influenza viruses found
chiefly in birds but that can also infect humans or other animals. In sorse nstances, avian
influenza viruses may be transmitted or spread from one human to another. An avian
influenza viras that infects humans has the potential to cause an mfluenza pandemic, ie.,
morbidity and/or mortality in humans. A pandemic cccurs when a new strain of influenza
virus {a virus in which human have no natural immunity} emerges, spreading beyond

individual localities, possibly around the globe, and infecting many humans at once.



WO 2012/ 088428PCT/ US2011/ 066867 8 10301 As used herein, the term"chineric
protein" refers to a construct that links at | east two heterol ogous

pr ot ei ns wWot20122088428gl e macronol ecul e (e.g., a fusion preceuspo11jo6dsl As
used herein, an "effective dose" geneBally refers to that anmount of the

VLI ? of nvention sufficient to induge inmmunity vent and/ or
amel i orﬁig J}ﬁ‘ P58 HS IR TRG ST n P RBIT G A G R 0L éd‘lf—‘fédﬁegoaﬁmwés@f F%‘e”%‘;?ﬁ‘p?"é‘m of

'nf'UeQ&ﬁn&@%@&&&@@u@nﬁb%%ukﬁ ﬁﬁﬂ%ﬂ&ﬁmﬁﬂ@e%fEHE%BMwRﬁu@ other dose of a

VLP. An effective dose may refer to the anount of % he F sufficient to

del ay d#3hi nknispd hehen,omseticotfv cahm h2¢nsraﬁizsfa“ufqn~f ecthiriompovin o€ fifeeLF wé tidose
may also refer to the annént of P t hat Vi des .a therg eutic. benefit

in the 1??%“&?%?%“18@%{1%&8 %nfm’ﬁi‘fmﬁf T‘ éh%a“‘i r‘?fl‘gé?f i I OELY (B 240 YIS

ef fectiiNRcAOS By it rbhiRe AMOMAL oWk LhbRIPBE tinfh@ntkhenfedddsPendbr thenHaAvemd on
al one, or in conbination with ot r t herapi es, that provides a therapeutic

benef i teffigncy 106 appidar Aesstofor Vidnate nittivef dash nianf icfranie élliv@maﬂillt|fo€11WEGI@n An
ef fectiya; 4958, ’Zi)%bé AL 5006 L *%Ee 5”%9 Fa;?%ﬁuc% eﬂ%&ét%n?%&@%f[@ct%e QQL? , S
.g., a Human® s¥ “own | miine 1e subsequen 1

(e exposure

i nf | uenza rrgrus.théaxwelist of thi rm}uih I‘diay p@@ﬁdé@;&i ﬂﬁﬁl}%@ﬁ&eﬁwmﬁtgn ,ﬂhbyi amaﬁmm ng
anounts of neutralizing secretory and/or serum anti bodi es, &a Pla que
neut r al MEREFBICOplemenioetioa: i brtbcerpyBCiThied Hﬁuﬁ‘@f%‘ﬁb‘é mﬁir“ o

m croneyt ralh.zat {h%gm@srﬁﬁ% aix!)ﬁL t EnCaRhi iR ¥ ﬁﬁ%'ﬂpfr"th% m?ftfh%%)l[ ggj g%se IS
one that prevents disease or uces the severity of %p

used hehebpguiichiezotbr m thd nthme:mzm Vh:Rhoereders 80 mwms vmhmrius’umg atn | east
one ian enza rotein. Said -VLE s _can conprise a ditio |nfluenza and/ or
non- i nfafty %fveﬁaé. fiio 5768 910Rg NG "Fi}?»mf EE f‘ie?fm VAR (or

" HA Oruﬁh'ﬁﬂg Rﬁg‘%ﬁl(ﬂ; gaHst &@Qﬁf)@a@&ﬁlk]’gﬁsﬂl -PLALELDZ) Vgl er Sid iQ@?-mnﬁQilu}Sp@cht i de
whose amp aci d sequence incl udes | east one characterlstlc sequence of

HA. A Viedsonvaredtag. ofy HAa%ql@mﬂstqu‘fowuwifdimgama@wrydmdmes»e!aneamﬁmvinw n the

art; indee e National .Center for Biotechnolo rmation (NCBI

EEIRE o 0 e e s T A T sk R T

of the dicldiRGrafzatiB€ a REES BNtheaRRE bﬁ@t‘daélﬂné nglueedi V@i 90 HitntseRauaRces.
Those of ordinary skill in the art, referring to this database, can readily

i dent i fdjsoseeiendess tivaeveis of iarBETeri stic of HA pol ypepti des generally,

and/ or pa IIC l.ar ol.ypeptd d g. ;
E18, H&ﬁf‘gﬂ L R B RS %ﬁ%’%? SERE %™ S‘&l%%%‘ﬁ%&inﬁ‘ G ol
that negdiiadesi gﬁlf‘)&ﬁﬁ,l Ofkiff Vpag tdag UbaipriteSidiiti@al . infladza ndeanebn- mﬁanm,

cat, civet, environnent, equine, human, |eopard, m nk, nouse, seal, stone
nartiniﬁgﬁﬁﬁe tiger, whale, etc), 10341 As used herein, the term

TS, vt plersg e il Y o Oy oo g g i

(eryt hreyt gﬁ)&hnm\[@t@@lﬂaﬁﬂB&QBRﬂ?b&ﬂSﬁi@ 20668610 acid sequence includes at least
one characteristic sequence of HA. A wide variety of HA sequences from influenza isolates
arc known in the art; indeed, the National Center for Biotechnology Information (NCBI)
maintains a database {www.ncbinlm.nih.gov/genomes/FLU/Bu html) that, as of the filing of
the present application included over 9000 HA sequences. Those of ordinary skill 1o the art,
referring to this database, can readily identify sequences that are characteristic of HA
polypeptides generally, and/or of particular HA polypeptides {e.g., H1, H2, H3, H4, HS, H6,
H7, HE, HO, H10, HI1, H12, HI13, Hi4, HIS, or H16 polypeptides; or of HAs that mediaie
infection of particular hosts, e.g., avian, camel, canine, cat, civet, environment, equine,
human, leopard, mink, mouase, seal, stone martin, swine, tiger, whale, etc).
{#34] As used herein, the term “hemagglutinin activity” refers to the ability of HA-
containing proteins, VLPs, or portions thereof to bind and agglutinate red blood cells

{erythrocytes).



9 10351 As used herein, the terns "N-linked glycan" and "N-Iinked

ol i gosacchari de" refer to an oligosaccharide which is covalently bonded to
a conj ugawe 20e/038428l1A) by an N-gl ycosidic |inkage. 10361prA3/uss@d/obasei n, the
term"neura. mnidase activity" refers9to the enzymatic activity of
NA-contajning proteins, -VLPs, or portiong thereof to cleave sialic acid
resi due@!‘ﬂfrd WHLKFAREC FREF LAY %C&r&%ﬁnnsﬂﬂ%u%hh%gedf%awhqfw%?i&ffé&%se

her ei n,ant&{e@&,& mmnm% OUS, 898 tbm&@d‘ & S chQuie (L0 AANLS M N hdjcoGanse an
infection I'n a vertebrate. Usually, the organisns are viruses, bacteria,

para5|te$agnd/or fungi. The termalso refers to different antigenic

vari ati sane nfectgous n 0384 d herein the .ter

FmandB88 b b AR b S SRR e R PRI SR Rifere S Sonse
Vi a t heyRQdWiafi@Wh:6RBR1 Galp:TRs SENOEHsS el BRE)s sHeSK&idOLasWseSom
conpri se various cytakines, 12,,,,nphok|nes and chenokines with

|nnunoé@bﬁﬁ%éﬂ@ﬁy&ﬂﬂ@ﬁﬁﬁ@b@#@ﬁ%ﬁﬁvﬁmg and pro- |nflannatory activities,

such a%q}lsﬂt e &%in( G{\heg he’rm ‘LI( %%1011% Tazbene‘ e?’ ) ]Ek ‘gﬂ%h}ﬁ}' !%Egé\%*)@ E{naCt ors

(e.g., ‘granu oc e macr op

ot her iiATAIAGS L mraimxw U@xl;(ﬂbau tirsorgstiahs as m@@&opm‘g@ mﬁ&mﬁtw ymiuact or
F1t3 |igand, 137.1; B7. etc. The i mune sti mul ator nol ecul es can be
admi ni s éri@aﬂ Fihoﬁ{@”bé%ﬁé o it Frﬁil}%é%iiho‘ﬁm%@‘t‘%fé tharnieRRstwREsnlor can be

admi ni \é&&érhah%& Yhe E: n}uﬁg xgﬁﬂg %r r&h &35 d% ﬁi?dl A VELOL an

encodlﬁg f’he protein can nlnlstere uce a I mrunost 1 nul at ory
ef f ect m‘{n@.ﬁﬁ]r@ﬁﬁmﬂ@@di mer‘tmdn,s phe chemimal 'mmmgmy"(wtekmeg t Bhdsnducitade of
t he i mmune systen1of a ertegrate wherein sai d |nduct|on results jn the

pr eventPERSanét 1B att GRIMandy B P aiic FPOn “HH U PedstE JREPEPIIPBIIGEH an

i nf ect '19&&1!&}3'51@1&1&% En%PEaﬁ;t &rflah m t&tl@ﬁﬁés aksR b %@ﬂg&k%g@(ﬂ? ngggl yt.bnation
i nhibition ter of "40 when VLI's of the invention have been

adnmi ni §ﬁe3r eH ~t40 Ia-Ver Hebblat moand fedpd {MLE sahdoeti- n@uwﬁa@n {({Giviurméony

response alns an .in Iuenza Vi.ru hereln the term
FebeptOP IiTd: HE s Pgr e py e B RR oS by RS i no
aci d dapmémmbhad ricte! HAesichie s Bl agt d1hk ndhnge %i}f&‘a@iaﬂfr rﬁbﬁecﬁ%@@@r&g' on
of the FIA receptor blndlng dormain is known as the RI3D-A ("top-of-head')

domai n sgRduipETaloAt dihedmn itom“ﬂhidaﬁﬁl i ﬁ:x:cu tdlugmze £3-Ppa®r dep0be dgRistepd’s to
21s L PR St BLTNELLE SCPSTE SRRt g
SCl . Tnﬁﬁﬁﬁhﬁﬁdiapnﬁﬁba&1kmnh&%&huﬁﬁﬂﬁﬁﬁﬂmhereln the term "seasona
influenza virus" refers to the influenza viral strains
18391  As used herem, the term “immunity” refers to induction of the wmmune system of a
vertebrate wherein satd induction results in the prevention, amelioration, and/or reduction of
at least one symptom of an infection i said veriebrate.  Iromunity may also refer to a
hemagglutination inhibition (HI) titer of > 40 when VLPs of the invention have been
administered to a vertebrate and said VLPs have induced an immune response against a HA
of an influenza vires.
{#48] As used herein, the term “receptor binding domain” {or “RBD”) refers to an
approximately 148 arnino acid domain that includes the sialic acid-binding site of HA. A
subregion of the HA receptor binding domain is known as the RBD-A (“top-of-head™)
domain and is contained within amino acids 131 1o 143, 170 to 182, 205 10 215, and 257 to
262 based upon a numbering scheme established for the HA frovo influcuza strain A/South
Carolina/1/1918. (Chih-Jen Wei er af., 2010, Sci. Transi Med 2: 24ra2l).
{841] As used herein, the term “scasonal influenza virus” refers to the influenza viral strains

that have been determined to be passing within the human population for a given influenza



that have been determ ned to be passing wthin the human popul ation for a
given influenza WD 2012/088428PCT/ US2011/ 066867 10 season based on

epi dem olwgi2oeloss4z8veys conducted by Nati onal | nfl uenzaprCentsesisd/oeesst dwi de.
These epi dem ol ogi cal studies, and sole isol ated influenza viruses, are
sent to one of four World, Heal th O gani zation (,V\HQQ reference | aboratories,
one of %ﬁﬂéhgﬁ%c%t‘mt rid demttiessdls VBN s ¢g88 s ht Mol %{W&abriaﬁwﬁoﬁc%@ﬁc.) in
At | ant a,.fpfwidet @h%?ﬁdeg;i@éﬁib[&icairg'ﬁﬁﬁ‘:sﬂl AROLRIO0LS 88 i 8B L ROWi S Jsl, a@nLlpRdi es
made to the current vaccine react to the circulating virus and new flu

vi r usesineTHifguri Whdd dizitb @irpaliorignERC) nfforcnat ikberamboutonk|od vdeth widt yhe i s

summarized and presented to gn, advisory commttee of the U S. .Food and Drug
Adm i SCTSET O DEBRY: G RO B R TheLe et FrIGAT BSiE (T the

sel ect ij@br@bribhegehod HUB BSHKING BAblY PRScifent Bidoenza: A b cls@sHaNd@ne
influenza B virus) to go into flu vaccines for the following fall and

wi nt er .anfhecws effe ctifuses. ociduy sniopmBedT, udeys ot termorrhabsuthew sphey.etsand i n
Sept ember. for, the souther em sphere, |, ng. or, twa, of, t ree

Vi rus s&’tugné%%{é{el& nd‘%(ier}g%/%g%e?ng) o ﬂa%g\ei‘sgg aé%h‘l@lé{é%? 0%0%51 {‘Ags’y\%s?é’ %gcf?e%)ﬁfé t he
term’' sydrhgidenfibuenza) wid 49" WEHES exstidg) Thkd vesza:sviduliseshd @unrdogbf gfdey i n
pi gs but that can al so infect humans or other aninmals. In sonme instances,
swi ne i'fBtel?® WY USenafEat farEHt C8Y B SPrekd Profitsone Ruiiih fto

anot hervacé‘n%’\fﬁ?ﬂlé ﬁiib%ggﬁz@ilﬁ}ﬁ% ttcbatihé leg%f;oﬁ 0@%@? F Q@I‘am hf%r Bﬁtﬁ?ﬁaiﬁl to
cause an influenza pandéem c, mor bi dity and/ or morta ity 1n hunans.
pandemierogturessandherscatenewy §trrthe powheri bhuehza. Wdusldg dna aritwofitine tdech
human have no natural immynity) energes, spreading beyond individual

| ocal i '8 SUHBEE] f@rya%%ﬁ%%éaa? b‘fj’gy and infecting many humans at once.

[ 0431 Agapised; hel€ideint B8 LBAMTINCIILEIAT S0 BBl RPHIRLAANYPfscd §&chOr
weakened pat hogens, or of derived antigenic determnants that is used to

i nduce dhertlyatni ogs bfit that idrodsesfor Hummniot pllegabmsts.t e spat hotencs, Avwacci ne
is given,to provide imunity to the disease for exanple, influenza, which
5 auoBar gt i oRuy U ibabel o, iPE S pffe FRERA < aet e S of er s
to a suspeshomuOth&ahiisoNr@fnsais RWHRELH healse MhRiflddhad phsdeada N st er ed
to a vertebrate to produce protective inmmnity, i.e., imunity that

pr eventBoBtliyeidde sneaity ¢y pingys. oft plindeaeo@ssoehen edowi iyl of sdkicom.  The
present_.inventi n.pr Vi, f.ar.vaceine, composi tions that e i nogeni c
and may" 1),1&5 oVi ‘Eller&’p ngt@gi'}?%zmaga%kﬁst &5 %ms(%gggng%géf? cf“%%’ggb’w%{rh&“%urﬁ ec <|910€n'

[ 0441 AsdivsRahietdits, gohdblvenrsdndaht gbbatad iokctigubpeckimar at patd ent’ refers
to any nenber of the subphylumcordata, including, without |imtation,
humans 8AH obheperivde 3¢ "SHEIWICRE ABHIS HuReif PRt 85 et IvT ayeakened

chi mpanzagseANG: oF Rl ARES, AN JORKAN SRECHES.d FAMMAT MRl Hehifscat t e
sheep, 'pi gs, goats and horses: donestic nmammals such as 0ogs and cats;

| abor atoenyramitpaksostnd pahagor cdeatcsiessghveass pioseale inatisi gnd tgulinese:, pegs;
birds, including domestic, wld and ganme birds such, as chi ckens, turkeys
and ot H&FVg5h I} CBED iR Ixsdgaus,%gkém uenza viruses, In addition, the term vaccine

also refers to a suspension or solution of an immunogen {e.g. VLP) that is admimstered to a
vertebrate to produce protective imumunity, fe., immunity that prevents or reduces the
severity of disecase associated with infection. The present invention provides for vaccine
compositions that are tmmunogenic and may provide protection against a discase associated
with infection.

13441 As use herem, the term “vertebrate” or “subject” or “patient” refers to any member of
the subphylum cordata, including, without limitation, humans and other primates, including
non-human primates such as chimpanzees and other apes and monkey species. Farm animals
such as cattle, sheep, pigs, goats and horses; domestic mammals such as dogs and cats;
iaboratory anirmoals including rodents such as mice, rats and guinea pigs; birds, including

domestic, wild and game birds such as chickens, turkeys and other gallinaceous birds, ducks,



WO 2012/ 088428PCT/ US2011/ 066867 11 geese, and the |like are al so
non-limting exanples . The terns "mammal s" and "ani mal s" are included in
t hi s defiwotzomss8et h adult and newborn individual s arePCmtusaae®d6dse’ be
covered. | M45] As used herein the terim "virus-1ike particle" (VLF) refers

to a structur in at st one att{ribute resenbl es virus but which
has notvcﬁe‘eﬁnﬁ@hg%éﬁ‘r”\a% e%ln?lb ’B’émién?“ééﬁ’ﬁ%usfh%%‘s TP%“F%%“‘baraF?i ciampy  are

accor dapogqd ikt RendayenkLende aeeylaa@%ﬁlx;(;(g@ﬁe&;g Grd A{QEIRL ReReQdi ng for
the proteins of virus-like particles. In general, virus-like particles |ack

a vi r al{8¢8Bnoheusaddercit éreton Eyirar gkayomiirif ei:\ti}b)usm 1o cadoictromat Miat isst | ke
particles ofte

Grcpr oo B NHCcaBESRer S avidh b T A R P e ST 0dea

I nfl uenza@ phihidis 85 a @HRlaRNAWLtHS 88/ e)’s‘ﬂbrﬁ@o abecHhasactieni@dashldy chdiph dor
menbrane envel ope containing two gl ycoproteins, hemaggl utinin (HA) and

neur amithé gesent NAyiruehbegeedics.n in lgen%@nﬁﬁamek@fmﬁlhies akusv lpdramnemk and, There

are 1o em. Ha: SHRLXRRS. NG A URLYRES AU AL DRLERE L alLuPNZE B Tl s
A% séb

are nane éd” on nunber 0t the s ral aeed on

COFYparIgﬁx@ﬂﬁh&%}&iﬂxﬂ@ﬂﬁ@&dﬂ@ﬁﬂ&i@@@1&1tﬁﬁﬁ%d&:{%f@ﬂﬁl@ﬁ crystal structures t he
HA subt ypes have been divided into two nain groups and four smaller clades
The different HA subtypes do not necessarily share strong am no acid

S?qUe”%ﬁﬂ%ﬁﬁﬁéﬂ%&amﬁﬂhnhﬁﬁi&Yera" 3-di nensi onal structures of the

di fferent ©S are simlar -to one another, with several subtle
di f f er dfié@s hﬁ&ﬁueanubegu&ea\WDWn®MaswhkhcathmaumwhpaﬁéS’aF@ﬁiex&ﬂpM&; t he

partlcular ori ent at.i on of e menbr e d| omajns in relatign to a
cent r al “"¥=IRBY | SON[ALBR S %EP&PW&H“"% %“é‘% |‘§b “‘S ﬁﬁlfl’)mey“&%‘%’&“tc (ggt)er m ne
HA subtype bRUSSEL In@l:@le of Mk Rﬁh@gblpméﬁ%? 28&e 22008 knol QHRL sﬁﬂﬁ%‘» bS Ad 9

honmotrinmeric i1 ntegral nmenbrane glycoprotein. It is cylindrical |n shape and
conta|ﬁs%ambe@bodoﬁﬁﬂﬁﬂ@@mpﬂu@eaﬁbﬁmaagtobnﬁhb&héamiéﬁﬁua%smehﬁwegﬁeh Bot h

t he gl qbul ar, ions. of carr harldes
whtch 028 B PUC RSy HHET) DR RRGRe: b wE Mt e R T Ce 1
nmut ant syha@kdsNGeGNE <Oty PR Rwe HEET MvRicH 906 AR6 hadih desiph ave fah @muéﬁda&ed
fusion activity, leading to the conclusion that ollgosaccharldes in the

st em r egicahipicasEivabines genaspedotariboiofiras ssnuirviddetionee eentifiusiton
(Chuchi, th& E)V%l X ’2 %ﬁ%%rz%mﬁ% 1%18111%9%{ Z}gi 1%711@%& ?553\? Sy )ﬁi{:&\@ﬁr 5911[%! ik J]rg ép {Q%i?nce of

glycans hear Ion

modul atseitic k@amﬁgﬁ%&ﬂﬂffbﬂ&ﬁbd&&ﬂﬂ&& me u\gd:c’r ﬂﬂr emgﬁafmnrﬁulx ;uﬁ;asz ars d’XUﬁlp(“Dﬁfeh pande
et al., 1987, Proe Nall Acad Sc! USA 84

gl ycos AU qrisHiagn tcﬁé‘w AEFiRssEadivR ﬂ%ﬂdpmmg mﬁpldifi%m fifﬂ@pirﬁr%%i& ion

2o Dokl QB Loy ORI b7 sl 130 T (GiBhomrcES
Virology, 325:287, 2004).
{¢47] HA is a homotrimeric integral membrane glycoprotein. It is cylindrical in shape and
contains an cctodomain comprised of a globular head and a stem region. Both the globular
head and stem regions of HA carry N-linked oligosaccharides which can affect the functional
properties of the protein.  For instance, HA mutants lacking onc or more stem
oligosaccharides have shown reduced fusion activity, leading to the conclusion that
oligosaccharides in the stem region preserve the metastable form of HA required for cell
fusion (Ohuchi er al., 1997, 0. Virology 71 3719-25). Furthermore, the presence of glycans
near the proteolytic activation sitc of HA have been shown to modulate cleavage and
influence the virulence of influenza virus (Beshpande ef al., 1987, Proc Nail Acad Sci USA
84 36-40). Morcover, glycosylation of the influenza virus HA is important for protection

against proteolytic degradation (Schwartz er af., 1976, J. Virology 19: 782-91).



1048] Although little is known regarding how the structure and conposition
of glycans affect HA activity, the role of glycans in stabilizing the
conf br matworzotfosg¥rsand t heir i nfluence on the ability ofPCiHASC@1i00d86T act
wi th other influenza proteins has been suggested (Wlson et al., 1981,
Nat ur e 373- 8 | ndeed romt of viruses | acking one or nore glycans
fromt Hﬁ% dﬁtﬁ% HEde '+ &§Py Ht U o Btéuq%atitdeaomfPPSMW§ SEERES as
wel | - as, il erbryenal, qﬁtqbttctﬁe 18898 i Viasmeh etm atlmtma%&m dt‘ntflﬁx SRNgener i es
1219: 375-82). This was due in’“large part tg liTmted rel ease of progeny
V|rusesnﬁmwmﬁhmstaeeﬂt$0ﬁ$hhares@h@fwﬁheﬁhamﬁewnmepemu0$h@ﬁbamuﬂygﬁduihe
nut at e F ermore, when gl ycans were, el innat dfromthet%sne
The r odl HPRGT'r (285 Bl ooy GO STV e T Beh Tekineal e Surbr o and
in chi ckenneaas thiRESAINIEMS LRSI ORGEERSEinTi 88 aDMIBEN co i wat ko t hat
glycans are inportant for nmmintaining the HA protein in a. proper
conformmﬁﬁﬁﬂmmb@ﬁﬂﬁedrgb(Wag@ﬂufwmlgﬁq%ﬂwﬂébegé%hsﬁ1%6M§W“fhé BRBsEt
. or onkR 4! QO Yl Qh SHERER Y Lbban) R TRk AlS Lt RPN 51 1
retain difuand Nocpaet afﬂnﬁty @mhtpettemd/ H&uch/a Fasithhotes Mﬁﬁx@@et@dn 7ere
particul arly glven t he urported rol e of q ycans in maintaining
conf or i BHeAHETSE BIA F‘fv‘}‘ thyp e virgsHe SHO Mo P eacrs ssrothes arewtmh
expres I 1 epqont | n
|nnunoé%%?%ﬁ?@qggﬁg%Jﬂaﬁed‘§§Qpﬁ§%yg%ﬁ%%d!? g‘c%%ﬁ?ﬁrhaﬁﬁggg 6§6$%|ngly,
in oneemspmﬁnmntﬁmnﬂmesmngyEQEWXpmﬂmmhanm$@eﬂ@mﬁmﬁheo@enerat|on of nodified
HA proteins with increased i nmunogenicity that can facilitate the
production of inproved vaccines. [0501 In accordance with the invention,
any nurgnh Mﬁf;g&@ﬁ@qm}%@@g& made to the HA proteins to renpve a
glyean froma | ocation on the HA protein (i.e. a gl2,,,,cosylation site),
and in {64 eﬁb@dﬁﬂ@ﬁt1ﬂwmmvspmeegumeahsh@e1@ﬁwmtmowumﬁﬂeeyaﬁa$n (Vive or
six glycan dtoresult in i ncrease I|t stinulate
f %{apgtv rf‘tam

o g B AT it n b Prbor s SR ot SRR B0 i

enbodi Rt andt K&y QBN 2R é«@tfgxtyca%chselieatteds LOExpeRBY BhrticSlaAd diwdd nked
glycan. In a further "enbodi nent, only the N-linked glycol.' is renoved.

Such nodimdrEdt fobhe! Ehivast S MRt eoRprIBHigine s@biboi niMergeni dis,
frame S:Qét i t(ﬂ‘ﬁz@&)t ? Q \g f?meé)!p?t%éd Qimté n(%‘ei'htt!tug %ﬁme}(t &t.haroﬂt?l %rrtfanglf% @ax% ’
one, two, " “three’ Tou or nore) ponnt mitati ons

pref er r@danded 1ﬁinttexb@atmvxe aeobagdine nt; 5};1\,10 0emodifiee rfeugztspeams Lavrdiggiyeoved
via enzymatic or chem cal treatnents For instance, protei ns may be
modi f i sHCtBPFenEGBIE aRrlitare REvTifikethcgrapemtsn v é“*tkt‘fé%f% HEh AP Yith
endogl y fasa fassiunb 0k Ah.caRost FERLR, 38U diSH Ly caRican be removed
chenlca B yd§a2| ?lke chem cal * reacti on.

2012/ 083&528 FK‘Ede USZAct/ OB6 867111 8nikOS biny Innrtxbaﬂeeﬁsméd’ttfttimﬂtet aor baromde (o the

gl ycosylation sites may he r rom an protei nut at.i ng t.h

R AR U ML L ST TR T VT AR A
nor e glaytgetﬁ%nmﬁbemﬁt rlﬁgt%eduttzmnqt he A mt&l %tﬁlsm of B& WE&seNan be

i nvention using any met hodol ogy” known“t o those skiiled in the art. For

exanpl egmovidenuelieot @rdewthaﬁeﬁcﬂveid‘v nusar@ehe@ars maynrbe%%p@ed t¢ cnfbreost eirgshe

nodi fi ed ssiple c s of bas pair
changed e iy Pt ERAAS olios g8 ofe o ROESER T e Gkt e P hisEBher al
this techniguelicayolmes fafeakiRgiradht Obkigons ol-gakideleonpl esmml-ar ysfaexcept
thr one or nore msmatches) to a single stranded nucleotide sequence coding
for thenpfiliprivneican gfcciingsep astult ghengipesnut oriat roltityeaubrestshide ridattdten

ext ende 0 ti upl.e: apded. |

chich C% Qéftwt;ﬁ ta§»119%£%§81n QF&S!&( g“%nt &l%él@{ £, z%t% t;kt qP's"Ami,ﬂQ ?ﬁoﬁ!ﬁges -
sequengeiamytafi@rs pex@Mpl.ein ati&smitix ucmt:ioheﬂﬁed @bt onmostIPiStiutsutah @B re@bved
insertion of an amino acid. The doubl e-stranded pol ynucl eot j de can then be
|nsertéﬁdF%®8“§hﬂéﬁ ‘B%ﬁl%@é“@%br%§§P8ﬁWVeEbeOKéhﬁ“§tHﬂﬁ@ﬁﬁ“@ O REaP Y ed
pol ypeRkl.de £0 ¥ Mik.Per RERAE edunhe waNBodiessiaRed o daonuehaptiae

di rect ed mut agenesi s cﬁh for exanple, be cafried out via PCR 105
prote|n&ffémkukehtnlQMéna@mpmsiﬂknmgﬂamydhydnmkihﬁ“ﬁhﬁnmmvemﬁmnn |nclude
any HA protein having the ability to stimulate an i munogeni c response to

i nfluenza virus infection, Such HA proteins include H, H2, H3, H4, H5, H6,
H7, H3, H9, H10, H 1, H12, H13, H14, 1-15 and 1116. As wi ||l be understood
by one of ordinary skill in the art, HA proteins nodified to renove a

gi ycosylation site may be obtained by reconbi nant or genetic engi neering
techni ques that are routine and well-known in the art. Mdified HA proteins
can, for exanple be obtalned by nutatlng the ‘gene or genes encodlng the HA

. oy e T 1 e .



[0531 The invention further includes honol ogous HA proteins which are 5%
10% 20% 30% 40% 50% 60% 70% 75% 80% 85% 90% 95% 96% 97% 98%
or 99% i deotoaisse8 the anmino acid |l evel to a w | d-typeprEfyseatiAs6361hi ch
has been nodified to remove one or nowe glycosylation sites and exhibits an

i ncreas I|tyto stinulate an i ne response to nfl uenz The
i nvent il §g 11867 AYICGH QLS RURPE &Y e HifD P ESiasY %FPW%H%‘OP@ ﬁiﬁ@f‘&b@\}%

descr i qg\‘i’t&!”fé ROt @IRS il Qé@mch%u‘o@&%m uorl L‘Xaﬁsi%gmla nﬁ)ﬂlﬂgﬁﬁlsf‘xé QOB $nOf:
nmodi fi ed HA ‘proteins which conprise at |east 100, 150, 200, 250, 300,

350, 4009rc48@caB00nay5b0 intordue@D mamitino Hac pcbtmes 106 tlers pancht riptaitinn oIEL0FIYNOI €
activitie ated with t roteln uchfr rrents y WO
3010/ OB USBOTL/ DeBBEy THoBAh ot A med by BTGt | SHORAIE L Bre iy

r eConbiHgakede@c M yaMe §sdiNBlordifi & (HOMbdiRed qml Wakins kKW afiflvd hR o8 fossiBle by
enzymatic d| gestion of the HA 'protein(s) interest using any of a nunber

of wel tcldspevit Prso el opeigss ah 2pyrdstorTine wﬁvehmgdh“ Pogadingr DNde Fgersglonulel ei ¢
aci d m)l grlé %ﬁl%%‘hﬁ%gg‘i& ? tap Sea%g V& 0?€$Y?ucﬁ6i)%9€ QDT%#B gtdryd e@w ;[t%%tn e and HA

pr ot ei ri’ Fagnents Sne ‘aspect St Ut ons

are nmade radrc GREmafcheHRE aanyj@@szmeiw @0cisblRSscyBerD atﬂ&m@rfbi et 4 prrmahﬁmest
I n one enbodi nent according to this aspect, one or nore amno acid

nut at i GRS Eh PHeNRERRS) omwk@adgwa@sw@mesm @héé%%‘ﬁﬁdéﬁeg%ﬁééi%sd nmade
to abolj; E@ In%n%é@@?%%ylh@ L@ SigD mﬁﬁ%‘é%ﬁﬁ %ﬁ%b: JTL AL QRS E%AJ st%?i@g;?ljl y

prevent cosy atron an rove no enicit
HA pr ot&icnchad 564 bh@khcxdsanofomdempid ya\n@ ulNtHel dek@dmgiquﬁs@&bmtdrdmmidm‘ in

the HA protein of interest ar wn he art For i nstance, the Net Nd yc
1.0 serVet™ifqétiinil 5 oW i %f uekﬁﬂé 7 K97 SR D5niEEd 18 PrasdiurieNa

N-1'i nked,alky6o9¥EE QR aShi@S: or 116480k LURLEERMANES TS IRILhi NG Sequence
to the dat abase of known N-1inked glycosylation sites and provides a

gl ycosydeatiiterd opgventdoalic Storted mAtgeomse w@h, igr estoeyric tirannttdsnt ndi Rt es a
01 ycosy sl i vBlfae Fagrs Rsdyiapr On cire e a1 infeRi g Bie Rt ye
1.0 sof;;rmmehmfg thbepiiRe S aahehednagdhshedibecsheBle Biot@hRa databasgohor
T g R SR Srotems inctude H1. o, i) B Hs, 1, WY HECHO Y0 HTE TS ¥, RYAST
uch HA proteins include 2, . HS, 3,
HIS and Hi6. As will be undersiood by one of ordimary skill in the art, HA proteins
modified to remove a glycosylation site may be obtained by recombinant or genetic
cogineering techniques that are routine and well-knowo in the art. Modified HA proteins can,
for cxanple, be obtained by mutating the gene or genes encoding the HA protein of interest
by sue-directed or randown mutagenesis. Such mutations may include poiut mutations,
deletion mutations and insertional mutations. For example, one or more point mutations (e.g.,
substitution of one or more aming acids with one or more different amino acids) may be used
to construct modified HA proteins of the invention.
18331 The mvention further includes homologous HA proteins which are 5%, 10%, 20%,
3%, 40%, 50%, 60%, T0%, 75%, 8(%, 85%, 90%, 95%, 06%, 97%, 98%, or 99% identical
at the amino acid level to a wild-type HA protein which has been modified to remove one or
roore glycosylation sites and exhibits an increased ability to stimulate an fraroune response 1o
influenza. The invention also includes nucleic acid molecules which encode the above
described HA proteins.
{#54] The invention also includes fragments of modified HA proteins which comprise at
feast 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, or 600 amino acid residues and

retain one or more activities associated with the modified HA proteins. Such fragments may



1057] In one enbodi ment, one or nore glycosylation site(s) is/are renoved
fromthe gl obul ar head region. In another enbodi nent, one or nore

gl ycosyl avpoani2gisse28s) i s/are fbund renmoved from the stemrCrag2an/o6dsn7 yet
anot her enbodi nent, one or nore glyco®2,,,,lation si te(s) is/are renoved
frombaqth the obu ar head.regi on and Ehe stem.reg |8 In an exenpl ary
enbodi rmSrtbiaias '*brdv PR n&r%sew%aa BROEP ARSI ShitHB VR Bih YR top
of the gh,ehukar. hgag: c@q&@e@x'c(}ﬂg&ﬂgﬂ\@f @% 4 Repiﬁ@?rﬁ?)t er miplndi 0% da@t%;‘ 1
(RBD), an approxi mately 1. am no acid domain which harb orstﬁe Sialic
aci d- bimdibeg oénteei kifdnen I%Bbt}esplyad: sozknewn tees invhetione e preonndidhui mgrist tagid RBS)

is at th di st end, of each.. HA non r.and it.s spec ICIt for

ST ali o B End He orurE ghSTe SR GESRETE YRCP Ty aPdc oL b due
deter mmlalﬂg},st-range restriction. In a specific enbodi nent, one or nore

gl ycosyl ation site(s) is renoved froma sub-region of the RED known as

RED- A. {#f% RBDnAzfperpprradichaade gehuibaltuiienscannwidn edong arnigre atiicney laiéinds 131
to 143, 0 8 5, e a.n n
schoms 481 Bt URoBoKES S hlerBl i B e AR bR oo PERE B T Re o B / 1016
( GenBank:iA¢ agigsthantidg. in AL RZE, E)‘; N Qhkd’i’r dietoseiiot oensus20dihncSed mads ansl

Med 2: 24ra21) 1058}] I n one enbodi nent, am no acid substitutions are mde
at one plitoie FOQUFYBIONSIZAKIEFIFE oSyt Al BRYdhatsTadlygiersedNinkadhe

. RE3D, wmher & o
2012/ 0%5%@?@%%%?%6@%%f%ﬁél)gngﬁlnlghoef}mg%fﬁ c%nllnne or serine residue. In
an exenphair yMesrbadoimelntfyogeN omkob gy camiinimnadics irs tHos A tpubticons! insdat erarade

at p05|t|on corresponding to an Cld residye.selected fr 170- 172
o’ 151088 R He” A HAGAGS T BF O b o e z‘%ee&fﬁﬁme%)ﬂf 2Klone or

mor e of ,f e 0at N Rkdi% Q& NUIihi N0y H0BE kK. afthel f,eaaemo&%gdaanﬁﬂ Hﬁychlﬁﬁ
substituted wth ‘any other amno acid including Ala \'sn, ‘Arg,
G n, G%ﬁgilié@b@' 10 ﬁiraﬁ,atalhe@ of: Hoewp Ngy@ixﬁd\/gb cc@ﬂm&pnpﬁg&; argeprm iThs 2 g!ﬁrcpsyiaiwl and
Val . ic _exappl e of . an whi ch exhibits an cre

b i 1 1y RG] PR aca s b analr dBhbRSe My BERDE Sratd FRLERROAS s an
HA pr otig#iBatkd aivib Blel{ e meé LEgsoRAbAEP @bt ROSIVEdsQMitidi 2;@@51@5@@4& Lept aced
with an al anine, and/or (2) the threonine at §05| tion 183 has been repl aced

with at\acﬁ\ﬁféw NS sqitEreman (sit\éb&ik%yg‘tﬂhﬁé@]e £ BI pepivip pletbaictfar pgeching

di scl osuy P o] mut ati ons at positions
corr esp%( i m’“ 1% %u‘g&gr%&&nﬁg&r (lilg‘?gﬁ%%’p( um gllf(’)i 1 of the A/l ndonesial/5/05
HA pr ot{ekn (ISE@ml PrNetinht,Catr be ﬂi@de;,ﬂ'yms&ﬁﬂﬁbﬁ%&tc@s) Sils f31-d &icfmdi‘&ﬁiuh’bm F@591 In
accordance with the invention, one or nore nmutations may be rrade in any HA
pr ot ei rE'¥rldtdiced egpon niigpwdier ﬁabpﬁfév@ae‘éiucﬁeuawww 61*0%?@(% He é‘t"é}dn to
stimul e s " ons

i ncl udgglglg?% ﬁ%’t{% f’tons ﬁ? ?ar}r%%sth %hgﬁgégﬂé%lngts @Fiﬁ%nﬁ%ﬁg@ﬁﬁ‘?ﬁ"ons

| n one ightvodtihmend tro@mecmrther@i@mm nt:dnugiat isonshe sesutdgiog Imam)necrn;vimryor e

am no aci.d substitutions, are used to duce HA ot el ns hayi.n n
enhanc Gl RGITT y ORGOS TP RUEAEEYRROT IR 1T S SORSE BOTTT Ganah i ¥ gaiar

infiNiQRg i B r@dﬁo@%m & Ze reocpRMRHAEA MO (RBS) AY 8Hrb AR ON 4D LRy €
nut ati ons at positions equival ent or correspondi ng to position N170 (e.qg.
N170D) ,acFdmdie sguchTerny theNIBT cal- gmdmmsaﬁD)I haﬁéﬁﬂbrdi%@i%wwh ghe E‘EPQ‘{B@‘A) of

the A/l.nd b d th

desi r ed HARaTEEEDE eT TRA B bear AL Dr Y R eRba Mgt Tho & SPEEEE G g

posi ti angicalcid hel HA AeE F RS nnqi% 0 dof 4 edihepelfolerdidut lietcAbinadangashald/ 05
y

HA of SEQ ID NO 2) nmay be read identified for other HA proteins y one
of ski Itpstiigfiathelnat mm&menb@ilv@ht ©ohe oaeiqmeébcpedatm dieth tihecraaedylsom &

descri e p).i Nip v Skid f ke
R L T o LR o DA L S e
t o sti mukidhesn@noe i 0TA4NES Ir @S PORSE/Y @ um | Enza 2VE,r psd AT ectjfwanhased azwn HA
protein of interest red nbodl ment, the nod

prefe

pr ot ei M¥THAGEE SREEBE @ﬁafieia%'}%i’hac% éﬁ‘?’)‘s‘t’ﬁ flpeRze o s &Y %&%M@ aﬁ fpbé'i.*t. ons
corr esnendiic AeeddONoTARTProdth k. ndior: TL83 105 ompAT SR SLhe )
wi | d-type HA proteins. In ot nmbodi ment s, thermlledHAprotelnshave
addi ti dﬂ5$ ] dmamo aamindunmbs&mtmt amhsu‘t&tmmmhemcpmsm RIOTIS: asmcmtﬁé&@(%)t}b t he
respec I rot eins. Thu dified pr ot ei ns

| cant disbi EhioogidBR B i Rsonir e RERE st B h B R b o She. as
conpared to the respective wld-type HA WO 2012/ 088428PCT/ US2011/ 066867 16




proteins. As will be appreciated by those of skill in the art he nunber of
additional positions that nmay have am no acid substitutions will depend on
the wi | d-woppe1248s4280t ei n used to generate the vari ants. PEorUSexasnpdse7 HA
fromthe X31 influenza strain shows séven N-linked glycosylation sites
(Ernmonval . et a 2000 d ycohiology 10: 7 87%,W£hus in some instances, as
many as® PIUH ABRRNF Of & SECNA YRS AR e Bpeat ¢ra of %P&efl@ama‘ﬁidno

aci d suBstdid dldsaBSee 982 ;h @&,ﬁ%ﬁ&&% DELh AROVE o 1Mhid L&A NALEYE SORQARARNT S,
one or nore glycans can be renoved via enzymatic treatnments. For 1 nstance,
HA proﬂ§0m§2maw<ﬁﬁ,Hbdﬁﬁﬁed&ﬁmkmemwﬁéﬁoﬁéx@pkm©(®h®HEﬁhEb@)gHw@&mmmwmi
treat nent MAt endo yc05|dases her ei.n, an ndo cosid i
used ¢ arparatr D GG SO R R o AR Bt PRPen By BS Aty Sncyr oy

anal ogughdrhetig®beidGanalhe Ak, Signkhi ggntd@é @E@@Mhngiysmgarnm&e@tms Mdom a
substrate conprising an ollgosaccharl e. ‘The use of “such enzymes to rel ease
ol i gosdtehBid des Thy, mﬁgT%yc@p%r‘o@im%sp@(»émgmmpﬂ&)utem Hyh peabinpiish pibisser i bed
in U S t ein. isn r.poLat fergnce in
tsentTrerse el R o B R iR PER lseBln ® o AN

N-gl ycapastdnnml wigieh @mdmg |tMQ@1$1hdaSQ@31tﬂm Fi2 Kls, bcEﬁ reagdHvid] 06 3knime, atdier
enbodi nents, one or nore N-linked gl ycans can be renopved chenlcally In one

embodi rfehile ii‘h@“é‘heiﬁi?’éﬁpmiﬁ éé%t’“ﬁ‘oh fusTeparhtvel W“ﬁneA@r‘“Hﬁ‘ﬁ g R e- | i ke
65 |ps d
nyas ao e 20EnOL NG KRCARAE & B BECH AN HE) O MARELOR 20

here|n}xmﬁmnponmmﬁdnmygnehqme@mﬁ:nmuh%&ﬁ%maﬁdeﬂySIE%ﬁef%&mmbwhahéﬁ HA

subj ecti ng | f nce, of t e dra eagent (i.e.
hydrazﬁﬁ%%?g? f?“fh %&F%ﬁ%ﬂ@?ﬁ“?ﬁﬁ ?he ﬁé?ﬁﬁ& reagent are preferably
prepar qda@s 1h0lcb@Wence @ﬁhQﬁyERQQ@hPQ%EQnHﬁmﬁﬁﬁgﬁﬁ&g‘@éﬁ%@%hﬁi|ﬂ1éﬁiﬁﬁfree
for exanpl'e by dialysis, gel -filtration, or chromatography in a suitable
syst empr@ececisiatarest preeydetHy insraaen therabel itg of elnt Hal ;biyrieam by strouisic doomexanpl e
by |yOphI|I2a and .t he. nt ent reduc i eved
o7 equrrmsraln el b RbgE: ST SRl RSHETh SefhrnitEhs Ao sRA The
wat er GoRkesMs, Qf:idings hndriagdeny aagent cindoliinkew & beley@ngeinanditghay) d not
exceed 4% Thus, nost comercially avail abl e sanples of anhydrous hydrazi ne
r eagentroatiegs i anats gnore H@@ghmﬁ iRy uEPh e wﬁdﬁ@m@agéﬁﬁ partbd ey ed
through, ane..of, ’H&&”e{ooua?muﬁp Qmﬁ’dn?‘:&%g&%g 1§“ nh% DXS” %fx' é}ﬁ o €3gent is

t hen added t %h propri 'R an vesse The

reacti (Hiczﬁ@la‘ﬁeeﬂnb@maﬂd gt Iﬁe: h}yé;ﬁtaii Rec ma@cﬁetmmamﬁem pmximat ecjuzbykﬁm@ i nput
of energy, either mcroscopically or nacrosc%plcal for exanple ﬁﬁ
8 opt ¥

rai si ngOFREPPEgelcabeiEn Porlame Myt Y- dfl 7R gt o7 -8melgdy! the:

condi tiQns, f G uced 4’ Iy

appr oadhay T (R R e PR L T RN PP R by s
reactlonpnthhﬂmu@nnnh@méamenhm@i@mpema$ufmxt@ﬁa steady state, WO
2012/08% /Q82011/866867 17 1064h g et ot.her enbodl ments, alkﬁllne
sol ut i JH&Ylcalf b &ClisEe i8S, EREVENAT Hiced 191 YEUHES *fiﬁféwdg%%%.& Finkages
attachi A@%d%ngilm%sﬂmf%m@mmt 2} ﬁ&\? b@ki&ﬁhy Ak%@ﬁi@ 71013&9“16‘{@%%%{1@1&
solutions can therefore be enployed for release of N-glyeans. For exanple

i ncubatdngrefwki ihin g NaOfbat, 2100 ih@sﬂ‘memeglou rgd Hesishee ms:mid:)e@srsfh@lﬂfwm

" nbor par el Elionyo oy aF Sitd i it ShuRMe A ugRae” PP o8 b S EH e

vari ouse§ifif idl aasin@kadedfdblRPZAs WS GoihAGtc RSporSOW BEScnf0fngenRblish in
mat eri al encoding HA proteins suitable for use in methods and conpositions

descrlb@@ihépéﬁﬁﬁﬂfﬁﬁvaﬁlous enbodi nents descri bed herein, the nodified HA
pr ot ei f he b e uences
fron1in§?ﬂen§a ﬂ@ﬁ%% es’ gga%niﬁm?ﬁ&hﬁgfiﬂ&%ﬁ%ﬁpyxg%agﬂ 8&@?1dﬂa H%Enter
for Bi Q;hﬁﬁhﬁmﬂmgsy‘idct‘bﬁOﬁ*dsmtp(ﬁﬁm(aﬁ\l@i%pﬂ?ﬁdﬁﬂgah ne1 7, d&t?&bh?»&l and/or T183 as

(www. ncbi . nhn. ni h. ﬁ% genotnes/ FLU/ fl u, htm g known HA se uences. . In

addi t | GRMPAT AP f’t%@’é POE df A UBREESHE fthes Stttk rwdliedaig proteins

egg- Passaged ReAMCNRSS Ac?d 3 QRALLARKE of LA LRGGhoBRlcolBlLlabl ke of fybemaer' ng
Al'l I nfluenza Dat abase 3 plnu base. Those of ordinary skill in
t he aftwﬂdeﬁeﬁtﬁmgﬁMOstEbsenmﬂﬁaﬁé§§$nﬁmamnﬁ@éﬂ»¢yrmdeahnﬁﬂ $ehueﬁdém~that
are charact&rt stic of HA poggpe tLges eneral%y nd/ or %lculﬁ

pol ypeﬁ?‘i’rﬁe Eané r‘em@ﬂeg m'_ﬁt ng) Sipns CG!}_’ipi@ Ul ret_ﬁec \«C l_\ﬁi t“’lﬁfZ AR13
R14 R15, or H16 pol ypeptides); or of HAs that medi ate infection of
particul ar hosts, (e.g., avian, canel, canine, equine, feline, human,

| eopard, m nk, nouse, seal, swine, tiger, whale, etc). Exanples of subtypes
conprising such HA proteins nodifiable by the nmethods described herein
|nclude but are not Ilnlted to A/New Caledonla/20/99 (HlNl)

o e [ B — 7 1L W™ RAA A » A NN



WO 2012/ 088428PCT/ US2011/ 066867 18 egg- adapted HA sequences are known in
the art (Robertson et ai., 1991, 1. Gen. Virology 72: 2671-7). [0661 Al so
enconpasswo 2izdss428t he scope of the present invention aPeTals2omOse86HA

pr ot ei ns conprising t he transnmenbranelédormai n and/ or cytoplasmc tail of a
nodi fi ed |anu protejn fused to otein froman infective agent.
'n anotHe snbad HQ AR BN e abe b H° 4150/ 67 ARSI, SHAEPR | of
the nvdggfbm%qb maﬁ Invﬁﬂ@aaw%un{» %E ﬁl @b%hﬁ&@ksﬂ [ @55&19%;1'\{}19 rw&r w%z MR géo& 0
approximately 0O 8,

18, 19,usdiq gcmwuth%@ramsn&mmﬁd@pipasit% trhm tﬂm é@mﬁbﬁmeﬁd@nﬁﬁm s anekn s

fused to rotein fro noth i pf ent In us agents can
bo v r UeaBRbEeB G ulon el R St i SE0: 2% RERR 6 7150 BB RS st

Vi 1 usesndih @k WRirkdhySR1 7y xm@%zﬁm@@ RS PHAY 8k RSSAR WLt R%ﬁéd/ﬁﬁm%ra@m are
t he follomnng coronavirus (e.g. the agent that causes SA hepatitis

V|ruse9uh¢ﬁ8ﬂﬂ@» D & ES human i mmunodeficiency virus (H V), herpes viruses

+ Ggar” A CYLONRIANOVL r;k'%}tei\{a%\leceefn%%u%%% e op%gﬁra%'gﬂ/?an»' L% %g &n

Barr Vi I‘US par al nfluenza viruses, respira VI rus human

et apneustvdyhtisic tRARNOW. TS @S arbUTYA protekis esy (bs: 1g@d1fiaj1tearcmswam oﬁﬁ&ﬁﬁkl e
viruses, picoma viruses, rotaviruses, rhinoviruses, rubella virus,
virus, WeakrEgyeasu rasmentivdh padogicasidassel e urd pseip t»?\éwéwtyp*égt)

adeno Vi [ us M.t !opa!n m‘zix?@sém ﬂ%ﬁ&?dnﬁ{ HENE Ay M w‘éﬁ@&ﬂﬁi&@ Snls aSt lepdbﬁv' an

i nfl uenza (various shi ppi ng VEr virus stern an rn equi ne
encephaﬂanymmmmﬂsgwdamgmegawem&ﬁ@hmmmnw@ﬂmﬁMspmhpManaxphpmhteamdeVU&‘ sl ow
brain viruses, rous sarcg/ virus,  Pa ovaV|r dae, ParsTo%L%édae

Pi comaVisF PHAED BEXVFE IR FSUMD HS MRS o BECONREE ), L REBVEY FRlXads

Rot avi rilg).qcriel (oY 61 8iae (il Vsl s T LM kb 1&'—1%%1&1\@11{ &ﬁ&mcgqg«aﬁ“krhgéein(}% g..,
Rubi virus), Newcastle disease virus, Wst N le fever virus, Tick borne

encephaﬁ&bﬂﬁ,Eyemm&w bEV@Kbgbhpkdngunyawbkrugrtanﬁ\dem@uéﬁngmg (adlkde
erotyp Zvac dlfled HA Proteins: [0671 The present
appllcéP§%#‘3F6 gzigﬁqug protelns nodified to renove one or nore
gl ycosyhatii an oS @bokinatas, | bﬁé‘ﬁi @@P@Rtiﬁak‘éasﬁgfddi@@élmﬂ% @hibved Bgeregif i gd HA
pr ot ei ns of the present invention have utility in i nmunogeni c compositions

such agngaadicdascfofc tﬁhﬁﬂtf-ﬁb%@@ﬂ isamfieed py event i brdiane-dsnzepgents.
I nfi N I\qgﬁmé ?@% %h tla, dbf. {' ]t4| "d%\né Ig,[iw Ll’lbe g Q}(ﬁ%ﬂmg End f\\%@gﬂﬁg—ﬂ}\p ¥@a%£t9¥' %, ng
‘bodi‘e br B YVEELT he conprising a roditi ed

neutrall’Zing anti

i nfl uerfzand-i@g ProPeicht way< smzlm,m hMieiq e NcstReadd bo raenatd Rbfad@irety.
neutralizing antibodies in vivo. nmodi fied influenza HA proteins are
f avor adP¥Etls @e’lﬁ‘f"\’)?m}ﬁﬁé‘%ﬁé‘%é‘hi}iidﬁ“aﬁﬁﬁé’r‘ e byt P TEROTARS URAZETONERL i on.

Thus, apotfigr »ARAeCindtnd AvgrdisClasul C,ORGRiNS, ARLDRL ofigtl! clhing an

I mmune responée agalnst 012/ 08842 / 1170% 19
glycoconjugate is rendered essentially salt-free, for @xampi by dialysis, gel filtration, or
chromatography in a suitable system. Once salt-free, HA is rendered essentially anhydrous,
for example by lyophilization, and the water content reduced to at least that achieved at
equilibrium under lyophilization conditions of 25 milltbar at 25 °C. The water content of the
hydrazine rcagent is likewise relevant, and should not cxceed 4% v/v.  Thus, most
commercially available samples of anhvdrous hydrazine reagent are suitable, though drying
of hydrazine reagent can be achieved through one of numerous reported processes. Suitable
hydrazine reagent is then added to the appropriately prepared sarople in an au-tight vessel
The reaction between HA and the hydrazine reagent can be initiated by the input of energy,
either rcroscopically or macroscopically, for example by raising the temperature, For any
method of input of energy the optimal conditions for reaction can be deduced from various
experimental approaches. In this disclosure the preferred method of inttiating the reaction 18

through increase in temperature to a steady state.



i nfluenza. The nethod invol ves adm ni stering an i nmunol ogically effective
anmount of a conposition containing a nodified influenza HA protein to a
subj ect (WwWochizmsseshuman or ani mal subject). Adm ni str aPCOUSEI11A66867

i mmunol ogically effective ambunt of t#fle conposition elicits an i m‘rune

respons cific for wtopes sent. on the nodified infl pr ot ei n.
Such aﬁﬁﬁMHéﬂ?%@%ﬁ%@% Sritkaitie SRUEERY YEIRL BETrOYE \?ﬁflﬁ& Preiict i on

of neutfal iz hﬂ%sé‘iﬂt !1@«9}%1,95@1@(@&91 QL %aﬁ@'td a RN G%c & (a9 i&b&h%}d@r Qgduet i on
of cytokines). Prefera t he i miune response“elicited by the nodified

i nf | uenphtiEns p«rrotherﬁomﬁ‘clanmeél fereritase phakelacass [i@cp£41n}3iﬁom1€dtatlbeafsth one
conf or t pr.esent Qn the no ied.inf r.0 10691
Vacet naocongt PRI rBurREe ke THrbrciens i FTHOViie S BpE Sl P hse PRRYent | on
i ncl udeyd naciol 008t &dichn{ hU4ENZAHAGEIA8% reRldneRUAkEkdtye virus vaccines, and
virus-1like part| cles (UT's). [0701 Thiee types of i nacti vated i nfluenza

vacci ndf8tle itrpentsiopdubddaraug sieineor| idtlusoeuy Pl as plaurcepr Bdwetsticand
surface gn}@;gg{}ﬂﬁmo gYP ﬁ%‘témq S;u(fz%llg' ?{’?}” ﬁ{ & ﬁnaa\{@(g ines. ]HLI S {ﬁ%i&%%i%dhe

surface’ gl'ycoprot eFns, neur am ni

i nfl uengeeini FUSarsduk &hﬂt@dﬁﬂm&s (&fsﬁn@ﬁﬂ&@&ﬁdtht m&i&ﬁ@ﬂﬁtﬁoiambtd}ehghmﬂfazﬁtmn
popul ation in the upcom ng season. These strains, which are i ncor por at ed
i nto tHaaw e dshed e agy G if«iwé‘rfb?‘iﬁorﬁéﬂ@a ChERY BEgs anNa e kppyalio the

part i cl.ge PHCSHASEONE N ALELILER DELRLA V! B BE OSSR 1R, 00,

enbodi nent, one or cosytation sites exi sting
egg- adajptabdse &steq@mhesn t Qo5 gmmnme/ﬂ heils. hmuinpogie Ahowh yHA! sexicstesng in

i nfl uen vacci ne ds f r arl n apted HA sequences are
descri b"égﬁi‘)ﬁ %Jdﬁdis%at'\o/gﬁ%hlo 1‘Elé§ ? M%% - rFeP PR OT POFEEd oy
ref er encgiriyle ifss @0t BIALY IanQtZJJ uﬁ@!{ahhg U@ﬁ h¥nudiBe Rdiafd edidMyrprotein my

be derived fromone or nore of the nmultival ent vaccines for influenza
(e.g., dwibescal Britsy cdbvhbaptkilon the w,ailcéfmm)g td fheondnidwpectan telaéﬂmhtnﬁfved HA
rived from.oon al ent inactivated vac n}ﬁi(
Hi

Do Tl o b o Sl B bR R e G M R B

and neqfoa}megh&ﬂq@ of Fomizhgendi HEerentiy stg aings of Hinf hugnzes, \!{EF4U${135&3WD| es
of TIV whic be used include, but are not I|mted to, Fl'uzone,

Fl uvi rifhlo Fxpimmntb@%)l:pugfaﬁéb the raBileﬂa infep gy of P%’flplﬁala%%téatﬁdgFldmvax@dnli@,?z1 I n
oneé aspeg ggmﬂ&mm{%ﬂ}d q{hn%ﬁp"gﬁuﬁdf%{m aﬁa%'u?ﬁésgﬁ?”&“n%} @%%; 8 OiSeS c‘).' on of

a nodi f e resen I imunhe s ém an

capabl &w@inpmd@tm@mm coMpuB@g RSP ens erétbindmadidiMe dyadhn mcﬂh@c{sn@zsmxbcd
enbodi rrents the corrp05|t|on further co ant or a carrier. In

anot her"“&itb i HEnt b aodrt iledtrinfhreNern tﬂie%w%%d‘?h@le In 2drreeas/ Bne or
nor € CQE@B‘&H%{; xsc#gfkgﬁbm»e%m ﬁ@@ t%ﬁx sfi‘in@“l Hhaehh %@tﬁ—]ﬂzt hﬁg Luenzayaest ne

(W). I'n so I nments is sel ecte fro group consi'sting
of Fl uzbinsy! aM@OMﬂ&BM&&R@I]‘iﬂS@@EM Q66867 AMnddireir i n piFEMUAR/SCS 1 Bilayval |

HuBI ok, , HUA qu dltloa gnboﬂ‘ nts, am@'%.edHA
Pr ot of FVHGBEH BET BT BY 6 nay He. s T O Eony GHERPRCTHRE e Py
sel ect ggyjfhrom t he%ﬂf&ﬁ@n@&ﬂé‘%%t I'ng }@lfl\tﬂlﬂzone’%/gﬁdkvzﬂﬁokﬂa 643'”@“ X, (iﬁ@@@"lal
Fl uBl ok., FlUAd, Infl uvac and Flui, Tax. Virus-Like Particles Conprising
Mbodi fi e’@(i@l ]‘ﬁ&mizmdn?g}ﬁr ( HI3N6), A /Mallard/ ‘Gurjev/263/82,  Alduck/Australia/341/83
(HI5NE), A/black-headed gull/Sweden/3/99 (HIGN3), B/Lec/d40, C/lohannesburg/66,
A/PuertoRico/8/34 (HINT), A/Brisbane/59/2007 (HINI), A/Sclomon Islands 3/2006
{HIN1}, A/Brishane 10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2), B/Malaysia/2506/2004,
B/Florida/4/2006, A/Singapore/1/37 (H2N2), A/Anhui/ /2005 {(H5N1),
A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Praguc/56
{(H7NT), A/HongKong/1073/99 (HONZ). A representative hist of HA proteins modifiable by
the methods of the present invention may be found in US 2010/0239610, which is herein
incorporated by reference in its cntirety. In one cmbodiment, the HA sequence sclected for

targeted modification is an cgg-adapted HA sequence. Methods of obtaining and identifying



[0731 The invention al so enconpasses influenza virus-1like particles (VIPs)
conprising a nodified HA protein that can be fornulated into vacci nes or
ant i geni cwbaonruisst28ons for protecting vertebrates (e.g. Pounsas)/oecpa7 nst

i nfluenza infection or at |east one dissease synptom thereof. The VLP may
conprise a nodified HA protein derived from one, or e, than _one suyptype,
i ncl udiSeg-adanted b SogpgnCepaie o, e et (Hatprcplnr g o5 o Cofin /B000gu 18, * Haua,
H'S or 446 qr fragment or portion thereof. Exanples of subtypes conprising
such HA proteins include Cal edonia/20/99 (HINl) A/l ndonesia/5/05 (H5N1),

Al chi cKéaéiNetsondahl88E:d vAtthe thrd segpgod thi DESETR N BBHiEH2NS)himaYiT Biashb82452003,
Al mal I ard/ MV 33/ 00, A/ duck/Shanghai/1/2000, Alnorthern .. .. . _

oi ntai TR B8 186 BA SRR G, A SRR (i BRayoRTh Bl ¢ ans G
54/ 03, Aheh itasdgend Ger gramyd Nedif49n (bEedONT dgendV dugkhEnelanghafinidd, &N6),

A duck/ Al berta/ 60/ 76 (1-112N5), A/ Gull/Maryland/ 704/ 77 (H 3N6),

Al Mal | dreapaanpens 2eskBoandld e lopkists wil d/iBmeddelisie@ys Ritppmikn hetaaéd

gul I/ [ 5 {HI6N3) , Bl Leel40, £/.Jghapnesbyrg/ 6 ert o co/ 8/ 34
A Bri sgtﬁgg‘g%g? 2% &%ﬁ%‘% ‘ﬁf‘; i@l‘j%,p%%ﬁé%ﬁ“%n@ﬂ Nt 0N Y(Q‘/H?Ku‘)’ R B b ane

10/ 20077, 18, 19, 20 to sbout 50 amino acids past the transmembrane domain and is fused to said
(H3N2) , A/ Wsconsi n/ 67/ 2005( H3. N2) , B/ Mal a2, , , , si a/ 2506/ 2004, B/ Fl ori da/ 4/ 2006
. A Si rigapsy BrpesetherpRpny lounp ah UP ISP TR0 UBSNL P VRO @ckaiy frghpabes
(H5N1) , ,.Af Feal {Hol Q'Ww - HBN Eauinel Rraguel 56, (HING) o.n he

A Fongiahs) 20747 BEPRARG) Pt iR o SR ARHEL TR PO o g,

pr ot ei nicnmyd beranrdihe &l1Rwikl Jjorduddrud {46, tHd7agent HOut subteyfARE ) tapa@iot her
aspect, .the H _protejn.| be fromthe. Al New Cal edoni a/ 20/ 99 (HL N1).

A Puer t‘«a%‘s%wogaﬁsﬁf M%ﬁ?%%ﬁ%ﬁ&ﬁ alsimsnorer Y. Jb6r VArSs EOMI 2151 ands
3/ 2006 (WNQEHAAL Narit 8, F83iR! Qe oY AlESQeREREE QLL NG A B8 DIRG L0/ 2007
(H3N2) or ‘A/’W sconsin/67/2005 (H3N2) strain, in a thrther aspect of t he

i nvent irespiratdig syadRisprotuei (RSYey hbead mostn ey itSi, ngaporiesty, ST #HNRes

strain. The H5 protein may .be fromthe A Anhui/1/2005 (HS5NL) M i

A VI et it 2039608 <o PARE) TG TRATHISRESH dPE S008. SUPAI PCY RO adiect of
the i nugiipOGirusd RRas |RAL RLB MBYnREpdHOMHsIgAple Bl HORBKeRGLY\BA QDR
(H6N1) strain. The H7 protein may be fromthe A/ Equine/ Prague/56 (H/N7)

st rai n.typayl.anraEspesea ofrus haultive htrcon avienh dnilyagzp Cowwiup typesk, sbmptigetever

, A1Fi ongK /é:%‘% 3/99%,5%@12% strain, ln a further WO & o o ool

2012/ 088428P 2ibebens s FBhr S N e e P RA O 808 n

be fromalibs | vikdsuesiza \irgids virayesperoas t ypeorks Vius, Phighudiing Parvoviridae,

B/ Mat aysi al 2506/ 2004 or. B/ Fl ori da/ 4/2006. . . . .
Picomaviridae, Poxviridae (such as Smalipox or Vaccinia), Reoviridae {e.g., Rotavirus),
Retroviridae (HTLV-I, HTLV-H, Lentivirus), Togaviridac {e.g., Rubivirus), Newcastle
discase virus, West Nile fever virus, Tick borne encephaliis, yellow fever, chikungunya

virus, and dengue virus {all serotypes).

Vaceines Comprising Modified HA Proteins:

{867} The present application provides influcnza HA proteins modified to remove one or
more glycosylation sites. In various aspects described herein, the modified HA proteins of
the present invention have utility in immunogenic compositions such as vaccines for the
treatruent and/or prevention of mluenza infection.

1868 Since influenza infection can be prevented by providing neutralizing antibodies to a
veriebrate, a vaccine cowprising a modified influenza HA protein may ioduce, when
administered to a vertebrate, neutralizing antibodies in vive. The modified influenza HA
proteins are favorably used for the prevention and/or treatrucnt of influenza infection. Thus,

another aspect of this disclosure concerns a method for eliciting an immune response against



[0751 In sone enbodi nents, the VLPs conprising one or nore nodified
i nfluenza HA proteins further conprise additional influenza proteins, such
as M, NAvonBi12z/msasNP. The HA, -NA, 'M, M, and NP pr ofrerns20mypodse’ deri ved
fromany strain of infl uenza virus, i¥cludi ng pandem c and seasonal

strains. . [0761 The \I|Ii th present i nvention, rise an avian
i nf | uerizaiqpza. pirf&%*ﬁwoduﬂ‘« ‘ﬁ‘e‘ @c}%a £ A0 RGUAYPERA] Shfv f’afé SRMUD ot n i s

deri vedotfamian HINiAILIHENAA SR, H'AH?M»@% %3 hed] AL acks%%ﬂ hed

her ei n, | uenza can be i1solated fromany one of the HON2 1 nfluenza
vir usesmseehlembwdt)f Admittibiextign o pnoonmsirsid gl igfefAL gaithdiHo g tiko oghGii@en,
Al Hong Kong/l 073/99, A/l Hon ng/ 2108/ 03, Duck/H Y28,/ 1. . HK/ 9/ 97,
O | T SSRR A Oty PSSV 08" RS S RSbE 0 e ERA KRN0

CK/ HKI Weh 6] O3 8GH/ Hlishk2§ Qt%e%@"%@(@ée‘@/a,@ﬁ 0'5'@‘1 7 7(E}Q3p10dmu@n of
SCk/ HKN1J- 663/ 03, Ck/ HK/ CSWL61/ 03, and GE/ HKI NT101/03. 1n an exenpl ary

enbodi msttralizipe mmdw Eo@haz al sealhiraspogsesAl+-BnghKonglugTe/ 96, vﬁ@&ﬂa%ét her
enbodi Jiy S bﬁyal ‘a%punlenifeL, Weed 13‘}1&% by iﬁé %&u@iﬁ'ﬁcdbglg{uﬁ ,%d}iflr%Pté”‘iQ i UL s

i nfl uenzas n various e escri erel n Hei'RfTuéhza M

can be digndmnad adt hfconpoaﬂy; fonest 0fast bee b&mnnmdnuee@aapcvprmaeansm eaddetbd rom
the group consisting of A/Vietnanl 1194/04, A/ Vi etnam 1203/ 04,
A Hongléb ?iﬁi‘ﬁoBmﬁNil ndonesi a/ 2/ 2005, Al Bar headed goose/ inghai/1 A/ 2005,

_A/ Anh / 20 he
A B e e T L B S LA
VI A3s afadtivetepriehenta vaveers, aonnumyd Em:rmrussm (am.,\g nid venzidchbripriat@iPsf.rom a

rce, such.as -N strain of WI In.o

non- avi sSQ fro
enbodi &ﬁﬂ? e WPop bR e Hae Ui S Bis Ak S B AT ) b B8990, 1

ot her glto%iumt h& MRk oL@l A% PRYhuREe” Q%L'LﬁfﬁdTE&QWALBB&#&P&%MM} the
Al Calit hr ni a/ 08/ 09 or 1 nfluenza A/ Mexi co/ 4108/ 09. The present

i nvent crgfafrayycputethst hanaggdietiig éHof) anldfrtmmiaid%e p’ﬁéﬁ @f nhec opeisi vigsst he
YKKL L-domain sequen am correspondi.ng. Lo I‘GI%I dues

t
100- 103" 81" SEOH D gt ﬁ%?%&éé‘%%ﬁ‘ﬂ% né‘%“f‘?ﬁc?“ Q) T WP R ose

products@ihs, Mtéﬁ ard Mc@NSARIGARY LIDAI TR BleSr8€8 &l bRBS oRaEehhs ¢d1e NERS Of
t he present invention conprise an infl uenza 1\ 41 protein that contains the

YKKI , Dagdneits Cs@éfh@l%@qq@ﬁﬂb perieps belprrefirthet prectniEudiZme Mmipdoneaitnone

corrprl 5| i KKL . L u C 1.9 ond| ng
to resid lr}g( Ch fgé X?L"g% m bq%g%m 8%%%&%8 ?}s&gabﬁlﬁg]v r{”a‘fﬁﬁ uenzg él\}rﬁ}%b o ”{'&?\P
anot herthe irbodha@nicitytdfexisibh vezazMaqios eiMctbodpiol propgribh egglKﬁgmcd HA

.1, -donmai n sequence at am no WD 2012/ 088428PCT/ US2011/ 066867 22
sequences are described in U.S. Patent No. 5,162,112, which 1 herein incorporated by
reference in its entirety.

[671] Additionally, the modified HA protein may be denved from one or wore of the
multivalent vaccines for influenza {e.g., monovalent, divalent, or trivalent}. In one aspect, the
modified HA protein may be derived from one of the trivalent inactivated vaccines (T1V) for
influenza. The standard components of TIV include hemagglutinin (HA) and neuraminidase
from three different strains of influenza virus. Examples of TIV which may be used include,
but are not limited to, Fluzone, Fluvirin, Fluarix, Flulaval, FluBlok, FluAd, Influvac, and
Fluvax.

18721 In oune aspect, the 1ovention provides for vaccines coroprising a composition of a
modified HA protein which is presented to the immune system and is capable of inducing an
immune response in an individoal, In some embodiments, the composition further comprises
an adjuvant or a carricr. In another embodiment, a modified HA protein described herein
comprises one or more components of at least one trivalent inactivated influcnza vaccine

(TIV). In some embodiments, the TIV is selected from the group consisting of Fluzone,



acid positions corresponding to residues 100-103 of SEQID NO 3 is a
non-avi an influenza M protein .ina further enbodi nent, the non-avian

i nfl uenzawbkormssesn is a swine influenza ML protein. | RrCa/USaoiloess6?

enbodi ment, the swi ne influenza ML pwmtein is derived frominfluenza strain

A/Calif rnla/0 /09. |n an exenplary i, ment proteln derj ved from
W Cal | figTiTiA oé}lw.éh gttt éﬁ@ @%304%&/9%86% of YL Ps
Ut'|'Zkﬁﬂxﬁ@n@ﬁ?l@h@éd@é@@@ﬁk@@ux@%gﬁ&%@&x&ﬁtKKKBL%d@@ﬁﬁh@d@ﬁ%09§§QRMbed in

commonly owned and co-pending U S. Application Serial No 32,657, [0791
The corvmets pohidi mgsghoséd fromsthef grohe comfistingnaial IMkopr, dleiing, Hdem i Fiubaveher ei n

(e.q. aci ds._at positions corresponding to residues 100-103
of SEQ gﬁkég#méﬁn%gﬁﬁﬁiﬁﬁ Fg@’ageadily identified in other influenza M

proteins by one of skill in the art. Thus, given the defined region and the
assays described in the present iF lication, one with skill in the art can
i dent i f‘yﬂ‘ahhirﬁ?@}é%% GamprgeeidhodifehdkuPecielon biting an i ncreased ability
to nedi Pfo (i Lyen r sent
appl i Caitﬁl %n ‘ignléi‘v%\n 1 2990 Fg'tleiﬁ% s%% mtggﬁenz }t gitg!i %{t?{:ﬁ% Q\)S“ &»Q@u%n%

modi fi gaddioas Ml}ﬁmmptﬁm ch@ P fordobiadn [nde r\easeﬁ, agbmlmctcmtt ﬁ;maedmahe fMLP
formation, in any influenza M protein of interest. Thus, influenza M

pr ot ei MEOEHELE é'eiéthmim (Rat BBt h@ztnhsé ivRRE AN AR | Ysdateapognt idbwase
corres i 5 i 4 I L hose
t hat h%g&?%dg%ﬁﬁ“?rﬁ{f:? Rt %%TQ o ? urat ﬁ%@ofr Qt rm nag;%éﬁ g@n%fhé‘é@? hg to
contalnhmhemyﬁmgmﬂja@mﬁngmﬂaﬁibdiitﬁ@ﬂﬁﬁcﬂé;ﬁ§pﬁﬁdﬂﬁg}ﬂé Heg| HuesH180- 103

of SEQ 4 fall within the s e of this inventi.on 01 .1n one
enbodi rt%fr% %kﬂém TP O RPPIEET FIEt%Ei M g‘?‘*?’l%ﬁn“’gt’“tﬁﬁéétwtl%“&k t‘g“ré

| nfl uenza uiinges: Ah0Ly 5aBhe 2obdve My t'?sﬁtmtbn%@’@fﬂsfj@ﬁ& t@@'&ﬂ&@n Ry
derived froman avian influenza V|rus (i froma sw ne

i nfl uen‘é@ktﬁl‘%)m,s Alhereing HENVPE/ ST/ %h (éﬂEﬁ\éir)haLﬁveasé}%mﬂ}ﬁne’htmdih’ne\m% /Oty
conpris di.f otej ns derive e t.ha e of fluenza
Sk L el R A S S T R4 AR TR

mul ti va{tﬁ;mat) VA RsoeanallneG of/03 NdURicRey/GorhdANE G4 L SROMS S, L\Odtﬁ@wsaimtmmt ei ns
and therefore several strains of influenza virus. In another enbodlnent

sai d nﬂﬁﬁﬂQ@hentAvﬁ&kﬁﬁéuﬁﬁﬁﬁrﬁse<§H3Nnﬁlueﬁiﬁuﬂﬁﬂ%Y@ﬂ@7ﬁ4 7Fn offEl 3N6),

enbodi inc e n, & d in,s nce cpppr.ising, YKKL
at am %w{a& E"idﬁp&%&\t Eéﬁégcor r %@on%uitr%{ 0 %ieg?gueéﬁ?g%ggw o‘fg"i%‘:'%ﬂt’f)(% 3.

I n anotghn@il’&%madl%r(ﬂléhhﬁ MVL 408, emthm&;stwgrt;e | Afflueesk o/ 34pretiein, In a
further enpbodi ne he swi ne influenz tein is derived from

i nfl uenﬁéﬁetwri&rﬁ? %rﬁﬁb%hu &/phyoo" Ftbtfﬂ%m pICHE Y B nbdidiivhent | IR
protei r{Hd Vedﬁ“&ft‘vrt%ﬂnﬁ\/ Q?}lﬂiwm "%QQQF/"S)Q 'le‘vﬁ?ﬁ@mh%??/?;@é&i SEQ, MRHEIQ&E 24306' n yet

anot her dlnen protein iS an avia uenZa ML protein, 1n
furthen&énﬁ@ﬁm&dnf? {RENavi ddAnhdil UEHsa @EﬂwmlZQIQkﬁﬁﬂﬂQBﬂCKMQSZQEBHG66867

23 protejn is derived frominfluenza strain AL sja/5/05. 1n an. .
exenp! 5 CahBatER s Cha Hprd: o padies Pueed pF on s deneeserfifiseo
Al I ndonegingh5/ 05 is conprised of SEQ ID NG 3, [0811 The invention also

enconpasses variants of the said proteins expressed on or in the VLPs of
the i nvi@’M dn.anTspeo &f tenpsentey. terdfAimotalnt @rabt endtl. hil K8, &1, i, &0 o

b SRS B G et A0 Y B GPBEE . © °

am no a@std&a\/\m ucrORRRAY/ 34 qHar gl areneenseguercer 1 ling Mapiadmeanshaue
"conservative" changes, wherein a substituted am no acid has sinmlar

st r uct U #0600t idHe wireal lﬁm‘éepmteé may, adso bg %@tﬁatb%ﬁ\efﬁtﬁs%@m LBEEPAhEH R hor

i sol eUCA oo dNsk® @%@7 @ %man%%r ra{: urﬁt@Paé % tﬁ d‘a%&%'s—ﬁ%r Yt@tﬁt’;;%mmbmges
e.g., acenen
var|atwmninmamhalaanngqbudeRan(MENaphdadwleﬁh@nﬁ@erMﬁerﬁmonbcoﬁmbotﬂh
Qui dance in deterntnl am no acid ress ues_can be substltuted

i nsert e ABEV HEPet @éﬂﬁt ﬁo‘nt “éim ' Hati0g MG i Ardogrs ¥ arrito Py cla an
activi tatép%'afﬁe ihound; Usl rg, ﬁgmtngt bR AT MRl kNewWR  hi3 t*@;f gtttw pf or

exanpl e, DNASTAR sof t war e. [082! tural variants cart occur
mut at i (mem nflchid 7 pratiai msy bél' ['resaethmft Etmmm%*l wmy /5 HANY @ stanty | @man espect of

ot 1 noribn et B bR Rret SR fanekbrior SER /B9800 Sreinadu &l Bk

anti body agai nst that virus, as newer virus stralns appear, the anti bodies
agai nst the ol der strains no | onger recognize the newer virus and

rei nfection can occur. The invention enconpasses all antigenic and genetic
variability of proteins frominfectious agents for meking the VLPs. [0831
GEneraI texts mhlch descrlbe nDIecuIar blologlcal technlques mhich are

o b oy .



WO 2012/ 088428PCT/ US2011/ 066867 24 shuffling), nutagenesis using uraci
contai ning tenpl ates, oligonucteotide-directed nutagenesis,

phosphor ovbizoetmss4zedi fi ed DNA nut agenesi s, nut agenesi s eeTrus2@apped’ dupl ex
DNA or the like. Additional suitable 2tethods include point msmatch repair,

nut agenesi s ng repai i ci ent h st. strains restrlctlon sel ection and
restri &*P*&ﬁﬂgtﬁﬁr %C@Qt”? 6% gfi’et“@%%“bﬁ‘“ té@é‘h@ét‘@“‘“ﬁﬁiﬂé‘a‘éﬁ&n & dbtypt Btusgene
synt he%am@!glﬂ%ﬁzgtt(@r@% bigak: feRatdy/ /86 the like. Mitagenesis, e.g.,
invol ving chrnmeric’constructs, is also included in the present invention,

i n one [8fflodinente, cm’mehglent@s i Whils wemguikide drisyok mown riodffodmat iuomaokAt he

natural | y occur nol ecy tered or. nmut ted RY rr.i,ng
ol acaidtedS g e RsE SR Babh iR ot puriab e nyEr ol Aued paf RELC
crystaly st nNuCt e vor, éiﬂe‘[\*b' éﬁ@tet@so%% b-Eh%thMeﬂ'édt%vf HED QI SOMREL 5@{%%

protein variants whi ch show substantial bi ol ogical "activity, e.g., able to
eI|C|t19ﬁ“@ﬁﬁ@@ﬂk%@b&ﬁiﬂ§@ﬁwiMé@@bnse when expressed on or in VITs of the

i nvent 'é@% %Lhe f/?f t?t réa@ﬁ lﬁd% tg}% 1%5 gur?ﬂsﬂitenc%sneg\tt!n? Q?Iuiehfrly[@ir] 1%{%?’{3{. in

r epeat and ‘su nedelect'ed ‘accoy ene ful'e nown in the

art so as chedirhddtl the defdfleﬁ}ﬂludﬁld act piitdiy . is li@ﬂ’édd ﬁ/etnh@ﬂtsk}m iefhonkngraal d
proteins are known in the art. For exanple, the gene encoding a speC|f|c
virus phorEPr erbrdmenssiestded byrer) 'ih@mﬁuw Bip ol dgaririad SenTaRNR of

t t ‘d a4V h 1ay/
T e e e e G

resul t|4@@Eomgodﬂm@*'m§7ﬁé)9camﬁengl (}mexg'ﬁ%a} 3PNAck$BUY 2B000, aC¥eldkdno/9The

andt or G7HRGIUIRIner Wk SRRl Col VRS S8 Bl ar LERBREFLOR20% o

Vect or soit e Mde; pI@sm S8k /i ASBS /pbact eKgRNAGSS o Pr O- VIK/HESS U ﬂ@hﬁgem ds,
transposons, artificial chromosones, and the |ike, that replicate

autonodﬁdsﬂ%fﬁiéﬁaﬁ>4ﬁﬂe@%@(é“ﬂmﬂﬂxa oht B4RV DN 1 §3hostincel| exdnpect or

can al so b . nucl & oti a
ol ynucUgET Be e ambLua BB A HBRA S bof TRt ntt wliesiaanid
pol y- | ygi nerGonifdediae 8 DN SR RNArivad PRRhi de+een] ugalash BiNdnor Et%m@

| i posomeconj ugated DNA, or the like, that is not autononously replicating.

I'n rranyummtsitm%t d%ﬁwbc%mm@nﬂ@rmﬂwmﬁﬁ% cary breisplagador e ghy ohe op fws &N
| nvent i.0f ut?t”\r?ha um dge QLieq PG, dSye 1%8@33;) TQ%EMMEHLE ! P"%&’l&t@%@i‘ﬁﬁ%

nucl eot’l proteins clon an expr es on vec at can

be expr@&é@ﬂmhﬁ”&sﬁeJl th&bnﬂﬂ@gﬁHS(Bhe t@ﬁmﬁk&@maamﬁyl Psyv/Bhr t heheaded
invention. An "expression vector' vector, such as a plasmd that is
capabl éé()@t‘“’ﬁt‘@ﬁ’ﬁt‘iiﬁgz%%r <8P/ 1/ %Pé)‘wetftd 28/ Trdprerea{{en 61“ A" ngegrBiraaci d

|ncorp nﬁk%gﬂi e%ﬂhJI%BhPﬁhbﬁﬁohu /aggleic acid to be expressed is
‘operably lin to a pronoter and/or enhancer, and is subject to

t ranscri¢pili dn JE@meLOKvxﬂﬁnMnmlﬁmy\tﬁeopmbmmﬂ@@nwnﬁﬁmnnenhanummxmLnnmne

enbodi nept vect.or. conpri ses nucl eoti des_.t hat de for. 1\11 , .NA, and
S TRt N L o5tin BG5S ROk BT AT 01 BB anErnats DS D $5pih % sficrorigih

enbodi MBS, enSRlithdH Ofhe 3§ PHRYinGe RF &?ﬁsiﬂ%ﬁhé&@%%@ﬂ?&hwmg}Da| Lesatd ons

t hat produce silent substltutlons additions, or deletions, but do not

al ter tdwdogropus.t thes M pacteingi riapsbofdetibed e‘nwd@tiugmt i/ Ralgprig 080 eor

proteins.are i de variants can be produced for a variety of
reasonénﬂgjﬁd%Rggx%Bﬁﬁhg@g codon expression for a particul ar host (change

codons {gmgit hfhegue@m RNAotsthal B asednhafRe ey iiRsest] sRkdis comehsiag udf 9
cells). See U patent publication 2005/0118191, herein incorporated by

ref er en‘@e&LnLTQQgtagthu@@% flopmgiol agid Ppe§ess corresponding to residues 100-103 of

SEQ ID NO: 3 wncreases the efficiency of wfluenza VLP production. Thus, in exemplary
embodiments described herein, the VLPs of the present invention comprise an influenza M1
protein that contains the YKKL L-domain sequence. In one embodiment, the influenza M1
protein comprising the YKKL L-domain sequence at amino acid positions corresponding to
residues 100-103 of SEQ ID NO: 3 is an avian ifluenza M1 protein.  In another

embodiment, the influenza M1 protein comprising the YKKL L-domain sequence at amino



10881 In addition, the nucl eotides can be sequenced to ensure that the
correct coding regions were cloned and do not contain any unwanted

mut at i onswOBhe/ass2Beot i des can be subcl oned i nto an expPesdison1wesssdr (e.g.
bacul ovi rus) for expression in any cef2l. The above is only one exanpl e of
how the influenza proteins can d e wth skill in the art
under st3HURCSHEE cadaterdRaIe ﬁ‘éﬁcﬁbﬂéﬁgqg g@é.ﬁﬁ’a g‘%?anfdi‘a“r%mp%‘ééﬁ? Bfgenzogg1
The i nV\%ﬁ‘%r@ﬂu@' SQ Prfﬁr\{?mqe%rf!)&ﬁmg&“%é Yok S BNd{ 0.V aChar Esrdit&ﬁth%)@%ﬂée
nucl eot 1 des t hat encode or th nfl uenza proteins described above.

const r ucfisecrand bprateiot dns ﬁhé;m cmh@:&u‘rset ithd buenzathpmet &l heradioud dvib‘ad
operatiyvely linked to an ro e pronoter sugh as the

ol yhed T BREHGE eftor o MBI LY oVl o e BHASe PARD S PLAEPONGYER™ ¢ he
E. coi fgehiagd fiBhoAv@ndhhacopo0Mmtensssdine 4 0nean! ¥ Redohaberpropoters, and
pronoters of retroviral 1,1-R,s are non-linmting exanples. Qther suitable
pr omot erdiziaigl M1beroteiswkirberingh tiesiitbtivedY B baiprgeperdiivgriberd ttheomostlycel |
and/ or t f. express h sion constructs w ||
further’ céaﬁit?%l&n g‘ﬁ?‘%n& 5t ‘\}%glr?gtg% M%lg“oﬁ-l;l ﬁ?% df‘?in term nation, and, in

the traoser IMm@g@@mnoathb@ﬁmhmffmm@ Blitﬁﬁffﬁ)ﬂis M@ﬂﬁsddaimr@m gc]éhehocodu ng
portion of the transcripts expressed by the constructs will preferably

i ncl ude¥ BREranEP ab Al PHIHIPACPTIgPOBHSH tatesidies E)%ﬁ%vhbf%ﬁ@ HOtet #ihdt i on
codon ap, pr{\, gl Pl RO 11 R0Eh @lenkDR1 e;f}?ﬁﬂ{s e ROLYPER T L @mp sven

transl ated. [ 0901 pression vectors referably include at ast one
sel ect aht é¢ rmwegm Sm‘:’rm,rzmalyeﬁs\mhe& udde qitdwrdra@ﬁbm he sreduidt sisé in Bed8 or

neomnycin r. tanc for karyot.ic cell culture, and racycli ne
Kanat nyrASCEY Sz Vi rebind SARES Guatng of gt mét%ﬁ it Vi Pand

ot her bgehaldnd. LM@& NREURE FisPHGIE! 58H. BF eI HEHBEL MeSwittP UG i@ e art

bacul ovirus, poxvirus (e.g., vaccinia vifus, avipox Virus, canaiypox Virus,
f oW poxwvarild bis ableco @mkp@me\w MYEs nsmﬁmr@pom whmhswvé«ﬁ exsplt imde frovtased alfibtyg. ,
cani ne taden th r‘vm esw rus, andr QV|tr us hqr ctors, that A[an be
used witH {HE" rﬁ’ 080%?‘?%81 BRELPE PEFCTSY TR Bhct Brta iR ehY

conpri seoREMBar PEIEE0n anelirD Qe th P WK IESERRE ARBLAr sit%@%@i‘éﬁﬁ&iﬁm\beﬁ ors,
PNHS8A, pNH16a, pNHIS8A, pNHABA, ptrc99a, pKK223-3, pl CK233-3, pDR540" pRI T5.
Among  peefiersr K- Kiikelr 0118 Yébt grfﬂ@dair, &S pRistsBEeIc Yl NED, bosBvRgaTd cither
p0GA4 nd._p 012/ 0884 / US201140 7 26,pSVK3 PNBG,
Bnd S ey e n v o AT I bE hdy” AaareHETeD FhacahT ed
arti samarii%aln@emtrmﬁh@ tEG OO LN R ﬂ@n&m UCkad Aefatlionigd tﬁ@@&’@ccﬁuﬂhﬂs be
used to transfect, infect, or transformand can express influenza proteins,
into edR&Y8E ¢ cell's and/ or prokaryotic cells. Thus, the invention

Pr oVt 9gBs8IT LNGRL L dNahe COMRY bae AuKERL G CAL HARLOTSL Hglysanhal n
nucl ei ¢ aci ds whi ch code for influenza protei'ns, and permt the expression
of sai dnenst rvumbfs i osakm;biostha,c‘él Ps umglemmmﬂdlatmmhszwmfcldua\tddoﬁm\hm

formati on of VI : ,9~2 A otic host cells are.ye sect,

ot o Bt grub Ga PR ABHER S O g e acran VR Lol HL).

lim ti ng.gxagp L&@@@ﬁﬂanﬂ&ﬁ Y Lq:ellhe% %ﬁpmépﬁg@ﬁt@ reen frdiginReLAl & 50 &8k S,
e.g. Sf9, Sf21, Triehophisia ni Il's, e.g. Hgh Five cells, and Drosophlla

S2 cel Ithan Exanpt esindficfagngiis (uméﬂ*&du Emg %“aﬁs}t )in Hisst cobbdigcasess8l Védretd si ae,

T ARy LPER b e o AR R s S B Pl DR B e B2 2

ponbe) ,sePiehitinast i@fliSnzadnhs Yah rawihar binpediehe daidmeaiphiest vf PoBsIBhian
cells are COS cells, baby hanmster kidney cells, nouse L cells, |LNCaP

cel |'s, achinhasezsh s pErciByaky Oem@‘bﬂéém% iU YEIN PERGR VOMRSISRS @R ey-TeMEK)
cells, Q&i hb&%&&@%@g‘) ka‘?f‘r}ém]%‘ dslsmﬁ\{m%‘alq\%onﬁ%g%g%@iah\?ﬁ\ MG gell s,

Ver o, nopus or ot'her "cells of arrphl bi an
origin SH@yDad@cﬁ bie ausﬁdr uﬁb(ﬁd&ﬁbiﬂothad\/ﬁﬂl@ﬁﬁcme‘i 4 swinnGhiidezbaritwoical. eel | s,
for exa% gml B. sub! ills, and nycobacteri a.
urthu @mbo iaent, the swine influenza M1 protein s derived from influenza strain
A/California/04/09. In an cxemplary embodiment, the M1 protein derived from
A/California/04/09 is coraprised of SEQ ID NO: 4. In yet another embodiment, the M1

protein is an avian influenza M1 protein. In a further embodiment, the avian influenza M1



1093] Vectors, e.g., vectors conprising polynucteotides of influenza
proteins, can be transfected into host cells according to nethods well
known i n wbeomrass42Bor exanpl e, introduci ng nucl ei ¢ aci decCirrseoieokassyot i c
cells can be by calciun1phosphate co-Precipitation, electroporation,

m croi nj ection, fection, and transfectj. npl oyi ng poI ni ne
transféJEf"i"maldéﬁb whirem 1 UGHE SBBo b HERE Y SAPd 10 BaEsFTT s PacT BB T

bacul 0w B,y RACLNEEEIBRGLTBRLY m;!agmrs@%)@%n&;@&m ag 1# QMbITESNSS3. _
transfected into a eukaryotic cell. In a preferred ‘enbodi nent, said cell is

an i nsd@8ticelle inventanatifrernceniposicneatignts af thei saskepiotaed ¢xpiressed Sh 9r [©84 |n

anothery EASCATEN 381 1551, B000n, o5l SELL :COBLLRS L sgtL g, hat

i nf 1 uenga cpsahehNfrot@hLCtiRtefh 0MMn MithredMBst @RGNBn kfbral SXaAPbak
enbodi ment, the vector and/or host cell conprises nucleotides that encode

one or SABRAECHBEI fil éh“mbpr%retnrmmmnm acghycy ol ﬁNA“&rer@tdeiCﬁ@be rscawacher
embodi f\,aé%? anvgzg[eorcsg@g\ a‘& e’hqganﬁ,g§| heﬁmﬁsa' Sb3GRAe ”ﬁmé‘ a}gayi J%H, FAfa°"

nore no protelns, el ns.

enbodi mt:mrcsasn dhmraiqsmp@dé@rr dasplacehdnt @ONSkBLSviof m@ineu@ds moeaatodi f i ed
HA proteins, and M and/or NA WO 2012/088428PCT/U82011/066867 27 proteins.
These Vedtord adiare hé@*ewéemr@wmyc heBatca) - adarteawal Graf KBYEDC Stigh 2as an

origin t@fplgé 8RLI agliy gﬂm ﬁ‘?do‘?%z'a& 5&5 s§ ind %ﬁ% afnLQ@%&dﬁh%bﬂ\é?ﬂ{shﬁ%na&é0

prOV|de r constr cts and net urt I NCrease
ef ficidnty 6fuiddsPs npKieﬁtmtnmquhi%mramnanapide;;gsmhes eddb¢ sontoficd, eaderd, or

sequenc to the and/ or . roteins i nprove the effi C|ency of
prot ei ,ﬁfc,nayﬁ %@WF rfé‘“%ﬁ‘ﬁi%n *{02%;1%| " ‘i‘f‘g%uné%ﬁﬁp é‘cgg‘% et8r Q“F d‘§ St'nal
sequencenGAl: R Maed el @ndlm e af"tnﬁfl QL. MYe, bR NS eshadipent, the signal
sequence can be derived fromthe géene of an’ insect preprotein and fused to

M, HA [¢8Hd/ MetuAvatiantanot herur elvbddimenatonst ineths mgurrailm pefﬁtebfd euitgionhenay
ch|t|n se seque efficiently i.n acu rus

ooy codreh T IR RkRS W aS R AR R R R gt ST uulkbifey SRR b S gpte
produciinguddk’ sriek, 4 RersbiVveBtie®RvittSal thiMRhNOMSiS AIPALS NGiRUPRESSEINGat
nucl ei ¢ aci ds encodlng one or nore nodified HA proteins, and one or nore

addi ti oK, Phficuen2auprieaisngorsel ébe eatibedm pEsinNAheNpldor peaiNp Tonlosgerel |
cul ture, e@%%‘i%g% Fuéé/ 1S EM ﬁg&’ d«%}%@&ﬁ%k”g SV R Tr o0 u@Heg&?x}ﬁasb‘é' tyre

supenate e nucl ei ¢ aci ds enco € one or

mor e nuﬁlngmﬁdmﬂﬁgqafcat @htﬁtﬁnht&@ﬁthmlﬁﬂﬂb@iﬁnﬂ%ﬂM@iﬁhﬁ%Sm&ﬁﬁﬁﬁgﬂke‘\SEm in a
eukaryotlc cell under conditions that permt the formation of VLI's In one
enbodi MR, EHETR RAT YR CICedIbe it H‘iifﬁ”éﬁo ipEraldgressP oRIFS A5 PSEr @t Bd from

the gr QHQ pﬁ:grlﬁln%k PSn Qe E%Ea?ﬁmm% N3G 6Lion ac”?g%ﬂhﬁ”dndac}{* ?ﬂ,, iANG:BIRE] 4 an
cells. I'nan exenplary e t he ‘eukaryotic cell I’s an ins&ct cell In
one enﬁ@dumﬁnﬁnn&heodébbcmufKUnmnngﬂémE@@m Kiestodm ins Ethendaguyl gvl. r Us
expr essﬁi&%ei%}lcsg’reeggﬂ Inc., S8an Diego, Calif. (“Berger™y;, Sambrook ez af., Molecular Cloning--A
Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 2000 (“Sambrook™} and Current Protocols in Molecular Biology, F. M. Ausubel ef af,,
eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (“Ausubel”). These texts describe mutagenesis, the use of vectors,
promoters and many other relevant topics related to, e.g., the cloning and mutating HA, NA
and/or M1. TThus, the invention also encompasses using known methods of protem
engineering and recombinant DNA technology to improve or alter the characteristics of the
proteins expressed on or in the VLPs of the invention. Various types of mutagenesis can be
used to produce and/or isolate variant nucleic acids that encode for protein molecules and/or
to further roodify/mutate the proteins in or on the VLPs of the mvention. They include but

are not limited to site-directed, random point mutagenesis, homologous recombination {(DNA



[ 0981 Dependi ng on the expression system and host cell selected, VLPs are
produced by growi ng host cells transfornmed by an expression vector under
condi t i onsOwhErmsRi28t he reconbi nant proteins are expressedTarsdoivioRsear e
formed. The selection of the appropri®te growth conditions is within the

skill or erson with skill of one of aordinary skill in the art. 10991
Met hod§h%1§11 ow BB gl B r S0 PIGULIEE VEPBIatP: tﬂléeqnﬁ%ﬂwcoﬁiﬁf %A ude,

but ar erm&ggu el tﬁebptbgmé%g&hmm&& holved ,m&QgLinw 0%@%@4 -Rerfysl onpGel |
cul ture techni ques. culture neans the growth and ‘propagation o cells
in a bidwpeacbdiA (e ﬁierinﬁemt atddnowth amwiebly mh@nés cedlide pﬁmpagiamtcandap@xpr ess

protein reconbi nant teins) for purification a atio

ot carnyedin EORE e RGiFbr by Qe SruRrIw SOt offed PERHEFat ur o
and at rmm*a%m# deRndh tns@g{g%nw, @mhh@n@ﬁ@%@ﬁ@ta&&ie&[ RBELION ddudlAsiehanped used
to culture cells in which environnental conditions such’ as t enperature,

at nosphepar. aagithaliico nMaW@Jvmprzc anvipenpehinoirenstyrionealeprbodided nt thss aid
D1 or eaghQend B ndh e DGR E G esR BT RE sn S22 0BG BRI 8RS oo
Bri dgewas enturd) gcdumqi h@ﬁccemb@dhimm or Sﬁlt&y@ﬁﬁﬁﬁﬂw biduZi@ﬁL ploasiuies dhags are
about 50 L to 1000 L. WD 2012/ 088428PCT/ US2011/ 066867 28 101001 VLPs are
then i SEERIEY SA4TINES REDHBHENY RAYSIpH SE@CUEst iEsHintegire & ‘thekeof, such as by
gr adi enpgpe J{‘“ %&'&ﬁ%dnoﬁnh& Gomp GRS I G QL ewhéﬂ%% L%anﬁﬁqll&(iggﬁ!ﬁ’ as
wel | as standard purification Ft) Chii I ques 1 nc g., 1on exchange and
gel fi ld&tiaty,one. chiiomatiogr apbifec a{v@h@ﬂﬂodﬁh&qﬁmﬂsé &\h\ng’xpﬁbad cexanpl el Eﬁfm‘how

VI Ps of ., the inventign can be nmads ol ated and .purified. Usuall Ps
are prdBucBICHIGm ¢ SednBrRANS BeTide) %h}é"éﬁ%"ngii]ﬁ‘é@g% FECisatL 6°BE% Lpﬂ

sai d cell g Rk IRMdiRc&ald: B UWhMEer(SEERROMEk: A REISRAQfskibd: din t he
art woul d understand that there are additional methods that can be utilized
to makewandy.purify VLPs of the invention, thus the invention is not linted

to the h escri.bed. 2 roduct on of. S the i ve t|on can
start HYP S et RETSPs Rtinh ool Rtk hiRer PPl ASREPEami o Hg t he
cells t&u&ﬁﬁ?@%p@ﬂﬁc&@@'@ ;@Qie!#apc;ﬁasbé heleel by rar p&mam%rpmdd@mak&%mmwpl e
froma 125 flask to a 50 L Wave bag), The nedi um used to grow the cell

i s for raikagted foey callh éﬂaqdph«abirqcatué&@éd pith nefipriéhet é}b@\ %érrmorfﬁé“é{ fred a,

e.g ins t 5, SQI N re L e

f 6O %§£ %\%Eaé{émngn%%;u h‘g%ﬁff\ 5% : ghietraft gihﬁg P odlu @m Ldl’ &t Sgny\%l *on
(e.g. faDmA ahettntbtaov a%tmuti ha taxh«;aquﬁ:tdmmﬁcﬂgmum bRapeby @\)eilidh)d 1’1@1@1@ acid

i nfection has occurred, , the M., such as avian influenza M and at |east one
i nfl uerf?a HePBIERHED BE ¥ grapiiel  tweemetierisa: (Rl preBt &l iﬁ%f%ﬁ%@ﬂpﬁﬁesent

i nvent i@ [ re f L en

assenbl eé?cltqiri];? g!ng}%%%é%?ggfe%%%r e%xe &%&@g hépl} SHX Eﬁm irgnat g%ﬁpg% to 72
hour s posficik nﬂeotm&nmwsmdlthay hkkﬂﬂﬁiﬁitilidﬁdix’.salmrﬁ@fb{\l of ent mﬂagmd heccel | s

are in md-lo eof owth 4-8 x 100 cel.l ar {. about
5055 vi diranongei 2 os st f Vel dru g KA MR e S e e o g
to 96 hQuiSicResk: 'd&%@(ﬁﬁk QBid DEERNENE of BYSIIINALVLRSA NGB b €

medi um'ar'e near the maxi num but before extensive cell lysis. The SD cell
densi tw%nljwmvawmjwewdamtf%hei thied, of pmdwsmugaﬁd B&NAbouRMNA5x E06owel | s/ ml

b oortsntisBel PRRHE B HEL i O R b R kbt fip iR M pu®

added t@nirhe sBEEIAMAO, Be C@ﬂ@i@@ff%ﬁbgii@éﬂnﬁlfm@{’h@}lﬂtar@piﬁsi’h@s@b@!&ﬁm@%0 M
prefer ag!&g to about 0.5 M to avoid VLP aggregation. The renoval of cell

and celflarThaebihies inveslivt enuegises uricatésnial wrcebnpalvnhgivicdpEgfant he

i nventi c jenf; l ; th a
imole Rt AEAEORTPUL A RGPl APBERA R (RS Ul MRl VER britied &
a sim |1&‘VL11@|1@MJ e “ciPeddn Nexd:’ ’VLP&,M@E iy 5@;|a&§ﬂlﬂ,§mlédh<ﬁlﬂ tapablenEgrampegn be
concentrated by ul t[afl I thatl on using, a disposable, pre--sterili ed 500, 000
nol eculiéi“‘\héf)@hf“ BSt B¢ EPHSIEW FH’é’rv lega pEif] lﬁg‘érpgfr‘ﬁéi BeHeent ratEdy. YIcE' s

can be diafi Ltnated a !c s@% % oY%%M?‘%ﬁm’BH %0 9, &9 é?ﬂ%%pé}ﬁtaﬁcw by fered

sal i ne (PBS) contal ni renove residual medi um conponents.
subject to transulptmn regulatory control by the promoter and/or enhancer. In one

embodiment, the vector comprises nucleotides that encode for M1, NA, and a modified HA.
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VI Ps can be further purified on a 20%to 60% di sconti nuous sucrose gradi ent
in pFL 7,R0RBR/dssd28er with 0.5 M NaCl by centrifugati onpratr/iG2&80066867 g f or
11 8 hours at about 4C to about 1 0"QS Usually -V-LPs will forma
distinc% ve visi bl e band between about 30%to about  40% sucrose or .at the

i nt er f #8871 iR SAMBOURLINITEE0 St oG BUTMERCYTPREY WHAIHE CHFIEER GHCEHOM t he

gr adi ent,,.and Lol ed, s,&h&hﬁztaBBQdé'&%R}o%é‘notb@dQﬂm AL eg 5O (6PTRLI $8 1@@5& M gf NaCl
I'n preparation for the next step In the purlflcatlon process hi's product

cont ai stivitiks st rdenragedcoetai nr hfmatbft pbmﬂm% oxd muge. pAnticolids varf@t06d Fur t her

fication of VIP be achi h hr onat
3% i SGByRATE Teukr6BeS CRT SR bt 10 COYBET IR P O (o G RaHGa Tow ©

chr omategdap hM@luﬂsh@ (eaiple hRAM LhrosussPsed By adkanti{ see aab,@/@aw; ssdc0aded
into col um cont ai ni ng a nmedi umvmth an anion (e.g. Mtrix Fractogel EN D

TMAE) dné- ptatiatbiipation 9001 §% HHi esecin heamrabouty Gigemetio tabottctl g 4 of
NaCl) Nk?g% an separate the VIP from other contam nates (e.g. bacul ovirus
and U )% In the sucrose cushion nethod, the sanple conprising the VIPs

i s addggsgio Ia a44¥msuse Qﬁﬁﬂfﬁuﬁ@hﬁmb@mﬁ]umﬁ@ﬂm trugegihtomtc aboud: cdGinhotrisnat
30,000 g. VIPs forma band at the top of 44% sucrose, while bacul ovirus
pr eci pl"f‘dtvé?“a@ aphdo et %fefﬁwaniavé@ﬁéﬁ%ééﬁﬁtiﬁrﬁﬂﬁatThﬁgulp%@@ftﬂémsmé‘ﬁaw fradhe 0%

Sucr osgl, ec!xg?&n&!?%&&&ﬁ% @Qw\(&vf\?uai’gﬁ ?sz!?@ﬂ(‘ﬂl 5 &0 Heelde 1{5%97 The

i ntact Bacu ITus can Y nactivat e desi red- | mactivatron can
acconpldxshett by hohetﬁycmlﬂum(;hpﬂ&mef oan éxariphai, Lﬁbrfrmkmnwoh i pmobylm
| actone (BPL). Renoyal ion of int ct bacul ovirus can al so

t
be | ar JBR§SEEH b1 fdsdﬁ%ﬂamgg}h %Sr%%é%@% Y ¢ 3%%‘»& 1%-ation and

chr onatiggsaPiiCinTBHRAA KPRV, Tol RehsBlilis 2B8/cEXEHRL tfhhie&)rﬁ”g;l‘?\v‘enus Mtihads of
i nactivation conprise incubating the sanple containing the VIPs in 0.2% of

BPI f orth@ dvouds fatthabobiten2b m’iﬁ?im) dedsohtd 2F0veC. Tkheobiodk eeilbuscdars i'éhis o be

|nact| vated b ncubatin e cont.ain the VIPs at 0.05% at 4
' for Sripe il RER B39 HET R BB kB0 My 10 b oo s

I nact i uad ikQRIN eRYBe&hePiontdie (BF SBUECEacRRRLL)S bRGehRBILBN pRandidn tihrough

another diafiltration step to renove any reagent fromthe inactivation step

and/ or <afiylageshaiugind sae mogectegndia § VP awelyt el Ixg pRsngtpso ath drgeeimseef

buf f
bu T hed ;éﬁm‘%m PE%S*);H\ Thag §r? M% Lg%l}?i%np@tafr?%%%t%?%r& &@R wg{ & %h&xffrgq? e

ref ri gekétedr ardikarf rﬁeﬁﬁﬁh‘sg 30189 holhechboMerrt e hﬂ&bﬂ@é&xpﬁ%zb@ qraet. i ced:
across a variety of scales. For exanple, T- fl|asks, shake-flasks, spinner
bot t | e§xpﬁﬁb‘t’%(?1%‘1]3%r"v‘i‘ﬁl“‘%‘i"iéﬁ“%i“oﬁ“éh&f6@@“9”%‘@“ Biig R fepéedigh and, in

the transcribed region, a ribosome-binding site for translation. The coding portion of the
transcripts expressed by the constructs will preferably include a translation initiating codon at
the beginning and a termination codon appropriately positioned at the end of the polypeptide
to be translated.

{890] Expression vectors will preferably include at least one selectable marker. Such
markers include dihydrofolate reductase, G418, or neomycin resistance for cukaryotic cell
culture and tetracychine, kanamycin, or ampicilin resistance genes for culturing in £, cofi and
other bacteria. Among vectors preferred are virus vectors, such as baculovirus, poxvirus
{e.g., vaccinia virus, avipox vitus, canarypox virus, fowlpox virus, raccoonpox vitus,

swinepﬁx virus, ¢tc. ), adenovirus (e. g., canine adenovirus}, herpesvirusq and retrovirus, Other

comprise pQE70, pQE60 and pQE-9, pBluescript vectors, Phagescript vectors, pNHEA,
phH16a, pNHIBA, pNH46A, ptre99a, pKEKZ223-3, pKK233-3, pDR540, pRITS. Among
preferred eukaryotic vectors are pFastBacl pWINED, pSV2CAT, pOG44, pXTH, and pSG,



conprise either a stainless steel tank or a pre-sterilized plastic bag (for
exanpl e, the system WO 2012/ 088428PCT/ US2011/ 066867 30 sold by Wave
Bi ot ech BvoOdgevmses, NJ). A person with skill in the ar®CEiUskoldmessenhat i s
nost desirable for their purposes. [(101 Expansi on and production of

bacul ovirus expression vectars and infection of cells wi reconbin
baculodf%dg Egﬁﬁfoﬁﬁég' é%B%n nFmﬁﬁPtﬁghiaCWfP§ﬂL§hi %Igc of &h ﬁ‘ln
i nsect &8ldiSdhr exanple Sf9 insect cells as previously described. In a

preferred enmbodinent, the cells are Sf9 infected with reconbinant
baculowwﬁtuﬁﬁ@%gﬁneenedmumtpm@dmcmihmﬁxmcﬁd@h@cmnkbhiwmdiamhaﬁhaceutmnal or

Vacci ne_For nul at i ons and Ad ni stration: 111 In _another aspect, the
present™| t%&%f‘?&ﬂ PHLVIPHRES AP GemPE o PP réx%ﬂﬁﬂc“o ’ Q‘i‘fr}aaifﬁ?(ﬁéﬁ celi
conpri siig SREnOukRRoIBE firodsHARIBLEIRSisT hev iR (Bﬁyeaﬁﬁﬁpﬁﬂa@ Qokain
nodi fi ed HA protein derived fromone, or nore than one subtype, including
H, H2,nueic #dds wBich dede Fr infignzagroteing snfipermit HEDexpregion jaf 4010 MDBSIBICHLE or
fragne or ! n L, VLP rmay conprise
addltlg%agdﬁg uéﬁ%g&3§?§%®n&“lwﬂ%g%gﬁgghgngﬁn%ﬂ?inot limted to, M, M,
NA, andg¢NB. Amsﬁpuaéa@mkarew athoei et mg,theamwgmmo@ COAPK I SeScn@lode ),
antlgenlc formul ati on conp r|S|n9 a VU conprising a nndlfled 11,k protein, a
NH pr ot¥i anataaianbaacy o tMmlimtingsnameivb sdimeritcelis s, Fetdenioat oa®est t he
i nventi O 1 §81 0 ; MLPs. I 1,0, conhipati on
R e e R
nodi f i dtkakidianti Gens (mﬂoﬁmpmam(heq caﬁs@m@Senb@dmmenfxiuyaufom;mi Mizoﬂix.
conpri se WA? co npdi fied HA pro on1|nflue za ..,
NG | {6 DO, A Gh i e t 54 So o SHPRE D opivifr om
that sag»VitHsoml &a%%bh?q g&ﬁﬂwlﬁz}vzﬁ?fmfbng YEV-5,00MBb A8, VWL Acs
honol ogous or heterologous NA. I n"anot her enbodi nent; separate
f or nul atfirsnsmeliarnt fdlsatre KéﬁsteibnbaWLiﬁwmmi iadndyewﬁsﬂ onescHACOEs, NNGaPecallade and
adm ni stered to a patie ct coneurren ] teI l.n_some
embod nete TRy bl oHOR KUY B HE ASHHA by ey SR 1 e F ot her
nmeasur xrkdh SURER @iiswoen dhe VAR and, Mbex e-adm absier ad J”rbeﬁ93|m5§u@r
separate fornulatlon to the same patient or subject (or anlnal) 101121 Said
f or mul ded\dhgowtest Peoiay eqlisi rivedniipn S8 oy icatd ervdc ditprarsetiighovt Pallsof t he
et B0 ROt PRBIIRRFLLERL ¥ BRCEPLADHE ARUH S RLyexcl Bl ent .
Phar madeut'icaf'l ers no mted to saline,
buf f er gdosjal v sﬂ:ﬁ;)rs dex»t r@mfswmr@;frmgj mgmqbimsdc@r mr enﬂhmtz&omxﬁuaﬁue@msm
buffer, and conblnatlons t hereof A thorough dlSCUSSIOﬂ of pharnaceutlcally
accept dBaicsEf ripksy §0staiqliyeriegrdingn & sradsewel dinents !y $eprids eRtredsimple,
_I?ﬁ? Pgﬁlﬁﬂ?&“f ARG HLES Mo gt?kd?ﬂﬁﬁ‘ AiMRGKLE U? calSRm %Dlxphﬁy 5%‘9@@1&%&15!10”)
electroporation, microinjection, lipofection, and iransfection  erploying  polyamine

transfection reagents. In one embodiment, said vector is a recombinant baculovirus., In
another embodiment, said recombinant baculovirus 1s transfected info a cukaryotic cell. Ina
preferred embodiment, said cell is an insect cell. In another embodiment, said insect cell is a
SO cell,

{694} In another embodiment, said vector and/or host cell comprise nucleotides that encode
one or more modified HA proteins, and one or more additional influenza proteins selected
from M1, NA, M2, and NP. In an cxemplary embodiment, the vector and/or host cell
comprises nucleotides that encode one or more modified HA proteins, and M1 and/or NA
proteins. In another embodiment, said vector and/or host cell consists essentially of one or
more modified HA proteins, and M1 and/or NA proteins. In a further embodiment, said

vector and/or host cell consists of one or more modified HA proteins, and M1 and/or NA



WO 2012/ 088428PCT/ US2011/ 066867 31 should suit the node of adm nistration.

I n anot her enbodi nent he fornulation is suitable for admnistration to
humans, pwefnednsg428s steril e, non-particul ate, and/ or neaTmge@genise? [ 01131
The pharnaceutical conpositions usefw? herein contain a pharnaceutically
acceptabl e carrier, including any suitable dj]uent or excipient, whic

i ncl udg¥OisHY- PRaSTEERE ?il,da‘?lq“ﬁé s i OB BHOT SaTHery ﬁ%‘g‘cﬁé apEIE 0
producgkﬁﬂdggn%@ytngyﬁgkrg§ggnse harnful to the vertebrate receiving the
conposition, and which nay be adm ni stered wi thout undue toxicity and a VLP
of the [BR¥lertticony endmnudedprheided fyr dohgricey and' phdpdateurilt alrither avcept &bl e

over niht o 1 92 et DY o SRtk RO R GH oneal s EE R BB 1 For

ot her genesal/byNReGOEMZesh RIGLIBEQRPLACLAy BS Brokdin n@mylﬁ%]g andismE el
particul ar y in humans These conpositions can be usef as a vacci ne and/ or

ant i gerfice cxomplss ptlicoslogar Sigrlctagnes probe iy ¢ Mﬁr&ﬁv@ sbpoNde jonong

vert ebr 01141 co 1, , r
amount SR 15 SRLADIERR Hi g TRy % B S eSS g B g
conposifukd@niociain, B, aarsinlri AT oflMinosiug fbnﬁﬁ;damﬂt,y@p hiidria? @dptplvdetc sbithakd e for
reconstitution, a liquid solution, suspension, enulsion, tablet, pill,

capsul é‘g‘@hgﬁéﬂﬁédw%hé%§%‘ ¢iGFntiag %ﬁu ?mbbm@rb‘m@&{vmﬁor mul ation can

| ncl udgoshandar d GRId 8L pRUER A8, BIARGE YL &Rl OURIEH e RRRBELL!wuid

| act ose, st arch, magnesi UM st ear at e, SO sacchari ne, ul ose,
nmagnesirurhodr (t!ﬂ)mlﬁ”fbﬂ},g, etpmw{n@]:&ﬁ]aid’ hadd Bmﬁtnuma@abtsmommpﬁiﬁﬁé§ ia wmembne

conprising a VET conprising.one or nore nodified |ns -VLLF may
conpri S84 iU RIS dUIACBH o BHFZA ¥ 688 ST dvg NS, RS ype,
i ncl Ud'fﬂﬂuﬂ% 81]1%%011 El3om 144 pudddg 0 VLIRS frofBhe gé'i?cui“%@sup‘i@rﬂaien@-l 12 H13

H 14 f ragnent or port| on thereof. In one enbodi nent, the "al’

may cor{ﬁﬁ?}sdnmmet twhadimicnt] denpecisic remsi%pdmt}émgsthe ek udi mgye petlifredt HAI mi t ed
to, exenpl ar nbodi nt .th enti r| ses
% ane it el ooy PR TR A R0 bl B b S e R
and an NAuRKE BkRatidOdIBLrsThg dn@é@ﬂ%tﬂﬁhﬁbr@tﬁ@aﬂd’a@ﬂ&ﬁ%@ thaliza Rhakfragemt | cal
pack or kit conprising one or nore containers filled with one or nore of

t he i ngk ediseineisd dfont HE waer cosifigemilyanitomsews anupabiopyventi ehd mamppen
enbodi ment ., .t he @x‘é% @QO’TR;% &?r?w} e u&gh% G ngu dﬁgﬂ%b\t&”%g ﬂkgﬂg (}d?ﬁ\ﬁ{i’]d the

ot her conta|n|n I'ses two

cont ai nes ssli @ﬁﬁl&@{}i@sﬁhﬂgxt&ﬁeeﬂﬁ tdekiedind Rerandn ezt her cont a| n| ng a
solution to resuspend said VI-Ps. Associated with such container(s) .can be
a not i d&%¥In IPHEnEigE Mtpiie SEPIBEEn BYStET goddinnesit aticdgenéy Py siguratisd Hhe

manuf a‘?blrr Rﬁ% Ho& &Ehsﬁiftoghn@ﬁ FARCE ch‘tmgﬁa V&Eo D} l091.GaloRE QQH:‘%H% Tﬁ&"h' ch

noti ce cts approva agency manu acture use or

human ademmiisdnt atétoms cﬂ‘d/‘ﬁ}ﬁ%@d 088423RAT! LSRGAL1/0668ETHR20! the appmpmatg
growth conditions 1s within the skill or a person with skill of one of ordinary skill in the art.
1499] Methods to grow cells engineered to produce VLPs of the invention include, but are
not limited to, batch, batch-fed, continuous and perfusion cell culture technigues. Cell
culture rocans the growth and propagation of cells in a bioreactor (& fermaentation chamber)
where cells propagate and express protein {e.g. recombinant proteins) for purification and
isolation. Typically, cell culture is performed under sterile, controlled temperature and
atmospheric conditions in a bioreactor. A biorcactor is a chamber used to culture cells in
which environmental conditions such as temperature, atmosphere, agitation and/or pH can be
monitored. In one embodiment, said bioreactor is a stainless steel charmber, In another
embodiment, said bioreactor is a pre-sterilized plastic bag (e.g. Celibag®, Wave Biotech,
Bridgewater, NJ). In other ermbodiment, said pre-sterilized plastic bags are about 50 L to

1000 L.



101171 The invention also provides that the VLP fornul ati on be packaged in
a hernetically seal ed contai ner such as an anpoul e or sachette indicating
t he quantwoOyordossapositi on. I n one enbodi ment, the VLPPCOMSQ&I066367 i S
supplied as a liquid, in another enbodi nent, as a dry sterilized

| yophi lized powder or water free cgnce trate in hernmetical ly d
cont ai n@?{? n\‘tluc“aﬁclfg‘mr BeGHs g watho é glaf PHSER© \xﬁct BYCgiy éaqi?qfemfi t%ﬁe
appr opmr@&@m%%ﬁu%m%ﬂ QN f QL Adm ST 3ld-OR 40 %d?%b?cak whiD 2QN&indard

embodi ment, sal d ntal nér conprises at |east about 50 ttg/m , nore
pr ef er ghiryjicaiion edstiquebeutudiog o .gbmcm}anm aabgcl éibounzmzﬁlﬁmmtgimﬂvh‘v at | east

500 f h
"ventiBR T BB 0w R sh T PR Ve o R TG WRtCOost s

suppl i edritRd] Laukid, opidnanRed Mol ©abh¥inseal-adine Ot ah N ondigal vag t he
quantity and concéntration of the -VLF' conposition. The liquid forrn of

t he VLPYieonpes celisorrei sosapplaBduitpreasheebwic).cal pyrseeaif sditc onthyi cn*erwatd | east
about 5 R..a/ ref Lr e about
200 11 1 d T, rr%ngd tha[tt egg E %iéig{ﬂgig % r‘rﬁ\%dib Lr%%g %an?lgcatﬂ%hf%g 90 ;{l’rgri{ge aJ? Ji gm% n\ 0?
associ ahedmﬂnﬂid‘n ViR shOfv iR inYeririe tolﬁklrh@t]hoﬁﬁﬂ@h@b(ﬁ y, VLPs of t he

i nvention are adninistered in an effective anount or quantity (as defined
above) @L§ifEpditiopst tlifinat é?ﬂaemaﬁm%ﬁ,arﬁéwfie@mﬁéﬂégé@%fv%ﬁn@iﬁr@%vm%ﬁ@

i nfectigus 1%%@ SHoWEEHEE Al QRN ALLON qufthé Qe; V WO{] d%ﬂ‘?m QLion
elicits rmmunity ag alﬁs an infectious ag ert |ca n be
adjusteﬁammthhnmﬂmlksn&d@@kb@seﬂbbﬁwxe.gqﬁ éﬂeznphysum&ﬁthmﬂauh@n; body

wei ght, diet time of adnlnl a nd other clinical factors, The

or ophy TAETHECYAEE o PEPFRATAEF o e s@ﬁ%@@m RIS s £-&r dgcctenglinmyy
subcut angous1@r TR A0US CHE AL B GEEPRd USHDN BB BaRd] 6o MOl i) Mk RAC M @
needl edess injeéection device. Alternatively, the vaccine fbrnulation iIs
adnln|sﬁﬁme@¢HWUphﬂa@dhbywnemuhgﬁhbyaﬂmnﬁgpabaneﬁpawﬂhmhwgamMe&eﬁuﬁ@reater

t han about .1 ons 0 o the upn plrat ry . tract

any of e dser Pauraurss: GEMYeb Pubire SRR, SRl e b Gl

I Nt r anagadodadisirslellil-ON ntRM QNI Atecadsed. bereldiby &;fn@@ lah&bl Negpmusesal
immunity at the site of entry of many viruses, including |nfluenza 10120]
Thus, tdiecimvepd fiom BF soue Benics syl asw@biqfdawo‘flﬁw%ﬁiawqmj e frgactep aellsor
ant| el G ETRRS) 4 8774 MRl GRS LTTIALLX, | r800) Af S6L ARl Bl gast one
synpton? heér'est ad flof nul-at 1'on an

ef f ect ioels dese nﬁﬁ c\é ﬂ»hal%?s oﬂérotfvhﬁe(d RI\Xeﬁi)f Ic@iﬁk m[s%a laﬂ; M&J@Oﬁﬁauﬂ%‘adﬁmﬂﬂ stering
a conp05|t|on conpri sing VLPs évaCC|ne and/ or antlgenlc formul ati ons)

i ncl udd? E%’ﬁt\ ireohige “FWf‘ri?‘éélfﬂt SeapEpit aprap BRI NS £e 4P igRTs resiginfection,

I ntr ad% | ihel RE IiéfoS\QEbf in ﬂé tcéi? %RQHS andns %Cﬁlﬁr{ﬁf"{éémgﬁ;‘?ﬂ B Bleorand
nmucosal (e.g., intranas or al nonary routes or by
supposnﬁﬂnmesyginmqa §beéﬁ$mc1ehhgd1mmmmgméQnmdéhﬁhmnsfb@wt%@apﬁegénm

i nventi.o £ i stere ntramuscul arly, intrayeno , bcut aneously,
W 501 57 56 ST e o Bas” SaTy Pk Retrit by PO R s AT o e
CO”DOSk&b&@%n%ﬁ&nbe\ﬁéﬁkﬂéé&@ﬁﬁ@1§¥m&ﬁ%d%&ﬂ%ﬁﬂﬁ%ﬁ¥ KAt 8qn horydgxamphie. by

i nfusi on or bol us |nject|on by absorption through epithelial or

mucocutragrBendo laj qunpgdrafien gf ; abartdl4 rudous | 0ckHl Qrﬁm@bﬁm tarbtetvas Midsophar ynx,

o PR g RN oBE P Ben A Yo BP0 ST SR VE R

some erdadidBANg.Psi <ﬁtiﬁaanmkm@n,a@ttiaefcc@mpmﬁalbvr@ggsﬁ@apﬁcardmiﬁmsﬁ raFinon of
a conposi tion conprising VLPs of the invention may induce an antibody or
ot her iwtfunesingds ponsectskatlized hollpwt dbari &f Iy higyher tkasadtdesr of suiagaof
adnlnlgng&lon I n anot her enbodi nent, intranasal or other nucosal routes
of adnifiistration of a conposition conprising VLPs of the invention may

i nduce aramzarmxboﬁfyi)@rmatmetmfmmmﬁuffeapdme chihdt osinbénttandube ubtrdBgation
protection a ain%% ot her s |ns or organi sns_that caus |nf§ct|on For
exanpl e 2 yispo #pﬂfsﬁﬁ@ 11’ f?%%}anlﬁ vlar peigthent oHdM irﬁ‘i"“s{ Fethrirgies

ver L ebr AlCeo AN P CLASS: RIAIRALL ggm@gama%hﬁ@y 12l d 0f huepzasshtai ns.
Adm ni stration can be systemc or |oca et anot her ngodlnent
t he vadsifre:dantitofPBijtcogeniice $.0MvihNal torenoey e acdmduzl sicdriedcomporsuich a manner
as to target nucosal tissues in order to elicit an i mmune response at the
site of imunization. For exanple, nucosal tissues such as gut associ ated
| ynphoid tissue (GALT) can be targeted for inmunization by using oral

adm ni stration of conpositions which. contain adjuvants with. particular
mucosal targeting properties. Additional mucosa.l tissues can al so be
targeted, such as nasopharyngeal |ynphoid tissue (NALT) and bronchi al
associ at edl ynphoi d ti ssue (BALT).



[01231 Vaccines and/or antigenic formulations of the invention may al so be
adm ni stered on a dosage schedule, for exanple, an initial adm nistration,
of the vawoizoe/mss4zpositi on with subsequent booster adm RCIUSAITO6EE67 | N
particul ar enbodi nents, a second dosedof the conposition is adm ni st ered

anywher romtwo weeks t e year pr ef fr om apout ,about
about 301 %‘ﬁoﬂ%‘v §oneSBiGHied 530 talsBut L§: ﬁ‘s%%’é{%fepmtliﬁ i f‘w % o ot
admi ni S(E&@Wlﬂ[bu@‘qgh%ke g%h hi uf”‘pit}(h? ) @f@o&ﬁf&ﬁ%i D8 sadmnd st erad:iafhesn Ethe

second dose and from about three nonths to about two years, or €ven |onger,
pref er &bdGp aloinr 14, hadout alput 67fC abeboutel iont hsiallpry Abowill ormoatiksintiovcabout

one year. he init ad tion. The thir gﬂ he sonal l'y
oo ot Bl b b P B Rt A% eBdind o LR G BN
in the sy yauiandlion ol b&IRLIAUERS Bl gi@&ét%tdn@'lﬁnéﬁ( the p&HQLﬁ@atn E\%fdiﬁ?&edt he
second dose. In a referred enbodi nrent, a second dose is adm ni stered

about dAECHDIsh M mat of NeClinpstposdionfpsthe aetioteran dhapwrifioatonpwecsss This
adm ni st t h r.t stration. |In another
enbodi r%ug(gucgf‘ﬁgggeé\gl}ﬁ apggnea}’ SCQ& rﬁlh&glﬁa"“gg ﬁuq gdrgl g%x nont hs after the
first gdned)ifkmat p@ficatib eaMIIPhQEm enhoi Ry mean dxMaRge gfroth®ghdphendd on
can be adm nistered. as WO 2012/ 088428PCT/ U82011/ 066867 34 part of a
conbi natorsaHeRiapycross reugaRpIcal et of It RRICRNVERET SN aRpETEY niflat ed
w th ot A an N{.i I oticsy 01241
The docagialc, FOHHAGRILE.CORPRS! LMo, BNk AR BiARALED ARk B gL S 2y
t he skn&ﬂﬁeeh aibn $@g1 Mbors Exanpdid MBYTHIATS tand dbmntd ﬁylan,git@mmnéfﬁ techbye to

elicit a. pr Iac i.c. or_therapeutic inmung response, by. nmeasuri ng
The serGimEibaboB 191 L& SBED: ProcminbYl Sul ERson By e g hé

i nhi bi taEyiclRE P Dra RN €5 Al REEUD SR B8tho® thH LB 1S BRbEIne e
mucosa! secretions. Said dosages can be determ ned from ani mal studies. A
non- | i NVi¥ng dddsd tofa mrﬁaﬁ@mswnﬂoa&t odyrifulged éfif aﬁmawxdmurﬁa@cﬂh%@) gncl ude
the guiy anst chinchilla, nmouse and,cot

i ol o SPeBig AT GH e sro gt L Surfre tib e g dRr s pan tst LR b BbLate
st udi es;1edr afhOuSin ggﬁ?@eiﬁs s@fy ih g §10S0888e 1470F ateXamy. eThaany P okatt besafiove
animal s can be dosed with a vaccine candidate, e.g. ViTs of the invention,
to par tip a¢lfsptaghar act eri ze the i mune response induced, and/or to deternine

i any eptializlng aptibodies, haye heen prodyceds o examle, mw.

studi e Seen con se mce ar

and t heicborhPhe@Sly ahtole! HesRwkChar 5\41 160MﬁmSéﬂJQL}ﬁ‘éSanld@tohéir{M)SCa| e.
[01251 :In addition, human clinical studies can be perforned to determne
the prdterealaed/ pooritvatidoss e hwﬁewemwnai soKicl lprsglvaracpsahsheddotisglg ni cal
st udi es n 1 kN cl.se )

enpl oy eélf% gﬁi%“%lgﬂ%cﬁ “gld “J‘m{ﬁ ’%%*fj?’é s r?lwlflllj%?? {”’? ‘ib“i‘:{g%%ﬁ C%ﬁc})emgoses

may be axhoaped iated dﬁ@romrd@%-lﬁﬁﬁopﬁﬁ@&V&Hﬂi‘x}i‘&&@d@ﬁﬂm@dmf\l’EQEP@ g X0 toff GPor

ani mal test systens. known in the rt t he i munaqgentity
of a pdft Pclnay d%é%esﬂ |(eﬁ0 c%zﬁutb% ﬁhaﬁhe&awﬂme {eetitf bRdREHRIEE five

sti mul ahQ8qAl dNerh [FBARIGAS BRNPEP, K1HQMA, 851 adL UK ARE S g, AdLKKARS-Oaye been
used experi nment al y to pronote a generalized increase in Imunity against
unknowvnamtiigens (e.g., U S. Pat. No. 4,877,611). |nmmunization protocols

have us duvatsto stinul ate response for nd a

adj uvariggmﬁ g ‘F‘%ﬁ%\xﬁ%@‘d’e‘@ﬁ %o?fepo Fi gt §‘R‘fﬂ1”’“‘1¥qa¥ﬁ & C&‘P% ﬁ”’é‘mg‘

adj uvantsiRf g6l dbe WaYoe 'ré}nfwn & BNLORHS R 82BN eSBALRH ankRk d@?(ﬁ’@ﬁlu@i the
i mmune response is increased whenh protein antigens are precipitated

al um Enuﬂow fand ag ipbase de HhER gemheaﬁ®oe@ﬁ*0ﬁ@n<gsﬁ HIFBS duftat mamimrummri@g’en
present The incl SIO vant des H bed i.n Vogel et .al,., "A
Compend! ki O Riater oo At D0 ants St R Bl et SRpma i) B o thd b

i ncor pqgg;;egiﬁ@@rrfegeg{ence in i ts ent| rety for al I pur poses, is envisioned
within the scope of this invention. 101271 Exenpl ary, adjuvants include
conpl etl@1EHSlwarbovadylivames can homraspeed riressst Vinatawdpeales. For cxample, T-

flasks, shake-flasks, spinner bottles, up to ndustrial sized bioreactors. The bioreactors can

comprisc ¢ither a stainless steel tank or a pre-sterilized plastic bag (for example, the system



of the immune response containing killed Mycobacterium tubercul osis),

i nconpl ete Freund' s adjuvants and al um num hydr oxi de adj uvant. O her

adj uvant swoanprisse2sCVs! ), 13CG WD 2012/ 088428PCT/ US201pL@aB8@ /08862l um num
hydr oxi de, |' ADP conpounds, such as t39ur- MDP and nor-NMDP, C. GP (MIP-PE),

lipid A d nonophosphoryl 1i pi MPL). RIB1,.which contajns three
componclE e TacE B8Ry %%‘%%%Fgr %&ﬁ %prz%rsan aHia %’@emd‘i%ﬁg}‘%_ Ak P énd
cel l vvaf}kl,gtg{éﬁq}aﬁgﬁggaghgﬁl\b)@dgeg. 2% squal enel Tween 80 enul sion also is

cont enpl at ed. 59, vasones(r), M-1C antigens nay also be used. 101281
| n one [8htfddimpentionfnd pecdusuentol daculohiensadjuvant vestas padoifeamel barcelld pi d

vesi cl e havi ng. abo two.to ten bilayers.arranged i he formof ..

subst antiialegTepRar Pk ShaBhe REPEBY BT by brs B BrPbmidhoty o

| ar ge apnomphousise s alargdyi gy fukes &fiisl iPipcboRidspy gbsribPRUCH] ar pelidsad 11 pid
vesicles may act to stimul ate the i Mmune response several ways, as

non- speetifodengtti flcativp, Ssnaicd ivetisrebombinhpt kasulayens cagneaet fepigdefe

addi ti o\r,njaﬂ,q% _'lyg]e‘},g&%ﬂ and conbi nations thereof. Paucilanellar lipid

vesi cl esdct as non-specific i mune stinulators when, for exanple, a
vaccine is prepared by intermxing the antigen with the preforned vesicles
such that the antigen remains extracellular to the vesicles. By

encaps Ui pHgeHc A AT Vgerraitehmsiatiees def vy nédiAt9 of the vesicle, the

vesi cl bot.h..as...an. iaoune st i oL or.. -a.carrier for -antigen.
[ another | anggReE R T YRS ROl B, B R S R IR B
vesi cl egl.Pd ramddife one nmbodirerenid; fiddhid AviesictlsesTiar ¥l Rovias onee)ise Novalsfores(r)

are payci | amel | ar. nonphosphol i pi d vesicl es ranging fraom.aboyt 100 nrn to
about W?In@é‘?“ggpﬁﬁw e OBFIOFC sl Oéﬁé‘i‘@%?‘@eﬁ E‘}G%&F éi%c %c >§%dﬁ§q%§’l ene.
Novasongs (g, fave oean shewn:t ogbe @y &f fiechi e adl Uy aRty J:okicnf | Henza
antigens (see, U S’ Patents 5,629,021, 6, 387, 37%, and 4,911, 928, herein

i ncor panatogdéndy, thef €LBreey tompirei addgntial etflueszd wirusapiotagen peBes)z, bRp0£09]

Anot her,. net hod, pf - indugi i b pl i shed b
For mut 4T Endre LSO RE. IRTRAC PO TR Rt ChT SUPACOPE > These

are t hewhoehic SodWMlatkherngalsides SaNues Syt Gyt OkhdiBsdd oy bRESAS®IL PRdiANuUNe

system s response. Imune stinulators include, but not limted to, various

cyt oki rf@g sn[lyaprERkitnds candmbhdmsRi- desiofinttipimefibe thisblien Bey comprise one

i mrunopot ent.i gt i : g - g{ﬁ l. L.or Y actp.viti SUGh. - interl eukins

e g.. i ,1_,{111,\. ‘ﬁ_?g%s ii%& {bgq%@ﬁf’ : Hﬁlmg%;ﬁat? gx vf/{hn 0%“ a‘i§ %1%%&.?& 18%?511@ ot tlngi!'lc

gr anul qeyified macieRiageul ) noalfedyHat imigkad | Wgr fiaednot, (CuiEFhbodndngtaher

i mmunostimul atory nol ecul es, such as macrophage inflamatory factor, FI1t3

| i gand, fogralgtionBziomprset & THEP FATREEEENE &% ol dcuresincdiprpeintlcnza

adm ni Sz&x’%%ﬁ%’fhi@/(%% ﬁ%ﬂl&ﬁﬁﬂk@iﬁhg&iﬂ% i g lpﬁﬁ%iﬁ 285m0 B virus.

adm ni stere separ at el Y. El ther t protel n or an“ expression vector

encodi rg anhéeplootelanogahe bd Padrbmbsted vath 4 bopoloduceordrterologous HA or NA.

i munostinulator?2, .., effect. Thus in ope enbodi ment, the inventig

compr | SBETEHET GaEinkAG SURE FETLGHAN St T5Ab EOR 1S PG 1 BVARE: Sndl or

an i muQg ¢ LML ah8TdmWMkRRE26 0884AR8PLT LRI LAANBRERY o38cparately. In some
embodiments, antibody production as measured by HA antibody titers or other measure is
superior when the VLP and HA are administered 1n a single or separate formulation to the
same patient or subject {or animal)
{#112] Said formulations of the invention comprise a formulation comprising VLPs of the
invention and a pharmaceutically acceptable carrier or excipient.  Pharmaceuatically
acceptable carriers include but are not limited to saline, buffered saline, dextrose, water,
glycerol, sterile 1sotonic aqueous buffer, and combinations thereof. A thorough discussion of
pharmaceutically acceptable carriers, diluents, and other excipients is presented in

Rernington’s Pharmaceutical Sciences (Mack Pub. Co. NI current edition). The formaulation



101301 Thus, one enbodi nent of the invention conprises a fornulation
conprising a -VLF and adj uvant and/or an i mrune stinulator, |In another
enbodi mrenwQ 29e/$842dj uvant are Novasones . |n anot her enipodiuseort/joeasai d
formulation is suitable for human admini stration. In another enbodi nent,
the fornul gtion is adm.nistered to a vertebrate oral] intradermal |y,
intrané%ﬁW»WP“ﬁh?FEﬁﬁ§E&W@FP§?“WEtﬁaﬁ@Pﬁ¥%ﬁ%§P$V?ﬁ$ﬁ@¥§V%W“E§P9SﬁPmbé
subcut apeousieralifn ANRLNEE, SEROHI RN didhh8nant 1V BR/8F fo:RheRded, t oget her
to create a nultivalent fornulati'on. These VTI'N may conprise nodified HA
pr ot ei N§1tdriheathafmorudidf Lempatitistsnabius hokin ke nphaviacagica[lp 28ty | e

stinulation of immunity wth.a single dose is preferred, . additional dosages
can be HErRSL Mgy i dilfet o G ranc it uPERiEY Ao ke it og

ef f ect ,ihdinicReeBALeST aRdcd MHeafbSuctbarorexaimhge MldnkPhedmirstycatbans may
be required to elicit sufficient levels of inmmunity. Adm nistration can
cont i nuecating fcetopalositiohr @uighiiol malit ool stend widoes sadug teycrmind aMVik?

suf fi cignfe | iBY&L %07 ARrotealdan A Ast-Jinfeetl. o0y SMLAL yn.AdUlds, who
are par}tl cularty suscepfl '8¢ répéa ed '6r SEFi ous THTECtons. Such tas,
for exampt®cdbeal tdukane apidvesthe daycahbes WakK e srnrham drylisregniaehs 1of. young
children, the elderly, and individuals with conprom sed cardi opul nonary
funct i B OPEg EVFCH PERBIEOP ENYNT Rt BERE Iy g cen s inb AT kar Briorifhitial n

Pr Ot EC Y MU BESPONSASY hENEhS:OFHOALGRLL S IBILE Y GaPE, MRRLer ed.
for exanple, by neasuring ampbunts of neutralizing secretory and serum

ant i bodiné&y aamgbndosagesitadp tstiad:corg y@ocknat inansna epeated ascrigcassary to
elicit gg,g ,gﬁi ntai n desi rAEd | evel s of protection. Methods of Stinulating an
| mune IREEHohe SOPH459™A8 #EHIon@d 4BV E tiHe VAP 2BPUPHe Of nVEHEF off are
usef ul &:Qn.iRLEPAEINY p??ﬁﬂﬂﬁ‘fe&i‘n@ NgedihatrnsbhAUb b & LOTUAR fBSPARSEesthat
confers imminity to infectious agents. Both nucosal and cellular inmmnity
may conpeptbired poovdemmunibteyfot oeconfiggidngasdiqagemtigicanshsgirseas emnulAnti bodites
secreted,l ocally in the upper respiratory, tract .are a. mjor factor i

ool ot aibe paFptab R BE rah T B SRt R ASER B s B

i nvol vedridis L&t @6 tghafnRbulihe PRSI RSRHIlAL Qickst aGichaRthpa il di@lakn
protection of the lower respiratory tract. The imune response induced by
an i nf eetivonsastlsreet wlalyar.nseeredpnfediongls. okt h the same virus or an
a.ntigepiealdy simlar viral strain .  for exanple, ipfluenza undergoes

f requeﬁ? 5gﬁﬁdﬁil}%é’njp%)’vr" @é‘logt 44K ‘éﬂ%é%%ﬁaé%s‘; ae ‘ﬁér"é’%f‘g‘g B4t "Ellief%l (f?lfal{gjﬁgrzbg\& (lg}%’fée}c@?%n, t he
ef f ect innedifiet Hodp@teipy ollecVLOMmpr exrhEled abyiodikfied bos bioseih @otinid fommyeol y be
a few years against the new strains of virus circul at i)ng{(i n the community.
101331 "Weshgt cphaulitnirentsloting dh - ithaded &h Familhi Hy o ESvEriPeblatBite. 9. a
human) when; adnjni st a1ed, FQ 5ok dovartiebhat & The,dcnity feaul ¢aplrom an

i mmune response eigg[it nsfgf/\o 50%2/%8%%21§PC%%8201% 5%@? 37 VL%P\S' otjﬁ(ghe

i nvent icomprihatdpriotdctBucora aimed poratesiciudingc biomidmiatd hedBt Madutesuda
\S/gwgg%i?fe 1%1 gnle%%clgg{l]@% s ﬁgdgﬂ%/rﬁ; 'q?ilgngftﬁ%iﬁnl QOH?pCI)'g;gS Ianvsatc%?lg %(S)inp.ri];intghae\ii%l d

comprising a modified HA protein, a M1 protein, and an NA protein.

{3116} The invention also provides for a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the vaccine formulations of the
invention. In one embodiment, the kit comprises two containers, one containing VEPs and
the other containing an adjuvant. In another embodiment, the kit comprises two containers,
one containing freeze dried VLPs and the other containing a solution {o resuspend said VIPs.
Assoctated with such container(s) can be a notice in the 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 manufacture, use or sale for human

administration.



asynptomati c. The response nmay be not a frilly protective response. In this
case, if said vertebrate is infected with an infectious agent, the

vert ebr atwownidoseseperi ence reduced synptons or a short ePCiarsatiiloncsef
synptonms conpared to a non- innunized:nertebrate 10134] The invention

conprises a nethod of induci |n a vertebrate conprjsin
adn ni 90LH] n&? BV EHRH Arabria @Tﬁ\? P ot ey Beesid ot BesEFted HA
pr ot ei r},sa od REntMinty UBY &Oﬂp&hﬁcﬁﬂ@ ngiht #E %d‘ﬁémﬁ%ﬁ@ & u(m@'i%r LY @xﬂjm;f)ég@fmno nﬁ*‘; or
nore than one subtype, including HL, 6, 118, 119
H O, Hlanm aali@dinsi3, theMEL P EhSpomtiddl 6 %ppifqﬂa«gwehmudr mpmlothmonnﬁ%hémwt asiél n one
enbodi conprise additional jnfluyenza virus .p
o) uc B SiE PR e R o e RAC gt TR At G St
enbodi r@ﬂt gant iﬂﬁrétﬂ}'ﬁ@ﬂéﬂ @ne (;}Ompﬁ}h S@SerdoN 3FeNe GRS Shide oNeRHGOIPIHSI Ng a
nodi fied HA protein, gnoteln and an NA protein. In one enbodi nent,

e

the i mhdranisesponee Mm& e ambadal. sifninéirasgomsiecs Mricaheboierso
enbodi nenp ed i s n

Srood) by R AT LERRTSRL I0UEP R Bafabhil 20 LOTnG EEREDSH,,
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an out br eak, ['uenza, 1's the universal vaccinati‘oh of healt
i ndi vi duta;hérn@nmzlmdﬂm@ &hi ~Ju@p®mt0ﬁ0$) ebamppeific embodiment, compositions st th{.

present  invention are administered intramuscularly, intravenously, subcutancously,



vacci nation with current influenza vaccines of approximtely 80% of

school children in a community has decreased respiratory illnesses in adults
and exceswodemtdss428n the el derly (Reichert et al., 2001PCT/His26I106636EPt S
known as conmunity inmmunity or "herd 33mmunity” and is thought to play an
inmportant part of protecting the commnity against. diseases. Because
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whose vaesicnationslinage (becond meakenedloar coljosdiwaceiapesryare onpharfyink] y

effective) can be shielded by the herd inmunity' hecause vaccinated people
ot ound "PREH ATt ge: TG S bR M Ry e Ao R et/ GeBoE he
per centage offer PRABEGaIKAGGRAIREISI NI 8ASESmbbdinicSitst QKGR thafihappr@xkmat el y
95% of the people in the community nust be protected by a vaccine to
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conprises a-nethod of re UCIHbI%ﬁe severity o PnflEuénza i i a popul ati on,
conpri Sidagnisgidon, sShemnbitgr ambMiReaf nttheatdhve bihed AukEsae RauG L dddiivisgalns 1 n
said population in order to _prevent or decrease the chance of transm ssion
to anotHér-OPHEFViPEGarPTHNS Aitd Seb i BYFHIPD MiHe IRt 476R08Y ShOBHCHHPESSes a
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comunity in order to reduce the iIncidénce o ections’
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-aged qhid. drgn. @rgcdimuni zed by adm nistering the VLPs of the invention. In
anot her efbodi nent, nost healthy individuals in a conmunity to are
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Listing, are incorporated herein by reference for all purposes.
associated lyraphoid tissue (BALT).
18123} Vaccines and/or antigenic formulations of the invention may also be administered on
a dosage schedule, for example, an initial administration of the vaccine cowposition with
subsequent booster administrations. In particular embodiments, a sccond dose of the
composition 1s administered anywhere from two weeks to one year, preferably frorn about 1,
about 2, about 3, about 4, about 5 to about & months, after the mitial administration.
Additionally, a third dosc may be administered after the second dose and from about three
months to about two years, or even longer, preferably about 4, about 5, or about 6 months, or
about 7 months to about one year after the initial administration. The third dose may be
optionally administered when vo or low levels of specific immunoglobuling are detected 1u
the serum and/or urine or nwcosal sccrctions of the subject after the second dose. In a
preferred embodiment, a second dose is administered about one month after the first
administration and a third dosc is administered about six months after the first administration.

In another embodiment, the second dose is administered about six months after the first

administration. In another embodiment, said VEPs of the invention can be administered as



EXAMPLES Exanple 1 Generating Influenza Virus-Like Particles (VLPS) with
Modi fi ed Hemaggl utinin (HA) Proteins 101421 This exanpl e descri bes the
product i omoabi1zasgd2senza HSNL. VLPs nmade wit h HA prot ei neCrnsdil@6s6D renove
one or nore glycosylation sites. To c@¥nstruct the nodified HA proteins, one

or both of the NX(T/S) sequences at anjng agcid positions 170-172 and

181- 18333&?%@31%5@%%@% &5/ gwieaﬁs}»«% P&h@(@mﬂp@ C&bbcf?%ﬁ?ﬂcg Hiwer e
mut at ed, (ki QU 8o ddnic IMBSISIER! d¥inihRLEOAL R8EQ;@! ani ne nutations were made
at positions 172 and/or 183 of the HAl protein. [01431 After the HA gene
was nodBiiddibet hesapodiffthe dhengenecaldsrrogaexpres deddaeinhned ecaldy and tivl

genes derjved . from Al ndonesi a/ 5/.2005 (115N1) ... The 1-7].A, NA d M genes
Sere. exprldetih ROGBHTES FRLdTperinl B Ted Fithel mypfllgedd of

bacul o\héusa 8% PEASShONSY T Me. oI NS yeXPLAFHIOMMPr RAUE 8tepf of RiQGH ﬂcAiacfo cells
were characterized by SDS-PAGE analysis. As Figure 2 shows, the , NA and
Ni | priooeimgiobiliex pesy agaveling teamhisioghraio( 4akihedse RdctuamdaBplokdor
respectjyv same

| ane | Surin% d%'Xz)éig | {/(gi %i?i&qej% E@%ictggg ggﬁsa%@%%ﬁ% 0 '?{% dg{ég’n{?@d ?&)@k’gﬁwgﬁ tfgriélrgi?b’o f

assocCl at | ng w assocClation, a
- VLP f of matilediinyLRsccanpilk Skad cHbupyr sleaifiGcnudiviib@eestiacieaeesidnes pig,
gl ycosylation site at amino acid ?osi tions 170-172 (lanes 4-6), at am no
acid pd\g}msf%ﬂgeﬂfg;i_cﬁg,glplgﬂ E(q Hivasopnd 6PHYHTR. aMichioanigys are not natiral hosts to
2012/ 0%ﬁf&%@ﬁ@{%ﬁ%%@&%’gﬁ%ﬁ@n %ﬁﬁéﬂ?’es%‘?%%&&&”ﬁ%a%%{)aé%@ idgg@gsc.l%%g %?%ﬁiha“e 3)

formed correct hese data provide evidence I ossi bl'e t'o make

i nf | uenag NhPshovonpirias ngr HASosvdiifh edademer@nidvdeticone. BE.Poof theghyamasy) ati on
sites, a su[ﬁr_i jn&j‘r.es |t given the r,e(for ed alteratians. to protﬁi n's
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patt er Myibodics have boen produced. For example, many studies have been conducted in the
mouse model because mice are small size and thewr low cost allows researchers to conduct
studies on a larger scale.
{31258] In addition, human clinical studies can be performed to determine the preferred
effective dose for humans by a skilled artisan. Such clinical studies are routine and well
konown in the art. The precise dose to be erploved will also depend on the route of
administration. Effective doses may be extrapolated from dose-response curves derived from
in vitro or animal test systems.
18126} As also well known in the art, the immunogenicity of a particular composition can be
enhanced by the use of nou-specific stiraulators of the immune response, koown as adjuvants.
Adjuvants have been used experimentally to promote a generalized increase in immunity
against unknown antigens {e.g., U.S. Pat. No. 4,877,611}, Immunization protocols have used
adpuvants to stimulate responses for many years, and as such, adjuvants are well known to
onc of ordinary skill in the art. Some adjuvants affect the way in which antigens are
presented.  For example, the immune response is increased when protein antigens are
precipitated by alum. Enwlsification of antigens also prolongs the duration of antigen
presentation.  The inclusion of any adpuvant described in Vogel er ¢/, “A Compendium of
Vaccine Adjuvants and Excipients (2™ Edition),” herein incorporated by reference in its
entivety for all purposes, is envisioned within the scope of this imvention.
{#127] Excmplary, adjuvants include complete Freund’s adjuvant (a non-specific stimmlator
of the murunc response containing killed Mycobacterium tuberculosis), mcommplete Freund’s

adpuvants and aluminum hydroxide adjuvant. Other adjuvants comprise GMCSP, BCG,



Example 2 Influenza VLPs with Modified | e aRetain Hema lutinin and
Neur am ni dase Activity [0144] In this exanple, the hernagglutinin and
neur am niwae12z288428i ti es of the HA and NA proteins, respetttise@lipeessn
wi | d-type Atlndonesia/05/2005 (HSN1) ¥LPs were conpared to those same
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hemaggl utination activity of the influénza VITs, a series of 2-
di | uti onsagkd ﬁuc‘rim@errsgr hﬂ’ilem:hcﬂf@ahm@n;ﬁd?@@m&aﬁ mnﬁg:awwadﬁ &ybmm (ﬁfm Sl)emzaa VLPs

or inflyenza, VLI i sin d| fied n Xt ,
Chese Vi Tatoss Ty e garhed: piiepaallr osh Dokt RpRa Bt tibat ed
at 4C fipxy a;I;\,gpm:[,@dhr The extent of hemaggl utinati on was determ ned
V|sually, and the highest dilution capable of agglutlnatln? gui nea pig red
bl ood dBi1Y escdenerdinaedof Fiveinhigives tha efraygit us ianpucapameliarelipidbgercived f or
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modi fi Qapmaademha@lhmd i@) dﬂ§m@duiﬂﬁﬁg’lat a0 hmb@ﬁm@kf géntﬁ@‘k&mtjﬂ*ﬂd&oi fiplduenza
VI Ts COITfI’I sing an HA protein with T172A and T 183A gl ycosyl ation site
nodi f i CA¥ydihs | wiﬁml&a it SipSIAG TR At icoRUTRlelsy thef MRS PorRe S8VFelsul t s

demonstyafe ot hat, HalNkc VLS compr, xs&ﬂﬂcﬂ'mfc@%e‘!n%%eﬁmgé oh@flrd %5 %HRY}E&P”G or

nor e egCos fation sites retain Iutlnatlon act|V|t T
addi ti mﬁ;uvrahte anowntbuoftione theasom ﬁﬁlﬁﬁi&ﬁlmﬁ&ﬂl}\lﬁ tysicios aaakib UQ?]E}Z}&,L\MWGEIII‘KHI n| ng
sucrose dient, fractions was determ ned u |ng a neurami ni dase ass i

whi ch t3H g O R AOLBTENSR 4 NACRbE PIAPECE Sy U PERef a%iéi@«griamﬂz: c. d
The anmuBl,nAkd Si@lls aghd il beratgdch sralehar masdichemcald Yewtikh By

t hi obarbituric acid to produce a pink color in proportion to free sialic
aci d amcameiaan@untdnbgett wehwhtho woghw rcavisy n’e&sweefdimshmgﬁﬁw@@@sﬂmﬂimaﬁ*onet er
at awavelen m. Neuram.nid. ase A etected .in

i 1 0 1y e TR et QTRE Ret: I et otttk R R o ngi
T172A. gly60shadd on ;ﬁmg@ 5}9& fyfidt e@hibma, afndmbﬁhei- f&fﬂt*é@ﬁﬂ@mt VHRES v&QmRY bed Ng an
HA protein wth T172A and, ycosyl ation site WO

2012/ 088428PCT us“igmp@%s@? miazﬁ o o earpiswsholiprdveatlpnirgivat TeBEROIN \ TIN
conpri sjgg, p{b%?'s@é 0 d'f OE\%’pALS’FQr‘éevf’”&m?m@”&r% |G %easyl AL QN 8l tes

retain hen'a natron acti
\Gwsomc» " have been shown to 'i:u, an effective adjuvant for mfluenza antigens {see, U.S.

Patents 5,629,021, 6,387,373, and 4,911,928, herein incorporated by reference 1 their
entircties for all purposes).

{$129] Avother method of inducing an immune response can be accomplished by
fornwlating the VLPs of the invention with “immune stimulators.” These are the body’s own
chemical messengers (oytokines) to increase the immune system’s response.  Brnmoune
stimulators inchude, but not limited to, various cytokines, lymphokines and chemokines with
mmmunostimulatory,  inununopotentiating, and  pro-inflamuynatory  activities, such  as
interieuking {e.g., 1L-1, 1L-2, IL-3, 14, 1L-12, 1L-13}; growth factors {e.g., granulocyte-
macrophage {GM)-colony stimulating factor (CSF)); and other immunostimulatory
molecules, such as macrophage inflarmmatory factor, FIt3 higand, B7.1; B7.2, etc. The
immunostimulatory molecules can be administered in the same formulation as the RSV
VLPs, or can be administered separately. Either the protein or an expression vector encoding
the protein can be administered to produce an immunostimulatory effect. Thus in one
cmbodiment, the imvention compriscs antigenic and vaccine forrnulations comprising an

adpuvant and/or an immune stimulator.



I dentification of N-Linked 3ycosylation Sites Using the NetNdyc 1.0
Software 10147] In this exanple, the NetNd yc prediction analysis software
was used wo 2088428y N- Li nked gl ycosyl ation sites in thecras2afi/otdser

gl obul ar head in three seasonal influsnza strains. [01481 The first strain

for anal n this exanple s AVCa.lifoma/07/2009 (HLN1L The,, NGch
pr edi ctl f?gﬁi s}dﬂ"\/\%ﬁ‘i’emlﬂh%fﬁ’ﬁeﬁ %%@@I‘QW%VF SCTERoE ¢ &ymaat P8ss nehEepg Y

the ac%ﬂpﬁi}ﬁ/\'ﬁ(ﬂﬁg AR a6hSEQURNES NS an?haﬂ%ﬁ(bw&mm\ ?)ai 3 O0k; LIXMLSIQQ@ and
557 (NGSL) . these sites, none are [ocated in the "top- of-head regi on.
Thus, I-’bémfasmnﬂ hén ;aantdiemmbo@u@aﬂm f;a)d mra“lLﬁWtion@Qm(aIHld\K@x dowsn pdmithgrdpor. any
glycoslatl n_ si here n ted near the top of the HA gl gbul ar
nena. ot RabElushabiss pERRRor SREGEIETh | HiebBlambnk et ufy

A Per t Hhd8{2009 ikH3NSbulad OQnN@MN@);Ye% HPr Rk eddo0fly SR fshMan Sichdent ith hedher
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suggestjgdsi] Nlﬁﬁ@amiﬁﬂ,mﬁ&ﬂof e aNRGR a@inoﬁm@e if pﬁmwdp m&&&mm@we&
N142D, T151A, and N262D are natural ly occurrin In contrast, the Ti 83A
nut at i 6§ (idémﬁ‘e%“ﬁfdf‘vu‘rhél“fﬁgﬁb6&61ﬁ@‘i’fﬁéﬁu‘i‘s URECS AR ¢ fipsied st gime@wmﬁdon
site i y Lraln.n d
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i dent i fitveschirgflyy cAsylratiraomnn Siat e;sn’amuepmsmtazmt‘(ﬁﬁug}w\ﬁr G)iidh?}dd(é‘d&i’@),gsaﬂylﬁﬁ

(NVSO) 08 i Uk 0511 Gl Pl TPBCAaR | HCRET™ 1 optBHedd Y S0A 160,
181, 212 &n a 248ce é%%ﬁe% Hﬁ%@ﬂuﬁ B?%@nd&%ﬁi&ﬁong Qdn B qu@@ﬁnﬂytlﬁta!tﬁrla&' tes

wer e suggeste A, T183A A (egg-based mutation), and

t hese fwerkeypr ééposeed vkt forsly riﬁ@mkm» @deN&ASEthﬁe thatldedy a}ndowdund*uahag. I n
contrast., the T162A. an diT18)\Z/\A are ot.. nat ur al é occur(,{rl1 su]%gefsti,n t hat
this gl“"ﬁ%sﬂ%’t‘?%ﬁ?‘“é reet Eﬁﬁﬁ% ‘élr"%?e&iﬂ‘“lb‘l A TR BYBIRE T BEE al ed

descri phiz@nsthagl/HeaRinhy itdbke GheRhHLSSoRdks UNdess bandhag @%e{man@bnr&
unnecessary linmtations shoul d be understood therefromas nodi fi'cations

wil | bengbiargusiroctdmgde §ki Mceduing tmeunis tof ppurdizhgt se@cigtni &6i osuthat
any of éx'&%oéj{‘ %ﬁﬁ&ﬁ& E(Ejuél‘i%:cg gid vaccinations repeated as necessary to elicit and maintain

desired levels of protection.

Methods of Stimulating an Immune Response:

[G132] As mentioned above, the VLPs of the invention are usehul for preparing compositions
that stirnulate an immune responsc that confers immmunity to infectious agents. Both nwcosal
and ccllular imumunity roay contribute to imumunity to infectious agents and discase.
Antibodies secreted locally in the upper respiratory tract are a major factor in resistance to
natural infection. Sceretory immunoglobulin A (sIgA) 1s fnvolved in protection of the upper
respiratory tract and serum IgQ in protection of the lower respiratory tract. The immune
response induced by an infection protects against reinfection with the same virus or an
antigenically simular wviral strain. For example, wnfluenza undergoes frequent and
unpredictable changes; therefore, after natural infection, the effective period of protection
provided by the host’s immunity may only be a few years against the new strains of virus
circulating in the community.

{#133] VLPs of the invention can induce on tmmunity in a vertebrate {e.g. & human) when

administered to said vertebrate. The immunity results from an immune response against
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including H1, H2, H3, H4, HS, He, H7, HS, H9, HI0, HT1, HI12, H13, Hid, HIS or Hi6 or
fragiment or portion thereof. In one embodiment, the VEP may comprise additional influenza
virus proteins mcluding, but not bimted to, M1, M2, NA, and NP. In an cxemplary
embodiment, the invention comprises a vaccine comprising 2 VLP comprising a modified
HA protein, a M1 protein, and an NA protein. In one embodiment, the imnune response
induced is a humoral immune response.  In another embodiment, the immune response
mduced s a cellular immune response.

{3135] As used heremn, an “antibody” is a protein comprising one or more polypeptides
substantially or partially encoded by immunoglobulin genes or fragments of immunoglobulin
genes. The recogmzed immunoglobulin genes melude the kappa, larbda, alpha, gamma,
delta, epsilon, and mu constant region genes, as well as myriad immunoglobulin variable
region geones. Light chains are classified as ecither kappa or lambda. Heavy chains are
classified as v, y, 9, 6, or g, which in turn define the immunoglobulin classes, IgG, IgM, IgA,
1gh, and IgE, vespectively. A typical immwunoglobulin (antibody) structural unit comprises a
tetramer.  Each tetramer is composed of two identical pairs of polypeptide chains, cach pair
having one “light” (about 25 kD) and one “heavy” chain (about 50-70 kD). The N-terminus
of cach chain defines a variable region of about 100 to 110 or more amino acids primarily
responsible for antigen recognition.  Auntibodies exist as intact tromunoglobulins or as a
number of well-characterized fragments produced by digestion with various peptidases.
{#136] In another embodiment, the invention comprises a method of inducing a protective
cellular respounse o an infection or at least one syroptorn thereof in a subject, comprising
administering at least one effective dose of VLPs of the invention, wherein said VLPs
comprise one or more modified HA proteins. The VLP may comprise a modified HA protein
derived from one, or more than one subtype, including HI, H2, H3, H4, HS, H6, H7, HR, HY,
HIO, HiL HI1Z, HI3, Hi4, H13 or HI6 or fragment or portion thereof. In one embodiment,

the VLP may comprise additional influenza virus proteins inchuding, but not limited to, M1,



CLAIMS: 1. A virus-like particle (VLI ?) conprising a reconbinant influenza
virus hemagglutinin (HA) protein, wherein said HA protein conprises one or
nore am rwoaocixbssaz8at i ons t hat renoves one or nore gl ycesylmskooneasst es from
said HA protein. h /LP of claiml1l, w®rein said HA protein is derived from
an avian,influenza strain. 3. The VIP of cla wherein said avian
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i nfl ue%aqpn% rl&S\/{SPE@s‘anélﬁp N mymmm Gloddimbawherehn:sai d HA
prOtEInIS deri ved fromasvvlne i nf nza VI rus straln

18137} As mentioned above, the VLPs of the invention can prevent or reduce at least one
symaptorn of influenza in a subject when administered to said subject. Most symptoms of
influenza are well known in the art.  Thus, the method of the invention comprises the
prevention or reduction of at least one symptorn associated with an influenza. A reduction i
a symptom may be determined subjectively or objectively, e.g., self assessment by a subject,
by a clinician’s agsessment or by conducting an appropriate assay or measurement {e.g. body
teraperature), inchuding, eg., a quality of Life assessment, a slowed progression of an
infection or additional symptoms, reduced severity of symptoms, or suitable assays {e.g.
antibody titer and/or T-cell activation assay). The objective assessrocnt comprises both
animal and human assessments.

{¢138] The mvention compriscs & method of preventing and/or reducing an infection with
influenza or symptom thereof, comprising administering to saitd veriebrate a VLP of the
mvention,

{8139} A strategy for the control of infectious diseases during an outbreak, e.g. influenza, is
the universal vaccination of healthy individuals, including children. For example,
vaccination with current imfluenza vaccines of approximately 80% of schoolchildren v a
community has decreased respiratory illnesses in adults and excess deaths in the elderly
{Reichert et al., 2001} This concept 1s known as community tmmuanity or “herd mmuntty”
and 15 thought to play an important part of protecting the community against discases.
Because vaccinated people have antibodies that neutrahize and infectious agent, e.g. influenza
virus, they are much less likely to transmit said agent to other people. Thus, cven people who
have not been vaceinated (and those whose vacceinations have become weakened or whose
vaccines are not fully effective) often can be shiclded by the herd immunity because
vaccinated people around them are not getting sick. Herd mmmunity is more cffective as the
percentage of people vaccinated inereases. It is thought that approximately 953% of the
people in the community must be protected by a vaccine to achieve herd immunity. People
who are not immunized increase the chance that they and others will get the disease

18148} Thus, the invention also comprises a8 method of reducing the severity of influenza in a
population, coroprising admunistering a VLP of the invention to enough mdividuals in said
popuiation in order to prevent or decrease the chance of transmission to another individual in
said population. The invention also cncompasses a method of inducing fromunity fo an

influenza virus to a population or a community in order to reduce the incidence of infections



6. The VLP of claim5, wherein said swine influenza virus strainis H N.
7. The \ILI of claim1l wherein said HA protein is derived froma seasonal

i nfl uenzawoi2oniegsg428ai n. 8, The WA? of claim 7, wherein sacl/use@3onsb7
influenza virus strainis a type A inm® uenza virus strain. 9. The VLP of
claim?7 wherein said seasonal ..influenza virus strain.i y?ﬁmB'i nfl uenza

n.Ls t
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said HA protein is derived froma pre-pandem c Influenza virus strain. WO
2012/ 08842 8hTS20 11406688l by administering the VEPs of the invention. In another
embodiment, roost healthy individuals 1o a community to are imynunized by administering the
VLPs of the invention. In another embodiment, VLPs of the invention are part of a “dynamic
vaccination” strategy. Dynamic vaccination is the steady production of a low-ctficacy
vaceine that is related to an emerging pandemic strain, but due to an antigenic drift may not
provide coraplete protection in a marmmal (sec Germann ef ¢f., 2006).
{6141} This jnvention s further illustrated by the tollowing examples that should vot be
construed as limiting. The contents of all references, patents and published patent
apphications cited throughout this application, as well as the Figures and the Sequence

Listing, are incorporated herein by reference for all purposes.
EXAMPLES

Example 1

Generating  Influenza Virus-Like Particles (VLPs) with Modified Hemaggelutinin (HA)

Proteins

{8142} This example describes the production of influenza HSN1 VLPs made with HA
proteins modified to remove one or more glycosylation sites. To construct the modified HA
proteins, one ot both of the NX{T/S) sequences at amino acid positions 170-172 and 181-183
of the A/indonesia/05/2005 (H5SN1) HA1 (SEQ ID NO: 2) protein were mutated {(Figure 1}.
Specifically, threonine to alanine mutations were made at positions 172 and/or 183 of the
HAT protein.

10143} After the HA gene was modified, the moditied HA gene was co-cxpressed with the
NA and M1 genes derived from A/indonesia/5/2005 (H3N1). The HA, NA, and M1 genes
were expressed in Spodoptera frugiperda 519 insect cells using the baculovirus expression
system.  The expression products of infected Sf9 cells were characterized by SDS-PAGE
analysis. As Figure 2 shows, the HA, NA, and M1 proteins of expected molecular weights
{64 kd, 60 kd, and 31 kd, respectively) were detected. The presence of M1 and HA bands in
the same lanc is indicative of HA associating with M1 association, a halimark of VLP
formation. VLPs comprising HA proteins modified to remove a glycosylation site at amino

acid positions 170-172 (lanes 4-6), at amino acid positions 181-183 {lane 2}, or both amine



44 12. The -VLF of any of clains 1-11, wherein said HA protein exhibits
hemaggl utinin activity. 13. The VIT of any of clains 1-12, wherein said HA
protein iwoaortisgesi ¢ protein. 14. The VLP of any of clpairrms2dHm8ss6nher ein
said one or nore am no aci d nut ati onstboccurs within the receptor binding

domai n (R13D) . of [ protein 15.. The VLP of claim1-14,

wher ei ri° P‘%r)“éf’r?é 13’51 éﬁ?ﬁ SRR gré@i&t@#&ﬁgcgf% ef@@ar@m@' %} SYSEES D NO
1) sequance ddl.seid rﬁ&ﬂﬁ@ﬁ&ﬂxé‘m"ﬁle&% p@\%?ﬁg %A?ﬂ)@d@fﬂ?d% Aeht aRdsThad s a
t hreoni ne or serine resid Pof claaml wherein said am no
aci d mgiﬁm%mintwismtasceammmng mwia@:l‘«mo ﬂar:nadorpmmcmjmnempi@mmndomfgnn@tifmm no
acid regl dues isffl e;ctged JI{:% 72, and hg} 1- 1813 of SEQID NGO 2, 17. The
VLP of ‘afhy°bf" eIav e M2 a}\?ﬁém EH4PH 9198 WGP i ses an influenza matri x
(M) protein, 18. The VLF' of claim 17, wherein said 1411 protein is

deri ved from an avian influenza -virus st rain. 19. The VET of claim 18,
wher ei rE@#ipdk Avi an i nfluenza virus strain is |19N2.

influenza VLPs with Modified Hemagslutinin (HA) Proteins Retain Hemaeglutinin and

Neuraminidase Activity

{4144} In this example, the hemagglutinin and veuraminidase activities of the HA and NA
proteins, respectively, i wild-type A/indonesia/05/2005 (H3N1) VLPs were compared to
those same activities frora HANT VLPs comprising HA proteins modified to remove one or
more glycosylation sites at positions 170-172 and 181-183 of the A/Indonesia/05/2005 HA
protein (SEQ 1D NO: 2).

{#145] To determine the hemagglutination activity of the influenza VLPs, a series of 2-fold
dilutions of sucrose gradicent fractions containing wild-type influenza VEPs or influcnza
VELPs comprising modified HA proteins were prepared. Next, these VELPs were mixed with
guinea pig red blood cells in PBS and incubated at 4°C for 1 to 16 hr. The extent of
hemagglutination was determined visually, and the highest dilution capable of agglotivating
guinea pig red blood cells was determined. The highest hemagglutination fiter observed for
the wild-type nfloenza VLPs was 1:40096. In comparison, influenza VLPs comprising an HA
protein with a single T172A glycosylation site modification exhibited a hemagglutination
titer of 1:2048, while influenza VLPs comprising an HA protein with T172A and T183A
glycosylation sitc modifications exhibited a hemagglutination titer of 1:1024, These results
dermonstrate that HSN1 VLPs coraprising HA proteins modified to remove one or more
glycosylation sites retain hemagglutination activity.

{#146] In addition, the amount of ncuraminidase activity i influcnza VLP-containing
sucrose gradient fractions was determined using a neuraminidase assay in which the NA
protein acts on the substrate fetuin to release sialic acid. The amount of sialic acid liberated
is determined chemically with thisbarbituric acid to produce a pink color in proportion to free
stalic acid and the amount of the chromophor is measured using a spectrophotometer at a
wavelength of 594 v, Neuramdoidase activity was detected 1o wild-type influcnza VLPs, n
VLPs comprising an HA protein with a single T172A ¢lycosylation site modification, and in

influcnza VLPs comprising an HA protein with T172A and TIE3A ¢lycosylation site



20. The VIA) of claim 18, wherein said avian influenza virus strain is
F15-N1, 21. The VET of claim 20, wherein said avian influenza virus strain
is Al ndowexoe/Bs028. 72. The ViL, 13 of claim 21, vvherei N PERIU$20IL/0pE86T €i N
from At ndonesi al 5/ 05 conpri ses SEQ 4D NO 3.

2012/ 088 PCT/ US2Q11/ 06 867 VIP of claim 23 wherein said sw ne

i nfl ugﬁ%‘é‘%gﬁt%%@ R ﬁﬁ %gﬁ%nﬁit‘liﬂéoﬁa\cl’%?F%Sl‘?mg Ve R QY oML
prot ei N, cAIPLLR651408 AT NRRGEM L ASHAVES activity.

Example 3
Identification of N-Linked Glvcosylation Sites Usine the NetNGlyve 1.0 Software

13147} In this exaraple, the NetNGlye prediction analysis software was used to wdentify N-
Linked glycosylation sites in the top of the globular head in three seasonal infhuenza strains.
{0148] The first strain for analysis in this example was A/California/07/2009 (HINI). The
NetNGlye prediction software identified glycosylation sites at positions 28 (with the
accompanying anuno acid sequence “NSTD"), 40 (NVTV), 304 (NTSL), and 557 (NGSL).
Of these sites, none are located m the “top-of-head” region. Thus, HA from the pandemic
A/California/07/2009 (HIN1) does not harbor any glycosylation sites in the region located
near the top of the HA globular head.

{#149] The second strain for analysis in this example was A/Perth/16/2009 (H3N2). The
NetNGlye prediction software identified glveosylation sites at positions 24 (NSTA), 38
(NGTI), 79 (NCTL), 142 (NWTG), 149 (NGTS), 181 (NVTM}, 262 (NSTG), and 301
(NGSI). Of these sites, four are located in the “top-of-head” region: 142, 149, 181, and 262.
Based upon these results, four proposed mutation sites were suggested: N142D, TIS1A,
TIE3A, and N262D.  Of these four proposed mutations, N142D, Ti51A, and N262D are
naturally occurring. In contrast, the TIR3IA mutation is vot naturally occurring, suggesting
that this glycosylation site is very conserved.

{#158] The third strain for avalysis 1o this exarple was B/Brisbane/60/2008. The NetNGlye
prediction software identified glycosylation sites at positions 40 (NVTG), 74 (NCTD), 160
(NITN), 181 (NKTA), 212 (NETQ), 248 (NQTE), 319 (NKSK), 348 (NGTK), and 578
(NVSC). Of these sites, four are located in the “top-of-head” region: 160, 181, 212, and 24K,
Bascd upon these results, four proposed mutation sites were suggested: TI162ZA, TIR3A,
T214A {egg-based mutation), and N248D. Of these four proposed mutations, T214A and
N248D are naturally occurring. In contrast, the TI16ZA and TI83A are not naturally

occurring, suggesting that this glycosylation site is very conserved.

{4151} The foregoing detailed description has been given for clearness of understanding only
and no unnecessary limitations should be understood therefrom as modifications will be

obvious to those skilled in the art. It is not an admission that any of the information provided



YKKL at the am no acid positions corresponding to positions 100-103 of SEQ
I D NO 3. The VLP of any of clains 1-25, wherein said VLP conprises
an i nfl uenoaorassesi ni dase (NA) protein, 27. The VIT ofctitstomd6e86nher ei n
said NA protein exhibits neuram nidas® activity, 28. The V P of any of
clains 1-27, wherein sajd VLP induces a stronger inmune response in. a
marmal [EFAR 14 DPSF &RCAITCIVES BoRBITSRRGY a_ﬁ‘ﬂm? proTErH- whilH ﬁ?éis?‘ﬁ‘&ﬁatﬁ)é‘en
mut at ?%p&&ﬁéﬁ\%ﬁ% NEQkeERhE Ol ye@sykation sites. 29. A vaccine

conpri sing according to any of clains 1-28, wherein said vaccine

i nduced 8% Stidmtsi dafinpdrmilaitiye, tadl teeiblasbmrhsokintifis temfsentd bereinnhaxc tipmyamic
susceptible to influenza, 30..The vaccine of.claim29, wherein. said manmal
o bt YR GrsRAR I g o0 AL ekl i By S B R pHhensa
-Vvirus yedgetion in a mammal susceptible to influenza, said nmethod

conprising adm nistering to said manmal at | east one effective dose of a
vacci nd 184 Althoact ithreanpdmpirdnsian geen Woltn fde seadiong i @resh{hcgtadsk aiafgntiong,
32. Th im 31,. wherein ,' | s, ht :33. et hod of
For mut a0 g 0 b Phater Nhiels “uGBUbsTRTAR sbul S e o TSion QafBE0T o
i nf ect i@bddim@ntranmml tesdhsaspsi flcg deotidmbhdienz anbedimprissdngiRddhngit arcsai d
formul ation_an effective dose of a VLP according to any of clains 1-28,
wher ei MPERFPI/RBRASS§itces substantial inmmunity to influenza virus

i nf ect i{@@g‘i} I‘Wﬁ@é thmion has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application s
intended to cover any variations, uses, or adaptations of the invention foilowing, in general,
the principles of the mvention and including such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows m the scope

of the appended claims.



34. A nethod of producing a VLP, the nethod conprising: WO

2012/ 088428PCT/ US2011/ 066867 46 a) constructing a reconbi nant

bacul ovi rwe 20mB8428ct encodi ng a reconbi nant i nfl uenza wcras26iense@gyl ut i ni n
(HA) protein, wherein said HA protei M3conpri ses one or nore amno acid

mut at i ons thgt removes one or nore glycosylation sites fromsaid HA

prot ei HFLA’}M b) transfecting, infecting or transform ng a suitable host
cell with said reconbinant bacul ovirus, and culturing the host cell under

conditions which permit the expression of said HA protein; c)
al | owi nig t heA fvorsrditce gartsfe & MhAommsgal drdvosbirget Influenza wmsd}m‘m@gkﬂésﬁi ng
Infecte Ac)eilﬁgt I;Tneqylwg‘\,rglgrltd% ﬁlkngle%gn(%.o}{llﬁﬁseba&ge Oor More am)mdp gcr}iif ta OHb t%a VL. P.

removes one or more glycosylation sites from said HA protein.

2. The VLP of claim 1, wherein said HA protein is derived from an avian influenza virus
strain.

3. The VLP of claim 2, wherein said avian influenza virus strain is H5N1.

4, The VLP of claim 2, wherein said avian influenza virus strain is HONZ.

5. The VLP of claim 1, wherein said HA protein is derived from a swine influenza virus
strain.

6. The VLP of claim S, wherein said swine influenza virus strain is HINI,

7. The VLP of claim 1, wherein said HA protein is derived from a scasonal influenza

virus strain.

g. The VLP of claim 7, wherein said seasonal influenza virus strain is a type A mfluenza

Vitus strain.

8. The VLP of claim 7, wherein said scasonal influenza virus strain is a type B influenza

virus strain.

10, The VLP of claim 1, wherein said HA protein is derived from a pandemic influenza

virus sirain.

11 The VLP of claim 1, wherein said HA protein is derived from a pre-pandemic

influenza virus strain.,



35. The nethod of claim 34, wherein said HA protein is derived from an
avian influenza virus. 36. The nethod of claim35, wherein said avian

i nf |l uenzawvi2n1e0884€281 - F5N1. 37. The nmet hod of cl ai m 35wWrerAisSroisase6avi an
influenza virus is .119 38. The neth#d of claim 34 wherein said HA pro em
is derived from s ne infJuenza virus.. 39. The nethod_of cl ai

wher oi nZsai d G b8 SnPPUBREEIT 1ok PEIerinGHiaTHA. RETHBAGI) s mnWhere. n
said UA.pigtein is derived froma seasonal influenza virus. 41. The nethod
of cIa|n140’ wherein said seasonal influenza virus is a type A influenza.
virus. 42. The nethod of cIa|n140 wherei n said seasonal influenza virus
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14, The VLP of any of claims 1-13, wherein said one or more amino acid mutations

occurs within the receptor binding domain (RBD) of said HA protein.

15, The VLP of any of claim 1-14, wherein said one or more amine acid mutations aliers
an NX(T/8) (SEQ 1D NO: 1) sequence in said HA protein, wherein X is any amino acid and

T/S is a threonine or serine residue.

16. The VLP of claim 15, wherein said armimo acid mutation is located at an amino acid

position corresponding to amino acid residues selected from 170-172 and 181-183 of SEQ ID

NO: 2

17. The VLP of any of claims 1-15, whercin said VLP coroprises an mfluenza matrix
(M1} protein.

I8, The VLP of claim 17, wherein said M1 protein is denived from an avian nfluenza

virus strain.

19. The VLP of claim 1R, wherein said avian influenza virus strain is HONZ.

28. The VLP of claim 18, wherein said avian influenza virus strain is HAN1.

21. The VLP of claim 260, wherein said avian influenza virus strain is A/Indonesta/S/085.
22 The VLP of clamm 21, wheremn said M1 protein froro A/lndonesia/S/05 comprises
SEG 1D NO: 3.

23, The VLP of claim 17, wherein said M1 protein is derived from a swine influenza

Virus strain.



WO 2012/ 088428PCT/ US2011/ 066867 47 44. The nmethod of any of clains 34-43,

wherein said one or
bi ndi ng dwoabre/i8RBB) of said HA protein.

nore amno acid nutations occurs within the receptor
45. The net hoecofusany/oedseT| ai s

34-44, wherein the am no acid mutatiotd alters an NX(T/S) (SEQ 1-.D NO 1)

sequence I n 5a|

t hr eoni“n

r ot wherein X s, amno acid and T/Sis a
He ort lrin@f &é@l’ﬁ ﬁré““h“% ‘m‘?fﬁ&’ﬁf?e‘f‘%%ié R UEP A A5 il MWherein said

am no acid nutatlon is located at an am no acid position correspondi ng
am no acid residues selected from170-172 and 181-183 of SEQ ID NO 2.

25.  The VLP of claim 17, wherein said M1 protein comprises the amino acid residucs

YKKL at the amino acid positions corresponding to positions 100-103 of SEQ ID NO: 3

26, The VLP of any of claims 1-25, wherein said VLP comprises an influenza

neuraminidase (NA} protein.

3

7. The VLP of claim 26, wherein said NA protein exhibifs neuraminidase activity,

N2

28, The VLP of any of claims 1-27, wherein said VLP induces a stronger imunune
response in a mammal than a parental VLP comprising an HA protein which has not been

mutated to remove one or more glycosylation sites.

29, A vaccine comprising & VLP according to any of clairos 1-28, wherein said vaccine

induces substantial jmmunity to influenza virus infection in a mammal susceptible to

influenza.
30, The vaccine of claim 29, wherein said manmal is human.
31, A method of inducing substantial tmmunity to an influenza virus infection in a

mariroal susceptible to influenza, said method comprising administering to said roammal at
ieast one effective dose of a vaceine, said vaccine comprising a VLP according to any of

claims 1-28.

32. The method of claim 31, wherein said mammal is human.
33, A method of fornmlating a vaccine that induces substantial immunity to influenza

vitus infection 1 a maromal susceptible to wfluenza, comprising adding to said formulation
an cffective dose of a VLP according to any of claims 1-28, wherein said vaccine induces

substantial tmmanity to influenza vivus 1ofection tn said wammal,

34. A method of producing 2 VLP, the method comprising:

to
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a} constructing a recombinant baculovirus construct encoding a recombinant influenza
vitus hemagglutinio (HA) protein, wherein said HA protein comprises one or more amino
acid mutations that removes one or more glycosylation sites from said HA protein;

b} transfecting, mnfecting or transforming a suttable host ccll with said recombinant
baculovirus, and culturing the host cell under conditions which permit the expression of said
HA protein;

¢} allowing the formation of a VLP in said host cell;

d} harvesting infected ccll media containing said VLP; and

e} purifying the VLP.

35.  The method of clairo 34, wherein said HA protein s denived from an avian influenza
Virus.

36. The method of claim 35, wherein said avian influenza virus is HSN1,

37, The method of claim 35, wherein said avian influenza virus is HON2,

38, The rethod of clairo 34, wherein said HA profein is denived frovo a swine mflucuza
Virus.

39, The method of claim 38, wherein said swine mfluenza virus is HINT,

40.  The method of claim 34, wherein said HA protein is derived from a seasounal

infiuenzyg virus.

41, The mcthod of clairn 40, wherein said seasonal influenza virus 18 a type A influcnza
virus.
42. The method of claam 40, wherein said scasonal mftuenza virus s a type B wmfloenza
Virus.

43, The method of any of claims 34-42, wherein said HA protein is a chimeric protein.
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44.  The method of any of claims 34-43, wherein said one or more amino acid nutations

occurs withio the receptor binding domain (RBD) of said HA proten,

45, The method of any of claims 34-44, wherein the amino acid mutation alters an
NX{T/SY (SEQ 1D NO: 1) sequence in satd HA protein, wherein X is any amino acid and T/8

18 a threonine or serine residue.

46. The method of claim 45, wherein said amino acid mutation is located at an amino acid
position corresponding to amino acid residues selected from 170-172 and 1R1-183 of SEQ ID

NO: 2.



